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   Foreword    

 During the fi rst decade of the AIDS epidemic in the USA, it was hard to imagine 
that the nightmare would ever end; death surrounded us, both professionally and 
personally, as friends, family, and patients alike died, despite any or all of our efforts 
as physicians. Hematologists and oncologists played an important role in those 
early days, as we were among the fi rst of specialists who were willing to commit 
ourselves to the care of these patients and to the challenge of treating those who 
were not only severely immunosuppressed by HIV but were also affl icted by oppor-
tunistic malignancies, which were remarkably aggressive, widespread, and clearly 
different from our experience with other, HIV-uninfected patients. We became the 
support for these patients, not only in the medical sense but also in terms of dealing 
with truly marginalized individuals, who had to endure the prejudice and fear of the 
world around them and, to some extent, around us as well. 

 But we persisted, and slowly, progress was made. We found that these patients 
could simply not tolerate the dosages of chemotherapy that were routinely employed 
with curative intent in uninfected persons and were forced to use suboptimal dosing 
and scheduling, which allowed some patients to survive, though the vast majority 
did not. The advent and widespread use of combination antiretroviral therapy 
(cART) in 1996 brought about what might be considered one of the medical mira-
cles of our time, with the death rate from AIDS decreasing by approximately 75 % 
within the fi rst year of their use. The risk of new opportunistic infections among 
HIV-infected persons also declined dramatically during this time, as did the inci-
dence of Kaposi’s sarcoma; lymphoma, however, did not decrease as dramatically, 
thereby becoming one of the more common of initial AIDS-defi ning diagnoses. 

 Nonetheless, cART also provided the mechanism by which patients with 
 AIDS- related lymphoma (ARL) and other malignancies could and would survive, 
for when used with standard doses of chemotherapy, or with novel regimens of infu-
sional chemotherapy, response rates and even overall median survival now approach 
that of HIV-uninfected patients with the same tumor types. Stem cell transplantation, 
once deemed thoroughly impossible in the setting of ARL, has also been proven safe 
and effective in HIV-infected patients, including those with  lymphoma, Hodgkin 
lymphoma, and other hematologic malignancies. In fact, the only patient in the world 
known to have been cured of HIV infection (the “Berlin patient”) accomplished this 
feat by receipt of an allogeneic stem cell transplant from an HIV- negative donor with 
homozygous deletion of CCR4 ∆ 32, inhibiting the entry of HIV virions into the 
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patient’s newly generated donor CD4+ cells, while also curing his acute myeloblastic 
leukemia. This discovery, in itself, has now led to a series of experiments which 
attempt to cure not only the underlying hematologic malignancy but the HIV 
 infection itself, by means of various gene therapy approaches. 

 The years have been long, and the suffering will remain imprinted in our memo-
ries, but in the past 30 years, we have come a long, long way. The various chapters 
in this book will document in great detail just how far and remarkable that path has 
become. By presenting information on the full range of hematologic malignancies 
seen in the setting of HIV, in terms of epidemiology, pathogenesis, factors predic-
tive of development of disease, prognostic factors at diagnosis and at time of treat-
ment, as well as optimal therapeutic approaches including newly developed targeted 
therapies, the reader will be rewarded by a concise yet comprehensive review of the 
past, present, and future of this remarkably challenging and fascinating fi eld. 

 Alexandra M. Levine, MD, MACP 
 Chief Medical Offi cer 

 Dr. Norman and Melinda Payson Professor in Medicine 
 Deputy Director of Clinical Affairs, Comprehensive Cancer Center 

 Professor, Department of Hematology & Hematopoietic Cell Transplantation 
 City of Hope National Medical Center 

 Duarte, CA, USA  
 May 9, 2015 

Foreword 
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  Pref ace    

 With the advent of potent combination antiretroviral therapy (cART), incidence and 
mortality rates of HIV-associated non-Hodgkin lymphomas (HIV-NHL) have 
decreased. By contrast, the incidence of Hodgkin lymphoma in HIV-infected 
patients (HIV-HL) has remained unchanged or even increased. Both HIV-NHL and, 
to a lesser extent, HIV-HL remain a major cause of morbidity and mortality in HIV- 
infected patients. Furthermore, although the absolute rates for other hematological 
malignancies such as acute leukemias and myeloproliferative disorders in people 
living with HIV (PLWH) are low, incidence appears to be higher when compared to 
the general population. 

 In the context of relatively sparse prospective randomized trials, the optimal 
treatment of hematological malignancies remains a challenge, particularly in 
patients with severe immunosuppression. 

 This book will present a general introduction to and review of HIV-associated 
hematological malignancies, with a special focus on practical management issues. 
Many book chapters are written by colleagues who have been instrumental in shift-
ing the balance for PLWH with blood cancers. While two decades ago this diagnosis 
meant a death sentence, advances in treatment have transformed these cancers into 
often curable conditions. 

 The Editors  

  Philadelphia, PA, USA     Stefan     K.     Barta    
    Marcus     Hentrich     
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     Non-Hodgkin B-cell lymphomas (B-NHL) are greatly increased in incidence in people 
with HIV with high-grade lymphomas considered an AIDS-defi ning condition. NHLs 
are the second most common malignancy in individuals with HIV infection globally, 
following Kaposi sarcoma (KS). However, this trend has changed in developed coun-
tries as a result of widespread use of combined antiretroviral therapy (CART), where 
B-NHL has surpassed KS as the most common malignancy in individuals with HIV 
infection [ 117 ,  118 ]. One epidemiologic study found that NHL comprises 53 % of all 
AIDS-defi ning cancers and that it is the most common cancer- related cause of death in 
HIV-infected individuals (36 % of deaths during 1996–2006) [ 118 ]. While AIDS-
related B-NHL has decreased in incidence since the introduction of CART, classical 
Hodgkin lymphoma (cHL), other non-AIDS- defi ning types of non-Hodgkin lym-
phoma and multicentric Castleman disease have been increasing. In the United States, 
cHL is still less frequently reported than NHL in HIV-infected patients [ 117 ], but in 
Europe it appears to be more common; the Swiss Cohort Study found a standardized 
incidence ratio (SIR) of 35 for cHL, which was higher than that of KS (SIR = 25) and 
B-NHL (SIR = 24) [ 30 ]. In addition, as people with AIDS survive longer, a wide range 
of non-AIDS-related cancers are emerging in HIV-infected individuals, including leu-
kemias and myelodysplastic syndrome (MDS) [ 94 ,  102 ,  116 ,  122 ]. 

 The role of HIV infection in the pathogenesis of hematological malignancies is 
clearly multifactorial and involves disrupted immune surveillance to tumor anti-
gens, viral infection, genetic alterations, chronic antigenic stimulation, and cytokine 
dysregulation [ 15 ,  48 ,  70 ]. While HIV has been considered a biological carcinogen 
by the IARC [ 1 ], it does not infect the lymphoma cells and is therefore thought to 
act as an indirect carcinogen (via immune suppression, infl ammation, etc.). 
However, possible direct effects through secreted or transmitted viral proteins may 
also play a role, and there is experimental evidence supporting oncogenic functions 
of HIV Tat [ 73 ,  80 ]. While the role of HIV appears to be indirect, the specifi c and 
direct role of the two human gammaherpesviruses is well documented. These two 
viruses are Epstein-Barr virus (EBV/HHV-4) and Kaposi sarcoma herpesvirus 
(KSHV/HHV-8). Regarding the specifi c immunological alterations that are related 
to lymphoma development, several B-cell stimulatory cytokines are increased in 
HIV-infected people prior to a diagnosis of lymphoma, namely, IL6, IL10, CRP, 
sCD23, sCD27, and sCD30 [ 11 ]. Increased serum levels of the CXCL13 chemokine 
have also been noted in HIV-infected individuals before a diagnosis of lymphoma, 
and specifi c alleles of CXCL13 or its receptor CXCR5 are associated with these 
increased CXCL13 levels, implying a possible genetic predisposition [ 63 ]. These 
studies have suggested that evaluation of serum levels of these cytokines may iden-
tify HIV-positive patients at highest risk for B-NHL and possibly earlier diagnosis. 

1.1     AIDS-Related Lymphomas 

 AIDS-related lymphomas (ARLs) are almost always of B-cell origin, and some 
specifi c lymphoma types are more common in HIV-infected patients. Some of 
these lymphoma types can occur in both HIV uninfected and infected patients, 
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while others preferentially develop in the context of AIDS or in patients with 
other immunodefi ciencies, and the WHO classifi cation has used this distinction 
[ 103 ]. Lymphomas that are more commonly associated with AIDS tend to have 
more frequent viral associations. HIV-related lymphomas were initially classifi ed 
by morphology and/or by primary site of presentation (i.e., systemic, primary 
central nervous system, body cavity) [ 70 ]. Now, these lymphomas have been clas-
sifi ed according to the WHO classifi cation as distinct disease entities based on 
morphology, immunophenotype, and sometimes, molecular alterations [ 6 ,  103 , 
 110 ]. The distribution of these subtypes and association with EBV, and latency 
pattern as determined on analysis of 212 cases, was recently published and is 
shown in Table  1.1  [ 3 ].

   The following paragraphs list the lymphoma subtypes most frequently seen in 
HIV-infected individuals, in approximate order of frequency and their main patho-
logical diagnostic features. 

    Table 1.1    Pathological subclassifi cation and EBV assessment by EBER-ISH and immunohisto-
chemistry for LMP1 and EBNA2 in AIDS-related lymphoma   

 AIDS lymphoma 
subtype  No. 

 EBV 
positive 
(%) 
 EBER- 
ISH 

 Immunophenotype 

 Latency I 
 LMP1 − EBNA −  
 (% of EBV + ) 

 Latency II 
 LMP1 + EBNA2 −  
 (% of EBV + ) 

 Latency III 
 LMP1 + EBNA2 +  
 (% of EBV + ) 

 DLBCL 
non-GC 

 48  27 (56 
%) 

 10 (37 %)  8 (30 %)  8 (30 %) 

 DLBCL GCB  98  25 (25 
%) 

 19 (76 %)  3 (12 %)  3 (12 %) 

 DLBCL null  13  4 (31 
%) 

 1 (25 %)  3 (75 %) 

 BL  19  10 (53 
%) 

 9 (90 %)  1 (10 %) 

 PBL  9  8 (89 
%) 

 8 (100 %) 

 PEL (solid 
variant) 

 14  12 (86 
%) 

 11 (92 %)  1 (8 %) 

 BCL-U  4  3 (75 
%) 

 3 (100 %) 

 Polymorphic 
LPD 

 7  5 (71 
%) 

 1 (20 %)  1 (20 %)  3 (60 %) 

 Total  212  94 (44 
%) 

 61 (65 %)  15 (16 %)  17 (18 %) 

  Published in Arvey et al. [ 3 ] 
 These 212 cases were classifi ed as latency I in EBER1 cases when no LMP1 or EBNA2 was 
expressed, as latency II when these were positive for LMP1 but negative for EBNA2 and as latency 
III where there was expression of both EBNA2 and LMP1 
  BCL-U  B-cell lymphoma, unclassifi able, with features of DLBCL and BL,  DLBCL null  negative 
for CD10, BCL6, and MUM1,  LPD  lymphoproliferative disorder,  PEL  primary effusion 

lymphoma  
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1.1.1     Diffuse Large B-Cell Lymphomas (DLBCL) 

 These are the most common AIDS-related lymphomas and occur in both HIV- 
infected and HIV-uninfected individuals. In patients with HIV infection, DLBCLs 
were originally divided based on cellular morphology into centroblastic (Fig.  1.1a ) 
and immunoblastic (Fig.  1.1b ) categories and based on location into systemic and 
primary central nervous system lymphomas (CNS). The immunoblastic type is 
mostly seen in people with AIDS and is more frequently associated with EBV infec-
tion, with reported rates of positivity by this virus as high as 80–90 % [ 17 ]. 
Immunoblastic lymphomas have also been shown to frequently have an unrestricted 
EBV latency (type III) [ 17 ,  105 ]. This subtype includes most AIDS-related primary 
CNS lymphomas. However, immunoblastic lymphomas are less frequently seen in 
the era of CART, at least in the US and Europe, as this type of DLBCL occurs in the 
context of severe immunodefi ciency, because the EBV proteins expressed in these 
tumors are not only oncogenic but also immunogenic [ 20 ,  75 ]. EBV is most com-
monly detected in diagnostic pathology laboratories using in situ hybridization for 
EBERs (Fig.  1.1c ), which are abundantly expressed, noncoding viral RNAs. Cases 
with centroblastic morphology occur regardless of HIV infection. These lympho-
mas are subdivided into germinal center and non-germinal center subtypes (non-GC 
or ABC) in both HIV-positive and HIV-negative patient populations. However, in 
people with AIDS, the clinical signifi cance of this subclassifi cation is more contro-
versial and may be dependent of treatment [ 23 ,  25 ,  40 ]. DLBCLs in patients with 

c a b

  Fig. 1.1    Diffuse large cell lymphoma (DLBCL). HIV-DLBCLs morphologically are either “cen-
troblastic” ( a ) or “immunoblastic” ( b ) in appearance. The “immunoblastic”-appearing lesions are 
more frequently EBV positive ( c ) ( a ,  b : hematoxylin and eosin, 40× original magnifi cation;  c : In 
situ hybridization; 40× original magnifi cation)       
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AIDS more frequently have an extranodal presentation, a larger proportion are of 
the germinal center subtype, and there is a more common association with EBV (30 
% in AIDS vs. <5 % in HIV-). One study of 70 AIDS-related DLBCL showed that 
EBV positivity was independently associated with a higher 2-year overall mortality 
and recommended incorporating EBV status with IPI in prognostication [ 26 ], 
although this association has not been found in other studies [ 23 ]. In terms of EBV 
latency, the GC subtype of AIDS DLBCL is less frequently EBV positive than the 
non-GC subtype (25 % vs. 56 %) and more frequently exhibits type I latency (76 % 
of EBV+ cases), in contrast to a fairly even distribution in latency profi les in the 
non-GC subtype, at least as assessed by immunohistochemistry (Table  1.1 ) [ 3 ].

