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Abstract

Colchicine is increasingly used as the number of potential indications expands. However, it also has a narrow therapeutic
index that is associated with bothersome to severe side effects. When concomitantly use with medications inhibiting its
metabolism, higher plasma levels will result and increase likelihood of colchicine toxicity. We conducted a cohort study
using electronic health records comparing encounters with colchicine plus a macrolide and colchicine with an antibiotic non-
macrolide. We assessed the relationship between the two groups using adjusted multivariate logistic regression models and
the risk of rhabdomyolysis, pancytopenia, muscular weakness, heart failure, acute hepatic failure and death. 12670 patients
on colchicine plus an antibiotic non-macrolide were compared to 2199 patients exposed to colchicine plus a macrolide.
Patients exposed to colchicine and a macrolide were majority men (n= 1329, 60.4%) and white (n=1485, 67.5%) in their
late sixties (mean age in years 68.4, SD 15.6). Heart failure was more frequent in the colchicine plus a macrolide cohort
(n=402, 18.3%) vs the colchicine non-macrolide one (n=1153, 9.1%) (p <0.0001) and also had a higher mortality rate [(85
(3.87%) vs 289 (2.28%), p <0.0001 macrolides vs non-macrolides cohorts, respectively]. When the sample was limited to
individuals exposed to either clarithromycin or erythromycin and colchicine, the adjusted OR for acute hepatic failure was
2.47 (95% CI 1.04-5.91) and 2.06 for death (95% CI 1.07-3.97). There is a significant increase in the risk of hepatic failure
and mortality when colchicine is concomitantly administered with a macrolide. Colchicine should not be used concomitantly
with these antibiotics or should be temporarily discontinued to avoid toxic levels of colchicine.
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Introduction

Colchicine, an alkaloid that has been used for centuries, and
now primarily prescribed for gout and Familial Mediter-
ranean fever, has experienced a resurgence in use. Over the
last two decades, colchicine has been studied for treatment
of vasculitis, Behget disease, pericarditis, coronary artery
disease, and COVID-19 [1-4]. Colchicine has a narrow
therapeutic index and the most frequent side effects are
gastrointestinal (abdominal pain, diarrhea, vomits), though
severe and life-threatening reactions such as rhabdomyolysis
and pancytopenia can occur [5-7]. Cases of severe neuro-
toxicity due to colchicine have also been described [8, 9].
Colchicine’s toxicity makes challenging to dose when used
Department of Pharmacotherapy, College of Pharmacy, in patients with renal impairment or when concomitantly
g;i\ézrfig OJSUAtah’ 30 South 2000 East, Salt Lake City, prescribed with drugs that can increase its plasma levels [9].
’ Elevated levels of colchicine can be fatal [10, 11].
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Colchicine’s metabolic pathway is through the
cytochrome P450 and is a substrate for cytochrome P450
3A4 (CYP3A4) and P-glycoprotein (P-gp) [12]. Pharma-
cokinetic studies on colchicine and CYP3A4 inhibitors
have shown an increase in colchicine plasma levels [13,
14]. CYP3 A4 inhibitor medications can increase colchicine
plasma levels, resulting in a higher frequency and severity of
colchicine’s side effects. Case reports have documented neu-
tropenia, neuropathy, myopathy and death in the presence
of this drug—drug interaction (DDI) [15-18]. Among the
drugs inhibiting the CYP3A4 macrolides, such as clarithro-
mycin and erythromycin, have been described as acting not
only inhibiting the CYP3A4 isoform but also inhibiting the
P-gp [12]. Clarithromycin has been used concomitantly with
colchicine in 50% of the cases and in 72% in two Japanese
studies analyzing colchicine concomitant medications and,
in 32% in a French study [19, 20]. While case reports have
documented consequences of co-administration of colchi-
cine and medications that inhibit its metabolism, few studies
exist that examine the use of colchicine across the cohort of
patients taking the medication with an interacting medica-
tion. Therefore, the purpose of this study was to examine
if concomitant use of colchicine with macrolides increases
colchicine-associated adverse events and severe clinical
consequences.

Methods
Study design

This study was a retrospective cohort study of patients
receiving colchicine and macrolide antibiotics or non-mac-
rolides ones. The study was conducted using an electronic
health records (EHR) system across multiple institutions
with encounters. To account for indication bias, we com-
pared encounters where colchicine was prescribed with a
macrolide to encounters where colchicine was concomitantly
use with a non-interacting systemic antibiotic. Additional
details are provided below.

Study source

The source of data for this study came from the CERNER
Health Facts database (https://sc-ctsi.org/resources/cerner-
health-facts). This database contains de-identified EHR
patient data from participating medical institutions across
the US, including more than 300 million encounters. Patient
information on patient demographic, medical diagnosis cod-
ified with the International Classification of Diseases (ICD)
9th and 10th versions, insurance status and drug prescription
were also collected. Data from January 2002 to December
2018 were used in this analysis.
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Study population

The following inclusion and exclusion criteria were used to
select observations for this study. Inclusion criteria included:
patients > 18 years old; at least one encounter with exposure
to colchicine; and receipt of either a non-macrolides and
macrolide antibiotics. Exclusion criteria included: individu-
als < 18 years old; encounters with any non-macrolide but
CYP3A4/P-gp inhibitors medications (see Appendix A in
supplemental materials).

