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Abstract
Our aim was to assess the relationship between serum adalimumab levels, anti-drug antibodies (ADA) and disease activity in 
patients with axial spondylarthritis (SpA). We have carried out a single-centre cross-sectional study. adalimumab and ADA 
levels were analysed with ELISA and correlated with SpA activity using BASDAI and ASDAS scores. Adalimumab cut-off 
value was calculated to discriminate inactive disease/low disease activity (BASDAI < 4; ASDAS < 2.1) from moderate/high 
disease activity (BASDAI ≥ 4; ASDAS ≥ 2.1), using a receiver operating characteristic (ROC) curve. Up to January 2016, 
51 consecutive patients were included. The median (range) age was 46.6 (18–68) and 47.1% were women. ADA prevalence 
was 27.5%, with none detected in the 21.6% receiving concomitant disease-modifying antirheumatic drugs (DMARDs) 
(p = 0.021). Adalimumab level was normal (> 3 mg/l) in 36 patients (70.6%), all without ADA. Fifteen patients (29.4%) had 
subtherapeutic adalimumab levels (< 3 mg/l), with ADA in 14 (93%). Median adalimumab (mg/l) was significantly higher 
in patients with inactive disease/low disease activity: BASDAI < 4 vs ≥ 4: 9.5 vs 2.6 (p < 0.01); ASDAS-CRP < 2.1 vs ≥ 2.1: 
9.3 vs 0.3 (p < 0.001); ASDAS-ESR < 2.1 vs ≥ 2.1: 9.9 vs 3.0 (p < 0.001), and this finding was consistent with the result of 
the multivariate model. Patients with inactive disease/low disease activity presented significantly lower ADA levels. The 
adalimumab level cut-offs and area under the curve (AUC) obtained in the ROC curves were: ASDAS-CRP (< 2.1) 4.6 mg/l 
(AUC 81.2%; 95% CI 67.5–94.9; p < 0.001); ASDAS-ESR (< 2.1) 7.7 mg/l (AUC 82.4%; 95% CI 69.3–95.5; p < 0.001); 
BASDAI (< 4) 6.4 mg/l (AUC 73.5%; 95% CI 58.6–88.3; p < 0.01). In conclusion, presence of ADA in axial SpA patients 
treated with adalimumab was associated with lower serum drug levels. ADA levels were lower and adalimumab levels were 
higher in patients with inactive disease/low disease activity based on BASDAI and ASDAS indices. Concomitant treatment 
with MTX reduces de likelihood of finding ADA. Serum adalimumab levels above 4.6 mg/l are recommended to avoid 
compromising efficacy.
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Introduction

Anti-tumour necrosis factor (anti-TNF) drugs have enabled 
great advances in the treatment of spondylarthritis (SpA) 
and, until the recent arrival on the scene of IL17 inhibitors, 
were the only effective biological agents in its axial mani-
festations, for which other disease-modifying antirheumatic 

drugs (DMARDs) are not recommended. There are cur-
rently five anti-TNF drugs approved for the treatment of 
SpA, including four monoclonal antibodies—infliximab, 
adalimumab, golimumab and certolizumab—and one 
soluble TNF receptor, etanercept. All of these drugs have 
demonstrated efficacy in clinical trials and around 60% of 
patients achieve an ASAS 20 response, vs 20% of patients 
assigned to placebo [1]. However, approximately 30–40% of 
patients do not respond to treatment initially or lose efficacy 
over time [2–4]. The mechanisms underlying these failures 
are not clearly understood, but the production of anti-drug 
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antibodies (ADA), causing the drug to be cleared from the 
blood and/or neutralising its effect, appears to play an impor-
tant role [5]. These antibodies have also been associated with 
adverse events such as infusion reactions and injection site 
reactions [6]. Furthermore, given the high cost and adverse 
events that can be associated with biological therapies, in 
recent years strategies have been proposed to reduce drug 
doses in patients in prolonged clinical remission, thereby 
avoiding overtreatment [7].

