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Abstract

Coronavirus disease-19 (COVID-19) may result in serious complications involving several organ systems, including myocardial
tissue. An exaggerated host inflammatory response, described as a cytokine storm, has been linked to play a major role in these
complications. Colchicine and other pharmaceutical agents have been proposed to counter the cytokine storm and improve
outcomes. In this exploratory review, we utilized a PubMed and Cochrane Database search aiming to identify the biochemical
characteristics of the cytokine storm as well as to identify the potential effect of colchicine on these inflammatory biomarkers.
The research yielded 30 reports describing the characteristics of the cytokine storm and 44 reports describing the effect of
colchicine on various inflammatory biomarkers. According to our research, colchicine may be an agent of interest in the treatment
of COVID-19 via its anti-inflammatory properties. However, there are potential drug interactions with cytochrome P450 3A4
inhibitors resulting in acute colchicine toxicities. Additionally, there is scarce evidence regarding the efficacy of colchicine in the
acute phase of disease, since most trials evaluated its effect in chronic conditions. In this direction, our team proposes three
different hypotheses for evaluating the place of colchicine in the treatment of COVID-19.
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Introduction

As of December 2019, a novel coronavirus named severe
acute respiratory syndrome (SARS) coronavirus (CoV)-2
has emerged in Wuhan Province in China [1]. Since then,
SARS CoV-2 has demonstrated high human to human trans-
mission rates and has developed into a worldwide pandemic
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[2]. To date (April 26, 2020), there have been almost 2.8
million confirmed cases as well as over 193,722 deaths attrib-
uted to coronavirus disease-19 (COVID-19) according to
WHO [3]. Since the original outbreak, a large number of re-
ports have emerged describing all relevant aspects of COVID-
19 [4].

The focus of this report is on the exaggerated host inflam-
matory response, most often described as a cytokine storm
that is reported in critically ill patients [5]. This seems to play
a major detrimental role in the development of complications
and ultimately death associated with COVID-19 [5, 6]. Recent
focus has therefore been placed on identifying anti-
inflammatory pharmaceutical agents that could be repurposed
in an attempt to reduce complications and improve the surviv-
al rates of the infection. One such molecule is colchicine, an
agent that has been used for several years in the treatment of
auto-immune diseases, most relevantly that of post-viral peri-
carditis [7].

Colchicine is a phytochemical compound that was origi-
nally derived from autumn crocus. The use of this plant in the
treatment of inflammatory conditions may date back to 1500

SN Comprehensive Clinical Medicine
A SPRINGERNATURE journal


http://orcid.org/0000-0001-9643-9066
mailto:chpapado@auth.gr
mailto:chrpapado@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s42399-020-00421-x&domain=pdf

SN Compr. Clin. Med. (2020) 2:1419-1429

1420
&
R~ " g 2
2] o0 < (=]
SN2 I3e) o s}
S
@2~
S o~ R
= o
5 ©®» £ &
ENEAE
|SFEN — 3}
S
g
= IS
= < N
— o
A ®n ®n
— > >
& S N
je=) Vel
Q ° IS\l
N
& 2o
) E: oo
a5 > v
i~ s n =
g = —
O Z — o0
f=1
g o
5 Soyg =
BN w82 S
5 =) P
= s >S\>§ >
— &)
Al g2 ST = =
; A~ o) (= =
o (ORI )
] ‘é’é S
£ /AL 2
=] = ©
% (eI <~
>
o
2
o
N
% mﬁ o~
- Z'g | ¢
3 T mE |z
S|leewls
2] ZQ& =]
Q
= o~
5| .2~ « <
=] = M
2 g, > Yl
2|l g2 |E~F
S| =& <+
o)
0 =~
@ \O (=)
o N N
) 1% »n
2 > >
ol =3 2 ‘2
k=] oS < ~
) ) =
"g — = v "
)
e 3
b= = ¢
z M 2
g O —
£
@) T &
— =
| 8 2
e 1% »n —
=} > > %]
& g z
5 [38) Ne)
|72} — 0 v
= Z — (o] Ye)
E
[0
= D§§
2 273 ?l;)q\“ch
8« —ca‘,wog/\l
@ » o > - @ Q
ol & 23 2c VO
= =] D8 5o Q=
151 2 oL 2=0wm
= = o3 |5 =9
5 ) o N [2)
o
: o [} [5)
> > >
b 5 8 3
%2} w)
| 3 |53 o3 153
£ £ 2 7 gz
=R g E B
= Q [} Q
ol = ¥ o~ o~
=
= = 8w
T DO
-
— @ B SO 0o
@ o A = A A
= = 890 Yo o
% = sa qt\lgt\l
2 8
- »n @) o

SN Comprehensive Clinical Medicine
A SPRINGER NATURE journal

106.98 vs

0.2vs0.11

16 vs 96

Critical vs

Retrospective

Peng et al.

