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Figure 3. (A) Bias domains in ROBINS-I for included studies. (B) Total Score for each domain (ROBINS-I).

interventions based on the use of medications in longitudinal studies (Domain 3: Bias in classification of inter-
vention/Domain 4: Bias due to deviations intended from interventions).

There were indications of data loss in relation to the sample of patients or deficient collection of information
in some studies (Domain 5: Bias due to missing data). In relation to the measurement of the results, there was
similarity in the analyzed groups (Domain 6: Bias in measurement of outcomes). However, there was exclusion of
patients in specific analyses. Regarding the dissemination of results (Domain 7: Bias in selection of the reported
results), the studies did not present the main results in a similar way and this item may have been impaired in
non-prospective studies. In general, we opted for a cautious and conservative analysis in studies focused only on
pathological and retrospective data (cohort and case controls) as it is not possible to evaluate the construction of
samples, the establishment of the evaluated outcomes, the disclosure of timely results, some drugs administered
systemically, as well as complete information of the systemic state of the patient may have been undervalued.
Finally, it is worth noting that no study randomized the sample. Individual and general data of the studies can
be observed in Fig. 3A,B.

Additional qualitative table with case reports. In order to carry out an analysis of the case reports,
the relevant studies in the area that were in accordance with the PICO criterion and inclusion criteria, but with
less than five patients, were included in a table for case-reports. Twenty-three full texts had less than five patients
and/or were individual case reports and were consequently excluded from meta-analysis. From these 23 studies,
17 full texts involving 21 adult patients with CQ/HCQ induced myopathy were summarized in an additional
descriptive table of case reports (Supplementary Table S1), due the relevance of this topic and absence of more
clinical studies addressing these side effects. As demonstrated in Table S1, most of patients presenting CQ/HCQ-
induced myopathy were women (17 of 21 patients), mean age of 59.88+14.19 for women and 51.00+14.17
for men. All 21 patients presented moderate to severe muscle weakness, 18 patients with confirmatory muscle
biopsies for CQ/HCQ induced toxicity and only 2 patients had no significant abnormalities. The elevated levels
of muscle enzyme (mainly CK reported) was elevated in 10 patients, normal in 4 case-reports, and not reported
(NR) in 6 studies. Most patients presented a satisfactory muscle function recovery after drug discontinuation
and four patients died as observed in the case reports.

Discussion

Despite the use of CQ/HCQ worldwide for the last 70 years to treat several inflammatory conditions, few stud-
ies have focused on CQ/HCQ induced myopathy. A recent systematic review has demonstrated the prevalence
of CQ/HCQ induced cardiomyopathy in elderly women?! and a complete follow-up of 8 patients from this
study'®. However, no systematic review and/or meta-analysis considering CQ/HCQ-induced skeletal myopathy
have been published to date. In this systematic review and meta-analysis, we focused on toxic effects affecting
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skeletal muscles possibly associated with the use of CQ/HCQ in patients who have received systemic treatment
of the drugs.

In our systematic search, we found 5 different clinical studies addressing CQ/HCQ-induced myopathy in
skeletal muscles (Tables 1 and 2) and 17 case reports (Table S1). The 5 different observational studies presented
aminimum of 21'? and a maximum of 13072 adult patients under treatment with CQ/HCQ for chronic inflam-
matory diseases®***>*, Importantly, one of these studies were more focused in laboratory findings and biopsies
than in allowing a follow-up of important clinical variables®. In accordance with NHMRC classifications, the
levels of evidence found in these six studies were lower (II1I-2 and III-3). The ROBINS-I scale was used for risk of
bias (low, moderate, and serious) for evaluation in the 7 domains, as described in the results (Fig. 3). The selected
studies effectively delimited the interventions without presenting deviations in interventions based on the use of
medications in longitudinal studies. However, as already reported, there are limitations present in the studies,
which are inherent to the experimental design; the difficulty of organizing a standardized sample is understood
(reducing selection bias, confusion bias). It highlights the importance that large prospective clinical studies or
randomized and controlled studies with adequate sample calculation and specific interventions can be designed
in the coming years. Therefore, the quantitative data must be carefully extrapolated, but they show the current
clinical reality for the proposed situation.

