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SUMMARY
The objective of this analysis is to evaluate the efficacy and safety profile of lopinavir/ritonavir
combination treatment in COVID-19 patients as compared to other therapies used in treatment of SARSCoV-2 infections (assessment in terms of outcomes analysed in primary studies identified in the course
of the conducted systematic review, along with an assessment of the relevance of results and the
reliability level of scientific evidence).
The documents collate results of primary studies on the use of lopinavir/ritonavir in treatment of COVID19 identified during the systematic review of the scientific publications (date of search: 22/07/2020). The
identified systematic reviews were verified in terms of the primary studies included in them, and all
publications meeting inclusion criteria were subjected to a detailed data extraction. The predefined
inclusion criteria for the review were met in total by 8 studies – 1 experimental study, 1 quasiexperimental study and 6 observational studies (either prospective or retrospective).
In view of the heterogeneity of the studies in terms of comparators used, it was decided against
conducting a quantitative synthesis of study results.
Results with regard to reduction of mortality risk for the LPV/RTV efficacy comparison with standard of
care were not statistically significant (Lacronier 2020). That impact was not verified in the other studies.
The outcomes evaluated in the studies included i.a. virus detectability and viral clearance, clinical
improvement or improvement in CT imaging, time to obtaining a negative test, time to symptoms
subsiding and length of hospitalisation;
The only identified randomised, controlled, open-label clinical trial (Cao 2020) failed to observe benefits
of using lopinavir/ritonavir compared to standard of care in treatment of hospitalised adults with severe
Covid-19.
In Cai 2020 and Zhu 2020, an analysis of viral clearance and presence of the virus was indicative of
statistically significantly greater efficacy compared to the alternative therapies used (favipiravir and
arbidol) than LPV/RTV. Results on clinical improvement or CT imaging depended on the comparator
used. LPV/RTV compared to the standard of care was statistically significantly more efficacious
(Cao 2020, Yu 2020), and compared to favipiravir – statistically significantly less efficacious (Cai 2020).
The assessment included three outcomes based on the measurement of time – time to obtaining
a negative test result, time to the resolution of symptoms and duration of hospitalisation. In the first case,
the results of using LPV/RTV differed depending on the comparator – compared to HCQ (Kim 2020)
and adjuvant drugs (Ye 2020) a statistically significantly shorter time needed go get a negative test result
was obtained, while compared to danoprevir (Zhang 2020) – a statistically significantly longer time. In
the case of measuring time to symptom resolution, impact in favour of LPV/RTV was obtained in one
study compared to adjuvant drugs (Ye 2020), while compared to HCQ (Kim 2020) – the difference was
not statistically significant. The last measured outcome was shortening the hospitalisation duration,
where, compared to danoprevir, the obtained results suggested a statistically significant longer hospital
stay of patients treated with LPV/RTV (Zhang 2020).
In view of the results obtained during the review and the limitations of the identified studies
(no randomisation in 7 out of 8 studies, a small population of patients subjected to the study, short
observation time), the results do not allow to conclude that the efficiacy of LPV/RTV is higher than that
of the analysed comparators.
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1. OBJECTIVE
The objective of this analysis is to evaluate the efficacy and safety profile of lopinavir/ritonavir
combination for COVID-19 patients as compared to other therapies used in the treatment of SARS-CoV2 infections (assessment in terms of outcomes analysed in primary studies identified in the course of
the conducted systematic review, along with the assessment of the result relevance and the reliability
level of scientific evidence).
2. METHODOLOGY
This document collates the results of primary studies identified during the systematic review of scientific
publications on lopinavir/ritonavir treatment for COVID-19.
The systematic review of medical databases – MEDLINE, Embase and CENTRAL was conducted
(search of databases for the purpose of version 1.0 of Covid-19 recommendations: 24/04/2020; updated
on 22/07/2020). In order to identify the papers that have not yet been published in the above-mentioned
databases, a search in a database of pre-print publications - www.medrxiv.org was conducted, with the
search period limited to 01–31/07/2020. Resources of the Covid-19 database were also used
(www.covid19.aotm.gov.pl).
An appendix to this document presents the search strategy adopted in the review (Tables 9–11).
Detailed criteria for including primary studies into the review are presented in the table below.
Table 1. Criteria for including primary studies into the review on lopinavir/ritonavir.
Inclusion criteria for PICO
Population

COVID-19 patients (general population or patient subpopulation)

Intervention

Lopinavir/ritonavir

Comparator

Other therapeutic treatment/conservative treatment/standard of care

Outcomes

Not identified – all outcomes identified in protocols of studies included in the review

Type of included
studies

 Controlled experimental study;
 Controlled observational (prospective or retrospective) study;
 Case studies and case series in the absence of scientific evidence characterised by
a higher reliability level.

Table 5 presents results of primary studies for all analysed outcomes. Levels of scientific evidence
applied in this assessment were proposed in agreement with the Steering Committee which supervises
works on the Polish COVID‑19 recommendations, to determine the reliability level of the obtained
results. A grading system of the clinical trials’ results was also used, taking into account the type of the
analysed outcome (clinical /surrogate outcome) and the extent of the effect (demonstrating statistically
significant differences in favour of the test or control arm) (Table 2).
Table 2. Relevance of the result of the primary study
Statistically significant differences in favour of LPV/RTV – clinical outcome
Statistically significant differences in favour of LPV/RTV – surrogate outcome
Lack of statistically significant differences between study arms
Statistically significant differences to the disadvantage of LPV/RTV – surrogate outcome
Statistically significant differences to the disadvantage of LPV/RTV – clinical outcome
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Table 3. Evidence level a
Evidence level

