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continued to search for equally effective treat‑
ments without adverse effects.1,2

Chloroquine was the first artificially synthe‑
sized quinine analogue used as an antimalarial 
drug. However, it also showed an adverse safety 
profile. Toxic effects included cutaneous and in‑
testinal complications, cardiac damage, retinopa‑
thy, and myelopathy. More advanced forms of an‑
timalarial drugs, mepacrine and hydroxychloro‑
quine (HCQ), were not used until the 20th centu‑
ry.3 During World War II, millions of soldiers took 
chloroquine and HCQ as part of a program test‑
ing the synthetic derivatives of 4‑aminoquinolines 
for the prevention of inflammatory cutaneous le‑
sions and arthritis. This led to research confirming 
the effectiveness of antimalarial drugs in the treat‑
ment of systemic lupus erythematosus (SLE).

In 1955, HCQ was approved for use in the Unit‑
ed States. This synthetic form of quinine lacked 

Introduction  Antimalarial drugs are currently 
being rediscovered and increasingly appreciated 
for their properties. Historically, they have been 
known for about 400 years, and the first anti‑
malarial drug was quinine, an alkaloid produced 
from the bark of the Cinchona tree in South 
America. Quinine was originally used as a drug 
that inhibited proper cell functioning by form‑
ing a complex with DNA of the malaria‑causing 
parasite Plasmodium falciparum. It also had ad‑
ditional antipyretic and analgesic effects, which 
was particularly important in medicine at that 
time. The use of quinine for an indication oth‑
er than malaria was first described by Payne in 
1894, when he reported successful treatment of 
cutaneous lupus manifestations. As an antipro‑
tozoal drug, quinine carried the risk of complica‑
tions, especially neurotoxic ones, such as vision 
and hearing disorders. Therefore, investigators 
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Abstract

Hydroxychloroquine (HCQ) is an increasingly popular drug owing to its efficacy, long‑term safety, and 
a wide range of therapeutic effects. Currently, due to the numerous benefits it provides, the use of the drug 
goes beyond the treatment of rheumatic and dermatologic diseases. As HCQ shows anti‑inflammatory, 
immunomodulatory, antiproliferative, and photoprotective action, it has a great potential to be applied 
also in the  treatment of oncologic diseases, multiple sclerosis, diabetes, cardiovascular diseases, or 
recurrent miscarriages. Nevertheless, antimalarial drugs are still most widely used in the  long‑term 
treatment of systemic rheumatic disorders, such as systemic lupus erythematosus (SLE), rheumatoid 
arthritis, and primary Sjögren syndrome, as they continue to offer satisfactory outcomes. They reduce 
the need for glucocorticoids and immunosuppressants and increase their effectiveness. In addition, they 
reduce the risk of possible side effects and complications. This paper presents the latest data on HCQ, its 
mechanisms of action, its therapeutic potential in current clinical practice as well as future perspectives. 
It also discusses the correct dosing regimen and long‑term monitoring, with consideration of possible 
rare complications. Finally, it focuses on the enormous benefits for patients with rheumatic diseases 
in terms of reducing the disease activity and organ damage, preventing flares and pregnancy‑related 
complications, and, most importantly, lowering mortality rates in SLE patients.
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differences in the drug’s ability to accumulate 
in tissues, and the effect of other factors, such 
as chronic inflammatory processes, on the drug 
distribution.21 The drug is almost completely 
(75%–100%) absorbed from the gastrointesti‑
nal tract when administered orally, and its bio‑
availability increases when taken with food, es‑
pecially if the meal is rich in fat and protein. On 
average, 50% of HCQ binds to plasma proteins; 
therefore, its distribution volume is relatively 
large.21 Stable serum HCQ levels are reached af‑
ter 3 to 6 hours from intake, but the therapeutic 
concentrations are not achieved until after about 
3 to 6 months of treatment. In the rapid‑release 
phase, the drug has a half‑life of up to 3 days. On 
the other hand, in the slow‑release phase, it has 
a half‑life of up to 40 to 50 days due to its accu‑
mulation in tissues and organs.3,22

