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ABSTRACT
Blood malignancies in HIV-infected individuals are the number one cause of mortality due to cancer in the HIV 
community. Thus, the virus is no longer killing people, it is cancer, specifically lymphoma, which is accounting for 
the majority of mortality cases. The major lymphomas found in HIV-infected individuals include non-Hodgkin’s 
lymphoma, Diffuse Large B Cell lymphoma, Burkitt lymphoma, and Hodgkin’s lymphoma. One treatment strategy 
to treat these malignant diseases is through the use of chemotherapy. Chemotherapy is effective at keeping cancer 
manageable for this cohort of patients; however, to date it has not demonstrated to be effective at eradicating the 
cancers. Autologous peripheral blood stem cell transplantation has been demonstrated to be the most effective 
treatment method for blood malignancies in HIV-infected patients, to date. In combination with chemotherapy, 
autologous stem cell transplantation is a highly effective protocol to achieve full remission. Further investigations 
need to be conducted in order to demonstrate if stem cell transplantation can help reduce the latent viral load in 
immune cells while simultaneously eliminating cancerous cells. Currently, research shows the viral load is neither 
increased nor decreased due to autologous peripheral stem cell transplantation.
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Introduction
Due to the ravaging effects of HIV infected individuals are at 
greater risk compared to the average population at developing 
secondary illnesses, in particular, opportunistic infections such 
as herpes simplex, herpes zoster, pneumonia, and cryptococcosis 
as well as cancers like Kaposi sarcoma, cervical cancer, and 
lymphomas [1]. Among these illnesses, lymphoma is the leading 
cause of cancer-related death in the HIV population [2]. The 
major types of lymphoma seen clinically in HIV patients are non-
Hodgkin lymphoma, Diffuse Large B cell lymphoma (DLBCL), 
Burkitt lymphoma, and Hodgkin lymphoma [2]. Each type of 
lymphoma is treated with various drug regimens that have proved 
to be successful; however, no specific drug treatment regimen 
stands out as better than the rest.

DLBCL drug treatments were evaluated in a study completed in 
England between 2003 and 2011 [3]. During this time period, HIV 
patients were given rituximab in addition to cyclophosphamide, 
doxorubicin, vincristine, and prednisone, also known as the 

R-CHOP regimen [3]. The study showed that there was a 78% 
survival rate five years after treatment. In the United States, a 
similar study was completed using a drug regimen that included: 
etoposide, prednisone, vincristine, and doxorubicin (EPOCH) 
or rituximab in addition to EPOCH [4]. The survival rates were 
similar, 73%, but neither therapy stood out as the most viable and 
successful option [4].

Non-Hodgkin lymphoma patients suffer a similar fate. The risk 
of developing non-Hodgkin lymphoma increases by 11-fold in 
individuals infected with HIV [5]. Individuals who suffer from 
HIV have moderate to severe immunosuppression compared 
to healthy individuals [5]. This puts HIV-infected individuals at 
higher risk for infection because they do not have a stable and 
healthy immune system to fight cellular irregularities.

Originally, hematopoietic autologous stem cell transplantation 
(ASCT) was introduced as a secondary form of treatment following 
chemotherapy. The stem cells were originally graphed from bone 
marrow [6]. Now, it is more common to see peripheral blood 
stem cells as the primary source of transplant cells [6]. Combined 
with new reduced intensity conditioning regimens, autologous 
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peripheral blood stem cell transplantation has reduced procedural 
transplant mortality rates [6]. It has further been shown that the 
HIV virus does not infect stem cells [8]. As a result, this form 
of treatment has now been implemented as the gold standard for 
transplant treatment.

Figure 1: Stem cells go through various stages of growth. They begin as 
embryonic stem cells and then develop into one of three types of stem 
cells. The stem cells we are concerned with are hematopoietic stem cells 
which arise from mesodermal stem cells [7].

Initially, there were concerns using ASCT as an additional form of 
treatment for HIV-related blood cancers. The first major concern 
was drug toxicity [2]. It was of concern that individuals would 
suffer negative health outcomes because their treatment was a 
combination of chemotherapy drugs, continuous antiretroviral 
treatment (cART) drugs, as well as any associated pre-
transplantation medications. These fears have proven false. Time 
and time again studies have shown that autologous transplant has 
been a viable option for treatment with no mortalities [2,9-11]. 
There is no significant difference between continued cART and 
interrupted cART during transplantation and it has been shown 
that autologous transplantation has a clinical efficacy with low risk 
of infection or toxicity to the patient [10,11].

