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Abstract

Antiretroviral therapy (ART) has revolutionized the management of HIV, dramatically improved
patient outcomes and extending life expectancy. However, ART can have complex effects on
hematologic health, particularly in the context of aplastic anemia (AA). This review explores the
impact of ART on AA in HIV-infected patients, examining the mechanisms of drug-induced
myelosuppression, the role of specific ART agents, and strategies for managing hematologic side
effects. Key themes include the effects of different ART classes on bone marrow function, the
interplay between ART and AA pathogenesis, and clinical management strategies. ART-related
myelosuppression is influenced by various factors, including the specific drugs used, their
mechanisms of action, and patient-specific factors such as baseline HIV disease severity and
comorbid conditions. Zidovudine (AZT) is notably associated with a higher risk of AA, while other
ART agents have variable effects. Effective management involves optimizing ART regimens,
monitoring for hematologic abnormalities, and using supportive treatments to address anemia and
related complications. Personalized ART regimens, regular monitoring, and supportive care are
essential components of managing AA in HIV-infected patients. Future research should focus on
identifying safer ART options and refining management strategies to mitigate hematologic side
effects.

Keywords: Antiretroviral Therapy, Aplastic Anemia, HIV, Myelosuppression, Bone Marrow
Suppression

Introduction

Antiretroviral therapy (ART) has been a cornerstone in the management of HIV infection,
dramatically improving life expectancy and quality of life for those affected by the virus. ART
works by suppressing viral replication and restoring immune function, thereby transforming HIV
from a fatal disease into a manageable chronic condition. However, the complexity of ART
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regimens introduces potential risks, including adverse effects on various organ systems. Among
these, hematologic complications such as aplastic anemia (AA) have emerged as significant
concerns, given their potential to severely impact patient health and treatment outcomes.!™
Aplastic anemia is a serious hematologic condition characterized by the failure of the bone marrow
to produce adequate numbers of red blood cells, white blood cells, and platelets. This condition
can lead to severe anemia, increased susceptibility to infections, and bleeding complications. In
the context of HIV, AA presents additional challenges due to the interaction between ART and the
pathophysiology of HIV infection. The development of AA in HIV-infected patients may be
influenced by the direct effects of the virus on bone marrow, as well as the potential
myelosuppressive effects of certain ART drugs.*® The pathophysiology of AA in HIV-infected
individuals is multifaceted. HIV can directly affect hematopoietic stem cells and bone marrow
microenvironment, leading to impaired hematopoiesis. Additionally, some ART drugs are known
to have myelosuppressive effects, which can exacerbate or trigger AA. For instance, zidovudine
(AZT), a well-known NRTI, has been associated with a higher risk of bone marrow suppression
and is a common culprit in cases of ART-induced AA.”

In recent years, there has been increasing recognition of the impact of specific ART agents on
hematologic health. While ART is essential for controlling HIV, certain medications have been
linked to higher risks of AA. The mechanisms by which ART drugs cause myelosuppression can
vary, including interference with DNA synthesis and cellular metabolism. This highlights the need
for careful selection and monitoring of ART regimens to balance effective HIV treatment with the
prevention of hematologic complications.!*!! Managing AA in the context of HIV involves a
combination of strategies to address both the hematologic disorder and the underlying HIV
infection. Regular monitoring of blood counts is essential for early detection of hematologic
abnormalities. Adjustments to ART regimens may be necessary to minimize myelosuppressive
effects, and supportive treatments such as blood transfusions and growth factors can help manage
symptoms of AA. The complexity of treatment requires a multidisciplinary approach to ensure
comprehensive care and optimal outcomes.!*!* Despite advancements in HIV treatment, the
management of AA remains challenging due to the limited understanding of the long-term effects
of ART on bone marrow function. Research into the specific interactions between ART and bone
marrow health is ongoing, with the goal of identifying safer drug options and developing better
management strategies for patients at risk of AA. Additionally, individualized treatment plans that
account for patient-specific factors such as baseline blood counts and comorbid conditions are
critical for effective management.!>16

Pathophysiology of Antiretroviral Therapy-Induced Myelosuppression

Antiretroviral therapy (ART) is essential for managing HIV infection and has significantly
improved patient outcomes by suppressing viral replication and restoring immune function.
However, some ART agents can induce myelosuppression, which refers to the suppression of bone
marrow activity leading to reduced production of blood cells. Understanding the pathophysiology
of ART-induced myelosuppression is crucial for managing and mitigating this adverse effect. This
section explores the mechanisms through which ART drugs impact bone marrow function and
contribute to hematologic complications.!7!8
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1. Mechanisms of Drug-Induced Myelosuppression

