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KEY POINTS

� Treat to target describes a management paradigm that involves choosing a clinically rele-
vant target, assessment with validated measures at a prespecified frequency, and a
change in therapy if the target is not met.

� The treat-to-target strategy has been used in other rheumatologic conditions, such as
rheumatoid arthritis and psoriatic arthritis, and is advocated in axial spondyloarthritis.

� An ideal outcomemeasure for a treat-to-target strategy needs to be defined in axial spon-
dyloarthritis, with consideration of existing or potential outcome measures and their
attributes.
INTRODUCTION: TREAT TO TARGET

Treat to target describes a disease management paradigm that involves selection of a
clinically relevant target, assessment with validated measures at a prespecified fre-
quency, and a change in therapy if the target is not met. Treat-to-target strategies
have been incorporated in treatment guidelines and in clinical practice for chronic
medical conditions, such as hypertension,1 type 2 diabetes mellitus,2 and hyperlipid-
emia.3 Treating these diseases to target has been demonstrated to improve important
clinical outcomes, such as preventing cardiovascular events and retinopathy.4–6

In rheumatology, treat-to-target strategies are recommended for the management
of gout, rheumatoid arthritis (RA), and spondyloarthritis (SpA), including psoriatic
arthritis (PsA). In gout, the target is a serum uric acid level of less than 6 mg/dL or
less than 5 mg/dL in the presence of erosive or tophaceous disease, and levels should
be checked in order to titrate urate-lowering therapy.7 The target and cutoffs were
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chosen based on the physiologic level at which monosodium urate precipitates in vivo
and the understanding that controlled disease in gout prevents joint damage. In 2014
for RA, the European League Against Rheumatism (EULAR) released treat-to-target
guidelines that included 4 overarching principles with the primary goal of optimizing
quality of life through decreasing symptoms and joint damage.8 In order to meet
this goal, inflammation should be attenuated via adjusting treatment alongside regular
measurements of disease activity. Shared decision making also should be used
throughout this process. These guidelines have the backing of multiple randomized
controlled trials (RCTs) that compared a treat-to-target or tight control strategy with
standard of care in RA.9 The connection between improved control of inflammation
and prevention of joint damage also is established in RA.10

The first treat-to-target guidelines for SpA were introduced in 201411 and underwent
revision in 2017.12 Both PsA and axial SpA (axSpA) are included but the strength of
evidence is greater for the former. Similar to the treat-to-target guidelines for RA, those
for SpA include overarching principles and key recommendations. Like the RA guide-
lines, the overall goal is optimizing quality of life by decreasing symptoms, inflamma-
tion, and structural damage by regularly measuring disease activity and adjusting
treatment accordingly. In contrast to the RA guidelines, the SpA guidelines include
extraarticular manifestations (EAMs) of SpA as possible targets and indicate that im-
aging also should be considered as an adjunctive form of assessment for disease ac-
tivity. All imaging modalities (conventional radiograph, computed tomography,
magnetic resonance, and ultrasonography) are included, although the guidelines do
not specify which sites ought to be assessed. The evidence base for the treat-to-
target strategy in PsA rests on 1 RCT, the Tight Control of Psoriatic Arthritis (TICOPA)
study13; strategy trials in axSpA have been under way but their results have not been
published. Furthermore, it is not yet established that the achievement of treatment tar-
gets in axSpA would prevent structural damage, EAMs, or co-occurring conditions.
This review focuses on the background for a treat-to-target strategy in axSpA. The

potential targets of treatment, which are the available validated measures of disease
activity, are discussed. The association of these targets with outcomes of interest,
including structural damage, physical function, spinal mobility, and EAMs, as well
as the evidence that available treatments can have an impact on these outcomes,
are addressed. How treat-to-target strategies have been incorporated into SpA treat-
ment guidelines is reviewed. Finally, treat-to-target RCTs and the research agenda for
future studies in axSpA are discussed.
DEFINING THE TARGET: DISEASE ACTIVITY MEASURES