Many studies have demonstrated the relationship between 
disease activity, serum levels of anti-TNF agents and their 
immunogenicity, including meta-analyses and systematic 
reviews [6, 8, 9], however, most of them were conducted in 
patients with rheumatoid arthritis (RA) or Crohn’s disease. 
The available studies in SpA report controversial results. 
With regard to infliximab and adalimumab, some groups 
of researchers have reported that the existence of ADA was 
associated with reduced efficacy [5, 10–15], while others 
failed to find this relationship and concluded that drug lev-
els were not associated with response to treatment [16]. In 
studies with etanercept, golimumab and certolizumab, the 
reported prevalence of ADA is very low [17–20].

The objective of this study was to assess the prevalence 
of ADA in patients with axial SpA receiving treatment with 
adalimumab, and to investigate their relationship with serum 
adalimumab levels and disease activity indices. A secondary 
objective was to establish a cut-off point for serum adali-
mumab levels at which patients have inactive disease/low 
disease activity.

Methods

Design and study population

This study was a cross-sectional study that included all 
patients with axial SpA being treated with adalimumab by 
the rheumatology section of our centre. Patients had to be 
over 18 years of age, be diagnosed with axial SpA according 
to the Assessment of Spondyloarthritis International Society 
(ASAS) 2009 criteria [21] and have received treatment with 
adalimumab, as per routine clinical practice, without inter-
ruptions, for at least 3 months.

Variables and data collection

Information was collected on age, body mass index 
(BMI), date of diagnosis of SpA, laboratory data, includ-
ing HLAB27, erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP), prior biological treatment for 
SpA, concomitant DMARDs, reasons for the interruption 
of adalimumab and duration of treatment with adalimumab. 
Treatment regimens with adalimumab correspond to routine 

clinical practice, at a dose of 40 mg every 14 days, at the dis-
cretion of the rheumatologist responsible for the patient [22].

Clinical assessments

Spondylarthritis disease activity was assessed using patient 
global assessment of disease activity (PGA) on a 100 mm 
visual analogue scale, Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI) [23] and Ankylosing Spondylitis 
Disease Activity Score (ASDAS) [24]. The pre-established 
cut-off points for BASDAI were: <4 inactive disease activity 
and ≥ 4 active disease, and for ASDAS were: < 1.3 inactive 
disease, < 2.1 moderate activity, 2.1–3.5 high activity and 
> 3.5 very high activity. Patients were classified as respond-
ers if they had an ASDAS < 2.1 and BASDAI < 4. The Bath 
Ankylosing Spondylitis Functional Index (BASFI) was used 
to assess physical function.

Measurement of serum adalimumab and ADA levels

A 5-ml serum sample was taken from all patients just before 
the next adalimumab dose. It was stored at − 80 °C until 
analysis. The second version of the commercial enzyme-
linked immunosorbent assay (ELISA) Promonitor® kit (Pro-
genika Grifols SA, Spain), which has been clinically and 
analytically validated [25–27] was used. All serum samples 
were analysed under the standard conditions specified by 
the manufacturer. The serum samples underwent six dilu-
tions for each curve (1.25–60 ng/ml for serum adalimumab 
levels and 3.13–200 AU/ml for ADA levels). All analytical 
work was conducted without knowledge of the clinical data. 
The technique’s sensitivity is > 0.024 mg/l for serum adali-
mumab levels and > 3.5 AU/ml for ADA levels. Samples 
with drug levels below 3 mg/l were considered subthera-
peutic. In those with negative levels and ADA results, an 
acid dissociation pre-treatment protocol recommended by 
the manufacturer was implemented, enabling the detection 
of ADA in the presence of antigen when possible drug-anti-
body complexes have broken down [28].