34.34

non-critical

2020 [14]

CVD patients

Abbreviations: N population number, SpO, peripheral capillary oxygen saturation, CVD cardiovascular disease, CK creatine kinase, LDH lactate dehydrogenase, NT-proBNP N-terminal prohormone of

brain natriuretic peptide, CRP C-reactive protein, ESR erythrocyte sedimentation rate

BC [7]. In modern medicine, it has been used for several
decades in the treatment of gout, Behcet’s disease,
Mediterranean fever, and pericarditis [7]. Colchicine inhibits
microtubule polymerization, thereby affecting a variety of cel-
lular processes, such as the maintenance of shape, signaling,
division, migration, and cellular transport [8]. Colchicine has
been described to modulate several pro- and anti-
inflammatory pathways [9], such as the inhibition of activa-
tion and migration of neutrophils as well as interference with
the neutrophil inflammasome complex, resulting in inhibition
of interleukin-1b (IL-1b) [10].

Methods

A dual search of PubMed and the Cochrane Database was
performed on April 2, 2020. The initial search was aimed at
identifying reports describing the cytokine storm induced by
COVID-19 and included the terms: “COVID-19,”
“Coronavirus,” “SARS CoV-2,” “Inflammation,”
“Inflammatory response,” and “Cytokine storm.” The terms
were paired in every possible combination using the Boolean
operator “AND.” The second search was aimed at identifying
reports describing the efficacy of colchicine in the treatment of
post-viral pericarditis as well as other myocardial conditions
related to inflammation. In this search, the search term
“Colchicine” was combined using again the Boolean operator
“AND” with each one of the terms “Pericarditis,”
“Myocarditis,” and “Viral.” The search was limited to the
inclusion of keywords within the title and abstract of each
report.

Results

A total of 46 reports were identified in our primary search.
After title and abstract review, 16 reports were excluded as
irrelevant to the topic, leaving 30 reports for full-text review.
A total of 75 reports were identified in our secondary search.
After title and abstract review, 31 reports were excluded as
irrelevant to the topic, leaving 44 reports for full-text review.

COVID-19 Cytokine Storm

In severe cases of COVID-19, several laboratory values are
elevated indicating an augmented inflammatory response.
Table 1 presents the findings of four retrospective trials from
China with regard to the different biomarkers that are elevated
in COVID-19. Furthermore, these trials reported on the eleva-
tions of various inflammatory mediators, which are reported
in Table 2. In severe cases, the cytokine storm seems to affect
other organs as well. Liver injury was common in 79 non-ICU
hospitalized COVID-19 patients [15], but that did not seem to
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Table 2 The elevations of various inflammatory mediators as presented in four retrospective trials from China with regards COVID-19

TNF

IL-6 IL-8 IL-10

IL- IL 2r
1b

IgM C3 C4

IegG

IgA

Number

Groups

Methods

Studies

T7% vs 47%

100% vs 60% 28% vs 8% 70% vs 19%
6.6 pg/mL

81% vs 37%
757 U/mL vs

NR NR NR NR NR NR

113 vs 161

Deceased vs recovered
Severe vs non-Severe

Retrospective

Chen et al. 2020 [11]
Qin et al. 2020 [12]