Because it has been proven that ASCT is safe in combination with 
chemotherapy regimens and cART, the principle investigation is 
whether or not stem cell transplantation provides an unequivocal, 
better form of treatment and even possibly a cure for HIV-related 
blood cancers compared to chemotherapy treatment on its own.

General Lymphoma
ASCT is a viable, safe, and effective form of cancer therapy treatment 
for patients who are infected with HIV. In one study, relapsed HIV-
associated lymphoma was treated with dexamethasone, cytarabine 
and cisplatin platinum-based treatment along with ASCT [12]. 
CD4 lymphocytes did not significantly increase 1, 6 and 12 

months after transplantation; however, there was a significant rise 
in the CD4 lymphocytes three- and five-years’ post-transplantation 
[12]. Despite the effective cancer treatment, the HIV status of the 
study participants prior to transplantation remained unchanged 
[12]. Stable plasma viremia loads in patients post-ASCT has been 
observed in many other studies as well [14-16]. It is believed that 
transplantation only affects the cancer; while the cART or highly 
active antiretroviral therapy (HAART) continues to suppress the 
latent HIV in immune cells [14-17].

Figure 2: The life cycle of the HIV-1 virus is detailed above. When the 
cells are in their latent state, the virus has integrated into the genome; 
however, it is not actively replicating [13].

One possible explanation for the observation of stable viremia 
loads post-transplantation is that the stem cells are differentiating 
into T-cells; however, the new T cells don’t kill the infected, 
circulating T cells persisting in the blood. Cells that are circulating 
in the blood stream with a latent virus within their genome 
don’t present as mutant. The chemotherapy destroys as much 
of the cancer as possible and then the transplantation stimulates 
replacement of lost cells. However, neither treatment is aimed at 
targeting viral loads within immune cells. This is further shown by 
one study concluding that after ASCT, ten out of ten patients still 
have HIV DNA detectable in their blood and the plasma viremia 
was detectable in nine out of ten patients [15].

The best type of chemotherapy treatment or pre-transplantation 
regimen tends to depend on the cancer. For DLBCL, initially six 
rounds of R-CHOP or R-EPOCH is the best standardized protocol 
supported by the literature [18]. However, for Burkitt lymphoma, 
the best initial chemotherapy regimen is GMALL B-ALL/NHL 
protocol [18]. In both cases, if the patients are sensitive to relapse 
then they should receive their standard chemotherapy regimens and 
then receive ASCT [18]. Regardless of treatment or transplant, it 
is very important that, if cART is continued throughout the course 
of treatment, drug interactions are being observed constantly to 
ensure the health of the patient [18].
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If an initial treatment of chemotherapy without transplant fails, 
a second round of chemotherapy may be warranted. One study 
showed treatment of relapsed disease has a better response to a 
second round of chemotherapy then refractory disease [19]. It is 
important to also used ASCT to combat the cancer because, in all 
cases, ASCT has provides the patient with a significantly longer 
overall survival rate than without transplant [19]. Interestingly, 
one study showed that there is no difference in one-year overall 
survival rates between complete and partial responses to ASCT 
[19]. It is unclear why this is the case; however, looking at it from 
a patient’s perspective, it is insignificant because the survival rate 
is still increased.

Non-Hodgkin Lymphoma
Non-Hodgkin Lymphoma (NHL) is one of the many types of 
lymphomas that has the potential to develop in HIV-infected 
patients. ASCT, cART and high-dose chemotherapy in combination 
has led to longer survival of NHL patients with HIV compared to 
any other treatment combinations [10]. Individually, cART helps to 
maintain low or barely detectable plasma viral loads. This treatment 
keeps the viral infection at bay so the high dose chemotherapy can 
kill cancerous cells. Once the cancer is in remission, ASCT allows 
the body to regenerate and develop healthy blood cells to replace 
the ones it lost to the cancer.

A match-study was conducted to evaluate the long-term effects of 
ASCT. ASCT long term affects had not been previously studied 
because, originally, ASCT was thought to be too dangerous a 
procedure for HIV+ patients. Opportunistic infection was found 
to be slightly higher in HIV+ participants compared to their HIV- 
counterparts [20]. However, the infections did not result in death 
and had no effect on survival rates [20]. Infections may have 
arisen as a result of the transplant or because HIV+ participants 
are immunocompromised compared with HIV- at the beginning 
of treatment. Due to this compromised state, opportunistic 
infection may have been unrelated to the treatment. Overall, it was 
discovered that ASCT was effective and the status of HIV did not 
affect long-term transplant results [20].

The transplantation is being administered in these patients as a form 
of cancer treatment. The goal of the transplant is to eliminate the 
cancer, not the HIV itself. As mentioned, stem cell transplantation 
has not been shown to be an effaceable treatment for HIV. cART 
allows HIV+ individuals to lead a high functioning life without 
major complications.

