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Abstract: Enzyme inhibitors are frequently used to treat viral illnesses. Protease inhibitors are a
promising class for combating novel and life-threatening viral infections. This research aimed to
evaluate the efficacy and safety of lopinavir/ritonavir monotherapy or lopinavir/ritonavir plus
interferon for the treatment of COVID-19. The PubMed, Scopus, Web of Science, and Cochrane
Library databases were searched for English articles with full texts available online. ReviewManager
software was used to conduct a meta-analysis, subgroup analysis, and sensitivity analysis. Following
the creation of the protocol, the collected sources were sorted into categories and evaluated for
quality. Risk and hazard ratios and the random effects model were implemented, with statistical
heterogeneity assigned using the Higgins 2 statistic. Lopinavir/ritonavir, with or without interferon,
was associated with a nonsignificant higher mortality rate (odds ratio [OR] 1.29; 95% confidence
interval [CI] 0.95 to 1.761; p = 0.1), as was clinical improvement (OR 1.2; 95% CI 0.8 to 1.84; p = 0.36).
The difference in the length of hospital stay was in favor of the control group but statistically
insignificant (standardized mean difference [SMD] 0.07; 95% CI —0.44 to 0.57; p = 0.79). The pooled
data showed that lopinavir/ritonavir, with or without interferon, was associated with a significantly
higher number of adverse events than placebo (OR 1.2; 95% CI 1.09 to 2.34; p = 0.02). Serious adverse
events were insignificantly increased in the treated group over the control group (OR 1.2; 95% CI 0.96
to 2.12; p = 0.08). In the subgroup analysis, it was found that interferon used with lopinavir/ritonavir
did not have a statistically significant effect on mortality rates (OR 1.75; 95% CI 0.87 to 3.55; p = 0.37),
adverse effects (OR 1.20; 95% CI 0.75 to 1.91; p = 0.27), or serious adverse effects (OR 1.86; 95% CI
1.17 t0 2.96; p = 0.33). Treatment with lopinavir/ritonavir alone or in combination with interferon
for COVID-19 did not significantly outperform placebo in this study. Large randomized clinical
trials are required to evaluate lopinavir/ritonavir in conjunction with interferon for the treatment of
COVID-19. Such studies would benefit greatly from being conducted in a double-blind fashion at
multiple locations.
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1. Introduction

Over the past two decades, significant health issues have been caused by three mem-
bers of the betacoronavirus genus: SARS-CoV, MERS-CoV, and SARS-CoV-2 [1]. On
12 March 2020, the World Health Organization (WHO) declared that COVID-19 cases had
reached the level of a pandemic and become a global public health emergency. As of 19 De-
cember 2022, 647,972,911 verified cases had been registered worldwide and 6,642,832 deaths
due to COVID-19 had been recorded [2]. Some of the clinical symptoms of COVID-19
include a high temperature, trouble breathing, dyspnea, fatigue, and coughing [3]. Most
people infected with COVID-19 experience mild symptoms or have a rapid recovery, al-
though a small percentage of those infected go on to develop multiorgan failure or severe
pneumonia and some die [4,5].

While there have been extensive efforts to find effective treatments for SARS-CoV-2
infections all around the world, only a small number of drugs have been approved for
use in an emergency setting and none have garnered universal acceptance as cures. Ac-
cordingly, research into potential pharmacological treatments for COVID-19 continues.
Antiviral drugs such as remdesivir, favipiravir, ribavirin, chloroquine, interferons, protease
inhibitors, neuraminidase inhibitors, fusion and entry inhibitors, and hemagglutinin in-
hibitors have been repurposed to treat COVID-19 [6-9]. The Food and Drug Administration
(FDA) in the United States has given the dual protease inhibitor lopinavir/ritonavir the
green light for treating acquired immunodeficiency syndrome (AIDS) [10]. Additionally,
the drug has demonstrated antiviral activity against MERS-CoV and SARS-CoV [11,12].
The effective treatment of COVID-19 infection has been demonstrated with purine and
pyrimidine derivatives, including acyclovir, ganciclovir, and lopinavir [13,14]. Other
promising drugs for COVID-19 are simeprevir [15], paxlovid (nirmatrelvir/ritonavir) [16],
and molnupiravir [17].

Interferons are important components of the immune system in the fight against
viruses [18]. Type L, II, and III interferons were recognized in the past, and the type IV
interferon was discovered very recently [19]. Type I interferons inhibited SARS-CoV-2
multiplication in vitro utilizing Vero E6 cells in plaque reduction, viral antigen expression,
and viral load reduction experiments [20]. When compared with SARS-CoV, SARS-CoV-2
is more susceptible to the effects of type I interferons [21]. Interferon-f3 has been shown to
provide considerable benefits in terms of the time it takes for clinical improvements to occur,
but not in terms of reducing mortality rates or shortening hospital stays for COVID-19
patients [22,23]. However, this study’s findings were constrained by confounding variables,
varying interferon doses, and significant heterogeneity.

