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Abstract: Objective: To systematically evaluate the efficacy and safety of lopinavir/ritonavir (LPV/r) in the treatment of
COVID-19. Methods: PubMed, Embase, Ovid, CNKI, CBM, Wanfang, and VIP databases were searched to obtain the clinical
studies of LPV/r in the treatment of COVID-19 from December 2019 to July 2020. The literatures were screened according
to the inclusion and exclusion criteria. Their qualities were evaluated according to the Newcastle-Ottawa Scale (NOS) and
RevMan 5.3 software was used for meta-analysis. Results: A total of 688 patients were included in five studies, involving
China and France. Compared with patients in the control group, who was only treated with routine treatment, there were no
significant differences of the 7-day nucleic acid negative conversion rate and 14-day nucleic acid negative conversion rate in
the treatment group. However, the use of LPV/r increased the incidence of adverse reactions in the treatment group compared

to the control group. Conclusion: There is no available evidence to support the use of Lopinavir/ritonavir in the treatment of
COVID-19.
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1. Introduction

COVID-19 is a public health emergency of international concern. According to the official website of the
World Health Organization, as of 1600 Beijing time on July 8, 2020, there were a total of 11,822,959 people
infected with COVID-19 and 544,245 deaths worldwide. Since the disease involves SARS-COV-2
infection, antiviral therapy is extremely important. However, there is still no effective antiviral therapy up
to now. Lopinavir/ritonavir (LPV/r) is a compound preparation for the treatment of HIV. Previous studies
on coronavirus [l have reported that LPV/r improves the prognosis of SARS and MERS infection, and it
can be used in the treatment of COVID-19. Through systematic review and meta-analysis of the clinical
studies of LPV/r in the treatment of COVID-19, this article seeks for clinical evidence of the use of LPV/r
in the treatment of COVID-109.
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2. Materials and methods
2.1. Inclusion and exclusion criteria
2.1.1. Type of studies

Clinical reports on the use of antiviral therapy, LPV/r, in patients with COVID-19 (including randomized
controlled trials, non-randomized controlled trials, retrospective studies, etc.).

2.1.2. Research subjects

Patients that were diagnosed with COVID-19 according to the COVID-19 diagnostic guidelines published
by various countries.

2.1.3. Intervention

The treatment group include patients treated with LPV/r and combined use of routine treatment measures.
The control group include patients who are not treated with LPV/r but the routine treatment measures are
the same as the treatment group.

2.1.4. Observation indicators
The negative conversion rate of virus and the adverse reactions to the medication.

2.1.5. Exclusion criteria

Special populations (children, elderly, pregnant women, and patients with specific diseases) and literatures
of which the data on the efficacy of LPV/r after treatment could not be obtained from the reported content.

2.2. Literature retrieval

PubMed, Embase, Ovid, CNKI, CBM, Wanfang, and VIP databases were searched. Published clinical
reports about LPV/r treatment for COVID-19 from December 2019 to July 2020 were selected. The
keywords used were “Lopinavir,” “Covid-19,” and so on. The retrieval method of combining subject words
and free words is adopted. Taking PubMed as an example, the specific retrieval strategy is as follows:

(1) “Lopinavir/ritonavir” or “Lopinavir” or “LPV/r” or “Lopinavir plus Ritonavir”;

(2) 2019 novel coronavirus disease” or “COVID19” or “COVID-19 pandemic” or “SARS-CoV-2
infection” or “COVID-19 virus disease” or “2019 novel coronavirus infection” or “2019-nCoV
infection” or “coronavirus disease 2019 or “coronavirus disease-19” or “2019-nCoV disease” or
“COVID-19 virus infection” or “COVID-19”;

(3) (1) and (2).

2.3. Literature screening and data extraction

Two researchers independently screened the literatures, extracted the data, and conducted cross-checking.
In cases where there were differences, a third researcher was consulted to assist in judging. Specific authors
of the literatures were contacted to supplement the lack of data as much as possible. When screening the
literatures, the titles and abstracts were first read, and after excluding irrelevant literatures, the full text of
each literature was read to determine whether it should be included or not. The main contents of the data
extracted were the author, region and time, number of study samples, gender composition of patients,
intervention measures, and observation indicators.
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2.4. Quality evaluation

Considering the large number of patients and the high contagion of the disease, it is difficult to adopt
placebo control, randomization, blinding, and allocation concealment; thus, the existing studies were based
on retrospective studies. Therefore, the quality of the included literatures were evaluated according to the
Newcastle-Ottawa Scale (NOS) 21, The semi-quantitative principle of the star system was adopted with a
full score of 9. The literatures were evaluated using eight items in three parts, which include selection,
comparability, as well as exposure and outcome.

