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ABSTRACT
The cytokines interleukin (IL)-12 and 
interleukin (IL)-23 have been impli-
cated variously in the pathogenesis of 
psoriasis and psoriatic arthritis (PsA). 
By corollary, the IL-12/23 inhibitor, 
Ustekinumab has been developed as an 
approved therapeutic for the skin and 
musculoskeletal syndrome of psoriasis 
/ PsA. This review describes briefly the 
role of IL-12 and IL-23 in the patho-
physiology of psoriatic arthritis and 
evaluates trial data that support its 
clinical use in psoriasis and different 
manifestations of psoriatic arthritis. 
The next steps towards targeting this 
pathway also are discussed.

Introduction
A major advance over the last decade 
has been recognition that the IL-23/
IL-17 cytokine axis plays a major role 
in a variety of human autoimmune dis-
eases. The core paradigm proposes that 
T-helper-17 (Th17) effector cells play 
an integral role in the pathophysiology 
(1) via the elaboration of interleukin 
17A (IL-17A) which acts on multiple 
cell types, including cells of the innate 
immune system, fibroblasts, entero-
cytes and keratinocytes. Th17 cells also 
release a variety of other cytokines of 
inflammatory potential including TNF, 
IL-17F and IL-22, together with a vari-
ety of chemokines that can further serve 
to amplify the diathesis, often acting in 
synergy with IL-17A. This axis has a 
primary role in host defence at mucosal 
sites, e.g. against fungal and gram posi-
tive infections, and in maintenance of 
immune homeostatic regulation in the 
gastrointestinal tract (2, 3). In psoriasis 
and PsA there is now evidence of dys-
regulation of Th17 cells, associated with 
overproduction of IL-17A (1).Accord-
ingly, substantial interest has emerged to 
develop therapeutic agents which target 
this pathway directly, via IL-17 inhibi-
tion, or upstream via blockade of IL-23.   

Whether a naïve CD4 T-cell differenti-
ates into a Th1, Th2 or Th17 phenotype 
is determined by cytokines produced 
largely by cells of the innate immune 
system, particularly dendritic cells. 
Early Th17 development is supported 
by IL-1, IL-6, TGFβ and IL-21. Many 
murine and human studies have dem-
onstrated clearly that IL-23, which is 
composed of the two subunits p19 and 
p40 (2, 3) plays a critical role by driv-
ing the expansion and functional main-
tenance of Th17 development. The p40 
subunit of IL-23 is shared with IL-12 
(which forms a heterodimer with p35), 
but rather than inducing naïve CD4 T-
cell differentiation into the Th17 cell 
lineage, IL-12 induces Th1 differentia-
tion (3). Since Th1 and Th17 cells can 
oppose each other in terms of effector 
function and cell survival, the biology 
of IL-12 and IL-23 should not be con-
sidered common or overlapping despite 
their structural similarities.
A role for IL-12 adn IL-23 in the patho-
physiology of psoriatic arthritis has 
been suggested in multiple studies.
Gene association studies link PsA with 
variants of the IL-12β, IL-23A and 
the IL-23 receptor (4), there is over-
expression of IL12p40 and IL23 (p19 
and p40 subunits) in psoriatic plaques 
(5-7) and IL-23 is expressed in syno-
via of inflamed joints (8). Furthermore, 
blocking the pathway can successfully 
treat the disease, as will be discussed 
below. However it is now evident that it 
is probably IL-23 that drives the critical 
effector pathways in the psoriasis spec-
trum rather than IL-12 – this has sig-
nificant implications for the next step 
of therapeutic evolution in treatment of 
these diseases.