Certain ART agents, particularly nucleoside reverse transcriptase inhibitors (NRTIs) like
zidovudine (AZT), exhibit direct cytotoxic effects on hematopoietic cells. AZT, for example,
interferes with DNA synthesis by inhibiting the reverse transcriptase enzyme, which is crucial for
viral replication. This inhibition can also affect the DNA synthesis of hematopoietic progenitor
cells in the bone marrow, leading to impaired production of red blood cells, white blood cells, and
platelets. NRTIs are analogs of natural nucleosides and can incorporate into the DNA of dividing
cells, leading to chain termination during DNA replication. This effect is not limited to HIV-
infected cells but also impacts rapidly dividing hematopoietic stem and progenitor cells in the bone
marrow. The incorporation of these drugs into DNA disrupts normal cell cycle progression and
impairs hematopoiesis. Many NRTIs, including AZT, can cause mitochondrial toxicity by
inhibiting mitochondrial DNA polymerase. Mitochondria are essential for energy production and
cellular metabolism, including in hematopoietic cells. Mitochondrial dysfunction can lead to
decreased cellular energy and impaired function of bone marrow cells, contributing to
myelosuppression.!®23

2. Indirect Effects of ART on Hematopoiesis

ART drugs can influence the immune system, which in turn affects bone marrow function. For
example, some ART agents may alter cytokine levels or immune cell populations, leading to an
inflammatory environment that can impact bone marrow activity. Chronic inflammation and
altered immune responses may further contribute to the suppression of hematopoiesis. ART drugs
can interact with other medications or substances, leading to increased toxicity and subsequent
myelosuppression. For instance, interactions with drugs metabolized by the liver can alter the
pharmacokinetics of ART agents, potentially increasing their toxicity. Additionally, the use of other
myelosuppressive drugs, whether for HIV-related or unrelated conditions, can compound the risk
of hematologic complications. Long-term use of certain ART agents may lead to nutritional
deficiencies, such as vitamin B12 or folate deficiencies, which are critical for normal
hematopoiesis. Deficiencies in these nutrients can exacerbate the effects of ART-induced
myelosuppression, leading to anemia and other hematologic issues.**2®

3. Impact of Specific ART Classes on Bone Marrow

As mentioned, Nucleoside Reverse Transcriptase Inhibitors (NRTIs) like AZT are most commonly
associated with myelosuppression due to their direct effects on DNA synthesis and mitochondrial
function. Other NRTIs, such as didanosine (ddl) and stavudine (d4T), also have potential
myelosuppressive effects but are less commonly used in modern ART regimens. Non-Nucleoside
Reverse Transcriptase Inhibitors (NNRTIs), including efavirenz and nevirapine, generally have a
lower risk of inducing AA. However, they can still contribute to bone marrow suppression through
indirect mechanisms such as drug interactions and immune modulation. Protease inhibitors, such
as ritonavir and lopinavir, are associated with less frequent but notable hematologic side effects.
Their impact on bone marrow may be more related to drug interactions and effects on liver function
rather than direct cytotoxicity. Integrase Strand Transfer Inhibitors (INSTIs), such as raltegravir
and dolutegravir, have been associated with fewer hematologic adverse effects compared to

Citation: Obeagu EI. Impact of Antiretroviral Therapy on Aplastic Anemia in HIV Patients: A
Review. Elite Journal of Medical Sciences, 2024; 2(9):98-110
3


https://epjournals.com/journals/EJMS

Elite Journal of Medical Sciences. Volume 2 issue 9 (2024), Pp.98-110

https://epjournals.com/journals/EJMS

NRTIs. Their mechanism of action primarily involves the inhibition of viral integrase, with less
direct impact on hematopoiesis.?*

4. Clinical Implications and Management

Regular monitoring of blood counts, adjustment of ART regimens, and supportive care are critical
components of managing patients at risk of or experiencing AA. Personalized treatment strategies,
including the use of ART regimens with lower myelosuppressive potential and the management of
potential drug interactions, are important for optimizing patient outcomes and minimizing
hematologic adverse effects.**3*

Impact of Specific Antiretroviral Agents on Aplastic Anemia

The development of aplastic anemia (AA) in HIV-infected patients can be influenced by the type
of antiretroviral therapy (ART) used. Each class of ART drugs interacts with bone marrow function
in different ways, leading to varying risks of myelosuppression and AA.%¢

1. Nucleoside Reverse Transcriptase Inhibitors (NRTIs)

Zidovudine (AZT) is one of the most well-documented NRTTIs associated with an increased risk of
aplastic anemia. AZT interferes with DNA synthesis by inhibiting reverse transcriptase, which is
crucial for viral replication. This drug also impacts the DNA synthesis of rapidly dividing
hematopoietic progenitor cells in the bone marrow. The incorporation of AZT into cellular DNA
can lead to impaired hematopoiesis and increased risk of anemia, leukopenia, and
thrombocytopenia. Due to its myelosuppressive effects, the use of AZT has decreased in modern
ART regimens, with alternative drugs preferred for patients at risk of or suffering from AA. Both
didanosine and stavudine have been associated with hematologic side effects, although less
frequently than AZT. Didanosine can cause peripheral neuropathy and has been linked to bone
marrow suppression, while stavudine has been associated with lactic acidosis and hepatic steatosis,
which can indirectly affect hematologic health. The risk of AA with these drugs is generally lower
but still significant, necessitating careful monitoring and management.®”!

2. Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs)

NNRTIs such as efavirenz and nevirapine have a lower incidence of causing aplastic anemia
compared to NRTIs. These drugs work by binding to the reverse transcriptase enzyme and
inhibiting its function, but they do not directly interfere with DNA synthesis. However, NNRTIs
can contribute to bone marrow suppression through indirect mechanisms, including drug
interactions and immune modulation. Despite their lower risk of inducing AA, monitoring for
hematologic abnormalities is still important, particularly when these drugs are used in combination
with other potentially myelosuppressive agents. Newer NNRTIs, such as etravirine and rilpivirine,
have a similar profile to older NNRTIs in terms of their lower risk of inducing AA. These drugs
are designed to be more selective in their inhibition of HIV-1 reverse transcriptase, potentially
reducing their impact on bone marrow function. Nevertheless, their safety profiles need continuous
evaluation, particularly in patients with pre-existing hematologic conditions.*>*®
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3. Protease Inhibitors (PIs)

Protease inhibitors like ritonavir and lopinavir are associated with less frequent but notable
hematologic side effects. Ritonavir, especially at higher doses, can lead to peripheral blood
cytopenias and affect liver function, which in turn can influence bone marrow activity. Lopinavir,
when used in combination with ritonavir (as in Lopinavit/ritonavir or LLR), may also impact
hematologic health, though the incidence of AA is relatively low. Monitoring liver function and
blood counts is recommended to manage potential side effects. Atazanavir and darunavir are newer
PIs with fewer hematologic side effects compared to older agents. Atazanavir has been associated
with indirect hyperbilirubinemia rather than direct myelosuppression, while darunavir generally
has a favorable hematologic safety profile. However, individual patient factors and potential drug
interactions should be considered when assessing the risk of AA.47!

4. Integrase Strand Transfer Inhibitors (INSTIs)

INSTIs, such as raltegravir and dolutegravir, have been associated with fewer hematologic side
effects, including aplastic anemia. These drugs work by inhibiting the HIV-1 integrase enzyme,
which is crucial for viral DNA integration into the host genome. Their mechanism of action does
not involve direct interaction with bone marrow or DNA synthesis pathways, which likely
contributes to their lower risk of causing AA. They are generally considered safer alternatives for
patients at risk of hematologic complications.*?>3

5. Entry Inhibitors

Entry inhibitors, including enfuvirtide and maraviroc, target different stages of the HIV life cycle
and have not been strongly linked to aplastic anemia. Enfuvirtide inhibits viral fusion with the host
cell membrane, while maraviroc blocks the CCRS co-receptor. Their impact on bone marrow
function is minimal, and they are less likely to contribute to AA compared to other ART classes.
However, their use is typically reserved for specific scenarios, such as drug resistance or
intolerance.*>’

6. Combination ART Regimens

The risk of aplastic anemia can be influenced by the combination of ART drugs used in a regimen.
Combining drugs from different classes can lead to cumulative myelosuppressive effects,
particularly if one or more of the drugs has a known risk of causing bone marrow suppression.
Therefore, it is essential to carefully select ART regimens and monitor for hematologic side effects,
especially when using drugs with known myelosuppressive potential >

7. Monitoring and Management

Given the potential for ART-induced myelosuppression, regular monitoring of blood counts is
critical for patients on ART. Adjustments to ART regimens may be necessary based on individual
patient responses and hematologic health. In cases where AA develops, supportive care such as
blood transfusions, erythropoiesis-stimulating agents, and growth factors may be required.*%-¢!
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Clinical Management and Monitoring

Effective clinical management and monitoring are crucial for optimizing the treatment of HIV-
infected patients, particularly those who are at risk for or experiencing aplastic anemia (AA) due
to antiretroviral therapy (ART).%?

