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ARTICLE INFO ABSTRACT

Keywords: Objective: To demonstrate the value of diagnosing axSpA, by comparing health and costs associated with

Af‘ial spf:)ndyloarthritis available diagnostic algorithms and perfect diagnosis.

3 I?gn‘ms Methods: Using data from SPACE and other cohorts, a model was developed to estimate health (quality-adjusted
alue

life-years, QALYs) and costs (healthcare consumption and work productivity losses) of different diagnostic al-
gorithms for axSpA amongst patients with low back pain referred to a rheumatologist, over a 60-year horizon.
The model combined a decision-tree (diagnosis) with a state-transition model (treatment). The three algorithms
(Berlin [BER, highest specificity], Modification 1 [M1; less strict inflammatory back pain (IBP) criterion] and
Modification 2 [M2; IBP not mandatory as entry criterion, highest sensitivity]) were compared. Changes in
sensitivity/specificity were explored and the value of perfect diagnosis was investigated.

Results: For each correctly diagnosed axSpA patient, up to 4.7 QALYs and €60,000 could be gained/saved,
considering a societal perspective. Algorithm M2 resulted in more health and lower costs per patient (24.23
QALYs; €157,469), compared to BER (23.96 QALYs; €159,423) and M1 (24.15 QALYs; €158,417). Hypothetical
improvements in M2 sensitivity resulted in slightly more value compared to improvements in specificity. Perfect
diagnosis can cost €7,500 per patient and still provide enough value.

Conclusion: Correct diagnosis of axSpA results in substantial health and cost benefits for patients and society. Not
requiring IBP as mandatory for diagnosis of axSpA (algorithm M2) provides more value and would be preferable.
A considerably more expensive diagnostic algorithm with better accuracy than M2 would still be considered
good value for money.

Health economic evaluation
Cost-effectiveness
Quality of life

Introduction pharmacological and non-pharmacological treatment options are

available. Nonsteroidal anti-inflammatory drugs (NSAIDs) are recom-

Axial spondyloarthritis (axSpA) is a chronic inflammatory disorder
of the sacroiliac joints (SIJ) and spinal entheses [1]. Low back pain is the
most characteristic symptom. AxSpA is considered a spectrum of dis-
ease, with a distinction between radiographic axSpA (r-axSpA; with
structural damage to the SIJ on plain radiography [X-SIJ]) and
non-radiographic axSpA (nr-axSpA; without damage on the X-SLJ). [2]
Until 2009, the larger concept of axSpA was not formally recognized and
only the r-axSpA subtype, traditionally referred to as ankylosing spon-
dylitis (AS), was an accepted diagnosis. Following diagnosis,

mended as initial therapy. If those fail and the disease is active, bio-
logical disease-modifying antirheumatic drugs (bDMARDs) are
indicated. [3]

Diagnosing axSpA is challenging and based on the judgement of the
rheumatologist, who takes clinical and other parameters into account.
The choice for a diagnostic work-up or diagnostic test is typically based
on its test characteristics. However, these characteristics do not reflect
the actual value of a diagnostic work-up for patients and for society: they
provide insight into the extent of (mis)diagnosis that will occur, but not
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the consequences. This is important, because correct and incorrect
diagnosis of patients have important long-lasting consequences in terms
of health (for patients) and costs (for society). Underdiagnosis or missed
diagnosis results in missed opportunities for timely treatment and
decreasing the burden of disease. Overdiagnosis, on the other hand,
leads to potential overtreatment with (potentially expensive) drugs and
put patients at risk of unnecessary adverse effects. Although these con-
sequences are usually considered in an informal way when assessing
diagnosis, they are not explicitly estimated in terms of health and costs.

In order to enhance recognition of patients with axSpA in rheuma-
tology clinical practice, three algorithms for diagnosing axSpA in pa-
tients with chronic back pain have been developed and validated. [4,5]

A | Chronic low back pain* |
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First, the original Berlin algorithm (Fig. 1) [4] used inflammatory back
pain (IBP) according to the Calin criteria as obligatory entry criterion.
[6] This has limited sensitivity, as not all patients with axSpA fulfil this
criterion. [7-9] Later, the Berlin algorithm was changed, resulting in
Modifications 1 and 2. [5] Modification 1 loosened the definition of IBP
(at least 3/5 of the Assessment of SpondyloArthritis international Soci-
ety [ASAS] IBP criteria instead of >4/5), [10] while Modification 2
removed IBP altogether as obligatory entry criterion, instead adding it as
an SpA feature. [5] Both modifications have higher sensitivity, yet lower
specificity. Modification 2 was accepted as the algorithm of choice by
ASAS. [5] However, the health and economic value of diagnosing axSpA
using any of these algorithms has never been investigated. It is unknown

Fig. 1. Diagnostic algorithms for axSpA

The original Berlin algorithm (A), and ASAS Modifications 1 (B)

/\ N°f""he"f_5ﬁ"5'1"'e=5 SpAis and 2 (C) (adapted from: [4,5]). *Duration >3 months, onset

of other

4{ IBP (Calin) | | No IBP (Calin)

features

before the age of 45.

