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s u m m a r y

Objectives: We studied the short- and long-term effects of imatinib in hospitalized COVID-19 patients.
Methods: Participants were randomized to receive standard of care (SoC) or SoC with imatinib. Imatinib 
dosage was 400 mg daily until discharge (max 14 days). Primary outcomes were mortality at 30 days and 1 
year. Secondary outcomes included recovery, quality of life and long COVID symptoms at 1 year. We also 
performed a systematic review and meta-analysis of randomized trials studying imatinib for 30-day 
mortality in hospitalized COVID-19 patients.
Results: We randomized 156 patients (73 in SoC and 83 in imatinib). Among patients on imatinib, 7.2% had 
died at 30 days and 13.3% at 1 year, and in SoC, 4.1% and 8.2% (adjusted HR 1.35, 95% CI 0.47–3.90). At 1 year, 
self-reported recovery occurred in 79.0% in imatinib and in 88.5% in SoC (RR 0.91, 0.78–1.06). We found no 
convincing difference in quality of life or symptoms. Fatigue (24%) and sleep issues (20%) frequently 
bothered patients at one year. In the meta-analysis, imatinib was associated with a mortality risk ratio of 
0.73 (0.32–1.63; low certainty evidence).
Conclusions: The evidence raises doubts regarding benefit of imatinib in reducing mortality, improving 
recovery and preventing long COVID symptoms in hospitalized COVID-19 patients.

© 2024 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an 
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The coronavirus disease 2019 (COVID-19) pandemic has been the 
largest public health crisis of the last century. While currently, pa
tients with SARS-CoV-2 infection are overwhelmingly asymptomatic 
or experience only mild to moderate symptoms, early in the pan
demic, the infection was often much more severe resulting in sig
nificant morbidity and mortality.1–4 As of April 2024, more than 
seven million COVID-19 deaths have been reported to the World 
Health Organization (WHO).5

Since the inception of the pandemic, numerous trials have at
tempted to identify potential treatments, mainly antiviral or im
munomodulatory drugs.6–11 Dexamethasone was the first drug 
demonstrated to be effective in decreasing mortality in severe, hy
poxemic COVID-19 (rate ratio 0.82, 95% confidence interval 
0.72–0.94).6 Other proven medications that all significantly reduced 
the risk of death in patients hospitalized for COVID-19 include 
remdesivir,9 monoclonal antibody therapy directed at the inter
leukin-6 (IL-6) receptor (such as tocilizumab)11 and Janus kinase 
inhibitors (chiefly baricitinib).10

Another immunomodulator, the oral tyrosine kinase inhibitor 
imatinib is of interest due to its antiviral effects and its potential to 
improve endothelial barrier integrity and to reverse pulmonary 
edema in acute lung injury.12–14 Imatinib has shown in vitro activity 
against coronaviruses SARS-CoV and MERS-CoV, while its im
munomodulatory effects include inhibition of pro-inflammatory 
cytokines, such as IL-6, and suppressing inflammation.1 Indeed, the 
first findings from a randomized trial were promising. A placebo- 
controlled trial randomized 400 COVID-19 patients requiring sup
plemental oxygen administration to imatinib vs placebo. This trial, 
published in 2021, reported that 15 (8%) patients receiving imatinib 
and 27 (14%) patients receiving placebo had died at 28-day follow- 
up (HR 0.51, 95% CI 0.27–0.95).15 However, subsequent small 
trials16,17 have been inconclusive and neither the Infectious Diseases 
Society of America nor the European Respiratory Society guidelines 
mention imatinib for hospitalized COVID-19 patients.18,19

Since August 2021, the Solidarity Finland trial, in collaboration 
with the WHO, has evaluated the benefits and harms of imatinib 

compared to local standard of care in patients hospitalized for 
COVID-19. Our study is the first - and potentially the only one - to 
investigate long-term effects of imatinib treatment on COVID-19 and 
among the few COVID-19 trials on any drug treatment to include a 
long-term follow-up on overall quality of life and long COVID (sy
nonymously post COVID-19 condition) symptoms.20,21 Here, we first 
report the results of our trial during the initial hospitalization phase 
including the effect of imatinib treatment on hospital mortality. 
Second, we report the results of the 1-year follow-up, including 
mortality, overall recovery, quality of life and other patient-im
portant outcomes typically associated with long COVID.