The first necessary step of a treat-to-target strategy is defining the target. The target
must be easily measurable in clinical practice, be validated in axSpA patients, and
reflect clinical outcomes that are important to both patients and physicians. The 2
most commonly used measures for axSpA in clinical practice are the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) and the Ankylosing Spondylitis Disease
Activity Score (ASDAS). The BASDAI was developed in 1994 and comprises 6 ques-
tions addressing 5 major symptoms in AS: fatigue, spinal pain, peripheral joint pain
and swelling, localized tenderness, andmorning stiffness.14 Although the BASDAI cor-
relates with other clinical outcomes of interest, such as physical function,15 and has
been used as both an eligibility criterion and outcome in clinical trials, it has major lim-
itations. BASDAI questions pertain only to subjective, patient-reported outcomes and
are not specific for symptoms related to inflammation versus other processes; 4 items
are given equal weighting; and there is no assessment of extra-articular disease, such
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as eye, skin, or bowel inflammation.16 Due to the subjectivity of the items included on
the BASDAI, there often is discordance between patient and clinician assessments of
the disease activity.17

The ASDAS was developed by experts to try to overcome some of the limitations of
the BASDAI. ASDAS includes some questions from BASDAI as well as patient and
physical global assessments, and laboratory measures (either the C-reactive protein
[CRP] or the erythrocyte sedimentation rate [ESR]).18 The ASDAS has been validated
in multiple observational databases and clinical trials as well as in different popula-
tions.19 It has been shown to be responsive to clinical and imaging measures of dis-
ease activity, more so than the BASDAI.20 The ASDAS remains, however, with
limitations: it does not incorporate other objective measures of inflammation, such
as that found on imaging; and like BASDAI it does not include any assessment of
extra-articular disease.16 ASDAS is challenging to use in US clinical practice because
CRP and ESR assessments typically are not available in real time at the point of care.
Although ASDAS has validated cutoffs for disease activity categories, there are no
validated cutoffs for the BASDAI.
ASAS (then called Assessments in Ankylosing Spondylitis) developed a core set of 5

domains (physical function, pain, spinal mobility, spinal stiffness/inflammation, and
patient global assessment) to be assessed in trials and other clinical outcomes
studies. Based on this core set, Anderson and colleagues21 developed standard
ASAS response criteria using data from 3 RCTs comparing nonsteroidal anti-
inflammatory drugs (NSAIDs) to placebo in AS. The final response criteria included
the 4 domains of physical function (measured by the Bath Ankylosing Spondylitis
Functional Index [BASFI]), pain (measured by a visual analog scale [VAS]), inflamma-
tion (measured with the proxy of morning stiffness), and patient global assessment
(measured by VAS). Spinal mobility was excluded due to its poor performance. The
ASAS20 and ASAS40 are the commonly used response criteria for primary outcomes
in RCTs. An ASAS20 response is defined as greater than or equal to 20% improve-
ment in at least 3 domains with no worsening in the fourth domain. The utility of these
response criteria in clinical practice, however, is limited, and they suffer from issues
similar to the BASDAI and ASDAS.
In response to the lack of a definition of ankylosing spondylitis (AS) disease severity,

ASAS developed an instrument based on the International Classification of Func-
tioning, Disability, and Health model of function and health.22 The ASAS Health Index
(ASAS HI) includes 17 items with dichotomous responses, meant for use in RCTs and
in clinical practice. It has been shown to have construct validity, interpretability, reli-
ability, and responsiveness in both axSpA and peripheral SpA populations.23 A
value greater than or equal to 12.0 serves as the cutoff between poor and moderate
health, whereas a value less than 5.0 is the cutoff between good and moderate health.
The ASAS HI serves as the primary outcome measure in an ongoing treat-to-target
trial in axSpA.
For a target to be useful, there should be a clear definition of that target, as has been

established for ASDAS inactive disease/remission and low disease activity (LDA).
These are defined in Table 1. Remission refers to the absence of clinical or laboratory
evidence of significant inflammatory disease over a prolonged period of time.24 It also
has been defined as a state in which the disease does not progress.25,26 In clinical tri-
als, the disease activity states of either inactive disease (ASDAS <1.3) or ASAS partial
remission (a value <20 on a scale of 0–100 in all 4 ASAS domains) is used. The main
limitation with ASAS partial remission is that it relies partly on the BASFI, and a patient
with irreversible structural damage may be unable to fulfill ASAS partial remission
criteria.16



