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Abstract. – OBJECTIVE: To assess the effec-
tiveness of colchicine, compared with standard 
of care, for reducing mortality, admission to in-
tensive care, and use of mechanical ventilation.

MATERIALS AND METHODS: We performed 
a systematic review, meta-analysis, and se-
quential trial analysis. The terms (SARS-CoV-2 
OR COVID-19 OR coronavirus) AND (colchicine) 
were searched in MEDLINE, Scopus, Embase, 
Cochrane Central Register of Controlled Trials, 
and preprint repositories (February 2020 to April 
2021, extended to June 2021). Risk of bias for 
randomised controlled trials and observational 
studies were assessed using the tools RoB 2.0 
and ROBINS-I, respectively. We performed sub-
group analyses based on study design and sen-
sitivity analyses based on time of colchicine ad-
ministration.

RESULTS: We included six observational 
studies (1329 patients) and five clinical trials 
(16,048 patients). All studies but one were con-
ducted in the hospital setting. Colchicine treat-
ment was not associated with a significant de-
crease in mortality (RR 0.93, 95% CI 0.87 to 1; 
p=0.06, I2=72%) with a significant subgroup ef-
fect (p<0.001) depending on the design of the 
studies. The drug was effective in observation-
al studies (RR 0.57, 95% CI 0.46 to 0.70, p<0.001, 
I2=50%) but not in clinical trials (RR 0.99, 95% CI 
0.92 to 1.07, p=0.89, I2=21%). The effect of colchi-
cine on intensive care admissions and the need 

for mechanical ventilation could not be con-
firmed. Trial sequential boundaries for cumula-
tive meta-analyses of randomised controlled tri-
als suggested no significant effect on mortali-
ty (p=0.182) beyond the optimal information size 
(13,107 patients).

CONCLUSIONS: Our results suggest that col-
chicine treatment has no effect on mortality in 
hospitalised patients with SARS-CoV-2 infec-
tion, and that no further confirmatory clinical tri-
als are needed owing to futility.

Key Words:
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Meta-analysis, Trial sequential analysis, Futility.

Introduction

The COVID-19 pandemic has entailed 194 
million known infections and over 4.15 million 
deaths worldwide (25 July 2021)1. Mortality is high 
among patients requiring hospitalisation, especial-
ly older patients2,3. As SARS-CoV-2 infection re-
sults in positive regulation of cytokines (“cytokine 
storm”)4, treatment strategies have included differ-
ent cytokine-targeted drugs. Steroids are recom-
mended for controlling the immune response in 
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patients with hypoxemia who require oxygen ther-
apy and have become the standard of treatment for 
hospitalised patients5. Tocilizumab (monoclonal 
antibody directed against the Il-6 receptor) is the 
most widely used drug for controlling the cytokine 
storm6. Other drugs used for the same purpose are 
anakinra (IL-1 antagonist), baricitinib and tofaci-
tinib, (Janus kinase inhibitors)7,8. 

Colchicine is an alkaloid obtained from the 
plant Colchicum autumnale. It reduces leukocyte 
extravasation, leukocyte chemotaxis and TNF-al-
pha receptor expression on monocytes and endo-
thelial cells, and many researchers have assessed 
the potential of this drug for treating SARS-CoV 
infection. Meta-analyses of the initial studies 
produced favourable results but were limited by 
sample size and by the quality of the included 
studies9-12. More studies have since been pub-
lished13,14 but including them in re-analyses could 
lead to false positive estimates due to cumulated 
type 1-error risk15.

The aim of this systematic review and me-
ta-analysis is to determine whether treatment 
with colchicine reduces mortality, admission to 
the intensive care unit (ICU), and use of invasive 
mechanical ventilation (IMV) in COVID-19 pa-
tients; and to determine the limits of sequential 
significance and the optimal information size 
(OIS) required.

Materials and Methods

Information Sources and Search Strategy
This systematic review was performed in ac-

cordance with PRISMA guidelines16. A system-
atised search strategy was designed to recover 
articles from PubMed (MEDLINE), Scopus, Em-
base, Clinicaltrials.gov, and the Cochrane Central 
Register of Controlled Trials; and unpublished 
studies from preprint repositories (medRxiv). The 
last search was undertaken in April 2021. After-
wards, the registered studies were followed up 
until June 2021. Our search strategy is presented 
in Appendix 1.