Methods

Study design and participants

We conducted this randomized, pragmatic, multicentre, parallel, 
open-label imatinib trial (EudraCT 2020-001784-88; clinical
trials.gov NCT05220280) in 15 hospitals in Finland with patient 
recruitment from August 2021 to March 2023. We randomized adult 
patients hospitalized for PCR-confirmed COVID-19 to receive either 
the local standard of care or the local standard of care with orally 
administered imatinib.

Patients eligible for inclusion were i) at least 18 years old, ii) had 
a laboratory-confirmed SARS-CoV-2 infection, iii) were hospitalized, 
iv) the patient or their next of kin provided informed consent, and v) 
no planned transfer of the patient to a hospital not participating in 
the trial within the next 72 h. We advised clinicians to recruit pa
tients to the trial only if patients were symptomatic of COVID-19 
(not if they were COVID-19 positive but asymptomatic of COVID-19 
and hospitalized for other reasons).

We excluded patients from the Solidarity Finland imatinib trial if 
they: i) had a severe co-morbidity with life expectancy < 3 months 
according to investigators assessment, ii) had high AST/ALT (5 times 
above upper normal limit), iii) had an eGFR < 30 ml/min, iv) had 
other acute diseases within the previous 7 days (such as myocardial 
infarction or unstable angina pectoris), v) were pregnant or breast
feeding, vi) had liver cirrhosis or hepatitis B, vii) were already 

1 See Appendix for Collaborators (Solidarity Finland Investigators)
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participating in another trial, viii) were for any other reason unable 
to participate in the trial, or ix) if the patient was hypersensitive to 
imatinib (more details on drug-specific exclusion criteria in 
Supplementary Appendix 1).

The trial complied with all relevant ethical regulations and re
ceived approval by the Finnish Medicines Agency Fimea (33/2020), 
National Committee on Medical Research Ethics TUKIJA (56/2021) 
and ethics board of the Helsinki University Hospital HUS (1866/ 
2021). Additionally, the trial received approval locally from each 
participating hospital. In reporting the results of this trial, we ad
hered to CONSORT guidelines with relevant extensions.22–24

Randomization and masking

We used online Castor EDC software (https://www.castoredc. 
com) to randomize patients and collect data. Before central con
cealed treatment assignment, the local investigator inputted which 
study drugs are available at their hospital (imatinib, infliximab or 
both). Patients could only be randomized to receive a drug if it was 
available at the hospital at which they were treated (imatinib was 
available in all 15 Solidarity Finland hospitals during the entire trial; 
infliximab was available in 7 hospitals most of the time).

We allocated patients equally to all available study arms available 
to them. If a patient had drug-specific exclusion criteria for in
fliximab but not for imatinib, we randomized the patient between 
standard of care and imatinib (these patients then contributed to 
imatinib trial only). If the patient had no drug-specific exclusion 
criteria and the hospital had both drugs available, we randomized 
patient to one of the three arms (imatinib, infliximab, standard of 
care). In this case, if the patient was randomized to imatinib, the 
patient contributed to imatinib trial only. If the patient was rando
mized to infliximab, the patient contributed to infliximab trial only 
(and is not included in this article). If, when randomization was 
between all three arms, the patient was randomized to standard of 
care, the patient contributed to both trials (imatinib trial and in
fliximab trial).

