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Introduction
The COVID-19 pandemic has transformed the 
landscape of global health, presenting unprecedented 
challenges, particularly for vulnerable populations such 
as the elderly and the immunocompromised individuals.1 
Immunocompromised patients, including those with a 
history of recent or ongoing cancer, HIV/AIDS infection, 
or advanced chronic conditions, are at a higher risk of 
complications.2,3 The situation is further complicated by 
the fact that older adults often suffer from multiple chronic 
conditions, making the management of COVID-19 in this 
demographic particularly challenging. This population, 
already susceptible to a range of infectious diseases, has 
faced disproportionate risks from COVID-19.4 

The gravity of COVID-19’s impact on the older adults 

can be observed in mortality statistics. Studies show that 
adults over 65 years old account for approximately 80% of 
hospitalizations and face a significantly higher risk of death 
from the disease compared to younger populations.5 This 
susceptibility is primarily due to reduced physiological 
reserves and common comorbidities such as cardiovascular 
disease, diabetes, and chronic respiratory diseases, 
which are prevalent in this age group.6 Furthermore, 
immunosenescence, associated with aging, impairs the 
body’s ability to respond effectively to infections, thereby 
complicating the course and consequences of the disease.7

Combination therapy has been proposed as a 
primary therapeutic strategy for managing severe 
COVID-19 in older immunocompromised patients.8 
Typically, combination therapy involves the use of 
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Abstract
The COVID-19 pandemic has affected global health, particularly vulnerable populations such 
as the aged and immunocompromised individuals who face heightened risks due to age-
related physiological changes and comorbidities. Recent cohort studies have indicated that 
older adults constitute a substantial proportion of hospitalizations and mortality associated with 
COVID-19, due to decreased physiological reserves and immunosenescence. Combination 
therapy has been proposed as a primary therapeutic strategy for managing severe COVID-19 in 
immunocompromised patients, typically involving multiple pharmacological agents, including 
antivirals, immunomodulatory agents, and supportive care. Compared to monotherapy regimens, 
recent studies have demonstrated that combination therapies lead to reduced viral load, 
improved clinical outcomes, and lower mortality rates. Meanwhile, the long-term outcomes of 
these combination therapies, along with specific details of the post-acute sequelae of COVID-19 
(PASC), also referred to as long COVID, in older immunocompromised patients remain under 
investigation. This review aims to explore these aspects in greater detail, investigating the 
efficacy of combination therapies in treating COVID-19 among older immunocompromised 
patients, with a particular focus on their long-term implications.
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multiple pharmacological agents, including antivirals, 
immunomodulatory agents, and supportive care, aimed 
at targeting various aspects of the virus’s life cycle and 
the host’s immune response.9 The rationale behind this 
approach is to enhance therapeutic efficacy by using 
drugs that act on different viral targets or host responses, 
potentially reducing viral load and ameliorating symptoms 
more effectively than monotherapy. However, while 
combination therapy may provide immediate benefits 
in reducing morbidity and mortality, it also introduces 
complexities associated with polypharmacy and the 
concurrent use of multiple medications by patients.10

Moreover, the long-term effects of these therapies 
are not adequately understood. Preliminary reports 
and ongoing studies suggest the potential for long-term 
organ damage resulting from both the virus and the 
intensive drug regimens used in treatment, particularly 
affecting the kidneys, liver, and cardiovascular system.11 
For instance, antivirals such as remdesivir, which has 
been widely used during the pandemic, have been 
associated with renal and liver toxicity in some patients.12 
Similarly, although steroids like dexamethasone can 
reduce mortality in critically ill patients, they also pose 
risks such as hyperglycemia, osteoporosis, and increased 
susceptibility to other infections—complications that 
are particularly problematic in aged patients.13 The use 
of immunomodulators such as tocilizumab, which has 
been administered to suppress the immune system’s 
overactivation, also illustrates the delicate balance 
required in treating COVID-19.14

This review aimed to explore these issues in depth, 
examining the efficacy and safety of combination 
therapies in treating COVID-19 among elderly 
immunocompromised patients, with a particular focus on 
the long-term implications of these therapeutic strategies.

Combination Therapy Strategies
Combination therapy for COVID-19 typically involves 
using multiple pharmacological agents that target 
different stages of the SARS-CoV-2 life cycle. In older 
immunocompromised patients, the rationale for 
combination therapy is to achieve a synergistic or additive 
effect that can lead to a more robust antiviral response, 
potentially overcoming the compromised immune 
system’s inability to effectively control the virus.15 
Figure 1 presents a step-wise approach to COVID-19 in 
aged immunocompromised patients.

