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ABSTRACT

Introduction: To assess the clinical and cost-
effectiveness of therapeutic drug monitoring
(TDM) based on serum adalimumab levels
compared to standard of care in patients with
rheumatoid arthritis, psoriatic arthritis and
ankylosing spondylitis.
Methods: This was a non-inferiority, multicen-
tric, non-randomized, pragmatic trial including

adult patients diagnosed with moderate-to-sev-
ere, clinically stable rheumatic diseases treated
with adalimumab. Consecutive patients were
assigned 1:2 to the control (CG) or the inter-
vention group (IG), based on the site of inclu-
sion, and followed up for 18 months.
Adalimumab serum levels were measured at
each study visit and released to the IG only to
modify dosing strategy. Data on disease activity,
healthcare resource utilization and health-re-
lated quality of life (HRQoL) measured through
the EQ-5D-5L were collected. Number of per-
sistent and overall flares, time to first flare, days
experiencing high disease activity, total direct
costs, quality-adjusted life years (QALYs) and
incremental cost-effectiveness ratio (ICER) were
calculated.
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Results: Of the 169 recruited patients, 150 were
included in the analysis (52 and 98 patients in
the CG and IG, respectively). The primary
endpoint was not met as persistent flares were
not significantly lower in the IG, although
mean (SD) number of flares was numerically
lower in the IG (0.67 [0.70] versus 0.90 [0.82],
P = 0.073), respectively. Based on EQ-5D-5L
utilities, HRQoL was significantly higher in the
IG at 3 (P = 0.001) and 6 months (P = 0.035),
which overall translated into 0.075 QALYs
gained per patient for the IG at month 18.
Overall, direct costs were significantly lower for
the IG patients (€15,311.59 [4,870.04] versus
€17,378.46 [6,556.51], P = 0.030), resulting in
the intervention being dominant, leading to
increased QALY at a lower overall cost
Conclusion: Adalimumab dose tapering based
on TDM for rheumatic patients led to an
increased quality of life and QALY gain and
entailed lower costs, being a more cost-effective
alternative than clinically guided management.

Keywords: Adalimumab; Cost-effectiveness;
Rheumatic diseases; Therapeutic drug
monitoring

Key Summary Points

Why carry out this study?

Biological therapies, such as tumor
necrosis factor (TNF) inhibitors, are safe
and effective treatments for rheumatoid
arthritis (RA), psoriatic arthritis (PsA) and
ankylosing spondylitis (AS), although the
high cost requires rational use as part of a
comprehensive therapeutic strategy

Therapeutic drug monitoring (TDM)
allows clinicians to inform therapeutic
decisions based on serum drug levels and
antibodies

The objective of this study was to assess
the clinical and cost-effectiveness of TDM
based on adalimumab drug levels and
anti-adalimumab antibodies in clinically
stable RA, PsA and AS patients who were
candidates to adalimumab dose tapering

What was learned from the study?

Adalimumab dose tapering based on TDM
improved health-related quality of life of
rheumatic patients and reduced total
direct costs, resulting in a more cost-
effective alternative than a clinically
guided management

The current study indicates that a TDM-
based strategy is economically justified
and might help physicians to improve
healthcare resources

INTRODUCTION

Rheumatic diseases, including rheumatoid
arthritis (RA), psoriatic arthritis (PsA) and
ankylosing spondylitis (AS), are chronic
inflammatory conditions characterized by peri-
ods of disease activity (flares), that result in joint
and systemic damage with significant impair-
ment in quality of life [1–3]. The purpose of
treatment for rheumatic diseases consists of
controlling inflammatory activity, progression
of structural joint and organ damage and pre-
venting patient disability and maintaining
quality of life [4].

Anti-TNF drugs (infliximab, adalimumab,
etanercept, certolizumab and golimumab) have
proved to be safe and effective alternatives in
RA, PsA and AS. They are used as monotherapy
in AS, but usually combined with methotrexate
or other synthetic disease-modifying antirheu-
matic drugs (DMARds) in peripheral arthritis
(RA and PsA). One third of patients receiving
these therapies do not respond to treatment or
lose initial response (secondary failure). Sec-
ondary failure may be due to sub-therapeutic
serum drug levels (DLs) or antidrug antibody
(ADA) formation against the biological agent,
which decreases the efficacy of the biological
drug and induces adverse events [5–8]. The use
of biological treatments has progressively
increased, resulting in an increase of healthcare
expenditure and becoming a concern for policy
makers. The high cost of these therapies and the
limited availability of information on their
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long-term safety require rational use as part of
the comprehensive therapeutic strategy [9–12].

Therapeutic drug monitoring (TDM) is a
clinical decision tool that modifies dosage
treatment, by measuring serum DL and ADA, to
achieve drug exposure related to the maximum
clinical benefit [13]. The use of TDM in rheu-
matic diseases, resulting in tapering adali-
mumab levels, is supported by the high
variability in biological drug concentration
among patients [14], with a direct relationship
between trough adalimumab drug concentra-
tion between 5 and 8 lg/ml and clinical
response [15]. In addition, down-titration is
feasible without reducing the efficacy in
stable patients. Therefore, accurate monitoring
of serum drug and ADA levels should be an
important part of therapy for patients treated
with biological agents [14, 15].

