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Monitoring systemic lupus erythematosus (SLE) requires comprehensive assessment 
of disease activity, comorbidities, chronic damage and patients’ perspective of the 
disease. This narrative review summarizes the innovative and currently available tools 
to assess SLE patients in clinical research and routine practice setting focusing on what 
is new in the assessment of disease activity and damage, discussing composite indices 
and organ-specific scores; a separate section is dedicated to the imaging techniques 
useful to assess neuropsychiatric, musculoskeletal and renal involvement. SLE-related 
chronic damage and comorbid conditions contributing to patients’ illness and long-
term outcome are discussed. Finally, the impact of SLE on patients’ quality of life is 
addressed focusing on self-reported questionnaires, adherence to treatment and 
work ability.
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Systemic lupus erythematosus (SLE) is a 
chronic autoimmune disease characterized 
by a heterogeneous range of clinical and 
serological manifestations both in individual 
patients and across the population. The dis-
ease course is variable, with alternate periods 
of flares and remission, and requires a long-
term treatment to control disease activity and 
prevent chronic damage.

The recent recommendations for treat-
to-target encompass 11 points to consider 
when approaching a patient with SLE. The 
achievement of remission or lowest systemic 
disease activity should guide the treatment in 
order to prevent flares and to limit the dam-
age accrual  [1]. The definitions of remission 
still need concrete efforts. The definition of 
low disease activity, that nowadays is adopted 
even in routine care to guide the treat-to-
target strategies in rheumatoid arthritis, has 
been extended to lupus patients.

Very recently, a definition of Lupus Low 
Disease Activity State (LLDAS) has been pro-
posed by the Asia-Pacific Lupus Collaboration 
group; the LLDAS definition is based on the 

evaluation of disease activity by a global score 
and physician assessment, and the medication 
status: an SLE Disease Activity Index (SLE-
DAI) 2K score ≤4 without active involvement 
of major organ system, no new lupus disease 
activity since the previous assessment, a Physi-
cian Global Assessment < 1, a prednisone dose 
of ≤7.5 mg/day and stable and well-tolerated 
maintenance dose of immunosuppressants 
and approved biological drugs [2].

Besides the assessment of the disease sta-
tus, the evaluation of SLE patients in clinical 
practice should not leave out the assessment 
of comorbidity – which reflect on long-
term damage – and patients’ quality of life, 
including work ability.

The purpose of this narrative review is 
to summarize the innovative and currently 
available tools to assess SLE patients in clini-
cal research and routine practice setting. The 
discussion focuses on the assessment of dis-
ease activity by clinical indices – including 
patient-reported questionnaire – and imag-
ing techniques and the evaluation of chronic 
damage due to SLE and comorbid conditions.
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What is new in disease activity assessment
Composite indices
The assessment of disease activity is a critical issue in a 
complex disease such as SLE, characterized by a huge 
clinical and laboratory heterogeneity. Several indices 
have been proposed to assess the treatment response in 
randomized controlled trials (RCTs) but they can be 
useful also to evaluate SLE patients in routine clinical 
practice.

Until recently, two different types of indices have 
been applied: the global score systems, such as the 
SLEDAI, providing an overall measure of activity, and 
the individual organ/system assessment scales, such as 
the British Isles Lupus Assessment Group (BILAG), 
evaluating disease activity in different organs. All the 
indices include both clinical and laboratory items, 
related to the disease manifestations (reviewed by 
Ceccarelli et al.) [3].

Table 1 lists the main disease activity indices with 
strength and limitations.

The recent development of biological drugs for the 
treatment of SLE patients determined the need for new 
indices in order to evaluate, more accurately and sen-
sitively, their efficacy in RCTs. So far two composite 
indices have been proposed: the SLE Responder Index 
(SRI) and the BILAG-Based Composite Lupus Assess-
ment (BICLA)  [4–6]. SRI was employed for the first 
time in the BLISS-52 and BLISS-76 trials to evaluate 
the efficacy of belimumab  [4,5]. The SRI provides the 
assessment of disease activity by using three compo-
nents: reduction of SELENA – SLEDAI, no wors-
ening in the BILAG domains nor in the Physician 
Global Assessment (PGA). The application of SRI 
allowed identifying a significantly higher percentage of 
responder patients in the belimumab arms compared 
with placebo  [4,5]. More recently, BICLA index has 
been applied in the EMBLEM study, designed to eval-
uate the efficacy of Epratuzumab in SLE patients  [6]. 
This newer index assesses the drug efficacy by inves-
tigating the modification of three items – no wors-
ening in the SLEDAI-K and PGA and improvement 
in BILAG domains – and the absence of treatment 
failure  [6]. The two composite indices assign differ-
ent weight to SLEDAI or BILAG in the evaluation of 
disease activity reduction, with the SRI focusing on 
SELENA-SLEDAI compared with BICLA focusing on 
BILAG improvement. A limitation of SLEDAI is that 
it scores some items as present or absent rather than 
considering a continuous range; therefore, even SRI 
lack of the ability to detect minimal improvements; 
moreover, some organ manifestations are completely 
excluded by the SLEDAI. Indeed, the two available 
composite response indices include the physician eval-
uation of the disease activity to overcome the inability Ta
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of the global scores to cover every single SLE mani-
festation. The clinical trials investigating the effect 
of a new B Lymphocyte Stimulator – in other words, 
tabalumab – addressed the clinical response with a 
more stringent index, the SRI-5, which is centered on 
a 5-point reduction in SELENA-SLEDAI score. How-
ever, in the ILLUMINATE studies, the percentage of 
patients achieving the primary endpoint – SRI5 – was 
similar among the treatment groups leading to the 
interruption of Tabalumab program [7,8].

The SRI and BICLA differ from the LLDAS since 
these indices record the change in disease activity sta-
tus from a baseline condition rather than identify a 
target for the treatment strategies.

Single organ assessment
The application of global activity index does not allow 
to assess all the manifestations of SLE. As for SLEDAI, 
the value obtained from the sum of the items identified 
in a single patient does not discriminate between the 
different manifestations, both at a specific time-point 
and in the follow-up evaluation. The only exception is 
the renal component of the SLEDAI (R-SLEDAI) that 
allows to categorize patients with kidney involvement 
attributing four points to the presence of proteinuria, 
hematuria, urinary casts and pyuria; the R-SLEDAI 
score ranges from 4 to 16  [9]. These suggestions wish 
for the use of specific indices able to evaluate each 
organ/system involvement.

The Lupus Foundation of America-Rapid Evalu-
ation of Activity in Lupus (LFA-REAL) is a clinical 
index still in development, based on an expanded 
version of PGA (separate PGA scores for each active 
organ system); this index allows to easily and quickly 
measure disease activity and response to treatment [10]. 
The LFA-REAL considers at least six single-organ on 
a 100 mm visual analog scale (VAS); only active organ 
requires scoring and more scales can be added to record 
manifestations not included in the first six (mucocu-
taneous, musculoskeletal, cardiorespiratory, neuropsy-
chiatric, renal and hematological). The landmarks are 
the same as for the PGA: 0 = none, 1 = mild, 2 = mod-
erate and 3 = severe [10]. In the preliminary evaluation, 
the LFA-REAL demonstrated a wider range of scores 
compared with BILAG, SLEDAI or PGA, especially 
at higher levels of disease activity; moreover, the LFA-
REAL global and organ-specific scores showed sig-
nificant correlation with SLEDAI, BILAG and PGA 
scores  [10]. The LFA-REAL would be an easy tool to 
assess both global and single-organ disease activity in 
clinical setting.