   A diagnosis of DLBCL can be made by morphologic evaluation of hematoxylin 
and eosin (H&E)-stained tissue sections based on a loss of normal tissue architecture 
and sheets of large cells of B-cell origin, as determined by immunohistochemistry for 
B-cell antigens, such as PAX5 or CD20. Classifi cation into the main cell of origin 
subtypes can be made using molecular approaches such as gene expression profi ling 
and RNA sequencing. Although these are the most reliable methods of cell of origin 
subclassifi cation, they are not yet available as part of routine patient care. Thus, sur-
rogate immunohistochemistry studies are used by the majority of clinical laborato-
ries [ 28 ,  60 ,  131 ]. Newer technologies and classifi ers that allow analysis of gene 
expression using formalin-fi xed paraffi n embedded samples have been reported to be 
better at subclassifi cation than immunohistochemistry. These include a 21-gene 
QuantiGene Plex Assay [ 59 ], a LIMD1-MYBL1 two-gene index [ 135 ], a 14-gene 
reverse transcriptase multiplex ligation-dependent probe amplifi cation assay, and a 
30-gene panel using digital multiplexed gene expression (DMGE; Nanostring) [ 84 ]. 
These methods remain to be validated by more investigators and have not been tested 
in AIDS-related lymphomas. Immunohistochemistry with Ki67 is also useful in 
AIDS-related lymphomas to evaluate the proliferation index, which can have prog-
nostic signifi cance as individuals with tumors with a higher proliferation index have 
been found to respond better to aggressive chemotherapy regimens [ 23 ]. Proliferation 
rate assessment may also help differentiate DLBCL from Burkitt lymphoma, 
although many DLBCLs in HIV+ patients can have very high proliferation rates.  

1.1.2     Burkitt Lymphomas (BL) 

 Three epidemiologic subtypes of BL are recognized: endemic, sporadic, and AIDS 
related. The typical histological appearance of BL is the presence of cohesive sheets 
of malignant cells that are small to intermediate in size and contain moderately 
abundant basophilic cytoplasm and round, regular nuclei possessing two to fi ve 
distinct nucleoli. The presence of abundant mitotic fi gures, and numerous, evenly 
distributed tingible body macrophages with abundant clear cytoplasm are character-
istic and have led to a description of BL having a “starry-sky” appearance (Fig.  1.2 ). 
However, BL occurring in individuals with AIDS may have atypical features, such 
as some cases showing plasmacytoid differentiation and others exhibiting greater 
nuclear polymorphism [ 103 ]. The immunophenotype of BL includes positivity for 
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B-cell antigens, CD10, and BCL6 and negativity or only weak positivity for BCL2. 
Ki67 immunohistochemistry will be positive in >95 % of the tumor cells, as BL is 
one of the fastest growing tumors in humans.

   The molecular hallmark of BL is the translocation of the  MYC  oncogene into one 
of the immunoglobulin (Ig) loci. The t(8;14), involving the  MYC  and immunoglobu-
lin heavy chain ( IGH ) genes, is the most common, but approximately 10 % of the 
cases have a  MYC  translocation to one of the Ig light chain genes. The clinical 
method most commonly used to assess the presence of this translocation is fl uores-
cent in situ hybridization (FISH) using a break-apart probe, which will show a split 
signal independent of the translocation partner. The consequence of this transloca-
tion is thought to be a deregulated expression of  MYC . Mutations in the  MYC  regu-
latory and coding regions also occur in BL [ 8 ,  13 ,  22 ,  101 ,  112 ] and have been 
shown to contribute to abnormal expression or prolonged protein stability. In the 
absence of a demonstrable  MYC  translocation, the histology and phenotype must be 
otherwise completely typical for a diagnosis of BL.  

1.1.3     B-Cell Lymphoma, Unclassifiable, with Features 
Intermediate between DLBCL and BL (BCL-U) 

 This designation has been given to high-grade lymphomas that do not fi t cleanly 
into the DLBCL or BL categories [ 69 ]. Some of these cases used to be classifi ed 

  Fig. 1.2    Burkitt lymphoma. Note the “starry-sky” appearance with numerous tingible body mac-
rophages. Scattered mitotic fi gures are seen. The cells are medium in size with scant cytoplasm and 
squared-off cytoplasmic borders (hematoxylin and eosin; 40× original magnifi cation)       
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as atypical or Burkitt-like lymphoma. Unfortunately, the criteria for this desig-
nation are not always completely objective, and thus this nomenclature is used 
for a heterogeneous group of cases. A molecular designation cannot be made, 
because the presence or absence of  MYC  translocations is not suffi cient as it can 
be seen in otherwise typical cases of BL or DLBCL. Rather, this category should 
be used for cases with unusual morphology or phenotype. Some of these cases 
may belong to a separate molecular category ascribed to lymphomas with  MYC  
translocations and a complex karyotype, including additional translocations in 
oncogenes such as BCL-6 and/or BCL-2 (double- or triple-hit lymphomas). 
Others may correspond some cases classifi ed by histology as BL but upon gene 
expression profi ling do not have a Burkitt signature [ 35 ,  62 ] or express the clas-
sic immunophenotypic profi le. BCL-U may be EBV positive or negative, but the 
true proportion is not clear, as these rare cases were only recently recognized by 
the WHO.  

1.1.4     Classical Hodgkin Lymphoma (CHL) 

 While not considered an AIDS-defi ning malignancy, AIDS-CHL is increased in 
incidence in HIV-infected individuals and may be surpassing AIDS-NHL in fre-
quency in some populations [ 30 ,  54 ]. The proportion of AIDS-CHL appears to have 
been increasing as individuals with HIV infection experience longer life expectan-
cies and better immunological control with CART [ 54 ]. While CHL occurs in both 
HIV-infected and HIV-uninfected individuals, there are some important differences 
in these two patient populations. In particular, AIDS-CHL is accompanied by EBV 
infection in close to 90 % of cases, while only approximately one third of CHLs are 
positive for EBV in immunocompetent individuals. In addition, the mixed cellular-
ity or lymphocyte-depleted forms of CHL comprise a larger number of cases in 
HIV+ patients, while the nodular sclerosis subtype is more common in the general 
population [ 16 ,  103 ].  

1.1.5     Primary Effusion Lymphoma (PEL) 

 PEL is a rare lymphoma subtype, accounting for less than 5 % of all HIV-related 
NHLs. It can also occur in individuals without HIV infection but is extremely rare 
in this latter context. PEL is characterized by the presence of KSHV (also called 
HHV-8) within the tumor cells, and this virological association is considered a diag-
nostic criterion [ 21 ,  88 ,  103 ]. It presents most commonly as a lymphomatous effu-
sion involving one or more of the pleural, peritoneal, and pericardial spaces. 
However, about one third of the cases can show dissemination to extracavitary sites. 
Some rare cases of AIDS-related NHL are associated with KSHV infection but 
without evidence of body cavity involvement. These have been designated solid or 
extracavitary PEL and represent approximately 5 % of all AIDS-NHLs. They typi-
cally have the morphology of DLBCL, frequently with immunoblastic features, but 
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like PELs, they frequently lack of expression of B-cell antigens and are commonly 
co-infected with EBV [ 24 ]. 

 In addition to the presence of KSHV, the vast majority of PEL cases are co- 
infected with EBV. While PEL is a tumor of B-cell origin, it is characterized by the 
lack of expression of B-cell-associated antigens and immunoglobulins (Ig). This 
lack of B-cell antigens in a neoplastic cell of B-cell origin is not unique to PEL and 
can be seen in other B-cell malignancies, such as the Reed-Sternberg cells of 
CHL. Morphologically, it is composed of large tumor cells, with features that can be 
immunoblastic or anaplastic. However, the lack of B-cell antigen expression can 
make these diffi cult to identify by immunohistochemistry, and a tumor other than 
lymphoma may be suspected (Fig.  1.3 ), particularly since PELs are often positive 
for antigens such as CD138 and EMA (epithelial membrane antigen), which can be 
seen in other entities including plasma cell myeloma and some carcinomas. The 
presence of KSHV is most easily assessed by immunohistochemistry for the KSHV 
nuclear antigen LANA (encoded by ORF73), which is commercially available 
(Fig.  1.3 ).

   Patients presenting with a primary lymphomatous effusion that lacks KSHV 
have been reported, but these appear to be a different disease entity, which have 
been referred to by some investigators as KSHV- or HHV-8-negative PEL [ 5 ,  85 ,  93 , 
 127 ]. A recent paper described two cases of KSHV-negative PEL with a review of 
the literature including 48 additional cases. Among these, 21 % were positive for 

  Fig. 1.3    Primary effusion lymphoma (PEL). The neoplastic cells are large (see red cells and 
granulocyte in comparison) and pleomorphic, prominent large nucleoli, and abundant cytoplasm 
(Giemsa; 100× original magnifi cation). The insert shows positivity for KSHV LANA by immuno-
histochemistry in a cell block       
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EBV and 22 % for hepatitis C virus (HCV). Where clinical information was avail-
able, all of these KSHV-negative cases occurred in HIV-negative individuals, and 
the patients had a median age at diagnosis of 74 years [ 111 ], consistent with the 
notion that that this is a different disease entity than PEL.  

1.1.6     Plasmablastic Lymphoma (PBL) 

 This is a very aggressive malignancy that was fi rst reported in the oral cavity of 
HIV-infected individuals [ 37 ] but subsequently was shown to occur in other sites, as 
well as in conjunction with other immunodefi cient states [ 31 ]. This lymphoma sub-
type seems to be particularly common in HIV-infected patients in India, so there 
may be a particular geographic distribution [ 57 ]. The vast majority of cases in the 
oral cavity are EBV positive, but in other sites, up to 25 % of cases are EBV nega-
tive. The immunophenotype of these lymphomas resembles that of plasma cells, 
with expression of plasma cell antigens including MUM1 and CD138, but usually 
no expression of B-cell antigens like CD20 and CD79a. There is expression of 
monotypic cytoplasmic immunoglobulin in the majority of cases, which can be use-
ful to distinguish PBL from PEL. The stringency of the criteria used for classifi ca-
tion of these lesions has varied over time, with some studies using a very strict 
defi nition (such as presentation in the oral cavity and presence of EBV), which 
results in PBL being an extremely rare entity. However, a more general defi nition, 
provided by the 2008 WHO, includes both EBV-negative cases and extraoral pre-
sentation, as long as the morphology (as illustrated in Fig.  1.4 ) and immunopheno-
type are that of B immunoblasts or plasma cells [ 120 ], and thus according to these 
criteria, PBL is less rare. A recent report of fi ve cases with a review of the literature 
identifi ed 248 PBL cases, out of which 157 were in HIV-positive patients, 43 % 
were outside the oral cavity, and 86 % were EBV positive [ 33 ]. This is a highly 
aggressive tumor that responds poorly to all available therapies, with a median sur-
vival of around 14 months in HIV-positive patients. Approximately half of the cases 
have been shown to have a  MYC  translocation [ 129 ], and, at least according to this 
molecular study, there are no translocations as evidenced by fl uorescent in situ 
hybridization (FISH) in the other common lymphoma-associated genes ( BCL2 , 
 BCL6 ,  MALT1 ,  PAX5 ), although gains of some of these loci were found in over a 
third of the cases.

1.1.7        Polymorphic B-Cell Lymphoid Proliferations (Poly-LPDs) 

 These are very rare lesions that morphologically resemble the polymorphic post-
transplantation lymphoproliferative disorders (PTLDs) seen in solid organ and bone 
marrow transplant recipients [ 88 ,  103 ]. HIV-poly-LPDs have been diagnosed in 
both HIV-positive adults and children [ 55 ,  89 ,  123 ,  133 ]. They are composed of a 
heterogeneous mixture of cells including lymphocytes, plasmacytoid lymphocytes, 
plasma cells, epithelioid histiocytes, and immunoblasts, the latter of which exhibit 
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a variable degree of cytologic atypia (Fig.  1.5 ). Foci of necrosis can also be seen 
within the lesions. In most cases, B cells account for the majority of the cells. 
Although in some cases contain polytypic B cells, most show a predominance of 
either kappa- or lambda-positive cells, while in some the B cells aberrantly express 
CD43 indicating the presence of an abnormal B-cell population. As with polymor-
phic PTLDs, most HIV-poly-LPDs are EBV positive [ 55 ,  83 ,  89 ,  123 ,  133 ]. 
Molecular genetic studies show that the vast majority of the HIV-poly-LPD cases 
are monoclonal based on either the presence of an immunoglobulin gene rearrange-
ment or clonal EBV infection. In general structural alterations in oncogenes and 
tumor suppressor genes are rare but if present are associated with more aggressive 
disease behavior [ 89 ]. Although only limited clinical outcome information has been 
reported, patients who experienced regression of their HIV-poly-LPD following 
antiviral therapy have been reported [ 14 ,  83 ].

1.1.8        Lymphoma Arising in KSHV-Associated Multicentric 
Castleman Disease (MCD) 

 These are very rare lymphomas that mainly occur in HIV-positive patients [ 41 ]. 
Their original designation was of plasmablastic lymphoma [ 41 ], but they are a dif-
ferent disease entity from plasmablastic lymphomas associated with EBV infection 

  Fig. 1.4    Plasmablastic lymphoma. This example plasmablastic lymphoma was from the anal 
region and shows sheets of cells with plasma cell features (hematoxylin and eosin, 40× original 
magnifi cation)       
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(described above) as they are KSHV positive but EBV negative. Lymphomas aris-
ing in KSHV-associated MCD also have characteristics that differentiate them from 
PEL (and solid/extracavitary PEL): (i) they are KSHV+ but EBV negative; (ii) they 
express IgMλ cytoplasmic immunoglobulin (while PELs do not express Ig); (iii) 
there is a background of MCD in the involved lymph nodes; and (iv) they do not 
contain mutations in the immunoglobulin genes and therefore are thought to arise 
from naïve B cells rather than from terminally differentiated B cells as in PEL. A 
separate KSHV-associated lesion has also been reported, called germinotropic lym-
phoproliferative disorder, in which germinal center B cells are co-infected with 
EBV and KSHV [ 39 ].   