Clinical effectiveness of TDM is achieved by
reducing dosage and/or increasing the interval
between doses and has successfully been
implemented in patients with RA, PsA and AS
[16, 17]. Remarkably, a recent clinical trial
confirms that adalimumab down-titration in RA
patients in remission, with high levels of TNF
blocker, is viable without increasing the rate of
relapses [18]. According to current recommen-
dations of the rheumatology and pharmacy
societies, the criteria to perform dose tapering
in clinical practise require that the patient stays
in remission or in low disease activity (LDA) at
least 6 months before dose reduction [19].
Specifically, adalimumab dose tapering consists
of increasing intervals of injection from 2 to
3 weeks or even up to monthly administration
[19].

Cost-effectiveness studies analysing empiric
management of anti-TNF therapy against TDM-
based approach evidenced that drug monitoring
reduces costs in healthcare systems [20–22].
Nevertheless, there are neither clinical nor
economic data on RA, PsA and AS patients, with
clinically stable disease, responders to adali-
mumab treatment and eligible for TDM dose
tapering.

With this background, we aimed to assess
the effectiveness of TDM based on adalimumab
serum concentration and presence of anti-
adalimumab antibodies in clinically stable RA,

PsA and AS patients who were candidates to
adalimumab dose tapering. Health-related
quality of life (HRQoL) and total direct costs
were also assessed to estimate the cost-effec-
tiveness of this intervention.

METHODS

Study Design and Participants

This was a non-inferiority, interventional,
multicentre, non-randomized, pragmatic trial
that included patients with moderate-to-severe
RA, PsA or AS. Adult patients who were clini-
cally stable for at least 6 months prior to inclu-
sion (Disease Activity Score 28 [DAS28]\3.2 or
a Bath Ankylosing Spondylitis Disease Activity
Index [BASDAI]\4) were eligible for the study.
Exclusion criteria included any serious con-
comitant condition which prevented adequate
patient follow-up.

Eligible patients were consecutively invited
to participate in the study at the rheumatology
departments of Basurto (Bilbao, Spain), Araba
(Vitoria, Spain) and Donostia (San Sebastian,
Spain) University Hospitals. Patients included at
the Basurto site were assigned to the dose opti-
misation strategy interventional group (IG),
whereas patients included at the Donostia and
Araba sites were assigned to the standard of care
control group (CG) in a 2:1 ratio. Patient allo-
cation into the IG or CG was performed based
on the site of inclusion because (1) sample
transportation/logistics to ensure adalimumab
DL and ADA were available on time for inves-
tigators to make a therapeutic decision was
more convenient for the Basurto site; (2) usual
clinical practice was considered equivalent
among sites and investigators, and therefore no
major differences were expected.

At each visit, conventional clinical practice
was strictly followed according to the scientific
recommendations for management and bio-
logical tapering established in clinical guideli-
nes [19]. Given that patients attend regular
visits approximately every 3 months under
usual clinical practice, study follow-up visits
were performed every 12 to 16 weeks. Those
patients undergoing a dose-tapering strategy
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had a follow-up visit 8 weeks after the dose
reduction to assess disease activity. Overall,
patients were assessed up to a maximum of
seven times (seven visits) for up to 18 months.
Patients from both groups were tested for adal-
imumab DL at baseline and at each study visit,
although TDM data were released only to the IG
and blinded to the CG (managed according to
clinical assessment only). ADA levels were also
assessed at baseline and during the follow-up if
adalimumab levels were undetectable or exces-
sively low.

At inclusion, all patients were clinically
stable under adalimumab treatment (40 mg).
Then, treatment frequency was adjusted to
every 14, 21, 28, 35 or 42 days based on inves-
tigator’s criteria. To measure effectiveness under
real-world conditions, IG investigators used DL
and ADA results to modify dosing strategy based
on their clinical judgement, and they were not
required to follow any specific therapeutic
algorithm based on TDM results. Dose-tapering
was anticipated to be between 20 and 50% of
the initial dose based on current recommenda-
tions [19].

Each patient signed a written informed
consent form before participating in the study.
The study was approved by the Basque Clinical
Investigation Ethics Committee and was con-
ducted in accordance with local regulations and
with the ethical principles of the current Dec-
laration of Helsinki.

Data Collection

Data on age, sex, disease diagnosis, duration
and activity, adalimumab regimen, concomi-
tant therapies, comorbidities, erythrocyte sedi-
mentation rate (ESR) and C-reactive protein
(CRP) were assessed for all patients.

The following clinical variables specifically
associated with disease activity were collected:
the DAS28 and the Health Assessment Ques-
tionnaires Disability score (HAQ-DI) were col-
lected for RA patients; the Tender Joint Count
(TJC) and the Swollen Joint Count (SJC) for PsA
patients; and the BASDAI and the Bath Anky-
losing Spondylitis Functional Index (BASFI) for
AS patients.

For the determination of free adalimumab
drug levels (trough DL) and ADA, a serum
sample of 8–10 ml was obtained up to 24 h
before adalimumab injection and before clinical
visits. DL and ADA were measured using
Promonitor�-ADL and Promonitor�-ANTI-ADL
enzyme linked immunosorbent assays (Pro-
genika Biopharma S.A. Spain).

To assess HRQoL, patients completed the EQ-
5D-5L questionnaire at each study visit, which
is a standardized generic measure of health
status that provides a single measure to be used
in clinical and cost-effectiveness analysis [23].
Patients indicated their level of impairment
related to mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. A
visual analogue scale (VAS) that ranges from 0
(the worst imaginable health state) to 100 (the
best imaginable health state) is used to quantify
patient’s health outcome based on their
perspective.