The purpose of this research was to examine how effective lopinavir/ritonavir was
on its own and in conjunction with interferon in treating patients with COVID-19. Few
studies have been performed on the safety and efficacy of lopinavir/ritonavir alone or in
combination with interferon. This study evaluated the efficacy of lopinavir/ritonavir with
or without interferon versus placebo, standard care, and other antiviral medications, as
measured by 28-day mortality rates, clinical response rates, and the length of hospitaliza-
tion. The number of patients who reported mild or severe adverse effects when taking
lopinavir/ritonavir with or without interferon was also compared with the number of
people who reported such effects while taking a placebo, receiving normal care, or taking
other antiviral medication.
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2. Materials and Methods
2.1. Research Question and Guidelines

While conducting this study, the researchers used data from systematic reviews and
meta-analyses [24] and relied on the guidelines and recommendations of the Cochrane
community [25].

The research question was structured according to the patient/population, interven-
tion, comparison, and outcomes (PICO) model. The population was COVID-19 patients.
The intervention was lopinavir/ritonavir with or without interferon. Comparisons were
made among patients receiving placebo, standard care, and other antiviral drugs. The
primary outcome(s) were mortality rates at day 28 and rates of clinical improvement. The
secondary outcomes were the length of hospital stay, adverse events, and serious adverse
events. The research question was, “Is the use of lopinavir/ritonavir, with or without
interferon, safe and effective compared with placebo, standard care, and other antiviral
drugs in managing COVID-19 patients”?

2.2. Inclusion Criteria

The articles that were selected for review for this study were in English and published
between 1 January 2020 and 1 December 2022. The length of time it took to finish the
study was not relevant. The demographics, research design, and purpose of each article
were taken into consideration when determining whether it should be included in the
study. An included research article had to satisfy the following conditions: (1) It had to be
a randomized clinical trial (RCT). (2) It had to compare laboratory-confirmed COVID-19
patients who were given lopinavir/ritonavir as a single therapy or together with interferon
with those who were given placebo, no antiviral agent, or other antiviral agents for COVID-
19 treatment. (3) It had to examine at least one of the primary outcomes. The mortality rate
on day 28 of treatment was the main safety-linked outcome of concern. After treatment,
clinical improvement was the main efficacy-linked outcome of concern. (4) It had to be
written in English and published. (5) No specific criteria were used to limit the age of the
study population; therefore, all participants were regarded as eligible in terms of age.

2.3. Exclusion Criteria

All non-original publications such as reviews, letters to the editor, conference papers,
and comments on published articles were excluded from this study. In addition, articles
for which the full text was not available, animal studies, case studies, study protocols,
non—peer reviewed journal articles, and studies that could not be sourced in the English
language were excluded.

2.4. Search Strategy

To find pertinent articles up to December 2022, a systematic search was performed
in PubMed, Scopus, the Cochrane Central Register of Controlled Trials, and the Web of
Science. Additional studies cited in the included studies and the reviews’ reference lists
were searched manually. Only papers having an English abstract or full text were included
in the search. The search strategy for pertinent articles on PubMed was (Coronavirus
OR COVID-19 OR SARS-CoV-2) AND (lopinavir/ritonavir OR lopinavir/ritonavir AND
interferon). A similar strategy was followed while searching other databases.

2.5. Quality Assessment

The Cochrane risk-of-bias tool for randomized controlled studies was used to assess
the quality of the included studies because only randomized controlled trials were included
in this review.

2.6. Data Extraction

Data extraction was performed after studies were chosen from the databases and their
methodological quality was evaluated. Microsoft Excel was used to create a consistent
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data-collecting format for gathering the following data: author and year of publication,
location of the study, number of participants, patient age, participant gender (male), and
the study’s measured outcome(s). Two researchers independently carried out these steps.

2.7. Data Synthesis

Dichotomous data were converted into pooled odds ratios (ORs) and 95% confidence
intervals (Cls). Using the inverse variance approach, the standardized mean difference
(SMD) was calculated by pooling the effect sizes for each continuous variable. When
they were not reported, the means and standard deviations were computed using ranges,
medians, interquartile ranges (IQRs), and sample sizes [26]. Mantel-Haenszel ORs and
count data were used to display the results for tolerability (at least one event had to be
observed to be included in the analysis). The assumption behind the random effects model
was that the disparities between the research populations would result in some fluctuation
in the size of the effect between trials [27]. Meta-analysis was performed if there were
results from at least two studies on the targeted outcomes.