HCQ is metabolized in the liver via cytochrome 
P450. Apart from the liver, it is accumulated in 
the adrenal glands, pineal gland, spleen, and leu‑
kocytes. However, the highest HCQ levels were 
noted in epidermal cells (100- to 200‑fold higher 
than in blood serum and higher than in the der‑
mis). This is due to a strong binding of HCQ to 
melanin, resulting in the accumulation of HCQ 
in tissues containing large amounts of melanin, 
such as the skin and the eye.23 HCQ is excret‑
ed mainly through the kidneys (40%–50%; with 
urinary acidifying agents increasing its excre‑
tion), the gastrointestinal tract (24%–25%), and 
the skin (5%).21 Therefore, renal clearance rates 
and increased bioavailability remain challenging 
in the treatment of patients with renal impair‑
ment, although there are no recommendations to 
reduce the HCQ dose in this population. The use 
of HCQ in patients with end‑stage renal disease 
was also reported.24 Interestingly, as HCQ has 
a long half‑life, it can be detected in urine even up 
to several years after the end of treatment.25 Thus, 
considering the pharmacokinetic profile of HCQ, 
it is important to remember that the drug has 
a slow onset of action (weeks or even months) and 
remains present in the body long after the treat‑
ment has been completed.

In terms of pregnancy and childbirth, it should 
be mentioned that while HCQ crosses the placen‑
ta, it does not cause adverse effects, such as con‑
genital malformations.26 Penetration of the drug 
into breast milk is minimal and does not threat‑
en the life or health of the child. Hence, the drug 
is safe to use during breastfeeding.27

Anti‑inflammatory and immunomodulatory effects 
of hydroxychloroquine  The main mechanism of 
action of HCQ is its anti‑inflammatory effect. 
However, by acting on the innate and acquired 
immune response, HCQ exerts also immuno‑
modulatory effects.4 At the molecular and cel‑
lular level, the following 4 mechanisms under‑
ly the anti‑inflammatory action of HCQ: 1) in‑
hibition of lysosomal activity and autophagy, 
2) inhibition of the proinflammatory cytokine 
signaling pathway, 3) inhibition of nicotinamide 

1 hydroxyl group, thus providing a better safe‑
ty profile. The primary role of HCQ is the inhibi‑
tion of proinflammatory cells. HCQ also affects 
numerous immune processes, for example, by in‑
hibiting antigen presentation (mainly of antigens 
with lower affinity to antibodies). This explains 
the immunomodulatory rather than the immu‑
nosuppressive effect of HCQ. However, the exact 
mechanisms underlying the drug’s action at the 
molecular and cellular levels remain to be fully 
elucidated.4 Moreover, new mechanisms of action 
continue to be discovered for antimalarial drugs, 
which may contribute to expanding the therapeu‑
tic indications for HCQ. So far, antimalarials have 
been used mainly in rheumatic diseases includ‑
ing SLE,5 rheumatoid arthritis (RA),4 antiphos‑
pholipid syndrome (APS),6 and primary Sjögren 
syndrome (SS).7 However, HCQ is also investi‑
gated for its potential benefits in oncologic dis‑
eases, multiple sclerosis, diabetes, cardiovascular 
disease, and recurrent miscarriages. Antimalar‑
ials increase the potency of glucocorticoids and 
immunosuppressants and reduce their potential 
adverse effects.8 Thus, lower doses of these drugs 
can be administered when using antimalarials. 
HCQ demonstrates a high potential as an anti‑
coagulant,9 hypolipidemic,10 and hypoglycemic 
agent,11 which translates into its antiatheroscle‑
rotic effect12 and indirectly contributes to low‑
er cardiovascular risk.13,14 Finally, HCQ protects 
against serious bacterial, viral, and fungal infec‑
tions and their complications, providing addi‑
tional benefits for modern immunosuppressive 
treatment of rheumatic diseases.15