To assess healthcare resource utilization
(HCRU), drug treatment costs, testing, admin-
istration and labour cost of DL and ADA kits,
data on hospitalizations (number and dura-
tion), emergency room and other outpatient
visits and laboratory tests and diagnostic pro-
cedure costs were collected.

Outcomes

The primary endpoint was to assess whether
TDM is non-inferior compared to conventional
clinical practice, measured by the cumulative
incidence of patients that experienced a persis-
tent flare. Flares were defined as a[1.2 increase
in DAS28 score, or[ 0.6 increase if the current
DAS28 score was C 3.2 from baseline,[1
increase in BASDAI score, or BASDAI[ 4, and
were classified as persistent when lasting [ 3
months. The use of flare incidence rate, rec-
ommended as a measure of effectiveness [24],
was also calculated.

Secondary endpoints were (1) total number
of flares; (2) the number of days that patients
experienced high disease activity; (3) time to
first flare; (4) HRQoL; (5) total direct costs; (6)
cost-effectiveness of the intervention based on
QALY gained per incremental cost according to
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commonly used willingness to pay criteria with
respect to conventional practice in Spain.

Statistical Analysis

Categorical variables were expressed as fre-
quencies and percentages and continuous vari-
ables with normal distribution of data as mean
and standard deviation (SD). The chi-square (v2)
test and the Student’s t-test or U-Mann–Whit-
ney test were used for comparison of qualitative
and quantitative variables, respectively. Statis-
tical significance was set at P\0.05.

A non-inferiority design was used to assess
the primary endpoint, since treatments had to
be equally effective for the patient when deter-
mining minimal effective dose. Non-inferiority
was defined in terms of the upper limit of a two-
sided 95% confidence interval (CI), determined
by the ratio of patients in the IG experiencing
persistent flares divided by the corresponding
percentage versus the CG. If the upper limit for
the CI analysis was [ 1.2, non-inferiority was
demonstrated. To derive the required sample
size, it was assessed that 20% of patients would
experience the primary outcome, with an esti-
mated 15% of the patients with this outcome in
the IG. Applying one-side testing, a = 0.05,
1 - b = 0.8, a non-inferiority margin of 20%, a
2:1 ratio (IG:CG) and considering a withdrawal
rate of 10%, a total of 180 patients were needed.

To assess HRQoL, utility indexes were calcu-
lated based on patient responses to the EQ-5D-
5L and applying the Spanish utility tariffs [25].
Utility index values range from 1 (full health
state) to - 1 (health state worse than death) and
can be used to transform years of life gained
into QALYs.

To estimate the total direct cost, the follow-
ing four types of costs were considered in € of
2015: drug acquisition cost (adalimumab,
Humira� 40 mg/ml (AbbVie Deutschland
GmbH, Germany) formulation calculated
according to wholesale acquisition cost of
€1,028.29 in Spain plus 4% VAT minus official
discount Royal Decree 8/2010), testing kit cost
(€16 for drug levels and €10 for antibody levels),
hospitalizations, emergency room and other
outpatient visits to specialists (considering

current Spanish tariffs) and other laboratory
tests and diagnostic procedures costs.

The cost-effectiveness analysis was per-
formed from the healthcare system perspective,
considering an 18-month time horizon (study
follow-up), and no discount rate was applied.
Incremental effectiveness was assessed in terms
of QALYs gained and overall direct costs. QALYs
for each patient were calculated using the area
under the curve (AUC) and interpolation tech-
nique based on the utility indexes calculated
from the EQ-5D-5L.

The incremental cost-effectiveness ratio
(ICER) in terms of cost per QALY gained (cost-
utility analysis) for TDM (IG) versus standard of
care (CG) was calculated using the following
formula:

ICER ¼ CostIG � CostCG

QALYIG � QALYCG

To assess the accuracy and robustness of
our cost-effectiveness analysis, the non-
parametric bootstrapping statistical technique
performing 5000 replications was applied, and
the 95% CI was estimated. The bootstrapping
is a statistical resampling technique that
approximates the mean and variance of an
estimator and builds its confidence intervals
when the distribution of that particular
statistic is not known.

A sensitivity analysis was conducted to
assess the impact of alternative testing kit costs
on the outcome of the cost-effectiveness anal-
ysis. Testing kit costs were calculated for three
scenarios: drug level and antibody level deter-
mination at €16/€10, €25/€20 and €35/€30,
respectively. Results were expressed in terms of
cost per QALYs gained. Additionally, the value
of an intervention in monetary units (net
monetary benefit, NMB) was calculated con-
sidering a willingness to pay (WTP) threshold
of €30,000 per QALY, which is aligned with
that reported by the Spanish Health Service
[26], and was further assessed across a wide
range of WTP thresholds, applying the follow-
ing formula:

NMB ¼ ðQALYIG � QALYCGÞ � WTP
� CostIG � CostCGð Þ
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Positive values of the NMB would be
indicative of the intervention being cost-
effective at that particular WTP threshold.

RESULTS

Study Population

Out of the 169 patients enrolled for study par-
ticipation, 19 were lost to follow-up for personal

reasons, non-compliance with protocol or
because of comorbidities. Final analysis of per-
protocol population included 150 evaluable
patients, with 52 patients grouped in the CG
and 98 in the IG. During the 18 months’ follow-
up, 16 of 98 (16.3%) patients in IG and 5 of 52
(9.6%) patients in the CG withdrew from the
study because of stopping adalimumab for
clinical remission, low or undetectable drug
levels with the presence of antibodies, inefficacy
or adverse events (Fig. 1).