Heterogeneity was examined using the Cochrane Q test and the I? statistic, which eval-
uated the heterogeneity of the study data. Heterogeneity of less than 25% was categorized
as low, between 26% and 74% as moderate, and higher than 75% as high [28]. Sensitivity
and subgroup analyses were carried out when appropriate and applicable in order to
identify potential sources of heterogeneity. For all statistical analyses, ReviewManager
(RevMan) software version 5.4.1 was used.

3. Results
3.1. Study Selection

A total of 680 studies were found in the initial search of the internet databases using
the aforementioned keywords. With repetitions removed, we were left with 539 studies.
The titles and abstracts of the 539 studies were reviewed to select those that would be
included in the meta-analysis. After the initial round of culling, just 34 publications were
left; a full-text read led to the elimination of another 25 studies. In the end, 9 articles were
found to have effectively met the established eligibility requirements (Table 1). Figure 1
shows the PRISMA diagram for the study selection process.

Table 1. Characteristics of included studies considered in this study.

Study S:sl:gl Rs;;ﬂ)}; Sgrir;gle Gl\?;iieer' I’a[t&iggts’ Intervention (N) Control (N) Outcomes Measured
Cao et al Lopinavir- Clinical improvement,
( 38280)21 v RCT China 199 120 >18 Years ritonavir Placebo (100) mortality, adverse events
(99) and serious adverse events
. Lopinavir-

(Arabi - h Placebo Organ support-free days,
etal., 2021) RCT Global 617 434 218 Years rlt((érgg;nr (255) mortality, adverse events
Ressn ReT Brazil a7 216 53 (18-94) s Plagero e o e

(244) event, clinical improvement
(Horby and Lopinavir- . .
Landray, RCT UK s 3077 & Years ritonavir 13(1;‘;2650 Mortality, discharged from

2020) (1616) ospital within ays

France Lopinavir- .
(Ader et al., RCT and Lux- 438 314 63 Years Fitonavir Placebo (148) Mor?ahty, adverse events,

2021) embourg (IQR 54-71) (145) serious adverse events

France Lopinavir/ritonavir
(Ader et al., _ 63 Years plus Placebo Mortality, adverse events,
2021) RCT 2;6113(1;1111% 438 314 (IQR 54-71) interferon-B-1a (148) serious adverse events
(145)
Lopinavir/ritonavir Favipiravir plus
(Hassaniazad . plus . Clinical improvement,
etal., 2022) RCT Iran 66 36 18-80 Years interferon-B-1la 1nterf((e;g;1—B-la mortality, adverse events
(33)
. . L. . Clinical improvement,
(Lzloeztoa)ll., RCT China 86 40 19-79 Lopmax(/ézgrltonamr Placebo (17) mortality, adverse events
and serious adverse events.

(Siami RCT Iran 103 64 20-80 Years Lopinavir/ritonavir Atazanavir/ritonavir =~ Mortality, length of hospital
etal., 2022) (49) stay, adverse events

(Karolyi . Lopinavir/ritonavir ~Camostat mesylate Mortality, adverse events,
etal., 2022) RCT Austria 201 135 58.7 Years (100) (101) serious adverse events
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Figure 1. PRISMA flow diagram. * According to the inclusion criteria of articles in the study. ** The
articles were excluded according to the exclusion criteria described in the methods section.

3.2. Quality Assessment Results

According to the Cochrane risk-of-bias tool (Figure 2), seven studies had a high risk of
performance bias [29-35], five studies had a high risk of detection bias [30-32,34,35], and
one study had an unclear risk of detection bias [29]. One study had a high risk of other
biases [35], and three studies had an unclear risk of other biases [31,32,34].

3.3. Measured Outcomes
3.3.1. Mortality Rate on Day 28

Seven randomized trials were combined for this meta-analysis [29-34,36]. The control
group consisted of 4360 patients, while the intervention group had 2434 individuals. The
findings of the I? statistic, at 50%, showed that the heterogeneity of the seven studies pooled
in this analysis was moderate.