Presence of other SpA features |

‘ >3 SpA features | 1-2 SpA features | 0 SpA features ‘

| l

HLA-B27 HLA-B27
Pos | Neg Pos ’ Neg
X-rays
Pos Neg \

MRI

axSpA, axial spondyloarthritis; ASAS, Assessment of Spondy-
loArthritis international Society; HLA-B27, human leucocyte
antigen B27; IBP, inflammatory back pain; Neg, negative;
nr-axSpA, non-radiographic axial spondyloarthritis; Pos, posi-
tive; r-axSpA, radiographic axial spondyloarthritis; SpA,
spondyloarthritis.

Pos ‘ Neg Consider other

‘ r-axSpA ‘ | nr-axSpA | Consider other ‘ nr-axSpA |

B | Chronic low back pain* |

features

No further testing unless SpA is

—{ IBP (ASAS 23/5) | | No IBP (ASAS 23/5) }—' suspected because of other

Presence of other SpA features |

’ 23 SpA features | 1-2 SpA features | 0 SpA features ‘

HLA-B27 HLA-B27

Pos | Neg Pos Neg

X-rays
Pos Neg \\
MRI

Pos

‘ r-axSpA ‘ | nr-axSpA | Consider other ‘ nr-axSpA |

c 4{ Chronic low back pain* |

Presence of other SpA features |

24 SpA features | 2-3 SpA features | 0-1 SpA features ‘

]

HLA-B27 HLA-B27
Pos | Neg Pos Neg
X-rays
Pos Neg \
MRI
Pos ‘ Neg

Consider other

Neg Consider other

r-axSpA ‘ | nr-axSpA | Consider other ‘ nr-axSpA |
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to what extent it is acceptable (in terms of health and costs) to increase
sensitivity, i.e. reducing underdiagnosis, at the expense of specificity, i.
e. increasing overdiagnosis. In other words: would Modification 2 also
be superior to the Berlin algorithm when long-term health and costs of
underdiagnosis/overdiagnosis are considered? And even more impor-
tant for future direction: none of these algorithms is perfect. How much
can we gain in patient health by improving diagnosis of axSpA, and how
much could this cost while still being worth it? And should we try to
improve sensitivity or specificity?

For this study, our objective was to estimate the value (health and
cost benefits) of correctly diagnosing axSpA for patients and society.
Next, we compared the lifetime health and costs (cost-effectiveness) of
the three available algorithms to diagnose axSpA, followed by treatment
as currently recommended, from Dutch societal and healthcare per-
spectives. In addition, we investigated a perfect diagnosis (sensitivity
and specificity 100%), to demonstrate the potential gain in costs and
effects if no overdiagnosis/underdiagnosis occurred.

Seminars in Arthritis and Rheumatism 62 (2023) 152242

Material and methods

The development of the economic model is described in detail in
Supplementary File S1.

Population, interventions, comparators

The modelled population consisted of patients referred to the rheu-
matologist with suspected axSpA, thus containing a mix of chronic low
back pain (CLBP) patients with r-axSpA, nr-axSpA or non-axSpA CLBP
(such as non-specific back pain). The characteristics of this modelled
population were based on patient-level data on patient and disease
characteristics in the SPondyloArthritis Caught Early (SPACE) cohort, at
time of presentation to the rheumatologist. [5] In the remainder of this
article, “CLBP” is specifically used for cases with non-axSpA CLBP.
Subtype-specific parameters were used for r-axSpA and nr-axSpA,
whenever relevant.

Three existing algorithms were investigated: the Berlin algorithm

Algorithm (BER)

Patients with CLBP (onset <45
years), suspected to have
axSpA and referred to the

rheumatologist

Algorithm (M1)

Alternatives

i Algorithm (M2)
Population )

Low DA (SC incl. NSAID)

TP-RD
Algorithm: axSpA (r-axSpA)
Truth: axSpA (r-axSpA)

Low-moderate DA (bDMARD)

Moderate-high DA (SC, failed

NSAID/bDMARD)
TP-NR
Algorithm: axSpA (nr-axSpA) As above ]
Truth: axSpA (nr-axSpA)

Mild CLBP (SC incl. NSAID)

FP-RD Moderate CLBP (SC incl. NSAID)

Algorithm: axSpA (r-axSpA)

Truth: CLBP (no axSpA) Severe CLBP (on bDMARD)

Severe CLBP (not on bDMARD)

FP-NR
Algorithm: nr-axSpA
Truth: CLBP (no axSpA)

As above ]

FN-RD Low DA (CLBP care)
Algorithm: no axSpA

Truth: axSpA (r-axSpA) Moderate-high DA (CLBP care)

FN-NR
Algorithm: no axSpA
Truth: axSpA (nr-axSpA)

As above ]

Mild CLBP (CLBP care)

TN
Algorithm: no axSpA
Truth: CLBP (no axSpA)

Moderate CLBP (CLBP care)

Severe CLBP (CLBP care)

As above ]

As above ]

