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Abstract

Aplastic anemia (AA) is a life-threatening hematologic condition marked by bone marrow failure,
resulting in pancytopenia. Hematopoietic stem cell transplantation (HSCT) is the only curative
treatment for severe cases, offering the potential to restore normal blood cell production. However,
in patients with concomitant HIV infection, the management of AA becomes significantly more
complex. HIV-related immunosuppression, compounded by the demands of HSCT, introduces
challenges in immune reconstitution, infection control, and drug interactions, making therapeutic
strategies particularly intricate. With the success of antiretroviral therapy (ART), HIV has
transitioned into a chronic condition, allowing for greater feasibility of HSCT in HIV-positive
individuals. Studies and case reports suggest that, with careful management of ART and
prophylactic measures, HSCT can be successfully performed in these patients. However, risks
remain, including prolonged immune suppression, increased susceptibility to opportunistic
infections, and complications such as graft-versus-host disease (GVHD). Advances in reduced-
intensity conditioning (RIC) regimens and GVHD prevention have improved outcomes, though
challenges persist.

Keywords: Aplastic anemia, hematopoietic stem cell transplantation, HIV, immunosuppression,
bone marrow failure

Introduction

Aplastic anemia (AA) is a rare but serious disorder of the bone marrow, characterized by its failure
to produce adequate blood cells, leading to pancytopenia. This condition results in low levels of
red blood cells, white blood cells, and platelets, causing anemia, increased susceptibility to
infections, and heightened bleeding risks. The etiology of AA is multifactorial, with idiopathic
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causes accounting for most cases. Other known causes include exposure to toxic chemicals, certain
medications, viral infections, and autoimmune disorders. Severe aplastic anemia (SAA) requires
urgent treatment, with hematopoietic stem cell transplantation (HSCT) being the only curative
option for many patients. HSCT allows for the replacement of the defective marrow with healthy
donor cells, restoring normal hematopoiesis and long-term survival in most patients. The success
of HSCT in AA patients largely depends on several factors, including the patient’s age, overall
health, availability of a human leukocyte antigen (HLA)-matched donor, and the presence of
comorbidities. In ideal conditions, HSCT offers a curative potential for AA. However,
complications such as graft-versus-host disease (GVHD), infections, and transplant-related
mortality remain significant concerns. For younger patients with a matched sibling donor, the
success rates of HSCT are high, with many experiencing long-term remission. On the other hand,
patients without a suitable donor or those who are older face greater risks during the transplantation

process, and alternative treatments such as immunosuppressive therapy (IST) may be considered.
10

HIV infection adds an additional layer of complexity to the treatment of AA. Since the onset of
the HIV/AIDS epidemic, HIV has been associated with various hematological abnormalities,
including cytopenias, which can exacerbate the clinical presentation of AA. HIV itself induces a
state of chronic immune activation and dysregulation, which affects the bone marrow.
Furthermore, opportunistic infections, neoplasms, and the direct effects of antiretroviral therapy
(ART) contribute to the pathophysiology of bone marrow suppression. In this context, treating AA
with HSCT in HIV-positive patients poses unique challenges, particularly due to the
immunosuppressive nature of both the disease and the treatment. Historically, HIV infection was
considered a contraindication to HSCT, given the high risk of infections and poor immune
recovery. However, with the advent of highly active antiretroviral therapy (HAART) in the 1990s,
the landscape of HIV treatment shifted dramatically. HAART has transformed HIV from a fatal
illness to a manageable chronic condition, allowing patients to live longer and healthier lives. This
development has opened new avenues for HIV-positive individuals to receive previously
unavailable therapies, including HSCT. Over time, clinicians and researchers have gained greater
insight into managing the complex interplay between HIV and the immune system, leading to
improved outcomes in HSCT for these patients. In patients with HIV, immune reconstitution
following HSCT presents a significant challenge. The depletion of CD4+ T cells, a hallmark of
HIV infection, combined with the immunosuppressive effects of HSCT, makes patients highly
vulnerable to infections. Reconstituting the immune system after transplantation is a slow process,
especially in HIV-positive patients. Prolonged periods of immune suppression can lead to
opportunistic infections, complicating recovery. Moreover, interactions between ART and the
immunosuppressive drugs used in HSCT protocols require careful management to prevent adverse
effects and ensure viral suppression.!'!-2°