Statistical analysis

Statistical processing was performed using the SPSS 22.0 
and R Core Team for Windows programs. The descriptive 
study of the subjects’ quantitative variables was conducted 
using point estimation, processing the variables as means 
and standard deviations or medians and ranges depending 
on the distribution of each. Continuous variables with nor-
mal distribution were analysed using Student’s t test and 
not-normally distributed variables with the Kruskal–Wal-
lis method or the Mann–Whitney U test. Categorical vari-
ables were analysed using Chi-square and with the Fisher’s 
exact test when necessary. Associations between continuous 
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variables were computed using Spearman Rank Correla-
tion. The changes were considered significant when the 
probability associated with the comparison was < 0.05. A 
receiver operating characteristic (ROC) curve was calculated 
to obtain a cut-off value for trough adalimumab levels that 
would discriminate responder patients (BASDAI < 4 and 
ASDAS < 2.1). Linear multivariate models were created, 
using ASDAS-CRP, ASDAS-ESR and BASDAI as depend-
ent variables. The normality of the variable was tested using 
the Shapiro–Wilk test. The Breusch–Pagan test was used 
for the homoscedasticity analysis. The possible correlation 
between the residues was analysed with the Durbin–Watson 
statistic.

Results

Baseline characteristics

Up to January 2016, 51 consecutive patients were included 
from a total of 60 screened patients. Two patients were 
excluded because they did not meet the diagnostic criteria, 
and another seven patients were excluded because clinical 
activity data were not available on the date when the lev-
els were taken. The patients’ baseline characteristics are 
summarised in Table 1. The median (range) age was 46.6 
(18–68) and 47.1% were women. HLAB27 was positive in 

42 patients (82.4%) and 25 patients (52.1%) had objective 
signs of sacroiliitis on X-ray. The median disease duration 
was 71 months (2–408) and the median duration of treatment 
with adalimumab was 9.8 months (1–69). Adalimumab was 
the first biological agent received in 36 patients (70.6%). 
Eleven patients (21.6%) were on concomitant treatment 
with DMARDs, mainly methotrexate (MTX) (15.7%) 
and sulfasalazine (5.9%). MTX doses varied from 10 to 
25 mg per week, and median MTX dose was 20 mg. The 
median (range) BASDAI, ASDAS-CRP and ASDAS-ESR 
scores were 4.2 (0–9.6), 2.0 (0.1–4.3) and 2.3 (0.6–3.9), 
respectively.

Adalimumab and ADA levels and disease activity

The median adalimumab level was 7.9 mg/l (0.0–24.0). 
Therapeutic adalimumab levels (> 3 mg/l) were detected in 
36 patients (70.6%), with ADA not being detected in any 
of these patients. Positive ADA levels (> 3.5 UA/ml) were 
detected in 14 patients (27.45%), all of whom had subthera-
peutic serum adalimumab levels (< 3 mg/l), with a median 
adalimumab level of 0.024 mg/l (0.0–1.5). In one patient, 
neither the drug nor ADA was detected, despite performing 
acid dissociation. Since sample collection failure or detec-
tion method error is very unlikely, this finding was attributed 
to a lack of adherence to treatment.

Table 1   Demographic 
characteristics and activity 
scores by ADA presence

All data shown are median (range), otherwise specified
ADA anti-drug antibody, Anti-TNF anti-tumour necrosis factor, ASDAS Ankylosing Spondylitis Disease 
Activity Score, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI Bath Ankylosing 
Spondylitis Functional Index, BMI body mass index, CRP C-reactive protein, DMARD disease-modifying 
antirheumatic drug, ESR erythrocyte sedimentation rate, PGA patient global assessment of disease activity
*p < 0.05, **p < 0.01, ***p < 0.001