Diagnosis (algorithm) Treatment / outcome

Fig. 2. Overview of the decision-tree component of the model
Decision-tree model of diagnosis of axSpA.

axSpA, axial spondyloarthritis; bDMARD, biological disease-modifying antirheumatic drug; BER, Berlin; CLBP, chronic low back pain; DA, disease activity; FN, false
negative; FP, false positive; M1, Modification 1; M2, Modification 2; NR/nr-axSpA, non-radiographic axial spondyloarthritis; NSAID, nonsteroidal anti-inflammatory
drug; RD/r-axSpA, radiographic axial spondyloarthritis; SC, supportive care; TN, true negative; TP, true positive.
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(BER) and Modifications 1 (M1) and 2 (M2) (Fig. 1). In addition, two
hypothetical algorithms were investigated. First, a perfect algorithm
(PER; 100% sensitivity/specificity) was added. Second, an algorithm
was added in which only r-axSpA would be perfectly diagnosed and
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Model structure

The model consisted of two parts. Part 1 represented the diagnostic
process, i.e. the performance of each algorithm, as a decision-tree

(Fig. 2). Part 2 represented disease management, i.e. the consequences
of (mis)diagnosis, as a state-transition model with a time horizon of 60
years (Fig. 3). This ‘lifetime’ time horizon was chosen to reflect the

treated, while nr-axSpA was not acknowledged and not treated as axSpA
(RAD; 100% r-axSpA sensitivity/0% nr-axSpA sensitivity/100%
specificity).

TP: Low DA or remission on SC
including NSAID [TP-LDA]

TP: Low-moderate DA on bDMARD

True positive cases [TP-BDMARD]

TP: Moderate-high DA, failed or
ineligible for bDMARD [TP-MHDA]

FP: Mild CLBP on SC including
NSAID [FP-MILDCLBP]

FP: Moderate CLBP on SC including
NSAID [FP-MODCLBP]

False positive cases
TN: Severe CLBP on CLBP care
[TN-SEVCLBP]

FP: Severe CLBP on bDMARD
[FP-BDMARD]

Algorithm re-applied
Algorithm re-applied

TN: Severe CLBP on CLBP care
[TN-SEVCLBP]

FP: Severe CLBP, failed or ineligible
for bDMARD [FP-SEVCLBP]

TN: Mild CLBP on CLBP care
[TN-MILDCLBP]

TN: Moderate CLBP on CLBP care

True negative cases [TN-MODCLBP]

TN: Severe CLBP on CLBP care
[TN-SEVCLBP]

TP: Low DA or remission on SC
including NSAID [TP-LDA]

FN: Low DA on CLBP care
[FN-LDA]

TP: Low-moderate DA on bDMARD
[TP-BDMARD]

FN: Moderate-high DA on CLBP
care [FN-MHDA]

False negative cases

Algorithm re-applied

TP: Moderate-high DA, failed or
ineligible for bDMARD [TP-MHDA]

Death (from all states)
[DEATH]

All cases

Fig. 3. Overview of the state-transition component of the model

State-transition model of axSpA and CLBP. After each cycle of 3 months, cases either remain in their current health state (circular arrows) or move to a different
health state (straight black arrow). Note: the bDMARD-associated health states include several tunnel states (states in which cases can only spend one cycle, used to
account for transition probabilities that are not fixed), not shown in the diagram above.

*Re-application of the algorithm is a one-time event, after which a proportion of misdiagnosed cases is correctly diagnosed (reconsideration of diagnosis) and enters a
health state associated with the correct diagnosis.

bDMARD, biological disease-modifying antirheumatic drug; CLBP, chronic low back pain; DA, disease activity; FN, false negative; FP, false positive; NSAID,
nonsteroidal anti-inflammatory drug; SC, supportive care; TN, true negative; TP, true positive.
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potential long-term effects of adopting a certain diagnostic strategy. In a
state-transition model, patients from a hypothetical cohort are assumed
to reside in one of a finite number of health states at any point in time,
and can make transitions between these health states over a series of
discrete time periods (cycles), or remain in their current health state.
[11,12] Costs and outcomes are assigned to each health state, allowing
long-term costs and outcomes to be estimated.

Part 1: diagnosis (Fig. 2)

Each patient in the model entered the decision-tree at baseline and
was “diagnosed” by one of the algorithms (which could be correct or
incorrect, with varying misclassification depending on the algorithm’s
test characteristics). The external standard used to determine the pa-
tient’s real diagnosis was an expert rheumatologist’s opinion at the
baseline assessment (time of presentation) in SPACE, who had all data
available relevant for diagnosing axSpA. Of note, only SPACE partici-
pants whose rheumatologist had made the diagnosis (axSpA/no axSpA)
with a level of confidence of at least 7 out of 10 (higher levels meaning
more confidence in correct diagnosis) were used to inform the model.
Patients were labelled true positive (TP; axSpA patients correctly
labelled as “r-axSpA”/“nr-axSpA” by the algorithm), false positive (FP;
CLBP patients mislabelled as “r-axSpA”/“nr-axSpA” by the algorithm),
false negative (FN; axSpA patients mislabelled as “CLBP” by the algo-
rithm) or true negative (TN; CLBP patients correctly labelled as “CLBP”
by the algorithm). The flow of cases through this decision-tree was
assumed to occur instantaneously.