Description


A




B



C








D

E



Results of >1 correctly designed RCTs, high result reliability (representative sample,
ITT, blinding, correct randomisation method);
Meta-analysis of correctly designed RCTs;
Results of ≥1 correctly designed RCT(s), supplemented by data from high quality
registries;
Correctly designed RCT, high result reliability (representative sample, ITT, blinding,
correct randomisation method)
RCT with few (≤2) methodological limitations (lack of blinding, small sample, limitations
of randomisation method, modified ITT (mITT))
Correctly designed non-randomised controlled trial;
Correctly designed prospective cohort study;
Correctly designed registry;
Meta-analysis of the above-mentioned primary studies.
Randomised or non-randomised clinical trials with numerous (>2) methodological
limitations (lack of blinding, small sample, incorrect randomisation method, no ITT);
Prospective observational studies with numerous methodological limitations,
retrospective controlled studies

F



Uncontrolled experimental studies, case series

G



Case study

3. RESULTS OF PRIMARY STUDIES
The identified systematic reviews were verified in terms of type of included primary studies. Primary
studies meeting criteria of including into this systematic review were subjected to detailed data
extraction.
As the result of the conducted search, the following scientific papers on the efficacy of lopinavir/ritonavir
in COVID-19 were found:


8 primary studies:
o

1 RCT – Cao 2020

o

1 quasi-experimental study – Cai 2020

o

6 observational studies (retrospective or prospective) – Kim 2020, Lecronier 2020, Ye
2020, Yu 2020, Zhang 2020, Zhu 2020.

Table 4 collates all scientific papers identified as part of a systematic reviews of medical databases
conducted for the purpose of version 1.0 of Covid-19 recommendations (24/04/2020) and an update of
that document. The paper includes descriptions of the methodology and results of all clinical trials
included into the review which allow for assessing the efficacy of lopinavir/ritonavir (also in combination
with other active substances) in COVID‑19 treatment.

aPresentation

of adopted reliability levels based on the ACC/AHA approach (2019 ACC/AHA Guideline on the Primary Prevention
of Cardiovascular Disease: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines, accessed online: https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000678)
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Table 4. A summary of identified primary studies for lopinavir/ritonavir used in COVID-19
No.

Study

Test arm

Control arm

Types of analysed outcomes

Reliability
level

Version 1.1. of Recommendations
1.

Deng 2020

2.

Zhu 2020

3.

Qiu 2020

4.

Yuan 2020

5.

Liu 2020

6.

Cai 2020

7.

Cao 2020

10.

Kim 2020

11.

Lecronier
2020

13.

Ye 2020

14.

Yu 2020

15.

Zhang 2020

LPV/RTV+ARB

LPV/RTV

Negative SARS-Cov-2 test result,
Improvement in terms of
pneumonia determined using
chest CT scans

LPV/RTV

ARB

Viral load

Time to obtaining a negative PCR
result, Duration of hospitalisation,
Duration of fever following
admission to the hospital
IFN-α+LPV/RTV,
Median duration of hospitalisation,
N/A
IFNpercentage of negative
α+LPV/RTV+ribavirin
conversion in hospitalised patients
Involvement of multiple lung lobes
– chest CT scan, Involvement of
LPV/RTV + IFN
N/A
one lung lobe, PSI, Percentage of
inhalations
patients with PSI IV or V, Patients
recovered, Deaths
Version 1.3. of Recommendations (Update)
Time to obtaining two consecutive
LPV/RTV
negative RNA detection test
FPV
results (interval above 24 h)
Median time to clinical
improvement, Number of deaths,
Median duration of ICU stay,
Median duration of invasive
mechanical inhalation, Median
LPV+RTV+SoC
SoC
duration of oxygen support,
Median duration of hospital stay,
Median time from randomisation
to discharge, Median time from
randomisation to death, Clinical
improvement
Time to a negative conversion of
HCQ.
LPV/RTV
viral RNA, Time to clinical
improvement
Treatment escalation, Ventilator(1) LPV/RTV
SoC
free days, Mortality, Viral load
(2) HCQ
changes in respiratory tracts
interferon;
LPV/RTV +
arbidol; asmeton;
Number of days after which
interferon; arbidol;
capsules
patients’ temperature was reduced
asmeton; capsules
containing:
to 37.5°C, Number of days required
containing: eucalyptol
eucalyptol
to obtain a negative nCoV-RNA
limonene, pinen;
limonene, pinen;
result, ALT, AST levels
moxifloxacin.
moxifloxacin.
Obtaining a negative SARS‑CoV‑
2 test result on day 28, Days
SoC
LPV/RTV
needed to obtain a negative
SARS-CoV-2 test result,
Pneumonia resolution
Time to achieve negative nucleic
Danoprevir
LPV/RTV
acid testing, Length of hospital
stay
IFN-α, including
LPV/RTV

N/A

E
E
F

F

E

E

E

E
E

E

E

E

ARB – arbidol, FPV – favipiravir, HCQ – hydroxychloroquine, LPV/RTV – lopinavir/ritonavir, SoC – Standard of Care
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3.1. Experimental studies
3.1.1.

Cai 2020

Results of this quasi-experimental, non-randomised open-label study suggest lower efficacy of LPV/RTV
treatment compared to FPV treatment in terms of the following outcomes: viral clearance and
improvement in CT image. Multivariable Cox regression showed that FPV was independently associated
with faster viral clearance. However, it should be underlined that the relationship between the viral titre
and the clinical prognosis was not well clarified and described. The improvement rates of the chest CT
changes were approx. 91% in the FPV arm and approx. 62% in the LPV/RTV arm on day 14 after the
beginning of treatment; the differences in results were statistically significant only after that time.
3.1.2.