1.2     Other Non-Hodgkin Lymphomas also Occurring 
in Immunocompetent Patients 

 Recent epidemiological studies have shown that although the risk of developing 
AIDS-defi ning NHL subtypes is very high compared to the general population, the 
risk of developing other types of lymphomas, including some T-cell lymphomas 
(SIR = 3.6–14.2), marginal zone lymphoma (SIR = 2.4), lymphoplasmacytic lym-
phoma/Waldenstrom macroglobulinemia (SIR = 3.6), and lymphoblastic leukemia/
lymphoma (SIR = 2.4) is also elevated in the HIV patient population [ 53 ]. 

  Fig. 1.5    HIV-associated polymorphic lymphoproliferative disorder. Note the heterogeneous or 
polymorphic cell population which is composed of a mixture of cells including cells with plasma-
cytic differentiation and cells which are Reed-Sternberg like in appearance (hematoxylin and 
eosin, 40× original magnifi cation)       
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1.2.1     Anaplastic Large Cell Lymphoma (ALCL) 

 This non-AIDS-defi ning lymphoma is associated with one of the highest risks of 
development in HIV-positive patients (SIR = 14.2). Furthermore, ALCL accounts 
for approximately 20–30 % of the T-cell lymphomas in HIV-infected individuals [ 4 , 
 19 ]. These lymphomas in the HIV-positive population are morphologically similar 
to those seen in HIV-negative patients where the lesions are composed of large pleo-
morphic cells, including hallmark cells and are bright CD30 positive and usually 
express CD4 (Fig.  1.6 ). However, in comparison to the HIV-negative population 
where a large proportion of the cases are ALK1 positive and usually EBV negative, 
ALCL lesions in HIV-positive individuals are ALK-1 negative based on immunos-
taining, and approximately one third of cases are positive for EBV [ 98 ]. Although 
HIV-associated ALCL can occur in the lymph nodes, virtually all patients have 
extranodal disease, most frequently involving the lung, liver, and spleen, soft tissue, 
skin, and bone marrow. Lesions in unusual sites, such as the gingiva, have also been 
reported [ 50 ,  98 ,  108 ,  109 ].

    The majority of the HIV-positive individuals who develop ALCL are men (ratio 
3.5–4:1) with a mean age of 38 years (range of 1–76 years) [ 98 ,  109 ]. Most HIV- 
positive ALCL patients are signifi cantly immunosuppressed with a mean CD4 
count, based on a large review, of less than 100/dL [ 98 ]. The disease is aggressive 
with approximately 70–75 % of HIV-positive ALCL patients dying, usually of 
either lymphoma or infectious complications [ 98 ,  108 ,  109 ].   

  Fig. 1.6    Anaplastic large cell lymphoma, ALK negative. Note the presence of “hallmark” cells 
and the bright CD30 expression ( inset ) by the neoplastic cells (hematoxylin and eosin, 40× original 
magnifi cation; inset, immunoperoxidase, 40× original magnifi cation)       
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1.3     Other Non-AIDS-Defining Hematological Malignancies 

 As patients are living longer with HIV infection, a number of malignancies in these 
patients are becoming more frequent, including carcinomas, such as the colon, 
breast, lung, and prostate [ 96 ]. Hematological malignancies not typically associated 
with AIDS have also been emerging, and HIV-infected patients with leukemias and 
CLL have been reported. A study in Japan identifi ed 47 patients with non-AIDS- 
defi ning hematological malignancies [ 58 ], and these types of cases have also been 
reported in Africa [ 86 ]. However, the literature on these diseases in HIV+ patients 
is often limited to small series and case reports. The following paragraphs are an 
overview of the pathology of some of the most common myeloid disorders, leuke-
mias and myeloma, and when available, specifi c characteristics of cases reported in 
patients with HIV infection. 

1.3.1     Acute Myeloid Leukemia 

 Although epidemiologic studies in the United States and Italy do not indicate an 
increased standard incidence rate (SIR) of AML in HIV-infected persons, studies 
from France showed that the risk of AML in HIV-positive patients is twice that of 
the general population [ 43 ,  102 ,  121 ]. Acute myeloid leukemia can occur in 
patients of any HIV-risk group including sexually transmitted, transfusion-related, 
and drug use-risk groups and at any stage of HIV disease [ 2 ,  61 ]. AML can 
develop at any age in HIV-positive patients, including children; however, the 
mean and median age at diagnosis is approximately 40 years [ 2 ,  44 ,  61 ,  119 ,  121 , 
 128 ]. Although many of the cases are classifi ed as acute myeloid leukemia, not 
otherwise specifi ed, cases of acute myeloid leukemia from all categories in the 
2008 WHO classifi cation, including cases of acute myeloid leukemia with recur-
rent genetic abnormalities, such as t(8;21), t(15;17), inv(16)(p13.1q22), and 
t(3;3), acute myeloid leukemia with myelodysplasia-related changes, and ther-
apy-related myeloid neoplasms have been described (Fig.  1.7 ) [ 2 ,  10 ,  44 ,  61 ,  82 , 
 121 ]. There appears, however, to be relatively large number of cases which are 
classifi ed morphologically as acute myeloid leukemia with maturation (FAB M2) 
and acute myelomonocytic leukemia (FAB M4), with or without the associated 
genetic alterations of t(8;21) and inv(16) [ 2 ,  61 ,  121 ]. Cases of myeloid sarcoma 
have also been reported [ 32 ,  81 ,  107 ]. 

 The majority of the HIV-positive patients with AML who are treated with induc-
tion chemotherapy go into clinical remission, but many subsequently relapse. 
Although in general the prognosis for HIV-positive AML patients is poor, long-term 
clinical remissions (approximately 10 years) have been reported in the literature. As 
with diffuse large B-cell lymphoma, the level of immunosuppression as refl ected by 
the CD4 count appears to be an important prognostic indicator. Patients with CD4 
counts less than 200/dL have much shorter survival times than those with a CD4 
count greater than 200/dL at diagnosis [ 2 ,  44 ,  121 ]. In addition, AMLs with an 
unfavorable karyotype are associated with a worse prognosis [ 44 ].  
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1.3.2     Chronic Myelogenous Leukemia 

 BCR-ABL-1 positive chronic myelogenous leukemia (CML) can occur in both 
HIV-positive children and adults with a median age at diagnosis in the mid-to-late 
30s, although some studies, predominately in western countries, show it to be a 
more of a disease in older patients [ 61 ,  76 ,  78 ,  95 ,  114 ,  130 ]. Most case reports and 
small series from Europe and the United States show CML occurring predominately 
in HIV-positive men, while studies from South Africa show a male to female ratio 
in the HIV-positive patient population closer to that of HIV-negative individuals 
with CML [ 78 ,  95 ]. The occurrence of CML in HIV-positive patients is thought to 
be coincidental; in one large institution in South Africa, only 18 HIV-positive 
patients developed CML, representing only 7.5 % of all CML diagnoses, over a 
20-year period, while in another institution in the United States, only three cases 
were diagnosed over a 6 year period [ 95 ,  114 ]. 

 Morphologically, cases of CML, chronic phase, in HIV-positive patients show 
similar fi ndings as seen in HIV-negative patients, both in the peripheral blood 
(including leukocytosis with a leftward shift and basophilia) and in the bone mar-
row (hypercellularity with myeloid hyperplasia, increased myeloblasts, and 
megakaryocytic hyperplasia) [ 114 ]. Conventional cytogenetics and/or FISH 
shows t(9;22) with or without additional abnormalities [ 61 ,  95 ,  114 ]. In most 
cases the HIV-positive patients are in the chronic phase at diagnosis; however, 
some are in the accelerated phase or blast phase at diagnosis [ 95 ]. It is thought 

  Fig. 1.7    Acute myeloid leukemia. This acute myeloid leukemia in a HIV-positive patient was myelo-
peroxidase, CD13, CD33, CD15, CD34, and CD117 positive and exhibited a complex karyotype 
(hematoxylin and eosin, 40× original magnifi cation; insert Giemsa 100× original magnifi cation)       
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that CML may behave more aggressively in HIV-positive patients, as reported in 
a relatively large series from South Africa, presenting with greater splenomegaly, 
more advanced disease based on the Sokal score and a higher incidence of accel-
erated/blast phase than their HIV-negative counterparts [ 95 ]. The treatment of 
CML in all patients, including those that are HIV positive, has been transformed 
with the introduction of tyrosine kinase inhibitors (TKIs). However, drug-drug 
interactions between antiretroviral medications and TKIs, therapies that may use 
the same enzymes in metabolism, are thought to be important [ 36 ]. Although 
TKIs have improved outcomes in HIV-positive patients with CML, there are 
reports of poorer responses to TKIs compared to HIV-negative patients as well as 
indications that some patients on CART and imatinib who have achieved a major 
response with respect to the their CML have experienced a decrease in their CD4 
count [ 95 ,  114 ]. In addition, in some HIV+ patients on CART, TKIs can be associ-
ated with anemia [ 114 ].  

1.3.3     Polycythemia Vera and Primary Myelofibrosis 

 The incidence of these diseases in the HIV+ patient population is very low [ 7 ,  34 , 
 42 ,  72 ,  113 ,  134 ]. Many, but not all, of the reported HIV+ patients with polycythe-
mia vera appear to have secondary polycythemia, whether due to smoking, testos-
terone administration, or, possibly, antiretroviral therapy [ 7 ,  34 ,  42 ,  61 ,  72 ,  113 , 
 132 ,  134 ]. Thus, the incidence of primary polycythemia vera is exceedingly small, 
and the optimal treatment in HIV positive patients is not clear including the effi cacy 
of CART [ 34 ,  42 ,  72 ,  113 ,  134 ]. There are, however, rare case reports of HIV- 
positive patients with polycythemia who have experienced transformation to acute 
leukemia [ 61 ]. In addition, primary myelofi brosis is very rare with only scattered 
case reports in the literature [ 34 ].  

1.3.4     Myelodysplastic Syndrome (MDS) 

 Only a small number of well-documented cases of HIV myelodysplasia (HIV-MDS) 
are reported in the literature, and it is often diffi cult to determine which cases are 
MDS or HIV-related myelopathy (HIV-MP). Many of the morphologic changes 
seen in HIV bone marrows are reminiscent to the changes seen in MDS including 
megaloblastoid hematopoiesis, hypercellularity, and megakaryocytic dysplasia [ 66 , 
 67 ]. However, several studies evaluating bone marrow samples from HIV-infected 
individuals in comparison to HIV-negative patients with MDS have shown that 
there are differences between the two clinical settings, including the presence of 
more atypical micromegakaryocytes in HIV-negative MDS and the lack of severe 
nuclear lobulation abnormalities (i.e. pseudo-Pelger forms) in mature neutrophils as 
well as the absence of nuclear bridging in erythroblasts in HIV-MP [ 67 ,  124 ,  125 ]. 
Furthermore, in HIV-negative MDS, an increase in blasts and cytogenetic abnor-
malities are often found which is usually not the case for HIV-MP [ 64 ,  67 ]. 
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Clinically, the HIV-negative patients less often respond to erythropoietin adminis-
tration and experience progression of their disease, while the opposite is true for the 
HIV-MP patients [ 67 ]. 

 The clearly documented cases of HIV-MDS are clinically and pathologically 
different than HIV-MP [ 67 ,  106 ,  122 ]. Similar to their HIV-negative MDS coun-
terparts, these myeloid neoplasms in HIV-positive patients usually have cytoge-
netic abnormalities (when examined) and, where there is suffi cient follow-up, 
often progress to acute leukemia. However, in contrast to primary HIV-negative 
MDS, where the incidence of monosomy 7 or del(7q) is approximately 10 % [ 12 ], 
in HIV-MDS chromosome, 7 abnormalities have been seen in 9/13 (approximately 
70 %) of the evaluated cases [ 106 ,  122 ]. In addition, one study showed that the 
mean age at presentation is younger (55 vs. 65 years), the incidence of progres-
sion to acute leukemia is higher (63 % vs. 26 %), and the median survival shorter 
(8 vs. 22 months) for the HIV-MDS patients compared to their HIV-negative 
counterparts [ 122 ].  

1.3.5     Acute Lymphoblastic Leukemia 

 Although there appears to be no signifi cant association between HIV infection and 
acute lymphoblastic leukemia in some countries where studies have been done, such 
as Uganda [ 90 ], in the United States the incidence of all precursor lymphoid neo-
plasms in HIV-positive individuals is increased (SIR = 2.4) compared to their immu-
nocompetent counterparts [ 53 ]. Furthermore, a recent study from Japan showed that 
lymphoblastic leukemias account for approximately 15 % of non-AIDS-defi ning 
hematologic malignancies in HIV-positive patients [ 58 ]. Acute lymphoblastic leuke-
mia can occur in both HIV-positive children and HIV-positive adults and can be of 
either B- or T-cell phenotype [ 29 ,  46 ,  51 ,  52 ,  68 ,  77 ,  79 ,  90 ,  99 ,  100 ,  119 ,  126 ]. In 
addition, a rare case of HIV-associated Ph + ALL has been also reported [ 126 ]. In 
most instances, these precursor lesions are composed of lymphoblasts with fi nely dis-
persed chromatin, inconspicuous nucleoli, and scant cytoplasm and, where reported, 
have been found to be TdT and/or CD34 positive [ 29 ,  46 ,  52 ,  68 ,  77 ,  79 ,  100 ,  126 ]. 
However, care must be taken when reading the literature as many of the B acute lym-
phoblastic leukemias reported during early in the AIDS epidemic were actually 
Burkitt lymphoma in the peripheral blood. Although many patients die of their disease 
or complications of treatment [ 46 ,  51 ,  77 ,  79 ,  99 ], some patients with multiagent che-
motherapy with or without transplant can experience long-term survivals [ 119 ,  126 ].  