All ADA-negative ADA-positive

n (%) 51 (100) 37 (72.6) 14 (27.4)
Age (years) 46.6 (18.5–68.5) 44.1 (18.5–68.5) 51.9 (25.9–67.9)*
Women [n (%)] 24 (47.1) 16 (43.2) 8 (57.1)
BMI 27.5 (18.8–36.1) 26.9 (18.8–33.6) 29.0 (23.1–36.1)*
Disease duration (months) 71.2 (2.3–408.4) 52.9 (2.3–338.2) 242.2 (10.9–408.4)**
HLAB27 + [n (%)] 42 (82.4) 31 (83.8) 11 (78.6)
X-ray sacroiliitis [n (%)] 25 (52.1) 8 (57.1) 17 (50.0)
BASFI 4.6 (0–8.7) 2.4 (0–8) 6.2 (2.4–8.7)***
BASDAI 4.2 (0–9.6) 2.6 (0–9.6) 5.9 (4–7.5)***
ASDAS-CRP 2.0 (0.1–4.3) 1.8 (0.1–4.3) 3.2 (2.0–4.3)***
ASDAS-ESR 2.3 (0.6–3.9) 1.7 (0.6–3.9) 2.8 (2.6–3.8)***
CRP (mg/l) 2.0 (0.1–30.0) 1.0 (0.1–6.0) 4.7 (2.0–30.0)***
ESR (mm/h) 5 (2–76) 4 (2–42) 13.5 (2–76)**
PGA 4.0 (0–10) 3 (0–10) 5 (3–8)**
Previous anti-TNF [n (%)] 15 (29.4) 11 (29.7) 4 (28.6)
Time on adalimumab (months) 9.8 (3.0–69.1) 9.4 (3.0–69.1) 11.9 (3.0–20.1)
Concomitant DMARD [n (%)] 11 (21.6) 11 (29.7) 0 (0)*
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Significantly higher disease activity scores were observed 
among patients with ADA (e.g., BASDAI, ASDAS-CRP, 
ASDAS-ESR, PGA, ESR and CRP) (Table 1). In addition, 
these ADA positive patients were older and had a higher 
BASFI, BMI and longer disease duration. No differences 
were observed in regard to gender, HLAB27 presence, X-ray 
sacroiliitis, or previous use of anti-TNF agents. Concomi-
tant use of DMARDs was associated with an absence of 
ADA, and it was notable that no patient with positive ADA 
was using DMARDs at the time of measurement (p < 0.05) 
(Table 1). Moreover, DMARDs use was associated with 
inactive disease/low disease activity, assessed with BAS-
DAI, but not with ASDAS (Table 2). Likewise, patients clas-
sified as inactive disease/low activity (ASDAS-CRP < 2.1, 
ASDAS-ESR < 2.1 and BASDAI < 4) had higher median 
adalimumab levels (mg/l) compared to those with moderate/
high activity: 9.3 vs 0.3, 9.9 vs 3.0 and 9.5 vs 2.6, respec-
tively (Table 2; Fig. 1). In addition, these inactive disease/
low disease activity patients had lower ADA levels, lower 
BASFI scores and lower BMI (Table 2). No differences were 
observed in age and the duration of treatment with adali-
mumab. The prevalence of ADA was lower in patients with 
inactive disease/low disease activity, assessed with ASDAS-
CRP, ASDAS-ESR and BASDAI (Table 2). The inverse cor-
relation between adalimumab and clinical activity according 
to the ASDAS-CRP, ASDAS-ESR and BASDAI indices was 
also observed in the multivariate model after adjusting for 
age, gender, BMI, concomitant use of DMARDs and previ-
ous use of anti-TNF agents.

The adalimumab level cut-offs and area under the curve 
(AUC) obtained in the ROC curves were 4.6 mg/l (AUC 
81.2%; 95% CI 67.5–94.9), 7.7 mg/l (AUC 82.4%; 95% CI 

69.3–95.5) and 6.4 mg/l (AUC 73.5%; 95% CI 58.6–88.3) 
for ASDAS-CRP, ASDAS-ESR and BASDAI, respectively 
(Table 3). Sensitivity and specificity of each cut-off point 
are detailed in Table 3.