8.7 pg/mL vs

18.4 pg/mL vs

25.2 pg/mL vs

NR NR NR NR NR

286 vs 196

Retrospective

8.4 pg/mL

vs 5 pg/mL
6.92 pg/mL

13.3 pg/mL 13.7 pg/mL

51.69 pg/mL vs

663.5 U/mL

55vs 14

Retrospective  SpO, < 90%

Wang et al. 2020 [13]

vs 4.18 pg/mL

6.69 pg/mL

vs Sp0O, >90%

Abbreviations: N population number, SpO, peripheral capillary oxygen saturation, /g immunoglobulin, C complement component, /L interleukin, 7NF tumor necrosis factor

be a prominent feature of COVID-19 [16]. Similarly, renal
injury was not demonstrated in 116 patients [17]. There are
however other reports of patients with COVID-19 with asso-
ciated renal injury [18]. Acute cardiac injury associated with
cardiac dysfunction and arrhythmias however seems to play a
detrimental role in mortality [19]. As such, patients with prior
cardiovascular disease (CVD) are considered to be at high risk
of developing morbid complications [20]. Of particular inter-
est was a case report of an otherwise healthy 53-year-old
woman who developed cardiac complications related to
COVID-19 without signs and symptoms of interstitial pneu-
monia [21]. Finally, patients with diabetes have been demon-
strated to be at a higher risk of COVID-19 complications [22],
which could be at least in part attributed to IL-6, which is
already increased in conditions of chronic inflammation [23].

In conclusion, COVID-19 is a disease that seems to target
the lungs and the cardiovascular and immune systems [24]. It
is worth mentioning that in a report of three post-mortem
biopsies, the lungs manifested significant pathological lesions
while damages of the heart, vessels, liver, kidney, and other
organs were also observed [25]. Interestingly, no evidence of
SARS CoV-2 infection was observed in these organs.

The biochemical overview of the cytokine storm in criti-
cally ill COVID-19 patients has assisted in the identification
of potential targets for anti-inflammatory treatment such as IL-
2 receptor, IL-6, IL-8, IL-10, and tumor necrosis factor (TNF).
As such, inhibition of these targets along with a large number
of different pharmaceutical agents has been hypothesized to
be of potential benefit in weathering this cytokine storm.
Table 3 lists some of these molecules.

It should be noted that the use of non-steroidal anti-inflam-
matory drugs (NSAIDs), ibuprofen in particular, has been
cautioned due to the potential interaction with the angiotensin
converting enzyme 2 (ACE 2) receptor [35]. ACE 2 has been
previously described as the cellular binding site of the spiked
proteins on the SARS CoV-2 surface [36]. However, this the-
ory was highly scrutinized [37], while most authorities have
issued statements declaring that there is insufficient evidence
to make a recommendation against the use of NSAIDs.
Overall, treatment with glucocorticoids, IL-6 antagonists,
Janus kinase (JAK) inhibitors, and chloroquine/
hydroxychloroquine seems to be the mainstay of treatment,
while a vast array of agents are currently being tested in clin-
ical trials across the globe. Colchicine has recently received
attention due to its anti-inflammatory mechanism of action
that has been successfully utilized in the past in the treatment
of pericarditis.

Colchicine and Biomarkers of Inflammation
We were able to locate 7 trials assessing the anti-inflammatory

effect of colchicine in various cardiovascular conditions
which are presented in Table 4. Biomarkers of inflammation
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Table 3 Molecules of potential

benefit in weathering this Studies

Investigated molecule

cytokine storm
Conti et al. 2020 [26]

Conti et al. 2020 [27] B

Das et al. 2020 [28]

Li et al. 2020 [29]

Phadke et al. 2020 [30]
Solaimanzadeh et al. 2020 [31]
Stebbing et al. 2020 [32]

Sun et al. 2020 [33]

Zhang et al. 2020 [34]

IL-2 and IL-2R inhibitors

IL-38

Arachidonic acid

Lianhuagingwen

Angiotensin II receptor blockers and statins

Acetazolamide, nifedipine, and phosphodiesterase inhibitors
Baricitinib, ruxolitinib, and fedratinib

ACE and ATIR inhibitors

Melatonin

Abbreviations: IL interleukin, ACE angiotensin converting enzyme, AT/R angiotensin type 1 receptor

such as C-reactive protein (CRP), IL-1b, and IL-6 seem to be
reduced by colchicine in chronic auto-immune conditions,
while the evidence is somewhat conflicting in the acute phase
of inflammatory cardiac disease. In the context of COVID-19,
this could indicate a potential role of colchicine in the preven-
tion of myocardial injury related complications. While the
reports are inconsistent regarding the acute phase, these trials
are always confounded by several factors regarding the nature
of medical response, including the necessity for multi-drug
treatments and invasive procedures, while placebo control
groups are obviously out of the question. It is worth mention-
ing however that the effect on inflammatory biomarkers can
be observed within hours of administration of colchicine.
Finally, these results are consistent with data from trials
assessing colchicine in non-cardiac auto-immune inflammato-
ry conditions, such as Behcet’s disease, where similar reduc-
tions have been observed. [45]

