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Abstract
Background and Objective Hydroxychloroquine was widely used during the severe acute respiratory syndrome coronavirus 
2 pandemic as an antiviral drug. Most previous pharmacokinetic/pharmacodynamic studies on hydroxychloroquine were 
conducted on healthy volunteers or patients receiving long-term therapy. There are no studies on the elimination of hydroxy-
chloroquine after short-term treatments. Hydroxychloroquine is known to have a pro-arrhythmic effect through QT interval 
prolongation, but data in this setting are not conclusive. Our aims were to estimate the time needed for hydroxychloroquine 
concentrations (CHCQ) to drop to a safe concentration (500 ng/mL) after a short-term therapeutic cycle and to correlate the 
corrected QT interval with CHCQ.
Methods We collected blood samples and electrocardiograms of patients who underwent short-term therapy with hydroxy-
chloroquine during drug intake and after discontinuation. Hydroxychloroquine concentrations were determined by high-
performance liquid chromatography–tandem mass spectrometry and analysed with a linear regression model to estimate 
the elimination time of the drug after its discontinuation. We conducted a multivariate analysis of the corrected QT interval 
correlation with CHCQ.
Results Our data suggest that short-term hydroxychloroquine courses can generate significant CHCQ persisting above 500 ng/
mL up to 16 days after discontinuation of treatment. Corrected QT interval prolongation significantly correlates with CHCQ.
Conclusions The study confirms the long half-life of hydroxychloroquine and its effect on the corrected QT interval even 
after short-term courses of the drug. This can inform the clinician using hydroxychloroquine treatments that it would be 
safer to start or re-initiate treatments with corrected QT interval-prolonging potential 16 days after hydroxychloroquine 
discontinuation.
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1 Introduction

The antimalarial drug hydroxychloroquine (HCQ) is among 
those much-discussed drugs for the treatment and manage-
ment of patients with coronavirus disease 2019 (COVID-
19). The efficacy as well as the dosage of HCQ was highly 
debated during the start of the pandemic, when there were 
no reliable clinical data to endorse any specific therapies 
[1]. Hydroxychloroquine has been considered an ideal drug 
to treat severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection, as it can inhibit the virus through 
its antiviral effects and mitigate the cytokine storm through 
its immunomodulatory effects [2], but subsequent stud-
ies did not confirm its efficacy and its use in COVID-19 
treatment has fallen out of favor [3]. However, this drug is 
also known to potentially cause QTc interval prolongation, 
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Key Points 

Hydroxychloroquine (HCQ) has a long elimination half-
life after drug discontinuation and it has a QT prolonga-
tion effect during long-term treatment courses.

Our study suggests that HCQ whole blood concentration 
could persist above 500 ng/mL up to 16 days after short-
term treatment discontinuation and that HCQ concentra-
tion significantly correlates with corrected QT interval 
prolongation also in short-term treatment courses.

We suggest to start (or re-introduce) QT-prolonging 
drugs 16 days after HCQ short-therapy discontinuation.

safety concentration of 500 ng/mL [22, 23] after a short-term 
therapeutic cycle as those used in COVID-19 treatment. The 
secondary objective was to correlate the QTc with  CHCQ in 
this particular clinical setting.

2  Materials and Methods

2.1  Patients

Patients were recruited for this study in two different set-
tings. Group A comprised 12 patients who had been admit-
ted in March and April 2020 in the wards of Fondazione 
IRCCS Policlinico San Matteo and had at least one CHCQ 
determined during admission.

Group B comprised 91 patients discharged from Fondazi-
one IRCCS Policlinico San Matteo after COVID-19 infec-
tion and enrolled at their first scheduled follow-up visit, 
which allowed us to recover a residual volume of their blood 
(from samples already analysed for other clinical investiga-
tions) to measure CHCQ and obtain registration for an elec-
trocardiogram (ECG).

Of the 91 patients in Group B, one had already a CHCQ 
determined during admission and was already enrolled 
in Group A; of the 12 patients in Group A, two had a 
double CHCQ determination (in 2 different days): the total 
group is therefore represented by 100 patients (65 were 
male, 65%, age 65 ± 13 years) with a total of 103  CHCQ 
determinations.

All patients had been admitted between March 2020 and 
April 2020 in Fondazione IRCCS Policlinico San Matteo for 
COVID-19 infection in internal medicine, pneumology, or 
infectious and tropical disease wards.