Due to variability in availability of the drugs and somewhat dif
ferent drug-specific exclusion criteria (Supplementary Appendix 1), 
although there was partial overlap among the control groups, im
atinib and infliximab trials had different patient populations and 
were not therefore directly comparable. Each comparison between a 
trial drug (imatinib in this article) and its control (standard of care), 
included only patients randomized to the drug or control, and not 
controls randomized to infliximab or control.

Procedures and outcomes

Patients in the imatinib group received 400 mg of oral imatinib 
from randomization until discharge or maximum of 14 days in 
hospital.

Short-term follow-up: We recorded overall mortality at 30 days, 
length of hospital stay and need of respiratory support during hos
pital phase with an electronic case report form. During the hospital 
phase, we also collected information on serious adverse events (SAE) 
or suspected unexpected serious adverse reactions (SUSAR).

Long-term follow-up (1 year follow-up from hospital admission): 
We followed patients for 1 year and collected: i) mortality up to 
January 2024 from the Digital and Population Data Services Agency 
(Helsinki, Finland) and ii) a survey addressing patient-reported 
outcomes (Supplementary Appendix 2). Our multidisciplinary team 
of clinicians, methodologists, and patient partners (TR, JS) partici
pated in developing the survey questionnaire to assess long-term 
recovery and symptoms typically associated with post-COVID syn
drome, synonymously long COVID (Supplementary Appendix 3).25

We used the modified Medical Research Council dyspnoea scale to 
assess exertional dyspnoea, and the EQ-5D-5L and the visual analog 

scale (VAS) scale to measure mobility, self-care, usual daily activities, 
general pain/discomfort, anxiety/depression, and an overall im
pression of health. In addition to Finnish-language, we translated 
questionnaires, consent forms and information leaflets from Finnish 
to Albanian, Arabic, English, Estonian, Persian, Russian, Somalian, 
and Swedish for patients speaking those languages.

Statistical analysis

All statistical analyses were intention-to-treat analyses with two- 
sided p-values and a significance level of 5%. Following the WHO 
SOLIDARITY trial protocol,26 we did not prespecify sample size. We 
report baseline characteristics as median or mean values and inter
quartile ranges (IQR) or standard deviations. We used Kaplan-Meier 
survival curves and Cox regression analysis to compare survival of 
patients over time and tested the proportional hazard assumption 
with Schoenfeld residuals. We compared overall survival at 30 days 
and 1 year. We calculated the difference between groups as both an 
unadjusted and adjusted hazard ratio (HR) for possibly prognostic 
baseline imbalances (adjusted for COVID-19 severity at admission, 
age stratified in decades and sex) alongside their associated 95% 
confidence intervals (CI). We reported the adjusted HRs in the main 
text because adjusted and unadjusted HRs were similar. We used 
Fisher’s exact test to compare categorical outcomes, the Man
n–Whitney U test for continuous outcomes, and Welch’s t-test to 
calculate confidence intervals for absolute differences of continuous 
outcomes. We conducted all statistical analyses with R version 4.3.1.

Systematic review and meta-analysis

We searched MEDLINE (PubMed) on April 14th, 2024, with the 
following search strategy: (“SARS-CoV-2″ OR “COVID-19″ OR “COVID” 
OR “long COVID” or “post COVID-19 condition”) AND (“imatinib” OR 
“Gleevec” OR “Glivec”) AND (“RCT” OR “clinical trial” OR “randomized 
controlled trial” OR “random*”). We additionally searched MedRxiv 
with the following search strategy: “imatinib COVID”. Two re
searchers independently screened search results for randomized 
trials reporting mortality for imatinib in hospitalized COVID-19, 
extracted contingency tables of overall mortality data at 30 days and 
1 year, evaluated modified Cochrane risk of bias tool and assessed 
the certainty of evidence using the GRADE approach.27 We sum
marized the findings of our systematic review with a random-effects 
meta-analysis and a forest plot.