Fig. 1 Patient recruitment and follow-up flow diagram.
Patients were assigned to dose reduction strategy (inter-
ventional group, IG) or standard care (control group, CG)

in a 2:1 ratio. RA rheumatoid arthritis; PsA psoriatic
arthritis; AS ankylosing spondylitis; ITT intention to treat;
PP per protocol
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Patient Characteristics and Disease
Activity at Baseline

Baseline patient characteristics are shown in
Table 1. Overall, 28 (54%) and 35 (36%) patients
included in the IG and CG, respectively, were
female, and mean (SD) age was 53.0 (13.4) and
53.9 (11.9) years. Mean age was not different
among the RA, PsA and AS sub-groups. The
patient distribution based on the initial diag-
nosis was not completely balanced between
groups, with a higher presence of RA patients in
the CG than in the IG, 29 (55.8%) versus 25
(22.5%), respectively, and a lower proportion of
AS patients, 5 (9.6%) versus 43 (43.9%). The
most common adalimumab dose interval was
every 14 days, and methotrexate was the main
concomitant treatment. The presence of
comorbidities was well balanced between
groups.

At baseline, 9 (17.3%) and 28 (28.6%)
patients had LDA and 43 (82.7%) and 70
(71.4%) patients were in remission in the CG
and IG, respectively. No significant differences
in ESR and CRP levels were observed between
groups. Mean (SD) adalimumab DLs were 6.31
(3.81) and 5.53 (3.48) mg/l in the CG and IG,
respectively (p = 0.430) (Table 2).

Evaluation of TDM-Based Strategy During
Follow-Up Period

Patients included in the CG and IG were fol-
lowed up for 544.6 (122.9) and 530.8 (104.9)
mean (SD) days, respectively. No significant
differences were observed in the number of days
in remission or low activity (475.6 [176.5] vs.
461.0 [155.8]) or in high activity days (47.15
[96.95] vs. 45.28 [91.44]) between patients from
the CG and IG, respectively. Patients continued
their concomitant treatment with DMARDs
during the follow-up period.

Regarding the non-inferiority requirement
between both treatment groups, the number of
patients with persistent flares was compared.
The percentage of patients experiencing at least
one persistent flare was higher in the IG com-
pared to the CG (28.6% vs. 23.1%, P = 0.469; RR
1.238 [95% CI 0.689–2.226]), respectively. To

Table 1 Demographic and clinical baseline patient char-
acteristics by group

CG, n = 52 IG, n = 98

General characteristics

Female sex, n (%) 28 (54) 35 (36)

Age, years, mean (SD) 53.0 (13.4) 53.9 (11.9)

Diagnostic, n (%)

RA 29 (55.8) 25 (25.5)

PsA 18 (34.6) 30 (30.6)

AS 5 (9.6) 43 (43.9)

Disease duration,

months (SD)

129.7 (86.2) 152.0 (100.1)

Concomitant treatment,

n (%)

Methotrexate 32 (61.5) 31 (31.6)

Leflunomide 5 (9.6) 7 (7.1)

Salazopyrin 0 (0) 3 (3.1)

Hydroxychloroquine 3 (5.8) 3 (3.1)

Adalimumab dose

intervals, n (%)

40 mg/14 days 40 (76.9) 51 (50)

40 mg/21 days 7 (13.5) 35 (35.7)

40 mg/28 days 3 (5.8) 12 (12.2)

40 mg/35 days 0 (0) 1 (1.0)

40 mg/42 days 2 (3.8) 0 (0)

Adalimumab dose/day,

mg (SD)

2.57 (0.55) 2.33 (0.57)

Comorbidities, n (%)

Hypertension 13 (25.0) 32 (32.7)

Diabetes 4 (7.7) 8 (8.2)

Hypercholesterolemia 13 (25.0) 32 (32.7)

Dyslipidaemia 8 (15.4) 12 (12.2)

Hyperuricemia 4 (7.7) 7 (7.1)

CG control group; IG intervention group; SD standard deviation;
RA rheumatoid arthritis; PsA psoriatic arthritis; AS ankylosing
spondylitis

Rheumatol Ther (2021) 8:1323–1339 1329



Table 2 Disease activity level, markers and adalimumab levels at baseline by group