Discussion

In this study, the prevalence of ADA in axial SpA patients 
on treatment with adalimumab is 27.5%. In previous studies, 
the reported ADA against adalimumab varies greatly from 
13 to 58% [5, 10, 13, 14, 16, 29]. Significantly, our patients 
with ADA had lower serum adalimumab levels, and higher 
BASDAI, BASFI, ASDAS-CRP and ASDAS-ESR scores, 
and PGA, ESR and CRP levels. These results are similar 
to studies published by other authors [5, 10, 13, 14, 29]. de 
Vries et al. obtained 31% ADA using ELISA in 35 patients 
with ankylosing spondylitis (AS), and ADA were associated 
with a worse clinical response [5]. In the study by Arends 
et al., in 20 AS patients, an ADA rate of 30% was obtained 
using a radioimmunoassay, and ADA were correlated with 
lower serum adalimumab levels and increased clinical activ-
ity [10]. In the study by Paramarta et al., also using a radio-
immunoassay, ADA were detected in 23% of 26 patients 
with peripheral SpA treated with adalimumab [16], but they 
found no relationship between ADA and clinical response 
or DMARDs use. One of the reasons for this result could be 
the limited number of patients. Using ELISA, Kneepkens 
et al. found ADA in 27% of 115 AS patients, and ADA were 
correlated with lower adalimumab levels and increased clini-
cal activity [13]. The patients came from two cohorts in the 
Netherlands and Taiwan, and a higher ADA rate was found 

Table 2   Demographic variables and drug level by disease activity assessed by ASDAS-CRP, ASDAS-ESR and BASDAI

All data shown are median (range), otherwise specified
ADA anti-drug antibody, ASDAS Ankylosing Spondylitis Disease Activity Score, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, 
BASFI Bath Ankylosing Spondylitis Functional Index, BMI body mass index, CRP C-reactive protein, DMARD disease-modifying antirheumatic 
drug, ESR erythrocyte sedimentation rate
**p < 0.01, ***p < 0.001 vs ASDAS-CRP < 2.1; †p < 0.05, ††p < 0.01, †††p < 0.001 vs ASDAS-ESR < 2.1; §p < 0.05, §§p < 0.01, §§§p < 0.001 vs 
BASDAI < 4

ASDAS-CRP < 2.1 
(n = 25)

ASDAS-CRP ≥ 
2.1 (n = 21)

ASDAS-ESR < 2.1 
(n = 19)

ASDAS-ESR 
≥ 2.1 (n = 26)

BASDAI < 4 
(n = 20)

BASDAI ≥ 4 
(n = 30)

Age (years) 41.9 (18.5–68.5) 49.7 (22.0–67.9) 40.8 (18.5–62.1) 50.7 (22.0–68.5)† 40.8 (18.5–62.1) 49.2 (22.0–67.9)
BASFI 2.1 (0.0–8.7) 6.2 (3.8–8.0)*** 1.2 (0.0–4.5) 6.1 (3.1–8.7)††† 1.2 (0.0–6.0) 6.0 (2.4–8.7)§§§

BMI 26.3 (18.8–31.2) 28.7 (19.2–36.1)** 25.5 (18.8–30.4) 28.4 (19.2–36.1)†† 26.0 (18.8–31.2) 28.2 (19.2–36.1)§

Time on adali-
mumab (months)

10.0 (1.4–65.9) 9.3 (1.5–69.1) 12.6 (1.4–66.5) 9.4 (1.5–44.1) 7.2 (1.0–65.9) 11.1 (1.5–69.1)

Adalimumab level 
(mg/l)

9.3 (0.0–24.0) 0.3 (0.0–14.0)*** 9.9 (3.8–19.0) 3.0 (0.0–24.0)††† 9.5 (3.8–19.0) 2.6 (0.0–14.3)§§

ADA (mg/l) 3.5 (0.0–140.0) 35.0 (0.0–2000)*** 3.5 (0.0–3.5) 3.5 (0.0–2000.0)†† 3.5 (0.0–3.5) 3.5 (0.0–2000.0)§§

ADA [n (%)] 1 (4.0) 11 (52.4)*** 0(0.0) 12 (46.2)†† 0 (0.0) 14 (46.7)§§§

DMARD [n (%)] 8 (32.0) 3 (14.2) 6 (31.5) 4 (15.3) 7 (35.0) 3 (10.0)§
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in the Taiwanese patients, at 40% vs 22% (p = 0.06), who 
had more severe disease and longer disease duration. The 
study by Cludts et al. is a prospective trial that used electro-
chemiluminescence in 21 AS patients, 58% of whom devel-
oped ADA. Lower adalimumab levels were found in these 
patients, but no differences were found in BASDAI scores 
at either 12 or 24 weeks. However, there was a negative 
correlation between adalimumab levels and BASDAI score 
(r = − 0.27; p = 0.032) [14]. Finally, using ELISA, Bornstein 
et al. found ADA in 13% of 16 patients with axial SpA and 
correlated this with a worse clinical response [29].