2.2  Chemicals and Reagents

A HCQ sulphate standard (≥95% pure) was provided by 
Cayman Chemical Company (Ann Arbor, MI, USA) and 
the internal standard hydroxychloroquine-D4 (HCQ-D4) 
sulphate (98% pure) was obtained from Toronto Research 
Chemicals (Toronto, ON, Canada). Water for liquid chro-
matography–mass spectrometry, ethyl ether and formic acid 
were acquired from Carlo Erba Reagents (Milan, Italy); 
sodium hydroxide pellets (98% pure) and methanol were 
from Merck Life Science (Milan, Italy) and Honeywell 
Research Chemicals (Milan, Italy), respectively.

2.3  Data Collection

Data from every enrolled patient were extracted from 
paper and electronic medical records and anonymised: 
data concerned baseline demographics, pharmacologic 
history especially about drugs administered as COVID-19 

particularly when taken at high doses, for a long period of 
treatment, or in combination with other medications, such as 
azithromycin and lopinavir/ritonavir, [4–15] drugs that have 
been widely used as experimental or off-label treatments in 
the COVID-19 pandemic.

Most previous pharmacokinetic/pharmacodynamic stud-
ies were conducted on healthy volunteers or on patients with 
diseases different from COVID-19 [16–18]: it has been cal-
culated that the HCQ terminal elimination half-life is more 
than 40 days, owing to its sequestration in deep tissue and 
the extremely large volume of distribution, rather than to low 
clearance [19]. Hydroxychloroquine accumulates in blood 
cells, in which its concentrations are much higher and less 
variable than in plasma, suggesting that whole blood is the 
optimal matrix to use for HCQ treatment monitoring [20].

Which HCQ whole blood concentration (CHCQ) could be 
considered safe is a matter of debate; a blood concentration 
of 200 ng/mL is sometimes suggested as a marker of patient 
non-adherence to treatment [21], whereas a CHCQ of 500 
ng/mL was proposed as the minimum effective concentra-
tion that avoids flare-ups in systemic lupus erythematosus 
[22, 23] and is used as a marker of drug adherence [24]. It 
would be useful for clinicians to know when they can con-
sider it safe to start or re-initiate other drugs with an effect 
on the QT interval after a brief HCQ treatment, information 
not already available in the scientific literature to the best 
of our knowledge. We used retrospective and prospective 
data on CHCQ and corrected QT interval (QTc) among the 
patients hospitalised for COVID-19 in Fondazione IRCCS 
Policlinico San Matteo between March and April 2020 to try 
to answer this clinical question.

1.1  Aim

The primary objective of this study was to estimate the mini-
mum interval needed for CHCQ to drop down to a cut-off 
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treatment having a prolonging effect on the QT interval 
(azithromycin, lopinavir/ritonavir, levofloxacin) and HCQ 
dose. Data were available also for other drugs used in acute 
COVID-19 care in that period (low-molecular-weight 
heparin, steroids, tocilizumab, remdesivir, ribavirin, cef-
triaxone, piperacillin/tazobactam, doxycycline) but were 
a priori not used in this analysis, which is centred on QTc 
effects of HCQ treatment. Blood tests, including blood cell 
count, hepatic and kidney function, C-reactive protein and 
ECG registration were obtained at hospitalisation and/or 
at follow-up.

2.4  Blood Samples

We measured CHCQ in whole blood and not in plasma 
because HCQ accumulates in red blood cells, in which its 
concentrations are much higher and less variable than in 
plasma [22]; moreover, whole blood concentration bet-
ter represents the amount of drug accumulated within the 
body’s tissues through time [19, 25]. Hydroxychloroquine 
concentrations were measured during hospitalisation (12 
samples) and/or at the follow-up visit (91 samples).

2.5  Stock and Working Solutions

Hydroxychloroquine and HCQ-D4 stock solutions (10 
mg/mL and 1 mg/mL, in  CH3OH, respectively) were pre-
pared by carefully weighing the corresponding standard 
powders. The working solutions were then obtained by 
serial dilution with methanol (1–0.01 mg/mL for HCQ and 
50 ng/mL for HCQ-D4): calibrators and quality-control 
samples were prepared from different stock solutions, all 
stored at −20 °C: the working solutions were prepared 
fresh daily.