Table 1
Definitions of remission and low or minimal disease activity

ASDAS inactive disease ASDAS <1.3
ASDAS questions
1. Howwould you describe the overall level of AS neck, back, or

hip pain you have had?
2. How active was your spondylitis on average?
3. How would you describe the overall level of pain/swelling in

joints other than neck, back, or hips you have had?
4. How long does your morning stiffness last from the time you

wake up?
5. CRP measured in milligrams per liter
ASDAS calculation

0.1216 * Q1 1 0.1106 * Q2 1 0.0736 *
Q3 1 0.0586 * Q4 1 0.5796 Ln (CRP 1 1)

ASAS partial remission <20 on a scale of 0–100 in 4 out of 4 domains
ASAS domains
1. Physical function (BASFI)
2. Pain (by VAS)
3. Inflammation (morning stiffness)
4. Patient global assessment (by VAS)

Abbreviations: 1 denotes plus; * denotes times; Ln, natural log.
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As conceptually defined at the Outcome Measures in Rheumatology (OMERACT) 6
conference in 2002, MDA comprises both remission and LDA and should be “a useful
target of treatment by both patient and physician given current therapy and knowl-
edge.”27,28 After this conference, MDA has been defined and validated in both RA29

and PsA.30 MDA for PsA was used as the primary outcome measure in the TICOPA
treat-to-target RCT.31

WHICH OUTCOMES TO TARGET

Disease activity measures and disease states as defined by these measures are only
surrogate targets for the outcomes of interest. In axSpA, a main outcome of interest is
irreversible structural damage of the axial skeleton. European cohort studies of axSpA
and AS have identified several variables that are independently associated with radio-
graphic progression: baseline syndesmophytes,32–35 male sex,33,35 smoking,34,35

HLA-B27 positivity,33 and elevated CRP.34 In long-term extension studies of tumor ne-
crosis factor inhibitor (TNFi) trials, 2-year to 4-year follow-up has shown no benefit of
TNFi on the prevention of structural damage in either AS or nonradiographic
axSpA.36–41 The comparator was a historical cohort, the Outcome in AS International
Study, whose participants were TNFi-naı̈ve for the first 4 years of follow-up. On the
other hand, observational cohort studies with longer term follow-up of 5 years to
8 years have provided evidence that TNFi treatment over this longer duration may
slow radiographic progression.42–44 The data regarding whether NSAIDs have a
disease-modifying effect on radiographic progression, either alone or in combination
with TNFi, have been mixed.45–47

Available therapies for AS and nonradiographic axSpA have shown efficacy on the
outcome measures of disease activity, physical function, spinal mobility, and health-
related quality of life in RCTs.48–55 The objective radiographic outcome of structural
damage is associated with the outcomes of physical function and spinal
mobility.15,56,57 It is believed that spinal mobility may be determined independently
by both reversible inflammation and irreversible structural damage.57 In long-term
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extension trials with over 10-year follow-up, measures of physical function and spinal
mobility remained stable despite radiographic progression; however, there was no
control group in this study.58

Magnetic resonance imaging (MRI)-detected inflammation in the sacroiliac (SI)
joints and spine may serve as a surrogate for the outcome of structural damage.
Whether MRI-detected inflammation should be a target of therapy requires further
study. A major hypothesis is that a window of opportunity exists and that radio-
graphic progression can be halted if disease is treated early, particularly with bio-
logic therapy.59 Studies have shown that the formation of new syndesmophytes at
vertebral corners is predicted by the presence of prior inflammatory lesions, in
particular lesions of fat infiltration or metaplasia, at the same site.59–62 Structural le-
sions (fat metaplasia and ankylosis) seen in the SI joints on MRI also have been found
to be associated with future spinal radiographic progression.63 Finally, MRI-
detected inflammation in both the SI joints and the spine are associated with disease
activity as measured by the ASDAS and the BASDAI.64,65 In RA, treat-to-target RCTs
specifically looking at whether a target of imaging remission was superior to usual
care did not show a benefit.66,67 Whether the same is true for axSpA remains to
be shown.
Beyond the primary outcomes of structural damage, function, mobility, and quality