In SLE, it is particularly important that HCQ 
treatment is administered over a long period. 
When used as primary treatment, HCQ reduc‑
es the disease activity and the risk of flares, and, 
most importantly, prevents progression of or‑
gan damage. Moreover, HCQ improves long‑term 
outcomes, which translates into reduced mortal‑
ity.8,16,17 Currently, HCQ is recommended as pri‑
mary treatment for all SLE patients in the ab‑
sence of contraindications, such as retinopathy 
and cardiomyopathy. However, these conditions 
are relatively rare, and the risk applies only to 
high HCQ doses.18 Finally, HCQ can also be ad‑
ministered to reduce the frequency of SLE flares 
in pregnant women.3,19

It is important to note that the beneficial ef‑
fects of HCQ can occur only if its therapeutic lev‑
els are maintained for a sufficiently long period 
of time. This may be challenging due to poor ad‑
herence among patients in terms of the dosing 
regimen and regular use of HCQ.20

Pharmacokinetics and pharmacodynamics of hy‑
droxychloroquine  The pharmacokinetics of HCQ 
is important in terms of long‑term outcomes. 
The choice of an adequate dose and the assess‑
ment of treatment efficacy are difficult owing 
to considerable variations in serum HCQ levels 
between individuals. This may be caused by dif‑
ferent sequestration of the drug in lysosomes, 



REVIEW ARTICLE  Hydroxychloroquine as immune system modulator 3

proinflammatory cytokines, such as tumor ne‑
crosis factor α (TNF-α), interleukins (IL)-1, IL‑2, 
and IL‑6, as well as interferons α and γ.4,33 This, 
in turn, has clinical implications for the reduction 
of disease activity and symptoms.34

Nicotinamide adenine dinucleotide phosphate oxidase 
inhibition  NADPH oxidase is a protein complex 
found in the cell membrane. Its activation in en‑
dosomes leads to the formation of reactive oxy‑
gen species (ROS). The resulting oxidative stress 
enhances oxidation and reduces bioavailability 
of nitric oxide in several physiological processes. 
An example of a degenerative effect of ROS accu‑
mulation is atherogenesis in active SLE. HCQ in‑
hibits NADPH oxidase‑dependent activation of 
the inflammatory cascade by impeding transloca‑
tion of the NADPH oxidase subunit from the cy‑
tosol to the endosomal membrane, regardless of 
the acidity of endosomes. HCQ also prevents re‑
distribution of TLR8 from the endoplasmic re‑
ticulum to the endosome, which is essential for 
the activation of the inflammatory response.35

Inhibition of secondary calcium signaling pathway  
Calcium is mainly stored in the endoplasmic re‑
ticulum and is mobilized into the cytoplasm in 
the secondary signaling pathway to activate sig‑
nal transduction and transcription of factors reg‑
ulating the expression and secretion of cytokines 
and other immune mediators. Calcium release 
from the endoplasmic reticulum can be affected 
by HCQ in a dose‑dependent manner. HCQ in‑
terferes with calcium signaling dependent on T- 
and B‑cell receptors, a mechanism that accounts 
for its immunomodulatory properties.36

Effects of antimalarial drugs on the immune system  
Immune system overstimulation underlies de‑
velopment of rheumatic diseases. HCQ exerts its 
therapeutic effects by inhibiting the innate and 
acquired immune response, leading to reduced 
inflammation and disease activity. The release 
of circulating proinflammatory cytokines is re‑
duced by inhibition of several processes, includ‑
ing antigen presentation, T and B lymphocyte 
activation, regulatory processes between T‑reg‑
ulatory and T‑helper‑17 cells, as well as NADPH 
oxidase‑dependent processes (Figure 1).4,22,35 Oth‑
er immunomodulatory mechanisms of HCQ in‑
clude DNA binding and stabilization as well as 
inhibition of response to ultraviolet radiation, 
phospholipase A2, prostaglandin synthesis, and 
metalloproteinases.3

Multidirectional effect of hydroxychloroquine  An‑
timicrobial effect  In addition to its antiproto‑
zoal effect, HCQ shows antimicrobial, antiviral, 
and antifungal properties. Owing to its ability to 
change pH of the cellular endosomes, the drug in‑
hibits the entry of viral or bacterial material into 
the cell.37 Thus, it can reduce replication of tropi‑
cal viruses, such as the dengue virus and chikun‑
gunya virus, but also of such common viruses as 

adenine dinucleotide phosphate (NADPH) oxi‑
dase, and 4) inhibition of the secondary calcium 
signaling pathway.