Results

Between 6th August 2021 and 20th March 2023 we recruited 156 
patients from 15 Finnish hospitals (103 patients recruited in 2021, 51 
in 2022 and 2 in 2023, Supplementary Figure 1 and Supplementary 
Table 1). We randomized 83 patients (53%) to receive imatinib (with 
standard of care) and 73 (47%) to standard of care. One patient in the 
imatinib group did not receive imatinib, the only protocol violation 
of the trial.

We were able to retrieve overall mortality data for all (n = 156, 
100%) patients at both 30 days and 1 year. In the 1-year follow-up of 
those who survived, we received survey responses from 62 (86%) 
patients in the imatinib group and 61 (91%) in the standard of care 
group. The overall response rate was 88% (123 responses) in patients 
still alive at 12 months post-randomization (139 patients alive and 
followed for 1 year, 17 deceased). Supplementary Figure 2 provides 
the study flowchart.

Table 1 describes patient characteristics, the relevance of these 
characteristics to in-hospital mortality, and their distribution be
tween imatinib and standard of care group. Patient baseline char
acteristics and cointerventions were generally balanced between the 
two groups. The number of patients who received corticosteroids 
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was 66 (80%) in the imatinib and 62 (85%) in the standard of care 
group. Supplementary Table 2 provides additional information on 
the use of antiviral drugs, antithrombotic agents and anti-IL6 in
hibitors by treatment group. The median duration of treatment with 
imatinib was 6 days (IQR 3–9).

Hospital outcomes and 30-day mortality (short-term follow-up)

Fig. 1A presents the cumulative incidence of overall mortality at 
30 days. At 30 days, 6 patients had died in the imatinib group versus 
3 in the group receiving standard of care. The adjusted HR for overall 
mortality at 30 days was 1.09 (95% CI 0.23–5.07) at 30 days 
(Supplementary Table 3 provides unadjusted HRs).

The mean duration of hospital stay was 11.1 days (standard de
viation, SD 8.1 days) in the imatinib and 12.2 days (SD 13.6) in the 
standard of care group (absolute difference 1.1 days, 95% CI 
−2.6–4.6 days).

The number of patients with the need of invasive mechanical 
ventilation was 3 (4%) in the imatinib and 4 (5%) in the standard of 
care group (RR 0.66, 95% CI 0.15–2.85). Three patients with invasive 
ventilation additionally received extracorporeal membrane oxyge
nation (1 in imatinib, 2 in standard of care). The number of patients 
not receiving any supplementary oxygen was 16 (19%) in the im
atinib and 11 (15%) in the standard of care group (RR 1.28, 95% CI 
0.64–2.58). Supplementary Table 4 provides details on need of re
spiratory support during hospitalization (no differences between 
groups).

Liver enzymes were elevated in 5 (6%) patients in the imatinib 
and no patients in the standard of care group. These five patients 
discontinued imatinib without any drug-related consequences. In 

addition, one patient discontinued imatinib when thrombocytes 
dropped (from 92 to 40 E9/l) after one day of use, one patient dis
continued imatinib (after 2 days of use) due to experience of nausea 
and diarrhea, and another patient (after the first dosage) due to 
experience of mild dizziness and a strange sensation in the head.

Long-term follow-up

Fig. 1B presents 1-year cumulative incidence of overall mortality. 
At 1 year, 11 (13%) patients had died in the imatinib and 6 (8%) in the 
standard of care group. The adjusted HR was 1.35 (95% CI 0.47–3.90) 
at 1 year.

Table 2 and Fig. 2 present patient important outcomes evaluated 
at 1-year post-randomization. Results regarding having fully or lar
gely recovered from their COVID-19 infection did not convincingly 
differ, and EQ-VAS scores were very similar.

Among the most common problems typically associated with 
long COVID observed in patients at the long-term follow-up were 
fatigue (24%), sleeping problems (20%) and memory difficulties (17%) 
(Fig. 3). All differences proved easily attributable to chance.

