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Noémie Jourde-Chiche33 and Nathalie Costedoat-Chalumeau13,34,35*

Abstract

Background: Hydroxychloroquine (HCQ) levels can be measured in both serum and whole blood. No cut-off point for non-
adherence has been established in serum nor have these methods ever been compared. The aims of this study were to compare
these two approaches and determine if serum HCQ cut-off points can be established to identify non-adherent patients.

Methods: HCQ levels were measured in serum and whole blood from 573 patients with systemic lupus erythematosus
(SLE). The risk factors for active SLE (SLEDAI score > 4) were identified by multiple logistic regression. Serum HCQ levels
were measured in 68 additional patients known to be non-adherent, i.e. with whole-blood HCQ < 200 ng/mL.

Results: The mean (± SD) HCQ levels were 469 ± 223 ng/mL in serum and 916 ± 449 ng/mL in whole blood. The mean
ratio of serum/whole-blood HCQ levels was 0.53 ± 0.15. In the multivariate analysis, low whole-blood HCQ levels (P= 0.023),
but not serum HCQ levels, were independently associated with active SLE.
From the mean serum/whole-blood level ratio, a serum HCQ level of 106 ng/mL was extrapolated as the corresponding cut-
off to identify non-adherent patients with a sensitivity of 0.87 (95% CI 0.76–0.94) and specificity of 0.89 (95% CI 0.72–0.98).
All serum HCQ levels of patients with whole-blood HCQ below the detectable level (< 20 ng/mL) were also
undetectable (< 20 ng/mL).
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Conclusions: These data suggest that whole blood is better than serum for assessing the pharmacokinetic/
pharmacodynamic relation of HCQ. Our results support the use of serum HCQ levels to assess non-adherence when
whole blood is unavailable.
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Key points

� The mean ratio of serum/whole-blood levels of
HCQ was 0.53 ± 0.15.

� Whole blood appears to be better than serum for
assessing the PK/PD relation of HCQ.

� Serum HCQ levels can be also used to assess non-
adherence.

Introduction
Hydroxychloroquine (HCQ) is widely used in systemic
lupus erythematosus (SLE) because of its efficacy in pre-
venting SLE flares, diabetes mellitus, thrombotic events,
dyslipidaemia, and overall damage accrual in SLE patients
[1, 2]. It may therefore improve survival in SLE [3].
Over the past decade, the ease of whole-blood HCQ

assays in hospital laboratories has contributed to the in-
creased use of whole-blood HCQ monitoring in daily
clinical practice. Studies have reported relations between
the whole-blood HCQ level and clinical outcomes, in-
cluding but not limited to flare onset and gastrointes-
tinal side effects [4–11]. Although the large French
multicentre randomised prospective PLUS study failed
to demonstrate the benefit of whole-blood HCQ moni-
toring for adjustment of daily HCQ dosage [8], it con-
firmed the pharmacokinetic/pharmacodynamic (PK/PD)
relation. Even if most PK/PD studies have been per-
formed in whole blood, others have reported interesting
results in serum [12] and thus created some uncertainty
about which biological matrix is most suitable for moni-
toring HCQ levels in the bloodstream. As far as we
know, no study has compared the interest of serum and
whole-blood HCQ levels in this setting.
Perhaps more importantly, several studies have shown

the interest of measuring HCQ levels for identifying
non-adherent patients [5, 6, 11, 12–18]. In the first study
published in 2007, we retrospectively validated the cut-
off of HCQ < 200 ng/mL in whole blood to identify se-
vere non-adherence to treatment [15]. Since then, others
have proposed thresholds of 500 ng/mL [4], 100 ng/mL
[16, 17, 19], 15 ng/mL [11], and undetectable whole-
blood HCQ levels, while others have used our cut-off of
200 ng/mL [6]. Still, others have used serum levels with
cut-offs of 100 ng/mL [18] or < 15 ng/mL to define non-
adherence (or even 15 to 500 for suboptimal adherence).
[12] Apart from our first study, no cut-off points have

been validated in patients, and serum and whole-blood
levels have not been compared. Because of the strong
interest in retrospectively assessing severe non-
adherence in both clinical trials and large cohort of pa-
tients, and as frozen serum samples are more widely
available than frozen whole-blood samples, a cut-off
point to identify non-adherence in serum would be very
welcome.
Finally, HCQ shows wide interindividual variability in

its pharmacokinetics. Different factors, such as body
mass index (BMI), are known to contribute to this vari-
ability [20], and identifying the optimal dose remains a
challenge. The starting daily dose of HCQ is usually
based on total body weight (TBW). Given the increasing
worldwide prevalence of obesity [21], it is essential to
identify the best size descriptor to calculate the most ap-
propriate starting dose of HCQ. Alternate weight de-
scriptors, such as ideal body weight (IBW, based on
height, gender, and age) and lean body mass (LBM, cal-
culated by subtracting body fat weight from total body
weight), are used for some drugs with weight-base dos-
ing to prevent drug overexposure [22]. Additionally, in
the past, the use of IBW for HCQ dosing has been sug-
gested to prevent retinopathy [23, 24]. No data are avail-
able regarding the respective relations of TBW, LBM,
and IBW to HCQ levels.
The aims of this study were (a) to compare the suit-

ability of serum with that of whole blood for monitoring
HCQ, (b) to assess whether a serum HCQ cut-off can be
determined to identify severely non-adherent patients,
and (c) to investigate the relation between whole-blood
HCQ in SLE patients and different weight descriptors,
such as TBW, LBM, and IBW.