CG IG P-value

All patients, n = 150, n (%) 52 (34.7) 98 (65.3) –

Disease activity level

LDA, n (%) 9 (17.3) 28 (28.6) 0.164

Remission, n (%) 43 (82.7) 70 (71.4) –

Days in remission, mean (SD) 536.3 (336.2) 472.6 (447.7) 0.375

RA cohort, n = 54, n (%) 29 (53.7) 25 (46.2) –

Disease duration, months, mean (SD) 118.3 (66.3) 183.8 (88.4) 0.003

Disease activity

LDA, n (%) 8 (27.6) 11 (44) 0.208

Remission, n (%) 21 (72.4) 14 (56) –

Dose ADL/day 15 (3.1) 18.2 (6.4) 0.019

HAQ-DI, mean (SD) 0.53 (0.57) 0.67 (0.56) 0.357

DAS28, mean (SD) 2.30 (0.71) 2.48 (0.60) 0.294

PsA cohort, n = 48, n (%) 18 (37.5) 30 (62.5) –

Disease duration, months, mean (SD) 154.9 (113.6) 102.3 (58.0) 0.039

Disease activity

LDA, n (%) 1 (5.6) 8 (26.7) 0.125

Remission, n (%) 17 (94.4) 22 (73.3) –

Dose ADL/day 18.3 (7.6) 19.4 (4.8) 0.545

TJC, mean (SD)a 0.29 (0.77) 0.12 (0.50) 0.307

SJC, mean (SD)b 0.21 (0.55) 0.28 (0.66) 0.594

AS cohort, n = 48, n (%) 5 (10.4) 43 (89.6) –

Disease duration, months, mean (SD) 104.6 (68.1) 168.3 (117.1) 0.242

Disease activity

LDA, n (%) 0 (0) 9 (20.9) 0.596

Remission, n (%) 5 (100) 34 (79.1) –

Dose ADL/day 22.4 (11.5) 17.9 (4.7) 0.096

BASDAI, mean (SD) 3.34 (2.26) 2.25 (1.93) 0.247

BASFI, mean (SD) 2.48 (2.55) 2.29 (1.84) 0.835

Markers

CRP, mg/dl, mean (SD) 0.44 (1.33) 0.36 (0.36) 0.569

ESR, mm/h, mean (SD) 13.42 (11.63) 13.91 (13.32) 0.826

Adalimumab levels, lg/ml, mean (SD)c 5.82 (4.04) 5.31 (3.59) 0.430
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further assess the clinical effectiveness of TDM,
mean number of flares as a measure of disease
activity was assessed after the 18-month follow-
up (Table 3). Mean number of flares in the IG
(0.67 [0.70]) was numerically lower compared to
the CG (0.90 [0.82]), (P = 0.073). Similarly,
results of risk to first flare survival analysis evi-
denced that, although the survival function was
not significantly different between groups
(P = 0.302), median time to first flare was lower
for the CG compared to the IG (136.5 days
versus 145 days), and the cumulative incidence
was higher (0.63 flares/patient-year versus 0.48
flares/patient-year; incidence rate ratio [IRR] =
0.77 [0.53–1.11]).

Results of adalimumab dose tapering are
shown in Table 3. Overall, dosing intervals were
increased in 18 (34.6%) and 35 (35.7%) patients
included in the CG and IG, respectively. On
average, adalimumab doses were tapered simi-
larly in both groups, although the number of
patients with a single tapering was numerically
higher in the IG (22.4%) compared to the CG
(11.5%). Adalimumab serum concentration was
numerically lower for the IG group compared to
the CG group through all the study visits.
Adalimumab treatment was stopped in those
patients with low DL and those with positive
ADA formation.

Quality of Life

There were no significant differences between
groups, on either the EQ-5D-5L utility index
(Fig. 2a) or the VAS index (Fig. 2b), at baseline.
EQ-5D-5L index remained relatively stable over
time with utility values that were slightly
numerically higher for the IG compared to the
CG through all the study visits. These numerical
differences reached statistical significance at
month 3 (visit 2, P = 0.001) and 6 (visit 3,
P = 0.035) (Fig. 2).

Cost-Effectiveness Analysis
of the Intervention

To assess whether DL and ADA determination is
a cost-effective intervention to inform thera-
peutic decisions (vs. standard of care), HCRU,
total direct costs incurred and QALYs gained
during the 18-month follow-up were estimated
(Table 4). The number of DL tests performed per
group was similar but determinations in the CG
were only informative and released to investi-
gators only after study completion. Overall
mean (SD) direct costs per patient were signifi-
cantly lower (P = 0.030) for the IG than the CG.
The amount of adalimumab used was higher for
the CG. Consequently, mean (SD) cost of

Table 2 continued

CG IG P-value

\ 5 lg/ml, n (%) 24 (47.1) 49 (50.0) –

5–8 lg/ml, n (%) 12 (23.5) 26 (26.5) –

[ 8 lg/ml, n (%) 15 (29.4) 23 (23.5) –

Anti-ADL levels, AU/ml, mean (SD)d 776.3 (605.2) 636.0 (498.5) 0.749

CG control group; IG interventional group; SD standard deviation; LDA low disease activity; RA rheumatoid arthritis; PsA
psoriatic arthritis; AS ankylosing spondylitis; ADL adalimumab; HAQ-DI Health Assessment Questionnaire-disability
score; DAS28 Disease Activity Score-28; TJC tender joint count; SJC swollen joint count; BASDAI Bath Ankylosing
Spondylitis Disease Activity Index; BASFI Bath Ankylosing Spondylitis Functional Index; ESR erythrocyte sedimentation
rate
a Baseline TJC values were available for n = 17 (CG) and n = 42 (IG)
b Baseline SJC values were available for n = 47 (CG) and n = 54 (IG)
c Adalimumab baseline levels were available for n = 51 (CG) and n = 98 (IG). Patients with adalimumab level\ 5 lg/ml
included n = 8 with undetectable levels due to the presence of anti-ADL antibodies
d Anti-ADL antibodies were detected in n = 3 (CG) and n = 3 (IG)
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adalimumab per patient was also higher for the
CG, €15,910.67 (5179.67), than the IG,
€14,334.09 (4555.23); P = 0.022. Mean (SD)
QALYs gained per patient during the 18-month
follow-up were 1.086 (0.411) and 1.161 (0.326)
for the in the CG and IG, respectively. There-
fore, the intervention would be dominant, as it
resulted in a 0.0855 increase in QALYs per
patient but incurred lower costs (€–2067). To
assess the robustness of these figures, a boot-
strap analysis was performed; Fig. 3a exhibits

the scatterplot ICER analysis, which includes
5000 bootstrap replications for total costs, and
97.5% of them fell in the more effective and less
costly quadrant of the cost-effectiveness plane
(southeast quadrant). The lower and upper
limits of the 95% CIs based on the percentile
method were €-255,870 and €249,031,
respectively.