Systematic review and meta-analysis

Our search found three earlier randomized trials reporting on the 
effect of imatinib on mortality (Supplementary Table 5). Fig. 3 pre
sents the results of the meta-analysis, including three earlier trials 
and our trial, including 732 patients. The risk ratio for the effect of 
imatinib treatment on overall mortality at 30 days was 0.73 (95% CI 
0.32–1.63). We judged all studies low risk of bias for mortality 
(Supplementary Table 6). We rated down the evidence certainty 

Table 1 
Patient baseline characteristics by treatment assignment (imatinib or standard of care). 

Included in analyses Treatment Assignment

Characteristic Entered study, n (%) Mortality at 30 days, n (%) Mortality at 1 year, n (%) Imatinib, n (%) Standard of care, n (%)

Number of patients 156 (100) 9 (6) 17 (11) 83 (100) 73 (100)
Age (years)

< 50 33 (21) 0 2 (6) 15 (18) 18 (25)
50-69 70 (45) 0 2 (3) 35 (42) 35 (48)
≥70 53 (34) 9 (17) 13 (25) 33 (40) 20 (27)

Sex
Men 108 (69) 7 (6) 13 (12) 56 (67) 52 (71)
Women 48 (31) 2 (4) 4 (8) 27 (33) 21 (29)

Major radiologic lung abnormality
No 50 (32) 2 (4) 6 (12) 27 (33) 23 (32)
Yes 99 (63) 7 (7) 10 (10) 53 (64) 46 (63)
Not imaged 7 (4) 0 1 (14) 3 (4) 4 (5)

Days to hospitalization from start of symptoms
Less than 7 days 68 (44) 7 (10) 11 (16) 20 (24) 17 (23)
7-13 days 82 (53) 2 (2) 6 (7) 56 (67) 51 (70)
14 days or more 6 (4) 0 0 7 (8) 5 (7)

Days in hospital at randomization
0 12 (8) 0 0 9 (11) 3 (4)
1 69 (44) 5 (7) 11 (16) 30 (36) 39 (53)
≥2 75 (48) 4 (5) 6 (8) 44 (53) 31 (42)

Location
University hospital 103 (66) 7 (7) 11 (11) 54 (65) 49 (67)
Other hospital 53 (34) 2 (4) 6 (11) 29 (35) 24 (33)

Current smoker 16 (10) 0 2 (13) 9 (11) 7 (10)
History of

Diabetes 38 (24) 2 (5) 4 (11) 21 (25) 17 (23)
Heart disease 43 (28) 5 (12) 7 (16) 28 (34) 15 (21)
Chronic liver disease 1 (1) 0 1 (100) 1 (1) 0 (0)
Chronic lung disease 28 (18) 4 (14) 7 (25) 15 (18) 13 (18)
Asthma 21 (13) 0 2 (10) 11 (13) 10 (14)

Obesity (BMI 30 or more) 71 (46) 1 (1) 4 (6) 38 (46) 33 (45)
COVID-19 severity at admission

No supplementary oxygen 29 (19) 1 (3) 5 (17) 16 (19) 13 (18)
Low- or high flow oxygen 118 (76) 6 (5) 10 (8) 60 (72) 58 (79)
Non-invasive ventilation 9 (6) 2 (22) 2 (22) 7 (8) 2 (3)
Invasive ventilation 0 0 0 0 0
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(quality) due to very serious limitations in precision (confidence 
intervals including both appreciable benefit and appreciable harm). 
We therefore rated evidence certainty as low.

Discussion

Solidarity Finland is the second largest randomized trial to report 
results of the effect of imatinib in patients hospitalized with COVID- 
19 and the only trial with long-term follow-up of one year, including 
assessment of long COVID symptoms. We found no apparent short- 
or long-term benefits for imatinib in patients hospitalized for 
COVID-19, including survival, need for respiratory support or length 
of hospital stay at 30 days. Similarly, we found no apparent benefit of 
imatinib on outcomes at 1 year at which time one in seven survivors 
reported that they had not fully recovered from their COVID-19 in
fection, one in four reported fatigue and one in five sleeping pro
blems. A meta-analysis of all trials together with Solidarity Finland 
imatinib trial’s results raise doubts regarding the benefit of imatinib 
in reducing mortality, improving recovery and preventing potential 
long COVID symptoms in patients hospitalized for COVID-19.