Methods
Patients
All patients had SLE according to the American College
of Rheumatology (ACR) Classification Criteria [25] and all
had been prescribed HCQ (200 or 400mg/day) for at least
6months, without dose modification for 2months. Three
sets of patient data were used. First, we used available
serum (n = 553) from the PLUS Study (Plaquenil LUpus
Systemic: PLUS study, ClinicalTrials.gov number,
NCT0041336) [9], a French randomised, double-blinded,
placebo-controlled, multicentre trial that evaluated the
interest of adapting the daily HCQ dose to blood HCQ
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levels in 573 SLE patients. Known non-adherence to HCQ
treatment was an exclusion criterion in the PLUS study,
as were severe flares. Accordingly, we used serum and
whole blood from 20 additional patients included in a bio-
bank of SLE patients with renal flares (DC-2012-1704, La-
boratory of Immunology and Department of Nephrology,
Hôpital de la Conception, AP-HM, Marseille). Third, since
the exclusion of known non-adherent patients from the
PLUS study meant that it included few patients with
whole-blood HCQ levels < 200 ng/mL (n = 34), we ana-
lysed serum (remaining in the immunology laboratory)
from 34 non-adherent patients (whole-blood HCQ levels
< 200 ng/mL) followed in daily clinical practice at Cochin
hospital. Figure 1 presents the study flow chart.

Ethic statement
The PLUS Study was in compliance with the Declaration
of Helsinki and approved by the local medical ethical
board. All patients included in the PLUS Study or in the
biobank (DC-2012-1704) of SLE patients had provided
written informed consent. According to French regula-
tions, written informed consent was not required for
blood samples collected in the 33 patients followed in
daily clinical practice.

Data
Laboratory data including haematological (leucocytes,
neutrophils, lymphocytes, platelets, and haemoglobin)
and immune (plasma protein levels of complement com-
ponents C4 and C3, anti-DNA antibodies) parameters
were recorded. Creatinine clearance was estimated with
the Cockroft-Gault formula. IBW was calculated as pre-
viously reported [26], and LBM was expressed in kg
according to Janmahasatian’s equation [27]: LBMfemale =
(9270 × TBW)/(8780 + (244 × BMI)); LBMmale = (9270 ×
TBW)/(6680 + (216 × BMI)).

Drug assay
Serum drug levels were always analysed from samples
collected simultaneously with those for whole-blood
HCQ and DCQ (desethylchloroquine) measurement.
After centrifugation (4000 rpm, 5 min), serum was col-
lected, and then stored at − 20 °C until analysis. All de-
terminations of HCQ and DCQ levels in serum were
performed in the laboratory of Cochin Hospital. The
method used was adapted from a previously published
method [28]. The intraday and interday precision of
HCQ and DCQ assays in serum ranged from 4.3 to

Fig. 1 Study flow chart
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10.3%. The lower limit of quantification in serum was
20 ng/mL for both HCQ and DCQ.
Measurements of whole-blood HCQ and DCQ levels

were already available from the PLUS study (pharmaco-
logical laboratory, Centre Hospitalier Universitaire Pitié-
Salpêtrière). For the additional patients, whole-blood
HCQ and DCQ levels were assayed at Cochin Hospital.
Both laboratories use two analytical methods with dem-
onstrated interchangeability [28]. The lower limit of
quantification in whole blood was 20 ng/mL for both
HCQ and DCQ. Finally, the composite level was defined
as the sum of the HCQ and DCQ levels.

Statistical analysis
For descriptive statistics, qualitative variables were
expressed as numbers with percentages and quantitative
variables as means ± their standard deviations. Correla-
tions between HCQ, DCQ, and composite levels in
serum and whole blood were assessed with Spearman’s
correlation coefficient. The univariate analysis of risk
factors for active SLE (defined as SELENA-SLEDAI
score > 4) used the two-sample Wilcoxon test for quan-
titative variables and the chi-square test for qualitative
variables. The following variables were tested: sex, age,
active smoking, treatment by corticosteroids and by im-
munosuppressants, drug levels (HCQ, DCQ) in both
serum and whole blood, BMI, haemoglobin, platelets,
leucocytes, lymphocytes, and neutrophils. Variables with
P values < 0.10 were entered into a multivariate stepwise
logistic regression analysis, and the final model included
the variables with Wald test P values < 0.05. All tests
were two-tailed, with P significant at < 0.05, and 95%
confidence intervals (95% CI) are reported where appro-
priate. All computations were performed with software
SPSS 17 (IBM, France).

Results
Pharmacokinetic data
The PK/PD study analysed data from 553 patients included
in the PLUS study with available serum HCQ measurements
and the 20 patients with renal flares, for a total of 573 SLE
patients (Table 1). The HCQ, DCQ, and composite levels in
serum were respectively 469 ± 223 ng/mL (CV= 47.6%),
63 ± 31 ng/mL (CV= 50.2%), and 532 ± 249 ng/mL (CV=
46.8%), and in whole blood 916 ± 449 ng/mL (coefficient of
variation, CV= 49.1%), 116 ± 55 ng/mL (CV= 48.0%), and
1032 ± 493 ng/mL (CV= 47.8%) (Fig. 2). The mean ratio of
serum to whole-blood levels for HCQ and DCQ were 0.53 ±
0.15 (CV= 28.9%) and 0.57 ± 0.21 (CV= 37.0%), respectively.
A strong positive correlation was found between serum to
whole-blood levels of HCQ (rho = 0.837 [95% CI 0.810–
0.860], P < 0.0001), of DCQ (rho = 0.771 [95% CI 0.736–
0.802], P < 0.0001), and to the composite level of both (rho =
0.839 95% CI 0.814–0.862], P < 0.0001; Fig. 3).