Another key concern in the context of HSCT for HIV-positive patients is graft-versus-host disease
(GVHD), a common complication in allogeneic stem cell transplantation where donor immune
cells attack the recipient’s tissues. The immune dysregulation caused by HIV infection may
exacerbate the severity of GVHD, complicating its management. To mitigate these risks, reduced-
intensity conditioning (RIC) regimens, which cause less damage to the immune system while still
allowing for engraftment, have been increasingly used in HIV-positive patients undergoing HSCT.
RIC regimens have been associated with lower rates of transplant-related mortality, although they
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come with their own set of challenges, such as increased relapse rates. While the primary goal of
HSCT in HIV-positive patients with AA is to restore normal blood cell production, there is also
ongoing interest in the potential of HSCT to achieve HIV remission. A widely known example is
the "Berlin patient," an HIV-positive individual who received HSCT for acute myeloid leukemia
(AML) from a donor with a CCR5-delta32 mutation. This genetic mutation renders cells resistant
to HIV, and post-transplant, the patient was declared functionally cured of HIV. This case has
sparked significant interest in the possibility of using HSCT not only to treat AA in HIV-positive
patients but also as a potential component of HIV cure strategies. Despite these advancements, the
treatment of AA with HSCT in HIV-positive individuals remains a high-risk procedure, with many
unanswered questions. Current data on the long-term outcomes of HIV-positive patients
undergoing HSCT for AA are limited, and larger studies are needed to establish standardized
protocols. Moreover, patient selection, donor availability, and the timing of ART in relation to
HSCT are all critical factors that require further exploration.?!-°

Overview of Aplastic Anemia and Hematopoietic Stem Cell Transplantation

Aplastic anemia (AA) is a rare hematological disorder characterized by bone marrow failure,
leading to pancytopenia—marked reductions in red blood cells, white blood cells, and platelets.
This results in symptoms such as fatigue, recurrent infections, and bleeding tendencies. The disease
can be either inherited or acquired, with idiopathic cases being the most common. Environmental
factors such as exposure to toxic chemicals, radiation, certain medications, or viral infections (e.g.,
hepatitis, Epstein-Barr virus) may also trigger the condition. In AA, the bone marrow becomes
hypocellular, meaning it has significantly fewer blood-producing stem cells, rendering the body
incapable of maintaining adequate blood cell levels. Severe aplastic anemia (SAA) requires urgent
treatment due to the high risk of infection and bleeding. Hematopoietic stem cell transplantation
(HSCT) is the definitive curative treatment for AA, particularly for patients with severe or very
severe forms of the disease. HSCT involves the infusion of healthy hematopoietic stem cells from
a donor into the patient, with the goal of replacing the defective bone marrow and restoring normal
hematopoiesis. These stem cells can be obtained from bone marrow, peripheral blood, or umbilical
cord blood. The transplantation process typically requires a conditioning regimen, which includes
chemotherapy and/or radiation, to suppress the patient's immune system, prevent graft rejection,
and create space in the bone marrow for the donor stem cells to engraft. For younger patients with
an HLA-matched sibling donor, the success rate of HSCT is high, and long-term survival is
common. The success of HSCT in AA is influenced by several factors, including the patient’s age,
overall health, the severity of the disease, and the availability of a suitable donor. HLA matching
is critical for reducing the risk of complications such as graft-versus-host disease (GVHD), a
condition in which the donor immune cells attack the recipient’s tissues. For patients without a
matched sibling donor, alternative donor options such as matched unrelated donors (MUD) or
haploidentical (partially matched) donors may be considered, though these come with increased
risks of complications. Immunosuppressive therapy (IST) is another treatment option for patients
who are not candidates for HSCT or do not have an available donor, but it offers lower cure rates
and is associated with a higher risk of relapse.®!**

HIV and Hematopoietic Stem Cell Transplantation: Considerations
Hematopoietic stem cell transplantation (HSCT) in HIV-positive patients presents a unique set of
challenges due to the complex interplay between HIV-induced immunosuppression and the
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immunosuppressive effects of the transplantation process itself. Historically, HIV infection was
considered a contraindication to HSCT, largely because of the severe immunosuppression that
accompanies both conditions, leading to heightened risks of infection, graft failure, and poor
immune recovery. However, with the introduction of highly active antiretroviral therapy
(HAART), the prognosis for HIV-positive individuals has improved significantly, making HSCT
a more viable treatment option for certain conditions, including aplastic anemia (AA). One of the
primary concerns in performing HSCT on HIV-positive patients is the ability to manage their
immune system during the process of stem cell transplantation. HIV itself causes chronic immune
activation and depletes CD4+ T cells, impairing the body’s ability to fight infections. HSCT,
particularly in the setting of a conditioning regimen involving chemotherapy or radiation, further
suppresses the immune system, leading to a prolonged state of vulnerability. This makes infection
control and immune reconstitution critical aspects of post-transplant care for HIV-positive patients.
Careful management of opportunistic infections and close monitoring of immune recovery are
essential to avoid life-threatening complications.*!->°