A pooled analysis of 1546 patients showed similar results. It was 
shown that rituximab significantly improved outcomes in HIV-
positive CD20+ lymphoma patient outcomes [12]. In a third study, 
rituximab was shown to be the key to good B cell recovery after 
transplantation with no significant difference in B cell functionality 
[10]. T cell recovery remained good as well because the thymus 
remained competent throughout the transplantation [10]. CD4 
cells slowly recovered and then significantly improved between 12 
and 24 months after transplantation for HIV positive and negative 
patients compared to healthy control patients [10].

Along with the use of cART, HAART has greatly improved the 
prognosis of those with NHL [21]. Combined with more effective 
infusional regimens, rituximab, and high dose chemotherapy 
followed by ASCT, this has become the standard of care [21]. 
Hematopoietic autologous plasma stem cell transplantation on its 
own only has long term survival rates of only 10% to 50% [22].

Diffuse Large B Cell Lymphoma
Research has showed promise in successfully achieving remission 
of DLBCL with infusional chemotherapy and ASCT. Currently, the 
best chemotherapy regimen discovered to treat DLBCL is with the 
drug rituximab [23]. Initially, there was a lot of controversy over 
using rituximab as a chemotherapy drug because it was thought 
to potentially be associated with increased patient infection [24]. 
An increased risk of infection was exacerbated by low CD4 
cell counts in HIV patients [24]. Despites these risks, rituximab 
improves patient response and possibly overall survival against 
cancer. Therefore, the benefits of using the drug far outweigh the 
risks. It was later shown in further investigations of rituximab, that 
it is a safe, low risk, and highly effective drug [25].

A case study was done on a 62-year-old male diagnosed with 
advanced lymphoma. Because of advanced staging, the male had 
a low prognosis of survival and was not expected to live long after 
diagnosis [26]. The patient received two rounds of CHOP followed 
by four rounds of CHOP with rituximab [26]. HIV was diagnosed at 
the same time as the cancer and the patient was immediately started 
on HAART at the same time as the chemotherapy treatments began 
[26]. Once the chemotherapy was completed, the patient moved 
onto the next step in the treatment protocol. The patient received 
a pre-transplant treatment of ranimustine, etoposide, cytarabine, 
melphalan (MEAM) followed by ASCT [26,27]. Despite his poor 
prognosis, the chemotherapy transplant combination put the man 
into complete remission that was maintained 24 months after 
transplantation [26].

This case study further proves the power that ASCT and rituximab 
have at curing HIV+ patients of their disease-related malignancies. 
As seen in the case study, rituximab did not cause the patient to 
suffer from severe infection as previously thought. The patient was 
able to go into complete remission from his cancer.

Burkitt Lymphoma
Burkitt lymphoma is another deadly killer of HIV+ patients. It 
is currently the second most common AIDS-related lymphoma 
developed by people of the HIV population [29]. However, after 
many years of research there is an effective form of treatment 
against Burkitt lymphoma in HIV+ kids and adults alike. The 
best way to treat Burkitt lymphoma is with HAART during or 
immediately after receiving chemotherapy [25]. It is important to 
note that it is essential to keep a close watch on the interaction 
between chemotherapy drugs and HAART in an event of toxicity. 
Despite this slight risk, chemotherapy paired with ASCT treatment 
is effective at achieving disease free survival in 50% to 80% of 
people with relapsed or refractory disease [25].
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Similar to DLBCL, there was previous controversy with the use 
of one of the chemotherapy drugs in the regimen, rituximab. 
Rituximab was rumored to increase death rates as a result of 
infectious disease; however, this is not confirmed [24]. There 
are many conflicting reports that show it increases the risk of 
infectious disease in some patients but not in others [24]. However, 
what has been consistently shown is that the drug is been proven 
to be associated with improved health outcomes [25]. The positive 
benefits of using rituximab far outweighs the risks; therefore, it is 
included as an important component in the high dose chemotherapy 
stage of treatment for Burkitt lymphoma.

A case study looked at treatment of a 13-year-old with refractory 
Burkitt lymphoma [30]. The child first received high dose 
chemotherapy with rituximab followed by ASCT [30]. The child 
went into full remission and this remission was successfully 
maintained 26 months following transplantation [30]. This case 
study highlights some major trends seen with Burkitt Lymphoma 
treatment plans. First, the chemotherapy regimen with rituximab 
followed by ASCT was able to achieve full remission. This 
remission was maintained for more than two years after transplant 
and it worked in a child.