The major limitation of our study is the small sample size that 
leads to lower precision characterized by wide confidence intervals 
and higher risk of imbalances in baseline characteristics. To account 
for potential imbalances, we adjusted our analyses for baseline 
COVID-19 severity, age and sex which are likely prognostic factors 
for COVID-19 mortality. Although adjustment for these factors 
slightly decreased the hazard ratios, none of the adjusted nor un
adjusted hazard ratios approached statistical significance.

Another limitation of our study is the lack of blinding. For ob
jective “hard” endpoint, such as mortality, blinding is likely less 
important than for subjective outcomes, such as symptoms.28–30 In a 
meta-analysis of randomized trials of intensive care interventions, 
authors found no convincing evidence that lack of blinding affects 
mortality estimates.31 We found no important difference in the use 
of other drugs between imatinib and standard of care of arms in our 
trial, suggesting that lack of blinding did not result in significant 
cointervention.

We were also unable to collect data on past COVID-19 exposure 
and COVID-19 vaccination status of enrolled patients. When we 
started the trial in August 2021, we were afraid that asking for 
vaccination status would disincline unvaccinated patients from 
participating, thus biasing our results and endangering the prag
matic nature of the study. At that time, approximately 85% of Finnish 
adults had received at least one dose of a COVID-19 vaccine.32,33 As 
unvaccinated patients are more likely to end up hospitalized than 

Fig. 1. Kaplan-Meier curves of cumulative incidence of all-cause mortality in patients 
receiving either standard of care or imatinib evaluated at 30 days (Fig. 1A) and 1 year 
(Fig. 1B).

Table 2 
Effect of treatment group (imatinib or standard of care, SoC) on patient-important outcomes 1 year after hospitalization due to COVID-19 infection. 

Outcome Imatinib, n = 62 (%) Standard of care, n = 61 (%) RR, 95% CI

How do you feel you have recovered from the COVID-19 infection you had a year ago? 0.91, 0.78–1.06
Fully or largely (1–2) 49 (79.0) 54 (88.5)
About halfway recovered to not recovered at all (3–5) 12 (19.4) 7 (11.5)

Exertional dyspnoea, mMRC dyspnoea scale 1.09, 0.65–1.81
No to slight dyspnoea (mMRC 0–1) 40 (64.5) 41 (67.2)
At least a need to walk slower than usually (mMRC 2–4) 21 (33.9) 19 (31.1)

Fatigue 0.97, 0.20–4.61
No or slight fatigue (1–2) 59 (95.2) 57 (93.4)
Moderate or severe fatigue (3–4) 3 (4.8) 3 (4.9)

Mobility, walking (EQ-5D-5L) 1.07, 0.51–2.24
No or slight problems (1–2) 50 (80.6) 50 (82.0)
From moderate problems to unable to walk (3–5) 12 (19.4) 11 (18.0)

Self-care, washing or dressing oneself (EQ-5D-5L) 0.98, 0.34–2.88
No or slight problems (1–2) 56 (90.3) 55 (90.2)
From moderate problems to inability to wash or dress (3–5) 6 (9.7) 6 (9.8)

Usual activities, e.g., work, study, housework, family or leisure activities (EQ-5D-5L) 0.74, 0.27–2.00
No or slight problems (1–2) 56 (90.3) 53 (86.9)
From moderate problems to inability to do usual activities (3–5) 6 (9.7) 8 (13.1)

Pain or discomfort (EQ-5D-5L) 0.77, 0.38–1.57
No or slight pain (1–2) 51 (82.3) 47 (77.0)
From moderate to extreme pain (3–5) 11 (17.7) 14 (23.0)