The timing and compatibility of antiretroviral therapy (ART) with the transplant process is another
important consideration. ART must be maintained to prevent HIV replication and maintain viral
suppression, but the immunosuppressive drugs used during HSCT can interact with ART, leading
to potential drug toxicity or reduced efficacy. Immunosuppressive agents such as calcineurin
inhibitors (used to prevent graft rejection) and ART can have overlapping toxicities, necessitating
close monitoring and possible adjustment of the ART regimen. Additionally, the selection of a
conditioning regimen, particularly reduced-intensity conditioning (RIC), plays a crucial role in
minimizing transplant-related mortality and complications in HIV-positive patients while still
allowing for successful engraftment of the donor stem cells.>!"

Outcomes of HSCT in Aplastic Anemia with HIV

The outcomes of hematopoietic stem cell transplantation (HSCT) in patients with aplastic anemia
(AA) and HIV have shown both promising advances and significant challenges. Historically, HIV-
positive individuals were excluded from undergoing HSCT due to concerns over poor immune
reconstitution, high infection risks, and the potential for graft-versus-host disease (GVHD) to be
exacerbated by the presence of HIV. However, with the advent of highly active antiretroviral
therapy (HAART), HIV has been transformed into a manageable chronic condition, opening the
possibility for HSCT in this patient population. Early case reports and clinical trials have
demonstrated that, with proper management, HSCT can be performed successfully in HIV-positive
patients with AA. Key to these successes is the use of HAART, which controls HIV replication
and reduces the risk of opportunistic infections. Patients with well-controlled HIV and stable
CD4+ T cell counts before transplantation tend to have better outcomes. Studies indicate that, with
careful selection of conditioning regimens and prophylactic measures, HIV-positive patients can
achieve similar rates of engraftment and survival compared to HIV-negative counterparts
undergoing HSCT for AA. Reduced-intensity conditioning (RIC) regimens have been particularly
beneficial, as they cause less immune suppression while still allowing for successful donor cell
engraftment, reducing transplant-related mortality.>*%

Advances in Hematopoietic Stem Cell Transplantation for HIV-Positive Patients
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Significant advances in hematopoietic stem cell transplantation (HSCT) have improved the
viability of this treatment for HIV-positive patients, particularly those with conditions such as
aplastic anemia (AA) or hematological malignancies. Previously, HIV-positive individuals were
not considered suitable candidates for HSCT due to the immunosuppressive nature of the
procedure, which compounded the already weakened immune state caused by HIV. However,
advancements in antiretroviral therapy (ART) and transplant techniques have shifted this
perspective, making HSCT a more accessible and safer option. One of the most notable advances
in HSCT for HIV-positive patients is the development of reduced-intensity conditioning (RIC)
regimens. RIC involves using lower doses of chemotherapy and radiation than traditional
conditioning regimens, minimizing immune system suppression and reducing transplant-related
complications. This approach has been particularly beneficial for HIV-positive patients, as it
lowers the risk of infections and graft-versus-host disease (GVHD), two major concerns in this
population. RIC regimens allow for sufficient engraftment of donor stem cells while preserving a
degree of immune function, leading to better post-transplant outcomes.*®7

Another key advance has been in the management of ART during the transplant process. The
compatibility between ART and immunosuppressive drugs used during HSCT has been optimized,
allowing for continuous HIV suppression during and after the transplant. Drug interactions
between ART and transplant medications, which were once a major obstacle, are now better
understood, enabling clinicians to tailor ART regimens to avoid toxicity and ensure viral control.
In addition, the use of newer ART drugs with fewer side effects and interactions has contributed
to improved transplant outcomes in HIV-positive patients. These advances, coupled with better
supportive care and prophylaxis for infections, have made HSCT a more viable curative option for
HIV-positive patients with AA and other serious conditions.’¢%’

Conclusion

Hematopoietic stem cell transplantation (HSCT) has emerged as a viable curative option for
aplastic anemia (AA) in HIV-positive patients, a possibility once deemed unattainable due to the
complexities surrounding HIV infection and immunosuppression. Advances in antiretroviral
therapy (ART), reduced-intensity conditioning (RIC) regimens, and infection management have
significantly improved the outcomes of HSCT in this population. Despite the challenges of
heightened infection risks, graft-versus-host disease (GVHD), and immune reconstitution, HI'V-
positive patients with well-controlled viral loads and stable CD4+ counts can now experience
survival rates and long-term remission comparable to those of HIV-negative individuals.
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