Certain factors can influence serum adalimumab lev-
els and the development of ADA, especially concomitant 
DMARDs use and BMI. In our study, 21.6% of patients 
received DMARDs, primarily MTX (15.7%), and none 
of these patients developed ADA. This correlation has 

previously been reported in RA studies [30–32], but sel-
dom in axial SpA studies, since their concomitant use is less 
common. In the study by Plasencia et al. in 94 SpA patients 
treated with infliximab, development of ADA was more 
common in patients not receiving concomitant MTX (34% 
vs 11%; p = 0.011) [33]. Patients with non-radiographic 
SpA could had less clinical activity than AS patients. In 
our patients, we found a 52.1% prevalence of objective sac-
roiliitis signs on X-ray, with no differences regarding ADA 
presence (Table 1). For this reason, X-ray sacroiliitis does 
not seem to be a bias in our study.

In our patients, the presence of ADA was associated 
with higher BMI, and the high clinical activity patients, as 
measured with both the ASDAS and BASDAI scores, had 
higher BMI (Tables 1 and 2). Other studies have analysed 
the relationship between BMI and poorer clinical response 

Fig. 1   Drug level by disease activity and ROC curves. ASDAS Anky-
losing Spondylitis Disease Activity Score, BASDAI Bath Ankylos-
ing Spondylitis Disease Activity Index, CRP C-reactive protein, 
ESR erythrocyte sedimentation rate. a Adalimumab level (mg/dl) 
by ASDAS-CRP < 2.1. b Adalimumab level (mg/dl) by ASDAS-

ESR < 2.1. c Adalimumab level (mg/dl) by BASDAI < 4. d ROC 
curve of adalimumab level by ASDAS-CRP < 2.1. e ROC curve 
of adalimumab level by ASDAS-ESR < 2.1. f ROC curve of adali-
mumab level by BASDAI < 4

Table 3   Cut-off points and 
AUC of ROC curves for drug 
level vs activity

ASDAS Ankylosing Spondylitis Disease Activity Score, AUC​ area under the curve, BASDAI Bath Ankylos-
ing Spondylitis Disease Activity Index, CRP C-reactive protein, ESR erythrocyte sedimentation rate
**p < 0.1, ***p < 0.001

Cut-off point 
(mg/l)

Sensitivity (%) Specificity (%) AUC (%) 95% CI

ASDAS-CRP < 2.1 4.6 92.0 66.7 81.2 67.5–94.9***
ASDAS-ESR < 2.1 7.7 89.5 73.1 82.4 69.3–95.5***
BASDAI < 4 6.4 83.3 65.4 73.5 58.6–88.3**
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in AS or SpA treated with anti-TNF agents. In a previous 
study in AS patients, BMI > 30 kg/m2 was associated with 
lower adalimumab levels and greater clinical activity as 
measured by ASDAS and BASDAI, but not with the pres-
ence of ADA [34]. In the study by Ottaviani et al., of 155 
AS patients treated with IFX, at 6 months the patients with 
the highest BMIs presented the worst BASDAI-50 response 
[35]. In the study by Simone et al., of 153 patients with AS 
treated with anti-TNF agents, the female gender and BMI 
were associated with a lower probability of clinical efficacy 
(OR 40; 95% CI 4.2–333.3) [36]. In the study by Gremese 
et al., of 170 patients with AS treated with IFX, adalimumab 
or etanercept, those with a high BMI achieved a worse clini-
cal response, and the best predictive factor of lack of BAS-
DAI-50 response at 12 months was a BMI > 30 kg/m2 (OR 
3.57; 95% CI 1.15–11.11) [37]. Some authors attribute these 
findings to adalimumab under-dosing in these patients [38], 
while another explanation could be an increase in the pro-
duction of proinflammatory adipokines by fatty tissue [39].