PK/PD relation
In the univariate analysis (Table 2), the SLEDAI score > 4
was associated with treatment by corticosteroids (P = 0.001)
and by immunosuppressants (P = 0.003), as well as the
serum HCQ level (P = 0.008), the whole-blood HCQ level
(P = 0.001), haemoglobin level (P < 0.001), and leucocyte
count (P = 0.036). In the multivariate analysis, treatment by
corticosteroids (P = 0.044) and by immunosuppressants
(P = 0.027) as well as low whole-blood HCQ levels (P =
0.023) and haemoglobin (P = 0.009) were identified as inde-
pendently associated with active SLE, but the association
with serum HCQ levels disappeared.

Comparison of serum and whole-blood HCQ levels in
non-adherent patients
Given that the mean ratio of serum/whole-blood HCQ
levels was 0.53 in our PK/PD cohort, we calculated by
extrapolation that serum HCQ cut-offs of 106 and 53
ng/mL would correspond to 200 and 100 ng/mL of
HCQ in whole blood, respectively. After adding 34 pa-
tients with whole-blood HCQ levels below 200 ng/mL,
we had a total of 68 serum samples from patients with
severe non-adherence defined by whole-blood HCQ
levels < 200 ng/mL. To explore false positives with a
serum HCQ cut-off of 106 ng/mL, we used the whole-
blood samples with values between 200 and 300 ng/mL
(n = 25) from our PK/PD cohort.
With a serum HCQ cut-off of 106 ng/mL, 59 of the 68

patients with whole-blood HCQ levels below 200 ng/mL
(87%) would also have been considered non-adherent ac-
cording to their serum levels (Fig. 4). Of the 25 patients
with whole-blood HCQ levels between 200 and 300 ng/
mL, only 3 patients (12%) had a serum HCQ level below
106 ng/mL. These results yield a sensitivity of 0.87 (95%
CI 0.76–0.94) and a specificity of 0.89 (95% CI 0.72–
0.98). The positive and negative predictive values of
serum HCQ < 106 ng/mL for detecting non-adherence
defined by whole-blood HCQ < 200 ng/mL were 0.95
(95% CI 0.87–0.99) and 0.74 (95% CI 0.56–0.87), re-
spectively. Finally, no patient with a whole-blood HCQ
level > 300 ng/mL (n = 511) had a serum HCQ level <
106 ng/mL.
Among the 68 patients with whole-blood HCQ levels

< 200 ng/mL, 37 had levels < 100 ng/mL, an alternative
cut-off for severe non-adherence. With the correspond-
ing serum HCQ cut-off of 53 ng/mL, this alternative def-
inition would have considered 35 of these 37 patients
(95%) non-adherent by their serum level. Of the 31 pa-
tients with whole-blood HCQ levels between 100 and
200 ng/mL, only 3 (10%) had a serum HCQ level < 53
ng/mL, for a sensitivity of 0.95 (95% CI 0.82–0.99) and a
specificity of 0.90 (95% CI 0.74–0.98). The positive and
negative predictive values of a serum HCQ level < 53 ng/
mL for detecting the alternative definition of non-
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Table 1 Clinical and demographic characteristics of the analysis cohort (n = 573)

Covariables

Age at diagnosis (years) 29.3 ± 11.9

Female sex, n (%) 520 (91.3)

Geographical origin, n (%)

Europe 335 (58.5)

Sub-Saharan Africa and West Indies (Antilles) 99 (17.3)

North Africa 82 (14.3)

Asia 49 (8.6)

Other 8 (1.4)

Total body weight (kg) 64.9 ± 14.1

BMI (kg/m2) 24.0 ± 4.8

Lean body mass (kg) 41.5 ± 7.9

Active smoking, n (%) 130 (22.7)

Immunosuppressants, n (%)

Corticosteroids 373 (65.1)

Othera 103 (18.0)

SLEDAI score 2.4 ± 3.2

Clinical manifestations

Photosensitivity 328 (57.2)

Malar rash 276 (48.2)

Discoid lupus 64 (11.2)

Arthritis 506 (88.3)

Oral ulcers 96 (16.8)

Haematological manifestations 354 (61.8)

Serositis 146 (25.5)

Nephropathy 176 (30.7)

Neuropsychiatric manifestations 37 (6.5)

HCQ daily dosing, n (%)

400 mg/day 522 (91.1)

200 mg/day 51 (8.9)

Biological characteristics

Leukocytes (× 109/l) 6.3 ± 2.4

Neutrophils (× 109/l) 4.4 ± 2.2

Lymphocytes (× 109/l) 1. 5 ± 0.7

Platelets (× 109/l) 253 ± 75

Haemoglobin (g/dL) 13.1 ± 1.4

Creatinine clearance (mL/min) 103 ± 32

Mild renal dysfunction†, n (%) 224 (39.1)

Moderate renal dysfunction‡, n (%) 17 (3)

Plasma C3 level (g/L) 1.00 ± 0.23

Plasma C4 level (g/L) 0.019 ± 0.08

BMI body mass index, HCQ hydroxychloroquine, SLEDAI SLE Disease Activity Index
Quantitative variables are expressed as mean ± standard deviation
aOther include azathioprine, cyclophosphamide, methotrexate, and mycophenolate mofetil
†Creatinine clearance between 60 and 90mL/min
‡Creatinine clearance between 30 and 60mL/min
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adherence were 0.92 (95% CI 0.79–0.98) and 0.93 (95%
CI 0.78–0.99), respectively.
Finally, all serum HCQ levels of the 14 patients with

whole-blood HCQ below the detectable levels (20 ng/
mL) were also below the detectable levels for serum
HCQ (20 ng/mL).