Joint involvement is a frequent and heterogeneous 
manifestation, occurring in up to 90% of SLE patients. 
So far, no specific and validated indices to assess artic-

ular involvement in SLE patients are available. In a 
previous paper published by our research group, we 
proposed to evaluate joint involvement in SLE patients 
with Disease Activity Score (DAS) 28 [11]. This index 
has been validated and used in clinical trials and in 
routine practice in patients with rheumatoid arthri-
tis. Assessing the DAS28 score in a cohort of 69 SLE 
patients with joint involvement, we were able to iden-
tify a subgroup of 48 patients (69.6%) with articular 
manifestations not captured by the SLEDAI-2K defi-
nition; moreover, 56.3% of this subgroup of patients 
had a moderate/high activity according to DAS28 
values  [11]. These results suggested the possible use of 
DAS28 index in the assessment of joint involvement 
in SLE patients, allowing higher sensitivity compared 
with the global index SLEDAI-2K [11].

Since there are no guidelines for the clinical diag-
nosis of cutaneous lupus erythematosus, the assess-
ment of skin manifestation of SLE can take advantage 
of the Cutaneous Lupus Erythematosus Disease Area 
and Severity Index (CLASI); this index was developed 
and validated for the first time in 2005 and revised 
in 2010  [12]. The revised version of CLASI provide a 
valuable tool to evaluate disease severity of different 
mucocutaneous manifestations taking into account 
the localization and extent of active (erythema, hyper-
keratosis, infiltration and subcutaneous nodules) and 
chronic damage components (depigmentation and 
atrophy). The revised CLASI also assesses mucous 
membrane lesions and both scaring and nonscaring 
alopecia (i.e., diffuse alopecia and ‘lupus hair’) [12].

What is new in the imaging assessment
In the last years, several imaging techniques have been 
used to assess the different SLE manifestations. In par-
ticular, imaging modalities have been applied in order 
to evaluate musculoskeletal and neurological mani-
festations of SLE. More recently, some attempts have 
been made to assess patients with LN by using imaging 
tools.

Neuropsychiatric involvement
Neuropsychiatric involvement is one of major causes 
of morbidity and mortality in patients affected by 
SLE and is characterized by several different central 
and peripheral features. Their evaluation could be 
difficult and require to exclude all the other possible 
causes, such as medication side effects, infections or 
psychosocial-related conditions. In order to guide the 
clinician in the differential diagnosis, several imag-
ing tools have been used to assess neuropsychiatric 
manifestations [13].

The imaging tool more frequently applied in the 
assessment of neuropsychiatric involvement in SLE 
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patients remains the conventional magnetic resonance 
imaging (MRI), able to identify modification both in 
the central and peripheral nervous systems [14]. In par-
ticular, MRI shows high sensitivity in the identifica-
tion of focal findings such as cerebrovascular disease 
and myelitis (80–90%) [13]. Some data have suggested 
the possible use of MRI to assess cognitive dysfunction 
in SLE patients. In particular, the study recently pub-
lished by Zimmerman and colleagues demonstrated a 
reduced temporal lobe structure in SLE patients with 
cognitive dysfunction compared with those without 
cognitive deficits [15]. Moreover, MRI could be used to 
longitudinally assess SLE patients: in a recently pub-
lished study, the MRI evaluation at baseline and after 
20 years of follow-up demonstrated the progression 
of MRI brain damage in SLE patients independently 
from neuropsychiatric involvement; moreover, this 
progression seemed to be associated with increased risk 
of new events [16].

In the light of the observation that more than a half 
of patients diagnosed with neuropsychiatric manifesta-
tions have a normal MRI of the brain, other imaging 
modalities have been investigated  [13]. In particular, 
the single photon emission computed tomography 
(SPECT) has been used to assess specific disease-
related manifestations. SPECT imaging provides an 
estimate of regional cerebral blood flow and neuronal 
integrity but the results deriving from its application 
seem to be inconsistent, suggesting the possible use of 
this imaging tool exclusively as MRI complementary 
evaluation [14].

Joint involvement
In order to improve the assessment of musculoskel-
etal manifestations in SLE patients, in the last years 
the imaging techniques have supported the clinical 
evaluation.

In particular, some studies have evaluated the role 
of ultrasound assessment in SLE patients. This imag-
ing method is able to identify the presence of inflam-
matory modifications in the articular and periarticular 
structures as well as the structural damage at bone sur-
face level. Moreover, the application of power Doppler 
allows to detect pathologically increased hematic per-
fusion, indicating an active synovitis. The studies con-
ducted so far on SLE patients demonstrated the frequent 
detection of inflammatory signs in the radiocarpal joint 
(RC), followed by the metacarpophalangeal (MCP) and 
proximal-interphalangeal (PIP) joints  [17–19]. Recently, 
we analyzed the involvement of metatarsophalangeal 
joints in a cohort of SLE patients, identifying a signifi-
cantly higher frequency of inflammatory modifications 
compared with wrist, MCP and PIP joints  [20]. The 
degree of the abnormalities detected by ultrasound was 

generally mild and may be related to the condition of 
arthralgia, frequently referred by SLE patients [20].

The evaluation of erosive damage in SLE patients 
is an important topic. The classical definition of 
nonerosive arthritis has been modified, thanks to the 
introduction of new imaging modalities, more sensi-
tive than conventional radiography. Growing number 
of papers evaluated this aspect by using MRI showing 
surprising results. Data derived from studies published 
in the last 5 years registered a high frequency of erosive 
damage: in particular, this frequency is about 50% in 
the hands and up to 90% in the wrist  [21,22]. These 
results require further confirmations in larger cohorts 
of SLE patients.

Renal Resistive Index & lupus nephritis
The identification of markers of severity and activ-
ity able to guide clinicians in the choice of the most 
appropriate treatment is a critical issue in the assess-
ment of LN patients. The Resistive Index (RI) is an 
ultrasonographic parameter, easy to perform, inte-
grating data about the arterial compliance, pulsatility 
and peripheral resistance. The increase of RI has been 
described in several kidney diseases, such as hemolytic 
uremic syndrome, renal vein thrombosis and allograft 
rejection [23].

To date, few data are available in the literature con-
cerning the assessment of RI in LN patients. In a recent 
paper we studied 42 LN patients requiring kidney 
biopsy: we identified a significant association between 
the presence of a pathologic RI value and the histologic 
class IV glomerulonephritis, widely recognized as the 
most severe [24]. Moreover, we detected an association 
between the pathologic RI and the presence of specific 
histologic glomerular findings (synechiae and cellular-
fibrotic crescent formation); these results could suggest 
the possibility to use the RI as a marker of severity 
in LN patients  [24]. Further longitudinal studies are 
needed in order to evaluate the possible prognostic role 
of this index. More recently, we also evaluated the RI 
in a cohort of patients with antiphospholipid syndrome 
(APS), comparing 13 patients with primary APS and 
23 SLE-associated APS [25]. The almost exclusive asso-
ciation of a pathologic RI with secondary APS and the 
presence of renal artery stenosis only in patients with 
primary APS, might suggest a role of anti-phospholipid 
antibodies in determining the stenotic – thrombotic – 
lesions detected in the primary APS whereas mTORC 
could be involved in the increase of RI observed in 
SLE-associated APS patients [25].