Cao 2020

The study is a randomised, controlled, open-label clinical trial involving hospitalised adult patients with
confirmed SARS-CoV-2 infection, which causes the respiratory illness Covid-19, and an oxygen
saturation (SaO2) of 94% or less. Patients were randomly assigned in a 1:1 ratio to receive either
lopinavir/ritonavir (400 mg and 100 mg, respectively) twice a day for 14 days as monotherapy or
in addition to standard of care.
A total of 199 patients were enrolled in the trial and underwent randomisation; 99 were assigned to
the lopinavir/ritonavir arm and 100 to the standard of care arm. Treatment with lopinavir/ritonavir was
not associated with a difference in the time to clinical improvement (HR 1.31; 95% [CI, 0.95 to 1.80])
compared to standard of care. Mortality at 28 days was similar in the lopinavir/ritonavir arm and
the standard of care arm (19.2% vs. 25.0%; difference, −5.8 percentage points; 95% CI, −17.3 to 5.7).
The percentages of patients with detectable viral RNA at various time points were similar. In a modified
intention-to-treat analysis, lopinavir/ritonavir led to a median time to clinical improvement shorter by 1
day than that observed with standard of care (HR= 1.39; [95% CI, 1.00 to 1.91]). Adverse events were
more common in the lopinavir/ritonavir (gastrointestinal disorders) arm, but serious adverse events were
more common in the standard of care arm.
In hospitalised adult patients with severe Covid-19, no benefit of lopinavir/ritonavir over standard of care
was observed.
3.2. Observational studies
The following comparators were used in the identified studies:


standard of care (Lacronier 2020, Yu 2020),



hydroxychloroquine (Kim 2020),



adjuvant drugs (Ye 2020),



danoprevir (Zhang 2020),



arbidol (Zhu 2020).

Taken the heterogeneity of the studies in terms of comparators used, it was decided against conducting
a quantitative synthesis of study results.
Results on comparison of LPV/RTV and standard of care in terms of mortality risk reduction were not
statistically significant (Lacronier 2020). No impact was identified in the other studies as well.
Statistically significant differences in favour of LPV/RTV were reported for:


pneumonia resolution in COVID-19 in patients receiving LPV/RTV therapy (Kim 2020);



time to negative virus result: 21 days vs. 28 days (Kim 2020), 7.8±3.09 days vs. 12 ±0.82 days
(Ye 2020);



time to symptom resolution: 4.8±1.94 days vs. 7.3±1.53 days (Ye 2020).
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Statistically significant differences against LPV/RTV were reported for:


SARS-COV-2 virus not being detected in the treated patients (ABR vs. LPV/RTV): after 14 days
of observation in the arbidol arm, the virus was not detected in any patient, while in the LPV/RTV
arm it was still detected in 44.1% of patients (Zhu 2020);



median time to negative virus test result: 12.5±8 days (Zhang 2020);



duration of hospital stay: 16.7±11.4 days (Zhang 2020).

It should be stressed that the above-mentioned primary studies are characterised by a lower reliability
level. Due to the adopted methodology, small test sample and numerous limitations, the results are
characterised by high uncertainty.
A summary of controlled experimental and observational studies is presented in Table 5.
4. CONCLUSIONS
The review of scientific evidence did not demonstrate a statistically significant impact of using
lopinavir/ritonavir on the risk of mortality of COVID-19 patients in relation to the comparators used
in individual studies. The outcomes assessed in the studies included i.a. virus detectability and viral
clearance, clinical improvement or improved TK scans, time to obtaining a negative test result, time to
symptom resolution and duration of hospitalisation. Detailed results of the assessed outcomes are
presented in Table 5.
Efficacy in terms of clearance and virus detectability in two identified studies (Cai 2020, Zhu 2020),
suggested statistically significantly greater efficacy of alternative therapies (favipiravir and arbidol) than
LPV/RTV. Results on clinical improvement or improved CT scans depended on the comparator used.
LPV/RTV was statistically significantly more efficacious than standard of care (Cao 2020, Yu 2020), and
statistically significantly less efficacious than favipiravir (Cai 2020).
The assessment included three outcomes based on the measurement of time. In the first case time to
obtaining a negative test result was assessed, and the results of using LPV/RTV differed depending on
the comparator – compared to HCQ (Kim 2020) and adjuvant drugs (Ye 2020) a statistically significantly
shorter time needed to go get a negative test result was obtained, while compared to danoprevir (Zhang
2020) – a statistically significantly longer time. In the case of measuring time to symptom resolution,
impact in favour of LPV/RTV was observed in one study compared to adjuvant drugs (Ye 2020), while
compared to HCQ (Kim 2020) – the difference was not statistically significant. The last measured
outcome was shortening the duration of hospitalisation, where, compared to danoprevir, the result was
statistically significant and suggested a longer hospital stay of patients receiving LPV/RTV therapy
(Zhang 2020).
In view of the results obtained in the course of the review and the existing limitations (lack of
randomisation in 7 out of 8 studies, small test population of patients, short observation time), the results
do not allow for drawing conclusions on greater efficacy of LPV/RTV in relation to the analysed
comparators.
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Table 5. Controlled experimental and observational studies – lopinavir/ritonavir
No.

Study
author, year
/ acronym

1.

Cai 2020

E

FPV,
35

2.

Cao 2020

E

LPV+RTV+
standard of
care,
99

E

LPV/RTV,
31

3.

Kim 2020

Reliability
level

Test arm,
N

Control arm,
N

standard of care, RR=0.77 (95% CI:
100
0.45; 1.3)

E

LPV/RTV,
20

standard of
care,
22

5.

Ye 2020

E

LPV/RTV,
42

adjuvant drugs,
5
standard of
care,
128
Danoprevir,
5

Yu 2020

E

7.

Zhang 2020

E

LPV/RTV,
28

8.

Zhu 2020

E

LPV/RTV,
34

Improved CT
scan/clinical
improvement
CT:
32 (91.43%) vs.
28 (62.22%)
p=0.04
Clinical
RR=1.52 (95%
CI: 1.05; 2.19),
NNT=7
(Day 14 of
observation; day
7 and 28 – no
statistically
significant
impact)

HCQ,
34

Lecronier
2020

6.