Exposures

Colchicine + non-macrolide antibiotic exposure: individuals
with a colchicine and a non-macrolide antibiotic prescrip-
tion in the same encounter (please see Appendix B of the
Supplemental Material).

Colchicine + macrolide exposure: individuals with a col-
chicine prescription and at least one of the following mac-
rolides: azithromycin, clarithromycin or erythromycin at the
same encounter. Formulations that were administered via
an oral, intramuscular or intravenous route were of inter-
est. Other formulations including otic, ophthalmic or topic
applications or other external preparations were excluded.

Potential confounders

The Charlson comorbidity index score was calculated for
both groups to account for comorbidities [21].

Outcomes

Adbverse events resulting from colchicine toxicity were iden-
tified by ICD 9th edition and 10th edition codes (see Supple-
mentary Material Appendix C). Generally, these conditions
include: thabdomyolysis; pancytopenia; muscular weakness;
heart failure; or acute hepatic failure. In an effort to iden-
tify those possible cases of rhabdomyolysis not identified by
diagnosis codes, an outcome for laboratory creatine kinase
(CK) values corresponding to rhabdomyolysis (over 5 times
the upper normal limit i.e. > 1500UI/L) was also identified
[22].

Statistical analysis

Descriptive statistics were used to describe patient demo-
graphics (age, sex and race), comorbidities (Charlson
comorbidity index), and primary outcomes. The relationship
between DDI exposure and outcomes was assessed using
both unadjusted and adjusted multivariable logistic regres-
sion models. The adjusted model controlled for age, sex,
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race, and Charlson comorbidity index. Both clarithromycin
and erythromycin have been known to strongly bind and
inhibit CYP 3A4/P-gp, while azithromycin has been shown
to interfere poorly with cytochrome P450 [23]. Therefore,
we performed a sub-analysis of the colchicine and macrolide
exposure consisting of only those encounters with colchicine
and clarithromycin or erythromycin (strong CYP3A4 inhibi-
tor exposure).

Ethics

The study is using only de-identified data. Confidentiality of
patient records has been maintained at all times. All study
reports will contain aggregate data only and will not identify
individual patients or physicians. Ethic approval from the
IRB from the University of Utah was obtained.

Results

A total of 12670 patients were exposed to colchicine and
a non-macrolide antibiotic (controls), and a total of 2199
patients were exposed to colchicine and a macrolide (DDI
exposure). There were more men than women in both
cohorts [7855 (62%) in the colchicine + non-macrolide anti-
biotic and 1329 (60%) in the colchicine + macrolides], and
the majority of patients in each group were Caucasian [8757
(69%) and 1485 (68%), colchicine + non-macrolides and col-
chicine + macrolides, respectively]. Patients in the colchi-
cine + non-macrolide antibiotic group were younger [63.1
(SD=16.8) vs 68.4 (SD=15.6) years of age, p 0.47] (see

Table 1). More than half of the patients in both groups had
a Charlson comorbidity index under 3 [9636; (76%) colchi-
cine + non-macrolide; 1409 (64%) colchicine + macrolides,
p<0.001]. Those in the colchicine + macrolides group had
higher Charlson scores [9.6% with 5 or more Charlson index
scored vs 5% in the colchicine + non-macrolide antibiotic]
(p value <0.001).

The most frequent adverse event in both cohorts was
heart failure [1153 (9.1%) in colchicine + non-macrolide
antibiotic and 402 (18.3%) in the colchicine + macrolides,
p <0.001], followed by pancytopenia [638 (5.0%) and 103
(4.7%) colchicine + non-macrolide antibiotic and colchi-
cine + macrolide respectively, p =0.48] (see Table 2). The
colchicine + macrolide cohort had a significantly higher
death rate than the colchicine +non-macrolide antibiotic
group [85 (3.87%) vs 289 (2.28%) respectively, p <0.001].

A logistic regression analysis accounting for age, sex,
race and Charlson comorbidity index found a nearly eight-
fold higher risk of rhabdomyolysis (determined by CK labo-
ratory value) with the concomitant use of colchicine and
any macrolide, including azithromycin [OR,g; 7.88 (95% CI
1.29-48.01)]. However, when the diagnosis of rhabdomyoly-
sis by ICD code was used, no statistically significant differ-
ence in risk was observed [ORadj 1.00 (95% CI1 0.61-1.65)]
(see Table 3). The risk for rhabdomyolysis using laboratory
CK values to define the condition found even higher risk
for patients prescribed colchicine plus a strong inhibitor of
CYP3A4 (clarithromycin or erythromycin) [OR,4;=22.58
(95% CI 1.84-277.39)].