In our meta-analysis we evaluated three outcomes: (1) proximal or generalized muscle weakness as reported
clinical symptoms of CQ/HCQ related muscle toxicity (Fig. 2a), (2) laboratory findings considering raised muscle
enzyme levels (CK, LDH and/or ADL) in patients treated with CQ/HCQ (Fig. 2b), and (3) biopsy with evidence
of CQ/HCQ-induced myopathy (Fig. 2¢). The heterogeneity in the studies for muscle weakness and biopsy were
high, while the heterogeneity for laboratory findings (CK levels) was moderate, this is due to the variability of
the event rates for each study, the sample size, direction of effect, confidence interval of the results, as well as the
significant weight of each study for the result of the analysis. It is therefore justified that new studies are deline-
ated using sample calculation, randomization and using blinding concepts in order to study the subject. Previous
studies have discussed these parameters to determine the diagnosis of muscle toxicity caused by CQ/HCQ in
clinical and subclinical stages, and are still controversial>**. A positive biopsy for curvilinear and/or lamellar
bodies is not necessarily associated with muscle symptoms’ or with cumulative dosages of antimalarial drugs’.
However, it might indicate a subclinical stage of muscle toxicity. Indeed, Casado et al.” considered antimalarial
myopathy in patients presenting positive microscopical findings (curvilinear bodies and/or vacuolar myopathy)
associated with persistent muscle enzyme disturbance, regardless of patient clinical symptoms®. Importantly,
in the study of Khoo et al.%, 67% of patients with curvilinear bodies received co-prescription of proton-pump
inhibitors (PPI), suggesting that co-prescription of HCQ and PPI agents may disrupt lysosomal function and
adversely affect muscle function.

Considering muscle weakness or the clinical stage of drug-induced myopathy, our qualitative analysis revealed
that 37 patients out of 1,367 from 5 studies presented relevant muscle symptoms related with CQ/HCQ muscle
toxicity>>* (Tables 1 and 2). Casado et al.? reported 6.7% with clinical CQ/HCQ-induced myopathy, from an
accumulated prevalence of 12.6% CQ/HCQ-induced myopathy®. On the other hand, Wang et al.** reported only
2 cases of HCQ-induced myopathy in 156 SLE patients. However, in this prospective study, authors evaluated
many reasons for the 156 patients with CQ/HCQ discontinuation (e.g. remission of lupus symptoms, ocular and
auditory toxicity, headache, lack of efficacy, gastrointestinal tract effects) and not necessarily the development of
other stages of muscle myopathy, such as moderate muscle weakness and subclinical stages. The 2 patients that
reported CQ/HCQ-myopathy developed severe muscle weakness, requiring hospitalization.

Interestingly, most of the patients from the clinical studies are over 50 years old and women, and in agree-
ment, the case reports of CQ/HCQ-induced myopathy demonstrated 17 from 21 case reports in women, and the
mean age of 59.88 + 14.19 for women and 51.00 + 14.17 for men. Generalized and proximal muscle weakness have
been suggested asunder-diagnosed symptoms of CQ/HCQ-muscle myopathy in elderly patients, perhaps due to
other underlying diseases causing muscle weakness and age, such as sarcopenia?’. Importantly, the average age of
patients affected by drug-induced myopathy is coincident with the population developing sarcopenia, a common
and under-diagnosed condition that leads to loss of muscle quality during aging, and is also characterized by a
decline in muscle force and power®**. As a hypothesis to be investigated (regression analysis correlating age with
patient symptoms), sarcopenia may be more than a confounding factor of drug-induced muscle weakness in these
patients, but a co-factor affecting the overall quality of the muscle and causing a decrease in muscle strength/
power in these populations (Fig. 4). Furthermore, this combination of factors could affect overall functional
capacity and CQ/HCQ post-discontinuation recovery.

Of note, a drug-induced myopathy or myotoxicity is defined as the manifestation of myopathic signals and
symptoms, such as CK elevation and muscle weakness, in patients without muscle disease when exposed to
certain drugs®. However, in certain articles of this systematic review, muscle diseases were a confounding co-
factor of muscle weakness related to CQ/HCQ-induced myopathy, such as the primary inflammatory disease,
especially the inflammatory myopathies (polymyositis, dermatomyositis, inclusion body myositis, not other-
wise specified and necrotizing myopathy)® and requires the prescription of CQ/HCQ. In Khoo et al.’, authors
evaluated muscle biopsies with curvilinear bodies from CQ/HCQ-induced myopathy in patients with different
types of inflammatory myositis as the primary disease®. To provide a differential diagnosis of muscle weakness
related with inflammatory myositis or CQ/HCQ-induced myopathy, the authors evaluated muscle inflamma-
tion biomarkers related to the primary disease (MHC I and II expression), and 10 out of 18 patients presenting
muscle weakness did not present signals of active inflammatory myositis. Importantly, curvilinear bodies were
found as a typical indicator of CQ/HCQ-induced myopathy in the biopsies of 18 patients, but unrelated to the
cumulative dose of HCQ, while 16 patients with inflammatory myositis and treated with HCQ did not present
drug-induced myopathies®. In this previous study, the presence of curvilinear bodies was significantly associated
with deleterious effects on muscle function (proximal weakness in the absence of active inflammatory myositis).
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Hypothesis for combined effects
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Figure 4. Hypothesis for combined effects of sarcopenia and CQ/HCQ induced myopathy along with aging
and chronic use of drugs.