Colchicine and Pericarditis

Ten clinical trials assessing the efficacy of colchicine in the
treatment of pericarditis were located and presented in
Table 5. It should be noted that only two trials reported on
the specific etiology underlying the development of pericardi-
tis [46, 47], while the remaining eight relied on diagnostic

criteria for pericarditis regardless of the pathological condition
leading to it.

Colchicine in the Prevention of Post-operative
Complications Related to Inflammation

We located fifteen clinical trials assessing the efficacy of col-
chicine after several different types of surgery. The primary
outcome of these trials was a reduction of post-operative com-
plications related to inflammation. Table 6 presents these
trials.

Systematic Reviews

In a Cochrane Database Systematic Review, the use of colchi-
cine in the treatment of pericarditis was examined [70]. Four
clinical trials were included with a total of 564 patients.
Colchicine treatment was associated with a lower recurrence
of pericarditis while a higher percentage of patients experi-
enced symptom relief.

In a systematic review including 15 trials with 3431 pa-
tients and assessing the anti-inflammatory properties of col-
chicine in various cardiovascular conditions, the authors con-
cluded that colchicine may reduce adverse cardiovascular out-
comes in a range of patients with CVD. Furthermore,

Table 4  Trials assessing the anti-inflammatory effect of colchicine in various cardiovascular conditions

Studies Disease state  Number Methods Follow-up Outcomes

Akodad et al. 2017 [38]  STEMI 44 Colchicine vs no colchicine 1 month CRP was not significantly reduced

Deftereos et al. 2014 [39] HF 267 Colchicine vs placebo 6 months CRP and IL-6 significantly reduced

Kajikawa et al. 2019 [40] CAD 28 Colchicine vs placebo (cross-over) 7 days CRP significantly reduced

Martinez et al. 2015 [41] ACS 40 Colchicine vs no colchicine 2 doses prior to cardiac IL-1b, IL-6, and IL-18
catheterization significantly reduced

Nidorf et al. 2007 [42] CAD 64 Colchicine vs no colchicine 4 weeks CRP significantly reduced

Raju et al. 2011 [43] ACS orstroke 80 Colchicine vs placebo 1 month CRP was not significantly reduced

Robertson et al. 2016 [44] ACS 30 Colchicine vs no colchicine 2 days IL-1b significantly reduced

Abbreviations: N population number, STEMI ST-elevation myocardial infarction, HF heart failure, CAD coronary artery disease, ACS acute coronary

syndrome, CRP C-reactive protein, /L interleukin
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Clinical trials assessing the efficacy of colchicine in the treatment of pericarditis

Table 5

Number Follow-up Outcomes

Design

Disease state

Studies

No benefit on prevention of pericardial constriction

16 weeks

Colchicine vs no colchicine 33

Liebenberg et al. 2016 [46] Tuberculous pericarditis

Sambola et al. 2019 [47]
Imazio et al. 2013 [48]
Imazio et al. 2014 [49]
Imazio et al. 2005 [50]
Brucato et al. 2006 [51]
Imazio et al. 2010 [52]
Imazio et al. 2011 [53]
Imazio et al. 2005 [54]

Gianni et al. 2012 [55]

24 months Colchicine did not reduce the recurrence rate of pericarditis

Colchicine vs no colchicine 110

Acute idiopathic pericarditis

18 months Colchicine significantly reduced the rate of recurrent pericarditis

240
240

Colchicine vs no colchicine 120

Colchicine vs placebo

Acute pericarditis

Colchicine reduced the rate of subsequent recurrences of pericarditis

6 months

Colchicine vs placebo

Recurrent pericarditis

Colchicine reduced the recurrence rate of pericarditis

3 months

Acute pericarditis

Colchicine reduced the recurrence rate of pericarditis

8 years

Colchicine vs no colchicine 58

Acute pericarditis

12 months Colchicine was effective in the prevention of PPS related complications