1. Regular Hematologic Monitoring

Regular monitoring of complete blood counts (CBC) is essential for detecting early signs of
hematologic abnormalities in patients on ART. CBC tests should include measurements of
hemoglobin, white blood cell count, and platelet count. Frequent monitoring allows for timely
identification of anemia, leukopenia, or thrombocytopenia, which are indicative of AA. In cases
where there is suspicion of AA or persistent hematologic abnormalities, further evaluation of bone
marrow function may be warranted. This can include bone marrow biopsy or aspiration to assess
marrow cellularity and identify any underlying pathology contributing to AA.%3-6¢

2. ART Regimen Adjustment

When managing patients with AA or those at high risk for developing AA, selecting ART regimens
with lower myelosuppressive potential is crucial. Avoiding or minimizing the use of drugs like
zidovudine (AZT), which is known to have significant myelosuppressive effects, can help reduce
the risk of AA. If a patient develops AA while on ART, adjusting the dose of the offending drug or
substituting it with a less myelosuppressive agent may be necessary. Dose reduction or switching
to alternative drugs within the same class or different classes of ART can mitigate hematologic
side effects while maintaining viral suppression. ART often involves complex regimens that may
include multiple drugs with potential interactions. Managing drug interactions effectively is
important to minimize cumulative myelosuppressive effects. This includes being aware of
interactions with other medications that may exacerbate bone marrow suppression.®’”>

3. Supportive Care

Blood transfusions may be necessary to manage severe anemia, thrombocytopenia, or leukopenia
associated with AA. Red blood cell transfusions can alleviate symptoms of anemia, while platelet
transfusions can address bleeding risks due to thrombocytopenia. The use of granulocyte-colony
stimulating factors (G-CSF) or other growth factors can help stimulate white blood cell production
in cases of leukopenia. For patients with anemia, erythropoiesis-stimulating agents (ESAs) like
epoetin alfa or darbepoetin alfa can be used to stimulate red blood cell production. These agents
can be particularly useful in managing anemia when the primary cause is related to ART-induced
myelosuppression. Nutritional deficiencies, such as deficiencies in vitamin B12 or folate, can
exacerbate anemia. Ensuring adequate nutritional intake and addressing any deficiencies through
supplements or dietary adjustments can support overall hematologic health and improve treatment
outcomes.”®®!

4. Addressing Underlying Causes

It is essential to assess and manage any co-morbid conditions that may contribute to or exacerbate
AA. Conditions such as chronic infections, autoimmune disorders, or malignancies can influence
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bone marrow function and require targeted treatment. Effective management of HIV itself is
crucial for overall health and can indirectly impact hematologic health. Ensuring optimal viral
suppression and immune system recovery with ART can help improve overall bone marrow
function and reduce the risk of AA 3234

5. Patient Education and Adherence

Patients should be educated about the signs and symptoms of AA, including fatigue, easy bruising,
and increased susceptibility to infections. Awareness of these symptoms can prompt earlier
medical consultation and intervention. Adherence to ART is critical for maintaining viral
suppression and preventing disease progression. Ensuring patients understand the importance of
adherence and providing support for managing side effects can help optimize treatment outcomes
and reduce the risk of complications like AA.%

6. Multidisciplinary Approach

Managing AA in HIV-infected patients often requires a multidisciplinary approach involving
hematologists, infectious disease specialists, and other healthcare providers. Collaboration ensures
comprehensive care, including the management of HIV, AA, and any related complications.
Routine follow-up appointments are important for ongoing monitoring of blood counts, assessing
response to treatment, and adjusting management strategies as needed. Regular evaluations help
in early detection of any emerging issues and in adjusting the treatment plan accordingly.56-%’

Conclusion

Aplastic anemia (AA) in HIV-infected patients presents a complex challenge, influenced by both
the underlying disease and the antiretroviral therapy (ART) used for its management. The impact
of specific ART agents on the development of AA highlights the need for careful selection and
monitoring of treatment regimens to minimize hematologic complications. Nucleoside reverse
transcriptase inhibitors (NRTIs), such as zidovudine (AZT), are notably associated with increased
risk of myelosuppression, including AA, due to their direct effects on DNA synthesis and
mitochondrial function. While newer classes of ART, including integrase strand transfer inhibitors
(INSTIs) and entry inhibitors, generally have a more favorable hematologic profile, individual
patient responses and drug interactions must be considered. Effective management of AA in the
context of HIV requires a multifaceted approach that includes regular hematologic monitoring,
adjustment of ART regimens, and supportive care. Routine blood counts are essential for early
detection of hematologic abnormalities, and adjustments to ART regimens or substitution with less
myelosuppressive drugs may be necessary to mitigate the risk of AA. Supportive measures, such
as blood transfusions, erythropoiesis-stimulating agents, and nutritional support, play a crucial role
in managing the symptoms and complications of AA. Additionally, addressing co-morbid
conditions and ensuring adherence to ART are vital for optimizing patient outcomes.
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