What is new in the assessment of damage
The increase of survival in SLE patients determined 
the risk to accrual irreversible organ damage. As under-
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lined by the treat-to target recommendations, the pre-
vention of damage is a major outcome in the manage-
ment of SLE patients.

Disease-related damage
The presence of chronic damage in SLE patients and 
its modifications overtime can be evaluated by using a 
specific index, the Systemic Lupus Collaborating Clin-
ics Damage Index/American College of Rheumatology 
Damage Index (SDI)  [26]. The SDI has been widely 
applied in large SLE populations identifying the associa-
tion between chronic damage and specific demographic 
factors, clinical features and disease activity. Adverse 
events of treatments, disease activity and comorbidities 
seem to be the major risk factors associated with dam-
age development [27]. Concerning the treatment, the use 
of glucocorticoids is associated with the development 
of adverse effects, such as osteoporosis, diabetes mel-
litus, cataract and avascular necrosis, all included in the 
SDI. During the first years of the disease, the chronic 
damage could be defined as possibly or definitely ste-
roid related in more than 50% of the SLE patients [27]. 
Conversely, several data confirmed the protective role of 
hydroxychloroquine in chronic damage development: 
the long-term assumption of this drug was associated 
with lower SDI scores and significantly prolonged 
damage-free survival in SLE patients [27].

Recently, the Lupus Damage Index Questionnaire 
(LDIQ), a self-administered patient-reported tool 
assessing the 56 items of the original SDI, has been pro-
posed in SLE patients, showing a significant correlation 
with SDI [28]. A shorter questionnaire, the Brief Index 
of Lupus Damage (BILD), including only 26 items, has 
been more recently developed, demonstrating content, 
criterion and construct validity [29]. However, since its 
publication, the BILD was used only in few studies and 
it is not yet possible to draw any conclusion about its 
ability to capture chronic damage progression.

Moreover, the presence of specific autoantibodies, 
such as antiphospholipid (aPL) and anti-dsDNA, could 
be considered as a predictive factor for the develop-
ment of chronic damage [30]. The association between 
chronic damage and aPL prompted the development 
and an initial validation of a chronic index specific for 
APS patients (Damage Index in APS – DIAPS)  [30]. 
The first study applying this index demonstrated the 
content, criterion and construct validity of DIAPS; 
however, further studies are needed to fully evaluate 
the possible application of this index in the clinical 
practice.

Comorbidities
The eleventh bullet point in the treat-to-target in 
SLE states: “relevant therapies adjunctive to any 

immunomodulation should be considered to control 
comorbidity in SLE patients” [1].

Recognition of comorbidity in SLE patients may be 
influential in determining treatment strategies and risk 
factor management. The Charlson Comorbidity Index 
(CCI) was developed to identify conditions associated 
with increased mortality  [31]. The index includes 19 
items and provides a summary cumulative score  [31]. 
The impact of CCI was tested on SLE patients in two 
large populations long-term followed-up demonstrat-
ing an association between comorbidity score and 
mortality, regardless the age, disease activity and SDI 
score  [32]. As expected, cardiovascular disease (acute 
myocardial infraction, congestive heart failure, cere-
brovascular and peripheral vascular disease) accounted 
for about a third of comorbid conditions associated to 
SLE in the two cohorts evaluated [31]. Indeed, prema-
ture atherosclerosis is a well-recognized comorbidity in 
SLE and it is associated with increased mortality [33,34]. 
The European League Against Rheumatism (EULAR) 
recommendations for monitoring patients with SLE, 
suggest the need for monitoring traditional cardiovas-
cular risk factors and treating modifiable risk factors 
according to the existing guidelines [35,36]. Besides the 
traditional risk factors, the role of SLE-related risk fac-
tors is well established  [37]. The routine assessment of 
disease-related markers of atherosclerosis may help to 
stratify patients according to their cardiovascular risk 
burden and to elaborate preventive strategies. Anti-
phospholipid antibodies, especially anti-β2 glycopro-
tein I (β2GPI), seem to represent an additional fac-
tor when evaluating the risk of atherosclerosis since 
the β2GPI-specific T-cell reactivity is associated with 
subclinical atherosclerosis [38].

Fatigue and widespread pain are debilitating symp-
toms with a negative impact on the quality of life of 
SLE patients. Up to 90% of SLE patients refer fatigue 
and 50% of them consider it the most disabling symp-
tom [39]; fibromyalgia, as a cause of generalized pain, is 
reported by 5–22% of SLE patients  [40–43]. Recently, 
a close association between SLE and fibromyalgia has 
been demonstrated: fatigue and widespread pain has 
been reported in 80% of SLE patients and in 33% of 
them fibromyalgia has been diagnosed  [44]. Interest-
ingly, no correlation has been detected between fatigue 
and disease activity suggesting an independent role for 
fibromyalgia as a comorbidity accounting for fatigue 
and pain that should be evaluated and managed 
separately in SLE patients [44].

More recently, the Pain Inventory-Short Form (BPI-
SF) has been tested on SLE patients [45]. This is a self-
assessment tool measuring several dimensions of pain 
(pain quality, pain relief, patient’s perception of pain) 
and able to depict the overall severity of pain as well as 
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its impact on patients’ health  [45]. BPI-SF originated 
for the assessment of cancer pain and consists of four 
items investigating the severity and seven items that 
impact of pain, each ranging from 0 to 10; the two 
scores resulting from the mean of severity and impact 
domains are computed in mean total score. Nae-
geli et al. concluded that BPI-SF is valid, reliable and 
psychometrically robust enough to evaluate pain in 
SLE patients [45].

What is new in the assessment of self-
reported outcome
Quality of life
As reported in the treating-to-target recommenda-
tions, the assessment of “factors negatively influencing 
health-related quality of life (HRQoL), such as fatigue, 
pain and depression” should support the control of 
disease activity [1]. Indeed, the alternation of flare and 
period of low disease activity affect the quality of life 
of SLE patients.

The concept of HRQoL has been widely used to 
indicate the disease impact on the physical and psy-
chosocial aspect of patient’s life caused by the physical 
and biological changes produced by the disease and 
by its treatment. For many years, generic question-
naires, applied for different chronic diseases have been 
employed to assess QoL in patients with SLE. Among 
these, the generic Short Form (SF)-36 was the most 
widely used. However, the evaluation of large cohorts 
of SLE patients detected a poorer QoL in SLE patients 
compared with healthy controls [46].

After the long-term use of nonspecific indices, more 
recently, specific questionnaires have been proposed for 
SLE patients. Among these, the LupusQoL is a ques-
tionnaire first developed and validated in the UK and 
subsequently validated in other languages  [47,48]. The 
questionnaire, specifically designed for SLE patients, 
includes 34 disease-specific items and eight domains 
able to investigate specific aspects of the health status, 
such as sleep, fatigue, intimate relationship and body 
image. The Italian version of the LupusQoL was vali-
dated in a large cohort of adult SLE patients [49]. The 
analysis included 117 patients identifying a convergent 
validity between LupusQoL and the equivalent items 
of the SF-36. Moreover, the LupusQoL seemed to be 
able to discriminate the different degrees of disease 
activity as measured by the SLEDAI-2 K [71]. In fact, 
SLE patients with higher disease activity, defined as 
SLEDAI-2K ≥ 4, showed poor QoL compared with 
subjects with lower disease activity, with significant 
differences in physical health, planning, burden to 
others and fatigue items [49].