A) Viral clearance
B) Virus
detectable
a) HR=3.43 (95% CI:
1.16; 10.15)
p=0.026

LPV/RTV,
45

4.

LPV/RTV,
64

Death

ARB,
16

Time to
negative virus
test result

Time to
symptom
resolution

21 days vs. 28
days
HR=2.28 (95%
CI: 1.24; 4.21)
p=0.008

18 vs. 21
p=0.216

7.8±3.09 vs
12.0±0.82
p=0.02

4.8±1.94 vs.
7.3±1.53
p=0,036

Duration of
hospital
stay

On day 14: 5 (25%)
vs. 8 (21%) p=0.24
OR=0.48 (0.13;
1.8)
On day 28:7 (35%)
vs. 9 (41%)
p=0.35
OR=0.78 (0.22;
2.72)

CT: HR=1.878
(95% CI: 1.103;
3.196)
p=0.02
12.5 vs. 8
p=0.039
b) 44.1 % vs 0
OR=26.23 (95%
CI:1.46; 472.67),
NNH=3

16.7 vs. 11.4
p=0.032

APPENDIX
Table 1. Description of the methodology and results of Ye 2020 – lopinavir/ritonavir
Ye 20201
Clinical efficacy of lopinavir/ritonavir in the treatment of Coronavirus disease 2019
Methodology

Population

Retrospective study;
AOTMiT Classification: IIID
Duration of the study:
22/01/2020 – 29/01/2020
Country: China
Objective: to investigate
whether lopinavir/ritonavir
has a better therapeutic
effect on patients with
COVID-19 pneumonia.

Intervention

Control

N= 47

N = 42

N=5

Patient characteristics:

The test arm was treated with LPV/r
and adjuvant drugs. 1 mL of LPV/r
oral liquid contained 80 mg of
lopinavir and 20 mg of ritonavir.
Usage and dosage: 5 mL/dose
(400/100 mg) for adults, twice a day
or 10 mL/dose (800/200 mg) once
a day with food.
Adjuvant drugs used: interferon;
arbidol; asmeton; capsules
containing: eucalyptol limonene,
pinen; moxifloxacin.

The control arm was
treated solely with
adjuvant drugs.

22 males, 25 females
Diabetes – 8 patients
CT abnormality – 31
patients

Standard clinical
practice
There is no established
COVID-19 procedure in
Poland

Adjuvant drugs used:
interferon; arbidol;
asmeton; capsules
containing: eucalyptol
limonene, pinen;
moxifloxacin.

Limitations
- Small sample size of the control
arm;
- The results are not precise enough
and no statistical analysis has been
performed with regard to the side
effects of LPV/r on
the gastrointestinal track, such as
diarrhoea.

Results
Observation
time (days)

Intervention

Control

Relative parameter (95%
CI) / p

Absolute parameter
(95% CI)

Number of days after which patients’ temperature was
reduced to 37.5°C

-

4.8±1.94 days

7.3±1.53 days

p=0.0364

-

Number of days required to obtain a negative nCoV-RNA
result

-

7.8±3.09 days

12.0±0.82
days

p=0.0219

-

First measurement after treatment
ALT
AST

-

9.5%
19%

25%
25%

-

-

-

Second measurement after treatment
ALT
AST

-

11.1%
16.7%

N/A
N/A

-

-

-

Third measurement after treatment
ALT
AST

-

22.7%
18.2%

N/A
N/A

-

-

-

Outcome

Clinical
relevance
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Table 2. Description of the methodology and results of Cai 2020 – lopinavir/ritonavir
Cai 20202
Experimental Treatment with Favipiravir for COVID-19: An Open-Label Control Study
Methodology

Population

Intervention

Control

Standard clinical
practice

Open-label, nonrandomised, two-arm,
before-after controlled
study

N = 80
Patient characteristics:
Mean age: 47 (35.75-61)
Men: 35 (43.8%)
Inclusion criteria:

Ni = 35
FPV – day 1: 1600 mg
twice daily, days 2–14:
600 mg twice daily

Nc = 45
LPV/RTV – days 1–14:
400 mg/ 100 mg twice
daily

Duration of the study
30/01/2020 –
14/02/2020

 aged 16–75 years old
 tested positive for the novel coronavirus RNA
 duration from disease onset to enrolment: less than
7 days
 willing to take contraception during the study

Patient characteristics:
Mean age: 43 (35.5–59)
Men: 14 (40%)

Patient characteristics:
Mean age: 49 (36–61)
Men: 21 (46.7%)

Country: China
Objective: to compare
the clinical outcomes
between patients
treated with FPV and
patients treated with
LPV/RTV

There is no
established
COVID-19
procedure in
Poland

Limitations
-

No randomisation
Non-blinded
Risk of selection bias
The relationship
between the viral titre
and the clinical
prognosis was not well
clarified and described

Exclusion criteria
 severe clinical condition
 chronic liver disease, chronic kidney disease reaching
end stage
 previous history of allergic reactions to FPV or
LPV/RTV
 pregnant or lactating women
 women with a positive pregnancy test, breastfeeding,
following a miscarriage, or within 2 weeks after delivery
 participated in another clinical trial against SARSCoV-2
treatment currently or in the past 28 days
Results

Outcome

Viral clearance
Improvement of chest computer tomography
(CT) scans on day 14 after treatment

Observation time (days)
Intervention:
15 days

Control: 6
days

14 days

Intervention (FPV)

Control (LPV/RTV)

Antiviral therapy FPV vs. LPV/RTV:
Partial regression coefficient
(Cox regression) = 1.234
32 (91.43%)

Relative parameter
(95% CI)

Absolute
parameter
(95% CI)

HR=3.434 (1.162–
10.148), p=0.026

-

OR=6.476
(1.716; 24.44),
p=0.004

-

28 (62.22%)