Part 2: disease management (Fig. 3)

After patients received their algorithm-defined diagnostic label, they
were assumed to be treated accordingly: TP and FP cases received axSpA
treatment, TN and FN cases received CLBP treatment. Disease parame-
ters and progression were assumed to be driven by the underlying true
disease (axSpA or CLBP), and not the algorithm’s diagnostic label
(“axSpA” or “CLBP”). This part of the model was structured as a state-
transition model with a 3-month cycle duration and 60-year time hori-
zon, starting immediately after the decision-tree. Based on the outcome
of the decision-tree, cases flowed into different health states, which were
based on combinations of disease activity/severity states and receiving
(or not) a bDMARD (see below). TP and FP cases were assumed to
receive a 4-week NSAID trial before entering a health state.

For axSpA patients (TP/FN), Bath AS Disease Activity Index (BAS-
DAI) and Bath AS Functional Index (BASFI) were used to model health
outcome, as both domains captured by these measures are relevant
when modelling health-related quality of life and costs in axSpA. [13,
14] Three axSpA health states were defined: “low disease activity”
without a bDMARD (LDA), “moderate/high disease activity” without a
bDMARD (MHDA), and “on bDMARD” (BDMARD; mix of patients with
low/moderate/high disease activity). These health states were chosen to
reflect how disease activity (low versus moderate/high) influences
clinical practice and resource use, with the addition of a
bDMARD-specific health state as bDMARDs likely have substantial
impact on both costs and effects. Patients could receive up to 3
sequential bDMARDs over time, and bDMARDs were assumed to be
successfully tapered — but not discontinued — in a proportion of patients.
Disease progression (accumulation of structural damage over time) was
reflected by an increase in BASFI.

For CLBP patients (TN/FP), three CLBP health states were defined:
“mild” (MILDCLBP), “moderate” (MODCLBP) and “severe” (SEVCLBP).
These states were based on trajectory research in CLBP populations,
[15-18] and the Global Burden of Disease (GBD) study. [19] As (C)LBP
trajectories are relatively stable in individual patients, even over
extended periods of time, CLBP cases were fixed within their health
state, and no disease progression was assumed to occur. [16,18] For FP
cases, a fourth health state was added (“severe, on bDMARD”
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[BDMARDY]), as some of these patients were expected to receive (up to 3
sequential) bDMARDs.

A proportion of the cases initially misdiagnosed by the algorithm in
the decision-tree (FP and FN) could switch to their correct counterpart
states in the model (TN and TP, respectively) after 5 years and receive
appropriate treatment (Fig. 3). This ‘reconsideration of diagnosis’ was
carried out by re-applying the algorithm in the FP/FN cases with higher
symptom burden (MHDA for axSpA cases, severe CLBP for CLBP cases)
at 5 years after initial diagnosis, assuming the same test characteristics.

Data on diagnosis, disease (progression) and treatment

Data sources included patient-level data, published (group-level)
data and guidelines. Data on AS were considered to also apply to r-
axSpA. [20] Patient-level data from the SPACE cohort were a key source
(Supplementary File S1, p. 36-37), and were analysed to inform de-
mographics, test characteristics of the algorithms, disease severity of
axSpA and CLBP, and productivity losses. [5] Patient characteristics and
axSpA/CLBP disease parameters in SPACE were used to simulate the
diagnostic algorithms and allocate cases to health states after diagnosis.
Disease progression, transition probabilities and treatment of axSpA
(including serious adverse events [SEAs]) were based on published data
from observational cohorts (Supplementary File S1, p. 37-38). [21,22]
Treatment of CLBP was based on published interventional and obser-
vational studies (see Supplementary File S1, p. 38). [23-26] Tables 1
and 2 present key model parameters and the diagnostic outcome of the
algorithms, respectively. Supplementary File S2 contains all model pa-
rameters and their source.

Resource use and costs

The average diagnostic work-up costs of each algorithm were applied
to all cases at the start of the state-transition model. Healthcare use and
productivity losses for axSpA and CLBP were considered to be different
and driven by health consumption behaviour matching the true under-
lying disease (axSpA or CLBP), and not the algorithm’s diagnostic label
(“axSpA” or “CLBP”). An exception to this were treatment choice and
treatment-related healthcare consumption, as these would be closely
linked to the algorithm’s diagnostic label (e.g. it was assumed a patient
labelled as “axSpA” by the algorithm would receive axSpA treatment,
whether it was TP or FP).