of life, other important outcomes have been rarely addressed in RCTs. These include
EAMs and sequelae of long-standing disease, such as cardiovascular disease (CVD)
and osteoporosis. The pooled lifetime prevalence of common EAMs in a meta-
analysis were uveitis, 26%; psoriasis, 9%; and inflammatory bowel disease, 7%.68

EAMs have not been studied as secondary outcomes, apart from standard safety as-
sessments, in RCTs. Individuals with axSpA have an increased risk of CVD as well as
CVD-related mortality compared with general population comparators of the same
age and sex,69–71 and it is hypothesized that chronic systemic inflammation from
axSpA disease activity may be contributing. Whether anti-inflammatory therapy atten-
uates the CVD risk in axSpA is unclear.72–75 The pooled prevalence of osteoporosis
was 12% to 34% and that of vertebral fractures 11% to 25% in a meta-analysis.76

In a systematic literature review, Ashany and colleagues77 found that TNFi in long-
term extension trials of 2 years’ to 4 years’ duration, was associated increased
bone mineral density in the hip and lumbar spine but not with a significant change
in fracture risk. Outcomes like CVD and osteoporosis require a long duration of
follow-up, so they are not easily assessed in RCTs, although may be assessed in pro-
spective cohort studies. Such information would prove valuable for knowing the treat-
ment effects on long-term complications of axSpA.
TREAT-TO-TARGET TRIALS IN RHEUMATOLOGY

In RA and PsA, the treat-to-target approach compared with standard care has been
evaluated in key RCTs. In both trials, the intervention arm featured frequent visits
with scheduled measurement of disease activity as well as a protocol of treatment
titration, addition, or switching. These trials, and their key design characteristics and
outcomes, are summarized in Table 2.
The Tight Control for Rheumatoid Arthritis (TICORA) study, published in 2004, was

conducted in the United Kingdom and included patients with active RA and disease
duration of less than 5 years.9 Subjects were randomized to either intensive therapy,
in which a disease activity score (DAS) was performed at each monthly visit, or a
routine management arm, in which they were followed every 3 months without mea-
surement of disease activity. The DAS included ESR, joint tenderness, swollen joint



Table 2
Treat-to-target randomized controlled trials in rheumatoid arthritis, psoriatic arthritis, and
axial spondyloarthritis

TICORA TICOPA TICOSPA

Study
population

Active RA
Disease

duration <5 y

Active PsA
Disease duration

<24 mo

axSpA

Study
sites

2 UK
centers

8 UK centers 18 European sites in
France, Belgium, and
the Netherlands

Number
randomized

111 206 160 anticipated

Duration
of study

18 mo 48 wk 12 mo

Intervention
group

Tight control,
monitored by
DAS every 4 wk

Tight control,
monitored for MDA
every 4 wk

Tight control,
monitored for ASAS
HI every 4 wk

Comparator
group

Standard care,
seen every 3 mo

Standard care, seen
every 3 mo

Standard care

Treatment
protocol for
tight control
group

Start with
sulfasalazine
monotherapy

Gradually step up
to combination
DMARD therapy

No biologic DMARDs

Start with methotrexate
monotherapy

Gradually step up with
possibility of starting
biologic DMARD
(adalimumab)