Clinical
relevance

Study shows that patients treated with FPV have faster viral clearance and better chest imaging change than patients treated with LPV/RTV.
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Table 3. Description of the methodology and results of Cao 2020 – lopinavir/ritonavir
Cao 20203
A Trial of Lopinavir–Ritonavir in Adults Hospitalized with Severe Covid-19
Methodology
Randomised,
controlled, openlabel trial
Duration of
the study:
18/01/20203/02/2020
Objective:
therapeutic impact
of LPV/RTV on
adult patients with
a severe course of
COVID-19

Population

Intervention

Control

N=199
Age: 58 years (IQR: 49-68)
Men: 60.3%
Inclusion criteria: 18 years of age or older, RT-PCRconfirmed SARS-CoV-2, with pneumonia and
Sao2≤94 or PaO2/Fio2≤300 mmHg.
Exclusion criteria: Decided by the physician –
presence of any condition that would not allow
the protocol to be followed safely; allergy or
hypersensitivity to LPV/RTV, known severe liver
disease (e.g., cirrhosis, with an AIAT level >5 ×
the upper limit of the normal range or an AspAT level
>5 × the upper limit of the normal range), use of
medications, contraindications to LPV/RTV;
pregnancy, breast-feeding, HIV infection

Ni = 99
LPV+RTV+ plus
standard of care

Cardiovascular disease, %

5.1

8.0

Diabetes, %

10.1

13.0

LPV 400 mg and RTV
100 mg 2x1; 1-14 days:

Nc = 100
Standard of care
Comprising of:
supplemental
oxygen, noninvasive and
invasive ventilation,
antibiotic agents,
vasopressor
support, renalreplacement therapy
and ECMO

Standard clinical
practice
There is no
established COVID19 procedure in
Poland

Limitations
- Non-blinded;
- Heterogeneous population in
terms of disease duration and
disease severity upon enrolment to
the study;
- Frequency of concurrent
pharmacological interventions not
reported;
- Approximately 45% and 40% of
the patients in LPV/RTV arm had
positive PCR results on day 14
and day 28, respectively, but it is
not known if the infectious virus
was still present, since virus
isolation or assessing the possible
emergence of SARS-CoV-2
variants with reduced susceptibility
to LPV was not attempted

Results
Outcome

Observation
time (days)

Time to clinical improvement – median number of days
(IQR)
Number of deaths, %
Hospital stay at the ICU – median number of days (IQR)
Duration of invasive mechanical ventilation – median
number of days (IQR)

28

Intervention

Control

Relative parameter
(95% CI)

Absolute parameter
(95% CI)

16.0 (13.0-17.0)

16.0 (15.0-18.0)

HR=1.31 (0.95-1,80)
^

-

19.2

25

RR=0.77 (0.45; 1.3)
^^

-

6 (2-11)

11 (7-17)

-

-

4 (3-7)

5 (3-9)

-

-

Oxygen support – median number of days (IQR)

12 (9-16)

13 (6-16)

-

-

Hospital stay – median number of days (IQR)

14 (12-17)

16 (13-18)

-

-

Time from randomisation to discharge – median number
of days (IQR)

12 (10-16)

14 (11-16)

-

-

9 (6-13)

12 (6-15)

-

-

7

6.1

2.0

RR=3.03 (0.63;
14.65)

-

14

45.5

30

RR=1.52 (1.05; 2.19)

7 (4; 47)

28

78.8

70

RR=1.13 (0.96; 1.33)

Time from randomisation to death – median number of
days (IQR)

Clinical improvement, %

Clinical
relevance
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Cao 20203
Serious adverse events (SAEs) were reported in 51 patients: 19 events in the LPV/RTV arm and 32 events in the SoC arm. 4 gastrointestinal SAEs were reported in the LPV/RTV arm; none were
reported in the SoC arm; all 4 events were deemed to be treatment-related. Respiratory failure, acute kidney impairment and secondary infection were more common in patients receiving SoC. All
deaths during the observation period were deemed not to be treatment-related.
LPV/RTV therapy did not significantly accelerate clinical improvement, did not reduce the mortality or detectability of viral RNA in patients with severe Covid-19. The analysis of
unadjusted results for clinical improvement indicates a statistically significantly higher (by more than 50%) probability of clinical improvement in patients in the intervention arm
compared to the control arm within 14 days. However, it should be noted that the difference between these arms on day 28 is not statistically significant.
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Table 4. Description of the methodology and results of Kim 2020 – lopinavir/ritonavir
Kim 20204
Lopinavir-ritonavir versus hydroxychloroquine for viral clearance and clinical improvement in patients with mild to moderate coronavirus disease 2019
Methodology

Population

Intervention 1

Intervention 2

Standard clinical
practice

Retrospective, singlecentre cohort study

N= 65 patients (31 lopinavir/ritonavir and 34
hydroxychloroquine)
Patient characteristics: mean age: 64.3 years;
25 men and 40 women.

Ni2=34
HCQ.
HCQ 400 mg 1x1

There is no established
COVID-19 procedure in
Poland

Duration of the study
17/02/2020-31/03/2020

Ni1=31
LPV/RTV
LPV 400 mg 2x1;
RTV 100 mg 2x1

Country: Korea

Inclusion criteria: hospitalised patients with
laboratory-confirmed COVID-19 treated with
lopinavir/ritonavir or hydroxychloroquine;
Exclusion criteria: Patients who have been
treated with lopinavir/ritonavir and
hydroxychloroquine concurrently, and who
have received lopinavir/ ritonavir or
hydroxychloroquine for less than 7 days.
Age, years

64.3±14.6

64.3±16.3

Men

11

14

Median duration of pre-treatment symptoms,
days

6

9

Objective: Comparison
of virological and clinical
response to
lopinavir/ritonavir
therapy and
hydroxychloroquine
therapy in COVID-19
patients.