2.6  Sample Preparation

Hydroxychloroquine was detected in whole blood samples 
by a liquid–liquid extraction procedure combined with a 
high-performance liquid chromatography–tandem mass 
spectrometry assay. Three hundred microlitres of  H2O, 
150 μL of internal standard (HCQ-D4, 50 ng/mL), 20 μL 
of each working solution, 180 μL of whole blood (or 200 
μL of patients’ whole blood) and 30 μL of NaOH (10 N) 
were progressively added to well-labelled conical glass tubes 
and extracted with 2 mL of ethyl ether. The mixtures were 
vortex mixed (10 s), shaken (10 min) and then centrifuged 
(10 min), at 4 °C, at 10,400g. Supernatants were removed 
from the top, dried under a gentle flow of nitrogen and then 
reconstituted in 100 μL of  CH3OH:H2O=50:50 (v/v; 0.1% 
HCOOH). Ten microlitres were then directly injected into 
the chromatographic column.

2.7  Instrumentation and Chromatographic 
Conditions

The liquid chromatograph was an Accela high-performance 
liquid chromatography (Thermo Scientific, San Jose, CA, 
USA) system consisting of a quaternary pump, a degasser, 
a thermostatic column oven and an autosampler (kept at 10 
°C). Xcalibur 2.07 and LCquan 2.5.6 software from Thermo 
Scientific were employed for the liquid chromatography-
tandem mass spectrometry system control, data acquisition 
and data analysis. Calibration curves were generated using a 
weighted (1/×) linear regression curve in order to minimise 
the effect of deviation from the slope of the curve at lower 
concentrations. The analyte was separated on a Hypurity 
C18 150 × 4.6 mm (particle size: 5 mm) column, heated 
and maintained at 40 °C, at a flow rate of 700 μL/min. Elu-
tion was carried out in gradient mode, with acidified water 
(A, containing 0.1% HCOOH) and acidified  CH3OH (B; 
containing 0.1% HCOOH), resulting in a total run time of 
7 minutes per sample. A TSQ Quantum Access triple quad-
rupole mass spectrometer with an electrospray ionisation 
source, operating in positive ion mode, was used for the 
tandem mass spectrometry analysis. Quantification was per-
formed using the following transitions: m/z 336.1 > 179.0; 
247.0 and m/z 340.1 > 251.2 for HCQ and HCQ-D4, respec-
tively. Ion spray voltage was set to 3500 V, with a capillary 
temperature of 300 °C. A typical chromatogram, indicating 
also the selected transitions and the collision energies for the 
analyte and ion spray, is reported in Fig. 1.

2.8  Validation Procedure

The developed method was fully validated for selectiv-
ity, lower limit of quantification (LLOQ), linearity, matrix 
effect, carry over, precision (within and between-run), 
accuracy (within and between-run) and stability, accord-
ing to the guidelines for bioanalytical method validation 
defined by the European Medicines Agency (EMEA/CHMP/
EWP/192217/2009 Rev.1). All samples (standards and qual-
ity controls) were prepared in HCQ free human whole blood.

Stability tests were performed for prepared samples only, 
stored in the autosampler at 10 °C for 24 hours. All collected 
samples from patients were analysed within a few hours.

2.9  QTc Measurement

Twelve-lead ECGs were collected from the clinical charts of 
the Group A patients (different electrocardiographs), while 
in Group B, ECGs were all registered with Cardioline ECG 
200+ (Cardioline S.P.A., Trento, Italy). The QT interval was 
blinded, manually measured by a single expert cardiologist 
(AV) in D2 derivation (or in V2 or V5 if the T wave in D2 
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was flat or not measurable) and calculated with Bazett’s for-
mula (as all ECGs showed a heart rate variability between 
55 and 105 bpm) and the excess correction method for QRS 
values greater than 120 ms.

Only one patient showed atrial fibrillation in all measure-
ments and, in this case, a medium value of the QTc interval 
was taken among the measured beats of the ECG. Patients 
having an ECG taken more than 5 days before or after the 
HCQ whole blood dosage were excluded from the  CHCQ-QTc 
correlation analysis.

2.10  Statistical Analysis

Categorical variables were described as counts and percent-
ages; quantitative variables as mean and standard deviation 
if normally distributed (Shapiro–Wilk test), with median 
and interquartile range otherwise. The normalised  CHCQ 
for a total dose taken of 4000 mg was calculated as the 
whole blood concentration divided by the dose taken and 
multiplied by 4000 and entered as a dependent variable 
in a regression model with time from the last HCQ dose 
taken as the independent variable. Predicted values are 
presented with a 95% confidence interval (95% CI) of the 
prediction calculated from the standard error of the pre-
dicted expected value, or mean index, for the observation’s 
covariate pattern.