Among other outcomes, an increased risk of heart fail-
ure was observed for individuals exposed to colchicine

Table 1 Cohort demographics

Total patients by one encounter Exposure to colchicine+non-  Exposure to colchi- p
macrolide antibiotic cine + macrolide
n=12670 n=2199
Age (mean, SD) 66.4 (15.8) 68.4 (15.6) 0.470
Sex (n, %)
Female 4813 (38.0) 870 (39.5) 0.316
Male 7855 (62.0) 1329 (60.4)
Unknown 2(0.0) 0(0.0)
Race (n, %)
African American 2802 (22.1) 519 (23.6) 0.539
Asian 314 (2.5) 54 (2.4)
Caucasian 8757 (69.1) 1485 (67.5)
Other 535 (4.2) 99 (4.5)
Unknown 262 (2.1) 42 (1.9)
Charlson comorbidity index
0 4999 (39.4) 641 (29.1) <0.001
1-2 4640 (36.6) 768 (34.9)
34 2393 (18.9) 578 (26.3)
>5 638 (5.0) 212 (9.6)
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Table 2 Frequency of adverse
events

Exposure to colchicine 4+ non-
macrolide antibiotics

n=12670 (100%)

Exposure to colchi- P
cine + macrolides

n=2199 (100%)

Rhabdomyolysis by lab CK value
(CK>1500UI/L)

Rhabdomyolysis by diagnosis
Pancytopenia

Muscle weakness

Heart failure

Acute hepatic failure

Expired

2(0.0) 3(0.1) 0.03

96 (0.7) 19 (0.8) 0.60

638 (5.0) 103 (4.7) 0.48

44 (0.3) 8(0.3) 0.90
1153 (9.1) 402 (18.3) <0.0001

92 (0.7) 21 (0.9) 0.25
289 (2.28) 85 (3.87) <0.0001

Lab laboratory, CK creatine kinase

Table 3 Results from adjusted
multivariate regression models
for overall and subgroup

Outcomes

OR,; (95% CI) for colchicine
and any macrolides

OR,4; (95% CI) for colchicine
and clarithromycin/erythro-
mycin

Rhabdomyolysis by laboratory CK

values > 1500 UI/L

7.88 (1.29-48.01) 22.58 (1.84-277.39)

1.00 (0.61-1.65)
0.74 (0.59-0.92)
0.81 (0.38-1.73)
1.67 (1.45-1.93)
0.98 (0.61-1.6)

1.46 (1.14-1.88)

Rhabdomyolysis by diagnosis
Pancytopenia

Muscle weakness

Heart failure

Acute hepatic failure

Expired

1.02 (0.25-4.2)
1.13 (0.67-1.92)
1.06 (0.67-1.67)
2.47 (1.04-5.91)
2.06 (1.07-3.97)

~there were zero observations for clarithromycin/erythromycin group

plus any macrolide [OR,q; 1.67 (95% CI 1.45-1.93)]. How-
ever, there was not a statistically significant increase in the
risk of a diagnosis of heart failure when clarithromycin or
erythromycin combined with colchicine was compared to
colchicine + non-macrolide antibiotic [OR,q; 1.06 (95% CI
0.67-1.67)]. On the other hand, the odds of having acute
hepatic failure were higher with concomitant exposure to
colchicine and a macrolide strong inhibitor of CYP3A4
[OR,4j 2.47 (95% CI 1.04-5.91)], and the odds of death
were twofold higher for this group [OR,4; 2.06 (95% CI
1.07-3.97)] (see Table 3). For the other outcomes of inter-
est, there was no observed increase in risk for either mus-
cle weakness or pancytopenia with the concomitant expo-
sure either to colchicine and any macrolide or colchicine
and clarithromycin/erythromycin.

As only 5 patients showed CK values over 1500 IU/L,
these cases were manually reviewed, with two having been
diagnosed with “Drug induce myopathy” and “Rhabdomy-
olysis”, one having suffered a car accident, one having had
septic shock, and one without a diagnosis that could relate
these high CK values to a suspected drug interaction or
drug induce myopathy (Appendix D of the Supplemental
Material).

@ Springer

Discussion

Our analysis examined clinically meaningful severe
adverse events when colchicine and a macrolide are
administered concomitantly, with the results indicating a
higher mortality rate in individuals exposed to this interac-
tion compared to those not exposed. The studied cohorts
were generally composed of men in their sixties, a cohort
that aligns well with the onset of gout, a primary indica-
tion for colchicine [5].