Limitations
- A retrospective, single-centre study. Multicentre, randomised, controlled trials would
be required to confirm the findings.
- Because this was a retrospective cohort
study, the baseline characteristics of
the patients were not perfectly balanced
between those receiving lopinavir/ritonavir
or hydroxychloroquine.

Results
Outcome

Observation time (weeks)

Intervention 1

Intervention 2

Relative parameter
(95% CI)

Absolute parameter
(95% CI)

Time to negative conversion of viral
RNA, days

-

21

28

HR=2.28 (1.24; 4.21),
p=0.008

-

Clinical
relevance

Clinical improvement, median of
18
21
p=0.216
6
days
The analysis showed that patients treated with lopinavir/ritonavir had a shorter time to negative conversion of viral RNA than patients treated with hydroxychloroquine, although time
to clinical improvement did not differ between the two arms. Use of lopinavir/ritonavir and younger age was associated with negative conversion of viral RNA.
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Table 5. Description of the methodology and results of Lecronier 2020 – lopinavir/ritonavir
Lecronier 20205
Comparison of hydroxychloroquine, lopinavir/ritonavir, and standard of care in critically ill patients with SARS-CoV-2 pneumonia: an opportunistic retrospective analysis
Methodology

Population

Retrospective study
Duration of the study:
04/03/2020 – 06/04/2020
Study conducted in a medical
intensive care unit (32 beds)
Country: France
Objective:
Compare the effects of
lopinavir/ritonavir,
hydroxychloroquine, and
standard of care only on
clinical outcomes and viral
load reduction in patients with
a severe SARSCoV-2
pneumonia requiring ICU
admission.

Intervention

N= 80
Patients with a severe SARSCoV-2
pneumonia requiring ICU admission
Inclusion criteria:
(1) acute respiratory failure defined by
severe hypoxemia requiring either a high
level of oxygen via facemask (> 6 L/min
to achieve SpO2>90%), high flow oxygen
therapy (with a minimum of 30 L/min and
50% FiO2 to achieve SpO2>90%), or MV
and (2) proven infection by SARS-CoV-2.
Exclusion criteria:
Patients who received anti-viral
treatments other than LPV/RTV or
hydroxychloroquine or who received both.

Control

Ni1 = 20 (25%)

Ni2 = 38 (46%)

Nc = 22 (25%)

lopinavir/ritonavir +
SoC

hydroxychloroquine
+ SoC

SoC only

LPV/RTV 400mg
twice a day

HCQ 200 mg twice
a day

Standard clinical
practice
There is no
established
COVID-19
procedure in
Poland

Limitations
- Retrospective, singlecentre study
- Non-blinded
- comparison of three
successive periods of
time during which
experiences and skills of
caregivers may have
changed
- findings were obtained in
a severely ill population
and may not be
generalised

Patient characteristics:
Mean age

57 (53-68)

55 (49-61)

59 (53-66)

63 (54-70)

Men:

64 (80%)

15 (75%)

31 (82%)

18 (82%)

4 (5%)

1 (5%)

1 (3%)

2 (9%)

Smoking

Co-morbidities
Chronic hypertension

30 (38%)

11 (55%)

10 (26%)

9 (41%)

Diabetes

21 (26%)

6 (30%)

9 (24%)

6 (27%)

Chronic respiratory
disease

10 (13%)

2 (10%)

2 (8%)

6 (27%)

Heart conditions

16 (20%)

2 (10%)

8 (21%)

6 (27%)

Immunosuppression

9 (11%)

2 (10%)

2 (10%)

2 (9%)

Results
Observation
time (days)

Intervention I
(LPV/RTV)

Intervention II
(HCQ)

Control

Relative OR
parameter (95%
CI) / p

Absolute
parameter
(95% CI)

Primary endpoint: treatment escalation defined by
initiation of intubation, ECMO or renal replacement
therapy.

28

10 (50%)

15 (39%)

9 (41%)

1,44 (0.43; 4.90)

-

Ventilator-free days

28

9 (0-16)

9 (0-23)

0 (0-23)

p=0.546

-

Mortality on day 14

14

5 (25%)

8 (21%)

9 (41%)

0.48 (0.13; 1.81)

-

Mortality on day 28

28

7 (35%)

9 (24%)

9 (41%)

0.78 (0.22; 2.72)

-

Viral load changes in respiratory tracts

7

10 (IQR, 5–18)

8 (IQR, 4–13)

2 (IQR, 1–7)

p=0.128

-

Outcome

Clinical
relevance

Study shows no significant difference in critically ill patients receiving hydroxychloroquine or lopinavir/ritonavir as compared to standard of care only.
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Table 6. Description of the methodology and results of Yu 2020 – lopinavir/ritonavir
Yu 20206
Lopinavir/ritonavir is associated with pneumonia resolution in COVID‑19 patients with influenza coinfection: A retrospective matched‑pair cohort study
Methodology
Retrospective matched‑
pair cohort study
Duration of the study:
28/01-18/02/2020
Country: China
Objective impact of
lopinavir/ritonavir on
pneumonia resolution
in COVID – 19 patients
and influenza co-infection.

