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Basic Science Session 1. Biomarkers for Psoriatic Arthritis 
Treatment Response and Joint Damage Progression:  
An Update on 2 Industry-GRAPPA Projects
James C. Waddington1, Orla Coleman1, Philip J. Mease2, Vinod Chandran3,  
Denis O’Sullivan4, Oliver FitzGerald5, and Stephen R. Pennington5

ABSTRACT. The Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) has identi-
fied several priority areas for biomarker development, including biomarkers to predict at baseline which 
patients may progress to develop joint damage and whether a patient will respond to a specific targeted 
therapy. Two industry-GRAPPA projects were initiated in 2020 on these biomarker research areas: (1) the  
Pfizer-GRAPPA project, focused on biomarkers of treatment response to tofacitinib in the Oral Psoriatic 
Arthritis TriaL program; and (2) the Lilly-GRAPPA project, focused on biomarkers of damage in the ixeki-
zumab SPIRIT-P1 randomized controlled trial. Preliminary results from these 2 projects were presented 
by the GRAPPA team, with both studies showing promising initial results. Data from these studies will be 
published when the studies have been completed. Large-scale validation studies are required and are under 
discussion.
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Introduction
Prof. Oliver FitzGerald introduced 2 industry-GRAPPA 
collaborative projects. Psoriatic arthritis (PsA) is an inflam-
matory arthritis associated with psoriasis (PsO) that is usually 
seronegative for rheumatoid factor and affects 30% of patients 
with PsO.1,2 Patients with PsA may develop progressive joint 
damage, with 47% developing erosions within 2 years of disease 
diagnosis.3 The annual healthcare costs associated with PsA are 
considerable and linked to disease severity.4 Although annual 
healthcare costs are difficult to quantify, it is known that failure 
to identify effective treatment early also adds to the clinical and 
economic impact of PsA, as patients often cycle through several 
therapies before disease is adequately controlled.
 The Group for Research and Assessment of Psoriasis and 

Psoriatic Arthritis (GRAPPA) has identified these priority areas 
of biomarker research: (1) the identification of biomarker(s) 
present at baseline in patients with PsA that may predict which 
patients are likely to respond to a specific therapy; and (2) the 
identification of biomarker(s) present at baseline in patients 
with PsA, which predict those likely to experience radiographic 
progression (damage).
 A collaborative, 3-phase program was agreed upon by 
GRAPPA and Pfizer to focus on treatment response to tofaci-
tinib (TOF) using serum samples obtained from patients at base-
line participating in the Oral Psoriatic Arthritis TriaL (OPAL) 
Broaden (A3921091) and OPAL Beyond (A3921125) random-
ized controlled trials (RCTs).5,6 Phase  I involved a targeted 
evaluation of a panel of approximately 200 existing candidate 
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biomarkers (PAPRICA assay) using OPAL Broaden and Beyond 
samples (n  =  1450). Phase  II looked for novel serum protein 
biomarkers using unbiased liquid chromatography–tandem 
mass spectrometry (LC-MS/MS) on selected baseline samples 
(n = 96) in “best responders” compared with nonresponders. 
In phase III, an updated biomarker panel will be developed to 
include markers from the PAPRICA evaluation and also the 
new markers from discovery. These will be evaluated in the full 
OPAL program with an estimated 1450 samples.
 GRAPPA and Lilly devised a collaborative 2-phase program 
to focus on the identification of biomarkers which might predict 
radiographic progression (damage) using baseline serum samples 
from the SPIRIT-P1 (Clinical Trials.gov: NCT01695239) 
ixekizumab (IXE) trial.7 Phase I looked for novel serum protein 
biomarkers using unbiased LC-MS/MS on baseline samples 
(n = 83) selected on the basis of having progressed radiograph-
ically during the course of the trial vs those who showed no 
evidence of progression. In phase II, a targeted evaluation of the 
PAPRICA assay in 473 SPIRIT-P1 serum samples derived from 
84 patient participants with PsA was undertaken.