Inhibition of lysosomal activity and autophagy  
Recent research showed that lysosomes are not 
only responsible for degradation of cellular waste 
but also serve as dynamic organelles activating 
lysosome‑dependent signaling pathways that con‑
trol the adaptation of cell metabolism to various 
environmental factors.28 The presence of the li‑
pophilic ring makes it possible for HCQ to easily 
penetrate the cell membrane and accumulate in‑
side the lysosomes and endosomes. As a result, 
pH of the lysosomal matrix increases from 4 to 
6, leading to inactivation of various enzymes, 
including lysosomal hydrolases. Alkalization is 
one of the main factors responsible for disrupt‑
ing several immune response processes, includ‑
ing antigen presentation on the surface of mac‑
rophages and dendritic cells, activation of these 
cells, and chemotaxis and stimulation of inflam‑
matory mediators. Functional disruption of cel‑
lular organelles associated with pH alkaliniza‑
tion may also account for restoring the normal 
activity of transforming growth factor β, which 
controls the proliferation and differentiation of 
most cell types as well as regulates cell apopto‑
sis.29 The ability of HCQ to act via such mecha‑
nisms also affects autophagy and its inhibition. 
Unlike apoptosis and necrosis, autophagy is not 
synonymous with cell death. On the contrary, it 
is a strategy for cell survival and a defense mech‑
anism aimed at restoring homeostasis by degrad‑
ing unnecessary intracellular components, pro‑
teins, cellular organelles, and infectious agents via 
the lysosomal pathway. Recent findings showed 
that impaired autophagy is involved not only in 
tumorigenesis and neurodegeneration but also in 
inflammatory processes and immune disorders, 
including immune overresponse underlying de‑
velopment of autoimmune diseases.4,30

Inhibition of proinflammatory cytokine signaling pathway  
Proinflammatory cytokines are produced and se‑
creted following the activation of Toll‑like recep‑
tors (TLRs) belonging to the family of pattern rec‑
ognition receptors. These receptors participate in 
maintaining the balance between the host organ‑
ism and factors that disrupt its homeostasis, such 
as microorganisms. TLRs are crucial in the early 
innate defense mechanisms of the immune sys‑
tem, but their overstimulation underlies the de‑
velopment of numerous autoimmune rheumat‑
ic diseases. Therefore, the strong therapeutic po‑
tential of HCQ lies in its ability to inhibit TLRs 
(mainly TLR3, TLR7, and TLR9).31,32

The primary mechanism that inhibits TLR ac‑
tivation is alkalinization of the endosome en‑
vironment, as TLRs require acidic environ‑
ment for activation. TLRs can detect frag‑
ments of genetic material also contained in im‑
mune complexes. All these direct and indirect 
mechanisms inhibit the secretion of numerous 
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also inhibits gluconeogenesis, prolongs the half
‑life of the endosomal insulin receptor, and in‑
creases glucose uptake by peripheral tissues. As 
a result, an insulin dose can be reduced by 30% 
and glycated hemoglobin levels drop significant‑
ly in patients both with insulin‑dependent and 
insulin‑independent diabetes mellitus.41 This has 
important implications for the treatment of pa‑
tients with diabetes, but also, by inducing the hy‑
poglycemic effect, it provides benefits for patients 
on long‑term glucocorticoid treatment and those 
with diseases associated with iatrogenic hypergly‑
cemia. Hence, HCQ not only improves glycemic 
control11 but also reduces the risk of diabetes in 
RA, psoriatic arthritis, and SLE.42-44