For axSpA, resource use was modelled separately for each health
state over time using data from the Outcome in Ankylosing Spondylitis
International Study (OASIS). [14] Use of NSAIDs and bDMARDs
depended on health state. For CLBP, resource use for severe cases was
based on trial results, [27] and applied proportionally to cases with mild
or moderate CLBP. [28] Medication costs and productivity losses for
CLBP were estimated in a similar manner as for axSpA. Productivity
losses were estimated by applying employment and work disability ra-
tios (axSpA/CLBP vs. general population [29-31]) to general popula-
tion rates, and by regression functions derived from SPACE for
absenteeism (missed work days) and presenteeism (decreased at-work
productivity). In the base-case analyses, both human capital and fric-
tion cost approaches were applied for valuation of productivity losses,
[32] and presenteeism-associated costs were not included. The human
capital approach counts any hour not worked as lost, while the friction
cost approach only counts as lost those hours not worked until the pa-
tient is replaced.

Prices and costs were expressed in 2019 Euros. Unit costs for
healthcare use, drugs and productivity losses were guided by the Dutch
guideline for economic evaluations. [33] For bDMARDs, discounts were
applied to list prices, as list prices were not representative of daily
practice in the Netherlands according to local experts on drug pricing.
Costs were discounted at 4% per year. [33]



Table 1
Key characteristics and parameters.
Parameter Value Source
General
Horizon, years 60 Assumption (lifetime)
Discount rate per year, costs 4.0% Dutch National Health Care Institute [33]
Discount rate per year, utility 1.5% Dutch National Health Care Institute [33]
Demographics
Age at time of first presentation at rheumatologist, years 31 SPACE
Proportion of males, axSpA 0.47 SPACE
Proportion of males, CLBP 0.27 SPACE
Prevalence of axSpA in referred population 0.36 SPACE
Prevalence of r-axSpA in referred population with axSpA 0.29 SPACE
Symptom duration in referred population, years 1.11 SPACE
Algorithm-dependant parameters Value Source
Diagnostics BER M1 M2 PER RAD
Algorithm sensitivity, r-axSpA,% 52% 84% 90% 100% 100% SPACE
Algorithm sensitivity, nr-axSpA,% 50% 69% 76% 100% 0% SPACE
Algorithm specificity,% 88% 82% 85% 100% 100% SPACE
Average cost of algorithm per patient, euros* €237 €258 €279 €0 €248 Dutch cost manual [33,49], NzA tariffs, SPACE
Algorithm-independent parameters Value Source
State transitions r-axSpA nr-axSpA
Eligible for bDMARD if high disease activity,% 85% 75% Assumption (expert opinion)
Probability of switching to second bDMARD if failure first bDMARD 0.47 0.47 Yahya, 2017 [48]
Probability of switching to third bDMARD if failure second bDMARD 0.47 0.47 Assumption (expert opinion)
Disease severity and treatment effects — axSpA r-axSpA nr-axSpA
Baseline BASDAI/BASFI at time of diagnosis (starting NSAID) 35/25 43/33 SPACE
Baseline BASDAI/BASFI in those starting bDMARD 5.6 /4.2 5.6/4.2 @rnbjerg, 2019 (EuroSpA) [22]
Initial BASDAI/BASFI change when entering LDA state (effect NSAID) -1.8/-1.1 -1.8/-1.1 Weighted effect in RCTs
Initial BASDAI/BASFI change when entering bDMARD state (effect bDMARD) Range —3.1to —1.7 / —2.2 to —1.2/ @rnbjerg, 2019 (EuroSpA) [22]
Utility — axSpA
Utility in health states (LDA, BDMARD, MHDA) Based on BASDAI / BASFI / age Mapping algorithm (Wailoo, 2015 [34])
Disease severity and treatment effects — CLBP TN FP
Level of back pain (0-10) in ‘mild CLBP’ state 1.1 1.5 SPACE; assumed effect of CLBP care for TN
Level of back pain (0-10) in ‘moderate CLBP’ state 3.4 4.7 SPACE; assumed effect of CLBP care for TN
Level of back pain (0-10) in ‘severe CLBP’ state 5.4 7.4 SPACE; assumed effect of CLBP care for TN
Level of limitations in physical function’ (0-10) in ‘mild CLBP’ state 1.7 2.3 SPACE; assumed effect of CLBP care for TN
Level of limitations in physical function’ (0-10) in ‘moderate CLBP’ state 1.8 2.4 SPACE; assumed effect of CLBP care for TN

(continued on next page)
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probabilistic sensitivity analysis (PSA) were conducted to explore the
impact of uncertainty. For PSA, model parameters were randomly
sampled 1000 times from their appropriate distributions. In scenario
analyses, key assumptions were changed. For all analyses, societal
(including healthcare, informal care and work-related costs) and
healthcare (only healthcare costs) perspectives were adopted.

Results
Value of a correct diagnosis

In the modelled cohort, 36% had axSpA (Table 1). To demonstrate
the value of a correct diagnosis, QALYs and costs of TP and TN cases
were compared with FN and FP cases, respectively. Over 60 years, the
average TP case accumulated 2.9 more QALYs than an FN case (range
1.7-4.7, depending on axSpA subtype/severity), and the average TN
case accumulated 2.3 more QALYs than an FP case (range 0.2-3.5,
depending on severity) (Supplementary Tables S1.1-S1.3). Similarly, a
correct versus incorrect diagnosis of axSpA or non-axSpA resulted in cost
savings for society ranging from €10,000 to over €60,000.