Relation between whole-blood HCQ level and weight
descriptor
To have homogeneous data, we restricted our analysis to
the 522 patients treated with 400 mg/day of HCQ (Fig. 1).
An inverse relation was observed between whole-blood
HCQ level and dose per kg of TBW (rho = − 0.214 [95%
CI − 0.294 to − 0.131], P < 0.0001), LBM (rho = − 0.212
[95% CI − 0.293 to − 0.129], P < 0.0001), and IBW (rho =
− 0.111 [95% CI − 0.195 to − 0.026], P = 0.011). In
patients weighing more than 90 kg (n = 33, 6.3%), no
statistical relation was observed with any weight descrip-
tors: TBW (P = 0.18), LBM (P = 0.60), or IBW (P = 0.68).

Discussion
A PK/PD relation for HCQ has been shown in both serum
and whole blood from SLE patients [5–7, 10–12, 17, 18, 20]
but the interest of each approach has never been assessed.
This study shows, as detailed below, that monitoring whole-
blood levels appears more suitable than using serum levels for
assessing the PK/PD relation in daily clinical practice. It also
shows that serum and whole-blood HCQ levels correlate

strongly (and better than for DCQ) and that the mean ratio of
serum/whole-blood levels for HCQ were 0.53 ± 0.15. Add-
itionally, it proposes for the first time serum HCQ cut-off
levels to assess severe non-adherence, based on data from a
large cohort of patients.
Studies addressing the PK/PD relation found that higher

whole-blood HCQ levels were associated with less SLE ac-
tivity and fewer flares [5–12, 29]. Using serum levels, Mok
et al. also reported that SLE patients with serum HCQ
levels > 500 ng/mL tend to have lower mean disease activ-
ity scores and a lower incidence of disease flares [12]. In
agreement with this result, our study shows that patients
with SLEDAI scores < 4 had higher HCQ serum levels
than other patients (P = 0.008). However, in the multivari-
ate analysis, only whole-blood HCQ levels were independ-
ently associated with active SLE (P = 0.023), an indication
that whole-blood HCQ levels are more informative than
the serum level about the PK/PD relation. It has been sug-
gested that whole-blood measurements might be more re-
producible and stable than serum measurements [8, 29].
In general, serum levels are valuable when the drug is not
sequestered in red blood cells. Given that HCQ diffuses
into these cells [30], the handling of samples, for example
centrifugation, could influence HCQ partitioning between
red blood cells and serum and produce misleading serum
HCQ levels and thus a false pharmacological interpret-
ation. The duration and force of centrifugation are known
to significantly influence the levels of HCQ and DCQ in

Fig. 2 Serum and whole-blood levels of hydroxychloroquine (HCQ), desethylchloroquine (DCQ), and composite (HCQ+DCQ) in log scale
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serum [31]. Red blood cell partitioning is also sensitive to
temperature, pH, and blood collection procedures [32]. In
addition, autoimmune haemolytic anaemia, which can
occur in SLE, would probably modify serum HCQ levels
considerably. All of these elements point out the need to
minimise analytical variation by rigorous standardisation
of centrifugation when serum is used for drug monitoring.
Here, we observed substantial interindividual variability in
HCQ and DCQ levels in both serum and whole blood.
The magnitude of this variability was quite similar be-
tween the two biological matrices, probably because of the
rigorous standardisation of centrifugation requested for
the clinical trial. In this context, our study might have
underestimated the interindividual variability in serum
HCQ levels in daily clinical practice.
Since PLUS study failed to demonstrate the benefit of

adapting daily HCQ dose to its whole-blood levels [9], drug
monitoring is mainly recommended today to assess non-
adherence to HCQ treatment in SLE patients [14]. We pre-
viously reported that patients with very low whole-blood

HCQ levels admitted severe non-adherence to the treat-
ment, and we proposed a cut-off of 200 ng/mL that has
proved to be effective in our daily practice since then.
Others have chosen different cut-offs (500, 100, < 15 ng/
mL, or undetectable levels) or have used serum levels [5,
11, 12, 14, 16–19]. As far as we know, the present study is
the first to propose serum HCQ cut-off points correspond-
ing to our cut-off of 200 ng/mL (or 100 ng/mL as an alter-
native definition) to identify non-adherent patients. The
strength of our study is that the ratio of serum/whole-
blood HCQ could be determined from the data of 573 pa-
tients. At a serum HCQ cut-off of 106 ng/mL, the sensitiv-
ity was 0.87 (95% CI 0.76–0.94) and the specificity 0.89
(95% CI 0.72–0.98). HCQ levels undetectable by one
method were also undetectable by the other. Further re-
search to validate the best cut-off point for clinical practice
requires confirmation in a larger cohort of SLE patients.
In this study, the best correlation of HCQ levels with

dose per kg was observed with weight measured as TBW
and LBM. Among patients weighing more than 90 kg,

Fig. 3 Correlation between serum and whole-blood levels of hydroxychloroquine (HCQ), desethylchloroquine (DCQ), and composite (HCQ+DCQ)
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Table 2 Risk factors associated with active systemic lupus erythematosus (n = 573)