Anxiety or depression (EQ-5D-5L) 1.31, 0.31–5.62
No or slight problems (1–2) 58 (93.5) 58 (95.1)
From moderate to extreme problems (3–5) 4 (6.5) 3 (4.9)
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vaccinated patients, our study population is a mix of both vaccinated 
and unvaccinated patients.32 Since other baseline characteristics 
were essentially balanced at randomization (Table 1, Supplementary 
Table 2), it is likely the random allocation succeeded in achieving 
balance in vaccination status and past COVID-19 exposure as well.

This study has several strengths. First, we performed a pragmatic, 
nationwide trial in 15 hospitals at university, central and city hos
pital levels. We used pragmatic study design with limited exclusion 
criteria to achieve broad patient population applicable to clinical 
practice representing hospitalized COVID-19 patients in Finland, also 
including immigrant groups. Second, we achieved a very high follow- 
up rate for both objective (mortality information for 100% at 30 days 
and at 1 year) and subjective outcomes (nearly 90% of survivors). To 
increase participation and avoid miscommunication and mis
understanding, we translated the questionnaire into nine languages 

and interpreters participated in phone interviews when necessary. 
Third, our multidisciplinary team of clinicians (representing eight 
different fields), methodologists, and patient partners created a 
questionnaire that focused on the most patient-relevant outcomes. To 
place our research within a broader context, we performed a sys
tematic review of our own and three earlier trials studying the impact 
of imatinib on mortality in patients hospitalized for COVID-19. Our 
meta-analysis pooled data of all trials on mortality as well as asses
sing risk of bias and evidence certainty using the GRADE approach.

The first randomized trial on imatinib for COVID-19 - conducted 
in the Netherlands between March 2020 and January 2021 - was 
unable to meet its predefined primary outcome, defined as reduced 
time to discontinuation of ventilation and supplemental oxygen for 
more than 48 consecutive hours in patients with COVID-19 requiring 
supplemental oxygen. They found, however, an unadjusted HR of 

Fig. 2. Outcomes possibly associated with long COVID evaluated at 12 months after hospital admission for patients receiving only standard of care (SoC) and standard of care plus 
imatinib.

Fig. 3. Random-effects meta-analysis of the effect of imatinib on 30-day overall mortality in randomized trials comparing imatinib to either standard of care or placebo in patients 
hospitalized for COVID-19.
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0.51 (95% CI 0.27–0.95) for overall mortality and a significant dif
ference in the median duration of invasive mechanical ventilation (7 
days in the imatinib vs 12 days in the placebo group, p = 0.008) at 28 
days follow-up. The result remained similar at 90 days follow-up 
(unadjusted HR for mortality 0.53, 95% CI 0.29–0.94).34

While the first trial was the largest (400 patients),15,34 our study 
had 156 patients, followed by one trial from Spain (110 patients),17

and another from the Netherlands (66 patients).16 Since the first 
trial, no other trial, including ours, has been able to show significant 
benefit of imatinib on mortality in patients hospitalized for COVID- 
19. Consequently, pooled results from trials raise serious doubts 
regarding the benefit of imatinib in reducing mortality when given 
to patients hospitalized for COVID-19 (Fig. 3).

The first trial from the Netherlands recruited hospitalized COVID- 
19 patients requiring supplemental oxygen (to maintain a peripheral 
oxygen saturation of > 94%). Authors reported that imatinib parti
cularly benefits patients with a severe course of COVID-19.15 They 
therefore conducted the subsequent trial that recruited invasively 
ventilated patients with moderate-to severe COVID-19 ARDS.16 The 
subsequent, smaller trial did not, however, find any impact of im
atinib on mortality in patients with moderate-to severe COVID- 
19 ARDS.

