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Abstract

Aims: Lopinavir (LPV) and ritonavir (RTV) is using as combination therapy for combating COVID-19 in considerable propor-

tion of patients. However, the potential clinically significant life-threatening drug-drug interactions (DDIs) of this combination

antiviral therapy used in the treatment of COVID-19 patients is not systematically reviewed. It was aimed to identify severe

DDI pairs of LPV/RTV from international resources predicted to cause life-threatening adverse drug reactions (ADRs) and

cross-compared between the resources. Methods: Severe DDI pairs predicted to cause life-threatening ADRs were identified

from the FDA and Liverpool COVID-19 prescribing information of LPV/RTV. Results: In total, 62 severe DDI pairs were

identified from the FDA and Liverpool COVID-19 drug interactions resources predicted to cause life-threatening ADRs in pa-

tients with COVID-19. Of these, seven unique DDI pairs were identified from the FDA only whereas 45 unique DDI pairs were

identified from the Liverpool COVID-19 drug interactions resource. Of interest, only 10 DDI pairs were recognized by both of

these drug interaction resources. Conclusion: Clinicians should not entirely rely on any individual DDI resource for checking life

threatening ADRs of LPV/RTV in patients with COVID-19 since there were discrepancies in enlisting contraindicated drugs.

What is already known about this subject

• Lopinavir (LPV)/Ritonavir (RTV) may potentially interact with contraindicated medications affecting
its metabolism and may produce life-threatening adverse drug reactions (ADRs) due to drug-drug
interactions (DDIs).

• Potential clinically significant life-threatening DDIs of this combination antiviral therapy used in the
treatment of COVID-19 patients has not systematically reviewed yet.

What this study adds

• In total, 62 severe DDI pairs of LPV/RTV as identified from the FDA and Liverpool DDI resources
should be given serious clinical considerations predicted to cause life threatening ADRs.

• Of interest, only 10 severe DDI pairs were recognized by both the FDA and Liverpool DDI resources,
further emphasized to undertake systematic cross-comparisons between DDI resources in order to
identify discrepancies and possibly avoid any interacting drugs that may cause life-threatening ADRs
of LPV/RTV in COVID-19 patients.

• Clinicians should not entirely rely on any individual DDI resource for checking life threatening ADRs
of LPV/RTV in patients with COVID-19 since there were disagreements in enlisting contraindicated
drugs.

Introduction

It is identified in the literature that considerable proportion of patients infected with severe acute respiratory
syndrome corona virus-2 (SARS-CoV-2) are using combination of lopinavir (LPV) and ritonavir (RTV) as
first line antiviral therapy for the treatment of this pandemic virus 1. It is also notable that many patients
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with COVID-19 had multiple comorbidities and are vulnerable to polypharmacy2,3 which may in turn leads
to DDIs due to taking multiple medications. A recent clinical trial of LPV/RTV didn’t find superiority of
using this combination in COVID-19 patients4. Although many factors e.g. age, sex, comorbidities, clinical
features etc. might trigger the clinical outcomes, however, one of the major contributing factors of these
may be partly due to the DDIs associated with COVID-19 patients due to having multiple comorbidities.

Being potent inhibitors of CYP3A4 enzyme, LPV/RTV can exert uniquely powerful inhibiting effects of
CYP3A4 substrate drugs, potentially increased blood concentrations of substrate drugs which may leads to
a number of clinically significant DDIs 5,6. Contrastingly, CYP3A4 inducer drugs may expedite the hepatic
clearance of LPV/RTV and may cause therapeutic failure leading to reduced virologic control 7. Being acting
as substrates of a transporter protein called permeability glycoprotein (P-gp)8 known as efflux transporter,
the pharmacokinetics (PK) effects of LPV/RTV may also be affected by the co-prescription with substrate,
inhibitor or inducer drugs of P-gp and were predicted to cause potential clinically significant DDIs.

However, the FDA prescribing information of LPV/RTV indicated that this combination therapy is ‘con-
traindicated with drugs that are highly dependent on CYP3A4 for clearance and for which elevated plasma
concentrations are associated with serious and/or life-threatening reactions’. Also, it is ‘contraindicated with
drugs that are potent CYP3A4 inducers where significantly reduced lopinavir plasma concentrations may be
associated with the potential for loss of virologic response and possible resistance and cross-resistance’9.

On the other hand, the Liverpool interactions group has provided prescribing resources where they cat-
egorized the interactions of experimental COVID-19 antiviral therapies as ‘contraindicated medications’,
‘potential interactions requiring dose adjustment/close monitoring’, ‘potential interactions of weak inten-
sity’ or ‘no clinically significant interactions 10. Contraindicated medications should not be coadministered
concurrently due to potential life-threatening ADRs.

Amid this emergency situations, details of the treatments provided in COVID-19 patients and consequent
clinical outcomes were not available and was therefore unable to assess either the actual ADRs/drug toxicity
or potential clinically significant DDIs. It is also pertinent to noted that while in many countries especially in
developed countries, DDI alert systems are functional, however, one of the major problems of implementing
DDIs assessment in clinical practice is that most clinicians become fatigue to DDI alerts and majority of the
time the alerts are overridden due to too much warnings 11.

Therefore, the present study was aimed to predictively identify severe DDIs pairs only predicted to cause
life-threatening ADRs from international resources so as to aware clinicians regarding the severity of these
interactions.