To extrapolate cost-effectiveness analysis
among different healthcare systems, a sensitiv-
ity analysis was conducted based on three

Table 3 Disease activity level, flares and adalimumab dosing interval increase during 18 months of follow-up by group

CG, n = 52 IG, n = 98 P-value

Duration of follow-up, days, mean (SD) 544.6 (122.9) 530.8 (104.9) 0.473

Disease activity, days, mean (SD)

Low activity or remission 475.2 (176.53) 467.0 (155.78) 0.770

High activity 47.15 (96.95) 45.28 (91.44) 0.907

Flares

Number of patients with a persistent flare, n (%) 12 (23.08) 28 (28.57) 0.469

Number of flares per patient, mean (SD) 0.90 (0.82) 0.67 (0.70) 0.073

Time to first flare, days, median (IQR) 136.5 (111.25–300.0) 145.0 (112.75–300.0) 0.364

Number of patients with dosing interval increase, n (%)

0 34 (65.4) 63 (64.3) –

1 6 (11.5) 22 (22.4) –

2 10 (19.2) 9 (9.2) –

3 2 (3.8) 3 (3.1) –

4 0 (0) 1 (1.0) –

Total 52 (34.7) 98 (65.3) –

Adalimumab levelsa, lg/ml, mean (SD)

Visit 2 (50/93) 6.31 (3.82) 5.51 (3.86) 0.238

Visit 3 (47/92) 6.18 (4.02) 5.79 (3.76) 0.574

Visit 4 (48/87) 6.47 (3.98) 5.80 (3.84) 0.342

Visit 5 (47/86) 6.36 (4.29) 5.48 (3.54) 0.206

Visit 6 (36/73) 5.90 (3.72) 5.57 (3.40) 0.642

Visit 7 (12/23) 5.28 (4.04) 4.95 (3.60) 0.700

CG control group; IG intervention group; SD standard deviation; TDM therapeutic drug monitoring
a Patients (n) with available adalimumab levels per visit and group are shown as (CG/IG)
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testing kit costs. In all evaluated scenarios, the
intervention was dominant, with an increase of
0.085 in QALYs (Supplementary Table S1), sup-
porting the results from the main cost-effec-
tiveness analysis.

Finally, the NMB point estimate was calcu-
lated for a WTP of €30,000/QALY resulting in
€4,631.87. The NMB graphic representation for

the bootstrap replications at different WTPs
evidenced that DL and ADA to inform thera-
peutic decisions (vs. standard of care) is a cost-
effective (positive) intervention in all WTP sce-
narios. However, an imprecision is observed
when the WTP increases; the lower limit of the
95% CI cuts the X axis close to €64,777 (Fig. 3b).

DISCUSSION

TDM-guided management of patients treated
with biological therapies is a rational person-
alised treatment strategy to optimise dosing
regimens in rheumatic diseases, to avoid dose-
dependent adverse events and to increase
treatment efficiency by keeping the minimal
effective dose that allows the patient to stay in
LDA as long as possible [16]. In this study, we
evaluated the effect of TDM, based on adali-
mumab DL determination, to inform thera-
peutic decisions in clinically stable rheumatic
patients under LDA or remission.

This therapeutic strategy is based on reduc-
ing the number of subcutaneous injections by
progressively spacing out the interval between
them rather than decreasing the treatment
dose. Our data showed that, although the non-
inferiority primary endpoint of total persistent
flares was not met, TDM in routine clinical
practice could allow effective dose tapering in
RA, PsA and AS patients with sub-therapeutic
serum drug levels without an increase in the
overall flares. The total number of flares per
patient was numerically lower in the IG than in
the CG, which may indicate that monitoring
adalimumab DL to inform therapeutic decisions
could lead to successful tapering strategies. Our
data show that, although the number of flares
was lower in the IG, once the flare occurs, it
may be more persistent. Hence, we could
hypothesize that a potential benefit of adali-
mumab tapering would be a reduction of
adverse events, since some of them are consid-
ered dose related.

It is important to highlight that the current
study has included patients responding to
adalimumab therapy, mainly in remission, and
that adalimumab DLs were close to 5 lg/ml.
Additionally, at baseline, patients were already

Fig. 2 Health-related quality of life (HRQoL). Change in
EQ-5D-5L quality of life. a Utility index and b VAS index
for 18 months’ follow-up. Patients were visited every 3
months according to their current clinical status, although
the number of completed visits was not homogeneous.
Number of patients per visit in the control group (CG)
and in the intervention group (IG) were at baseline
(n = 52; n = 98), visit 1 (n = 51; n = 98), visit 2
(n = 48; n = 94), visit 3 (n = 48; n = 94), visit 4
(n = 48; n = 85), visit 5 (n = 42; n = 84) and visit 6
(n = 35; n = 74). Data are expressed as mean ± 1.96*
SEM. *P\ 0.05 (IG versus CG). The frequency of visits
was between 12 and 16 weeks and followed the clinical
practice of each site. The number of visits completed per
patient was not homogeneous
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receiving tapered dosing regimens, and with
adalimumab drug levels closer to 5 lg/ml in the
interventional group, suggesting that the

opportunity to improve tapering was smaller in
this group. This may have underestimated the
benefits of TDM in a group of patients under