Univariate analysis Multivariate analysis

SLEDAI ≤ 4 (n = 492) SLEDAI > 4 (n = 81) P value Odds ratio CI95% P value

Male sex, n (%) 41 (8.3) 9 (11.1) 0.4

Age (years) 29.1 ± 12 29.9 ± 10 0.58

Active smoking, n (%) 108 (22) 22 (27.2) 0.3

Corticosteroids, n (%)* 307 (62.4) 66 (81.5) 0.001 2.033 1.019–4.056 0.044

Immunosuppressants, n (%)* 79 (16.1) 24 (29.6) 0.003 1.999 1.081–3.697 0.027

HCQ whole-blood level (ng/mL) 940.8 ± 448 765.9 ± 426 0.001 0.999 0.997–1.000 0.023

HCQ serum level (ng/mL) 479.9 ± 218 404.9 ± 244 0.008

DCQ whole-blood level (ng/mL) 116.7 ± 54 108.8 ± 59 0.2

DCQ serum level (ng/mL) 63.6 ± 31 56.3 ± 33 0.051

BMI (kg/m2) 23.9 ± 4.7 24.5 ± 5.3 0.64

Haemoglobin (g/dL) 13.2 ± 1.3 12.45 ± 1.4 < 0.001 0.768 0.630–0.937 0.009

Platelets (cells/mm3) 252.5 ± 72.5 254.5 ± 91 0.61

Leukocytes (cells/mm3) 6400 ± 2380 5798 ± 2588 0.036

Lymphocytes (cells/mm3) 1466 ± 705 1348 ± 726 0.13

Neutrophils (cells/mm3) 4412 ± 2195 3966 ± 2488 0.069

BMI body mass index, CI95% confidence interval 95%, DCQ desethylchloroquine, HCQ hydroxychloroquine
*Multi-colinearity between corticosteroids and immunosuppressants was assessed. The VIF coefficient (= 1.071) excludes any colinearity between these
two variables

Fig. 4 Relation between serum and whole-blood level of hydroxychloroquine (HCQ) in SLE patients with whole-blood levels < 300 ng/mL. The
green and violet lines represent the HCQ level cut-off for non-adherence in serum (106 ng/mL) and whole blood (200 ng/mL), respectively. The
orange square represents 14 patients who had both serum and whole-blood HCQ levels below the lower limit of quantification (20 ng/mL). Red
crosses represent severe non-adherent patients with whole-blood HCQ levels between 20 and 200 ng/mL. Blue crosses represent patients with
whole-blood HCQ levels between 200 and 300 ng/mL
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neither the dose per kg of LBM (P = 0.60) nor that of
TBW (P = 0.18) was statistically associated with whole-
blood HCQ. Nonetheless, this result should be interpreted
with caution given the low number of patients (n= 33). LBM
is known to correlate better with the pharmacokinetics of
hydrophilic drugs than TBW does, especially with their vol-
ume of distribution, while TBW is a better parameter for
lipophilic drugs [22]. The lipophilicity of HCQ may explain
in part why the relation between whole-blood HCQ level
and dose per kg of LBM is no better than that of dose per kg
of TBW. Finally, the relation between whole-blood HCQ
and dose per kg of IBW was worse than that with dose per
kg of TBW. A French multicentre prospective study in pa-
tients with cutaneous lupus erythematosus similarly did not
observe a relation between whole-blood HCQ and dose per
kg of IBW. Interestingly, it has been recently shown that
TBW also correlates better with retinal toxicity than IBW,
which suggests that TBW should be used to prevent the on-
set of this ocular toxicity [33]. Taken together, these results
confirm that TBW is more appropriate than IBW for deter-
mining the HCQ dose to be prescribed in SLE patients.
Our study has some limitations. First, it was necessary

to enrich our PLUS cohort to obtain patients with differ-
ent levels of SLE activity (since patients with severe SLE
were not included in the PLUS study) and to have pa-
tients with severe non-adherence. Second, whole-blood
HCQ levels were measured in 2 different laboratories
but we have previously reported that the methods used
by both laboratories are comparable [28]. Third, the
evaluation of sensitivity and specificity of HCQ cut-offs
in serum was based on data from a small cohort of non-
adherent patients (n = 68). We note that our estimates
are conservative: we used only patients with whole-
blood HCQ levels between 200 and 300 ng/mL to calcu-
late the specificity; it would have been much higher had
we used patients with higher levels, since none of them
had serum levels lower than 106 ng/mL.
In conclusion, our data support the use of whole blood

rather than serum as the matrix for drug monitoring of
HCQ levels in SLE patients to assess the PK/PD relation.
However, when whole blood is not available, our results
support the use of serum HCQ to assess non-adherence
with a cut-off of 106 ng/mL, corresponding to 200 ng/
mL and undetectable levels by one method also un-
detectable by the other.
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1186/s13075-020-02291-z.

Additional file 1.