Start with NSAID
monotherapy

Switch to biologic (TNFi)
after 12–16 wk

Primary
outcome

Mean decrease
in DAS

Proportion with ACR20
response

ASAS HI, comparing
follow-up to baseline

Secondary
outcomes

EULAR remission
ACR20, ACR50,

and ACR50
responses

Pain score by VAS
Physician global

assessment
Health-related

quality of life
by HAQ and SF-12

Radiographic
progression by
van der Heijde-Sharp
score

Resource utilization
analysis

ACR50 and ACR70
responses

PASI75 response
mNAPSI score
BASDAI score
Tender joint count,

swollen joint count
Leeds Dactylitis Index
Maastricht Enthesitis

Index, Leeds
Enthesitis Index

Pain score by VAS
BASFI score
Health-related quality

of life by HAQ,
PsAQoL, EQ-5D

Radiographic
progression by van
der Heijde-Sharp
score

Cost-effectiveness
analysis

ASDAS major
improvement

Clinically important
improvement in
BASDAI50

Change in ASDAS and
BASDAI

Change in NSAID score
Health-related quality
of life byWPAI, EQ-5D

Resource utilization
analysis

Abbreviations: EQ-5D, EuroQoL quality of life instrument; HAQ, health assessment questionnaire;
mNAPSI, modified Nail Psoriasis Severity Index; PsAQoL, psoriatic arthritis quality of life; PASI75,
psoriasis area severity index with improvement of 75% or greater; SF-12, Short Form 12; WPAI,
Work Productivity and Activity Impairment.
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count, and patient global assessment of disease activity. The intensive therapy arm
followed a protocol in which patients started on sulfasalazine monotherapy and
were gradually stepped up on combination disease-modifying antirheumatic drug
(DMARD) therapy. Biologics were not used in this trial. The primary outcome of
mean decrease in the DAS was significantly higher in the intensive therapy group
versus the comparator at 18months in an intent-to-treat analysis. Secondary outcome
measures also were improved with intensive therapy, including health-related quality
of life, disability, erosions, and radiographic progression. Adherence was high in this
trial. Costs were lower in the intensive therapy group, although this did not reach sta-
tistical significance and did not assess subjects’ productivity loss or time off work for
visits. Although multiple RCTs have demonstrated the strength of a treat-to-target
strategy in RA, subsequent studies show that the adoption of this strategy has lagged
behind in multiple countries and settings.78 Barriers include patient and provider
adherence, limited access to care, and limited access to biologic medications.
The TICOPA study was also conducted in the United Kingdom, and included PsA

patients with disease duration of less than 24 months.31 Subjects were randomized
to a tight control group, which was assessed monthly for MDA criteria, compared
with a group receiving standard care assessed every 3 months. The tight control pro-
tocol started with methotrexate monotherapy, and, in contrast to TICORA, this did
include the possibility of switching to TNFi. The primary finding was that tight control
was associated with approximately twice the odds of American College of Rheuma-
tology (ACR) 20 response (odds ratio [OR] 1.91; 95% CI, 1.03–3.55) compared with
the standard care. Secondary outcomes, including the more stringent ACR50 and
ACR70 response criteria, other measures of disease activity and function, and mea-
sures of health-related quality of life, also were significantly different favoring the tight
control group. Radiographic progression was similar, however, at follow-up between
the 2 groups, likely due to early disease in the study population, with low radiographic
damage scores at baseline. Serious adverse events were more common in the tight
control group. A cost-effectiveness analysis found that costs of the tight control strat-
egy exceeded the threshold typically allowable by UK guidelines. Ultimately, the use of
the treat-to-target strategy from TICOPA received only a conditionally recommenda-
tion in ACR treatment guidelines79 and there are few data on adoption of this strategy
in clinical practice.
There have been 2 treat-to-target trials of axSpA. STRIKE (NCT02897115) was a

German RCT of axSpA patients meeting the ASAS criteria with symptom duration
less than 5 years, who were randomized to treat-to-target versus standard of care.
In the treat-to-target arm, they were assessedmonthly and the protocol involved start-
ing with an NSAID and escalating to adalimumab. The primary outcome was ASDAS
inactive disease at 32 weeks. This trial was unfortunately terminated due to slow
recruitment.
TICOSPA (NCT03043846) is a European randomized cluster trial of axSpA patients,

comparing tight control with monthly assessments to usual care. The primary outcome
is change in the ASAS HI over 1 year. Secondary outcome measures include ASDAS,
BASDAI, quality of life, and resource utilization. Enrollment began in 2016 and results
are expected in 2020.
TREAT TO TARGET IN SPONDYLOARTHRITIS MANAGEMENT GUIDELINES