Targeting the IL-12 and IL-23 
pathway to treat psoriasis
Ustekinumab is a human monoclonal 
antibody which binds to the p40 subu-
nit shared by IL-12 and IL-23, pre-
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venting binding to the IL12Rβ1 cell 
surface receptor and thereby inhibits 
the activity of both cytokines. It was 
first developed to treat moderate-to-
severe plaque psoriasis and a recent 
meta-analysis found that the risk ratio 
(RR) for achieving Psoriasis Area and 
Severity Index improvement by 75% 
(PASI75) at week 12 was 18.28 (CI 
12.76–26.17 p<0.001) for ustekinumab 
45 mg compared to placebo and 20.21 
(CI 13.85–29.49 p<0.001) for usteki-
numab 90 mg compared to placebo (9). 
No significant difference was found 
between the two ustekinumab groups. 
Whereas this meta-analysis did not 
consider improvements beyond week 
12, the phase 3 studies PHOENIX 1 and 
2 both demonstrated improvement over 
longer periods, now sustained through 
several years, if the drug is tolerated. 
Maximum responses were observed at 
about week 24 and 20 respectively, with 
76% responders in the ustekinumab 45 
mg group and 85% in the ustekinumab 
90 mg group observed in PHOENIX 
1 (10). The corresponding PASI75 
response rates in PHOENIX 2 were 
74.9% and 83.5% (11). The response 
was generally maintained in patients 
continuing treatment to completion of 
each study, whereas deterioration was 
reported in patients who were ran-
domised to withdrawal of treatment.  
Ustekinumab also performed well 
compared to the tumour necrosis fac-
tor α (TNF-α) inhibitor etancercept, 
as demonstrated in the ACCEPT study. 
The rates of PASI75 at 12 weeks were 
56.8%, 63.5% and 73.8% in the etaner-
cept 50 mg, ustekinumab 45 mg and 
ustekinumab 90 mg groups respec-
tively (12). The proportion of patients 
who achieved PASI90 and had cleared 
disease or were in a minimal disease 
state was also significantly higher in the 
ustekinumab groups. Patients who took 
etancercept were crossed over to usteki-
numab, and 48.9% of patients who did 
not respond to etancercept achieved 
PASI75 after treatment with usteki-
numab 90 mg.
The most commonly reported adverse 
effects of ustekinumab include naso-
pharyngitis, upper respiratory tract in-
fection, headache and arthralgia (13). 
During the placebo-controlled phase 

of the relevant phase III studies, there 
were similar rates of serious adverse 
events including infections, malignan-
cies and cardiac events. During a 5 
year follow up there was no pattern of 
serious infections that emerged and no 
increased risk of infection after 5 years 
of treatment was identified (13). The 
incidence of all malignancies generally 
was consistent with that expected in the 
general U.S population, but a higher in-
cidence of non-melanoma skin cancers 
was reported in patients who had prior 
treatment with psoralen plus ultraviolet 
A treatment.

IL-23 inhibitors
More recently, two novel antibodies di-
rected against IL-23 only (i.e. they do 
not bind to IL-12 components) have 
been developed. Guselkumab demon-
strated promising results in a proof-
of-concept study of 24 patients, with 
PASI75 achieved in all patients in the 
two highest treatment groups at week 
12 (14). Tildrakizumab has been stud-
ied in larger cohorts and 76% (16/19) 
in the highest treatment group showed 
PASI75 in a phase 1 study (15). A phase 
II study of 355 patients reported a PASI 
75 response in 74.4% of patients in the 
highest treatment group (16). Future 
studies are now awaited to address the 
robustness, tolerability, and safety of 
this approach. 