The agents used in combination therapy for COVID-19 
may include direct-acting antivirals such as remdesivir, 
which inhibit viral RNA-dependent RNA polymerase, 
protease inhibitors like nirmatrelvir, which suppress the 
viral replication, immunomodulators such as the Janus 
kinase inhibitor baricitinib, and monoclonal antibodies 
that target the spike protein, preventing viral entry into 
host cells.16-20

Several studies have evaluated the efficacy of combination 
therapy in aged immunocompromised patients. Recent 

studies have focused on the effectiveness of combination 
treatments involving remdesivir, nirmatrelvir/ritonavir, 
and monoclonal antibodies such as tixagevimab/
cilgavimab and sotrovimab in immunocompromised 
patients with persistent COVID-19.8,21,22 However, a 
subset of patients exhibited only partial responses, 
indicating the need for further research to optimize 
treatment strategies.23

These studies have generally demonstrated that 
combination therapy can lead to reduced viral load 
as measured by RT-PCR, shortened time to clinical 
improvement, decreased length of hospitalization, and 
lowered mortality rates compared to monotherapy or 
standard care.24,25 Table 1 summarizes the prominent 
proposed combination therapy strategies.

Combination therapy is typically more aggressive in 
aged immunocompromised patients due to their reduced 
natural immune response. It appears to be most effective 
when initiated early in the disease course.23,36 Moreover, 
there is a lower incidence of treatment-resistant variations 
in patients treated with combination therapy. Some studies 
suggest that combination therapy may help in ‘priming’ 
of immune system, leading to a more effective immune 
response upon subsequent exposure to the virus.37

Nutritional interventions have been a vital component 
of combination therapy strategies since the beginning 
of the pandemic, owing to their availability, low cost, 
and minimal side effects.38 Dietary supplements such as 
vitamin C, vitamin D, selenium, zinc, probiotics, and 
omega-3 fatty acids, particularly eicosapentaenoic acid and 
docosahexaenoic acid, have been widely studied for their 
immunomodulatory and anti-inflammatory effects.39-43 
Implementing targeted nutritional interventions into 
combination therapy regimens could contribute to an 
improved approach to COVID-19 management in this 
vulnerable population, potentially enhancing treatment 
outcomes and long-term recovery.44

Vaccination also remains a cornerstone in the prevention 
of COVID-19. Immunocompromised individuals are 
advised to receive additional vaccine doses for better 
protection.45 Monoclonal antibodies such as pemivibart, 
have recently received emergency use authorization for 
immunocompromised patients who may not respond 
sufficiently to vaccination.46 However, pemivibart is not a 
substitute for vaccination.

Mechanisms of Adverse Effects
The biochemical and physiological mechanisms 
underlying the observed drug interactions and side effects 
in older immunocompromised patients treated with 
combination therapy for COVID-19 are complex and 
multifactorial.

Many antiviral and immunomodulatory drugs used 
in combination therapy regimens are metabolized by 
the hepatic cytochrome P450 enzyme system.47 For 
example, remdesivir, a commonly used antiviral for 
COVID-19, is metabolized through this pathway.48 
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Concurrent administration of drugs that inhibit or 
induce these enzymes can alter drug levels, potentially 
leading to toxicity or reduced efficacy. For instance, the 
co-administration of remdesivir with a potent CYP3A4 
inhibitor such as ketoconazole may increase remdesivir 
levels, enhancing the risk of renal toxicity.49 On the other 
hand, pharmacodynamic interactions occur when drugs 
affect the same physiological system but act at different 

sites or through different mechanisms. For instance, 
using corticosteroids along with nonsteroidal anti-
inflammatory drugs (NSAIDs) in COVID-19 patients 
can increase the risk of gastrointestinal bleeding, a serious 
side effect given the complementary effects of these drugs 
on the integrity and function of gastrointestinal mucosa.50 
Additionally, polypharmacy is a significant concern due 
to the high prevalence of chronic illnesses that require 

Figure 1. Stepwise Approach to Older Immunocompromised Adults with COVID-19. Note. ARDS: Acute respiratory distress syndrome; CT: Computed 
tomography; ECMO: Extracorporeal membrane oxygenation; ICU: Intensive care unit; RT-PCR: Reverse transcription polymerase chain reaction.
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ongoing pharmacological management.51 Interactions 
between various medications can lead to adverse drug 
reactions, which in turn may result in hospital admissions, 
increased healthcare costs, and overall poorer health 
outcomes.