Comparing existing algorithms (BER/M1/M2)

The distribution of the modelled cohort population across diagnostic
groups (TP/FP/FN/TN) for each algorithm is shown in Table 2. In the
base-case analysis, using a societal perspective, application of the M2
algorithm resulted in more health and lower costs per patient (24.23
QALYs; €157,469) compared to BER (23.96 QALYs; €159,423) and M1
(24.15 QALYs; €158,417) over a 60-year time horizon, thus dominating
BER and M1 (Table 3). From a healthcare perspective, BER was associ-
ated with lowest costs (€91,833) compared to M1 (€92,890) and M2
(€92,837). Notwithstanding, M2 was cost-effective, with an ICUR of
€3495/QALY compared to BER, and dominating M1 (Table 3).

The uncertainty in the following parameters had most impact on the
cost-effectiveness of the existing algorithms: time axSpA cases spend in
the LDA state (before transitioning to the BDMARD/MHDA states),
discount on bDMARD price, severity of axSpA in the TP population,
sensitivity of the algorithms, and prevalence of axSpA (Fig. 4,
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Supplementary Figures S2.1-S2.8). In all DOWSA analyses, M2 remained
cost-effective compared to BER and M1. At a WTP threshold of 20,000€/
QALY, the probability of M2 being most cost-effective was 92.9%,
compared to 6.3% for M1 and 0.8% for BER (societal perspective,
Supplementary Figures S1.1-S1.6). In all scenario analyses, M2 also
remained most cost-effective (Supplementary Tables S2.1-52.17).

Improving diagnostic accuracy

Hypothetical improvements in sensitivity of M2 (the most cost-
effective algorithm) resulted in most QALYs, while improvements in
specificity led to lowest costs, the former resulting in slightly more value
(iNMB €2380 vs €2050 for 10% increase in sensitivity or specificity,
respectively, when compared to base-case M2) (Supplementary
Tables S3.1-S3.3). These results were largely driven by the assumed
prevalence of axSpA in the modelled cohort: higher prevalence favoured
sensitivity, while lower prevalence favoured specificity (Supplementary
Figure S3.1). Also, uncertainty was substantial, as the probability of
improving sensitivity to be superior in terms of health and costs to
improving specificity was 48% at a WTP threshold of 20,000€/QALY
(Supplementary Figures S4.1-S4.2).

Compared to M2, application of the perfect diagnosis (PER) led to
more QALY (24.44 [PER] vs 24.23 [M2] QALYs) and less costs
(€154,247 vs €157,469) per patient (Table 3). This comparison resulted
in an iNMB of €7467 over 60 years. This implies that a perfect diagnostic
test could cost almost €7500 while still providing enough value in terms
of health and costs to be acceptable. Scenario analyses provided varying
estimates (Supplementary Tables S4.1-S4.17). If it was assumed that any
misdiagnosis would be corrected after 5 years, a perfect diagnostic test
could cost €2606 (Supplementary Table S4.11). In uncertainty analyses
of the perfect scenario, similar parameters as for the existing algorithms
were the main drivers of costs and effects (Supplementary Figures S5.1-
S5.3).

Discussion

In this analysis, we demonstrated for the first time the health and
cost gains associated with correctly diagnosing or ruling out axSpA. Of

Table 3
Pairwise comparisons of cost-effectiveness outcomes between currently available and hypothetical diagnostic algorithms over a 60-year time horizon.

Perspective Algorithm SE; / SEy / SP (%)* Total costs (€) Total QALYs iCosts (€) iQALY' ICUR (€/QALY) iNMB"

Existing algorithms

Societal - friction cost Modification 2 90 /76 /85 157,469 24.23 Ref. Ref. Ref. Ref.
Modification 1 84 /69 /82 158,417 24.15 948 —0.08 Dominated by M2 —2569
Berlin 52/50/ 88 159,423 23.96 1954 -0.27 Dominated by M2 —7412

Societal - human capital Modification 2 90 /76 /85 334,250 24.23 Ref. Ref. Ref. Ref.
Modification 1 84 /69 /82 335,436 24.15 1186 —0.08 Dominated by M2 —2807
Berlin 52 /50/88 336,927 23.96 2678 -0.27 Dominated by M2 —8136

Healthcare Berlin 52/50/88 91,883 23.96 Ref. Ref. Ref. Ref.
Modification 2 90 /76 /85 92,837 24.23 954 0.27 3495 4504
Modification 1 84 /69 /82 92,890 24.15 53 —0.08 Dominated by M2 —-1674

Perfect diagnosis

Societal - friction cost Modification 2 90 /76 /85 157,469 24.23 Ref. Ref. Ref. Ref.
Perfect 100 / 100 / 100 154,247 24.44 —3222 0.21 Dominates M2 7467

Societal - human capital Modficiation 2 90 /76 / 85 334,250 24.23 Ref. Ref. Ref. Ref.
Perfect 100 / 100 / 100 330,348 24.44 —3901 0.21 Dominates M2 8146