In 2017, an international task force published revised recommendations regarding the
use of treat to target in SpA .12 Several recommendations were based on low-level ev-
idence and expert opinion, including the primary recommendation that the target of
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SpA management should be clinical remission/inactive disease, including the muscu-
loskeletal disease and EAMs. LDA/MDA was considered allowable as an alternative
target of treatment. The recommendations also encouraged consideration of comor-
bidities, patient factors and drug-related risks, and the results of laboratory or imaging
tests in management decisions.
Updated axial SpA treatment guidelines were published by the ACR in collaboration

with the Spondylitis Association of America, the Spondyloarthritis Research and Treat-
ment Network in 2019.80 These updated guidelines did not change the earlier (2015)
recommendation to use a validated AS disease activity measure at a regular interval.81

The 2019 updated guidelines, however, conditionally recommended against use of a
treat-to-target strategy in axSpA using a target of ASDAS less than 1.3. The panel
noted that a treat-to-target approach in axSpA was supported indirectly by the asso-
ciation of lower disease activity with lesser radiographic progression but lacked direct
evidence. The panel cited the costs of a treat-to-target strategy, including the burden
on patients and clinicians, as 1 cause for concern.
The most recent PsA treatment guidelines from ACR and the National Psoriasis

Foundation (NPF) conditionally recommend use of a treat-to-target strategy for pa-
tients with active PsA.79 The recommendation provided for clinicians to consider
not using a treat-to-target strategy among patients for whom a greater burden of
adverse events, higher treatment costs, or greater medication burden with tighter con-
trol would be a concern. The ACR/NPF guideline development process included a pa-
tient panel meeting, during which patients expressed concern for the potential costs of
treat to target, including financial (eg, additional copayments) and productivity loss
(eg, travel and appointment time).
Although not reviewed by the ACR/NPF panel, patient concerns about the

burden of a treat-to-target strategy in PsA were confirmed by a cost-
effectiveness analysis by O’Dwyer and colleagues.82 This study of the PsA treat-
to-target strategy from TICOPA from the perspective of the UK National Health
System found that the costs of tight control relative to standard care were likely
to exceed the threshold allowable by the NHS. The analysis did not incorporate in-
direct costs to patients, such as productivity loss; incorporating such costs likely
would make tight control even less favorable due to its expense. Study investiga-
tors suggested that fewer rheumatologist visits would be one strategy to mitigate
the costs of tight control.
To date, cost-effectiveness analyses of treat-to-target strategies in axSpA have not

been possible, owing to the lack of primary data on the efficacy of such strategies.
These remains an unmet need in axSpA.
FUTURE DIRECTIONS AND RESEARCH AGENDA

The goals of a treat-to-target strategy in axSpA require further consideration and eval-
uation. Existing axial SpA disease activity measures may be used within a treat-to-
target framework, but data supporting their use are limited. The inclusion of clinically
important disease features, beyond patient-reported outcomes and laboratory mea-
sures of inflammation, also should be considered in a treat-to-target approach. This
includes discussion of whether imaging evidence of inflammation as well as disease
activity in EAMs should be included as targets.
AxSpA researchers should continue to evaluate whether current therapeutic tools

are sufficient to reach these targets. As the results of TICOSPA are awaited, which
will provide data on whether or not a treat-to-target strategy is superior to standard
of care in the management of axSpA, the following questions must be considered:
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Is 1 protocol of therapy superior to another? How frequently should disease activity be
assessed, and with which measures? If disease is active in 1 domain but not another,
how should therapy be adjusted? and Can the costs of tight control and burden to pa-
tients be minimized? The most compelling treat-to-target strategies should be
assessed in both observational data and with future treat-to-target strategy trials.
The challenges to implementing an effective treat-to-target strategy and how to over-
come barriers to optimize outcomes in axSpA additionally must be considered.
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