Hypolipidemic effect  Two randomized controlled 
trials (RCTs)45,46 and numerous observational 
studies47-49 demonstrated that HCQ improves 
the lipid profile in patients with SLE. The hypo‑
lipidemic effect is exerted through a decrease in 
the levels of total cholesterol, low‑density lipo‑
protein (LDL) cholesterol, very low‑density lipo‑
protein cholesterol, and triglycerides, and through 
an increase in the levels of high‑density lipopro‑
tein cholesterol. HCQ affects the removal of LDL 
cholesterol from blood by increasing the number 
of receptors for LDL cholesterol, thus neutraliz‑
ing the proatherogenic lipid profile.50 Antima‑
larials also act in a way similar to statins by in‑
hibiting 3‑hydroxy‑3‑methylglutaryl‑coenzyme 
A reductase, which is responsible for cholester‑
ol synthesis.3 HCQ reduces the hepatic synthesis 
of LDL cholesterol in patients on long‑term ste‑
roid treatment. As a result, associations between 
HCQ use and lower serum levels of the various 
atherogenic fractions of cholesterol were con‑
firmed not only in SLE but also in other rheumat‑
ic diseases.10,50 The hypolipidemic effect of HCQ 

hepatitis A, hepatitis C, influenza A, or SARS
‑CoV‑2. HCQ also inhibits the post‑translational 
modification of proteins necessary for microor‑
ganisms to mature and survive. In terms of anti‑
microbial activity, HCQ is best known for its ben‑
eficial effects in patients with endocarditis as‑
sociated with chronic Q fever caused by Coxiella 
burnetii.

Most of the above effects of antimalarial drugs 
were observed in vitro and were not confirmed by 
in vivo studies. Antimalarials have no potential for 
the treatment of infections.37 HCQ effects at the 
molecular level do not translate into prevention of 
infectious diseases, but the drug may have a sup‑
portive role. It was reported to significantly re‑
duce the risk of infection in patients with SLE.38,39

Metabolic and cardiovascular effects  Clinical and 
experimental studies showed significant benefits 
of antimalarial drugs in terms of reducing athero‑
genesis, which is the main cause of increased car‑
diovascular risk in patients with rheumatic dis‑
orders. Higher cardiovascular risk is also asso‑
ciated with chronic inflammation and autoim‑
mune processes. Thus, primary cardiovascular 
prevention is important in these patients.40 As 
an anti‑inflammatory and immunomodulatory 
drug, HCQ acts via the mechanisms that under‑
lie the acceleration of atherosclerosis. A meta
‑analysis of 19 observational studies13 found that 
antimalarial drugs reduce cardiovascular risk by 
almost 30% in patients with rheumatic diseases 
thanks to hypoglycemic, hypolipemic, and vaso‑
dilatory effects. By reducing platelet aggregation, 
they also reduce thromboembolic risk.

Hypoglycemic effect  HCQ exerts its hypoglyce‑
mic action by reducing insulin breakdown and 
clearance, while increasing C‑peptide secretion. It 

Figure 1�  Effect of hydroxychloroquine (HCQ) on the immune system 
Abbreviations: IL, interleukin; INF, interferon; NOX, nicotinamide adenine dinucleotide phosphate oxidase; TH17, T‑helper‑17 cells; TLR, Toll‑like 
receptor; TNF, tumor necrosis factor

• Decreasing antigen presentation
• Inhibiting TLR3, TLR7, TLR9

• Inhibiting T- and B-cell activation

• Inhibiting balance regulation of T-reg 
and Th17 lymphocytes
• Predominance of Th17 lymphocytes

• Blocking NOX signaling
• Preventing oxidative stress

Decreasing the levels of 
circulating proinflammatory 
cytokines: TNF-α, IL-1, IL-2, 
IL-6, INF-α, INF-γ

HCQ therapeutic level 
800–1000 ng/ml
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of HCQ that does not cause toxicity or does not 
increase the risk of complications is 5 mg/kg/d 
body weight (bw) or 200 to 400 mg/d. Such dos‑
ing should ensure a target serum drug levels of 
800 to 1000 ng/ml.63,65 However, the target lev‑
el is often difficult to achieve. In clinical practice, 
7% to 29% of patients treated with HCQ achieved 
drug levels of less than 200 ng/ml.5,62 In addition 
to the problem of nonadherence, there are also in‑
dividual variations in serum drug levels between 
patients, which most likely result from the mech‑
anism of drug binding in tissues, drug metabo‑
lism, as well as distribution and sequestration of 
the drug in lysosomes.21