Methods

To identify potential clinically significant life-threatening DDIs, this study used the U.S. Food and Drug
Administration (FDA) prescribing table of LPV/RTV enlisted contraindicated medications 9. Likely, poten-
tial clinically significant life-threatening DDIs were also identified from the lists of contraindicated drugs of
LPV/RTV as provided by the Liverpool COVID-19 drug interaction resource10. The interacting contraindi-
cated drugs were putatively paired with LPV/RTV called severe DDI pairs predicted to cause life-threatening
ADRs.

The severe DDI pairs identified from the FDA and Liverpool COVID-19 interaction resources were then ana-
lyzed using a Venn diagram showing the unique or overlapping drug pairs between these two well recognized
evidence-based international DDI resources.

Results

After removing duplicates, in total of 62 severe DDI pairs of LPV/RTV were identified from the FDA and
Liverpool COVID-19 interaction resources predicted to cause clinically significant life-threatening ADRs, as
shown in Figure 1. Of these, seven unique DDI pairs were identified from the FDA only whereas 45 unique
DDI pairs were identified from the Liverpool COVID-19 drug interactions resource. Interestingly, only 10
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DDI pairs were recognized by both of these drug interaction resources. The lists of all interacting drugs as
identified from these two DDI resources are shown in Table 1.

Systematic cross-comparison between these two well-recognized evidenced-based DDI resources indicated
that discrepancies were existed in between these two resources for enlisting contraindicated drugs potentially
causing life-threatening ADRs of LPV/RTV.

Severe DDI pairs that were not enlisted by the Liverpool COVID-19 DDI resource and the potential life-
threatening ADRs are tabulated in Table 2 as identified from the FDA prescribing information of LPV/RTV.
Notable life-threatening ADRs due DDIs of LPV/RTV with these drugs were cardiac arrhythmias, va-
sospasm, ischemia and hypotension.

Severe DDI pairs that were recognized by both the FDA and the Liverpool COVID-19 DDI resource and
the potential life-threatening ADRs are tabulated in Table 3. Notable life-threatening ADRs due DDIs of
LPV/RTV with these drugs were cardiac arrhythmias, myopathy, rhabdomyolysis, respiratory depression,
risk of alanine transaminase (ALT) elevations, hypotension and risk of reduced virologic response.

In summary, Liverpool COVID-19 DDI resource was more effective in enlisting contraindicated drugs of
LPV/RTV potentially causing life-threatening ADRs, however, clinicians should not entirely rely on this
resource for checking DDIs of LPV/RTV since it didn’t enlist several important contraindicated drugs of
LPV/RTV predicted to cause life-threatening ADRs.

Discussion

This is the first study assessing severe DDI pairs of LPV/RTV used in the treatment of COVID-19 patients
and were predicted to cause clinically significant life-threatening ADRs.

The findings of this study have great novelty in terms of reducing clinician burdens especially when DDI
alert fatigues may expected to occur in this emergency pandemic health situations. This study has tabulated
the composite lists of severe DDI pairs of LPV/RTV that were recognized by both the international well-
recognized evidenced-based resources and is highly recommended to check at least 10 severe DDI pairs of
LPV/RTV to reduce the risk of life-threatening ADRs.

Meanwhile, it is also noteworthy that in many developing countries, computer based DDI alert systems
may not available and clinicians in these countries may be advantaged greatly from the severe DDI pairs
identified in this study in general, and in particular the composite list recognized by both the international
drug interactions resources.

Important findings of this study revealed that clinicians should not depend on any particular DDI checking
systems of LPV/RTV and may be other COVID-19 drugs as well since high level of discrepancies were
identified in this study. For example, if clinicians solely rely on the Liverpool COVID-19 DDI checking
system which has recently emerged specifically for COVID-19 therapeutics, it is found that around seven
very clinically important drugs may be missed for checking DDIs that may cause life-threatening ADRs.
On the other hand, if clinicians solely rely on the FDA prescribing information of LPV/RTV, it is found
that around 45 very clinically important drugs may be missed for checking DDIs that may also cause life-
threatening ADRs. Therefore, it is suggested to undertake systematic cross-comparison in future by the
professional DDI bodies to reduce disagreement in between the drug interaction resources. Also, suggested
to identify any discrepancies by the clinicians in order to avoid missing any interacting drugs predicted to
cause clinically significant DDIs.

It is important to recognize that although different other ways e.g. computerized DDI alerts12,13, web-based
DDI checkers etc. can be used to identify potential clinically significant DDIs of LPV/RTV, however there
are lots of limitations of these checking systems including alert fatigues 11, lack of robust evidence of the
interactions etc. The findings of the present study may therefore serve as considerably best severe DDI
pairs of LPV/RTV predicted to cause life-threatening ADRs since the DDI pairs were identified from the
internationally well-recognized evidenced based DDI resources.
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Future implications of potential severe DDI pairs of LPV/RTV

Amid this emergency situations, it is highly suggested to check severe DDI pairs of LPV/RTV as identified in
this study and were predicted to cause clinically significant life-threatening ADRs in patients with COVID-19
for optimizing its safety or efficacy. It is also effective to implement these severe DDI pairs of LPV/RTV to
identify potential clinically significant DDIs in other disease conditions where it is clinically indicated.

Conclusions

The findings of this study suggest to consider 62 putative severe DDI pairs of LPV/RTV identified from
two international evidenced-based drug interactions resources predicted to cause clinically significant life-
threatening ADRs in COVID-19 patients. It is also suggested that systematic cross-comparisons may help to
identify discrepancies in between the drug interaction resources. Further, it is highly suggested that clinicians
should not entirely rely on any individual DDI resource for checking life threatening ADRs of LPV/RTV in
patients with COVID-19 since there were disagreements in enlisting contraindicated drugs.
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