Table 4 Expected health care resources utilization, costs and QALYs over 18-month follow-up for each treatment group

HCRU Costs, €

Mean (SD) Mean (SD) Sum, € Difference
(IG2 CG)a

P-
valueCG,

n = 52
IG,
n = 98

CG,
n = 52

IG,
n = 98

CG IG

Drug, mg

Adalimumabb,

mg

1287.6

(419.5)

1160.7

(369.6)

15,911

(5180)

14,334

(4555)

827,354.70 1,404,741 - 1577 0.056

Healthcare

resources

Hospitalizations 0.12

(0.38)

0.08

(0.34)

825

(3668)

238

(1106)

42,883 23,297 - 587 0.145

Visits to ICU 0.40

(0.77)

0.40

(1.23)

60 (115) 59 (182) 3129 5811 - 1 0.975

Medical visits 5.81

(1.22)

5.76

(1.24)

575 (121) 570 (123) 29,898 55,836 - 5 0.805

Testing

TDM kitsc 5.6 (1.4) 5.6 (1.4) n/a 91.71

(19.54)

n/a 8988 91.71 n/a

Other lab tests – – 8 (24) 19 (33) 415 1863 11 0.035

Totald

Without

Hospitalization

– – 16,554

(5218)

15,074

(4635)

860,796 1,477,239 - 1480 0.077

With

Hospitalization

– – 17,378

(6557)

15,312

(4870)

903,679 1,500,536 - 2067 0.030

QALYs, (SD) – – 1.076

(0.411)

1.161

(0.326)

– – 0.085 0.224

HCRU health care resources utilization; CG control group; IG intervention group; SD standard deviation; QALY quality-
adjusted life year; TDM therapeutic drug monitoring
a IG-CG difference: the mean difference in QALY or costs between the TDM-guided strategy and control group
b Adalimumab indicates the mean quantity (mg) used during the 18-month follow-up according to the regimen prescribed
to patients. The cost (€) was obtained multiplying the time in days which the patient was undergoing treatment according
to a specific regimen and the cost of Humira�
c Only nine patients (9.2%) of the IG and five (9.6%) of the CG required anti-ADL antibody determinations during
follow-up. n/a: Cost of Promonitor�-ADL and Promonitor�-anti-ADL tests were €16/€10, respectively. n/a: not
applicable since costs of TDM tests were only calculated for the IG
d Total (€) indicates overall study cost during the 18 months follow-up
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standard dosing. Previous studies have con-
firmed that adalimumab DLs between 5 and
8 lg/ml are related to higher rates of clinical
response [15, 27] and patients with high DLs
([8 lg/ml) were related to lower rates of relap-
ses after dose reducing strategy [18] and could
safely extend the dosing interval [28]. Our data
also suggest that measuring DL proactively prior
to each tapering would be needed to identify
appropriate candidates for TDM and to avoid
those with low adalimumab DLs. Interestingly,
those patients who stopped adalimumab treat-
ment because of very low or undetectable DL or
presence of ADA were from the IG, suggesting
that TDM would be of the utmost importance to
stop unnecessary drug treatment in patients in

remission. In the current study, clinical effec-
tiveness of TDM was assessed for 18 months. A
previous observational study suggested that
biological therapies are safe and effective for
patients with arthritis, although long-term
clinical remission after 24 months was not fre-
quent [29].

It is important to highlight that, although
the number of patients experiencing a persis-
tent flare during the study follow-up was
numerically higher in the IG, this did not
translate into a worsened HRQoL or increased
HCRU. In fact, EQ-5D-5L utility index was
numerically higher for the IG, indicating better
HRQoL, through all the study visits and signif-
icantly higher 3 and 6 months after baseline.

Fig. 3 Cost-effectiveness analysis. a Incremental cost-
effective ratio (ICER) analysis, including 5000 bootstrap-
ping replications per group for the comparison of IG
versus CG during the 18-month follow-up. QALY quality-
adjusted life years. b Mean incremental net monetary

benefit (NMB) for the bootstrap replications at different
WTPs with 95% confidence intervals evidencing that
measuring DL to inform therapeutic decisions is a cost-
effective (positive) intervention. WTP willingness to pay; ll
lower limit; ul upper limit
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Likewise, hospitalizations, emergency room
visits and other outpatient visits were numeri-
cally lower in the IG.

In our cost-effectiveness analysis, the use of
DL and ADA to inform therapeutic decisions on
adalimumab dose tapering was dominant (led
to QALY increase and incurred fewer direct
costs). The uncertainty around the cost-effec-
tiveness analysis has been assessed using the re-
sampling technique bootstrapping with 5000
simulations, showing that our intervention
would be dominant in 97.5% of our simula-
tions. Our observations in terms of HRQoL,
HCRU and cost-effectiveness are aligned with
those previously reported observational studies,
which assessed drug costs of RA and SpA in
patients in remission or LDA treated with
infliximab, adalimumab and etanercept; a
decrease in drugs used which translated into
reduced direct costs was observed in a Spanish
University Hospital [30]. Krieckaert et al.
developed a Markov model based on a 272 RA
patient cohort in The Netherlands starting
adalimumab therapy; patients treated following
a personalised TDM strategy presented with
lower disease activity and progression of func-
tional disability based on HAQ and the inter-
vention led to reduced costs and resulted in
increased QALYs (dominant) in 72% of the
simulations [21]. Similar cost-saving results
were observed when using TDM for RA patients
under infliximab and adalimumab treatment in
Finland [22].