According to the combined data, the groups that took lopinavir/ritonavir with or
without interferon had a higher mortality rate (22.1%) than the control group (21.2%). When
the lopinavir/ritonavir groups with or without interferon were compared with the control
group, the difference in mortality incidence was an OR of 1.29, with a 95% CI of 0.95 to 1.76,
favoring the control group. However, because the p-value was higher than the established
threshold (p = 0.10), these findings were not statistically significant. A forest plot of the
analysis is presented in Figure 3.
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Figure 2. Quality assessment of the included studies.
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Lopinavir/Ritonavir Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Ader 2021 14 145 12 148 101% 1.21[0.54,2.72) I
Ader 2021 IFN 17 145 12 148 10.7% 1.51 [0.69, 3.28) T
Arabi 2021 88 249 106 353 23.7% 1.27 [0.90, 1.80] il
Cao 2020 19 99 25 100 129% 0.71 [0.36, 1.40] T
Hassaniazad 2022 6 N 2 32 30% 360 [0.67,19.43) =
Horby and Landry 2020 374 1616 766 3424 316% 1.04 [0.91,1.20] L
Karolyi 2022 7 100 2 1M 3.3% 3.73(0.75,18.39] 1
Siami 2022 13 49 3 54  46% 6.14[1.63,23.12]
Total (95% CI) 2434 4360 100.0% 1.29 [0.95, 1.76] »
Total events 538 928
Heterogeneity: Tau*= 0.07; Chi*=14.09, df=7 (p= 0.05); F= 50% 0.01 01 10 100

Testfor overall effect. Z=1.64 (p=0.10)

Lopinavir/Ritonavir Control

Figure 3. Forest plot analysis for mortality incidence. The sizes of the blue squares reflect the relative

weight of the individual trials. The combined point estimate is shown as a black diamond. The

diamond and the squares (together with the 95% ClIs) located beyond the vertical line (indicating the

unit value) show that a result was statistically significant.
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3.3.2. Clinical Improvement

Four randomized trials were merged for analysis in this meta-analysis [31,32,35,37].
There were 344 patients in the control group and 365 in the intervention group overall.
The I statistic results, at 22%, showed that the four studies aggregated in this analysis
had low heterogeneity. In comparison with the control group, more COVID-19 patients
receiving lopinavir/ritonavir with or without interferon experienced clinical remission.
The difference between the COVID-19 groups receiving lopinavir/ritonavir with or without
interferon and the control group in terms of clinical improvement was an OR of 1.21, with
a 95% CI of 0.80 to 1.84, favoring the groups receiving lopinavir/ritonavir with or without
interferon. However, because the p-value was greater than the established cutoff point
(p = 0.36), these findings were not statistically significant. Figure 4 shows a forest plot of
the analysis.

Lopinavir/Ritonavir Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Cao 2020 78 99 70 100 296% 1.59[0.84, 3.03] N i
Hassaniazad 2022 5 N 10 32 10.4% 0.42[0.13,1.43) —
Li 2020 29 34 13 17 7.4% 1.78[0.41,7.75] ———
Reis 2021 125 201 112 195 52.7% 1.22[0.82,1.82] I
Total (95% CI) 365 344 100.0% 1.21 [0.80, 1.84]
Total events 237 205
Heterogeneity. Tau*= 0.04, Chi*= 3.83, df=3 ( p=0.28), F= 22% N1 o1 10 100

Test for overall effect: Z=0.92 {(p=0.36)

Control Lopinavir/Ritonavir

Figure 4. Forest plot analysis of clinical improvement. The sizes of the blue squares reflect the relative
weight of the individual trials. The combined point estimate is shown as a black diamond. The
diamond and squares (together with the 95% Cls) located beyond the vertical line (indicating the unit
value) show that a result was statistically significant.

3.3.3. Length of Hospital Stay (Days)

Three papers were included for the analysis of this characteristic [31,32,36]. There
were 179 patients in total in the lopinavir/ritonavir group and 186 patients overall in the
control group. High levels of heterogeneity were seen in the three studies. The I statistic
results, at 81%, demonstrated this. The difference in length of hospital stay was an SMD
of 0.07 (95% CI —0.44 to 0.57), in favor of the control group. A p-value of 0.79, which was
above the threshold of 0.05, indicated that the difference was statistically insignificant.
Figure 5 includes a graphic display of the forest plot used in this analysis.

Std. Mean Difference Std. Mean Difference

Lopinavir/Ritonavir Control

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Cao 2020 1433 3N 99 1567 371 100 36.9%  -0.36[-0.64,-0.08) ——

Hassaniazad 2022 867 519 M 733 444 32 297% 0.27-0.22,0.77) -1

Siami 2022 829 681 49 637 35 54 334% 0.36 [-0.03, 0.79) !

Total (95% Cl) 179 186 100.0% 0.07 [-0.44, 0.57] ?

Heterogeneity; Tau?= 0.16; Chi#=10.53, df= 2 (p= 0.005); F= 81% {2 #1 5 15 21

Test for overall effect: Z= 0.26 (p=0.79)

Lopinavir/Ritonavir Control

Figure 5. Forest plot analysis for length of hospital stay. The sizes of the green squares reflect the
relative weight of the individual trials. The combined point estimate is shown as a black diamond.
The diamond and squares (together with the 95% ClIs) located beyond the vertical line (indicating the
unit value) show that a result was statistically significant.