The Patient Acceptable Symptom State (PASS) is a 
feasible and time-sparing tool useful to assess patients’ 

status in the routine clinical practice recently tested in 
SLE patients. PASS is a single-question outcome tool to 
evaluate the level of symptoms at which patients con-
sider themselves well, previously used to assess patients 
with inflammatory arthropathies and osteoarthritis, 
demonstrating a significant association with disease 
activity  [50,51]. PASS question has been administered 
to 165 consecutive SLE patients demonstrating an 
acceptable clinical state in 80% of subjects [52]. In addi-
tion, PASS seems to be able to discriminate patients 
with different disease activity, as shown by the signifi-
cantly lower mean SLEDAI-2K and ECLAM values in 
patients with an acceptable status compared with the 
others; moreover, active musculoskeletal involvement 
seemed to influence the status acceptability [52].

Adherence to treatment
Adherence – the extent to which a person’s behavior 
coincides with medical or health advice – is often poor 
in chronically ill patients. Different methods have 
been proposed to evaluate treatment adherence in SLE 
patients: self-reported, pill count, electronic monitor-
ing (reviewed by Costedoat-Chalumeau  et  al.)  [53]. 
The methodological discrepancies among the studies 
performed on SLE patients do not allow drawing any 
conclusion about the best method to address this issue; 
only few studies used specific, validated question-
naire, the most reliable and useful screening tool for 
nonadherence in clinical setting  [54,55]. However, it is 
unanimous that the lack of treatment adherence may 
reflect on disease activity  [56]. Therefore, more effort 
should be dedicated, even in routine clinical practice, 
to investigate and manage nonadherent behavior.

Work ability
The increase survival of SLE patients determined the 
need to evaluate other disease-related aspect such as 
the work disability. This is an interesting topic, in the 
light of the possibility to consider this parameter as a 
clinical outcome measure that could be followed over 
time.

The assessment of work ability has been performed 
by using self-administered questionnaires, evaluating 
the inability to work. Several data demonstrated an 
increase of work disability rate in SLE patients, rang-
ing from 20 to 50%  [57]. Moreover, about a third of 
the SLE patients become work disabled within 3–12 
years from the disease onset. A multifactorial etiol-
ogy could be considered for work disability and sev-
eral factors have been related to the development of 
inability to attend work. Among these, some disease-
related factors, such as disease duration, activity and 
chronic damage and cognitive dysfunction, but also 
other not specifically related, such as age, ethnicity, 
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low educational level and socio-economic status  [57]. 
Some SLE-related manifestations are more associated 
with work disability; in particular, incident throm-
bosis and musculoskeletal manifestations determined 
an increased risk of work disability  [58]. A longitudi-
nal assessment should be considered an important 
topic in the work disability evaluation, in order to 
prevent its development [58]. In addition to the assess-
ment of work disability, a recent study evaluated the 
absenteeism among SLE patients: an increased absen-
teeism was documented with an average deficit of 
2.7 h/week [59].

Conclusion
Clinicians involved in the management of SLE should 
be aware that a global assessment is essential for 
this multifaceted disease; disease activity and dam-
age accrual should be evaluated at each visit in every 
single patient. Nowadays, several tools are available 
both in research and clinical practice settings. The 
response indices used in RCT failed to capture modest 
change in disease activity – and may have somehow 
contributed to the negative results of the clinical tri-

als – and seem not to detect minimal clinically sig-
nificant improvement that may be relevant in daily 
clinical practice. These new tools developed to evaluate 
treatment response could be not the best way to assess 
the improvement of the disease, reflecting the limita-
tions of the indices included in the composite score. 
Moreover, in a routine setting, the use of some indi-
ces may be not always feasible and time effective – as 
in the case of BILAG and BILAG-based indices; on 
the other side, the simpler evaluation of SLEDAI score 
might overlook some manifestations not included in 
the index and is not able to differentiate/grade differ-
ent severity within the same item. Even if the evalu-
ation of SLE patients is not yet standardized and no 
one of the activity index can be currently considered a 
gold standard, the SLEDAI score seems to be useful in 
research and clinical setting when included in a more 
comprehensive evaluation of SLE patients.

Newer indices and questionnaires are currently 
under investigation to simplify and quicken the assess-
ment of SLE patients. Besides disease activity and 
chronic damage, a comprehensive evaluation should 
never overlook quality of life and comorbidities, in 

Executive summary

•	 The treat-to-target strategy was recently extended to systemic lupus erythematosus (SLE). In this light, much 
efforts are dedicated to the definition of treatment goals such as remission and low disease activity.

•	 Lupus patients should be comprehensively evaluated for disease activity, chronic damage and co-morbidities; 
patients’ perspective should never been overlooked.

•	 Besides the single organ system scores, newer composite indices – SRI and BICLA – have been recently used to 
assess the treatment response in randomized clinical trials; these indices are based on SLEDAI and BILAG scores 
and include the physician assessment of to overcome the limitations of the two disease activity scores.

•	 The evaluation of single organ involvement is still limited by the lack of specific indices with the exception 
of skin and kidney that can be scored by renal component of SLEDAI and CLASI. LFA-REAL is a single-organ 
evaluation tool which scores only active involvement in mucocutaneous, musculoskeletal, cardiorespiratory, 
neuropsychiatric, renal and hematological domains with more scales added to record manifestations not 
included in the list.

•	 Imaging techniques have been used to assess different SLE manifestations including musculoskeletal (Doppler 
ultrasound) and neurological features (magnetic resonance). More recently, some attempts have been made 
to assess patients with kidney involvement by using imaging tools: the Resistive Index is an ultrasonographic 
parameter integrating data about the arterial compliance, pulsatility and peripheral resistance which has been 
proposed also for lupus nephritis patients.

•	 Besides the SLICC Damage Index, a self-administered questionnaire – the Lupus Damage Index Questionnaire 
– and its brief form, have been proposed to assess the chronic damage accrual. The patient-reported 
questionnaire demonstrated a good correlation with the SDI.

•	 The eleventh bullet point of the treat-to-target in SLE concerns the adjunctive therapies to control 
comorbidities; the Charlson index seems to be a useful tool to evaluate concomitant disease in SLE patients. 
The routine assessment of traditional and disease-related for atherosclerosis could help stratifying patients 
according to their cardiovascular risk burden and to elaborate preventive strategies. Moreover, fatigue and 
widespread pain is reported by a high percentage of SLE patients and an association with fibromyalgia should 
be not ignored considering its impact on patients’ quality of life.

•	 The assessment of ‘factors negatively influencing health-related quality of life’ should support the control of 
disease activity. In this light, generic or disease-specific questionnaire evaluating the impact on the physical 
and psychosocial aspect caused by the disease should be included in the comprehensive evaluation of SLE 
patients. Moreover, adherence to treatment and work ability should also be investigated.
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order to stratify patients according to disease severity 
and predict long-term outcome.

Future perspective
The age of biological drugs for SLE treatment has coin-
cided with the appearance of more sensitive outcome 
measures able to capture the treatment effect. Actually, 
the limits demonstrated by the composite indices in 
the RCT may suggest to assess separately the different 
organ involvement with more accurate scoring systems. 
Besides the need for alternate outcome measurements 
sensitive even to minimal clinically important change 
in research setting, the treat-to-target approach will 
further extend to the management of Lupus patients 
in clinical setting; in the absence of defined outcome 

states, more efforts will be dedicated to define remis-
sion and low disease activity, achievable goals of the 
treatment of SLE patients. Moreover, more efforts are 
still needed to identify sensitive and reliable biomarkers 
of SLE, both systemic and organ-specific.
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Despite their common use in treating psoriatic arthritis, there is little evidence 
supporting the use of conventional disease modifying agents such as methotrexate. 
Although treatment with inhibitors of TNF-α has brought significant benefit to certain 
patients with PsA, many do not respond. TNF-α inhibitors have also demonstrably 
failed to prevent new bone formation, a critical aspect to the changes in PsA that 
ultimately leads to joint destruction and disability. The identification of several 
new targets in PsA, and the advent of recently approved compounds inhibiting 
these targets, heralds a new dawn for PsA. The differential relevance of targets in 
rheumatoid arthritis and PsA underlines the need for a paradigm shift in how we 
name, describe and categorize rheumatic diseases.