One of the main strengths of our study is the
fact that it has been implemented through a
pragmatic trial approach and therefore should
be representative of usual clinical practice.
Randomized controlled trials are the gold stan-
dard to assess efficacy and safety of interven-
tions, but are not the ideal scenario to generate
effectiveness, HRQoL or HCRU under routine
clinical conditions. In this context, pragmatic
trials, using standard of care as a comparator
and leading to high external validity, are a
suitable approach to generate health economic
data, particularly when assessing the cost-ef-
fectiveness of medical devices such as diagnos-
tic tests [31].

However, limitations of the study need to be
acknowledged. First, the fact that the primary

endpoint was not met conditions the interpre-
tation of the rest of the study results. Addi-
tionally, although we believe the pragmatic trial
approach is suitable for this type of evaluation,
this type of study may have limited internal
validity [31] and further studies with longer
follow-up would be required. There was a cer-
tain imbalance in the percentage of patients of
each rheumatological disease as well as between
those in clinical remission and LDA between
the CG and the IG, which were not adjusted
when assessing the clinical outcomes. However,
no significant differences were observed in any
clinical variables between the CG and the IG at
baseline, except for the disease duration for the
RA and PsA populations, but this did not
translate into differences in any of the other
variables assessed including EQ-5D-5L utilities.
In addition, costs of adverse events were not
collected through the study follow-up. Also, at
the time the study was conducted, no adali-
mumab biosimilars were available and, there-
fore, total drug costs considered herein may not
be representative of the current costs. Finally, it
should be considered that all study variables in
this study reflect the situation in Spain and
might not be directly applied to other health
systems.

Despite knowing that serum anti-TNF con-
centrations would help to improve manage-
ment in patients with rheumatic diseases,
current clinical practices in rheumatology do
not generally include routine drug monitoring
[4]. In light of the increasing demand in anti-
TNF therapies for rheumatological conditions
and for other therapeutic areas, which is
increasing health expenditure, and also con-
sidering the high pressure on health policy
makers in terms of limited resources, we believe
that evidence that can support the efficient use
of such expensive resources is extremely valu-
able. The present study clearly indicates for the
first time that using a TDM-based strategy is
economically justified, is efficient compared to
the CG and would help physicians to improve
healthcare resources. Our analysis revealed
overall significant differences in costs, especially
in adalimumab administration costs. In addi-
tion, our study would be of interest for other
disease indications where adalimumab and
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other anti-TNFs agents are proven to be cost-
effective [28].

CONCLUSIONS

In conclusion, our results indicated that adali-
mumab dose tapering based on TDM-guided
management in clinically stable rheumatic
patients could be an efficient strategy, improv-
ing patients’ HRQoL while incurring lower
costs.
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25. Ramos-Goñi JM, Craig BM, Oppe M, et al. Handling
data quality issues to estimate the Spanish EQ-5D-
5L value set using a hybrid interval regression
approach. Value Health. 2018;21:596–604.

26. Vallejo-Torres L, Garcia-Lorenzo B, Serrano-Aguilar
P. Estimating a cost-effectiveness threshold for the
Spanish NHS. Health Econ. 2018;27:746–61.

27. I’Ami MJ, Krieckaert CL, Nurmohamed MT, et al.
Successful reduction of overexposure in patients
with rheumatoid arthritis with high serum adali-
mumab concentrations: an open-label non-inferi-
ority, randomised clinical trial. Ann Rheum Dis.
2018;77:484–7.

28. Martelli L, Olivera P, Roblin X, Attar A, Peyrin-Bir-
oulet L. Cost-effectiveness of drug monitoring of
anti-TNF therapy in inflammatory bowel disease
and rheumatoid arthritis: a systematic review.
J Gastroenterol. 2017;52:19–25.

29. Lamot L, Bukovac LT, Vidovic M, Frleta M, Harjacek
M. The ‘‘head-to-head’’ comparison of etanercept
and infliximab in treating children with juvenile
idiopathic arthritis. Clin Exp Rheumatol. 2011;29:
131–9.

30. Pascual-Salcedo DP, Plasencia C, del Gonzalez Valle
L. THU0189 Therapeutic drug monitoring (TDM) in
rheumatic day clinic enables to reduce pharma-
ceutical cost maintaining clinical efficacy. Ann
Rheum Dis. 2013;72(Suppl 3):A227.

31. Marshall DA, Hux M. Design and analysis issues for
economic analysis alongside clinical trials. Med
Care. 2009;47:S14-20.

Rheumatol Ther (2021) 8:1323–1339 1339


	Cost-Effectiveness of Therapeutic Drug Monitoring-Guided Adalimumab Therapy in Rheumatic Diseases: A Prospective, Pragmatic Trial
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study Design and Participants
	Data Collection
	Outcomes
	Statistical Analysis

	Results
	Study Population
	Patient Characteristics and Disease Activity at Baseline
	Evaluation of TDM-Based Strategy During Follow-Up Period
	Quality of Life
	Cost-Effectiveness Analysis of the Intervention

	Discussion
	Conclusions
	Acknowledgments
	References