Approaches to protein biomarker discovery
Prof. Stephen Pennington described how, in both projects, 2 
different MS-based proteomics approaches were employed to 
discover and evaluate candidate serum protein biomarkers: 
(1)  unbiased discovery of novel candidate biomarker proteins; 
and (2)  the targeted measurement of identified biomarker 
candidates.
 In the unbiased approach, the 14 most abundant serum 
proteins, which constitute over 95% of total serum proteins, were 
removed from trial participant samples by an efficient and highly 
selective affinity-depletion approach. The resulting “depleted 
samples” were subjected to protein digestion using trypsin. Prior 
to unbiased discovery (using LC-MS/MS), the extent of abun-
dant protein removal was evaluated by targeted protein measure-
ment using triple quadrupole (QQQ) MS and an assay that 
measures high- as well as low-to-moderate–abundance serum 
proteins. This step established the extent of high-abundance 
protein depletion in each participant sample and the reproduc-
ibility of the depletion process. Having established the effective-
ness of the depletion, the samples were subjected to LC-MS/
MS using high-resolution MS platforms and a data-dependent 
acquisition strategy. The resulting data were analyzed using a 
pipeline of relevant MS software packages to reveal qualitative 
and quantitative differences in the peptides/proteins present in 
the samples.
 In the targeted measurement approach, a panel of just over 
200 candidate biomarker proteins was analyzed. This PAPRICA 
panel comprises optimized multiple reaction monitoring 
(MRM) methods to measure > 400 peptides using high-sensi-
tivity QQQ MS. The PAPRICA panel of candidate biomarker 
proteins was assembled from a series of studies in rheumatoid 
arthritis, PsA, and juvenile idiopathic arthritis, and some of the 
proteins present in the panel may have relevance to the evalu-
ation studies undertaken here. In each study, relevant quality 
control samples and methods were included.

Update on the Pfizer-GRAPPA project: Biomarkers of treat-
ment response
Dr. James Waddington introduced the collaborative project 
with Pfizer aiming to identify and assess protein biomarkers that 
may predict response to TOF in patients with PsA. Participant 
samples from Pfizer-sponsored phase III trials of TOF in PsA 
(OPAL Broaden and OPAL Beyond) were used in this project.
 In phase I of the project, all OPAL serum samples were eval-
uated using the PAPRICA panel. Data were acquired over a 
6-month period with robust quality control measures in place. 
Univariate and multivariate analyses were performed, and candi-
date peptides representing several proteins were identified as 
potential biomarkers for predicting treatment response.
 In phase II of the study, 96 baseline samples representing 
strong responders and nonresponders were analyzed by unbiased 
LC-MS/MS. Seven reference serum samples were depleted and 
digested alongside the baseline samples to monitor depletion 
reproducibility. Additional reference serum samples (crude/
undepleted) were digested to monitor digestion efficiency. 
LC-MS/MS spectral data was analyzed using PEAKS Studio 
Xpro (v.10.6 build 20201015; Bioinformatics Solutions Inc.) 
and the resulting peptide peak areas identified 66 peptides repre-
senting 39 proteins as novel candidate biomarkers.
 Phase III of the study is currently underway and targeted 
MS methods are being developed to incorporate peptides 
representing proteins identified in phase I and phase II. After 
analytical validation of the MRM assay, this set of candidate 
biomarkers will be measured in OPAL clinical trial samples and 
used to evaluate the random forest models for predicting treat-
ment response from phase I and phase II, as well as the develop-
ment of additional models using the different sample subsets in 
the OPAL samples.