The relationship between the HCQ dose and 
the therapeutic effect remains unclear. Therefore, 
the dose of up to 5 mg/kg/d bw is controversial, 
because some investigators and clinicians believe 
it may be too low to achieve the therapeutic ef‑
fect. The dose of 5 mg/kg/d bw was established 
mainly on the basis of a study reporting poten‑
tial ocular toxicity due to long‑term treatment. 
However, this refers to the time period of 10 to 
25 years.18 Higher HCQ doses are recommended 
especially in SLE patients with flares. Moreover, 
most studies that confirmed the efficacy of HCQ 
used higher doses (ie, 6.5 mg/kg/d bw) than those 
recommended by the European Alliance of Asso‑
ciations for Rheumatology (EULAR) and ophthal‑
mologic societies. The highest doses of HCQ were 
used in patients with cancer (up to 1200 mg/d). 
No adverse effects other than cytopenia were re‑
ported.18,66 However, it is important to note that 
the duration of treatment in oncologic diseases is 
shorter than that in chronic rheumatic diseases. 
While monitoring serum HCQ levels might allow 
for a more personalized treatment with individ‑
ual adjustment of the drug dosage, it is not rou‑
tinely used in clinical practice.

Hydroxychloroquine treatment in rheumatic diseases  
In modern rheumatology, HCQ is the primary drug 
used in the long‑term treatment of SLE, primarily 
due to its ability to reduce mortality and prevent 
organ damage. However, SLE is not the only indi‑
cation for this type of treatment, because HCQ is 
used for most systemic diseases with a slow onset, 
especially at the early diagnostic stage. The sec‑
ond major indication for HCQ treatment is pri‑
mary SS. In RA, HCQ is one of the inflammation
‑modifying drugs, and in combination therapy, it 
may constitute an option at some stage of treat‑
ment. Owing to its ability to inhibit aPL binding, 
HCQ plays a major role in the treatment of pri‑
mary and secondary APS.3

The role of hydroxychloroquine in systemic lupus  
erythematosus  The beneficial effects of HCQ were 
first observed in Canadian RCTs assessing the ef‑
fect of antimalarial treatment withdrawal that 
resulted in a 2.5‑fold increase in the rate of SLE 
exacerbations.67,68 In subsequent studies, an im‑
provement of clinical symptoms in the joints (ar‑
thralgia, arthritis) and skin was observed, along 

is observed regardless of whether patients are on 
long‑term steroid treatment.51 Moreover, it is im‑
portant to note that hypolipidemic action can be 
expected after at least 12 months of treatment.

Anticoagulant effect  The regulation of the endo‑
thelial microenvironment is becoming a target in 
the prevention and treatment of cardiovascular 
incidents also in patients with autoimmune dis‑
eases.14 By inhibiting NADPH oxidase and ROS 
formation in the mechanism of oxidative stress, 
antimalarial drugs counteract the factors that 
cause endothelial damage through vasoconstric‑
tion.52 The use of HCQ in patients with rheumat‑
ic diseases reduces the risk of venous and arteri‑
al thrombosis53,54 by inhibiting platelet aggrega‑
tion, arachidonic acid secretion,12 and antiphos‑
pholipid (aPL) antibody binding.6 Higher serum 
HCQ levels are also associated with a lower risk of 
thrombosis in patients with other cardiovascular 
risk factors, such as hyperglycemia and diabetes, 
as well as in patients with lupus nephritis.9,44,55 
A considerable thrombotic risk reduction was re‑
ported in SLE patients with primary and second‑
ary APS. In this setting, HCQ prevents platelet 
activation; however, the exact mechanism of its 
anticoagulant effect is not fully understood.53,56