3.3.4. Adverse Events

Seven studies were considered for the analysis of adverse events [29,31,32,34-37].
There were 679 patients with COVID-19 who received lopinavir/ritonavir with or without
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interferon and 1213 people in the control group. Low levels of heterogeneity were present
across the seven studies. The I? statistic was 0%. According to the pooled data, the groups
that received lopinavir/ritonavir with or without interferon had a disproportionately high
number of side effects compared with the control group. With a 95% CI of 1.09 to 2.34,
the control group was better off than the experimental group in terms of the outcomes
of adverse events in COVID-19 patients. The p-value was less than the chosen threshold
(p = 0.02), making these findings statistically significant. Figure 6 shows the forest plot used
for this analysis.

Lopinavir/Ritonavir Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ader 2021 119 145 105 148 157% 1.87[1.08, 3.26) ——
Ader 2021 IFN 107 145 105 148 16.5% 1.15[0.69,1.93) i
Cao 2020 46 95 49 93 155% 0.96 [0.55, 1.68] -
Hassaniazad 2022 10 i 8 32 8.0% 1.43[0.48, 4.29) N E—
Karolyi 2022 59 100 36 101 154% 2.60[1.47, 4.59) —
Li 2020 12 34 0 17 1.6% 19.44[1.08, 351.59) >
Reis 2021 92 232 46 220 18.3% 2.491.64,3.79) ——
Siami 2022 8 49 12 54  9.1% 0.68 [0.25, 1.84] R
Total (95% Cl) 831 819 100.0% 1.60 [1.09, 2.34] <&
Total events 453 361
Heterogeneity. Tau®= 0.16, Chi*= 17.68, df= 7 (p = 0.01), F= 60% 001 01 10 100

Test for overall effect: Z=2.42 (p=0.02) Lopinavir/Ritonavir Control

Figure 6. Forest plot analysis of adverse events. The sizes of the blue squares reflect the relative
weight of the individual trials. The combined point estimate is shown as a black diamond. The
diamond and squares (together with the 95% ClIs) located beyond the vertical line (indicating the unit
value) show that a result was statistically significant.

3.3.5. Serious Adverse Events

There were six studies of serious adverse events included in this meta-analysis [29,31,34-37].
There were 1213 patients in the control group and 679 in the COVID-19 cohort who received
lopinavir/ritonavir with or without interferon. The six studies had a moderate amount of
heterogeneity. The I? statistic of 48% supported this. The combined data demonstrated that,
in comparison with the control group, the groups that received lopinavir/ritonavir with or
without interferon had a greater frequency of serious adverse events. The control group
fared better than the experimental group in terms of the outcomes of serious adverse events
in COVID-19 patients, with an OR of 1.42 and a 95% CI of 0.96 to 2.12. Since the p-value
was higher (0.08) than the chosen threshold, these results were statistically insignificant. A
forest plot for the analysis is presented in Figure 7.

Lopinavir/Ritonavir Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ader 2021 76 145 57 148 231% 1.76 [1.11, 2.80] ——
Ader 2021 IFN 78 145 57 148 231% 1.86[1.17, 2.96) —
Arahi 2021 13 255 12 362 143% 1.57[0.70, 3.49) =l
Cao 2020 19 95 32 99 17.6% 0.52[0.27,1.01) -
Karolyi 2022 5 100 2 1M 4.9% 2.61[0.49,13.79) Y [ —
Li 2020 1 34 0 17 1.4% 1.57 [0.06, 40.51]
Reis 2021 20 232 12 220 15.6% 1.64[0.78,3.43) b
Total (95% Cl) 1006 1095 100.0% 1.42[0.96, 2.12] £ 3
Total events 212 172
Heterogeneity: Tau®=0.12; Chi*= 11.63, df= 6 (p = 0.07); F= 48% 50 0 0?1 110 1005

Testfor overall effect: Z=1.74 (p=0.08) LopinavirRitonavir Control
Figure 7. Forest plot analysis of serious adverse events. The combined point estimate is shown as a
black diamond. The diamond and squares (together with the 95% ClIs) located beyond the vertical
line (indicating the unit value) show that a result was statistically significant.
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3.4. Subgroup Analysis

A subgroup analysis based on treatment with lopinavir/ritonavir as a single therapy
or with interferon was performed.

3.4.1. Mortality Rates

A subgroup study was conducted to determine whether the addition of interferon
to the standard treatment of lopinavir/ritonavir for COVID-19 reduced mortality rates.
The statistical results showed that the OR of mortality incidence for COVID-19 patients
treated with lopinavir/ritonavir alone was 1.23 (95% CI 0.88 to 1.72) and the OR of mortality
incidence for COVID-19 patients treated with lopinavir/ritonavir plus interferon was 1.75
(95% CI 0.87 to 3.55). Figure 8 displays the results of the test for subgroup differences, which
revealed that there was no statistically significant subgroup effect (p = 0.37) when using in-
terferon in conjunction with lopinavir/ritonavir for the management of COVID-19 patients.