Pathophysiological Implications of Long-term Effects
Renal Impairment
Drugs such as remdesivir are known to cause acute kidney 
injury in some patients. The mechanism involves drug-
induced nephrotoxicity, possibly exacerbated by COVID-
19-related systemic inflammation and hypoxia, which 
further compromises renal microcirculation.52 In aged 
patients, pre-existing reduced renal function compounds 
this risk, necessitating careful monitoring and dosage 
adjustments.

Hepatic Stress
Antivirals can also impose a significant burden on liver 
function. The metabolism of these drugs produces 
reactive metabolites that can cause oxidative stress and 
inflammation in hepatocytes.53,54 Chronic administration 
can lead to a buildup of these metabolites, potentially 

resulting in drug-induced liver injury.54 Monitoring liver 
enzyme levels in patients receiving long-term antiviral 
therapy is crucial to detect early signs of liver stress or 
damage.

Cardiovascular Effects
The interaction of COVID-19 with cardiovascular 
medications is particularly concerning. COVID-19 can 
induce myocardial injury through direct viral invasion 
and systemic inflammation.55 When combined with 
drugs such as hydroxychloroquine – initially considered 
in COVID-19 treatment – which can cause prolonged QT 
interval, there is an increased risk of arrhythmias.56 This 
effect is particularly dangerous for older adults, who may 
have pre-existing heart conditions.

Follow-up studies have shown that patients who recover 
from COVID-19, particularly those who experienced 
severe symptoms requiring hospitalization, may continue 
to exhibit signs of cardiac impairment, such as reduced 
ejection fraction or ongoing myocardial inflammation, 
detectable via echocardiography and cardiac magnetic 
resonance imaging (MRI).57 These findings suggest a direct 
connection between the disease and enduring cardiac 

Table 1. The Proposed Combination Therapy Strategies for Older and Immunocompromised COVID-19 Patients

Authors Year Country Study Design Intervention Outcomes

Chen et al 
(BLAZE-1 Trial 
Group)26

2022 USA RCT
Bamlanivimab and 
etesevimab

Patients receiving a combination of bamlanivimab and etesevimab 
experienced significantly faster resolution of symptoms, along with, a 
lower rate of COVID-19-related hospitalization.

Lowe et al (FLARE 
Investigators)27 2022 UK RCT

Lopinavir/ritonavir and 
favipiravir

A non-significant reduction in viral load was observed compared 
to placebo, and significantly more participants in this arm achieved 
undetectable virus levels on day five. However, the lopinavir/ritonavir 
treatment showed no statistically significant change in viral load 
reduction compared to placebo.

Arabi et al28 2021
International 
multicenter

RCT
Lopinavir/ritonavir and 
hydroxychloroquine

The intervention group exhibited decreased OSF days and reduced 
hospital survival compared to the control group.

Fumeaux et al 
(REMAP-CAP 
Investigators)29

2023 Switzerland RCT
Pamapimod and 
pioglitazone

The proportion of patients alive and without oxygen or respiratory 
support during the 28-day treatment period and those requiring 
invasive MV were not significantly different. Mortality rates were also 
not significantly different.

Kalil et al
(ACTT-2 Study 
Group Members)30

2021
International 
multicenter

RCT
Remdesivir and 
baricitinib

A decreased recovery time was observed in the combination group, 
with a non-significantly lower 28-day mortality rate compared to the 
control group (5.1% vs 7.8%).

Polizzotto et al 
(ITAC INSIGHT 
013 Study Group)31

2022
International 
multicenter

RCT
Remdesivir and 
hyperimmune 
immunoglobulin

The hyperimmune immunoglobulin group did not show significantly 
greater odds of a more favorable outcome by day 7.

Kalil et al (ACTT-
3 study group 
members)32

2021
International 
multicenter

RCT
Remdesivir and IFN-
β-1a

The mean duration of symptoms did not significantly differ among 
study groups. The estimated 28-day mortality rate was higher in the 
IFN-β-1a + remdesivir group compared to the placebo + remdesivir 
group (5% vs 3%), which was not statistically significant.

Marrone et al33 2022 Italy
Quasi-
experimental 
study

Remdesivir and 
dexamethasone

A significantly increased viral clearance was observed in the 
remdesivir/dexamethasone group compared to dexamethasone alone 
(median 6 vs 16 days). Additionally, the 30-day mortality rate and 
length of hospital stay were significantly lower in the remdesivir/
dexamethasone group compared to dexamethasone alone.