Individuals receiving colchicine and a macrolide con-
comitantly had higher rates of heart failure but similar
rates of pancytopenia, muscular weakness, and acute
hepatic failure compared to patients receiving colchicine
and other antibiotics. The risk of acute hepatic failure was
much higher when colchicine was used concomitantly
with clarithromycin or erythromycin. Case reports have
been published describing pancytopenia, hepatic failure
and rhabdomyolysis as adverse outcomes when colchicine
was used concomitantly with clarithromycin [15-17]. In a
chart review of hospitalized patients treated with colchi-
cine, among the 37 fatal cases, 17 had a CYP3A4 inhibitor



Rheumatology International (2022) 42:2253-2259

2257

drugs mentioned, including one individual with exposure
to a macrolide [24]. An analysis of the FDA Adverse Event
Reporting System (FAERS) found 58 reports mention-
ing colchicine and clarithromycin, including 13 (22%)
reports of death [25]. A retrospective study reported that
nine (10.2%) of the 88 patients who received clarithro-
mycin and colchicine had expired [26]. In our analysis
only accounting for strong CYP3A4 inhibitor macrolide
(clarithromycin and erythromycin) heart failure was
not associated with the concomitant exposure while
hepatic failure and death were related agreeing with the
above described. Colchicine has recently been studied for
several cardiovascular diseases though its use has not been
that extended to heart failure in routine clinical practice
and may explain the higher incidence of heart failure in
this study [27]. However, a recent clinical trial did not find
any likelihood for death or hospital stay due to heart fail-
ure in patients on colchicine with stable heart failure [28].

Pancytopenia has been reported as a side effect of col-
chicine due to colchicine interfering with the production of
neutrophils, leading to fatal outcomes [29-31]. It is a rare
adverse event and our analysis found that compared to those
exposed to colchicine and non-macrolide antibiotic, patients
exposed to colchicine plus a macrolide had lower odds of
experience pancytopenia [OR,g; 0.74 (95% CI 0.59-0.92)
and OR,4; 1.13 (95% C1 0.67-1.92), all macrolides and only
those strong CYP3A4 inhibitors respectively]. This finding
also contradicts that of a retrospective study, which showed
an elevated risk of pancytopenia [26]. A major difference
between previous studies and our analysis is that most of the
individuals we evaluated were hospitalized and may have
been more closely monitored for changes in white blood
cells.

Despite the availability of large health databases to study
and evaluate DDIs, most information on DDIs continues
to be based on preclinical pharmacokinetics studies and
safety data recorded during clinical trials before marketing
authorization [32]. Pharmacokinetic data are theoretically
useful, they do not provide evidence for clinically significant
adverse outcomes. After marketing, observational studies
may be useful in detecting potential DDIs and assessing the
clinical consequences of concomitant exposure [19, 33]. The
research conducted prior to approval does not necessarily
provide clinicians information regarding the risk of DDI or
how to best manage them. Also, elderly are exposed to poly-
pharmacy and have an increased risk for adverse events rate
due to DDI [34-36].

A concerning issue with the colchicine and drug inter-
actions is the confusing and/or inaccurate information on
the interaction. There is inconsistency in the seriousness of
this interaction across DDI websites, where concomitant
exposure to colchicine and CYP3A4 inhibitors are classi-
fied as “major contraindication” or “serious interaction”

[37-41]. However, these terms may fail to reflect the seri-
ousness of harm and prevent exposure to these medica-
tions as demonstrated by this analysis. Additionally, many
drug information sources do not mention colchicine dose
adjustment in patients with decreased renal function, as
included in product labeling. These websites also have
limited information on alternatives to macrolides (See
Appendix E of the Supplemental Material for the review
of the DDI checkers websites).

Colchicine has been used available for many years, but
new indications for its use continue to emerge. In 2020,
during the COVID19 outbreak, colchicine was studied as a
therapeutic drug for COVID-19 infected patients [42-44].
The COLCORONA trial conducted in Canada showed a
reduction in the composite, death and hospitalization out-
comes for those community-treated COVID-19 patients with
colchicine against placebo, though no analysis or mention
of antibiotics such as macrolides for COVID-19 treatment
was made [42]. The use of macrolides has been studied in
patients with COVID-19 pneumonia, though the clinical tri-
als did not contemplate the concomitant use of colchicine
and did not specifically mention this as an exclusion crite-
rion [45-47].

Our study has limitations that should be considered when
interpreting the results. The administered dose of colchicine
was not evaluated in our analysis due to the lack of infor-
mation. Patients with renal failure are at increased risk of
colchicine toxicity and the colchicine dose should have been
adjusted thus, one limitation was that we did not attempt to
include measures of kidney function due to the lack of this
data being routinely available for all observations [48]. One
retrospective study comparing patients concomitantly pre-
scribed colchicine and clarithromycin and patients sequen-
tially prescribed these drugs showed a higher risk of pan-
cytopenia in those with renal impairment [26]. To account
for comorbidities, we used the Charlson comorbidity index,
but this risk adjustment tool does not include kidney fail-
ure as a risk factor [49]. Another limitation is that we did
not attempt to control for the duration of exposure to both
medications. The amount of concomitant exposure may be
an important factor in evaluating potential toxicity. Another
limitation is the information on other concomitant medica-
tions patients may have been received that would increase
the risk for AE. We did not attempt to examine potential
confounding by other medications. This study also used the
diagnosis of conditions as an outcome of interest. We do not
have longitudinal data that would permitted us to evaluate
if these diagnoses are incident conditions or conditions that
were long-standing before the receipt of colchicine and an
interacting medication. An inherent limitation when using
EHR is missing data. We identified only 5 patients with CK
values over 1500 IU/L. This may be an underrepresentation
of what actually occurred. Also, when manually reviewing
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these patients, two had alternative explanations for these
high CK values, including severe trauma and sepsis [50].