Study Selection
Published or forthcoming studies written in 

English, Spanish or Italian were selected based on 
the following criteria: (1) Population: adults diag-
nosed with COVID-19 by PCR (polymerase chain 
reaction), antigen detection or clinical criteria 
since December 2019; (2) Intervention: treatment 
with colchicine; (3) Comparator: standard of care 

consisting of the prescribed treatment for SARS-
CoV-2 infection, which has varied between the 
successive waves of the pandemic as the scientific 
evidence has been updated. (4) Outcomes: 28-
day all-cause mortality, ICU admission and use 
of IMV; (5) Study design: observational studies 
and randomised clinical trials providing data for 
a 2 × 2 table (exposed/not exposed to treatment 
vs presence/absence of the outcome under con-
sideration). 

In the first stage of screening, two research-
ers (REO and MTSS) independently screened 
the titles and abstracts of the recovered records, 
classifying as potentially eligible all those that 
mentioned both COVID-19 and colchicine. After 
retrieving the full text of all potentially eligible 
papers, the same two researchers independently 
reviewed each article, selecting those that met the 
inclusion criteria. Disagreements were resolved 
by consensus.

Data Extraction and Collection
Two researchers (REO and MTSS) inde-

pendently extracted and summarised the follow-
ing data from each included article: first author, 
country of study, language, study design, sample 
size, treatment with steroids, hospital admission, 
mortality, ICU admission, and use of IMV. A 
third author (JMRR) checked the data.

Risk of Bias of Included Studies
The risk of bias of the studies included in the 

meta-analysis was evaluated with the Cochrane 
bias assessment tools RoB-217 and ROBINS-I18 
for classification into low, moderate, serious, or 
critical risk of bias. This process was carried out 
in duplicate, and divergences were resolved by 
consensus.

Analysis of Outcomes
We summarised the characteristics and results 

of the included observational studies14,19-23 and ran-
domised clinical trials13,24-27 (Tables I-II). A quan-
titative synthesis was performed for the outcomes 
mortality, ICU admission, and use of IMV, where 
data were available. Relative risks (RR) were cal-
culated together with their confidence intervals 
(95% CI) using both a random and fixed effects 
models, considering within-study variability (due 
to sampling) and between-study variability (differ-
ences in context, population, or dose).

In the analysis of mortality, we performed a 
subgroup study to estimate the effect of study 
design on the results.

https://www.europeanreview.org/wp/wp-content/uploads/Appendix-1-11036.pdf
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IMV: invasive mechanical ventilation; ICU: intensive care unit.

Table I. Characteristics of randomised clinical trials.

   Colchicine Patients  Concomitant Steroid   ICU
 Study ID Country regimen included Comparison treatment treatment Mortality IMV Admission
 
Deftereos et al,  Greece 1.5-2 mg loading 105 Optimal medical Chloroquine or No Colchicine: Colchicine: Not reported
2020  dose then 0.5 mg hospitalized treatment hydroxychloroquine  1/55; 1/55; 
  maintenance dose  patients (April 2020) 98%;  Control:  Control: 
  2×/day from 16 according to  Azithromycin  7/50 5/50 
   hospitals local requirements  92.4%;     
     Lopinavir/ritonavir    
     25.5-38%;     
     Tocilizumab 2-4%.    

Tardif et al, Canada;  0.5 mg 2×/day for 4488 Placebo Not reported No Colchicine: Colchicine: Not reported
2021 USA;  3 days; 0.5 mg/day high-risk    5/2235; 10/2235; 
 Spain;  up to 27 days outpatients    Control: Control: 
 Brazil.      9/2253  20/2253 

Lopes et al,  Brazil 15 mg/day for  72 moderate Standard of care Azithromycin; Yes:  Colchicine: Not reported Colchicine:
2021  5 days, then  to severe  Hydroxychloroquine; 65-70% 0/36;  2/36;
  1 mg/day for hospitalised  Unfractionated in both Control:  Control:
  next 5 days  patients  heparin. arms 2/36  4/36