This evidence further supports the claim that rituximab is a powerful 
chemotherapy drug that is strongly associated with positive health 
outcomes. It also further proves that ASCT should be the gold 
standard form of treatment for HIV-related malignancies like 
lymphoma. Time and time again it has proven to be effective, safe, 
and provide patients with the best possible chance of survival.

Hodgkin’s Lymphoma
HAART treatment has been very successful at minimizing the 
immunocompromised component in HIV patients. Because it 
helps to maintain low viral loads, patients currently receiving 
HAART have immune systems that are able to handle infection 
better because the virus is not continually destroying white blood 
cells compared to the past. A better immune system in turn leads 
to a lower risk at developing blood malignancies and primitive 
lymphoma of the central nervous system has decline drastically 
[31]. However, as rates of blood cancers decrease, the rate of 
developing a Hodgkin’s lymphoma (HL) tumor is increasing [31]. 
Although the immune system is better at combating malignancies 
in the blood, it has not been seen to reduce non-AIDS defining 
tumor formation [31].

HL is one of the most common tumor types that affect HIV-infected 
patients [32]. Chemotherapy has proved to be an effective form of 
treatment for patients with HL. Chemotherapy does not have to be 
paired with other forms of treatment to be effective at improving 
overall survival [32]. However, the goal is not to only improve 
overall survival but to achieve complete remission. Chemotherapy 
alone has not been effective at achieving this. If complete remission 
is the goal, the pathway to achieving that requires a combination of 
medical approaches.

Currently, there is no optimal therapy outlined in the literature 

for HL because of rising incidence rates [25]. Research has been 
primarily focused on reducing the viral load in HIV afflicted 
individuals and achieving an immune state that allows HIV 
individuals to be fully functioning. The rising incidence rates 
have not been in focus until recently. Despite the lack of standard 
treatment protocols, a case study done on a 44-year-old patient 
showed that high dose chemotherapy followed by ASCT was an 
effective way to achieve complete remission [33]. The patient 
was diagnosed with relapse, stage four HL. After receiving the 
aforementioned treatments, complete remission was achieved and 
maintained 59 months after transplantation [33].

This case study shows that the general protocol of high dose 
chemotherapy paired with ASCT can be an effective treatment 
plan options for patients with early stages as well as late stages 
of lymphoma. Although it is typically more successful when the 
cancer is in the earlier stages, it is clear that it is still an optional 
and effective treatment protocol [34]. Further investigations into 
the best drug regimen to use for the high dose chemotherapy will 
be the next step in developing a standardized, optimal treatment 
protocol for patients suffering from the ever-increasing incidence 
of HL tumors.

Further Investigations
The marked success of a cure as a result of allogenic stem cell 
transplantation is exemplified by the Berlin patient and recently the 
London patient. Both patients received stem cell transplantation 
with the primary goal of eradicating their cancers. However, both 
patients also experienced an eradication of their HIV as well. Both 
patients received transplantations with stem cells containing the 
32 base pair deletion of the CCR5∆32/∆32 [35]. The deletion 
of this allele is extremely important because HIV-1 utilizes this 
chemokine receptor to enter and infect cells. Without this receptor, 
the virus cannot cause infection [35]. Both the Berlin and London 
patients also underwent similar graph versus host disease (GvHD) 
drug regimens prior to transplantation. The Berlin patient utilized 
the standard CsA + MMF regimen while the London patient used 
the CsA + MTX regimen [36].

Figure 4: Depicted above is the receptor that HIV-1 exploits to enter into 
the cell. Both the CCR and CD4 components are required for viral entry. 
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When the cell does not code for the CCR region, the virus in unable to 
infect the cell [37].

Upon transplantation, the London patient received LACE 
conditioning and then an infusion of 3.6x106 CD34+ cells/kg 
[38]. The Berlin patient received 2.3x106 CD34+ cells/kg and then 
underwent a second transplantation from the same donor 391 days 
later of 2.1x106 cells/kg [35]. In both cases, both patients suffered 
mild GvHD despite their transplant regimens, but it is believed this 
played a role in eradicating the virus [39].

In comparison to autologous stem cell transplantation, allogenic 
stem cell transplantation has been shown to not only eradicate 
cancer but also HIV in its patients. However, this is not currently 
a viable option for treatment of HIV+ patients on a large scale. 
It currently is under further research to better understand the 
mechanisms behind the viral eradication as well as understanding 
how to replicate the treatment on a safe, large-scale application.