Antitumor effect  HCQ inhibits autophagy, which 
is one of the basic mechanisms that ensure cell 
survival. Autophagy also plays an important role 
in uncontrolled proliferation of cancer cells.4 
The mechanism whereby HCQ inhibits tumor cell 
growth in vitro was first described in 1970.57 In 
1998, Murakami reported an inhibitory effect of 
HCQ on autophagy.58 In subsequent years, the an‑
titumor effect of antimalarial drugs was found 
first in glioblastoma and then in numerous other 
types of malignancies, non‑Hodgkin lymphomas, 
or solid tumors. A link between HCQ treatment 
and the risk of tumorigenesis was also reported 
for patients with SLE.59 Moreover, available re‑
search shows that HCQ treatment in combina‑
tion with chemotherapy or radiation therapy of‑
fers greater benefits in terms of cancer treatment 
outcomes. However, the HCQ doses used to in‑
hibit autophagy in cancer were higher than those 
used in standard treatment: 400–1200 mg/d vs 
200–400 mg/d.60,61

Dosing regimen in hydroxychloroquine treatment  
The measurement of therapeutic serum HCQ 
levels provides important information about 
the clinical outcomes, especially regarding SLE 
treatment. It is known that excessively low se‑
rum HCQ levels predict disease flares, and non‑
adherence with HCQ dosing recommendations 
is a major cause of relapse in SLE patients.62,63 
The benefits of HCQ treatment, such as reduced 
risk of flares, mortality, and organ damage, can 
be achieved only if the drug is used long‑term and 
at appropriate doses.64 Therefore, it is important 
that patients with rheumatic diseases adhere to 
the dosing regimen. The optimal therapeutic dose 
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not only improves clinical outcomes but also has 
a beneficial metabolic effect and beneficial struc‑
tural efficacy.84 Additionally, antimalarials re‑
duce cardiovascular risk, which in patients with 
RA is elevated by chronic inflammation and its 
consequences.13,40

Hydroxychloroquine in pregnancy and breastfeeding  
An imbalance between proinflammatory and anti
‑inflammatory cytokines driven by rheumatic dis‑
eases underlies development of numerous com‑
plications in pregnant women. Fetal growth is 
associated with elevated levels of TNF-α, one of 
the main proinflammatory cytokines in rheu‑
matic diseases. Excessive proinflammatory stim‑
ulation leads to endothelial dysfunction, which 
may result in pre‑eclampsia. HCQ was shown to 
potentially alleviate TNF-α–induced endothelial 
dysfunction in pre‑eclampsia. The drug reduces 
aPL binding to syncytiotrophoblasts and revers‑
es the aPL‑dependent impairment of the antico‑
agulant effect of annexin A5.85

There is also clinical evidence of HCQ safety86 
and efficacy87,88 in pregnant women with SLE. 
The drug was shown to reduce the disease activity 
and the risk of flares in this population.87,88 Other 
benefits of HCQ treatment included prevention 
of pregnancy‑related complications, such as in‑
trauterine fetal growth restriction89 and placental 
abruption.90 However, as these data come from 
observational studies, RCTs in a larger group of 
pregnant women are necessary to provide more 
precise data on the prevention of complications. 
Nevertheless, it should be noted that while HCQ 
offers control of the disease activity, it cannot re‑
place immunosuppressive therapy or the need for 
intensified treatment with biologic drugs.

There are also data regarding the management 
of pregnant women who have developed specific 
antibodies. The effect of HCQ was shown to be 
beneficial in pregnant women with anti‑SSA/SSB 
antibodies due to over a 50% reduction in the risk 
of recurrent fetal congenital heart block. This in‑
dicates that HCQ in these women may be ben‑
eficial as secondary prevention of intracardiac 
conduction defects in the fetus and neonate.91 
The presence of aPLs is a serious threat in preg‑
nancy. This refers particularly to aPLs against 
β2glycoprotein‑I, which are most pathogen‑
ic in obstetric APS. In the healthy population, 
the prevalence of aPLs does not exceed 5%. How‑
ever, among women with recurrent miscarriages, 
it reaches up to 20%. Women that are seroposi‑
tive for aPLs develop pregnancy complications, 
and half of them experience recurrent miscar‑
riages.92 Antiphospholipid antibodies negative‑
ly affect trophoblast cells and were shown to in‑
fluence the vascular remodeling of the placenta, 
both in vitro and in vivo, leading to its abnormal 
development and secondary placental failure.93 
HCQ exerts protective effects by inhibiting aPL 
binding to trophoblast cells and facilitating pla‑
cental development. Hence, the drug might pre‑
vent pregnancy complications.94 However, there 