In conclusion, this analysis demonstrates the increased
risk of colchicine toxicity when colchicine is concomitantly
administered with a macrolide. Due to its narrow therapeutic
index, colchicine toxicity may contribute to increased risk of
mortality among hospitalized patients. When possible, the
combination of colchicine and clarithromycin or erythromy-
cin should be avoided.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00296-022-05201-5.

Acknowledgements The authors would like to acknowledge the assis-
tance of Richard Boyce and Max Sibilla from the University of Pitts-
burgh, Department of Biomedical Informatics (Pittsburgh, PA), in the
data extraction for this study.

Author contributions MST participated in developing the study pro-
tocol and research design, analyzed data, and contributed to inter-
pretation of data. She also reviewed and edited the manuscript. AGL
has participated developing the study protocol and research design,
interpretation of data and drafted the manuscript. LVZ participated
in developing the research design and interpretation of results. He has
reviewed and edited the manuscript. DCM led the conception of the
work, supervised the study and drafted the study protocol and research
design, guided the analysis of data, provided interpretation as well as
reviewed and edited the final manuscript. All co-authors agree to be
accountable for all aspects of the work, taking full responsibility for
the integrity and accuracy of all aspects. All authors approved the ver-
sion to be published.

Funding This project was supported by grant ROIHS025984 from the
Agency for Healthcare Research and Quality. The content is solely
the responsibility of the authors and does not necessarily represent
the official views of the Agency for Healthcare Research and Quality.

Data availability The datasets generated during and/or analyzed during
the current study are available from the corresponding author upon
reasonable request.

Declarations

Conflict of interests All the authors declare no conflicts of interest.

References

1. Slobodnick A, Shah B, Pillinger MH, Krasnokutsky S (2015) Col-
chicine: old and new. Am J Med 128:461-470. https://doi.org/10.
1016/j.amjmed.2014.12.010

2. Stack J, Ryan J, McCarthy G (2015) Colchicine. Am J Ther
22:e151—e157. https://doi.org/10.1097/01.mjt.0000433937.07244.
el

3. Dasgeb B, Kornreich D, McGuinn K, Okon L, Brownell I, Sackett
DL (2018) Colchicine: an ancient drug with novel applications.
Br J Dermatol 178:350-356. https://doi.org/10.1111/bjd.15896

4. Atzeni F, Masala IF, Rodriguez-Carrio J, Rios-Garcés R, Ger-
ratana E, La Corte L et al (2021) The rheumatology drugs for

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

COVID-19 management: which and when? J Clin Med 10:783.
https://doi.org/10.3390/jcm 10040783

Grosser T, Smyth E, FitzGerald G (2018) Pharmacotherapy of
inflammation, fever, pain, and gout. In: Brunton LL et al (eds)
Goodman and Gilman’s the pharmacological basis of therapeutics,
13th edn. McGraw-Hill Education, New York

Stewart S, Yang KCK, Atkins K, Dalbeth N, Robinson PC
(2020) Adverse events during oral colchicine use: a systematic
review and meta-analysis of randomised controlled trials. Arthr
Res Ther. https://doi.org/10.1186/s13075-020-2120-7

Andreis A, Imazio M, Avondo S, Casula M, Paneva E, Piroli F
et al (2021) Adverse events of colchicine for cardiovascular dis-
eases: a comprehensive meta-analysis of 14 188 patients from
21 randomized controlled trials. J Cardiovasc Med 22:637-644.
https://doi.org/10.2459/JCM.0000000000001157

Kuncl RW, Duncan G, Watson D, Alderson K, Rogawski MA,
Peper M (1987) Colchicine myopathy and neuropathy. N Engl
J Med 316:1562-1568. https://doi.org/10.1056/NEJIM 198706
183162502

Altiparmak MR, Pamuk ON, Pamuk GE, Hamuryudan V, Ata-
man R, Serdengecti K (2002) Colchicine neuromyopathy: a
report of six cases. Clin Exp Rheumatol 20:S13-S16
Finkelstein Y, Aks SE, Hutson JR, Juurlink DN, Nguyen P,
Dubnov-Raz G et al (2010) Colchicine poisoning: the dark side
of an ancient drug. Clin Toxicol 48:407—414. https://doi.org/10.
3109/15563650.2010.495348

Maxwell MJ (2002) Accidental colchicine overdose. A case
report and literature review. Emerg Med J 19:265-266. https://
doi.org/10.1136/emj.19.3.265