Ustekinumab to treat PsA
Subsequent to the PHOENIX trials in 
patients with psoriasis, the PSUMMIT 
1 and PSUMMIT 2 phase III trials were 
performed to seek efficacy of usteki-
numab in the treatment of PsA (17, 
18). Both studies enrolled patients with 
active PsA for ≥6 months despite ≥3 
months of disease modifying treatment 
and/or ≥4 non-steroidal anti-inflamma-
tory agents. In PSUMMIT 2, more than 
half of the patients (180 of 312) had 
received previous treatment with anti-
TNF agents. Active PsA was defined as 
≥5/66 swollen and ≥5/68 tender joints 
at screening and baseline, serum C-re-
active protein ≥3mg/L and active or a 
documented history of plaque psoriasis. 
615 patients were enrolled in PSUM-
MIT 1 and 312 into PSUMMIT 2. Pa-
tients were randomised 1:1:1 to control, 

ustekinumab 45 mg or ustekinumab 90 
mg given at week 0, week 4 and every 
12 weeks thereafter. Randomisation 
was stratified by methotrexate use and 
weight. Patients in the control groups 
were crossed over to active treatment at 
either week 16 or week 24 depending 
on response. 

Ustekinumab on peripheral synovial 
joint inflammation
Evidence of efficacy compared to pla-
cebo for ustekinumab was noted by 
weeks 4-8 in PSUMMIT 1 (17). The 
primary end point of both studies was 
improvement of 20% or greater in 
American College of Rheumatology 
criteria (ACR20) at week 24; this was 
achieved in 22.8%, 42.4% and 49.5% 
in the control, ustekinumab 45 mg and 
ustekinumab 90 mg groups respectively 
in PSUMMIT 1 (17). The correspond-
ing response rates were slightly lower 
at 20.2%, 42.4 and 43.8% in PSUMMIT 
2, reflecting the presence of prior TNFi 
recipients (18). Significantly more 
patients in the ustekinumab groups 
achieved ACR70 in both studies and 
ACR90 in PSUMMIT 1. ACR20 im-
provement was maintained throughout 
the 52 week follow up period in both 
studies. Improvement in joint inflam-
mation was also evaluated using the 28 
joint count disease activity score using 
CRP (DAS28-CRP) and the European 
League against Rheumatism (EULAR) 
response criteria. At week 52 of PSUM-
MIT 1, approximately 60% of patients 
in all groups had achieved ACR20 and 
good or moderate DAS28 CRP re-
sponse as defined by EULAR, with re-
mission rates of 30.8% in the combined 
ustekinumab group and 29.3% in pa-
tients who had been crossed over from 
control to ustekinumab 45 mg (17). In 
PSUMMIT 2, 19.6% of ustekinumab 
treated patients were in remission 
(18). Approximately half of patients 
in PSUMMIT1 took methotrexate. Al-
though no statistical analysis was per-
formed, the ASR20 response rates were 
numerically higher in patients not tak-
ing methotrexate.

Enthesitis, spondyloarthritis 
and dactylitis
PsA is a heterogenous disease which 
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can manifest as dactylitis, enthesitis 
and spondyloarthritis. The effect of 
treatment on these disease compart-
ments was evaluated in secondary 
analyses in both PSUMMIT trials. Of 
those patients with dactylitis at day 0 
in PSUMMIT 1, 76.1% in the control 
group, 56.6% in the ustekinumab 45 mg 
group and 55.8% in the ustekinumab 
90 mg group had residual dactylitis at 
week 24 (17). A numerical difference 
in the proportion of patients with re-
sidual dactylitis was seen in PSUMMIT 
2 (75.8% placebo, 65.2% ustekinumab 
45 mg and 57.9% ustekinumab 90 mg), 
but this was not statistically significant 
(18). There was a significant improve-
ment in patients with residual enthesi-
tis in both studies and in PSUMMIT 1; 
the Psoriatic arthritis-modified Maas-
tricht ankylosing spondylitis enthesitis 
(MASES) score improved significantly, 
with a median change of approximate-
ly 50% at week 24 (17). Significantly 
more patients achieved a 20% response 
in the Bath Ankylosing spondylitis ac-
tivity index (BASDAI20) in PSUM-
MIT 1 with response rates of 26.2%, 
49% and 58.3% in the control, usteki-
numab 45 mg and ustekinumab 90 mg 
groups respectively. Post-hoc sub-anal-
ysis of the 186 patients in PSUMMIT 
1 with spondylitis with peripheral joint 
involvement at recruitment showed that 
improvements in MASES index and 
dactylitis scores were maintained at 
week 100 (19). 