Lopinavir/Ritonavir Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Without interferon
Ader 2021 14 145 12 148 101% 1.21[0.54,272] N
Arabi 2021 88 249 106 353 23.7% 1.27[0.90, 1.80] =
Cao 2020 19 99 25 100 129% 0.71[0.36, 1.40) I
Horby and Landry 2020 374 1616 766 3424 31.6% 1.04 [0.91,1.20) =
Karolyi 2022 7 100 2 1M 3.3% 3.731[0.75,18.39) =
Siami 2022 13 49 3 54 46% 6.14[1.63,2312]
Subtotal (95% CI) 2258 4180 86.3% 1.23[0.88,1.72] >
Total events 515 914
Heterogeneity. Tau®= 0.08; Chi*=11.53, df= 5 (p=0.04); F=57%
Testfor overall effect: Z=1.20 (p=0.23)
1.1.2 With interferon
Ader 2021 IFN 17 145 12 148 10.7% 1.51 [0.69, 3.28) T
Hassaniazad 2022 6 K] | 2 32 3.0% 3.60[0.67,19.43) =
Subtotal (95% CI) 176 180 13.7% 1.75[0.87, 3.55]) .
Total events 23 14
Heterogeneity: Tau® = 0.00; Chi*= 0.85, df=1 (p= 0.36), "= 0%
Test for overall effect: Z=1.56 (p=0.12)
Total (95% CI) 2434 4360 100.0% 1.29 [0.95, 1.76] »
Total events 538 928
g 2 _ . 2 — — 2= I } } |
Heterogeneity: Tau®= 0.07; Chi*= 14.08, df= 7 (p= 0.05); F=50% .01 01 10 100

Testfor overall effect: Z=1.64 (p=0.10)

Lopinavir/Ritonavir Control

Testfor subaroup differences: Chi*=0.79, df=1(p=0.37), F=0%

Figure 8. Subgroup analysis for mortality rates. The sizes of the blue squares reflect the relative
weight of the individual trials. The combined point estimates are shown as black diamonds. The
diamonds and squares (together with the 95% CIs) located beyond the vertical line (indicating the
unit value) show that a result was statistically significant.

3.4.2. Adverse Events

Interferon’s potential impact on adverse events in COVID-19 patients treated with
lopinavir/ritonavir was tested in a subgroup analysis. In COVID-19 patients, the statistical
results showed that the OR for adverse event incidence was 1.74 (95% CI 1.08 to 2.80)
for lopinavir/ritonavir alone and 1.20 (95% CI 0.75 to 1.91) for lopinavir/ritonavir with
interferon. Figure 9 displays the results for the subgroup differences; this test showed that
there was no statistically significant subgroup effect (p = 0.27), indicating that interferon
did not have a statistically significant effect on adverse events when used in combination
with lopinavir/ritonavir to manage patients with COVID-19.
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Lopinavir/Ritonavir Control

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1 Without interferon
Ader 2021 119 145 105 148 157% 1.87 [1.08, 3.26] ——
Cao 2020 46 a5 49 98 155% 0.96 [0.55, 1.68] .
Karolyi 2022 59 100 3B 101 154% 260[1.47,4.59) —
Li 2020 12 34 0 17 1.6% 19.44 [1.08, 351.59) +
Reis 2021 92 232 46 220 18.3% 2.49[1.64,3.78) —e
Siami 2022 8 49 12 54 9.1% 0.68[0.25,1.84)] .
Subtotal (95% Cl) 655 639 75.6% 1.74[1.08, 2.80] <
Total events 336 248
Heterogeneity: Tau®= 0.21; Chi*=14.97 df=5 (p=0.01), F=67%
Testfor overall effect: Z= 2.27 (p=0.02)
1.4.2 With interferon
Ader 2021 IFN 107 145 105 148 16.5% 1.15[0.69, 1.93] -
Hassaniazad 2022 10 k)| 8 32 8.0% 1.43[0.48, 4.29] S E—
Subtotal (95% CI) 176 180 24.4% 1.20 [0.75, 1.91] -
Total events 117 113
Heterogeneity: Tau®= 0.00; Chi*=0.12,df=1{p=0.73), F=0%
Test for overall effect: Z= 0.76 (p= 0.45)
Total (95% CI) 831 819 100.0% 1.60 [1.09, 2.34) <>
Total events 453 361
it 2 — . 2= - — 2= b 4 1 1
Heterogeneity: Tau®*= 0.16; Chi*=17.69, df= 7 (p= 0.01), F= 60% o 01 10 100

Test for overall effect: Z=2.42 (p=0.02)

Lopinavir/Ritonavir Control

Test for subaroup differences: Chi*=1.20, df=1 (p=0.27). F=16.4%

Figure 9. Subgroup analysis for adverse events. The sizes of the blue squares reflect the relative
weight of the individual trials. The combined point estimates are shown as black diamonds. The
diamonds and squares (together with the 95% CIs) located beyond the vertical line (indicating the
unit value) show that a result was statistically significant.