A single-center trial from Spain was the first stage of a pick-the- 
winner trial between bariticinib and imatinib (with the third arm of 
standard of care).17 Authors recruited 55 patients to the imatinib 
arm (at 70 days follow-up, 2 patients died in standard of care, 2 in 
imatinib and none in the bariticinib arms). Our trial and the Spanish 
trial did not have any eligibility criteria regarding supplemental 
oxygen. In our trial, 19% had no supplementary oxygen, 76% had low- 
or high-flow supplemental oxygen, 6% had non-invasive ventilation 
and none had invasive ventilation at hospital admission. Therefore, 
our trial and the Spanish trial had a less sick patient population than 
the trials conducted in the Netherlands.

As trials on imatinib in COVID-19 have recruited patients at dif
ferent times and different countries, vaccination status (and past 
COVID-19 exposure) of patients differs between trials. The first 
Dutch trial recruited patients between March 2020 and January 
2021.15 As COVID-19 vaccination started on 8th January 2021 in the 
Netherlands, the trial includes only unvaccinated patients.35 In the 
subsequent, smaller Dutch trial on COVID-19 ARDS recruiting from 
March 2021 to March 2022, 18% of patients receiving placebo and 
33% patients receiving imatinib were vaccinated.16 The recruitment 
period of the Spanish trial ran from September 2020 to June 2021, 
and the study did not report on the vaccination status of its enrolled 
patients.17 In Spain, COVID-19 vaccination started in late December 
2020 with uptake accelerating rapidly in early 2021.36 As a result, the 
trial most likely enrolled a mix of both vaccinated and unvaccinated 
patients (similar to our trial).

Solidarity Finland is the only imatinib trial with follow-up of 
mortality and recovery as well as quality of life and long COVID 
symptoms 1-year post-discharge. There are very few randomized 
trials reporting 1-year follow-up results following any treatment for 
COVID-19.20,21 We earlier reported our trial evaluating remdesivir in 
patients hospitalized for COVID-19, also a part of Solidarity Finland 
trials, using the same questionnaire.20 Mortality during the initial 
hospitalization as the outcome, the international Solidarity trial 
found modest benefit for remdesivir in hospitalized COVID-19 pa
tients.9,37 Although our Finnish in-hospital phase results were con
sistent with the global study for the short-term follow-up, we were 
not able to find an effect on any long COVID outcomes.38 In the 
present Solidarity Finland imatinib study, we did not detect differ
ences between the arms in the long-term follow-up of potential long 
COVID symptoms. We found that the most common symptoms at 1 
year were fatigue (24%), sleeping problems (20%) and memory dif
ficulties (17%). These findings are in line with a recent systematic 

review and meta-analysis of observational studies examining the 
persistence of post-COVID symptoms in the general population.39

In a randomized trial of convalescent plasma (n = 30) versus usual 
care (n = 20) among German patients who survived severe COVID-19, 
authors compared quality of life at 1 year between.21 This small trial 
was unable to detect differences. As in our current imatinib and our 
earlier remdesivir trial,20 patients often reported substantial symptom 
burden at 1-year post-hospitalization. Further studies with control 
groups without confirmed COVID-19 infection are needed to improve 
understanding of the long-term burden of disease.

In conclusion, we report the results of the Solidarity Finland trial 
evaluating the effect of imatinib on mortality and long-term out
comes in patients hospitalized for COVID-19. We found that imatinib 
conferred no treatment benefit on overall mortality evaluated at 30 
days or 1 year. In addition, imatinib did not have an effect on long- 
term outcomes typically associated with COVID-19. However, 16% of 
respondents reported not having recovered from COVID-19 with 
fatigue, sleeping problems and memory difficulties among the most 
common symptoms. Our results are limited by our small sample size 
leading to inadequate statistical power in determining possibly 
small treatment effects. Further large pragmatic randomized trials 
with adequate follow-up are needed to rationalize drug treatment of 
COVID-19 as well as its associated long-term sequelae.
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