Horby et al,  UK (177 of 1 mg followed by 11340 Standard of care One of the other Yes: Colchicine Colchicine: Not reported
2021 181 hospitals); 500 mcg 12 hours hospitalised  available Recovery 95%  1173/5610; 268 /5610 
 Indonesia;  later, then 500 mcg patients  treatment arms at in both Control: Control: 
 Nepal. 2×/day for 10 days   different stages: arms 1190/5730 261/5730 
  or until discharge   Lopinavir/ritonavir;     
     Low-dose     
     corticosteroid;     
     Hydroxychloroquine;     
     Azithromycin;     
     Convalescent plasma;     
     Tocilizumab;     
     Anakinra.    

Mareev et al. Russia 1 mg colchicine 43  Standard of care Two other biological Yes: 10% Colchicine: Not reported Not reported
2021  during the first  hospitalised  drugs were studied: in colchicine 0/21;  
  1-3 days, then patients  Secukinumab;  group only Control:   
  0.5 mg/day   Ruxolitinib.  2/22  
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IMV: invasive mechanical ventilation; ICU: intensive care unit.

Table II. Characteristics of observational studies.

    Colchicine Patients Concomitant Steroid   ICU
 Study ID Design Country regimen included treatment treatment Mortality IMV Admission
 
Scarsi et al, Single-centre Italy 1 mg/day 262 Dexamethasone; Yes: Colchicine: Not reported Not reported
2020 cohort study   hospitalised Hydroxychloroquine; Colchicine 20/122;  
    patients Lopinavir/Ritonavir. 58%;  Control:  
      Control 32% 52/140  

Brunetti et al,  Single-centre USA 1.2 mg then 303 Hydroxychloroquine; No Unmatched Control: Not reported
2020 propensity  0,6 mg 2×/day hospitalised Azithromycin;  patients: 58/262 
 score-matched   patients Remdesivir;  Colchicine: Colchicine 
 cohort study    Tocilizumab.   4/41; 1/33;
 Matched patients:     Control 2/33  

Sandhu et al,  Case-control  USA 0.6 mg 2×/day 254 Hydroxychloroquine; Yes:  Colchicine Colchicine Not reported
2020 study  for 3 days then hospitalised Enoxaparin; Apixaban Colchicine; 26/53; 28/53; 
   0.6 mg/day patients Rivaroxaban;Warfarin; 55.9%; Control Control 
   for 12 days.  Heparin; Oseltamivir. Control 60.3%  105/144 106/144 

Mahale et al,  Observational India Not reported 134 Hydroxychloroquine; Yes Colchicine Colchicine Colchicine
2020 retrospective study   hospitalised  Etoricoxib;  11/39; 15/39; 31/39;
    patients Tocilizumab.  Control 29/95 Control 25/95 Control:38/95

Pinzón et al, Cross-sectional  Colombia  0 5 mg 2×/day 301 Hydroxychloroquine; Yes:  Colchicine:  Not reported Not reported
2021  study  for 7 to 14 days. hospitalised  Ritonavir/lopinavir; 79.7% 14/145;  
    patients with  Ceftriaxone; included Control:  
    pneumonia Azithromycin;  patients 23/156  
     Tocilizumab.    

Manenti et al,  Observational  Italy 1 mg/day from 141 Hydroxychloroquine; Yes: Colchicine Not reported Not reported
2021  retrospective study  day 1 until  hospitalised Tocilizumab; Colchicine 7.5%;  
   clinical  patients with Ritonavir or 24.3%; Control 28.5%  
   improvement or pneumonia Cobicistat/Lopinavir. Control 12.7% 
   up to 21 days. (CT scan) or    
    outpatients   
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Heterogeneity of the included studies was eval-
uated by calculating the I2 statistic with its 95% 
confidence interval. I2 values above 50% were 
considered to represent heterogeneous data. The 
risk of publication bias and/or small studies effect 
was assessed using the funnel plot and Egger’s 
test. Trial sequential analysis was performed with 
the O’Brien-Fleming alpha-spending function for 
estimating group sequential boundaries28.

The statistical analysis was carried out with 
Review Manager 5.4 and TSA software (Copen-
hagen Trial Unit, Centre for Clinical Intervention 
Research).