Malhani et al34 2021 Saudi Arabia Cohort study
Lopinavir/ritonavir, 
ribavirin, and IFN-β-1a

IFN-based therapy was associated with lower 28-day mortality as 
compared to favipiravir. No differences were observed in the length 
of hospital stay. The IFN-treated group also required significantly less 
use of systemic corticosteroids compared to the favipiravir group.

Ader et al35 2021 France RCT
IFN-β-1a, 
hydroxychloroquine, 
and lopinavir/ritonavir

No significant effect of investigational treatment was observed on 
SARS-CoV-2 clearance.

Note. IFN-β: Interferon beta; MV: Mechanical ventilation; OSF: Organ support-free; RCT: Randomized controlled trial.
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changes, likely exacerbated by aggressive pharmacological 
treatment during the acute phase.

Neurological Sequels
The neurotropic nature of SARS-CoV-2 suggests that 
it can directly invade nervous system tissues, leading to 
neurological symptoms.58 The long-term use of systemic 
corticosteroids, often necessary in severe COVID-19 cases, 
can exacerbate these issues, leading to mood disorders, 
insomnia, and even cognitive decline in susceptible 
individuals.59 These agents cross the blood-brain barrier 
and can alter neurotransmitter function, contributing to 
these neuropsychiatric effects.

There is emerging evidence suggesting that survivors of 
severe COVID-19, particularly those treated in intensive 
care units (ICUs), may experience long-term cognitive 
decline, a condition some researchers are beginning to 
refer to as COVID-19 brain fog.60 This condition includes 
a range of symptoms, including memory loss, difficulty 
concentrating, and even changes in executive function.61 
The exact mechanism behind these symptoms is not fully 
understood but is believed to involve both direct viral 
effects and the consequences of prolonged hospitalization, 
including the use of sedatives and paralytics that can 
impact brain function.62

Psychological Consequences
Beyond the physical impacts, the long-term psychological 
consequences of COVID-19 and its treatments cannot be 
overlooked. The stress of illness, combined with isolation 
during hospital stays, can exacerbate or trigger new-onset 
mental health issues such as anxiety, depression, and 
post-traumatic stress disorder. The role of medications, 
particularly those affecting the central nervous system, in 
managing COVID-19 adds complexity to this situation. 
Benzodiazepines, occasionally used for their sedative 
properties during intensive care, can lead to dependence 
and withdrawal issues that may persist well after recovery 
from the acute illness.

Frailty and Sarcopenia
Prolonged immobility during hospitalization, coupled 
with the catabolic effects of corticosteroids, can lead to 
significant muscle wasting and weakness, a condition 
termed ICU-acquired weakness (ICUAW).63,64 This 
condition can severely impact the quality of life (QoL), 
resulting in prolonged physical rehabilitation needs and, 
in some cases, permanent disability.65 Older patients 
are particularly susceptible to these effects due to their 
reduced baseline muscle mass and strength.66,67

Long-term Outcomes
The long-term outcomes of combination therapy in older 
immunocompromised patients are still under evaluation.68,69 
Studies have reported that early intervention with 
combination therapy is associated with better outcomes, 
including complete virological clearance in some cases. In 

contrast, lower response rates and higher disease severity 
were observed when treatment is initiated later.70 Long-term 
outcomes should be evaluated in three main domains:

Clinical and Virological Outcomes
Achieving a sustained virological response is a key indicator 
of the efficacy of combination therapy in the context 
of COVID-19, particularly for immunocompromised 
patients who may have a reduced antiviral immune 
response.21 Long-term follow-up is essential to monitor 
symptoms of COVID-19 recurrence or reinfection since 
these patients may be at an increased risk for these events 
due to their underlying conditions.71

Post-acute sequelae of COVID-19 (PASC), also known 
as Long COVID or Post-COVID-19 syndrome, refers to 
a range of symptoms that persist for weeks to months 
after the acute phase of the infection has resolved.72,73 In 
older immunocompromised patients, the risk factors and 
pathophysiology of PASC may differ, and the impact of 
combination therapy on the incidence and severity of 
PASC is not yet fully understood.74,75