1.3.6     Chronic Lymphocytic Leukemia/Small Lymphocytic 
Lymphoma (CLL/SLL) 

 CLL/SLL is an uncommon malignancy in the HIV patient population. In Japan, 
only one case of CLL in a HIV-positive individual was reported between 1991 
and 2010, while in a single university teaching institution in Nigeria, only 4 % of 
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all CLL cases between 1993 and 2008 occurred in HIV-positive persons [ 9 ,  58 ]. 
In the United States, only 1.1 % of all HIV-associated lymphomas diagnosed 
between 1996 and 2000 were CLL [ 53 ]. However, this is somewhat increased 
compared to a single-institution series between 1982 and 2000 where only 2 out 
of 410 (0.5 %) HIV-associated lymphomas were CLL/SLL [ 74 ]. Unfortunately, 
the CART status of the CLL patients in these studies from the United States is 
not reported [ 53 ,  74 ]. As the CLL patients are usually included in larger group 
studies, it is diffi cult to determine clinical characteristics and outcomes of the 
patients. However, the three patients reported from Nigeria were all females, 
median age of 56, who presented with high stage disease; all died within a few 
weeks of diagnosis. A well- documented case study from the United States, with 
phenotypic and genotypic data, described a 65-year-old man who initially pre-
sented with indolent disease, went untreated for 7 months, and subsequently 
developed aggressive disease, dying approximately 2.5 years after diagnosis 
[ 104 ]. A small number of CLL cases of T-cell phenotype have also been reported. 
All of these cases were found to be composed of suppressor/cytotoxic T cells 
[ 65 ,  71 ].  

1.3.7     Plasma Cell Myeloma 

 The defi nition of plasma cell myeloma according to the 2008 WHO is “a bone 
marrow-based, multifocal plasma cell neoplasm associated with an M-protein in 
serum and/or urine” [ 87 ]. The diagnosis is based on a combination of pathologi-
cal, radiological, and clinical features. These latter features include the presence 
of clonal plasma cells as well as related organ or tissue impairment such as 
hypercalcemia, renal insuffi ciency, anemia, and bone lesions [ 87 ]. Based on 
these criteria, the diagnosis of plasma cell myeloma in HIV-positive patients can 
be diffi cult as some to many of the diagnostic fi ndings in this clinicopathologic 
entity can be also seen as a secondary events due to HIV infection, opportunistic 
infection, or therapy [ 45 ]. For example, studies have found that 23–83 % of HIV 
patient bone marrow samples exhibit plasmacytosis [ 18 ,  66 ,  92 ], and 
between 2.5 and 56 % of all HIV patients have monoclonal or mono-/oligoclo-
nal serum proteins (MGUS) [ 27 ,  45 ]. Furthermore, many HIV-positive patients 
are anemic or have renal insuffi ciency secondary to HIV infection or other 
causes [ 45 ,  92 ]. 

 Plasma cell myeloma is thought to account for approximately 0.01–0.03 % of all 
neoplasms in HIV-infected individuals [ 47 ,  49 ,  56 ]. However, it is not clear if the risk 
or incidence of plasma cell myeloma in HIV-positive patients is increased [ 27 ,  38 , 
 47 ,  49 ,  56 ]. It does appear that the median age at diagnosis of plasma cell myeloma/
plasmacytoma in the HIV patient population is signifi cantly lower, approximately 32 
years [ 45 ,  91 ,  97 ], compared to HIV-negative individuals where the median age at 
diagnosis of plasma cell myeloma is about 70 years [ 87 ]. The relative risk of patients 
with HIV and plasma cell myeloma dying is threefold that of HIV-negative 
patients [ 115 ].      
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2.1         Epidemiological Background 

 The International Agency for Research on Cancer (IARC) has recognized that sev-
eral infectious agents are carcinogenic to humans (Group 1), as summarized in 
Table  2.1  [ 22 ]. In particular, the IARC Working Group on Biological Agents has 
determined that there is suffi cient evidence in humans for the carcinogenicity of 
infection with HIV-1 (thereafter, HIV) as a cause of Kaposi’s sarcoma (KS), non- 
Hodgkin’s lymphoma (NHL), Hodgkin’s lymphoma (HL), and cancers of the cer-
vix, anus, and conjunctiva.

   HIV increases the cancer risk in humans indirectly, primarily by immunosup-
pression. Many of the AIDS-defi ning malignancies have an infectious primary 
cause, e.g., EBV, HPV, and KSHV. In addition to HIV-mediated immunosuppres-
sion, other aspects of the HIV biology contribute to the increased incidence of lym-
phomas and of other cancers in individuals infected with HIV. Suggested mechanisms 
include HIV-mediated immune dysregulation, in particular the hyperactivation of B 
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cells. However, unlike what is known about other cancer-associated viruses, there is 
no evidence that HIV infection by itself leads to cell transformation or immortaliza-
tion [ 22 ]. 

 In this chapter, the main epidemiological aspects of HIV-associated NHL and 
HL in the era of combination antiretroviral therapy (cART) will be briefl y discussed, 
in addition to available data on leukemias and other hematological conditions.  

2.2     Incidence and Excess Risk 

 NHL has been part of the AIDS case defi nition since the fi rst years of the epidemic. 
In particular, three types of lymphoma were recognized in HIV patients and included 
as AIDS-defi ning illnesses since the beginning of the 1980s [ 9 ]. They are primary 
CNS lymphoma and large-cell immunoblastic lymphoma, which occur in severely 
immunodefi cient patients, and Burkitt lymphoma that can occur at any stage of 
immune defi ciency [ 14 ]. The relative contribution of diffuse large B-cell lymphoma 
(e.g., the most common subtype, including immunoblastic lymphomas) to all HIV-
associated lymphomas increased in Italy from 36 % during 1986–1995 to 46 % in 
2001–2005 [ 11 ]. However, a nonsignifi cant decrease emerged thereafter in the 
USA, from 46 % during 2001–2005 to 36 % in 2006–2010 [ 18 ]. 

 The frequency of NHL varies by a small amount among HIV exposure groups 
[ 10 ]. This consistency suggests that cofactors for AIDS-related NHL are unlikely to 
be as important, or as unevenly distributed, as those for Kaposi’s sarcoma (e.g., 
Kaposi herpes virus) or anal cancer (e.g., human papillomavirus), which are much 
more common among homosexual and bisexual men than in any other transmission 
group [ 10 ]. 

 Improvements in immune function attributable to cART, widely available in 
industrialized countries since 1996, have led to a substantial decline in the incidence 

   Table 2.1    Infectious agents for which there is a suffi cient evidence of carcinogenicity for hema-
tological malignancies   

 Group 1 infectious agent 
 Lymphomas for which there is suffi cient evidence in 
humans 

 Epstein-Barr virus (EBV)  Burkitt lymphoma, immunosuppression-related 
non- Hodgkin’s lymphoma, extranodal NK/T-cell 
lymphoma (nasal type), Hodgkin’s lymphoma 

 Hepatitis C virus (HCV)  Non-Hodgkin’s lymphoma a  

 Kaposi’s sarcoma herpes virus (KSHV)  Primary effusion lymphoma a  

 Human immunodefi ciency virus, type 1 
(HIV-1) 

 Non-Hodgkin’s lymphoma, Hodgkin’s lymphoma a  

 Human T-cell lymphotrophic virus, 
type-1 (HTLV-1) 

 Adult T-cell leukemia and lymphoma 

 Helicobacter pylori  Low-grade B-cell mucosa-associated lymphoid tissue 
(MALT) gastric lymphoma a  

  Modifi ed from IARC [ 22 ] 

  a Newly identifi ed link between virus and cancer as of 2009  
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of most AIDS-defi ning conditions. The incidence of NHL declined approximately 
80 % in the cART period [ 4 ,  14 ,  29 ], a substantial reduction that was, however, less 
marked than the incidence recorded for KS or other AIDS-defi ning conditions. As a 
consequence, after 1996, NHL became the most frequent cancer type in people 
diagnosed with HIV/AIDS (PWA), with incidence rates ranging from 1/1000 per-
son years in HIV patients [ 15 ] to 3/1000 person years in AIDS patients [ 30 ,  32 ] 
(Table  2.2 ). In addition, a wide range of increased risks has been reported in 
population- based studies, mainly depending on the population under observation 
and the calendar years examined (Table  2.2 ). For instance, PWA in Italy from 1997 
to 2004 showed an approximately 90-fold higher risk than the general population – 
such risk was 500-fold elevated for those diagnosed with NHL in the pre-cART era 
(i.e., 1986–1996) [ 10 ]. In the latest studies conducted in PWA, the relative increase 
appears much lower, ranging between 10- and 20-fold higher than in the general 
population in Switzerland [ 15 ] and the USA [ 17 ].

   The pattern of risk for HIV-associated cancers in the cART era turned out to be 
similar to the one recorded in people iatrogenically immunosuppressed after organ 
transplantation [ 34 ]. A clinical-based cohort study conducted in Italy and France 
among HIV-infected people – with or without known dates of seroconversion – and 
among recipients of kidney or liver transplants, showed that the risk of NHL, as 
compared to the corresponding general population, was twofold lower in HIV- 
infected people treated with cART (i.e., SIR = 35) than in HIV-positive people who 
did not undergo cART (SIR = 72). Similarly, kidney transplant recipients who 
received mTOR inhibitors (i.e., a less immunodepressant antirejection regimen) 
showed a 70 % reduced risk of NHL, as compared to transplant recipients who 
underwent standard antirejection therapies [ 28 ]. These clinical-based data are in 
agreement with results from population-based studies, and they indicate a similar 
pattern of risk for lymphomas in immunosuppressed people, a pattern which does 
not seem to depend on the cause of immune defi ciency [ 19 ,  34 ]. In particular, these 
observations point to the role of EBV as a causal factor for lymphomagenesis in the 
setting of acquired immune defi ciencies [ 22 ]. 

 The excess risk for Hodgkin’s lymphoma in HIV-infected people was docu-
mented later than for NHL [ 33 ], because HL is one of the commonest cancers 
recorded among young adults in the general population, i.e., the individuals most 
heavily affected in the fi rst decade of the HIV/AIDS epidemic. Over time, the con-
tribution of HL increased during 1986–1995 to 2001–2005, from 4.8 % to 10.3 % 
of all HIV-associated lymphomas [ 11 ]. Incidence rates of HL in patients with HIV/
AIDS ranged between 0.5 and 0.8/1000 person years [ 15 ,  30 ], with a 10- to 20-fold 
higher risk in comparison with the general population (Table  2.2 ). 

 As seen in HIV-associated NHL since the beginning of the epidemic, the excess 
risk for HIV-associated HL was not consistently observed across HL types [ 33 ,  36 ]. 
A very highly increased risk was observed for mixed cellularity HL, whereas a less 
pronounced excess risk was demonstrated for other subtypes [ 16 ,  33 ]. Interestingly, 
studies with a longer follow-up period have documented that, in the course of the 
HIV/AIDS epidemic, age-standardized incidence rates and excess risks for HL 
were consistently stable in HIV-infected people [ 6 ,  30 ,  40 ]. This observation sug-
gests that cART has a limited impact on the development of HL. 
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 The occurrence of leukemia and of multiple myeloma was also documented in 
people with HIV/AIDS in Europe, the USA, and Australia [ 22 ], with incidence rates 
lower than ten cases per 100,000 years of observation. In Italy, the risk of leukemias 
(all types) in people with HIV/AIDS was nearly fi vefold higher before cART, 
whereas it was similar to the one recorded in the general population (RR = 1.1) 
thereafter [ 10 ] and consistently in different countries (Table  2.2 ). Similar incidence 
rates in PWA have been reported for multiple myeloma and plasma cell neoplasms, 
for which elevated rates in people with HIV/AIDS before and after the widespread 
use of cART [ 10 ] were reported less consistently [ 14 ,  15 ,  43 ]. 

 Excess cancer incidence among HIV-infected people has been recently estimated 
also in absolute terms in the USA. Robbins and colleagues [ 32 ] reported that 88 % 
of NHL and approximately 50 % of HL cancer cases (i.e., 1440 and 290 cases, 
respectively), in HIV-infected patients in 2010, were related to HIV infection. It was 
also estimated that, during 1992–2009 in the USA, 5.9 % of all NHL cases occurred 
in HIV-positive patients, 9.6 % in men and 1.3 % in women [ 38 ]. These proportions 
were highest for Burkitt (27 %), diffuse large B-cell (8 %), and peripheral T-cell 
(3 %) lymphomas, with proportions below 1 % in the other subtypes [ 38 ]. Overall, 
similar data for NHL were reported in the pre-cART period (8 %) among Italian 
PWA aged 15–49 years [ 8 ]. 

 The contribution of HIV infection impact on the burden of HL is smaller than 
that for NHL. In the USA, it was estimated that 3.8 % of all HL cases diagnosed in 
2000–2010 (8 % in men and 1.5 % in women) occurred in HIV-positive patients, 
with proportions >10 % for lymphocyte-depleted and mixed cellularity HL [ 39 ].  

2.3     Survival and Risk of Death 

 The life expectancy of PWA has dramatically increased in high-resource countries 
during the cART era, though it remains still lower than that of the general popula-
tion [ 2 ,  20 ,  37 ]. The survival of PWA after a diagnosis of cancer, especially KS and 
NHL, has been explored by several clinical-based investigations [ 5 ,  27 ,  42 ]. 
However, population-based studies on cancer survival in PWA are few [ 18 ] and so 
are the comparisons of cancer survival with the general population (thereafter 
referred to as non-PWA) [ 3 ,  7 ,  11 ].

   Figure  2.1  and Table  2.3  report the results of a population-based record linkage 
study of the Italian National AIDS Registry with the database of all Italian cancer 
registries [ 11 ]. The aim was to provide population-based estimates of PWA cancer 
survival in Italy, and to compare such estimates with those recorded in persons of 
the same age and sex affected by the same cancer but without AIDS (non-PWA).