A multivariate regression model was fitted with QTc 
(measured in DII with Bazett’s formula) as dependent vari-
ables, while HCQ concentration, age, sex and use of other 
QT-lengthening drugs frequently used in patients with 
COVID-19 (azithromycin, levofloxacin, lopinavir/ritonavir) 
were independent variables. All analyses were performed 
with Stata version 16.1 (2019; StataCorp LLC, College Sta-
tion, TX, USA).

2.11  Ethical and Consent Issues

The study has been conducted with respect to the principles 
of the World Medical Association’s Declaration of Helsinki 
(7th Edition, 2013) [26].

The Institutional Review Board of the Fondazione IRCCS 
Policlinico San Matteo (Comitato Etico della Provincia di 
Pavia) approved the study (Prot: 20200069934) for the 
patients enrolled at the post-COVID clinic (HCQ blood 
concentration determinations from 26 days after treatment 
end, Group B). The patients whose  CHCQ has been deter-
mined during the hospital admission (Group A) gave consent 
to the retrospective data analysis in the current admission 
privacy consent form of Fondazione IRCCS Policlinico 
San Matteo. In the study database, single patient data were 
pseudo-anonymised.

Fig. 1  Representative chroma-
togram of the analyte and ion 
spray. a Hydroxychloroquine 
(HCQ), m/z 336.1 → 179.04 
and 247.03 and b hydroxy-
chloroquine-D4 (HCQ-D4), 
m/z 340.1 → 251.03. Collision 
energies (CE, eV) are reported 
on the right side of the peaks
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3  Results

3.1  Validation Procedure

The linearity was observed within the dynamic range of 
1–100 ng/mL with a coefficient of determination  (R2) of 
0.998 or better. The LLOQ was set at 1 ng/mL. Accuracy 
and precision (at low-quality, medium-quality, and high-
quality control levels and at LLOQ) were within 15% and 
20% (LLOQ), which met the requirement of the European 
Medicines Agency regulation. The matrix effect was evalu-
ated and the findings indicated the absence of significant ion 
suppression or enhancement effects. Absence of carry-over 
was also assessed. Processed sample stability was verified 
after resting 24 h at 10 °C in the autosampler: five repli-
cates of each quality control were prepared, immediately 
analysed and then tested again the next day. The mean con-
centration at each level was within ±15% of the nominal 
concentrations.

3.2  Patients’ Characteristics

Of the 100 enrolled patients, three were excluded because 
they were receiving HCQ treatment for rheumatic disease 
also before or after index admission (all three in Group B), 
and six more were excluded because at the  CHCQ determina-
tion they had taken the drug for fewer than 3 days (one in 

Group A and five in Group B). The 91 remaining patients 
were mainly male (58, 64%); had an average age of 65 ± 
13 years and had a total of 94  CHCQ determinations (11 in 
Group A and 83 in Group B) (Table 1).

3.3  CHCQ During and After Treatment

The time and dosage characteristics of the 94 observations 
are summarised in Table 2. The HCQ dose taken by the 
patient at the moment of the HCQ blood sample varied from 
1400 mg to 10200 mg. We therefore decided to normal-
ise the CHCQ for a total dose taken of 4000 mg (normalised 
CHCQ, ng/mL).

Figure 2 represents a scatter plot of 4000 mg normalised 
CHCQ with time from the last HCQ dose taken; the line rep-
resents a regression model estimating the normalised CHCQ 
in time, in an average patient who has taken a total HCQ 
dose of 4000 mg. The grey area represents the 95% CI of 
the predicted values of the regression model. The model has 
an R2 of 0.7504. The upper 95% CI of the prediction of the 
regression model crosses the line of the 500-ng/mL concen-
tration at day 16 from HCQ treatment cessation.

3.4  QTc and CHCQ

An ECG was available within 5 days of CHCQ measurement in 
77 of the 94 observations. Corrected QT measurements (meas-
ured in DII with Bazett’s formula) were significantly different 

Table 1  Population 
characteristics: biochemical 
values recorded in Group A 
(during treatment) and Group B 
(after drug discontinuation)

Cre creatinine, CRP C-reactive protein, GPT glutamic-pyruvate-transaminase, Hct hematocrit, K potas-
sium, obs observations, SD standard deviation

Total group (N = 94 obs) Group A (N = 11 obs) Group B (N = 83 obs)