2.5. Statistical analysis

The literature data that can be combined with effects for meta-analysis were analyzed by RevMan 5.3
software. The weighted mean difference (MD) was used as the effect size in the quantitative data while the
relative risk (RR) was used as the effect size in the qualitative data. The point estimate and 95% CI of each
effect were given. The heterogeneity among the results was analyzed by 2 test, and the heterogeneity was
quantitatively judged by I2. If the heterogeneity of the results is small, the fixed effect model combined
with the effect for meta-analysis is used whereas if there is a large statistical heterogeneity between the
results, the random effect model with the effect for meta-analysis is used.

3. Results
3.1. Document screening process and results

One thousand three hundred and thirty five related studies were initially detected, and after layer-by-layer
screening, only 5 studies were included B-71, and 4 studies % can be studied by meta-analysis. For the other
literatures, there were either significant differences in intervention measures and outcomes, or the
description of outcomes cannot be studied by meta-analysis, but only through descriptive analysis. The
literature screening process and results are shown in Figure 1.

The literature is obtained by database retrieval (n=1335) Supplementary literature obtained by
Pubmed (n=253),Embase(n=604),0vid ( n=68),CNKI( n=213), manual retrieval
CBM( n=82),VIP( n=25),Wanfang (n=90) (n=0)

l l

The quantity is obtained after eliminating the
repeated literature
(n=969)
The literature was obtained through the Exclusion of reviews, non-control
preliminary screening of the summary of studies, and case reports.
reading topics (n=18) (n=951)
Browse the full text of the literature that meets Exclude the special research groups ,
the standard inconsistent outcome indicators. The
(n=5) intervention measures in the control
group did not meet the requirements.
(n=13)

Include the literature of qualitative analysis
(systematic review)

(n=3)

Include the literature of quantitative analysis
(Meta analysis)
(n=4)

Figure 1. Flow chart of document retrieval
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3.2. Basic characteristics and the quality evaluation of the included studies

The basic characteristics of the included studies are shown in Table 1. A total of five studies were included,
involving China and France, with a total of 688 patients, where 339 of them were male patients and 349
were female patients. The patients were mainly treated with LPV/r, including arbidol, hydroxychloroquine,
ribavirin, interferons, Lianhua Qingwen capsules, glucocorticoids, antibiotics, immunoglobulin, thymosin,
and other adjuvant therapies. Four studies B-57 were retrospective studies, and one study 1 was a
prospective real-world observational study. Four studies 4 571 indicated that they had passed the review
and informed consent of the ethics committee, but one study ®! did not mention it.

Two researchers independently evaluated the quality of the included literatures and provided the star
semi-quantitative score by means of a scoring system. For controversial cases, a third researcher was
appointed to vote by 3 people. The scores of the five studies were between 5 to 7, of which most of them
were 6 points and of medium quality.

Table 1. Basic characteristics of the included studies

Intervention

Author and time i Sample Sex Observation
L Country/region . Treatment indi NOS
of publication size (Male/Female) Control group indicator
group
Wen, et al. ! Guangzhou, A:l B:1+3
g 178 81/97 142 D@ 6
May 9, 2020 China C: 1+2+3
Yu, etal. (4 Wuhan,
. 222 105/117 1+2 1 @ 6
March 10, 2020 China
Chen, et al. B! Shanghai,
g 134 69/65 142 Al B143 D@ 5
February 2020 China
Wang, et al. [ Wuhan,
: 109 49/60 1+2 1 ® 7
July 8, 2020 China
Sami, et al. ["]
France 45 35/10 2 A:l B:4 @) 6
May 24, 2020

Note: 1: Routine treatment (isolation, nursing, bed rest, symptomatic and supportive treatment, antiviral, antibacterial,
glucocorticoid shock, oxygen therapy, or auxiliary breathing according to the needs of the disease); 2: LPV/r; 3: Arbidol; 4:
Hydroxychloroquine; (1): Negative conversion rate by PCR; (2): Incidence of adverse reactions

3.3. Meta-analysis of main observation indicators
3.3.1. Negative conversion rate of viral nucleic acid

There were 3 studies 58 that reported the results of negative conversion rate of viral nucleic acid after 7
days of treatment. The heterogeneity test, 1 = 68%, indicated that the three studies had some heterogeneity.
Using the random effect model, the results showed that RR = 0.67, 95% CI [0.32, 1.40], Z = 1.06, and P =
0.29, indicating that there was no statistically significant difference in the negative conversion rate of viral
nucleic acid between the treatment group and the routine treatment group after 7 days of treatment as shown
in Figure 2.
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Ewvents  Total Events Total Weight M-H. Random, 95% Cl M-H, Random, 95% CI

ChenJ 28 34 27 35 466% 0.93[0.71,1.22) -+

Wang Y ] a1 T a8 23.8% 0.81 [0.27, 2.40] L

Wen CY f a9 17 a8 296% 0.35[0.15, 087 —

Total (95% CI) 149 151 100.0% 0.67 [0.32, 1.40] -

Total events 34 a1 . .