Population
N = 128 patients
N = 128 positive for COVID19; including:

Intervention/Control
All patients
N= 128
N LPV/RTV = 37
N control= 91

Intervention/Control
Patients with coinfection
N= 64
N LPV/RTV = 27
N control= 37

There is no established
COVID-19 procedure in
Poland

N = 64 Influenza A/B
negative;
N = 64 Influenza A/B
positive; including:
n = 54 with influenza A
n = 10 with influenza B
Patient characteristics:
Mean age of patients with
influenza co-infection: 61,
mean age of patients without
influenza co-infection: 61.
Inclusion criteria: patients
with laboratory-confirmed
COVID‑19. The patients
underwent an IgM test for
other respiratory pathogens,
including influenza A/B,
respiratory syncytial virus,
mycoplasma, chlamydia, and
legionella.
Exclusion criteria: Patients
with consecutive negative
results in a SARS‑CoV‑2
PCR detection test
conducted at least 24 hours
apart.
Age, years

Standard clinical
practice

56.0

61.0

56

61

Men, %

15

40

10

18

Influenza A

30

34

20

34

Influenza B

7

3

7

3

Respiratory syncytial virus

0

0

0

0

Mycoplasma

0

4

0

4

Legionella

0

1

0

1

Limitations
- Due to the retrospective study
design, not all laboratory and
radiologic examinations were
performed according to the clinical
course of the disease.
- The viral shedding data were not
precise due to limitations in
frequency of respiratory specimen
collection, qualitative viral RNA
detection, and the relatively low
positive rate of SARS‑CoV‑2 RNA
detection in throat swabs.
- The study included only SARS‑
CoV‑2 RNA positive patients, so
the mortality ratio in the study
might not reflect the true mortality
rate of co‑infection patients.
- This is a retrospective study using
a limited sample size and with
limited variable adjustments which
may affect its findings.
- Additional robust scientific studies
with proper controls are needed.
- A pair‑matched analysis
methodology was applied, but not
all confounders were reported;
this could have introduced a bias
to the results.
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Yu 20206
Results
Outcome
Obtaining a negative SARS‑CoV‑2 test
result on day 28 (%)

Observation
time

LPV/RTV

-

34 (91.9)

Days needed to obtain a negative SARS‑
CoV‑2 test result

-

Pneumonia resolution in COVID-19
patients receiving LPV/RTV therapy

-

Control

LPV/RTV

74 (81.3)

23 (85.2)

12.00 (9.75–13.25)
-

-

Control
26 (70.3)

17.00 (13.50, -20.00)
-

-

Relative HR parameter
(95% CI)
OR=2.604
(0.7147;
9.484)

OR=2.433
(0.6802;
8.701)

Absolute parameter
(95% CI)

Clinical
relevance

-

p=<0.001

-

HR=1.88 (1.10; 3.20),
p=0.020

-

The authors suggest that lopinavir/ritonavir eliminated the difference of lung involvement between influenza coinfected and noninfected groups, indicating that lopinavir/ritonavir is
associated with pneumonia resolution in COVID‑19. It is possible that treatment with lopinavir/ritonavir hastened the resolution of COVID‑19, and eliminated the difference of lung
involvement between the two groups.

16

Table 7. Description of the methodology and results of Zhang 2020 – lopinavir/ritonavir
Zhang 20207
A comparative study on the time to achieve negative nucleic acid testing and hospital stays between danoprevir and lopinavir/ritonavir in the treatment of patients with COVID‑19
Methodology
Observational study
Duration of the study:
27/01/2020-24/02/2020
Country: China
Objective: comparing the time
to achieve negative nucleic
acid testing and hospital
stays between danoprevir
and lopinavir/ritonavir in
the treatment of patients with
COVID-19

Population
N= 33 patients (28 lopinavir/ritonavir and
5 danoprevir)
Patient characteristics: age range 18–71
years; 11 men and 22 women.
Inclusion criteria: patients with
laboratory-confirmed COVID-19 with
samples collected from the respiratory
tract.
Exclusion criteria: N/A

Intervention 1

Intervention 2

Ni1=5
Danoprevir
danoprevir sodium
tablets, 100 mg
twice daily, orally;
ribavirin tablets,
1000 mg (weight <
75 kg) or 1200 mg
(weight ≥ 75 kg)
daily, taken two
times, orally;

Ni2=28
lopinavir/ritonavir
LPV/r oral solution (80 of
20 mg), adult, 5 ml (400 of
100 mg) twice daily or 10
ml (800 of 200 mg) once
daily, with meal

Age, median years

44

43

Men

2

9

Women

3

19

Severity (mild), %

20

32.1

Severity (moderate), %

80

64.3

Severity (severe), %

0

Standard clinical
practice
There is no established
COVID-19 procedure in
Poland

Limitations
- A single-centre design study.
Multi-centre, randomised,
controlled trials would be required
to confirm the findings.

3.6
Results

Outcome
Time to achieve negative nucleic
acid testing, average number of
days

Observation time

Intervention 1

Intervention 2

Relative parameter
(95% CI)

Relative
parameter (95%
CI)

N/A

8.0

12.5

p=0.0388

-

Clinical
relevance

Hospital stays, average number of
11.4
16.7
p=0.0324
N/A
days
The clinical condition of all COVID‑19 patients treated with danoprevir or lopinavir/ritonavir improved and they were discharged. It was found that the mean time to achieve both
negative nucleic acid testing and hospital stays of patients treated with danoprevir were significantly shorter than those of patients with lopinavir/ ritonavir. In conclusion, data
demonstrated that the efficacy of danoprevir in the treatment of COVID‑19 was greater than that of LPV/r.
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Table 8. Description of the methodology and results of Zhu 2020 – lopinavir/ritonavir
Zhu 20208
Arbidol monotherapy is superior to lopinavir/ritonavir in treating COVID-19
Methodology

Population

Retrospective two-centre
study

Intervention

COVID-19 patients

Ni=34
LPV/RTV
400 mg/100 mg
2x1

Nc=16
ARB
200 mg

Men, %

58.8

37.5

Median age, years (IQR)

40.5 (34.8-52.3)

26.5 (23.3-52.5)

China
Duration of the study:
23/01/202029/02/2020

Control

Standard
clinical practice
in Poland
no established
procedure for
COVID-19

Limitations
- Small population size
- Scarce information on the population characteristics
- Retrospective nature of the study

Objective: comparing the
therapeutic impact of arbidol
and lopinavir/ritonavir in
treating COVID-19 patients
Results
Outcome
Viral load, %

Observation time
(days)

Intervention

Control

Relative OR parameter
(95% CI)

Absolute NNH parameter
(95% Cl)

14

44.1 %

0

26,23 (1.46; 472.67)