Terkeltaub RA, Furst DE, DiGiacinto JL, Kook KA, Davis
MW (2011) Novel evidence-based colchicine dose-reduction
algorithm to predict and prevent colchicine toxicity in the pres-
ence of cytochrome P450 3 A4/P-glycoprotein inhibitors. Arthr
Rheum 63:2226-2237. https://doi.org/10.1002/art.30389
Beaudreuil S, Schermann JM, Verstuyft C, Barrail-Tran A,
Smirnova M, Durrbach A et al (2018) Differential pharmacoki-
netic interaction of cyclosporine and tacrolimus with colchicine
in renal allograft recipients. Clin Transplant 32:¢13405. https://
doi.org/10.1111/ctr.13405

Ledwitch KV, Barnes RW, Roberts AG (2016) Unravelling the
complex drug—drug interactions of the cardiovascular drugs,
verapamil and digoxin, with P-glycoprotein. Biosci Rep. https://
doi.org/10.1042/BSR20150317

Rollot F, Pajot O, Chauvelot-Moachon L, Nazal EM, Kélaidi
C, Blanche P (2004) Acute colchicine intoxication during
clarithromycin administration. Ann Pharmacother 38:2074—
2077. https://doi.org/10.1345/aph.1E197

McKinnell J, Tayek JA (2009) Short term treatment with
clarithromycin resulting in colchicine-induced rhabdomyoly-
sis. JCR J Clin Rheumatol 15:303-305. https://doi.org/10.1097/
RHU.0b013e3181bbbcd7

Haj Yahia S, Ben Zvi I, Livneh A (2018) Colchicine intoxica-
tion in familial Mediterranean fever patients using clarithro-
mycin for the treatment of Helicobacter pylori: a series of six
patients. Rheumatol Int 38:141-147. https://doi.org/10.1007/
$00296-017-3823-1

Olmos-Martinez JM, Molina H, Salas C, Olmos JM, Hernindez
JL (2019) Acute colchicine-induced neuromyopathy in a patient
treated with atorvastatin and clarithromycin. Eur J Case Reports
Intern Med 6:1. https://doi.org/10.12890/2019_001066

Imai S, Momo K, Kashiwagi H, Miyai T, Sugawara M, Take-
kuma Y (2020) Prescription of colchicine with other dangerous
concomitant medications: a nation-wide survey using the Japa-
nese claims database. Biol Pharm Bull 43:1519-1525. https://
doi.org/10.1248/bpb.b20-00314


https://doi.org/10.1007/s00296-022-05201-5
https://doi.org/10.1016/j.amjmed.2014.12.010
https://doi.org/10.1016/j.amjmed.2014.12.010
https://doi.org/10.1097/01.mjt.0000433937.07244.e1
https://doi.org/10.1097/01.mjt.0000433937.07244.e1
https://doi.org/10.1111/bjd.15896
https://doi.org/10.3390/jcm10040783
https://doi.org/10.1186/s13075-020-2120-7
https://doi.org/10.2459/JCM.0000000000001157
https://doi.org/10.1056/NEJM198706183162502
https://doi.org/10.1056/NEJM198706183162502
https://doi.org/10.3109/15563650.2010.495348
https://doi.org/10.3109/15563650.2010.495348
https://doi.org/10.1136/emj.19.3.265
https://doi.org/10.1136/emj.19.3.265
https://doi.org/10.1002/art.30389
https://doi.org/10.1111/ctr.13405
https://doi.org/10.1111/ctr.13405
https://doi.org/10.1042/BSR20150317
https://doi.org/10.1042/BSR20150317
https://doi.org/10.1345/aph.1E197
https://doi.org/10.1097/RHU.0b013e3181bbbcd7
https://doi.org/10.1097/RHU.0b013e3181bbbcd7
https://doi.org/10.1007/s00296-017-3823-1
https://doi.org/10.1007/s00296-017-3823-1
https://doi.org/10.12890/2019_001066
https://doi.org/10.1248/bpb.b20-00314
https://doi.org/10.1248/bpb.b20-00314

Rheumatology International (2022) 42:2253-2259

2259

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Girard de Courtilles M, Balusson F, Queric C, Bouric S, Car-
lhant-Kowalski D, Scailteux L-M et al (2020) Interactions
médicamenteuses avec la colchicine, les contre-indications sont-
elles bien respectées ? Etude descriptive des prescriptions en
Bretagne a partir des données de I’Assurance maladie. Therapies
75:675-679. https://doi.org/10.1016/j.therap.2020.06.003
Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis 40:373-383.
https://doi.org/10.1016/0021-9681(87)90171-8

Melli G, Chaudhry V, Cornblath DR (2005) Rhabdomyolysis:
an evaluation of 475 hospitalized patients. Medicine (Baltimore)
84:377-385. https://doi.org/10.1097/01.md.0000188565.48918.41
von Rosenstiel N-A, Adam D (1995) Macrolide antibacterials.
Drug Saf 13:105-122. https://doi.org/10.2165/00002018-19951
3020-00005