Keywords: IL-17 pathway • molecular network • novel therapy • psoriatic arthritis

General considerations
Much has been learnt by the success of 
highly specific cytokine targeting, using 
biologic agents, in specific inflammatory dis-
eases. However, even more has been learnt 
by noting the failure of these same agents in 
other inflammatory conditions, especially 
in instances where the responsive and the 
unresponsive diseases are thought to have a 
biological kinship. If Moll and Wright had 
difficulty persuading their colleagues at the 
time, of the existence of a phenotypically 
distinct entity to rheumatoid arthritis (RA) 
which we now know as psoriatic arthritis 
(PsA), their case would have had no adversar-
ies today. The clinical phenotypic expression 
of PsA is now recognized to be quite differ-
ent to that of RA. This is true at the micro-
scopic level as well as during synovial exami-
nation with an arthroscope, where differing 
cellular infiltrates and vascular patterns are 
recognized  [1,2]. More importantly, however, 
RA responds to a number of very specific 
cytokine blockades, where PsA does not 
(e.g., IL-6 receptor antagonism). Conversely, 
PsA responds to alternative (but equally spe-
cific) cytokine blockade, where RA is does 

not (e.g.,  IL-17 antagonism). This under-
lines the importance of a varying cytokine 
hierarchy in the differing disease networks.

There is now a strong case to be made for 
developing a taxonomy of diseases (inflam-
matory and others) based not on clinical 
features, but rather on a more meaning-
ful biological basis. This might begin with 
examining the varying levels of importance 
of certain cytokines in a given pathology [3]. 
A more advanced nomenclature and classifi-
cations approach would develop from a clini-
cally and biologically meaningful system, 
based on a complete understanding of the 
disease networks [4].

The dawn of new era for PsA
Before late 2013, the last drug to be approved 
in Europe targeting a novel pathway in PsA 
was leflunomide, and even this was as far 
back as 1999. Furthermore, this was not itself 
a novel agent, simply an extension of existing 
licensed indications. Therefore, although it is 
true that over the last 15 years there have been 
additional agents targeting the TNF-α path-
way, agents targeting truly novel pathways in 
PsA have been lacking. Both the European 
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Medicines Agency and the US FDA recognize that for 
those with PsA who have not responded adequately to 
TNF-α inhibition (TNFi), there are few alternatives. 
However, these past 18 months have seen two truly 
novel compounds meeting licensing requirements and 
reaching market, and at least one agent very likely to 
meet approval in the near future. All this makes for an 
exciting new era in the treatment of PsA.

Is PsA an important pathology?
PsA is the second most common inflammatory 
arthropathy  [5], and it is now recognized that it is 
still both under recognized and under treated  [6,7]. 
To address this, efforts have been made to improve 
recognition of PsA  [8]. Since psoriasis precedes PsA 
in approximately 80% of cases, many of these efforts 
focus on the inflammatory dermatology clinics  [9,10]. 
Importantly, PsA most frequently affects young people, 
with most studies reporting an age of onset in the 4th 
decade of life  [11–13]. Quite apart from the short and 
medium-term deleterious effects of PsA on patients, 
as evidenced by measurements of pain and mental 
well-being, the disease itself is inherently destructive 
to bone, cartilage, enthesis and other soft tissues [14,15]. 
Furthermore, patients with PsA also have reduced 
longevity, principally due to increased cardiovascular 
mortality [16].

Understanding that PsA has a destructive nature 
is important, as failure to achieve satisfactory abroga-
tion of the aberrant inflammatory response, may result 
in disability, with further implications for quality of 
life and the ability to remain in employment. In fact, 
patients with PsA have similar HAQ scores (a validated 
measure of disability) as patients with RA [17]. There is 
now some evidence suggesting that the same ‘window-
of-opportunity’ exists early in the natural history of 
PsA as in RA, and it is therefore becoming increasingly 
important to treat these patients as quickly as possible 
after the diagnosis has become established [6].

Why is there a need for novel targets?
PsA has been shown to be painful, destructive, dis-
abling, and patients have a decreased life expectancy. 
The disease is, therefore, not dissimilar in many of 
these parameters to RA, but in RA, B-cells, IL-6 (IL-
6) and the T-cell co-stimulatory molecule CD80/86, 
have all been shown to be relevant targets that have 
been exploited by approved biological therapies. In 
PsA, none of these agents have been approved. Despite 
the presence of B-cells in abundance in the synovium 
of patients with psoriatic arthritis  [18], the results of 
an initial pilot study of rituximab in PsA was disap-
pointing. No clinical trials have yet been performed 
evaluating tocilizumab for PsA, but there are a num-

ber of case reports with varying results  [19–21]. There 
is already some evidence to support the use of abata-
cept to treat patients with PsA. In a phase IIb study of 
abatacept in PsA, a 3 mg/kg dose was associated with 
better skin response, while 10 mg/kg dose (the dose 
approved for RA) was associated with better ACR20 
response [22]. Abatacept is now being studied, delivered 
subcutaneously, in a Phase III trial.

It is also worth noting that the primary outcome for 
most RCTs in PsA is ACR20, a very modest treatment 
benefit, and only 40–60% of patients achieve this.

PsA is, therefore, a significant burden to patients 
and a costly disease to the wider healthcare system, 
but has not been witness to the expansion of drugs 
with novel targets that RA has been the beneficiary 
of. Indeed, existing first-line therapies for PsA such as 
methotrexate and leflunomide lack an evidence base 
from randomized controlled trials (RCTs) [23].

Immunopathogenesis of PsA
The centrality that TNF-α and related Th1 response 
cytokines have in the immunopathogenesis of PsA 
is well recognized and exploited by targeted thera-
pies. TNF-α is a critically important cytokine in 
PsA, and its presence has been demonstrated in the 
inflamed synovium, the enthesis, as well as in psori-
atic skin [24,25]. TNFi has offered the most significant 
advance in treatment of PsA witnessed to date. TNF-α 
appears to be a key player operating as a ‘node’ in the 
disease network, and is responsible for the production 
of several other proinflammatory cytokines including 
IL-1, IL-6, IL-8 and IL-12, although it appears that 
these cytokines play a more minor role in the PsA 
phenotype than in the RA disease network [3,26,27].

The most promising novel targets that have been 
identified over the last decade concern protagonists in 
the IL-6 and the IL-23/IL-17 pathways.