Hct (%, average ± SD) 39.32 ± 5.16 29.45 ± 4.47 40.63 ± 3.60
GPT (U/L, average ± SD) 27.62 ± 22.74 50.78 ± 37.08 25.11 ± 19.35
CRP (mg/dL, average ± SD) 1.45 ± 4.95 9.72 ± 11.80 0.35 ± 0.61
Cre (mg/dL, average ± SD) 0.88 ± 0.39 1.22 ± 0.70 0.83 ± 0.30
K (mmol/L, average ± SD) 4.11 ± 0.4 3.87 ± 0.49 4.15 ± 0.37

Table 2  Population characteristics: time and HCQ dose received by patients and  CHCQ in Group A (during treatment) and Group B (after drug 
discontinuation)

CHCQ hydroxychloroquine whole blood concentration, HCQ obs observations, SD standard deviation

Total group (N = 94 obs) Group A (N = 11 obs) Group B (N = 83 obs)

Total administered dose (mg, average ± SD) 4813 ± 1811 6327 ± 2034 4612 ± 1693
Total time of treatment (days, average ± SD) 10 ± 4 13 ± 5 10 ± 4
Dose already taken at blood sample (mg, average ± SD) 4498 ± 1754 3636 ± 2047 4612 ± 1693
Time from HCQ treatment start to blood sample (days, average ± 

SD)
69 ± 28 9 ± 6 77 ± 19

Time from HCQ treatment cessation to blood sample (days, average 
± SD)

59 ± 27 1 ± 3 67 ± 19

CHCQ (ng/mL, average ± SD) 225 ± 630 1773 ± 819 18 ± 16
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in Group A and Group B. Median QTc in our patients (77 
observations) was 423.62 ± 34.59 ms, for Group A (seven 
observations) was 465.29 ± 41.49 ms and for Group B (70 
observations) was 419.46 ± 31.22 ms. Corrected QT measure-
ments correlate with CHCQ in a model that also includes age, 
sex and use of other QT-prolonging drugs frequently used for 
COVID-19 treatment (azithromycin, levofloxacin, lopinavir/
ritonavir) with a p value of 0.010 and a R2 of 0.208. In the same 
model, age was significantly correlated with QTc (p = 0.013), 
whereas sex and concomitant treatment with QT-prolonging 
drugs were not (p = 0.108 and p = 0.524, respectively).

4  Discussion

To the best of our knowledge, this is the first study inves-
tigating CHCQ after a short-term treatment such as those 
used in SARS-CoV-2 infection during the first pandemic 
surge. Recent studies have indeed evaluated the short-term 
treatment with HCQ and have indicated the HCQ doses 
needed to achieve an effective level against SARS-CoV-2 
[25]; however, no data on drug elimination after treatment 
discontinuation are available.

Our data suggest that short-term courses of HCQ can gen-
erate significant blood concentrations of the drug, persisting 
above 500 ng/mL for up to 16 days after discontinuation of 
the treatment. These data could inform the clinician using 
this drug in a similar context, to estimate when it would be 
possible to start or re-initiate other treatment with QT-pro-
longing potential (such as antiarrhythmic drugs, antiepileptic 
drugs, neuroleptic drugs and some antibiotics).

Data on HCQ pharmacokinetics/pharmacodynamics are 
scarce and not conclusive, especially in short-term treat-
ments such as those used in the COVID-19 epidemic. A 
single-dose terminal elimination phase has been studied in 
healthy volunteers [18] and the drug terminal elimination 
half-life in the whole blood was found to be about 50 days 
for oral treatment and 30 days for intravenous administration 
[19]. Elimination of HCQ has also been studied in patients 
receiving long-term treatment such as for malaria prevention 
and rheumatoid arthritis, demonstrating a very variable half-
life starting from 43 h to more than 40 days [17].

Existing data suggest that the long persistence of HCQ 
concentrations in blood are due to the sequestration in deep 
tissues that leads to an extremely large volume of distribu-
tion, such as 5522 litres in blood, [19]. In fact, studies in 
animals show a high concentration of the drug in the lungs, 
kidney, liver and spleen [27]. The use of HCQ in the treat-
ment of SARS-CoV-2 pneumonia found its indication, in 
addition to the antiviral effect [6], in the persistence of a high 
concentration of the drug in the lung [27].

The CHCQ found in our patients appear to have a clinical 
relevance because we found a significant correlation between 
CHCQ and the QTc interval in ECGs taken a short time apart 
from blood sampling. Hydroxychloroquine has been found 
to be associated with prolongation of the QTc interval in 
patients receiving long-term HCQ therapy [28], whereas 
data on short-term treatment are not conclusive [29, 30].