Results

Search Results
Our search yielded a total of 485 records. After 

screening the titles and abstracts, we retrieved 10 
full text articles and assessed them for eligibility. 

One study29 was excluded as it contained insuf-
ficient data for constructing a 2 × 2 table. Two 
studies13,14 were retrieved in the follow-up period 
(April to June 2021). After this selection process, 
our review included 11 studies13,14,19-27 (Figure 1) 
with an asymmetrical funnel plot (Supplementa-
ry Figure 1) (Egger’s test p = 0.0017).

Characteristics and Quality of 
Included Studies 

Tables I and II summarise the characteristics 
of the included observational studies14,19-23 (n = 6) 
and clinical trials13,24-27 (n = 5). One clinical trial25 
compared the use of colchicine alone vs. placebo, 
while in the remaining studies, colchicine was 
combined with other drugs (hydroxychloroquine, 
lopinavir/ritonavir, azithromycin, tocilizumab, 
convalescent plasma), and in most studies it was 
combined with steroids. Risk of bias in obser-
vational studies and in randomised studies are 
presented in the ROBINS 1 plot (Supplementary 

Figure 1. PRISMA 
flowchart.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-11036.pdf
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Figure 2) and ROB2 plot (Supplementary Fig-
ure 3), respectively. One descriptive study20 and 
one propensity score-matched cohort study19 were 
not evaluated with the ROBINS-I tool. 

Analysis of Mortality
A total of 8423 patients in the colchicine 

group and 8954 patients in the standard treat-
ment group were analysed among the 11 select-
ed studies13,14,19-27. In the quantitative synthesis, 
colchicine treatment did not reduce the risk of 
28-day mortality (RR 0.93, 95% CI 0.87 to 1; p 
= 0.06; l2 = 72%) (Figure 2). Subgroup analysis 
was performed to explore the possible causes 
of the observed heterogeneity. According to the 
fixed effect model, the test for subgroup differ-
ences gave a statistically significant subgroup 
effect (Chi² = 24.40, p < 0.001, I² = 95.9%), 
suggesting that study design influenced the re-
sults (Figure 2). In observational studies, col-
chicine treatment was effective (RR 0.57, 95% 
CI 0.46 to 0.70; p < 0.001). We found moderate 
heterogeneity in these data (I2 = 50%), probably 
owing to different patient characteristics, treat-
ments, doses administered, follow-up and other 
confounding variables. In randomised clinical 
trials, including the RECOVERY clinical trial13, 
treatment with colchicine was not associated 

with a reduction of mortality (RR 0.99, 95% CI 
0.92 to 1.07; p = 0.89, I2 = 21%). This subgroup 
effect could not be demonstrated according to 
the random effects model (test for subgroup 
differences: Chi² = 0.63, p= 0.43, I² = 0%) (Sup-
plementary Figure 4).

Trial Sequential Analysis
In order to rule out a true effect of the in-

tervention, we calculated sequential significance 
boundaries, futility boundaries and OIS. Given 
the high heterogeneity observed in the analysis 
of all included studies, we analysed observational 
and randomised studies separately. In clinical 
trials, OIS based on a prespecified intervention 
effect with a relative risk reduction of 15% (alpha 
= 5%, power = 80%) was 13,107 patients, with a 
non-significant cumulative effect estimate (p= 
0.182) and a Z curve into the inner wedge of fu-
tility area (Figure 3).

For observational studies, we calculated an 
OIS of 9880 patients, based on the same type 1 
and type 2 error assumptions, with inconclusive 
results (Figure 4). 

Analysis of ICU Admission
Two articles20,27 reported ICU admissions. The 

effect of colchicine on ICU admissions cannot be 

Figure 2. Analysis of mortality divided into randomised clinical trials and observational studies: fixed effect model meta-
analysis.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-11036.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-11036.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-4-11036.pdf
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demonstrated (RR 1.24, 95% CI 0.32 to 4.78; p = 
0.75, I2 = 66%) (Supplementary Figure 5).

Analysis of Need for IMV
Six studies reported on the need for 

IMV13,19,20,22,25,26. The study by Brunetti et al19 

was excluded, as the authors only reported this 
outcome in the propensity score-matched patients 
(Table II). As shown in Supplementary Figure 6 
we cannot rule out the possibility that colchicine 
reduces the need for IMV (RR 0.85, 95% CI 0.59 
to 1.23; p= 0.39, I2 = 72%) 

Figure 3. Trial sequential analysis: randomised clinical trials.