IL-17 was first identified as inducing the produc-
tion of IL-6 and IL-8 in human RA synoviocytes and 
skin fibroblasts from normal individuals, betraying its 
inherent proinflammatory characteristics [28,29]. It was 
then demonstrated that IL-17 was produced by RA 
synoviocytes, and that blockade in vitro (using specific 
IL-17 monoclonal antibody) could significantly reduce 
the production of IL-6  [30]. This set of experiments 
also demonstrated an important relationship concern-
ing synergy between cytokines. In this case, it was 
observed that IL-17 must be in the presence of IL-1 and 
TNF-α, to maximize production of IL-6 [31]. The sig-
naling of IL-17 through its major receptor (IL-17RA) 
is unique because it does not utilize JAK and STAT 
pathway, instead favoring an association of receptor 
with adaptor protein ACT1. The binding of IL-17 to 
its receptor thus activates NF-κB  [32,33]. Quite apart 
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from increasing proinflammatory cytokine expression 
in this manner, IL-17 receptor activation results in the 
stabilization of mRNA encoding for growth factors 
and chemokines [34,35].

A major source of IL-17 is a set of helper T cells quite 
distinct from the classical Th1 and Th2 types, known 
as Th17, after their signature cytokine  [36,37]. These 
cells do not produce IFN-g or IL-4, thus distinguish-
ing them from classical helper T cells. Their differen-
tiation from naive T cells to specific Th17 cells is more 
complicated than originally thought. IL-23 increases 
the levels of IL-17 in naive T cell culture [38], but there 
is no IL-17 receptor on naive T cells. However, it has 
become clear that IL-23, which is produced by acti-
vated dendritic cells, is nonetheless important in TH17 
cell differentiation, but that it is not the only pathway 
supporting this differentiation.

IL-23 is closely related to IL-12, sharing a common 
p40 subunit. Given the known importance of IL-12 in 
Th1 responses, it has been thought that targeting the 
shared p40 subunit may abrogate both Th1 and Th17 
responses.

One theoretical attraction of this axis is the realiza-
tion that this pathway can lead to the expression of 
all four features typical of psoriatic arthritis: skin and 
joint inflammation, erosive bone disease and patho-
logical new bone formation. Thus by inhibiting the 
IL-23/17 axis at any of several levels, improvements in 
each parameter may be expected (see Figure 1).

TNF-α
There are now five TNFi agents approved in Europe 
for PsA, and their efficacy in treating the disease has 
a good evidence base, whether used with or without 
conventional DMARDs [23,39,40]. However, despite the 
availability of five individual TNFi, collectively they 
target a single pathway, and there is no evidence to sup-
port significant differences in their efficacy on articu-
lar, enthesial or axial disease, or indeed any major 
differences in safety profiles [41–44].

The use of TNFi has the additional benefit of effi-
cacy in treating spinal symptoms where conventional 
DMARDs show little efficacy  [45], however, whether 
this symptomatic improvement is reflected in a true 
retardation of the destructive process in the axial spine 
is contested. There certainly appears to be a reduction 
in axial inflammation as evidenced by decreased pain, 
decreased acute phase reactants and greater lumbar 
spine flexibility, but the progression of radiographic 
findings is a more complicated matter.

One important consideration regarding the use of 
TNFi in PsA relates to the differences observed in bone 
changes between RA and PsA, in the natural history of 
the respective diseases. In contrast to RA where only 

erosive changes are seen in bone, both anabolic and 
catabolic effects on bone are observed in PsA, and can 
be assessed using widely available imaging modalities.

Firstly, the bone erosions are architecturally distinct 
in PsA where the erosions are themselves associated 
with new bone formation, resulting in smaller erosions 
with significant periosteal bone proliferation, thereby 
giving them an ‘inverted omega’ appearance [46]. Sec-
ondly, new bone formation also tends to occur at the 
site of the enthesis, distal from the erosive sites. The 
effects of the new bone formation in PsA must at least 
be considered of equal importance in the development 
of functional impairment as the development of ero-
sions. For example, in severe cases proliferating bone 
develops over the entire circumference of a small joint, 
giving the appearance of the so-called ‘bony corona’ 
on imaging, and resulting in significant disability [47]. 
In addition, since the enthesis is the principal site of 
new bone formation, and is also the junction where 
inflamed periarticular tissue and the bone surface 
meet, changes here effecting the attachment of ten-
dons and their muscles to bone can lead to significant 
disability [48].

We concentrate here on the anabolic effects observed 
in PsA, because it is increasingly recognized that pre-
venting this will be as important as preventing erosive 
disease in treating PsA. However, the TNFi have con-
sistently failed to demonstrate any efficacy in achiev-
ing a reduction in the progression of new bone forma-
tion, and this is now seen as a significant failing of 
TNFi [47]. Moreover, radiographic scores in PsA focus 
on bone erosions, and will need to address the issue of 
new bone formations as well [49].

There is a clear biological basis for the lack of effi-
cacy of TNFi on new bone formation. While TNF-α 
promotes osteoclast differentiation by inducing the 
expression of receptor activator of NF-κB ligand in 
the joints  [50] (the essential differentiation factor for 
osteoclasts), it is also a potent suppressor of osteoblast 
differentiation  [51]. Consist with this biology, the 
antagonism of TNF-α in PsA does not retard new 
bone formation  [46], and indeed similar results are 
seen in ankylosing spondylitis (AS), where new bone 
formation has long been understood to be an impor-
tant pathological process  [52,53]. The importance of 
IL-22 in promoting new bone formation via activa-
tion of STAT3 and subsequent upregulation of genes 
regulating bone formation has only recently begun to 
be understood, and thus far, no agents have specifi-
cally targeted this pathway [54]. However, one report 
over a longer period of time (8 years) in AS, with a 
retrospective design and small numbers, suggests 
there may be less new bone growth in those treated 
with TNFi [55].
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Figure 1. Resident DCs when activated secrete IL-12 and IL-23. IL-12 facilitates differentiation of Th1, IL-23, 
together with other cytokines facilitate differentiation of Th17 cells, which in turn secrete IL-17 as well as IL-21, 
IL-22 and IL-23. Inflammatory effects are seen at skin and synovium due to the actions of the proinflammatory 
cytokines IL-1, IL-6 IL-8 as well as TNF-α. Cartilage and bone degradation occurs due to the production of MMPs 
by synovial fibroblasts and macrophages. New bone formation occurs via IL-22 phosphorylation of STAT3 which 
activates expression of genes regulating bone formation.
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Knowing the centrality that TNF-α occupies in 
the inflammatory cascade of PsA, and witnessing the 
success TNFi has on the abrogation of the inflamma-
tory disease in patients, it is clearly disappointing that 
little or no effect is seen on new bone formation. This 
may be evidence of ‘uncoupling’ of inflammation from 
radiographic progression. However, it has also been 
suggested that there must be other cytokines involved 
(such as IL-22), that are important to this critical 
manifestation of PsA. Other than the role IL-22 plays, 
remarkably little is known about the biological mecha-
nisms underlying the development of new bone in PsA, 
and while serum CRP and TNF-α are soluble markers 
of erosive disease, no such markers have yet been devel-
oped to measure new bone formation in PsA, which 
might allow the identification of potential therapeutic 
targets.

Questions remain about whether monotherapy 
with TNFi is any different than combination therapy 
(TNFi with methotrexate), and it is hoped that more 
data will be available on this in the near future. The 
design of trials to date do not allow for a comparison 

of monotherapy with combination therapy. From the 
limited data available, Mease’s and Gladman’s group’s 
found no difference in structural progression between 
etanercept and adalimumab, respectively, each alone or 
in combination with methotrexate [56,57]. Others have 
found that there was no clinical benefit to the addi-
tion of methotrexate to TNFi, but that TNFi survival 
may be increased in those receiving combination ther-
apy [58,59]. Another interesting concept is the selective 
targeting of more than one cytokine in a disease pro-
cess, usually selecting cytokines that act synergistically. 
This might be achieved by combining existing biologic 
therapies [60]. To date, safety fears in relation to the risk 
of infections and neoplasms have meant that studies 
involving a combination of biological therapies are few. 
Ustekinumab antagonizes both IL-12 and IL-23, and 
is the first licensed biologic with more than one target.