Corrected QT interval prolongation by HCQ has been 
related to the inhibitory effects of the 4-aminoquinoline 
antimalarials on hERG (human Ether-à-go-go-Related 
Gene) potassium channels and other cardiac ion channels, 
described in several recent in vitro studies [31–34]. Addi-
tionally, hERG channel inhibition by HCQ is stronger at 
lower extracellular K+ concentrations, [33] pointing to the 
need to correct or prevent hypokalaemia during and imme-
diately after clinical therapy with this drug.

The direct correlation between the QTc interval and age 
seen in our data has already been described in the literature 
[35]. The correlation between CHCQ and QTc, apart from the 
above-described pharmacological effect, could be related to 
the higher acute inflammation levels during the admission 
period: inflammation is known to have a QT-prolonging 
effect [36], and indeed, we found a direct correlation also 
between C-reactive protein (CRP) and CHCQ in our data (R2 
= 0.5598), which is obvious, as both  CHCQ and CRP are 
much higher during the admission than at follow-up visits. 
We did not add CRP to the multivariate analysis because of 
this strong correlation between the CHCQ and the CRP vari-
able and, with our data, we deem it not possible to eliminate 
this confounder from the analysis.

It is indeed well known that the QTc-prolonging effects 
of HCQ are mainly related to drug–drug interactions than to 
HCQ per se [6, 8]. In our analysis, CHCQ directly correlated 

Fig. 2  Regression model curve of a normalised hydroxychloroquine 
whole blood concentration  (nCHCQ) for a total dose taken of 4000 mg; 
the horizontal line represents the concentration of  500 ng/mL con-
sidered as a safety threshold; the upper 95% confidence interval (CI) 
of the model intercepts the line at 16 days from hydroxychloroquine 
treatment cessation. nCHCQ HCQ whole blood concentrations nor-
malised for a total dose taken of 4000 mg
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with QTc prolongation, while therapy with other drugs with 
QTc-prolonging effects during hospitalisation [30, 35] did 
not statistically correlate with QTc values. This result may 
be explained by the fact that most of the ECGs of Group B 
were taken many days after discontinuation of these other 
drugs, meaning presumably after their complete elimination.

4.1  Limitations of the Study

Our study has several limitations. From a theoretical point 
of view, it is not the same to say that a CHCQ of 500 ng/mL 
is the lower limit of efficacy of HCQ or that it is also the 
limit over which adverse events begin; drug–drug interac-
tion adverse events could be significant at lower or higher 
concentrations. Nevertheless, to our knowledge, no minimal 
toxicity concentrations are actually available for CHCQ.

In our data, there is a wide gap (approximately 1 log) 
between the CHCQ during admission (Group A) and those 
at the control visit (Group B) and there are very few HCQ 
measurements at the range 5–30 days, where quite probably 
CHCQ drops under 500 ng/mL. This deficiency of values cou-
pled with an  R2 = 0.75 brings a wide interval of days (95% 
CI) in which the curve could drop under the assumed safety 
threshold; nonetheless, to our knowledge, this is the first 
attempt to approximate the moment in which it is safe to add 
other drugs with a QT prolongation effect to the patients’ 
therapy.

Another data limitation is the normalisation of blood 
concentrations for the drug dose taken; this presumes a lin-
ear HCQ dose/CHCQ ratio persisting over a wide period of 
time; nevertheless, this is the best approximation given the 
quite different doses taken by patients, varying from 1400 
to 10,200 mg at the time of blood sampling.

Moreover, we have only seven ECGs during HCQ treat-
ment (within 5 days of the HCQ blood sample) and 70 after 
discontinuation of the drug. Only two patients underwent 
ECGs in two different timings, while other patients had only 
one ECG registration; however, to the best of our knowl-
edge, this is the widest report available in the literature that 
attempts to correlate CHCQ to QTc in short-term treatment 
courses. Further studies with larger case series and more 
complex population pharmacokinetic models will be needed 
in order to definitively correlate QTc prolongation with 
CHCQ and to estimate thresholds of safety.

5  Conclusions

Our data confirm the long half-life of HCQ even in short-
term courses of therapy, such as those that have been used 
for COVID-19 treatment. Indeed, HCQ therapy can lead to 
significant concentrations of the drug in the blood that could 
persist above a safety threshold of 500 ng/mL for up to 16 

days after drug discontinuation. We also found a correlation 
between CHCQ and QTc prolongation that suggests the clini-
cal relevance of the findings. These data could be of interest 
to the clinician, to estimate when it would be safe to start or 
re-introduce other treatments that prolong the QTc interval 
after HCQ treatment discontinuation.
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