   As shown in Figure  2.1 , also in the cART era, people with AIDS and NHL or HL 
had a signifi cantly reduced survival, in comparison with non-PWA, at both one and 
5 years after diagnosis. A 5-year survival of 64 % at 5 years was registered among 
non-PWA with NHL from Italian cancer registries, but only 25 % of PWA were 
alive 5 years after the diagnosis of NHL. Similarly, 42 % of PWA were alive after 
the diagnosis of HL, as compared to 86 % of matched non-PWA from Italian cancer 
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registries. In the same period, PWA had a 3.4-fold elevated risk of death for all 
NHLs combined than non-PWA (Table  2.3 ). The risk of death for PWA was particu-
larly elevated for follicular NHL (HR = 27.4) and T-cell NHL (HR = 20.9). Similarly, 
the risk of death for PWA and HL was about sixfold higher than among non-PWA 
and HL (HR = 5.9), with a very elevated risk emerging for the nodular sclerosis type 
of HL (HR PWA vs. non-PWA = 19.9) (Table  2.3 ). 

 A recent population-based record linkage study evaluated the effect of HIV on 
overall and on cancer-specifi c mortality, in six areas of the USA [ 7 ]. When all-cause 
mortality was considered as outcome, the US study showed risks of death similar to 
the Italian ones. HIV patients with diffuse large B-cell lymphomas displayed HR of 
death of 3.6 (3.0 in Italy) while for HL patients the HR was 4.2. However, the study 
showed that HIV was not associated with increased mortality when only cancer- 
specifi c mortality was used as outcome [ 7 ]. 

 Cancer continues to be an important cause of mortality in PWA in high-resource 
countries during the cART era [ 12 ,  21 ,  37 ]. It was estimated that NHL and KS rep-
resented 15–18 % of all deaths with several hundredfold higher risks of death than 
in the general population [ 1 ,  35 ]. In addition, non-AIDS-defi ning cancers (i.e., can-
cers other than KS, NHL, and invasive cervical cancer) caused approximately 
10–15 % of all deaths in PWA [ 1 ,  24 ,  25 ,  31 ,  35 ,  41 ], with a sevenfold higher risk 
of death than that of the general population [ 44 ]. 

 In comparison with the general population of the same sex and age, Italian PWA 
diagnosed in the early years of the cART era had an approximately 350-fold ele-
vated risk of death for NHL and of about 150-fold elevated risk for HL [ 35 ,  44 ]. The 
median age of PWA and HL was 41 years, and the median time from HL to death 
was only 4 months [ 44 ]. Data regarding selected variables of PWA and NHL, with 
corresponding standardized mortality ratios (SMR), are listed in Table  2.4  [ 35 ]. 
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  Fig. 2.1    Observed survival (OS) after cancer in persons with AIDS (PWA) a  and non-PWA b  in 
NHL and HL. Italy, 1996–2005.  Dotted lines  represent 95 % confi dence intervals (95 % CI).  a Pa-
tients aged 16–74 years.  b Matched (1:2 for NHL, 1:5 for HL) by histology, sex, age, period of 
diagnosis, and Italian area (Modifi ed from Dal Maso et al. [ 11 ])       
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As it can be seen, particularly high risks of death for NHL were recorded among 
females (SMR = 558), intravenous drug users (SMR = 537), and in PWA with NHL 
diagnosed in 1999–2000 (SMR = 1046).

       Conclusions 

 Overall, three times as many cancers were observed among PWA, compared to 
the general population, with a more than tenfold increase for NHL and HL. NHL 
became, in the 2000s, the most common cancer type among HIV-infected 
patients in high-income countries. In addition, the observed pattern of lymphoid 
neoplasms in PWA did not substantially change in recent years. A persisting, 
although narrowing, gap in cancer survival between PWA and non-PWA is still 
observed. The combination of higher incidence of NHL and lower survival after 
diagnosis leads to more than a hundredfold higher risk of death for this neoplasm 
in HIV-infected patients. 

 Prevention programs for HIV-infected persons need to be enforced, particu-
larly those aiming at smoking and alcohol cessations and at treating HCV infec-
tion and preneoplastic HPV-related lesions. Unfortunately, they may have only a 
limited impact on the incidence of lymphoid neoplasms. 

 The recent epidemiological evidence on HIV-associated lymphomas and 
hematological malignancies, summarized in this chapter, indicate a need to 
enhance the therapeutic approach to reduce mortality for these neoplasms in 

   Table 2.4    Standardized mortality ratios (SMR) and 95 % confi dence intervals (95 % CI) for non- 
Hodgkin’s lymphoma among people with AIDS, according to selected characteristics. a  Italy, 
1999–2006   

 Person years 

 Underlying cause of death 

 Non-Hodgkin’s lymphoma 

 Observed/expected  SMR (95 % CI) 

 Total  35,224  430/1.2308  349 (317–384) 

 Sex 

   Male  27,285  346/1.0802  320 (287–356) 

   Female  7939  84/0.1506  558 (445–691) 

 Age at diagnosis (years) 

   <45  26,648  270/0.467  579 (512–652) 

   ≥45  8576  160/0.7641  209 (178–245) 

 HIV transmission category 

   Intravenous drug user  14,374  159/0.2961  537 (457–627) 

   Men having sex with men  6602  90/0.3117  289 (232–355) 

   Heterosexual  12,279  144/0.5188  278 (234–327) 

 Calendar year 

   1999–2000  3047  88/0.0842  1046 (839–1289) 

   2001–2002  7467  109/0.2299  474 (389–572) 

   2003–2004  11,046  122/0.3843  317 (264–379) 

   2005–2006  13,663  111/0.5325  208 (171–251) 

  Modifi ed from check leading Serraino et al. [ 35 ] 

  a In some items, the sum does not add up to the total because of missing values  
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PWA and give them the same chances of survival observed in the general 
population. 

 Several large clinical series [ 13 ,  23 ,  26 ] demonstrated that patients with HIV 
and NHL or HL receiving the same treatment, or included in the same protocols, 
may have a similar outcome of HIV-negative patients. 

 Clinicians should be encouraged to improve prognosis of PWA by strongly 
considering treating patients with HIV and lymphomas with the same protocols 
used for HIV-negative patients [ 26 ], thus balancing risks and benefi ts of using 
potentially immunosuppressive treatments (see following chapters).     
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3.1         Epidemiology and Etiology 

 Systemic (or “non-CNS”) diffuse large B-cell lymphoma (DLBCL) is the most 
common lymphoma accounting for approximately 30–40 % of all new lymphoma 
diagnoses in HIV-negative patients and 30–80 % in HIV-infected patients [ 1 – 4 ]. 
Both plasmablastic lymphoma and primary CNS lymphoma are considered variants 
of DLBCL, but will be discussed in detail in separate chapters (Chap.   5    , Plasmablastic 
Lymphoma; and Chap.   7    , Primary CNS Lymphoma). While in the era before 1996, 
when no combination antiretroviral therapy (cART) was available, the risk of devel-
oping an aggressive non-Hodgkin lymphoma (NHL) was up to 600-fold increased 
compared to immunocompetent patients; this risk has declined to <20-fold in the 
era of cART [ 5 – 9 ]. In DLBCL in HIV-infected patients the severity of immunosup-
pression is the most important risk factor for developing disease. The HIV/AIDS 
Cancer Match study that analyzed data of 325,516 patients diagnosed between 
January 1, 1996, and December 31, 2002, found that the risk of developing non- 
CNS DLBCL was 390.7 and 157.6 per 100,000 person years in 1990–1995 and 
1996–2002, respectively. Additionally, for every decrease of the CD4 count by 50 
cells/ml at the time of HIV diagnosis, the risk of developing DLBCL increased by 
approximately 12 % (hazard ratio [HR] 1.12; 95 % confi dence interval 1.02–1.20) 
[ 10 ]. Many other studies report similar observations, with the risk of developing 
DLBCL being highest in patients with low CD4 counts, especially if <100 cells/ml, 
and less risk with higher CD4 counts. Both the CD4 nadir and the length of impaired 
immune function secondary to low CD4 counts appear to be important [ 11 – 13 ]. The 
median CD4 count at DLBCL diagnosis is typically around 200 cells/ml [ 14 ,  15 ]. 
Additionally, length of time of HIV viremia, even at low levels, has been established 
as risk factor for developing DLBCL [ 12 ,  13 ,  16 ,  17 ]. 

 Considering that both HIV viremia and low CD4 counts increase the risk of 
DLBCL, it is not surprising that use of cART substantially decreases the risk of 
developing DLBCL [ 18 ,  19 ]. It  should also be noted that the biology and presenta-
tion of DLBCL in patients with poorly controlled HIV are shifted toward more 
aggressive and often virally associated subtypes. Nevertheless, while the absolute 
incidence of HIV-related DLBCL has decreased over the years, patients with uncon-
trolled or advanced HIV now in the cART era have a similar risk for developing 
DLBCL  when compared to patients in the early days of the HIV epidemic [ 20 ]. 

 Although HIV itself appears not directly implicated in lymphomagenesis, the 
virus indirectly creates an environment in which chronic antigen stimulation, cyto-
kine dysregulation, and coinfection with oncogenic viruses, such as the Epstein- 
Barr virus (EBV), in the background of genetic abnormalities and impaired 
immunity, can lead to the emergence of monoclonal B cells (Fig.  3.1 ) [ 2 ,  21 ]. 
Particularly impaired T-cell immunity toward EBV, a ubiquitous gamma herpes 
virus, is strongly implicated in lymphomagenesis of the immunoblastic variant of 
DLBCL, which occurs generally in the more immunosuppressed host compared to 
the centroblastic variant of DLBCL [ 22 ,  23 ]. While EBV is identifi ed in neoplastic 
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  Fig. 3.1    Diffuse large B-cell lymphoma is characterized by effacement of normal architecture by 
diffuse infi ltration with large uniform lymphoid cells (( a ) Hematoxylin-eosin (H&E) stain, 20× 
magnifi ed view; ( b ) H&E stain, 40× magnifi ed view). The malignant cells are uniformly positive 
for CD20 on immunohistochemistry ( c ). The proliferation fraction is high as determined by Ki67 
staining, which is usually >40 % ( d ) (Slides are courtesy of Dr. Josette Briere)         

a

b
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Fig. 3.1 (continued)

c

d

lymphoma cells in 30–60 % of HIV-associated DLBCL, the  incidence is much 
higher in the immunoblastic variant of DLBCL (80–100 %) [ 2 ,  20 ,  24 ,  25 ]. The 
immunoblastic immunophenotype is furthermore characterized by plasmacytoid 
features with upregulation of plasma cell markers and downregulation of mature 
B-cell markers [ 26 ,  27 ]. Generally it is thought that immunoblastic DLBCL carries 
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a poorer prognosis, but whether this is related to the more immunosuppressed host 
or lymphoma-specifi c features remains unclear [ 28 ]. 

 Similarly to DLBCL in immunocompetent patients, gene expression profi ling in 
HIV-associated DLBCL can differentiate between a germinal center (GCB) and 
activated B-cell (ABC) subtype based on the presumed cell of origin. However, 
there is confl icting evidence regarding the prognostic signifi cance of the molecular 
subtype when determined by immunohistochemical algorithms in HIV-associated 
DLBCL [ 29 – 33 ]. Nevertheless, most studies suggest that the non-GCB phenotype 
is similarly associated with a worse prognosis in HIV-positive patients. While the 
ABC subtype dominated in the pre-cART era (>80 %), in the current era, there has 
been a pathobiological shift to more favorable subtypes [ 20 ,  30 ,  31 ,  34 ,  35 ]. 

 Recently, a subgroup within the heterogeneous entity of DLBCL termed “double- 
hit lymphoma” has been identifi ed, which is characterized by rearrangement of 
c-myc and either BCL2 or BCL6 and is associated with a very poor prognosis 
[ 36 ,  37 ]. Additionally, overexpression of c-myc and bcl-2 and/or bcl6 protein with-
out gene rearrangement appears to lead to worse than expected outcomes [ 38 ,  39 ]. 
In the setting of HIV, the proportion of DLBCL cases that are “double hit” and/or 
“double-expresser” has not been well studied [ 20 ,  33 ,  40 ]. 

 The microenvironment in HIV-related DLBCL appears to differ from that 
observed in sporadic DLBCL. Liapis and colleagues described increased angiogen-
esis, which is in turn associated with EBV positivity, and also within the immuno-
blastic phenotype, reduced numbers of infi ltrating T helper and regulatory T cells, 
but higher numbers of CD8-positive T cells [ 33 ]. These fi ndings support the rele-
vance of the tumor microenvironment and the important role of oncogenic viruses 
and dysregulated T-cell immunity in HIV-related lymphomagenesis.  

3.2     Presentation, Evaluation, and Prognostication 

 DLBCL in HIV-positive patients often presents at a more advanced stage, with B 
symptoms (>10 % weight loss, unexplained persistent fever, drenching night 
sweats), and more often involves extranodal tissue in severely immunosuppressed 
patients [ 3 ,  28 ,  41 – 45 ]. Most frequently involved is the GI tract; in the pre-cART 
era, GI involvement as the presenting site was seen in up to 50 % of cases [ 46 ,  47 ], 
but is much less common today (<15 %) [ 48 ]. Multifocal GI involvement is not 
infrequent (≤23 %) [ 49 ]. Other commonly involved extranodal sites are bone mar-
row (13–22 %), CNS (5–15 %), liver, and lung (each ≤5 %). Therefore, thorough 
clinical evaluation and staging is especially important in HIV-positive patients. 
However, many of these observations were reported in the pre-cART era and might 
no longer be accurate. 