Mullins M, Cannarozzi AA, Bailey TC, Ranganathan P (2011)
Unrecognized fatalities related to colchicine in hospitalized
patients. Clin Toxicol 49:648—652. https://doi.org/10.3109/15563
650.2011.589844

Villa Zapata L, Hansten PD, Horn JR, Boyce RD, Gephart S,
Subbian V et al (2020) Evidence of clinically meaningful
drug—drug interaction with concomitant use of colchicine and
clarithromycin. Drug Saf 43:661-668. https://doi.org/10.1007/
$40264-020-00930-7

Hung IFN, Wu AKL, Cheng VCC, Tang BSF, To KW, Yeung CK
et al (2005) Fatal Interaction between clarithromycin and colchi-
cine in patients with renal insufficiency: a retrospective study. Clin
Infect Dis 41:291-300. https://doi.org/10.1086/431592

Andreis A, Imazio M, Casula M, Avondo S, De Ferrari GM (2021)
Colchicine efficacy and safety for the treatment of cardiovascular
diseases. Intern Emerg Med 16:1691-1700. https://doi.org/10.
1007/s11739-021-02654-7

Deftereos S, Giannopoulos G, Panagopoulou V, Bouras G, Rai-
sakis K, Kossyvakis C et al (2014) Anti-inflammatory treatment
with colchicine in stable chronic heart failure. JACC Hear Fail
2:131-137. https://doi.org/10.1016/j.jchf.2013.11.006

Dixon AJ, Wall GC (2001) Probable colchicine-induced neu-
tropenia not related to intentional overdose. Ann Pharmacother
35:192-195. https://doi.org/10.1345/aph.10184

Demy M, Varache N, Coindre J-P, Dernis E, Puéchal X (2009)
Recurrent and fatal pancytopenia due to repeated colchicine self
administration. Eur J Intern Med 20:e116—e117. https://doi.org/
10.1016/j.€jim.2008.09.012

Leung YY, Yao Hui LL, Kraus VB (2015) Colchicine—update on
mechanisms of action and therapeutic uses. Semin Arthr Rheum
45:341-350. https://doi.org/10.1016/j.semarthrit.2015.06.013
Food and Drug Administration (2020) Clinical drug interaction
studies-cytochrome P450 enzyme- and transporter-mediated drug
interactions guidance for industry. Center for Drug Evaluation and
Research (CDER), US Department of Health and Human Services
and Food and Drug Administration, Silver Springs

Zheng WY, Richardson LC, Li L, Day RO, Westbrook JI, Bay-
sari MT (2018) Drug-drug interactions and their harmful effects
in hospitalised patients: a systematic review and meta-analy-
sis. Eur J Clin Pharmacol 74:15-27. https://doi.org/10.1007/
$00228-017-2357-5

Juurlink DN (2003) Drug—drug interactions among elderly
patients hospitalized for drug toxicity. JAMA 289:1652. https://
doi.org/10.1001/jama.289.13.1652

Guthrie B, Makubate B, Hernandez-Santiago V, Dreischulte T
(2015) The rising tide of polypharmacy and drug—drug interac-
tions: population database analysis 1995-2010. BMC Med 13:74.
https://doi.org/10.1186/s12916-015-0322-7

Bories M, Bouzillé G, Cuggia M, Le Corre P (2021) Drug—drug
interactions in elderly patients with potentially inappropriate

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

medications in primary care, nursing home and hospital settings: a
systematic review and a preliminary study. Pharmaceutics 13:266.
https://doi.org/10.3390/pharmaceutics 13020266

Web MD. Drug Interaction Checker. https://www.webmd.com/
interaction-checker/default.htm. Accessed Sept 2021
Drugs.com. Drug Interactions Checker. https://www.drugs.com/
drug_interactions.htm. Accessed Sept 2021

Medscape. Drug Interaction Checker. https://reference.medscape.
com/drug-interactionchecker. Accessed Sept 2021

RxList. Drug Interaction Checker. https://www.rxlist.com/drug-
interaction-checker.htm. Accessed Sept 2021

Wolters Kluwer. Lexicomp: interactions. Drugs Interaction
Checker. https://www.wolterskluwer.com/en/solutions/lexicomp/
resources/facts-comparisons-user-academy/druginteractions.
Accessed Sept 2021

Tardif J-C, Bouabdallaoui N, L’Allier PL, Gaudet D, Shah B, Pill-
inger MH et al (2021) Colchicine for community-treated patients
with COVID-19 (COLCORONA): a phase 3, randomised, double-
blinded, adaptive, placebo-controlled, multicentre trial. Lancet
Respir Med 9:924-932. https://doi.org/10.1016/S2213-2600(21)
00222-8

Elshafei MN, El-Bardissy A, Khalil A, Danjuma M, Mubasher
M, Abubeker IY et al (2021) Colchicine use might be associated
with lower mortality in COVID-19 patients: a meta-analysis. Eur
J Clin Invest. https://doi.org/10.1111/eci.13645