IL-12/-23
Our understanding of the pathophysiology of PsA, and 
in particular the recognition of role that the IL-17 and 
IL-12/IL-23 axis plays, has provided for an exciting 
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era in treating PsA. Indeed, it is this pathway that has 
provided the first new biologic target in PsA since the 
advent of TNFi, in the form of ustekinumab, and this 
brings with it the potential promise of further agents 
to come.

Ustekinumab is a fully human monoclonal antibody 
that binds to the common p40 subunit of IL-12 and 
IL-23. IL-12 is a key cytokine in the Th1 inflamma-
tory response, and IL-23 is involved in the activation 
of Th17 cells and the subsequent production of IL-17. 
There is evidence that IL-23 is essential for enthesitis 
to develop by acting on a specific T-cell subset. This 
subset, (IL-23R(+), RAR-related orphan receptor γt 
(ROR-γt)(+)CD3(+)CD4(-)CD8(-), stem cell antigen 
1 (Sca1)(+)) was identified at the entheseal insertion 
in an animal model of enthesitis by Sherlock  et  al., 
and this finding underlines the importance IL-23 may 
have as a target in PsA [54]. These cytokines occupy an 
important place in the inflammatory network of PsA.

The efficacy and safety of ustekinumab in patients 
with PsA has been established in the PSUMMIT1 trial 
in patients naive to TNFi [61]. However, arguably more 
importantly, in PSUMMIT2 clinical efficacy was dem-
onstrated in those who have not responded to TNFi. In 
PSUMMIT2, most patients who have been included 
in the TNF experienced arm of the study discontin-
ued TNFi because it was ineffective (between 64 and 
72%). In fact, the majority of these patients had previ-
ously been on at least two TNFi, and 25% had been 
on 3 TNFi. Just over a third (35.6%) of patients who 
were TNFi experienced went on to achieve an ACR20 
response. Although somewhat less than the results of 
TNFi naive patients (46% meeting ACR20 in PSUM-
MIT1 and 54.4% in PSUMMIT2), it is likely that this 
cohort represent more recalcitrant disease, or perhaps a 
subset of PsA patients whose disease is phenotypically 
distinct and not primarily driven by TNF-α. On the 
strength of these studies both the EMA and the FDA 
have approved ustekinumab for treatment of PsA, at 
last providing an option (and truly novel target) for 
those with PsA who have not responded to TNFi.

Safety data regarding ustekinumab was available 
from studies of its use in psoriasis (PsO), with no 
new signals emerging from the study of ustekinumab 
in PsA. However, the duration of the trials limit a 
definitive conclusion in relation to potential long-term 
effects, and these questions can only be answered by 
post marketing surveillance by the biologic registries.

The question of radiographic progression in those 
treated with ustekinumab is also partly addressed by 
the two trials, where radiographic data were analyzed 
together demonstrating that, at 24 weeks, ustekinumab 
decreases radiographic progression as measured by the 
PsA modified vdH-S scoring method  [62]. The pre-

planned integrated analysis was reported using data 
from the two studies together because radiographic 
outcomes required higher numbers to be enrolled to 
be appropriately powered. This is a challenge in clini-
cal trials where the primary or secondary outcomes are 
measured by radiographic scores over a relatively short 
period of time. However, there are important points 
to note here; again no radiological study examining 
axial progression is reported, and the scoring method 
of plain films of hands and feet is imperfect, not taking 
full account of new bone formation  [49]. In the end, 
only long-term follow will be able to make a determi-
nation as to whether inhibition of IL-12/IL-23 can 
retard new bone formation, and have a truly disease 
modifying effect on the axial skeleton.

IL-17
Secukinumab is a fully human anti-IL-17A monoclo-
nal antibody, already licensed for psoriasis in Europe 
earlier this year. Importantly, secukinumab at two 
doses performed better than etanercept for psoriasis 
in the FIXTURE head-to-head trial  [63]. This is not 
only important from a drug selection and marketing 
point of view, but also informs us on the hierarchy of 
cytokines in specific inflammatory diseases, although 
we cannot extrapolate anything from this in relation 
to PsA.

There is now a growing body of evidence to suggest 
that secukinumab is efficacious in PsA. An initial small 
proof-of-concept study including 42 patients for 24 
weeks, although failing to meet the primary endpoint 
(ACR20 at week 6), reported significant improvements 
in secondary outcomes [64]. The subsequent FUTURE 
1 and 2 phase III RCTs have met their primary end-
points of ACR20 response at week 24, FUTURE1 
demonstrating a 50.5 and 50.0% ACR20 response 
to secukinumab at 75 mg and 150 mg, respectively, 
and FUTURE2 demonstrating 29.3, 51.0 and 54.0% 
ACR20 response for doses at 75, 150 and 300 mg, 
respectively, versus 15.3% for placebo [65,66].

The two studies differed in their methodology for 
loading doses, as well as in subsequent dosing regimen, 
which may in part account for the differences in response 
rates seen at the 75-mg dose between the two studies. 
Data presented at EULAR’s annual congress in 2015 
reported on response rates to secukinumab in patients 
naive to prior treatment with TNFi, compared with 
those TNFi nonresponders. As might be expected, bet-
ter responses were seen in the naive group overall. Only 
those TNFi nonresponders receiving the 300-mg dose 
saw a statistically significant benefit when compared 
with placebo [67]. Notwithstanding the problems report-
ing radiographic outcomes in PsA discussed earlier, fur-
ther data suggest that secukinumab may be able to retard 
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certain aspects of radiographic progression in PsA [68]. A 
host of secondary outcomes of these two trials have also 
been presented. The safety was similar to the data in pso-
riasis. Most adverse events related to upper respiratory 
tract infections, which were only slightly increased in 
incidence in the secukinumab arm, without an apparent 
dose relationship. Importantly no cases of tuberculosis 
were reported. Candida infections were more common 
in the secukinumab group, perhaps highlighting the 
importance in IL-17 host defense against fungi.

Two other monoclonal antibodies, brodalumab tar-
geting the IL-17 receptor, and ixekizumab targeting 
IL-17A, have also been shown in short phase II stud-
ies to be significantly beneficial in plaque PsO  [69,70]. 
Early data on the efficacy of brodalumab in PsA is now 
available with the results of an open label extension to 
the phase II study of brodalumab. During the Phase II 
trial period (to week 12), ACR20 responses were simi-
lar in the two studied doses (37 and 39%), and in the 
extension phase to week 108 this response was main-
tained [71]. Studies of ixekizumab in PsA are awaited.

Some have been disappointed by the observation 
that exploitation of these novel targets do not improve 
on ACR responses of TNFi. One possible theoretical 
reason for this may the considerable level of redun-
dancy in the individual cytokine pathways, such that 
when one target is blocked, other cytokine pathways 
that remain uninhibited perpetuate the inflamma-
tory response. One potential strategy to circumvent 
this problem of redundancy may be to rationally com-
bine agents so that more than one molecular target is 
inhibited. However, where this has been attempted in 
RA, the results of combining anakinra with etanercept 
perhaps surprisingly, failed to yield an improvement 
in efficacy compared with monotherapy with etan-
ercept, and the occurrence of infections was signifi-
cantly increased [72]. Similarly, combination treatment 
with abatacept and etanercept also failed to improve 
efficacy, with a similar marked increase in infection 
incidence [73]. While these studies were in RA, there is 
no biological basis for a belief that there would be any 
difference in PsA. Perhaps what we witness as frustrat-
ing redundancy in our attempts to abrogate inappro-
priate inflammatory responses in PsA, actually repre-
sents important failsafe immune mechanisms in host 
protection. In this manner, blockading two cytokines 
such as TNF-α and IL-1, which have broadly simi-
lar effects, will not increase efficacy of treatment, but 
could predictably increase incidence of infections [74].