 Once the diagnosis of DLBCL has been established by an expert hematopathol-
ogist’s careful evaluation of an excisional lymph node or tissue biopsy (core biop-
sies are generally considered to be inadequate), patients should undergo immediate 
careful clinical evaluation. The initial evaluation should focus on obtaining a com-
prehensive medical history to assess the symptoms related to lymphoma, perfor-
mance status, B symptoms, and other comorbidities that might impact treatment 
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decisions as well as a detailed HIV history. The latter should include assessment of 
prior opportunistic infections, general immune function, antiretroviral treatment 
history, and HIV control. Physical examination requires attention to node-bearing 
areas, including the Waldeyer’s ring, as well as the liver and spleen size. Laboratory 
evaluation must include at least a complete blood count, a comprehensive meta-
bolic panel to assess electrolytes, blood glucose, renal and liver function, uric acid, 
lactate dehydrogenase (LDH), hepatitis B and C serology, CD4 count, and HIV 
viral load. Staging examinations include at least a diagnostic X-ray computed 
tomography (CT) scan of the chest, abdomen, and pelvis (plus neck if cervical 
lymphadenopathy is present on physical examination) or a fl uorodeoxyglucose 
(FDG) positron emission tomography (PET)-CT scan. However, because of certain 
confounding factors such as HIV-related reactive adenopathy, increased incidence 
of infections, and lipodystrophy, interpretation of FDG-PET scans can be more 
diffi cult than in the HIV-negative population, especially in patients with detectable 
HIV viral loads [ 31 ,  50 ,  51 ]. 

 Given the increased incidence of bone marrow and CNS involvement in this 
population, we also strongly advise performing a unilateral bone marrow biopsy; 
imaging of the brain, preferably with gadolinium-enhanced magnetic resonance 
imaging (MRI); as well as a lumbar puncture for cytology and fl ow cytometry to 
rule out lymphomatous involvement. Additionally, cardiac function should be 
assessed in selected cases with either a cardiac MUGA (multigated acquisition) 
scan or an echocardiogram before treatment planning.

   Prognosis for HIV-infected individuals newly diagnosed with DLBCL is deter-
mined by patient-, lymphoma- and HIV-specifi c factors. The signifi cance for each of 
the factors has waxed and waned over the last  three decades owing to changes in 
antiretroviral and lymphoma-directed therapy, supportive care, and a shift in lym-
phoma biology. The  International Prognostic Index (IPI) and age-adjusted IPI 
(aaIPI), which were established in 1993 as prognostic scores predicting long-term 
survival in patients with aggressive non-Hodgkin lymphomas (NHL), have been 
extensively validated and remain reliable predictors of outcomes in HIV-related 
aggressive NHL [ 52 – 58 ]. HIV infection and its ensuing immunosuppression are 
competing risk factors that can impact outcome in this patient population. In the era 
before effective antiretroviral therapy became available, HIV-infected patients diag-
nosed with lymphoma were unable to tolerate aggressive chemotherapy, and out-
comes were universally poor. However, since effective HIV control has become 
achievable, adequate lymphoma-directed therapy is possible in the contemporary 
cART era, and survival now mirrors outcomes in immunocompetent patients [ 14 ,  58 ] 
(Fig.  3.2 ). With regard to the impact of HIV-related factors on survival,  the literature 
is divided. Low CD4 counts have been implicated as predictors of poor survival in 
several studies [ 57 ,  59 – 61 ], while others have not found such an association, espe-
cially in the cART era [ 54 ,  55 ,  62 ]. Similarly, high HIV viral load was associated 
with poor outcomes in some studies [ 63 – 65 ], while not in others [ 61 ,  64 ].

   One explanation might be that to capture the immune defi cit caused by HIV 
infection, a single measure alone might not be adequate. Composite scores have 
been developed to provide a more comprehensive measure of immune function. The 
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largest prospectively performed therapeutic trial for patients with AIDS-related 
NHL used an HIV score to stratify intensity of treatment in a prospective trial per-
formed in the pre-rituximab era. One point each was assigned to a history of prior 
AIDS, ECOG performance status (PS) >1, and a CD4 count of <100 cells/ml; 
patients with zero points were classifi ed as good risk, one point was deemed inter-
mediate risk, and two or more points were deemed high risk. This score – irrespec-
tive of intensity of lymphoma-directed therapy – was able to predict survival with 
5-year overall survival ranging from 47 to 51 % for the low-risk patients, 24–28 for 
intermediate-risk patients, and 3–11 % for poor-risk patients [ 56 ]. A different com-
posite HIV score, assigning points to presence of a prior history of AIDS, baseline 
CD4 count, and viral load, was also found to be associated with survival in patients 
with AIDS-related NHL treated in the rituximab era [ 66 ]. Further refi nement in 
prognostication can potentially be achieved by combining different established 
patient-, lymphoma-, and HIV-related prognostic markers relevant for this specifi c 
patient into one score, such as proposed by Bower and colleagues in the pre- 
rituximab era (combining CD4 count and IPI) or the AIDS-related lymphoma IPI 
(ARL-IPI) [ 57 ,  66 ]. In a retrospective analysis of 487 patients treated on clinical 
trials for AIDS-related aggressive lymphomas, the ARL-IPI, which combines an 
abovementioned HIV score consisting of prior history of AIDS, baseline CD4 
count, and viral load, with the age-adjusted IPI, the combined ARL-IPI was able to 
better predict survival than the age-adjusted IPI alone. Of note, in this analysis, 
5-year overall survival was 78 % for the low-risk group, which approximates out-
comes seen in HIV-negative patients with DLBCL. 

100

90

80

70

60

50

40

30

20

10

0 1 2 3 4 5

O
ve

ra
ll 

su
rv

iv
al

 (
%

)

Time to death in years

Before 1996

1996−2000 2001-2004

2005−2010

Number at risk:
2005−2010 59  50  33  24  13
2001−2004 114  88  80  63
1996−2000 200  175  125  80
Before 1996 64  57  49  43

 Log-rank p < 0.001

135
248
104

80
220
443
281
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 In addition to these clinical factors, immunohistochemical (IHC) profi ling also 
plays a role in the evaluation of potential prognostic or predictive biomarkers. The 
AIDS Malignancy Consortium’s (AMC) AMC010 trial evaluated the addition of 
the CD20 monoclonal antibody rituximab to chemotherapy with cyclophospha-
mide, doxorubicin, vincristine, and prednisone (CHOP) treatment for aggressive 
B-cell NHL. Additionally, AMC034 evaluated dose-adjusted cyclophosphamide, 
etoposide, doxorubicin, vincristine, and prednisone (DA-EPOCH) plus rituximab 
given concurrently versus sequentially. In analyses of AMC010 and AMC034, 
neither Bcl2 expression, EBV positivity, nor GCB versus non-GCB subtype in 
tumor tissue was found to be associated with outcome [ 30 ,  67 ]. However, patients 
with a high Ki67 proliferation index had inferior survival. Nevertheless, as men-
tioned earlier, other studies in HIV-positive DLBCL patients have been able to 
replicate the observation in immunocompetent patients, where outcomes for the 
GCB phenotype determined by IHC are more favorable [ 29 ,  32 ]. Additionally, 
Chao and colleagues found in an analysis of 70 HIV-related DLBCL cases that 
EBER positivity as defi ned by ≥75 % EBV-encoded RNA by in situ hybridization 
(EBER-ish) was associated with increased mortality. The presumed mechanism of 
treatment resistance is EBV-related upregulation of NF-κ B leading to activation 
of the antiapoptotic protein BCL2 [ 68 ]. Reasons for these contradicting results 
may lie in different thresholds and methods of determining EBV positivity, het-
erogeneous treatment of patients, and lack of statistical power secondary to small 
patient numbers.  

3.3     Treatment 

 At present there is no standard treatment for HIV-associated DLBCL. Optimal man-
agement has not been established secondary to a lack of prospective phase three 
trials in this patient population. Treatment recommendations are mostly based on 
evidence from phase two trials, retrospective series, or expert opinion. To compli-
cate matters further, three large randomized phase three trials performed in HIV- 
associated DLBCL arrived at conclusions which are no longer necessarily deemed 
representative in regard to their fi ndings concerning dose intensity and benefi t of the 
CD20 monoclonal antibody rituximab. First, in a trial led by the AIDS Clinical 
Trials Group (ACTG), the regimen low-dose methotrexate, bleomycin, doxorubi-
cin, cyclophosphamide, vincristine, and dexamethasone (low-dose m-BACOD) was 
compared with standard-dose m-BACOD; the conclusion was that the more intense 
regimen resulted in similar effi cacy, but  more toxicities [ 32 ]. Second, the French- 
Italian Cooperative Group (GELA and GICAT) also observed similar outcomes in 
patients assigned to more or less intense regimens after stratifi cation by an HIV 
score irrespective of dose-intensity within each group [ 55 ]. Third, in AMC010, 
which assessed the addition of rituximab (R) to cyclophosphamide, doxorubicin, 
vincristine, and prednisone (CHOP) chemotherapy, there was no improvement in 
overall survival when rituximab (R) was added to chemotherapy with CHOP (cyclo-
phosphamide, doxorubicin, vincristine, and prednisone) [ 67 ]. 
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 Interpretation of the literature is further complicated by the fact that in many 
early studies, patients with different subtypes of aggressive NHL, such as DLBCL, 
Burkitt lymphoma (BL), plasmablastic lymphoma (PBL), and primary effusion 
lymphoma (PEL), were all treated with the same regimens, and, frequently, only 
composite outcomes were reported. Similarly, patients with early stage (stage 1 and 
non-bulky 2) and advanced-stage disease (stages bulky 2, 3, and 4) were grouped 
together and mostly treated with the same protocols. These features have led to 
some uncertainty about how to interpret the available literature on treatment for 
HIV-associated DLBCL. However, despite various controversies and nonuniform 
approaches to treatment, the outcome of HIV-positive patients with DLBCL has 
steadily improved over the last three decades and today approaches the outcomes 
seen in HIV-negative patients  (Fig.  3.2 ) [ 54 ,  58 ,  69 ].  

3.4     Pre-cART Era 

 In the era before effective cART was available, the ability to administer lymphoma- 
directed therapy with curative intent to patients with AIDS was severely hampered 
mainly by patients’ poor bone marrow reserve and the increased incidence of infec-
tious complications. Table  3.1  summarizes the available relevant prospective phase 
II and III studies for the treatment of HIV-associated DLBCL in the pre-cART era. 
CHOP and CHOP-like regimens were used for all intermediate- and high-grade 
AIDS-related lymphomas. These anthracycline-based combination regimens resulted 
in overall response rates and complete response rates ranging from 43–85 % 
and 36–67 %, respectively, with a median overall ranging from 5 to 11 months 
[ 70 – 74 ]. However, less intense regimens resulted in similar survival despite achiev-
ing somewhat lower response rates [ 75 – 79 ]. Similarly, higher intensity regimens 
resulted in comparable outcomes as seen with CHOP, but with signifi cantly more 
toxicities [ 80 ,  81 ]. As mentioned above, two trials directly compared more and less 
intensive regimens for patients with AIDS-related lymphomas stratifi ed by HIV risk 
factors, and in both trials no signifi cant difference in survival could be detected [ 56 , 
 72 ]. Nevertheless, survival had remarkably improved for patients treated with che-
motherapy and receiving cART compared to those treated in the pre-cART era, 
which was further confi rmed in a study performed by investigators from the Italian 
National Cancer Institute [ 74 ].

3.5        CART Era 

 The arrival of effective antiretroviral therapy has had a signifi cant positive impact 
on outcomes for patients with HIV-associated lymphomas. Several studies con-
fi rmed the improved outcomes and tolerability seen with CHOP therapy in patients 
with intermediate- and high-grade NHL in the cART era (Table  3.2 ). North American 
and European cooperative group trials demonstrated complete response rates of 
48–63 % and 1-year overall survival of 60–80 % for patients with HIV-associated 
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NHL treated with CHOP in the cART era [ 87 ,  96 ]. Notably, for patients with 
DLBCL on the German AIDS-Related Lymphoma Study Group trial, the reported 
CR rate was a remarkable 66 % and median overall survival 64.7 months. Results 
by the Spanish PETHEMA group suggested that outcomes for patient with DLBCL 
treated with CHOP were now similar between HIV-negative and HIV-positive 
patients [ 95 ].

   Based on encouraging results seen in the pre-cART era with the infusional regi-
men CDE (cyclophosphamide, doxorubicin, and etoposide) [ 82 ], CDE and another 
infusional regimen, EPOCH (oral prednisone with infusional etoposide, doxorubi-
cin, and vincristine given as a continuous infusion over 96 h followed by bolus 
cyclophosphamide) were further explored in the cART era. The theoretical back-
ground for the potential superiority of infusional versus bolus regimens is based on 
the hypothetical principle that low-dose continuous exposure of highly proliferative 
tumors to doxorubicin and other chemotherapy agents can overcome kinetic resis-
tance. In addition, dynamically dose-adjusted approaches (such as dose-adjusted 
EPOCH) attempt to control for inter-patient variability in pharmacokinetics by 
using the neutrophil nadir as a surrogate marker of drug levels [ 101 ]. Between 1995 
and 2000, 39 patients with AIDS-related lymphoma were treated with dose-adjusted 
EPOCH at the US National Cancer Institute (NCI). Twenty-fi ve of these patients 
had DLBCL histology. Eighty-seven percent of all patients achieved a response and 
74 % a complete response, resulting in a median overall survival of 60 % after 53 
months of follow-up [ 35 ]. When progression-free survival (PFS) of the 25 patients 
with HIV-associated DLBCL was compared with 33 HIV-negative DLBCL patients 
treated at the same time at the NCI, no difference could be found (PFS 94 % for HIV 
positive patients after 53-month median follow-up versus 82 % in HIV-negative 
patients after 69-month median follow-up). Outcomes with infusional CDE in the 
cART era were more in line with what had been seen with the bolus regimen CHOP 
in a trial performed by ECOG (E3493): 44 % achieved a complete response, and 
median survival was 13.7 months [ 91 ]. 