Abbreviations
HCQ: Hydroxychloroquine; SLE: Systemic lupus erythematosus; PK/
PD: Pharmacokinetic/pharmacodynamic; BMI: Body mass index; TBW: Total

body weight; IBW: Ideal body weight; LBM: Lean body mass; ACR: American
College of Rheumatology; DCQ: Desethylchloroquine

Acknowledgements
PLUS Group: Leonardo ASTUDILLO, Cristina BELIZNA, Nadia BELMATOUG,
Olivier BENVENISTE, Audrey BENYAMINE, Holly BEZANAHARY, Patrick
BLANCO, Bahram BODAGHI, Pierre BOURGEOIS, Benoît BRIHAYE, Emmanuel
CHATELUS, Richard DAMADE, Eric DAUGAS, Christian DE GENNES, Jean-
François DELFRAISSY, Céline DELLUC, Aurélien DELLUC, Pierre DUHAUT, Alain
DUPUY, Isabelle DURIEU, Hang Korng EA, Dominique FARGE, Christian
FUNCK-BRENTANO, Frédérique GANDJBAKHCH, Justine GELLEN-DAUTREMER,
Bertrand GODEAU, Cécile GOUJARD, Catherine GRANDPEIX, Claire GRANGE,
Lamiae GRIMALDI, Gaëlle GUETTROT-IMBERT, Loïc GUILLEVIN, Eric HACHULLA,
Jean-Robert HARLE, Julien HAROCHE, Pierre HAUSFATER, Jean JOUQUAN,
Gilles KAPLANSKI, Homa KESHTMAND, Mehdi KHELLAF, Olivier LAMBOTTE,
David LAUNAY, Philippe LECHAT, Hervé LEVESQUE, Olivier LIDOVE, Eric LIO-
ZON, Kim LY, Matthieu MAHEVAS, Kubéraka MARIAMPILLAI, Alexis MATHIAN,
Karin MAZODIER, Marc MICHEL, Nathalie MOREL, Luc MOUTHON, Lucile MUS-
SET, Rokiya NGACK, Jacques NINET, Eric OKSENHENDLER, Jean-Luc PELLEGRI
N, Olivier PEYR, Anne-Marie PIETTE, Vincent POINDRON, Jacques POURRAT,
Fabienne ROUX, David SAADOUN, Sabrinel SAHALI, Bernadette SAINT-MAR-
COUX, Françoise SARROT-REYNAULD, Yoland SCHOINDRE, Damien SENE, Jac-
ques SERRATRICE, Pascal SEVE, Jean SIBILIA, Claude SIMON, Christelle SORDET,
Benjamin TERRIER, Salim TRAD, Jean-François VIALLARD, Elisabeth VIDAL, Ber-
trand WECHSLER, Pierre-Jean WEILLER.

Authors’ contributions
NCC and BB conceived and designed the study. All authors gave substantial
contributions to the acquisition, analysis, or interpretation of data. All authors
were involved in drafting the manuscript or revising it critically for important
intellectual content, and all authors read and approved the final manuscript.

Funding
The PLUS study was funded by a grant from the French PHRC 2005
Ministère de la santé; the “Direction de la Recherche Clinique et du
Développement” provided logistics and administrative support.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The PLUS Study was in compliance with the Declaration of Helsinki and
approved by the local medical ethical board. All patients included in the
PLUS Study or in the biobank (DC-2012-1704) of SLE patients had provided
written informed consent. According to French regulations, written informed
consent was not required for blood samples collected in the 33 patients
followed in daily clinical practice.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details
1AP-HP, Hôpital Cochin, Biologie du médicament – Toxicologie, 27 rue du
Faubourg Saint-Jacques, 75014 Paris, France. 2UMR8038 CNRS, U1268 INSE
RM, Faculty of Pharmacy, University Paris Descartes, PRES Sorbonne Paris Cité,
Paris, France. 3Service de Médecine interne, Hôpital Hédi Chaker, Sfax,
Tunisie. 4Université Paris-Diderot, Sorbonne Paris-Cité, F-75205 Paris, France.
5AP-HP, Hôpital Bichat Claude-Bernard, service de médecine interne, 46 rue
Henri-Huchard, 75018 Paris, France. 6AP-HP, Hôpital Pitié-Salpêtrière,
Département d’immunologie, 47-83 Boulevard de l’Hôpital, 75651 Paris
Cedex 13, France. 7Université Paris Diderot, Sorbonne Paris Cité, Paris, France.
8AP-HP, Hôpital Saint Louis, service d’immunologie clinique, 1 avenue Claude
Vellefaux, 75010 Paris, France. 9Université de Clermont-Ferrand, 63003
Clermont-Ferrand, France. 10CHU Clermont-Ferrand, Hôpital Gabriel
Montpied, service de médecine interne, 58 rue Montalembert, 63003
Clermont-Ferrand cedex1, France. 11UPMC, Université Paris 6, Paris, France.
12AP-HP, Hôpital Tenon, service de dermatologie allergologie, 4 rue de la

Blanchet et al. Arthritis Research & Therapy          (2020) 22:223 Page 9 of 10

https://doi.org/10.1186/s13075-020-02291-z
https://doi.org/10.1186/s13075-020-02291-z