360
120

Colchicine vs no colchicine 84

Post-pericardiotomy syndrome (PPS) Colchicine vs placebo

Colchicine was safe and effective for secondary prevention of recurrent pericarditis

6 months

Colchicine vs placebo

Recurrent pericarditis

20 months Colchicine reduced the recurrence rate of pericarditis

Recurrent pericarditis

120 6 months Colchicine reduced the recurrence rate of pericarditis

Colchicine vs placebo

Recurrent pericarditis

Abbreviations: N population number, PPS post-pericardiotomy syndrome

colchicine reduced the rates of recurrent pericarditis, post-
pericardiotomy syndrome, and periprocedural atrial fibrilla-
tion following cardiac surgery [71].

A third systematic review of the same topic, which includ-
ed five clinical trials and 795 patients, reached similar conclu-
sions [72]. A fourth systematic review of seven clinical trials
and 451 patients reached similar conclusions [73]. In this re-
port, high-dose corticosteroids were associated with a detri-
mental effect. Finally, a fifth systematic review including sev-
en clinical trials with 1275 patients also demonstrated the
efficacy of colchicine in the prevention of both primary and
recurrent pericarditis [74].

Case Reports

In a noteworthy case report, the authors presented a 37-year-
old male patient with an acute exacerbation of Crohn’s disease
[75]. Following 2 weeks of multiple bowel movements asso-
ciated with abdominal pain, which was not controlled by an
increase in mesalamine and corticosteroid dose, the patient
presented to the emergency department with a chief complaint
of pleuritic chest pain. ST elevations were observed on elec-
trocardiogram (EKG), while troponin I, erythrocyte sedimen-
tation rate (ESR), and CRP were elevated. Cardiac magnetic
resonance imaging (CMR) revealed early gadolinium en-
hancement consistent with myocarditis. The corticosteroid
dose was further increased, and colchicine was started, with
clinical improvement. The time between initiation of colchi-
cine treatment and clinical improvement was not stated.

A second case report presented a patient with rheumatoid
arthritis who developed rheumatoid pericarditis complicated
with tamponade [76]. The patient demonstrated resistance to
corticosteroid treatment and pericardiocentesis was performed
twice. At that point, colchicine was initiated with subsequent
clinical improvement, while corticosteroids were tapered
down without recurrence of disease exacerbation.

In vitro Data

It is worth mentioning that in an in vitro experiment assessing
colchicine in the treatment in coxsackievirus B3-induced
myocarditis, colchicine had a detrimental effect causing com-
plete destruction of the exocrine pancreas and enhancement
viral load in both the heart and the pancreas [77]. However,
the dose of colchicine used in this experiment was 2 mg/kg, a
rather high dose that could be responsible for signs and symp-
toms of acute toxicity. This was stated by formal correspon-
dence to the authors [78]. It should be noted that the lethal
dose (LD) 50 in mice is > 25 mg/kg [79], while lethal doses in
humans have been reported with a little as 7 mg [80]. Another
trial reported a dose of 0.4 mg/kg on Chagas disease (CD)—
induced multifocal myocarditis and extensive fibrosis [81].
The authors reported that colchicine demonstrated a
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cardioprotective effect, as indicated by decreased interstitial
myocardial fibrosis, increased intensity of MMP-2, and atten-
uated myocardial inflammation.

Discussion

Our results indicate that colchicine could play a role on the
prevention as well as the management of the cytokine storm
related complications associated with COVID-19. Caution
however should be advised in terms of both the safety and
efficacy of the medication. For example, 4745 patients were
randomized to receive colchicine or placebo within 30 days
after a myocardial infarction [82]. The authors reported that
colchicine significantly lowered the risk of ischemic cardio-
vascular events. It should be noted however that pneumonia
was reported as a serious adverse event in 0.9% vs 0.4% of
treatment vs placebo patients (P=0.03).