 The improved outcomes seen with the addition of the CD20-directed monoclo-
nal antibody rituximab to CHOP therapy in immunocompetent patients with 
DLBCL led to a direct comparison of CHOP versus R-CHOP in HIV-associated 
NHL. In AMC010, 150 HIV-positive patients with intermediate- and high-grade 
CD20-positive NHL were randomized in a 1:2 fashion to receive either CHOP alone 
( n  = 51) or R-CHOP ( n  = 99) followed by 3-monthly rituximab maintenance for 
responders. Treatment consisted of six cycles for advanced disease or three cycles 
followed by involved fi eld radiation therapy (IFRT) for stage I and non-bulky stage 
II disease. The majority of the patients had DLBCL (80 %), but patients with BL 
were also included in this trial (9 %). Unexpectedly, despite higher response rates 
and less lymphoma-related deaths in the R-CHOP arm compared to CHOP (CR rate 
58 % vs. 47 %;  p  = 0.15; death due to lymphoma 14 % vs. 29 %), the overall and 
progression-free survivals were not statistically different between both arms (OS 
139 weeks vs. 110 weeks,  p  = 67; PFS 45 weeks vs. 38 weeks,  p  = 0.76) [ 67 ]. Of 
note, 40 % of the infectious deaths in the R-CHOP arm occurred during the mainte-
nance rituximab phase. A possible explanation for the observed lack of benefi t from 
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the addition of rituximab to CHOP in AMC010 might be the high treatment-related 
mortality of 36 % for patients with a CD4 count <50 cells/ml in the R-CHOP group 
and the lower than expected response rate in the whole group. Additionally, 9 % of 
the included patients had BL, a disease for which R-CHOP is deemed as an insuf-
fi cient therapy (see Chap.   4    , Burkitt Lymphoma). These factors might have resulted 
in a lower than expected effect size and a lack of statistical power to detect a signifi -
cant survival benefi t. However, since then other trials have explored the addition of 
rituximab to CHOP in HIV-related NHL (without rituximab maintenance) and 
found R-CHOP to be both safe and effi cacious [ 97 ,  99 ]. Similarly, the addition of 
rituximab to infusional CDE also resulted in high response rates and improved sur-
vival for HIV-positive patients with DLBCL compared to historical controls [ 94 ]. 

 Therefore, and in spite of the fi ndings in AMC010, all future trials in CD20+ 
HIV-related lymphomas included rituximab as part of the initial treatment regimen. 
Nevertheless, following the high treatment-related mortality in patients with low 
CD4 counts seen in AMC010, some trials excluded patients with CD4 counts <50 
cells/ml. 

 Given the high response rates seen in the initial NCI trial of dose-adjusted EPOCH, 
other trials combined rituximab with EPOCH. In AMC034, rituximab was given 
either consecutively with EPOCH or sequentially (weekly for six doses after comple-
tion of chemotherapy). In this “pick-the-winner” phase II trial, only the concurrent 
arm reached the predefi ned endpoint, with a CR rate of 73 % (71 % for DLBCL) 
versus only 55 % in the sequential arm. With concurrent R-EPOCH, 2-year overall 
survival reached 70 %. The NCI explored short-course EPOCH with dose-dense 
rituximab (SC-EPOCH-RR; EPOCH with rituximab on days 1 and 5 of each cycle) 
in 33 patients with HIV-associated DLBCL. Patients were treated with two cycles of 
EPOCH-RR, after which a CT and PET scan were performed. If CT and PET scan 
results were deemed negative after two cycles, one additional cycle was given; 
patients with positive scan results received additional cycles until their scans became 
negative to a maximum of six cycles (minimum number of cycles = 3). Ninety-one 
percent of patients achieved a complete response after a median of three cycles; PFS 
and OS at 5 years were 84 % and 68 %, respectively. Patients with the GCB subtype 
particularly benefi ted (non-GCB vs. GCB HR for death: 7.2;  p  = 0.028) [ 31 ].  

3.6     Treatment Recommendations 

 Based on the available evidence from clinical trials, many experts and cooperative 
groups, especially in North America, have adapted six to eight cycles of chemoim-
munotherapy with rituximab and EPOCH as their standard initial regimen for the 
treatment of HIV-positive patients with DLBCL [ 20 ,  100 ,  102 ,  103 ]. While indirect 
evidence from retrospective analyses suggests that EPOCH might be a more effi ca-
cious chemotherapy backbone in HIV-related DLBCL than CHOP, no direct com-
parison of R-CHOP and R-EPOCH has been performed (Fig.  3.3 ) [ 14 ,  104 ]. Results 
on the completed CALGB50303 trial, which randomized immunocompetent 
patients with DLBCL to either R-HOP or R-EPOCH, are eagerly awaited to provide 
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further guidance. At present, both regimens [CHOP and EPOCH] are considered a 
valid fi rst choice of chemotherapy for patients with advanced disease [ 105 ]. 
Encouragingly, outcomes with these initial regimens approach those for HIV- 
negative patients in the current era [ 45 ,  58 ,  95 ].

3.7        Areas of Uncertainty 

3.7.1     Early-Stage Disease 

 Most HIV-positive patients present with advanced lymphoma, and only 10–30 % pres-
ent with early-stage DLBCL (stages I and non-bulky stage II) [ 67 ,  97 ,  99 ]. Often these 
patients are excluded from clinical trials, and therefore, recommendations must rely on 
extrapolation of data from HIV-negative patients. We favor treating patients with early-
stage DLBCL with chemoimmunotherapy alone (e.g., six cycles of R-CHOP) and 
avoid abbreviated chemotherapy followed by radiation therapy, as HIV-associated 
DLBCL tends to be associated with higher stages, more advanced and aggressive dis-
ease, as well as higher rates of bone marrow and extranodal involvement.   
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  Fig. 3.3    In a pooled retrospective analysis, HIV-positive patients with newly diagnosed diffuse 
large B-cell lymphoma (DLBCL) treated with infusional EPOCH achieved signifi cantly longer 
overall survival than patients treated with CHOP ( a ). This was also seen when the analysis was 
limited to patients with DLBCL treated in the rituximab era, where treatment with R-EPOCH 
compared favorably to treatment with R-CHOP ( b ). This research and graph were originally pub-
lished in Blood (Barta et al. [ 14 ]. © the American Society of Hematology)       
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3.7.2     Rituximab for Patients with Low CD4 Counts 

 A high treatment-related mortality, especially secondary to infectious deaths, has 
been observed in patients with CD4 counts <50 cells/ml in AMC010 and AMC034 
(36 % and 38 %, respectively) versus only 5–6 % in patients with CD4 counts ≥50 
cells/ml [ 104 ]. However, other studies that included rituximab as part of the initial 
treatment regimen did not observe such a high treatment-related mortality rate, even 
in patients with low CD4 counts [ 31 ,  94 ,  97 ,  99 ]. While the addition of rituximab has 
clearly resulted in improved survival for HIV-positive patients with newly diagnosed 
DLBCL (Fig.  3.4 ) [ 106 ], the benefi t of rituximab in patients with low CD4 counts 
(<50 cells/ml) has not been fully established. In a large retrospective database analy-
sis, the addition of rituximab to chemotherapy resulted in signifi cantly higher com-
plete response rates and overall survival for patients with CD4 counts ≥50 cells/ml 
(OR 2.84 for CR rate and HR for OS 0.55;  p  < 0.001 for both), but no signifi cant 
benefi t was seen in those patients with lower CD4 counts (OR 1.36 for CR,  p  = 0.44; 
HR for OS 1.08,  p  = 0.76) [ 14 ]. However, in many other studies, rituximab has been 
used safely in patients with CD4 counts <50 cells/ml. Therefore, we recommend 
adding rituximab to chemotherapy for most patients irrespective of their CD4 count. 
Nevertheless, factors that might indicate a higher risk of mainly infectious complica-
tions in these patients with very low CD4 counts are a history of prior or ongoing 
opportunistic infection and a low likelihood of adequate HIV control with 
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antiretrovirals in patients previously exposed to cART. In this setting, we would 
highly recommend involving the HIV care provider in the decision process. 
Hospitalization during time of anticipated neutrophil nadir can be considered.

3.7.3        Concurrent cART with Chemotherapy 

 The concern about administering concurrent cART with chemotherapy is based on 
potential drug-drug interactions leading to either increased toxicities or possible 
underdosing, resulting in emergence of HIV or cancer resistance [ 87 ,  107 – 109 ]. 
Possible benefi ts of concurrent cART include better HIV control leading to less 
infectious complications and AIDS-defi ning events. Evidence from another AIDS- 
defi ning illness, mycobacterial tuberculosis, which is similarly treated with combi-
nation drug regimens with a high potential for drug interactions, suggests that 
concomitant treatment with cART while receiving TB-directed therapy is associ-
ated with better clinical outcomes [ 74 ,  110 – 113 ]. Indirect evidence also suggests no 
evidence of harm, but rather potential benefi t, for concurrent cART with chemo-
therapy [ 14 ]. While the authors recommend concurrent cART with chemotherapy, 
they recognize that it is reasonable to suspend cART therapy during treatment, espe-
cially if treatment duration is brief, such as with SC-EPOCH-RR or for early dis-
ease. Unstructured interruption of cART administration can lead to antiretroviral 
resistance and must be avoided at all cost. For a more detailed discussion of this 
topic, we refer the reader to Chap.   17    , Chemotherapy and Interactions with cART.  

3.7.4     Relapsed Disease 

 The only prospective trials for relapsed HIV-associated NHL not involving hemato-
poietic stem cell transplantation have been published in the pre-rituximab era and 
add little to inform current treatment strategies [ 114 – 117 ]. In a retrospective series 
of patients treated by AMC institutions, the 1-year survival of patients with relapsed 
or refractory AIDS-related lymphomas who did not undergo autologous stem cell 
transplantation was only 37 %. Complete responses with different second-line sal-
vage regimens ranged from 5 to 39 %. Patients with primary refractory disease did 
worse than patients who experienced a relapse after having achieved a response 
(1-year OS 31 % vs. 59 %;  p  = 0.02), and patients who underwent autologous stem 
cell transplantation (ASCT) as part of their salvage therapy lived longer than patients 
who did not (1-year OS: 63.2 % vs. 37.2 %). However, in this series, patients who 
achieved either a partial or complete response to fi rst-line salvage therapy had simi-
lar 1-year survival to patients who underwent ASCT (87.5 % for ASCT vs. 81.8 % 
for non-ASCT) [ 118 ]. 

 Given the convincing evidence that most HIV-positive patients in the current 
era can tolerate dose-intense multiagent regimens such as those used for BL or as 
preparative regimes for ASCT, we would recommend approaching HIV-positive 
patients with relapsed or refractory DLBCL in a manner similar to 
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immunocompetent patients. High-dose salvage regimens such as ICE (ifos-
famide, carboplatin, etoposide), DHAP (dexamethasone, cytarabine, cisplatin), 
or GDP (gemcitabine, dexamethasone, cisplatin) in combination with rituximab 
appear to have similar effi cacy and should be used for appropriate patients based 
on data in HIV-negative patients with relapsed or refractory aggressive NHL 
[ 119 ,  120 ]. Patients with chemosensitive disease, who are transplant eligible, 
should proceed to hematopoietic stem cell transplantation (HCT), which is dis-
cussed in detail in Chap.   12    , Autologous Stem Cell Transplantation; and Chap. 
  13    , Allogeneic Stem Cell Transplantation. In HIV-negative DLBCL, many new 
agents are in development, particularly inhibitors of the NF-kappa B pathway 
and B-cell receptor signaling. Ibrutinib has demonstrated good effi cacy in 
relapsed HIV-negative ABC DLBCL; therefore, such agents should be consid-
ered in patients with relapsed ABC tumors [ 121 ]. Ultimately, advances in under-
standing tumor biology and developing rational agents to target new pathways 
should not be different in the HIV-positive setting. 

 Improvements in supportive care, such as CNS and antimicrobial prophylaxis, 
have signifi cantly contributed to the improved outcomes for HIV-positive patients 
with cancer and will be discussed in detail separately in Chap.   18    , Special 
Considerations.      
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4.1           History, Pathogenesis and Epidemiology of Burkitt 
Lymphoma (BL) 

 Burkitt lymphoma was fi rst described by Dennis Burkitt in 1958 in the paper 
entitled ‘A sarcoma involving the jaws of African children’ [ 1 ], following his 
observation of several children with multiple jaw tumours in Uganda, where he 
was working as a surgeon for the British government. These small round cell 
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tumours were later recognised to be lymphomas. Burkitt defi ned a geographic 
‘lymphoma belt’ with a high incidence of BL [ 2 ]. The ‘lymphoma belt’ corre-
sponds closely to the distribution of several insect-transmitted diseases leading to 
the hypothesis that BL might be driven by a virus. When MA Epstein, a patholo-
gist with a special interest in virology, obtained tumour samples from Burkitt, he 
was able to demonstrate the presence of herpes-like particles in the tumours. The 
epidemiological and pathogenic relationship between the newly described 
Epstein-Barr virus (EBV) and African cases of BL was further demonstrated in 
several studies. In parallel, the observation that the ‘lymphoma belt’ mimicked the 
distribution of malaria and that successful malaria-eradication campaigns resulted 
in a decreased incidence of BL supported a role for malaria in the pathogenesis of 
BL, possibly by causing hyperplasia of B-lymphocytes and an increase in the 
circulation of EBV-infected memory B-cells. Whereas it is clear that both EBV 
and malaria play a signifi cant role in the development of BL, the exact mechanism 
is still not well understood [ 3 ]. 

 Subsequent to the description of the so-called ‘endemic’ BL, other cases catego-
rised as ‘sporadic’ or ‘immunodefi ciency-associated’ BL were described. Before the 
discovery of HIV, most of the ‘immunodefi ciency-associated’ BL cases were 
described in patients receiving immunosuppressive drugs, i.e. in transplant recipi-
ents. Nowadays most cases of BL in immunodefi cient patients are seen in the con-
text of HIV infection. The incidence of non-Hodgkin lymphoma (NHL) is 11-fold 
in patients with HIV infection in comparison with the general population [ 4 ], and 
BL is the second commonest subtype. BL presents in individuals with HIV with 
relatively preserved CD4 counts and, thus, has not seen a dramatic declined in its 
incidence since the advent of highly active antiretroviral therapy (HAART) [ 5 ], in 
contrast with other types of NHL such as primary central nervous system 
lymphoma.  