Structural damage
The IL-23-Th17-IL-17 pathway has 
been linked to osteoclast activation 
and by inference the potential for bone 
destruction (20). Ustekinumab inhibits 
radiographic progression in PsA (21). 
Radiographic evaluations of the hands 
and feet of subjects enrolled in the 
PSUMMIT trials were assessed using 
the PsA-modified van der Heijde-Sharp 
(vdH-S) score that calculates erosions 
and joint space narrowing scores. At 
week 24, significantly more patients 
in the combined ustekinumab treated 
group compared to control demonstrat-
ed no radiographic progression (91.7% 
vs. 83.8%, p=0.005). The inhibition of 
radiographic damage was sustained 
to week 52. A decrease in progression 

was also seen in patients who originally 
were in the placebo group and crossed 
over to active therapies. The propor-
tion of patients with ‘pencil-and-cup’ or 
gross osteolysis deformities remained 
low and stable throughout the study in 
all groups. 
The adverse events profile in the 
PSUMMIT trials was similar to previ-
ous trials in psoriasis (17, 18) and sub-
group analysis of trials in psoriasis did 
not find any significant difference (22). 
Aggregation of Phase II and Phase III 
studies reported 348 adverse events per 
100 patient-years in patients treated 
with placebo compared to 375 in pa-
tients treated with ustekinumab (23). 
There was no significant difference in 
serious adverse events rates per 100 pa-
tient years in the ustekinumab groups 
compared to the placebo group.  

Summary and the next steps 
in treatment
There are several lines of evidence for 
a role of IL-23 in the pathogenesis of 
PsA. Suggestive pre-clinical biology is 
strongly supported by the clinical ef-
ficacy of ustekinumab in treating PsA. 
However, responses are not universal 
and improvement in skin psoriasis does 
not necessarily correspond to signifi-
cant improvements in joint symptoms. 
In general, skin responses are more ro-
bust than those seen in articular disease. 
Other manifestations of disease, includ-
ing dactylitis, enthesitis and spondy-
loarthritis improve with treatment but 
thus far, have been evaluated only in 
secondary analyses.  
The observation in animal models that 
IL-23 deficient mice are protected from 
disease but IL-12 deficient mice de-
velop more severe joint inflammation, 
suggests a potential protective role of 
IL-12 (24.) Consequently, ‘pure’ IL-23 
inhibitors may have a theoretical ad-
vantage over ustekinumab. The small 
studies in psoriasis to date have shown 
promise, but studies of their use in PsA 
are awaited – several clinical trials are 
ongoing. 
An alternative approach is to target the 
IL-23/IL-17 pathway down-stream. 
The IL-17 inhibitor secukinumab has 
been trialled in psoriatic arthritis with 
some success in the FUTURE phase III 

programme. There was a significant im-
provement in treatment with an ACR20 
response rate of 54% at week 24 in the 
highest treatment group, and significant 
differences in the rate of resolution of 
dactylitis and enthesitis were seen in 
the highest treatment groups, but not on 
pooled analysis (25).
The foregoing discussion highlights the 
utility of ustekinumab and potentially of 
IL-17A inhibitors representing the first 
biologic treatments developed for pso-
riatic arthritis, targeting cytokine driven 
signalling pathways implicated in the 
disease process per se, rather than trial-
ling treatments successful in rheumatoid 
arthritis that have simply been ‘trans-
posed’ to another inflammatory arthrop-
athy. As our understanding of the patho-
physiology of PsA develops, so addi-
tional targets will be identified. Indeed 
as our understanding of the contribution 
of critical effector immune pathways in 
each tissue compartment matures, so 
too can our therapeutic strategies – ide-
ally leading to a structured combinato-
rial approach tailored to the distinct 
presentation in any given patient. 
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