Healthcare Modification 2 90 /76 /85 92,837 24.23 Ref. Ref. Ref. Ref.
Perfect 100 / 100 / 100 92,129 24.44 —709 0.21 Dominates M2 4953

*SE; = sensitivity for r-axSpA, SE, = sensitivity for nr-axSpA, SP = specificity.
f Calculated between adjacent non-dominated algorithms.
¥ Calculated using a willingness-to-pay threshold of 20,000€/QALY.

iCost, incremental cost; ICUR, incremental cost-utility ratio; iNMB, incremental net monetary benefit; iQALY, incremental QALY; M2, Modification 2 algorithm;
QALY, quality-adjusted life-year; Ref, reference (comparator); SE, sensitivity; SP, specificity.
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One-way sensitivity analyses (iNMB, M2 vs BER)

Time in LDA state (TP/FN)

Discount on bDMARD price*

Proportion TP-axSpA with severe disease at time of diagnosis

Sensitivity of algorithm

Prevalence of axspA

Radiographic progression (axSpA)

Relative prevalence of r-axSpA

Time on bDMARD (TP)

CLBP treatment effect (symptoms reduced by 0% to 50%)

Time re-application algorithm (re-applied at 2 to 10 years)

Specificity of algorithm

Proportion FP-CLBP with severe disease at time of diagnosis

Overall proportion axSpA with severe disease at time of diagnosis

Time on bDMARD (FP)

Costs of SAEs

M iNMB min value of parameter

iNMB

2,000 4,000 6,000 8,000 10,000

Jnn-llllllllll

M iNMB max value of parameter

Fig. 4. Results of deterministic one-way sensitivity analysis of M2 versus BER algorithm, societal perspective

Results of deterministic one-way sensitivity analysis of the M2 algorithm (intervention) compared to the original BER algorithm (comparator), using a societal
perspective with a friction costs approach over a 60-year time horizon. iNMB was calculated using a willingness-to-pay threshold of 20,000€/QALY. Minimum and
maximum values of the parameters reflect the bounds of the 95% confidence interval of that parameter, unless otherwise stated. The dashed line (separating the
coloured bars) represents the iNMB of the base-case analysis of the M2 algorithm compared to the BER algorithm.

*Percentage range of discounts on bDMARD prices is confidential data and has been removed from figure.

axSpA, axial spondyloarthritis; BER, Berlin algorithm; bDMARD, biological disease-modifying antirheumatic drug; CLBP, chronic low back pain; FN, false negative;
FP, false positive; iNMB, incremental net monetary benefit; LDA, low disease activity; M2, Modification 2; r-axSpA, radiographic axial spondyloarthritis; SAE, serious

adverse event; TP, true positive.

several available diagnostic algorithms for axSpA in the Dutch setting,
the M2 algorithm (in which presence of IBP is not obligatory for diag-
nosis) provided the most health and lowest costs. Previously already
recommended by ASAS, these findings further support M2 as the diag-
nostic algorithm of choice. Importantly, a considerably more expensive
diagnostic algorithm with better accuracy than M2 could still be cost-
effective. Approaches to such an algorithm could be aimed at
increasing either sensitivity or specificity, although the net gains by
increasing sensitivity could be slightly larger.

To our knowledge, this is the first study to estimate the health and
economic consequences of (in)correct diagnosis of axSpA. One previous

study did investigate the cost-effectiveness of utilizing conventional
radiography of the sacroiliac joints compared to MRI, or both, for the
diagnosis of axSpA from a US healthcare perspective. [42] However, this
study differed substantially in scope and methodology.

The current study provides an additional and relevant perspective on
diagnosis of axSpA. Traditional research of diagnostics does not fully
take the consequences of diagnosis into account. In health-economic
studies such as ours, the consequences of both diagnosis and misdiag-
nosis can be estimated. We demonstrated that incorrect diagnosis
(overdiagnosis or underdiagnosis) is associated with substantial loss of
health for the individual patient, and economic burden for society.
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However, we also observed that if an initially incorrect diagnosis is
corrected within a few years, the long-term consequences are limited.

The differences in costs and effects between the algorithms might be
considered small to modest. This can be explained by the trade-off be-
tween sensitivity and specificity: with M2 being more sensitive than BER
(more TP, less FN cases), there is less underdiagnosis. However, as M2 is
also less specific (more FP, less TN cases), there is more overdiagnosis
and overtreatment of non-axSpA cases. Apparently, when comparing
these algorithms, these opposing ‘forces’ are relatively well-balanced in
terms of health and costs. Another consideration is that, despite the
small differences in costs, if these diagnostic algorithms would be used
in all referred patients with suspected axSpA, the between-algorithm
differences in budget impact would be substantial.