Heterogeneity: Tau®=0.28; Chi*=6.28, df= 2 (P=0.04); F= 68%

1 1
T T T 1
Testfor overall effect: £=1.06 (P = 0.249) 0.01 0.1 ! 1o 100

Favours [control] Favours [experimental]

Figure 2. Forest plot for Day-7 nucleic acid negative conversion rate (compared with routine treatment)

There were two studies 61 that reported the results of negative conversion rate of nucleic acid after 14
days of treatment, and the heterogeneity test showed that the two studies had some heterogeneity (12=50%).
The results were analyzed by the random effect model, and the results showed that RR = 0.87, 95% CI
[0.55, 1.36], Z = 0.63, and P = 0.53, indicating that there was no statistically significant difference in the
negative conversion rate of viral nucleic acid between the treatment group and the routine treatment group
at the 14" day after treatment as shown in Figure 3.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H. Random, 95% Cl M-H, Random, 95% CI
WMang v 10 a1 18 A8 28.8% 0.63[0.32,1.24]
Wen CY 45 a9 45 a8 T1.2% 0.98[0.81,1.20]
Total (95% CI) 110 116 100.0% 0.87 [0.55, 1.36]
Total events a4 63

Heterogeneity: Tau®=0.06; Chi*=1.88, df=1 P=016); F=50% I ! 1
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Figure 3. Forest plot for Day-14 nucleic acid negative conversion rate (compared with routine treatment)

One study [ reported a Day-6 negative conversion rate. There were 5 cases (38%) in the LPV/r group,
3 cases (18%) in the hydroxychloroquine group, and 2 cases (20%) in the control group. There were no
significant differences among the three groups.

3.3.2. Incidence of adverse reactions

There were 4 studies ¥ that reported the incidence of adverse reactions. The heterogeneity test showed
that the homogeneity of the four studies was low (1> = 0%). The results were analyzed by the fixed effect
model and showed that RR = 2.69, 95% CI [1.97, 3.66], Z = 6.25, and P < 0.00001, indicating that there
was a statistically significant difference in the incidence of adverse reactions between the LPV/r group and
the routine treatment group, in which the use of LPV/r increased the incidence of adverse reactions as
shown in Figure 4.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Bvents  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen.J g a2 4 48 10.48% 208 [0.68, 6.31] -
Wang Y 41 a1 16 58 ITE% 2.911[1.88, 4.52] ——
Wien CY 24 58 ] 58 15.2% 393[1.74,8.81] -
U AR an 108 18 114 367% 211 [1.20,3.70] ——
Total (95% CI) 270 278 100.0%  2.69 [1.97, 3.66] . 4
Total events 104 41

Heterogeneity: Chi®=1.88,df=3 (P= 060}, F=0% I
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Figure 4. Forest plot for the incidence of adverse reactions (compared with routine treatment)
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The adverse reactions observed in the studies Bl were mainly directed at the digestive system, which
include diarrhea, nausea, vomiting, loss of appetite, abnormal liver function, anemia, palpitation,
gastrointestinal bleeding [, stomachache, rash with pruritus, and elevated blood sugar 1,

4. Discussion

At present, the drug treatment of COVID-19 is still in the exploratory stage. The choice of antiviral drugs
needs to be solved urgently. The World Health Organization (WHO) established the Solidarity Trial to look
for an effective treatment for hospitalized COVID-19 patients. These interim trial results showed that
hydroxychloroquine and LPV/r effectuated minimal or no reduction at all in the mortality of hospitalized
COVID-19 patients when compared to standard care . For each of the drug, the interim results did not
provide solid evidence of increased mortality; however, there were some associated safety signals in the
clinical laboratory findings of additional discovery trials of the participants; thus, the Solidarity Trial
investigators had suspended the trials with immediate effect. Based on the meta-analysis of existing
evidence, there was no significant difference in the nucleic acid negative conversion rate between LPV/r
and routine treatment. However, compared with the control group, the use of LPV/r increased the risk of
adverse reactions relating to the digestive system, delirium, respiratory failure, and other serious adverse
events. Therefore, it is not recommended to use LPV/r for COVID-109.

As most of the included literatures are retrospective studies and lack rigorous randomized, double-
blinded, placebo-controlled trials, there are cases of combined usage of other drugs; thus, the outcome
cannot be strictly defined as a result of the use of LPV/r. In regard to that, there is an urgent need for more
high-quality data from clinical trials to further confirm. WHO’s decision applies only to the conduct of the
Solidarity Trial in hospitalized patients; it does not affect the evaluation of other studies of
hydroxychloroquine or LPV/r in non-hospitalized patients, or the evaluation for pre- or post-exposure
prophylaxis for COVID-19. Therefore, the future of LPV/r in the treatment of COVID-19 still requires
further clarification, and whether it is more suitable for pre-exposure or post-exposure prophylaxis, further
studies and evaluation are mandatory.
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