Chine, 75020 Paris, France. 13AP-HP, Hôpital Cochin, Centre de référence
maladies auto-immunes et systémiques rares, service de médecine interne,
27 rue du Faubourg Saint-Jacques, 75014 Paris, France. 14Université de Paris,
F-75205 Paris, France. 15AP-HP, Hôpital Lariboisière, service de rhumatologie,
DMU Locomotion, 2 rue Ambroise Paré, 75010 Paris, France. 16CHU Amiens,
Hôpital Nord, service de médecine interne, Place Victor Pauchet, 80000
Amiens, France. 17AP-HP, Hôpital Henri Mondor, service de médecine interne,
51 avenue du Maréchal de Tassigny, 94000 Créteil, France. 18Centre
Hospitalier Saint Joseph Saint Luc, service de médecine interne, 20 quai
Claude Bernard, 69007 Lyon, France. 19Hospices Civils de Lyon, Groupement
Hospitalier Edouard Herriot, service de médecine interne, 5 place d’Arsonval,
69003 Lyon, France. 20AP-HP, Hôpital Pitié-Salpêtrière, Centre de référence
pour le Lupus Systémique et le syndrome des Antiphospholipides, service de
médecine interne, 47-83 Boulevard de l’Hôpital, 75651 Paris Cedex 13,
France. 21Servie de Médecine Interne, Hôpital Ambroise Paré, Université Paris
Saclay, 9 Avenue Charles de Gaulle, 92104 Boulogne-Billancourt, France.
22Université Paul-Sabatier, Toulouse, France. 23CHU Toulouse, Hôpital Purpan,
Service de Médecine Interne, Place Dr Baylac, F-31059 Toulouse, France.
24Hôpital Foch, Service de médecine interne, 92150 Suresnes, France.
25Sorbonne Université, Hôpital Saint Antoine, APHP, service de médecine
interne, F 75012 Paris, France. 26Hôpitaux Universitaires de Genève, Service
de Médecine interne Générale, Avenue Gabrielle Perret Gentil 4, CH-1211
Geneva, Switzerland. 27AP-HP, Hôpital Pitié-Salpêtrière, Centre de référence
maladies auto-immunes et systémiques rares, service de médecine interne 2,
47-83 Boulevard de l’Hôpital, 75651 Paris Cedex 13, France. 28AP-HP, Hôpital
Pitié-Salpêtrière, service de gériatrie, 47-83 Boulevard de l’Hôpital, 75651 Paris
Cedex 13, France. 29AP-HP, Hôpital Saint Antoine, Service de Rhumatologie,
184 Rue du Faubourg Saint-Antoine, 75012 Paris, France. 30Service de
Rhumatologie, Hôpitaux Universitaires Paris-Sud, AP-HP, Université Paris-Sud,
INSERM UMR 1184, Paris, France. 31AP-HP, Hôpital Cochin, service
d’immunologie biologique, 27 rue du Faubourg Saint-Jacques, 75014 Paris,
France. 32INSERM, UMRS 970, Paris Cardiovascular Research Center, Paris,
France. 33Aix-Marseille Univ, C2VN, INSERM 1263, INRA 1260 ; AP-HM, Centre
de Néphrologie et Transplantation Rénale, Marseille, France. 34Université
Paris-Descartes, Paris, France. 35INSERM U 1153, Center for Epidemiology and
Statistics Sorbonne Paris Cité (CRESS), Paris, France.

Received: 13 February 2020 Accepted: 7 August 2020

References
1. Canadian Hydroxychloroquine Study Group. A randomized study of the

effect of withdrawing hydroxychloroquine sulfate in systemic lupus
erythematosus. N Engl J Med. 1991;324:150–4.

2. Ruiz-Irastorza G, Ramos-Casals M, Brito-Zeron P, Khamashta MA. Clinical
efficacy and side effects of antimalarials in systemic lupus erythematosus: a
systematic review. Ann Rheum Dis. 2010;69:20–8.

3. Costedoat-Chalumeau N, Dunogué B, Morel N, Le Guern V, Guettrot-Imbert
G. Hydroxychloroquine: a multifaceted treatment in lupus. Presse Med.
2014;43:e167–80.

4. Shinjo SK, Bonfá E, Wojdyla D, Borba EF, Ramirez LA, Scherbarth HR, et al. Antimalarial
treatment may have a time-dependent effect on lupus survival: data from a
multinational Latin American inception cohort. Arthritis Rheum. 2010;62:855–62.

5. Geraldino-Pardilla L, Perel-Winkler A, Miceli J, Neville K, Danias G, Nguyen S,
et al. Association between hydroxychloroquine levels and disease activity in
a predominantly Hispanic systemic lupus erythematosus cohort. Lupus.
2019;28(7):862–7.

6. Cunha C, Alexander S, Ashby D, Lee J, Chusney G, Cairns TD, et al.
Hydroxycloroquine blood concentration in lupus nephritis: a determinant of
disease outcome? Nephrol Dial Transplant. 2018;33:1604–10.

7. Costedoat-Chalumeau N, Amoura Z, Hulot J-S, Hammoud HA, Aymard G,
Cacoub P, et al. Low blood concentration of hydroxychloroquine is a
marker for and predictor of disease exacerbations in patients with systemic
lupus erythematosus. Arthritis Rheum. 2006;54:3284–90.

8. Tett SE, Cutler DJ, Beck C, Day RO. Concentration-effect relationship of
hydroxychloroquine in patients with rheumatoid arthritis--a prospective,
dose ranging study. J Rheumatol. 2000;27:1656–60.

9. Costedoat-Chalumeau N, Galicier L, Aumaître O, Francès C, Le Guern V, Lioté
F, et al. Hydroxychloroquine in systemic lupus erythematosus: results of a
French multicentre controlled trial (PLUS Study). Ann Rheum Dis. 2013;72:
1786–92.

10. Lee JY, Luc S, Greenblatt DJ, Kalish R, McAlindon TE. Factors associated with
blood hydroxychloroquine level in lupus patients: renal function could be
important. Lupus. 2013;22:541–2.

11. Durcan L, Clarke WA, Magder LS, Petri M. Hydroxychloroquine blood levels
in systemic lupus erythematosus: clarifying dosing controversies and
improving adherence. J Rheumatol. 2015;42:2092–7.