Lien C-H, Lee M-D, Weng S-L, Lin C-H, Liu LY-M, Tai Y-L et al
(2021) Repurposing colchicine in treating patients with COVID-
19: a systematic review and meta-analysis. Life 11:864. https://
doi.org/10.3390/1ife11080864

Tsiakos K, Tsakiris A, Tsibris G, Voutsinas P-M, Panagopoulos
P, Kosmidou M et al (2021) Early start of oral clarithromycin is
associated with better outcome in COVID-19 of moderate sever-
ity: The ACHIEVE open-label single-arm trial. Infect Dis Ther.
https://doi.org/10.1007/s40121-021-00505-8

Vaughn VM, Gandhi TN, Petty LA, Patel PK, Prescott HC, Malani
AN et al (2021) Empiric antibacterial therapy and community-
onset bacterial coinfection in patients hospitalized with coronavi-
rus disease 2019 (COVID-19): a multi-hospital cohort study. Clin
Infect Dis 72:e533-e541. https://doi.org/10.1093/cid/ciaal239
Oldenburg CE, Pinsky BA, Brogdon J, Chen C, Ruder K, Zhong
L et al (2021) Effect of oral azithromycin vs placebo on COVID-
19 symptoms in outpatients with SARS-CoV-2 infection. JAMA
326:490. https://doi.org/10.1001/jama.2021.11517

Amanova A, Kendi Celebi Z, Bakar F, Caglayan MG, Keven K
(2014) Colchicine levels in chronic kidney diseases and kidney
transplant recipients using tacrolimus. Clin Transplant 28:1177—
1183. https://doi.org/10.1111/ctr.12448

Hung IFN, Wu AKL, Cheng VCC, Tang BSF, To KW, Yeung
CK, Woo PCY, Lau SKP, Cheung BMY, Yuen KY (2005) Fatal
interaction between clarithromycin and colchicine in patients
with renal insufficiency: a retrospective study. Clin Infect Dis
41:291-200

Kumar AA, Bhaskar E, Palamaner Subash Shantha G, Swami-
nathan P, Abraham G (2009) Rhabdomyolysis in community
acquired bacterial sepsis—a retrospective cohort study. PLoS ONE
4:e7182. https://doi.org/10.1371/journal.pone.0007182

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

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://doi.org/10.1016/j.therap.2020.06.003
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1097/01.md.0000188565.48918.41
https://doi.org/10.2165/00002018-199513020-00005
https://doi.org/10.2165/00002018-199513020-00005
https://doi.org/10.3109/15563650.2011.589844
https://doi.org/10.3109/15563650.2011.589844
https://doi.org/10.1007/s40264-020-00930-7
https://doi.org/10.1007/s40264-020-00930-7
https://doi.org/10.1086/431592
https://doi.org/10.1007/s11739-021-02654-7
https://doi.org/10.1007/s11739-021-02654-7
https://doi.org/10.1016/j.jchf.2013.11.006
https://doi.org/10.1345/aph.10184
https://doi.org/10.1016/j.ejim.2008.09.012
https://doi.org/10.1016/j.ejim.2008.09.012
https://doi.org/10.1016/j.semarthrit.2015.06.013
https://doi.org/10.1007/s00228-017-2357-5
https://doi.org/10.1007/s00228-017-2357-5
https://doi.org/10.1001/jama.289.13.1652
https://doi.org/10.1001/jama.289.13.1652
https://doi.org/10.1186/s12916-015-0322-7
https://doi.org/10.3390/pharmaceutics13020266
https://www.webmd.com/interaction-checker/default.htm
https://www.webmd.com/interaction-checker/default.htm
https://www.drugs.com/drug_interactions.htm
https://www.drugs.com/drug_interactions.htm
https://reference.medscape.com/drug-interactionchecker
https://reference.medscape.com/drug-interactionchecker
https://www.rxlist.com/drug-interaction-checker.htm
https://www.rxlist.com/drug-interaction-checker.htm
https://www.wolterskluwer.com/en/solutions/lexicomp/resources/facts-comparisons-user-academy/druginteractions
https://www.wolterskluwer.com/en/solutions/lexicomp/resources/facts-comparisons-user-academy/druginteractions
https://doi.org/10.1016/S2213-2600(21)00222-8
https://doi.org/10.1016/S2213-2600(21)00222-8
https://doi.org/10.1111/eci.13645
https://doi.org/10.3390/life11080864
https://doi.org/10.3390/life11080864
https://doi.org/10.1007/s40121-021-00505-8
https://doi.org/10.1093/cid/ciaa1239
https://doi.org/10.1001/jama.2021.11517
https://doi.org/10.1111/ctr.12448
https://doi.org/10.1371/journal.pone.0007182

	Colchicine and macrolides: a cohort study of the risk of adverse outcomes associated with concomitant exposure
	Abstract
	Introduction
	Methods
	Study design
	Study source
	Study population
	Exposures
	Potential confounders
	Outcomes
	Statistical analysis
	Ethics

	Results
	Discussion
	Acknowledgements 
	References