3 (2; 4)

Clinical
relevance

Safety: Elevated ALT levels in week 1 of hospitalisation. (3 patients in the lopinavir/ritonavir arm and 3 patients in the arbidol arm)
The study findings indicate a greater chance of resolving the presence of SARS-COV-2 in patients using ARB compared to patients using LPV / RTV; however, the retrospective nature
of the study and the very small size of the study population should be taken into account.
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Search strategy
Table 9. Medline via Pubmed
Search
number

Query

Results

6

((COVID 19[Title/Abstract]) OR (((((((((""severe acute respiratory syndrome coronavirus 2""
[Supplementary Concept]) OR (2019-nCoV[Title/Abstract])) OR (Wuhan coronavirus[Title/Abstract]))
OR (SARS-CoV-2[Title/Abstract])) OR (2019 novel coronavirus[Title/Abstract])) OR (COVID-19
virus[Title/Abstract])) OR (coronavirus disease 2019 virus[Title/Abstract])) OR (COVID19
virus[Title/Abstract])) OR (Wuhan seafood market pneumonia virus[Title/Abstract]))) AND
((((lopinavir[Title/Abstract]) AND (ritonavir[Title/Abstract])) OR ((((""lopinavir-ritonavir drug combination""
[Supplementary Concept]) OR (Kaletra[Title/Abstract])) OR (Lopimune[Title/Abstract])) OR
(Aluvia[Title/Abstract]))) OR ((lopinavir/ritonavir[Title/Abstract]) OR (LPV/r[Title/Abstract])))

283

5

"((lopinavir[Title/Abstract]) AND (ritonavir[Title/Abstract])) OR ((((""lopinavir-ritonavir drug combination""
[Supplementary Concept]) OR (Kaletra[Title/Abstract])) OR (Lopimune[Title/Abstract])) OR
(Aluvia[Title/Abstract]))"

2.329

3

(lopinavir[Title/Abstract]) AND (ritonavir[Title/Abstract])

2.218

2

"(((""lopinavir-ritonavir drug combination"" [Supplementary Concept]) OR (Kaletra[Title/Abstract])) OR
(Lopimune[Title/Abstract])) OR (Aluvia[Title/Abstract])"

315

1

((COVID 19[Title/Abstract]) OR (((((((((""severe acute respiratory syndrome coronavirus 2""
[Supplementary Concept]) OR (2019-nCoV[Title/Abstract])) OR (Wuhan coronavirus[Title/Abstract]))
OR (SARS-CoV-2[Title/Abstract])) OR (2019 novel coronavirus[Title/Abstract])) OR (COVID-19
virus[Title/Abstract])) OR (coronavirus disease 2019 virus[Title/Abstract])) OR (COVID19
virus[Title/Abstract])) OR (Wuhan seafood market pneumonia virus[Title/Abstract])))

18.509

Table 10. Embase via Ovid
1. severe acute respiratory syndrome coronavirus 2.ab,kw,ti.

2661

2. 2019-nCoV.ab,kw,ti.

859

3. Wuhan coronavirus.ab,kw,ti.

18

4. SARS-CoV-2.ab,kw,ti.

9020

5. 2019 novel coronavirus.ab,kw,ti.

808

6. COVID-19 virus.ab,kw,ti.

149

7. coronavirus disease 2019 virus.ab,kw,ti.

2

8. COVID19 virus.ab,kw,ti.

1

9. Wuhan seafood market pneumonia virus.ab,kw,ti.

3

10. (COVID-19 or COVID 19).ab,kw,ti.

28947

11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10

31362

12. exp lopinavir plus ritonavir/

7434

13. Kaletra.ab,kw,ti,tn.

1643

14. Lopimune.ab,kw,ti,tn.

10

15. Aluvia.ab,kw,ti,tn.

72

16. lopinavir.ab,kw,ti.

3867

17. ritonavir.ab,kw,ti.

9529

18. 16 and 17

3043

19. (lopinavir?ritonavir or LPV?r).ab,kw,ti.

77

20. 12 or 13 or 14 or 15 or 18 or 19

8934

21. 11 and 20

684
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Table 6. Central via Cochrane
ID

Search

Hits

#1

(severe acute respiratory syndrome coronavirus 2):ti,ab,kw (Word variations have been
searched)

187

#2

(Wuhan coronavirus):ti,ab,kw (Word variations have been searched)

76

#3

(2019 ncov):ti,ab,kw (Word variations have been searched)

51

#4

(SARS CoV 2):ti,ab,kw (Word variations have been searched)

344

#5

(2019 novel coronavirus):ti,ab,kw (Word variations have been searched)

59

#6

(COVID 19 virus):ti,ab,kw (Word variations have been searched)

244

#7

(coronavirus disease 2019 virus):ti,ab,kw (Word variations have been searched)

86

#8

(COVID19 virus):ti,ab,kw (Word variations have been searched)

19

#9

(Wuhan seafood market pneumonia virus):ti,ab,kw (Word variations have been searched)

1

#10

(COVID-19):ti,ab,kw (Word variations have been searched)

871

#11

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9

930

#12

(lopinavir-ritonavir drug combination):ti,ab,kw (Word variations have been searched)

352

#13

(Kaletra):ti,ab,kw (Word variations have been searched)

143

#14

(Lopimune):ti,ab,kw (Word variations have been searched)

8

#15

(Aluvia):ti,ab,kw (Word variations have been searched)

6

#16

(lopinavir):ti,ab,kw (Word variations have been searched)

1179

#17

(ritonavir):ti,ab,kw (Word variations have been searched)

2844

#18

#16 and #17

1111

#19

#11 or #12 or #13 or #14 or #17

1127

#20

(lopinavir?ritonavir or LPV?r):ti,ab,kw (Word variations have been searched)

803

#21

#19 or #20

1185

#22

#11 and #21

64
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