Additionally, the inappropriate use of antibiotics 
in COVID-19 patients could lead to devastating 
complications of antimicrobial resistance, which plays 
a significant role in morbidity and mortality worldwide 
– especially in immunocompromised patients.76,77 Apart 
from the coinfection and superinfection, improper 
administration of antibiotics increases the long-term risk 
of antimicrobial resistance, leading to increased mortality 
risk in this population.78

Functional and Quality-of-Life Outcomes
Assessments of mobility, activities of daily living, and the 
need for rehabilitation services are the most important 
indicators of elderly functional capacity. Furthermore, 
health-related QoL encompasses the physical, 
psychological, and social domains of health.79 It is a broad 
measure that reflects the patient’s perceived well-being 
and ability to carry out daily activities.80

Although studies have not observed a significant 
difference in the prevalence of PACS among 
immunocompromised and non-immunocompromised 
patients so far,81 aged patients are at a significantly 
higher risk of developing PASC.82 With most studies still 
ongoing, current evidence from the latest studies suggests 
the significant effect of PASC on health-related QoL in 
terms of fatigue, pain, low physical activity, cognitive, 
and psychological issues among aged patients.83,84 Further 
long-term studies are required to evaluate how the 
health-related QoL is affected by treatment regimens in 
this population, particularly focusing on the persistence 
of symptoms such as fatigue, cognitive impairment, and 
psychological distress.

Immunological Outcomes
In immunocompromised patients, the reconstitution 
of the immune system post-treatment is a complex 
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process that may be influenced by factors such as age, 
the nature of the immunocompromising condition, and 
the specific agents used in combination therapy.85 The 
risk of autoimmune phenomena or hyperinflammatory 
syndromes following combination therapy is a concern, 
especially in patients with pre-existing autoimmune 
conditions or those receiving immunomodulatory 
drugs as part of their treatment regimen.86 Monitoring 
the recovery and function of immune cells over time is 
essential to understand the long-term immunological 
impact of COVID-19 and its treatment.

Future Directions
Immunocompromised patients may not develop effective 
humoral or cell-mediated immunity in response to natural 
infection or vaccination.87 This complicates the assessment 
of clinical deterioration and patient-oriented treatment 
approaches. Additionally, the timing of treatment 
initiation is critical as early combination therapy has 
shown better outcomes.70 Using multiple drugs targeting 
different viral proteins and mechanisms may enhance 
efficacy, especially in the absence of humoral immunity; 
however, the optimal duration and combination of these 
treatments still need to be determined through controlled 
trials.88 Close monitoring of immunocompromised 
individuals is essential until complete viral clearance 
is achieved as they may act as a reservoir for novel viral 
variants.89 Moreover, the impact of combination therapy 
on hospitalization and mortality rates needs to be closely 
observed in this population.

Prospective studies should compare early single-drug 
therapy to early combination regimens and include a longer 
follow-up to evaluate the long-term safety and efficacy 
of these treatments. Longitudinal cohort studies with 
regular follow-up visits and assessments are invaluable 
for tracking the long-term outcomes of combination 
therapy in older immunocompromised patients. These 
studies can provide data on symptom persistence, the 
incidence of PASC, and the long-term safety and efficacy 
of treatment regimens. Further controlled trials are also 
needed to establish the optimal treatment for persistent 
COVID-19 in this patient population. As we get deeper 
insights into PASC and post-COVID-19 syndrome, it 
is essential to define optimal management strategies for 
these conditions.

Conclusion
Managing COVID-19 in older immunocompromised 
patients requires a comprehensive approach beyond 
immediate clinical care. Considering the long-term health 
trajectories of patients, the potential cumulative effects 
of their existing medications, and the novel COVID-19 
treatments, a personalized and patient-oriented 
approach is essential for this population. Moreover, 
immunosenescence and altered immune response 
complicate the treatment landscape further. Ongoing 
monitoring is crucial for managing the long-term risks 

associated with combination therapy. This includes regular 
evaluations of kidney and liver function, cardiovascular 
health, and neurological status. Monitoring should be 
proactive and frequent enough to detect changes early, 
allowing timely interventions to mitigate adverse effects. 
Reevaluating the treatment regimen is equally important 
as new studies emerge and our understanding of the long-
term impacts of COVID-19, PASC, and their treatments 
evolves. Treatment plans should be dynamic, adapting 
to the latest clinical guidelines, research findings, and 
the patient’s health status. Regular follow-ups and 
reassessments provide opportunities to deprescribe 
unnecessary medications and reduce polypharmacy, 
thereby minimizing the risk of drug interactions and side 
effects.
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