with a reduction of SLE activity. This correlated 
with lower levels of proinflammatory cytokines, 
improvement of metabolic parameters, reduced 
risk of flares, and sustained long‑term remis‑
sion.69 While RCTs provide comprehensive data 
on the benefits of HCQ in SLE, not all HCQ ef‑
fects were confirmed by RCTs. The greatest clin‑
ical value of HCQ was proven by numerous ob‑
servational studies of SLE populations (Hopkins 
Lupus Cohort, GLADEL Cohort, Toronto Lupus 
Cohort).15-17

In current clinical practice, HCQ is the prima‑
ry drug used in most patients with SLE,70 and it 
is recommended regardless of the clinical mani‑
festation and disease activity.18,71 The HCQ treat‑
ment often lasts many years and is continued 
even during pregnancy and breastfeeding. It was 
shown that antimalarials given consistently dur‑
ing the first 5 years of the disease improve treat‑
ment outcomes.72 The importance of HCQ in SLE 
treatment lies in the fact that the persistent in‑
flammatory process over the course of the dis‑
ease causes irreversible organ damage. This, in 
turn, increases morbidity and mortality rates in 
SLE patients. Therefore, HCQ has the potential to 
reduce mortality in this population,5,17,55,73 as it 
reduces the disease activity,8,34,74 lowers the risk 
of flares,16,63,64,75 helps maintain remission,8,76 
and prevents organ damage.8,77,78 Another sig‑
nificant benefit of HCQ in SLE is the possibility 
of using lower glucocorticoid doses.8,79 This helps 
avoid complications of glucocorticoid treatment, 
mainly by improving the lipid profile,10,45 -48,51 
preventing diabetes,80 and reducing the risk of 
thrombosis.9,14,53,81

As mentioned above, adherence to medical rec‑
ommendations is one of the most important is‑
sues in the management of patients with SLE, be‑
cause long‑term use of HCQ at optimal doses and 
in line with a goal‑oriented treatment strategy is 
crucial for the disease control and prevention of 
complications. In addition, higher annual doses 
of HCQ were shown to be associated with lower 
SLE activity based on objective assessment (using 
dedicated scales), and thus with reduced rates of 
cardiovascular incidents, such as myocardial in‑
farction or stroke.5,65,82 On the other hand, non‑
adherence to treatment is associated with high‑
er morbidity, more frequent SLE flares,62,63,67 and 
increased need for acute care.83

Hydroxychloroquine in Sjögren syndrome  Despite 
the lack of convincing evidence from RCTs on 
the efficacy of HCQ in SS, the drug may help alle‑
viate musculoskeletal pain.7,20 Therefore, EULAR 
recommends the use of HCQ for recurrent symp‑
toms of active disease, similarly to other immuno‑
modulatory or immunosuppressive drugs, after 
considering the risks and benefits of treatment.7

Hydroxychloroquine in rheumatoid arthritis  HCQ 
is a standard disease‑modifying antirheumat‑
ic drug used in the treatment of RA, most of‑
ten in combination with methotrexate.4,66 HCQ 
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Long‑term observational studies and RCTs dem‑
onstrate that antimalarial drugs positively affect 
metabolism and atherogenic processes caused by 
chronic inflammation and its treatment.

HCQ plays the most important role not only 
in SLE but also in SS, RA, and APS. While a re‑
duction of mortality rates in patients with SLE 
may seem a distant goal, HCQ significantly low‑
ers the risk and severity of disease flares, there‑
by preventing multiorgan damage and decreas‑
ing the risk of related complications. The long
‑term use of HCQ at doses that ensure optimal 
serum drug levels provides the most desirable 
effect in terms of reduced cardiovascular mor‑
tality in SLE patients. Hence, HCQ is a primary 
drug at any stage of the disease regardless of its 
activity and also during pregnancy and breast‑
feeding. In conclusion, considering the numer‑
ous benefits of long‑term HCQ use, any decision 
that might result in treatment discontinuation 
should be made with caution, especially in pa‑
tients with SLE.
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