3.4.3. Serious Adverse Events

A subgroup analysis was performed to test whether interferon had an effect on seri-
ous adverse events when used with lopinavir/ritonavir for treating COVID-19 patients.
Statistical results showed that the OR for of adverse events incidence in COVID-19 patients
was 1.32 (95% CI 0.80 to 2.18) for lopinavir/ritonavir alone and 1.86 (95% CI 1.17 to 2.96)
for lopinavir/ritonavir with interferon. Figure 10 displays the results of the test for sub-
group differences, which showed that there was no statistically significant subgroup effect
(p = 0.33), indicating that adding interferon to lopinavir/ritonavir for the management of
COVID-19 patients did not result in a statistically significant increase in the rate of serious
adverse events.
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Lopinavir/Ritonavir Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
1.5.1 Without interferon
Ader 2021 76 145 57 148 231% 1.76 [1.11, 2.80) —
Arahi 2021 13 255 12 362 143% 1.57 (0.70, 3.49) -
Cao 2020 19 95 32 98 17.6% 0.52(0.27,1.01] —+
Karolyi 2022 5 100 2 10 4.9% 2.611[0.49,13.75) S
Li2020 1 34 0 17 1.4% 1.57 [0.06, 40.51]
Reis 2021 20 232 12 220 156% 1.64[0.78, 3.43) T
Subtotal (95% CI) 861 947 76.9% 1.32 [0.80, 2.18] <D
Total events 134 115

Heterogeneity: Tau®= 0.18; Chi*=10.25, df= 5 (p= 0.07), F=51%
Testfor overall effect: Z=1.09 (p=0.28)

1.5.2 With interferon

Ader 2021 IFN 78
Subtotal (95% CI)
Total events 78

Heterageneity: Not applicable

Testfor overall effect Z= 2.61 (p= 0.009)

Total (95% CI)
Total events 212

Heterogeneity: Tau®= 0.12; Chi*= 11.63, df= 6 (p= 0.07); IF= 48%
Testfor overall effect: Z=1.74 (p= 0.08)

145 57 148 23.1% 1.86 [1.17, 2.96] ——
145 148  23.1% 1.86 [1.17, 2.96] <

57

1006 1095 100.0% 1.42[0.96, 2.12] »
172

0.01 0.1 10 100
Lopinavir/Ritonavir Control

Test for subgroup differences: Chi*= 0.96, df=1 (p=0.33), F= 0%

Figure 10. Subgroup analysis of serious adverse events. The sizes of the blue squares reflect the
relative weight of the individual trials. The combined point estimates are shown as black diamonds.
The diamonds and squares (together with the 95% ClIs) located beyond the vertical line (indicating
the unit value) show that a result was statistically significant.

4. Discussion

To combat COVID-19, we urgently need effective and safe medications, and thus
researchers are looking into every possibility in a range of assessment frameworks. The
pharmaceutical combination lopinavir/ritonavir was among the first to be used to treat
SARS-CoV-2 because of its efficacy in treating SARS-CoV [38]. Both medications function
by inhibiting the activity of a specific protein in the body; in this case, it is the protease
in the human immunodeficiency virus (HIV protease) [39]. Ritonavir is recommended
alongside lopinavir in modest doses because it enhances pharmacokinetics [40]. Ritonavir
also prevents the CYP450-mediated metabolism of other protease inhibitors, and this
improves bioavailability and reduces the dosage and frequency of administration of the
second protease inhibitor [41,42].

The clinical efficacy and safety of the lopinavir/ritonavir combination have not been
established, despite the fact that they have proved to be effective binders against the viral
protease. There is conflicting evidence as to whether or not lopinavir/ritonavir inhibits the
major protease activity of SARS-CoV-2 in vitro [43,44]. Lopinavir/ritonavir was effective on
SARS-CoV-2 replication in vitro. However, it did not extrapolate to sufficient serum levels
to kill the virus in clinical cases [45]. In another in vitro study, lopinavir/ritonavir effectively
suppressed SARS-CoV-2 at the usual plasma levels [46]. Our study therefore attempted
to determine the efficacy, safety, and justification for using lopinavir/ritonavir as a single
therapy or in combination with interferon by pooling data on the following outcomes:
mortality rates, length of hospital stay, clinical efficacy, safety, and major adverse events.