Casado et al.’ also demonstrated the presence of vacuolar myopathy with atrophy of type 1 and type 2 muscle
fibers, and curvilinear bodies seen in a significant proportion of muscle biopsies from CQ/HCQ treated patients’.
In addition, in another study not included in this systematic review, Lee et al.'’, provided two additional markers,
LC3 (a marker of autophagosome formation) and p62 (adapter protein involved in lysosomal degradation), to
be expressed in autophagic vacuolar myopathy induced by HCQ.

Regarding the outcomes of laboratory findings (levels of CK, ALD and/or LDH), our meta-analysis demon-
strated a low heterogeneity when comparing the selected articles and pooled samples, and the articles suggested
that this is a critical finding to be evaluated in patients under diagnosis of drug-induced myopathy. CK elevation
was positive in 10 case reports, normal 4 case-reports, and not reported (NR) in 5 studies (Table 2). Considering
the observational studies, Tselious et al.>® reported the use of CQ/HCQ as a risk factor for elevated levels of CK
in patients being treated for SLE, with a total frequency of 16.3%. Only 5 patients (2.46%) developed muscle
weakness at the time of study, from a total of 203 patients presenting persistent CK elevation (considering patients
who complete a follow up of 7.3 + 5.6 years). Only one of these 5 patients had a muscle biopsy, with no positive
findings of drug-induced myopathy, and one patient developed HCQ-induced cardiomyopathy with confirma-
tory biopsy?. In Khoo et al.%, 64% of the patients under treatment for inflammatory myopathies, and positive
biopsies for HCQ-induced myopathy had elevated CK levels, reinforcing that persistence in muscle enzyme
disturbance is a complementary can represent a complementary finding of drug-induced myopathy®. In agree-
ment, Casado et al.” demonstrated a persistent muscle enzyme disturbance in 18.5% (22 of 119 patients) under
subclinical or clinical stages of CQ/HCQ-induced myopathy’. Specifically, the authors demonstrated elevated
levels of LDH for 19 of 22 patients, CK for 7 of 22 patients and ADL for 3 of 22 patients’. Kalajian et al.** showed
a higher prevalence of muscle enzyme elevation (CK, LDH and/or ADL) in CQ-treated patients (38%) than
HCQ-treated patients (8%).

Importantly, CK is more specific for muscle injury/muscle diseases compared to ADL and LDH, thus eleva-
tion of this particular enzyme is part of the criteria for diagnosis in patients exposed to myotoxic drugs, but it is
a complementary approach and not sufficient for confirming the diagnosis of toxic myopathy. It is important
to emphasize that LDH and ADL are present in other tissues (liver and brain), and are useful markers to ana-
lyze liver function, being elevated in patients in serum of patients with hepatic injury®. Also, elevated levels of
LDH might be considered in patients with inflammatory connective diseases, such as RA and under treatment
with anti-inflammatory drugs®®. As aforementioned, CQ/HCQ can also accumulate in liver and cardiac cells,
causing hepatotoxicity'® and cardiomyotoxicity'®?!. Thus, it is reasonable to affirm that the serum elevation of
these enzymes in patients under prolonged treatment with CQ/HCQ may also indicate liver and cardiac muscle
damage.

Considering the outcomes of antimalarial myopathy, from the elected studies, Wang et al.*? and Casado
et al.’ reported therapy discontinuation for 2 and 7 patients with drug-induced myopathy, respectively. Most of
the patients had a complete recovery or significant remission of muscle weakness. As a limitation, the other 4
selected studies did not report the patient’s follow-up or drug discontinuation. We also added 17 case reports,
considering the scarcity of information from literature and the relevance of outcomes described for patients with
CQ/HCQ-induced myopathy (Table S1). The improvement period for muscle symptoms varied from 2 weeks*
to 9 months*2. Normalization of muscle enzyme levels was also detected in some case reports after CQ/HCQ
discontinuation*-*2. Importantly, the half-life of CQ/HCQ is about 40-50 days** and symptom remission may
not begin until a significant amount of CQ/HCQ has been eliminated from the body.

This systematic review sought to follow international standards for this type of study, including submission
to PROSPERO, monitoring of the PRISMA statement, Protocol and Abstract guides. All searches and analyzes
were double checked and underwent a final review and systematically passed each statistical step required of
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