It is relevant to the clinician to know the serum drug level 
at which adequate disease control is achieved. This question 
can be answered using ROC curves and obtaining the opti-
mum serum drug level cut-off point to discriminate patients 
with low or moderate activity vs high activity. In our study, 
we obtained different cut-off points depending on the index 
used: 4.6 mg/l, 7.7 mg/l and 6.4 mg/l for ASDAS-CRP, 
ASDAS-ESR and BASDAI, respectively. To our knowl-
edge, this is the first study to investigate this serum adali-
mumab level cut-off point in SpA patients. In RA patients, 
using ELISA, a serum adalimumab level cut-off point of 
> 4.3 mg/l was optimum to differentiate responders with 
a DAS28-ESR < 3.2 [31]. Other studies have investigated 
the serum adalimumab level that predicts persistent clinical 
remission after dose reduction in RA. Chen et al. obtain a 
serum adalimumab cut-off point of > 6.4 mg/l using DAS28-
ESR [40], while Bouman et  al. obtain > 7.8 mg/l using 
DAS28-CRP [41]. In Crohn’s disease, other studies have 
investigated the serum adalimumab level cut-off point that 
best predicts clinical remission, with levels of > 5.85 mg/l 
reported by Mazor et al. [42] and > 5.0 mg/l by Nakase et al. 
[43] The ELISA technique was used in all of these studies. 
Another study, using the liquid-phase mobility shift assay 
technique, found a cut-off point of > 8.14 mg/l to distinguish 
patients with Crohn’s disease in whom mucosal lesions had 
disappeared on the ileocolonoscopy [44]. Lastly, in patients 
with psoriasis, a serum adalimumab level > 7.84 mg/l, using 
ELISA, was the optimum to discriminate patients with PASI 
scores ≥ 75 [45].

This variability could exist for a number of reasons. 
First, the activity indices include different parameters. 
In the case of the BASDAI, they are completely subjec-
tive, while the ASDAS and DAS28 include objective 
analytical parameters. In addition, the threshold used to 

classify patients as responders determines a lower adali-
mumab level cut-off point on ROC curves. In our study, 
we chose the ASDAS threshold of < 2.1, classified as 
moderate activity, rather than < 1.3, classified as inac-
tive disease, considering the latter to be too stringent. 
This choice raised the number of patients classified as 
responders, leading to a lower cut-off point on the ROC 
curves. Finally, it is likely that patients with SpA may need 
higher adalimumab levels to achieve an adequate clinical 
response, compared to patients with RA, since the major-
ity of RA patients use DMARDs concomitantly.

One of the limitations of our study is its sample size. 
Although all patients who met the criteria were included 
consecutively, the estimated sample size was not reached. 
Nevertheless, a post-hoc analysis showed a power > 90% 
to find differences in adalimumab serum levels by disease 
activity. On the other hand, this was a cross-sectional study 
and causal relationships cannot be directly established. Other 
limitation of our study could be the presence of confounding 
factors as concomitant nonsteroidal anti-inflammatory drug 
(NSAID) intake or concurrence of other causes of pain, such 
as osteoarthritis, since both can influence the measure of 
SpA activity. Unfortunately, no data were collected about it.

We recognise the difficulty of measuring drug levels in 
routine clinical practice but knowing it may help us to detect 
non-responder patients, as well as to avoid dose reduction 
in patients with low drug levels. Additionally, it could help 
us to detect non-adherent patients, when neither the drug 
nor ADA was found, despite performing acid dissociation.

To conclude, in our study we found ADA in 27.5% of 
SpA patients treated with adalimumab, which is associated 
with lower serum adalimumab levels and greater clinical 
activity based on the BASDAI and ASDAS indices. Con-
comitant treatment with MTX reduces the likelihood of find-
ing ADA. The adalimumab serum cut-off point to achieve 
optimum disease control according to the ASDAS-CRP 
index was 4.6 mg/l.
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