Our data indicate that further improvement of diagnosis would still
be worthwhile, even if this would be more costly. The debate on diag-
nosing axSpA seems to mainly focus on overdiagnosis, which is under-
standable. With the increasing focus on early diagnosis, the risk of
overdiagnosis (and overtreatment) is real. However, our results indi-
cated that underdiagnosis might be an equally or more important aspect,
as improvement of sensitivity resulted in at least equal gains as
improving specificity. The finding that a perfect diagnostic test for
axSpA could cost €7500 per referred patient is promising for further
research on new diagnostic biomarkers and tests. To put this number
into context: the current diagnostic work-up for axSpA has a cost of
approximately €250-300. amongst the parameters most influential on
cost-effectiveness in the current analysis were the prevalence of axSpA
and disease severity of referred patients. The prevalence of axSpA affects
the relative importance of sensitivity and specificity. The disease
severity affects the potential gains in health and reductions in costs
when improving diagnostic accuracy. If the axSpA prevalence or disease
severity differs in other settings, results will also differ. Costs of
bDMARDs also had notable impact on results. Even at reduced cost,
bDMARD costs remained an important driver of costs in management of
axSpA. Future cost reduction would greatly improve the value of diag-
nosis and allow for more costly diagnostic strategies.

In the diagnostic algorithms for axSpA, the conventional radiography
of the sacroiliac joints (X-SI) is positioned quite high. For M2, it is
actually the first step after entry. The role of the X-SI in the diagnostic
work-up for axSpA has been debated, and it is possible that this might
change in the future. However, as far as we are aware, the algorithms
used in this study are the only ones currently available, and they are
being used in current practice. Also, M2 is endorsed by ASAS. It was not
our goal to change these algorithms, but to investigate the consequences
of using them in terms of health and costs. Future studies should assess
the impact of changes to these algorithms (such as a different positioning
of X-SI).

Our study was focused on accuracy of diagnosis of axSpA by the
rheumatologist. In practice, diagnosis of axSpA by the rheumatologist
also depends on referral of suspected cases by non-rheumatologists (e.g.
general practitioners). One relevant study in this area is a health-
economic analysis of referral strategies for axSpA in primary care in
the United Kingdom (UK), which showed there was considerable un-
certainty as to which strategy would be optimal compared to current UK
practice. [43] However, in this study it was assumed that the rheuma-
tologist’s diagnosis of axSpA/non-axSpA in the referred population was
perfect. In reality, improving referral of suspected axSpA will likely
change the composition and case-mix of the referred population that is
seen by the rheumatologist, and this might affect the performance of the
rheumatologist and of the diagnostic algorithms investigated in this
paper. The interplay between referral and diagnosis of axSpA is very
relevant, but has yet to be investigated. This requires studies that take
into account both referral and diagnosis.

The current study has several limitations. First, we identified several
areas of uncertainty, and had to make assumptions for these. Relevant
assumptions were those regarding healthcare utilisation by axSpA and
CLBP cases, and the occurrence of long-term absenteeism in axSpA and
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CLBP (we only had short-term patient-level data for this). Second, as
long-term data on EQ-5D is lacking in axSpA, we used a mapping al-
gorithm to estimate EQ-5D utility. This algorithm was based on BASDAI
and BASFI, which were well studied in longitudinal studies of axSpA.
Third, we only re-applied the algorithm at a single point in time, due to
technical limitations of the model. In practice, diagnosis is not a static
phenomenon, but can change over time. This is why we conducted
sensitivity analyses assuming re-consideration after a rather short time
(2 years), which confirmed the results. Finally, the external (real-life)
validity of our results depends on complete adherence to guidelines for
diagnosis and management in daily practice, which is not always the
case. [44] Although this is not a limitation of the model or this study, it
can affect the results in practice.

Strengths of this work include the conceptualization, development
and validation of the model, that were based on International Society for
Pharmacoeconomics and Outcomes Research guidelines. [45,46] De-
mographic and diagnostic parameters were derived from the cohort in
which the algorithms were developed and modified (SPACE). We used
local and external experts to ‘validate’ the model structure and input
parameters. Finally, we opted for a modelling technique (state-transition
model) that is relatively easy to use and interpret by others, and over-
came the main limitations of this type of model by utilizing several
technical work-arounds (see Supplementary File S1).

The generalizability (transferability) of an economic evaluation is
often limited due to regional differences in health systems, unit costs and
social security regulations. The current analysis was conducted from the
Dutch perspective. Our model structure, including management of
axSpA and CLBP, and the modelled diagnostics and effects are likely
transferable to other regions. The modelled costs, especially those due to
work productivity losses, are likely to differ by country.

Going forward, this model can be used to evaluate potential diag-
nostic biomarkers for axSpA. In addition, the model could be extended
to incorporate referrals from general practitioners and non-
rheumatology specialists (as discussed above). This is especially
important because prevalence of axSpA, which is directly linked to pa-
tient referral, was an important driver of results.

In conclusion, correct diagnosis of axSpA is associated with sub-
stantial health benefits for the patient and cost savings for society. The
M2 algorithm (that does not require IBP for axSpA diagnosis) is
acceptable in terms of costs and effects when compared to the original
Berlin algorithm, although differences between algorithms are modest.
Furthermore, a perfect diagnostic test could cost substantially more
(€7500 per referred patient) but still provide good value for money. It is
worthwhile to invest in more accurate diagnosis in axSpA.
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