Furthermore, the pharmacokinetic profile of colchicine has
to be taken into consideration. Colchicine is metabolized in
the liver via the cytochrome P450 (CYP) 3A4 isoenzyme and
P-glycoprotein (P-gp). While the extent of hepatic metabolism
does not seem to exceed 5%, it is listed as a substrate, inhib-
itor, and inducer of several CYP450 isoforms [83], including
3A4 [84], which could potentially lead to interactions with
several medications. Renal and hepatic excretion of colchicine
takes place through P-gp-mediated efflux [85]. The two pos-
tulated major routes of elimination of colchicine are
enterohepatic recirculation and biliary excretion [86].

One trial reported that colchicine exposure was increased
after a single dose of colchicine was administered with steady-
state atorvastatin [87]. Furthermore, a trial that assessed the
co-administration of colchicine with known inhibitors of
CYP450 3A4 and P-gp (cyclosporine, ketoconazole, ritonavir,
clarithromycin, azithromycin, verapamil extended release
[ER], and diltiazem ER) demonstrated threefold increases in
colchicine concentrations with all agents except azithromycin
[88]. The authors recommended colchicine dose reductions of
33-66% for the treatment of acute gout and 50-75% for pro-
phylaxis when co-administered with CYP450 3A4 and P-gp
inhibitors. No dose adjustments were recommended in the
combination with azithromycin. Finally, a 50% dose reduc-
tion of colchicine when combined with cyclosporin was rec-
ommended in another report [89].

In terms of adverse drug reactions (ADRSs), colchicine
seems to be well tolerated at therapeutic doses. In a recent
systematic review of assessing the safety of colchicine, in-
creases in the rate of diarrhea and gastrointestinal adverse
events were observed. However, the rate of hepatic, sensory,
muscular, infectious or hematological toxicities, or death was
not increased [90].

Overall, the drug-drug interaction (DDI) profile of colchi-
cine should be taken into consideration before its initiation in

confirmed COVID-19 cases. That should be done in the
context of both medications taken prior to hospital ad-
mission and medications administered in-house. In fact,
the potential for DDIs in COVID-19 treatments and
their possible competitive metabolic destiny should be
studied by the application of pharmacogenomics in large
scale.

In conclusion, colchicine could offer a viable treatment
option in the fight against COVID-19-induced cytokine storm.
Its relatively low cost and adequate availability make it a rath-
er attractive option. However, caution should be exercised due
to its potential for DDIs. In terms of efficacy, initial reports
show limited promise. More specifically, in a trial of 105
patients randomly assigned to either standard treatment or
standard treatment plus colchicine [91], the time to clinical
deterioration was statistically significant in favor of the col-
chicine group. However, no differences were observed in
high-sensitivity cardiac troponin or C-reactive protein levels.
Furthermore, the study was underpowered which led the au-
thors to advise caution in the interpretation of their results.
Larger trials are required before safe conclusions can be
reached.

Hypothesis Generation for Clinical Trials
Safety Hypothesis

The safety of colchicine in COVID-19 patients should be test-
ed first. This will be done to make sure that no unexpected
complications arise related to colchicine administration. The
potential for opportunistic secondary super-infections, as well
as for drug interactions has been previously described, there-
fore making such a trial of paramount importance.
Considering the urgency of the current pandemic, this can be
accomplished with an open-label trial of low-risk, symptom-
atic but not critically ill patients with close clinical and bio-
chemical monitoring. The results of such a trial can then be
compared to demographic controls. While a power analysis
has not been performed, a reasonable number of 30-50 pa-
tients would be sufficient to provide statistically significant
results.

Efficacy Hypothesis 1

The efficacy of colchicine should be assessed as a means of
preventing complications related to COVID-19. As such, an
open-label trial of hospitalized patients receiving colchicine
and measuring the frequency of complications would provide
sufficient evidence. The data generated from such a trial could
then be compared to demographic controls. Again, a reason-
able number of 30—50 patients would be sufficient to provide
statistically significant results.
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Efficacy Hypothesis 2

The assessment of the efficacy of colchicine in the treatment
of the acute complications related to COVID-19 would be the
most challenging. Assuming hypotheses 1 and 2 have been
tested with positive results, colchicine could then be added to
standard therapy aimed against the cytokine storm. However,
there are several challenges that will be difficult to overcome
in this setting. Colchicine would have to be administered to
critically ill patients, in conjunction with several other medi-
cations and invasive procedures. Therefore, measuring the
absolute benefit of colchicine in that context would require
larger sample sizes and more elaborate trial designs.
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