Of the nine trials considered here, seven provided death rates. The effect of lopinavir/
ritonavir on mortality rates in COVID-19 patients relative to the control group was sta-
tistically significant in only one experiment [36]. In this trial, the group that received
lopinavir/ritonavir had a higher mortality rate (26.5%) than the control group (5.6%). Six
studies found no significant impact of lopinavir/ritonavir as a single therapy or when



Processes 2023, 11, 398

12 0f 15

combined with interferon on mortality rates as compared with the control group. There was
no discernible difference in mortality rates between the experimental and control groups
in this meta-analysis (OR 1.29; 95% CI 0.95 to 1.76). This study’s results were in line with
those of a previous meta-analysis and systematic review by Bhattacharyya et al., who also
concluded that lopinavir/ritonavir monotherapy did not significantly reduce mortality
rates when compared with placebo or treatment with other drugs [41].

Regarding clinical remission, treatment with lopinavir/ritonavir resulted in greater
clinical improvement in COVID-19 patients than in control individuals in three studies.
However, one trial found that lopinavir/ritonavir with interferon was likely to enhance
clinical outcomes in a limited proportion of patients as compared with the control individu-
als. The results from all four trials that reported data on clinical improvement showed that
the difference between the two treatment arms was statistically insignificant. Similarly, pa-
tients with COVID-19 who received lopinavir/ritonavir as monotherapy or in combination
with interferon fared no better than those who received placebo or alternative COVID-19
therapeutic options (p = 0.36), according to pooled data from the studies included in this
meta-analysis. The heterogeneity test returned a low I? result of 22%.

The current meta-analysis found that lopinavir/ritonavir with or without interferon
did not reduce the length of the hospital stay, although these findings were not statistically
significant when compared with the control individuals (SMD 0.07; 95% CI 0.44 to 0.57).
The length of hospital stay in the lopinavir/ritonavir arm was significantly shorter than
in the control arm in one of the included studies [31]. The overall heterogeneity of the
included studies was substantial. A sensitivity analysis revealed that excluding a single
research study [31] significantly impacted the mean time of hospitalization. Amani et al.
conducted a meta-analysis of three studies and found no statistically significant difference
in hospitalization duration between the group who received lopinavir/ritonavir alone and
the group that received the combination treatment [47]. Another prior study discovered
that lopinavir/ritonavir as a single medication was associated with significantly shorter
hospital stays than the comparison group [41].

In terms of safety, this study investigated the association between lopinavir/ritonavir
as a single therapy or with interferon and adverse events or serious adverse events in
COVID-19 patients compared with the control individuals. Lopinavir/ritonavir with or
without interferon was associated with a significantly higher number of adverse events
in COVID-19 patients, such as moderate to severe kidney injury, compared with the
control individuals (p = 0.02). Common adverse events of lopinavir/ritonavir in patients
with COVID-19 are gastrointestinal disturbances, in particular diarrhea, diabetes mellitus,
dyslipidemia, hepatic disorders, and pancreatitis [47]. This investigation discovered no
significant difference between the two groups in terms of major adverse events. The
occurrence of adverse events was more likely with lopinavir/ritonavir alone in COVID-19
patients (OR = 1.74, 95% CI 1.08 to 2.80) compared with lopinavir/ritonavir with interferon
(OR =1.20, 95% CI 0.75 to 1.91), although this was not statistically significant (p = 0.27). The
findings were similar for serious adverse events.

The fact that this study only included randomized clinical trials and recent studies
was its main strength. It is also worth noting that out of the nine RCTs included in this
study, only two investigated the efficacy and safety of lopinavir/ritonavir with interferon
in managing COVID-19. Before drawing conclusions about the efficacy and safety of
lopinavir /ritonavir plus interferon, more research is necessary.

5. Conclusions

This study compared lopinavir/ritonavir with or without interferon to placebo and
conventional treatment in terms of mortality rates, clinical improvement, length of hospital
stay, and the appearance of mild or severe side effects. In the current meta-analysis,
patients with COVID-19 receiving lopinavir/ritonavir with or without interferon showed
no improvement in mortality rates, clinical status, or length of hospital stay compared
with groups receiving a placebo. In terms of safety, this study discovered that groups
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receiving lopinavir/ritonavir with or without interferon had more adverse events and
serious adverse events than groups receiving placebo. Large randomized clinical trials
are needed to assess the efficacy and safety of lopinavir/ritonavir with interferon in the
treatment of COVID-19. These studies work best when conducted in a double-blind fashion
at multiple locations.
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