Other cytokines
There is no doubt that other cytokines appear to be 
important in PsA pathogenesis, but their apparent pres-
ence at the scene of the crime is not necessarily indica-

tive of their relevance as a therapeutic target. Clearly 
studies with both rituximab and tocilizumab, and to 
a lesser extend abatacept, have shown disappointing 
results, making B cells, IL-6 and T cells a less promising 
set of targets. Why biologically plausible targets, present 
at important sites at such abnormally high concentra-
tions should not offer relevant approaches, is currently 
unclear, but may owe to our incomplete understanding 
of the disease network.

There may be some case for considering redressing 
the balance of differential T cell activation in PsA. 
Recent data suggest that IL-4 (the prototypical Th2 
cytokine) can reduce levels of proinflammatory cyto-
kines when lesional psoriatic skin is cultured in the 
presence of IL-4, although the mechanisms appear to 
be more complicated than simply induction of the Th2 
response [75].

Small molecular inhibitors
Apremilast is a small molecular inhibitor (compounds 
with a molecular weight of less than 1 kDa) licensed in 
Europe since February 2015, and it constitutes another 
major advance in the treatment of PsA. Small molecu-
lar inhibitors have the benefit of being delivered orally, 
and are expected to be produced at a much lower cost 
that biological compounds [76]. Their targets in inflam-
mation are usually intracellular signaling, principally 
kinases, which represent an attractive therapeutic tar-
get. These kinases act upstream of mediators such as 
TNF-α, and thus selective inhibition may inhibit sev-
eral inflammatory processes  [77,78]. The most notable 
success in this regard has been tofacitinib, where efficacy 
in RA has been established, and the agent is licensed 
in the USA (but not in Europe) for this indication [79]. 
Although many compounds have been studied, few 
have made it as far as phase III study.

Apremilast inhibits phosphodiesterase 4 (PDE4), 
one of 11 phosphodiesterases widely expressed in a 
heterogeneous array of cell types, and it hydrolyses 
and degrades cyclic AMP  [80,81]. PDE4 is involved in 
modulating inflammatory processes downstream from 
protein kinase A, changing the cytokine profile in vary-
ing cell types  [82]. Apremilast inhibits the production 
of TNF-α, IL-12, as well as the chemokines CXCL9, 
CXCL10 and CCL4, in human peripheral mononuclear 
cells stimulated with bacterial lipopolysaccharide. In T 
cells, apremilast decreases the expression of IFN-γ, and 
in neutrophils inhibits the production of IL-8 [83,84].

The PALACE Phase III trials compared two doses 
of apremilast with placebo in those with active disease 
despite prior treatment with DMARDs or biolog-
ics, and each demonstrated better performance than 
placebo in reaching ACR20  [85]. Two-year follow-up 
data presented recently, in open label extension for 
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the PALACE3 trial demonstrated sustained ACR20 
responses  [86]. There were no new safety concerns, 
although tolerability due to GI disturbances can be an 
issue in the short-term, and there was a less pronounced 
effect on dactylitis and enthesitis when compared with 
ustekinumab and secukinumab [87].

There is a biological basis that tofacitinib may be 
beneficial in PsA, with recent data demonstrating that 
it inhibits proinflammatory mechanisms in both in 
vitro and in vitro synovial models  [88]. There are cur-
rently three clinical trials of tofacitinib in PsA, and it 
is hoped that they will validate the JAK-STAT path-
way as a relevant target in PsA. Tofacitinib has been 
shown to inhibit IL-4 dependent Th2 differentiation. It 
also interferes with Th17 differentiation, inhibiting the 
expression of the IL-23 receptor and the signature cyto-
kines of Th17 cells including IL-17, and IL-22, when 
naive T cells were stimulated with IL-6 and IL-13., but 
this was rescued when the same cells were stimulated 
in the presence of TGF-β. In a model of established 
arthritis, tofacitinib improved disease, inhibiting the 
production of inflammatory mediators and suppress-
ing STAT1-dependent genes in joint tissue  [89]. There 
is very limited data on the effect the small molecular 
inhibitors have on radiographic progression in the con-
text of PsA. The biology of small molecular inhibitors 
is complex as their targets often represent ubiquitous 
intracellular signaling pathways that are incompletely 
understood and are essential for both physiological 
and pathological processes. Some concern exists about 
how truly selective these molecular inhibitors are, and 
about the safety in relation to both serious infection and 
malignancy risks.

As outcomes such as resolution of dactylitis and 
enthesitis have been reported as secondary outcomes in 
the trials of both the biologic agents and small molecu-
lar inhibitors, it is not possible to draw conclusions as 
to which agent performs best for patients with a high 
burden of a specific presentation of the disease. Only 
ustekinumab has data on radiographically detected 
bone changes in Phase III trials [62].

Conclusion
PsA is an important disease and is still underrecognized. 
Our recent advances in understanding the underlying 
pathophysiology of this disease have contributed to 
our understanding of inflammatory biology in general. 
The recognition of the differences in cytokine biology, 
as well as in molecular networks between differing 
inflammatory diseases, underscores the inadequacies of 
current disease taxonomy. A complete understanding of 
these networks, and knowledge of the important nodal 
differences between them, promises to allow better 
prognostication, the identification of better biomarkers, 

as well as more rational selection of treatments. Map-
ping these networks may also reveal further putative 
targets.

For now, however, the emergence of drugs target-
ing IL-12/23 and IL-17 represents the most significant 
advance in recent years, and together with the more 
recent emergence of apremilast as a proven agent, these 
agents represent an exciting dawn of a new age in PsA.

Future perspective
Although discreet phenotypes of PsA are well described 
based on their clinical features, a more meaningful cat-
egorization of these may be achievable by a fuller under-
standing of the disease network(s). It no longer makes 
sense to pursue the established clinical nomenclature, 
and this should be dispensed with in favor of describing 
diseases by their disease network. An understanding of 
the importance of the cytokine hierarchy is the first step 
toward this more meaningful classification system.

It is also notable that current strategies at identify-
ing targets in PsA are still focusing on treatment, rather 
than prevention. Isolating the biological processes 
around the time of loss of self-tolerance, may introduce 
the possibility cure, or even prevention in the future.

What is clear is that for the moment, physicians and 
patients must employ a treatment strategy that is ratio-
nal, and evidence-based, utilizing therapies that are 
already available and maximizing the benefit that these 
can offer. Unfortunately, there is a dearth of evidence to 
inform physician. For example:

•	 Which nonbiological DMARD should be 
commenced as first line therapy.

•	 Whether to switch to biologic therapy after failure 
of a single nonbiological DMARD, or add/change 
another DMARD.

•	 What novel agent is best (lack of head-to-head 
trials).

However, new evidence suggests that even with the 
currently limited (though expanding) armamentarium, 
regular review using an aggressive treat-to-target strat-
egy in PsA, results in better outcomes [90].
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