12. Mok CC, Penn HJ, Chan KL, Tse SM, Langman LJ, Jannetto PJ.
Hydroxychloroquine serum concentrations and flares of systemic lupus
erythematosus: a longitudinal cohort analysis. Arthritis Care Res (Hoboken).
2016;68:1295–302.

13. Francès C, Cosnes A, Duhaut P, Zahr N, Soutou B, Ingen-Housz-Oro S, et al.
Low blood concentration of hydroxychloroquine in patients with refractory
cutaneous lupus erythematosus: a French multicenter prospective study.
Arch Dermatol. 2012;148:479–84.

14. Costedoat-Chalumeau N, Houssiau F, Izmirly P, Le Guern V, Navarra S, Jolly
M, et al. A prospective international study on adherence to treatment in
305 patients with flaring SLE: assessment by drug levels and self-
administered questionnaires. Clin Pharmacol Ther. 2019;106(2):374–82.

15. Costedoat-Chalumeau N, Amoura Z, Hulot J-S, Aymard G, Leroux G, Marra
D, et al. Very low blood hydroxychloroquine concentration as an objective
marker of poor adherence to treatment of systemic lupus erythematosus.
Ann Rheum Dis. 2007;66:821–4.

16. Ting TV, Kudalkar D, Nelson S, Cortina S, Pendl J, Budhani S, et al. Usefulness of
cellular text messaging for improving adherence among adolescents and
young adults with systemic lupus erythematosus. J Rheumatol. 2012;39:174–9.

17. Iudici M, Pantano I, Fasano S, Pierro L, Charlier B, Pingeon M, et al. Health
status and concomitant prescription of immunosuppressants are risk factors
for hydroxychloroquine non-adherence in systemic lupus patients with
prolonged inactive disease. Lupus. 2018;27:265–72.

18. Balevic SJ, Green TP, Clowse MEB, Eudy AM, Schanberg LE, Cohen-
Wolkowiez M. Pharmacokinetics of hydroxychloroquine in pregnancies with
rheumatic diseases. Clin Pharmacokinet. 2019;58:525–33.

19. Yeon Lee J, Lee J, Ki Kwok S, Hyeon Ju J, Su Park K, Park S-H. Factors related
to blood hydroxychloroquine concentration in patients with systemic lupus
erythematosus. Arthritis Care Res (Hoboken). 2017;69:536–42.

20. Jallouli M, Galicier L, Zahr N, Aumaître O, Francès C, Le Guern V, et al.
Determinants of hydroxychloroquine blood concentration variations in
systemic lupus erythematosus. Arthritis Rheumatol. 2015;67:2176–84.

21. Reilly JJ, El-Hamdouchi A, Diouf A, Monyeki A, Somda SA. Determining the
worldwide prevalence of obesity. Lancet. 2018;391:1773–4.

22. Morgan DJ, Bray KM. Lean body mass as a predictor of drug dosage.
Implications for drug therapy. Clin Pharmacokinet. 1994;26:292–307.

23. Bernstein HN. Ocular safety of hydroxychloroquine. Ann Ophthalmol. 1991;23:292–6.
24. Mackenzie AH. Dose refinements in long-term therapy of rheumatoid

arthritis with antimalarials. Am J Med. 1983;75:40–5.
25. Hochberg MC. Updating the American College of Rheumatology revised

criteria for the classification of systemic lupus erythematosus. Arthritis
Rheum. 1997;40:1725.

26. Pai MP, Paloucek FP. The origin of the “ideal” body weight equations. Ann
Pharmacother. 2000;34:1066–9.

27. Janmahasatian S, Duffull SB, Ash S, Ward LC, Byrne NM, Green B.
Quantification of lean bodyweight. Clin Pharmacokinet. 2005;44:1051–65.

28. Qu Y, Noe G, Breaud AR, Vidal M, Clarke WA, Zahr N, et al. Development and
validation of a clinical HPLC method for the quantification of hydroxychloroquine
and its metabolites in whole blood. Future Sci OA. 2015;1:FSO26.

29. Munster T, Gibbs JP, Shen D, Baethge BA, Botstein GR, Caldwell J, et al.
Hydroxychloroquine concentration-response relationships in patients with
rheumatoid arthritis. Arthritis Rheum. 2002;46:1460–9.

30. Mok CC. Therapeutic monitoring of the immuno-modulating drugs in
systemic lupus erythematosus. Expert Rev Clin Immunol. 2017;13:35–41.

31. Rombo L, Ericsson O, Alván G, Lindström B, Gustafsson LL, Sjöqvist F.
Chloroquine and desethylchloroquine in plasma, serum, and whole blood:
problems in assay and handling of samples. Ther Drug Monit. 1985;7:211–5.

32. Highley MS, De Bruijn EA. Erythrocytes and the transport of drugs and
endogenous compounds. Pharm Res. 1996;13:186–95.

33. Melles RB, Marmor MF. The risk of toxic retinopathy in patients on long-
term hydroxychloroquine therapy. JAMA Ophthalmol. 2014;132:1453–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Blanchet et al. Arthritis Research & Therapy          (2020) 22:223 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Key points
	Introduction
	Methods
	Patients
	Ethic statement
	Data
	Drug assay
	Statistical analysis

	Results
	Pharmacokinetic data
	PK/PD relation
	Comparison of serum and whole-blood HCQ levels in non-adherent patients
	Relation between whole-blood HCQ level and weight descriptor

	Discussion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