Figure 4. Trial sequential analysis: observational studies.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-5.11936.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-6-11036.pdf
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Discussion

Although the pooled estimate of all the includ-
ed studies does not rule out a protective effect 
of colchicine treatment on the mortality of hos-
pitalised patients with SARS-CoV-2 infection, 
the sequential analysis of the randomised clinical 
trials indicates no effect once the required in-
formation size is exceeded (n = 13,107 patients). 
With currently available data, a preventive effect 
on ICU admission and the need for IMV cannot 
be excluded.

Regarding the discrepancy between fixed and 
random effects models, it should be noted that 
the random effects model gives a similar weight 
to the RECOVERY study13 (19.2%), with more 
than 10,000 recruited patients and more than 
2000 events, as it does to smaller studies such 
as Sandhu et al22 (16.8 %). In a heterogeneous 
set of studies such as the one we have analysed 
(I2 = 72%), the random effects model gives rel-
atively more weight than the fixed effects model 
to smaller studies30. We do not consider that the 
random effects model is the most appropriate for 
our analysis.

Several meta-analyses9-12 have assessed the 
effect of colchicine on COVID-19 outcomes 
and produced favourable results. Elshafei et al12 
analysed both randomised and non-randomised 
studies together and did not include the study by 
Horby et al13. In our subgroup analysis, we found 
that the protective effect of colchicine lost statis-
tical significance in the subgroup of randomised 
studies. Chiu et al9 also reported favourable 
results for the use of colchicine but included 
fewer patients. None of these meta-analyses 
included an estimation of the required informa-
tion size. Our trial sequential analysis showed 
that the number of patients recruited exceeds 
the information size necessary for extracting 
conclusions, suggesting that no further clinical 
trials are needed. This observation confirms the 
results of the RECOVERY trial13 but contradicts 
the conclusions of other meta-analyses10. We 
have analysed new studies, most notably the 
trial by Horby et al13, which has sufficient sta-
tistical power and a low risk of bias (Figure 4). 
These authors ruled out a reduction in mortality 
from treatment with colchicine.

The successive publication of registered stud-
ies reflects the interest that this treatment has 
aroused. As colchicine is administered orally, 
has a low cost and tolerable side effects, it can be 
used in basic as well as sophisticated healthcare 

infrastructures. Unfortunately, the data from se-
quential trial analysis show that this drug does 
not reduce mortality in hospitalised patients.

Our analysis has several limitations. First-
ly, most of the included patients were treated 
with steroids in conjunction with colchicine 
as part of the standard of care for hospitalised 
patients5, but due to lack of individual data, we 
were unable to analyse this effect. Similarly, we 
cannot rule out a possible influence of patient 
age on the efficacy of treatment, as all included 
patients were considered together. Given that 
mortality increases incrementally with age, it 
is possible that colchicine reduced the relative 
risk of death in older patients. In the published 
data, the largest increase in mortality risk in 
COVID-19 patients has been observed in those 
aged over 60 years compared with those aged 50 
to 59 years2,3,18. On the other hand, a recent me-
ta-regression analysis suggests that the benefit of 
colchicine decreases with age12.

We must consider when interpreting our results 
that most of the included studies were conducted 
in hospitalised patients. Although Tardif et al25 
included outpatients with at least one high-risk 
characteristic (either age, obesity, or comorbid-
ities), their study was completed early owing to 
logistical issues, with only 75% planned patient 
recruitment. Therefore, our conclusions are limit-
ed to inpatient treatment.

A further concern is the existence of small 
studies effect and possible publication bias. To 
our knowledge, all randomised clinical trials 
published to date were included, and pre-print 
repositories and evidence summaries were also 
reviewed. Elshafei12 et al also produced an asym-
metrical funnel plot. 

Conclusions

Our results suggest that colchicine treatment 
has no effect on mortality in hospitalised patients 
with SARS-CoV-2 infection, and that new clini-
cal trials are not necessary to confirm this result 
owing to futility.
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