Update on the Lilly-GRAPPA project: Biomarkers of radio-
graphic damage
Dr. Orla Coleman provided an update on a project undertaken 
in collaboration with Lilly focusing on identifying protein 
biomarkers of radiographic progression (damage) in PsA. In 
order to evaluate protein biomarkers of joint damage, this study 
utilized serum samples obtained as part of the SPIRIT-P1 
study of IXE, which focused on the treatment of biologic-naïve 
patients with active PsA.7 In phase I, a total of 473 serum samples 
from 84 patients recruited to the SPIRIT-P1 trial were obtained. 
Of these 84 patients, 28 developed evidence of joint damage on 
follow-up radiographs (progressors) and 56 did not show any 
evidence of joint damage on follow-up radiographs (nonpro-
gressors). Joint damage progression was defined as a minimum 
score change of +0.5 from baseline to 24 and/or 52 weeks using 
the modified total Sharp score (mTSS). Nonprogression of joint 
damage was diagnosed if there was an mTSS change of <  0.5 
from baseline to weeks 24 and/or 52.
 A discovery proteomic approach was used to look for base-
line serum proteins differentially expressed at baseline in patients 
whose joint damage progressed compared to those whose did 
not progress. Discovery proteomic analysis of the baseline 
serum samples involved depletion of the 14 high-abundance 
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serum proteins, sample concentration, and enzymatic diges-
tion prior to liquid chromatography, coupled with an unbiased 
discovery MS (LC-MS/MS). In total, 21,940 peptides corre-
sponding to 588 proteins were identified across the depleted 
baseline serum samples. Quantitative data analysis identified 
92 peptides corresponding to 62 proteins with an ANOVA 
P  value <  0.01 and a 20% minimum change in abundance 
levels between progressors and nonprogressors. Random forest 
machine learning analysis of the identified peptides provided a 
15-peptide signature, which predicts joint damage progression 
at baseline with an area under the curve (AUC) of 0.76 (95% CI 
0.56–0.97) in a test subset of samples. Future work will verify the 
differential abundance levels of these novel protein candidates 
and validate their use as potential biomarkers of joint damage 
progression by testing them in a separate and larger cohort of 
baseline PsA serum samples.
 Additionally, in phase II, a targeted proteomics approach 
for quantitative analysis of the PAPRICA multiplexed protein 
assay in all serum samples was undertaken. The samples were 
divided across 6 preparation plates intermingled with refer-
ence serum samples. Samples were digested, supplemented with 
quality control heavy isotope–labeled peptides and analyzed 
using MRM-based targeted MS over a 6-week period. Random 
forest machine learning analysis of the 416 PAPRICA assay 
peptides provided a 15-peptide signature, which predicts joint 
damage progression at baseline with an AUC of 0.84 (95% CI 
0.71–0.97) in a test subset of samples. Ongoing work to inte-
grate baseline clinical variables such as the number of bone 
erosions, mTSS, and C-reactive protein levels with the targeted 
PAPRICA peptide data is in progress to try to improve the 
prediction of joint damage progression at baseline.

Discussion
These preliminary results for both industry-GRAPPA studies are 
encouraging but projects have not yet been completed, and vali-
dation is required in separate, large, well-characterized cohorts. 
To date, the development of biomarkers, which may have clinical 
utility in the diagnosis and management of PsA, have struggled 
to make progress due to the relatively small datasets available 
at individual centers, the considerable heterogeneity of disease 
presentation and progression, and the failure to validate findings 
in large datasets. Whereas exciting recent work has highlighted 
biomarkers of potential interest in PsA, there is an urgent need 
for studies that include sufficiently large cohorts of patients.
 Advancing from biomarker identification to validation and 
ultimately to use in the routine clinical setting presents signifi-
cant challenges. However, we suggest that this is most likely to 
be achieved successfully if future studies are undertaken using 
collaborative multigroup, multicohort approaches and multi-
analyte investigations incorporating relevant quality controls 
focused on the development of new diagnostic tools.
 In relation to treatment response, it is unclear whether any 
identified biomarker(s) of response will be specific for a particular 

drug or class (eg, tumor necrosis factor inhibitors), or whether 
there will be biomarkers that identify patients who appear not 
to respond to multiple agents with different mechanisms of 
action. Whichever way it works, we suspect that by using such 
biomarker panels, the physician will learn the probability of a 
patient responding to a particular treatment approach. This 
would be hugely beneficial when trying to select the most appro-
priate treatment from among the choices currently available.
 The ability of biomarkers to predict joint damage in the 
context of optimal disease management will help guide the 
development of recommendations for biomarker testing in 
PsA so that joint damage is prevented, and long-term outcomes 
improved. In relation to joint damage prediction, there are 
several challenges to consider, including the slow rate of progres-
sion in many patients with PsA and the small number of progres-
sors in most of the more recent RCTs. It is quite likely that a 
large observational cohort rather than an RCT dataset will be 
required for validation. Such a cohort would need to have a 
detailed clinical database and sequential radiographs available, 
as well as at least baseline collection of serum from each subject. 
As such an existing cohort is difficult to identify, it may well be 
necessary and timely for GRAPPA to reconsider establishing its 
own longitudinal, observational, multicenter cohort.
 This summary of ongoing industry-GRAPPA protein 
biomarker studies suggests that there remains an important 
opportunity to continue to develop protein biomarkers that 
might have clinical utility in the management of patients with 
PsA. We look forward to working further with our industry 
partners to complete the current projects and to explore with 
them, and others, the necessary steps involved in bringing these 
potential biomarkers to routine clinical practice.
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