In an effort to achieve this, researchers in China have recently 
investigated the safety and efficacy of utilizing clustered regularly 
interspaced short palindromic repeats (CRISPR) as a way to induce 
the CCR5 mutation into the human genome in conjunction with 
transplantation of stem cells [40]. The goal of the CCR5-ablated 
hematopoietic stem and progenitor cell transplantation was to 
eradicate HIV in a man suffering from HIV-1 infection along with 
Acute Lymphocytic Leukemia. This goal was not achieved [40]. 
Only a small portion of the CD4+ cells, 5%, showed phenotypic 
characteristics of the CCR5 disruption [40].

However, this research is significant because after transplantation, 
full remission of the cancer was achieved and the safety of 
utilizing CRISPR was exemplified [40]. Up until this study, it was 
unsure if CRISPR was a safe way to edit the genome and if it 
would induce other unfavorable outcomes as a result of the gene 
editing. This research showed that donor cells could persist in the 
patient for more than 19 months without causing adverse reactions 
[40]. Further investigations into the utilization of CRISPR as a 
technology induce the CCR5 mutation desirable for achieving 
immunity to HIV need to be made.

In addition to investigating viable allogenic transplantation, 
investigations into reducing the peripheral viral reservoir need 
to be completed for autologous stem cell transplantation. High-
dose chemotherapy and autologous transplant have shown 
unpredictable influences on viral reservoirs. In a study, one 
treatment group showed HIV-DNA levels plateau between 6 and 
12 months of follow up [41]. Some patients even saw higher 
peripheral DNA loads after transplant and interruption of cART 
post-transplant [41]. No association was found between baseline 
and post-transplant viral loads. However, one sub-group of patients 
were found to have an association between peripheral blood HIV 
reservoir size and autologous stem cell transplantation. It could 
potentially be influenced by the mobile phase and post-transplant 
continuous cART warranting further works be conducted [41].

Conclusion
There are many positives to using ASCT in combination 
with chemotherapy as a form of treatment for HIV-related 
lymphomas. Despite all of the benefits; however, there are certain 
characteristics of a patient’s illness that need to be considered prior 
to transplantation. Although the majority of literature supports 
ASCT as being a safe and low-risk treatment option now that 
reduced intensity conditioning treatments are available for HIV 
patients, aspects of a patient’s illness such as stage of lymphoma, 
DNA levels, and the presence of the Epstein-Barr virus (EBV) can 
produce variable and even undesirable outcomes [42-44].

Initially, there was questions about whether the status of HIV 
would be a risk factor in the mobilization of the stem cells used in 
the transplantation. A comparison study was performed between 
HIV+ and HIV- patients [42]. Both groups of patients were given 
ASCT with peripheral blood stem cells. It was discovered that the 
only factor affecting the mobilization of the stem cells was the 
status of the lymphoma at the time of transplant [42]. Lymphomas 
at a more advanced stage were correlated with lower mobilization 
success into remission. If the transplant was performed before the 
lymphoma had progressed into a late stage, it had a much higher 
success of mobilization into remission [42].

Along with the stage of lymphoma, the amount of HIV DNA 
may be correlated to successful transplantation. In HIV patients, 
at baseline the amount of CD4 white blood cell counts are 
independent of HIV DNA levels. HIV DNA levels are instead 
correlated with HIV RNA levels [43]. Typically, these levels are 
controlled and kept at low levels by cART or HAART treatment. 
When HIV+ patients take these medications daily and continually 
throughout treatment, transplantations are more successful. High 
DNA levels can potentially be a predictor for overall survival after 
ASCT [43]. It was shown that patients with high DNA levels at 
baseline prior to treatment had a near significant increased risk of 
death compared to low HIV DNA levels [43].

HIV DNA levels are not the only factor that may be detrimental 
to the success of ASCT. EBV can also have negative effects 
on transplantation outcomes. Patients who undergo high dose 
chemotherapy and autologous peripheral blood stem cell 
transplantation are more chemo-sensitive and have a significantly 
higher risk of mortality if the EBV is present [43]. In a study 
conducted with 22 HIV+/EBV+ patients, five of the patients died 
within six months of transplantation completion [44].

When considering a patient for ASCT transplant as a treatment 
option following high dose chemotherapy, it is important to keep 
many factors in mind to ensure success. The stage of lymphoma 
as well as HIV DNA loads and the presence of EBV should all be 
factors investigated prior to treatment. If there are high levels of 
HIV DNA or EBV, a different treatment option other than ASCT 
should be considered. If ASCT is decided as the best treatment 
option, cART or HAART should be continued when the treatment 
plan is being carried out; however, drug interactions and toxicity 
should be monitored closely. ASCT has shown to be an effective 
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and safe treatment option, curing many patients of HIV-related 
lymphomas. Its success is ensured with the proper planning and 
investigation for each individual patient.
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