4.2     Pathological and Molecular Features 

 BL is characterised by a monotonous infi ltration composed of small-medium round 
lymphocytes with a basophilic cytoplasm and vacuoles (the latter might be evident 
only on smear preparations). The proliferation fraction is typically approaching 
100 %. The high proliferation rate and its counterpart, a high rate of apoptotic cell 
death, is responsible for the characteristic ‘starry sky’ pattern, composed of macro-
phages that phagocyte apoptotic tumour cells. The lymphocytes express B-cell 
markers such as CD19, CD20, CD22 and CD79a, as well as IgM, CD10 and bcl-6. 
They are negative for bcl-2 and TdT. The molecular hallmark of BL is the reciprocal 
translocation of  MYC  oncogene, located in chromosome 8, with either immuno-
globulin heavy chain ( IgH ) in t(8;14) (the most frequent translocation) or light 
chains [ IgK  in t(2;8) or  IgL  in t(8;22)]. These translocations approximate the immu-
noglobulin enhancer to  MYC , leading to the constitutive and deregulated expression 
of  MYC , which plays a major role in the regulation of cell proliferation, differentia-
tion and apoptosis.  
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4.3     Clinical Characteristics 

 BL is a very aggressive lymphoma. Therefore, patients typically present with a short 
history of rapidly growing masses. B-symptoms are present in around one third of 
the patients, and the majority (55–78 %) have a poor performance status at diagno-
sis (ECOG PS ≥2) [ 6 – 8 ]. In addition to peripheral lymphadenopathy, extra- nodal 
involvement is common. Frequent extra-nodal sites of disease include the bowel, 
bone marrow (BM) and central nervous system (CNS). CNS or BM infi ltration is 
associated with a poor outcome in several studies. The incidence of CNS involve-
ment ranges from 8 to 28 % [ 6 ,  7 ,  9 ,  10 ]. The presence of >20–25 % infi ltration in 
the BM defi nes Burkitt leukaemia or acute lymphoblastic leukaemia 3 (ALL3). The 
majority of the patients have advanced stage at diagnosis (Ann Arbor III–IV) with 
an elevated LDH (>ULN: 78–100 %) [ 7 ,  8 ,  10 ], refl ecting the high tumour burden. 
Although many patients present with peripheral lymphadenopathy, compression 
symptoms (such as bowel obstruction or acute renal failure secondary to hydrone-
phrosis) may occur. Another characteristic feature is tumour lysis syndrome, due to 
the rapid cell turnover. This is a life-threatening complication that can appear not 
only after starting treatment but also spontaneously as the initial manifestation. In 
comparison with BL in immunocompetent patients, those with BL in the setting of 
HIV infection have been reported to have a higher incidence of poor PS and high 
LDH [ 8 ], although this has not been documented in other series [ 7 ].  

4.4     Treatment of Patients with BL 

 The management of adult patients with BL in the general population has followed the 
advances seen in the childhood setting, and, in turn, the treatment of BL in patients 
with HIV infection has developed from the improvements achieved in the manage-
ment of adult immunocompetent patients with BL. Hence, a review of how the treat-
ment of BL has evolved, fi rst in children and subsequently in adults, provides a better 
understanding of the current management of BL in patients with HIV infection. 

 It was evident soon after the description of BL that surgery was not a good treat-
ment option. Following the initial observations by Burkitt et al. of durable responses 
to single-agent methotrexate (MTX), several combination regimens were developed 
[ 2 ]. In 1986, Murphy et al. published the results of an intensive chemotherapy regi-
men including high-dose fractionated cyclophosphamide, high-dose MTX and cyta-
rabine (Ara-C) in children [ 11 ]. The response rate was 93 % and the 2-year 
disease-free survival (DFS) in patients with stage III, 81 %. The results in patients 
with stage IV (either CNS or BM involvement) were signifi cantly worse. 
Subsequently, Magrath et al. demonstrated 2-year event-free survival of 80 % in 
both children and adults with the 89-C-41 protocol [ 12 ]. 89-C-41 added an alternat-
ing regimen with ifosfamide, etoposide and Ara-C and more intensive CNS prophy-
laxis and constitutes the backbone of the current CODOX-M/IVAC regimen. 

 In the pre-HAART era, the outcome of patients with NHL and HIV infection 
treated with the conventional regimens used in the general population was extremely 
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poor, partly because of the signifi cantly increased chemotherapy toxicity in patients 
with poor HIV control and also frequent opportunistic infections. Consequently, 
HIV patients were frequently offered alternative (sequential) or palliative regimens. 
The advent of HAART resulted in a switch in the management of patients with dif-
fuse large B-cell lymphoma (DLBCL), who were subsequently treated with the 
same conventional regimens administered to immunocompetent patients. This 
resulted in a signifi cant improvement in the outcome of patients with DLBCL in the 
HAART era. In contrast, patients with BL and HIV who continued receiving non- 
intensive chemotherapy regimens had outcomes in the HAART era which remained 
as poor as previously [ 10 ]. Infusional regimens such as CDE (cyclophosphamide, 
doxorubicin and etoposide) or EPOCH (etoposide, doxorubicin, vincristine, cyclo-
phosphamide and prednisone) result in complete response (CR) rates of 44–74 % 
with OS at 2 years around 50 % (Table  4.1 ). Most of the studies analysing the role 
of infusional regimens in patients with HIV and lymphoma include several histo-
logical subtypes making it diffi cult to tease out the results in the subgroup of patients 
with BL, but Spina et al. demonstrated that BL histology was associated with a 
worse prognosis in patients treated with R-CDE [ 13 ].

   The realisation that HAART provides excellent control of HIV infection led to 
the investigation of the intensive regimens commonly used in immunocompetent 
patients to treat BL in the HIV setting, and several retrospective and phase II studies 
showed their feasibility and effi cacy with OS ranging from 47 % in patients with 
stage IV to 78 % at 4 years (Table  4.2 ). Although clearly more toxic than conven-
tional or infusional regimens, Montoto et al. reported that it is possible to achieve an 
excellent immunological recovery after treatment with the intensive CODOX-M/
IVAC regimen [ 14 ]. Furthermore, Ribera et al. have demonstrated comparable out-
comes in BL with or without HIV infection treated with the same intensive regi-
mens, in spite of an increased toxicity in patients with HIV [ 7 ].

   The advent of rituximab has dramatically improved the outcome of patients with 
CD20+ B-cell lymphomas, specifi cally those with DLBCL. CD20 expression on 
BL cells makes rituximab an attractive agent. Several phase II studies have 

   Table 4.1    Infusional regimens   

 Series, year  Regimen 
  N  patients 
with BL  CR  2-year OS 

 2-year 
EFS  Comments 

 Little [ 17 ], 2003  DA-EPOCH  7  74 %  60 % (43 % 
in BL) a  

 73 % a   ARL = 39 

 Sparano [ 18 ], 2004  CDE  22  44 %  45 %  38 %  ARL = 55 

 Spina [ 13 ], 2005  R-CDE  21  70 %  64 %  52 %  ARL = 74 

 Dunleavy [ 8 ], 
2013 

 SC-EPOCH-RR  11  NR  92 % b   92 % b  

   CR  complete response,  OS  overall survival,  EFS  event-free survival,  DA-EPOCH  dose-adjusted 
EPOCH (etoposide, doxorubicin, vincristine, cyclophosphamide and prednisone),  ARL  AIDS- 
related lymphoma,  CDE  cyclophosphamide, doxorubicin and etoposide,  R  rituximab, 
 SC-EPOCH-RR  short-course EPOCH-rituximab,  NR  not reported 
  a At 53 months 
  b At 73 months  
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demonstrated the feasibility of adding rituximab to intensive regimens, both in HIV- 
positive and HIV-negative patients [ 15 ,  16 ]. However, given the rarity of this type of 
lymphoma, no randomised trials have been performed. The historical comparison of 
rituximab-containing regimens with their rituximab-free counterparts suggests that 
rituximab improves the outcome, and it is now routinely incorporated into the man-
agement of patients with BL and HIV infection. 

 In a very different approach from the intensive regimens mentioned above, the 
US National Cancer Institute has developed their infusional regimen EPOCH into 
the ‘SC-EPOCH-RR’. This involves a short course of EPOCH (without dose adjust-
ment: all patients receive a fi xed dose of 750 mg of cyclophosphamide) with a 
double dose of rituximab for those with low-risk disease and 6 cycles for the remain-
der. Dunleavy et al. treated 11 patients with HIV infection and BL (none of them 
presented with CNS involvement) with this regimen and reported an excellent OS at 
73 months of 92 % [ 8 ]. 

 In summary, the outcome of patients with BL and HIV infection is improved and 
may be equivalent to that of patients in the general population when they are treated 
with the same regimens. The optimal Burkitt regimen has yet to be defi ned. CTSU 
9177 is an ongoing US national study exploring EPOCH-R irrespective of HIV 
status. Additional insights into BL pathogenesis may also result in targeted thera-
pies incorporated into upfront regimens or used for those with relapsed and refrac-
tory disease.     
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5.1         Introduction 

 In 1997 a new entity was added to the World Health Organization (WHO) classifi ca-
tion of lymphomas as a subset of diffuse large B cell lymphoma (DLBCL) called 
plasmablastic lymphoma (PBL) [ 1 – 4 ]. Its classifi cation was prompted by its plas-
macytoid appearance, with an elevated proliferation index, post-germinal 

mailto:prubinstein@cookcountyhhs.org
mailto:christoph.wyen@uk-koeln.de


74

phenotype with loss of the mature B cell markers, CD20, and strong expression of 
mature plasma cell antigens, i.e., CD138 [ 2 – 8 ]. The initial description was that this  
lymphoma affects primarily mucosal sites, particularly the oropharynx, and is char-
acterized by poor outcome and is present predominantly in patients infected with 
HIV [ 1 ], though cases have also been reported in patients with advanced age or poor 
immune function [ 5 ]. Here we examine the epidemiology, pathogenesis, diagnosis, 
and treatments for PBL and future directions to gain insight on how to better under-
stand and manage this entity in patients infected with HIV.  

5.2     Epidemiology/Presentation 

 Since the start of the HIV epidemic, the incidence of AIDS-related lymphomas 
(ARL) has decreased dramatically. The implementation of combined antiretroviral 
therapy (cART) in the mid-1990s decreased the incidence of ARL from over 100 
times to just about 25 times that of patients not infected with HIV [ 9 ]. In 1993, over 
7000 patients were diagnosed with ARL in the United States compared to just about 
2000 in 2005 [ 9 ]. The incidence of all ARL is on the decline with the exception of 
Burkitt lymphoma, which has remained stable [ 10 – 12 ]. The epidemiology of PBL, 
however, has not been well studied in either the HIV- or non-HIV-infected popula-
tion due to the rarity of the diagnosis. Studies estimated that PBL  represents 2.6–12 
% of all ARL [ 13 ,  14 ]. In a retrospective study of 138 cases of ARL at John 
H. Stroger Jr. Hospital of Cook County, only 6 % of the cohort were diagnosed with 
PBL compared to DLBCL (49 %) and Burkitt lymphoma (22 %) [ 15 ]. Based on a 
literature review of 167 cases of PBL, 69 % of these patients were found to be 
infected with HIV [ 16 ]. There is a male predominance in patients diagnosed with 
AIDS-related PBL as well as all ARL though epidemiologically, more men are 
infected with HIV than women. In general, patients with HIV diagnosed with PBL 
were younger (39 vs. 58 median years of age) and had more disease presenting more 
in the oral cavity than those without [ 16 ]. The median CD4+ T cell count ranges 
from 87 to 206 cells/mm 3  at presentation (Table  5.2 ). Sixty percent of the patients 
present with advanced disease, and the most common areas affected are the head 
and neck, colon, and extranodal sites [ 4 ,  16 ].  

5.3     Diagnosis 

 PBLs morphologically are composed of large cells, plasmacytoid in nature, that 
exhibit immunoblastic or plasmablastic features. It is a lymphoma of post-germinal 
center origin, which exhibits very little or complete absence of expression of the 
mature B cell antigens, CD20 and 79a, as well as the common lymphocyte antigen 
(CD45) [ 1 – 6 ,  17 ]. It expresses the multiple myeloma oncogene-1(MUM-1), consis-
tent with its post-germinal center origin, and is positive for the plasma cell- associated 
markers CD138 (syndecan-1) and CD38 (Fig.  5.1 ) [ 1 – 6 ]. It characteristically has a 
high proliferation index, above 60 % [ 1 – 6 ]. However, in contrast to plasma cell 
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  Fig. 5.1    Phenotypic analysis of a lymph node biopsy from a HIV-positive patient with plasma-
blastic lymphoma. ( a ) Hematoxylin- and eosin-stained section showed large cells with eccentric 
nuclei and multiple mitotic fi gures (400×). ( b ) In situ hybridization for the Epstein-Barr virus 
( EBV )-encoded RNA ( EBER ) detected cells that contain EBV. Note that all the large plasmacytoid 
cells were positive for EBV, compared to the smaller non-neoplastic cells (in situ hybridization; 
400×). ( c ) Immunohistochemical staining for MUM-1 (multiple myeloma oncogene-1) showed 
diffuse positivity in the larger plasmacytoid cells (immunoperoxidase staining; 400×). ( d ) CD138/
syndecan1, a plasma cell marker, outlines the plasmacytoid neoplastic cells (immunoperoxidase 
staining; 400×). ( e ) Over 90 % of the large cells were positive for Ki-67, a proliferation marker, 
indicating that the neoplastic cells were actively undergoing division (immunoperoxidase; 400×). 
Note: The number of MUM-1 or Ki-67 positive cells does not match the EBER positive cells       

 

5 AIDS-Related Plasmablastic Lymphoma



76

myeloma, where CD56 is present in 70–80 % of the cases, only 30–56 % of PBLs 
demonstrate CD56 expression [ 17 – 19 ].

   The oncogenic virus, Epstein-Barr virus (EBV), is commonly present in many 
ARL as well as in HIV-associated Hodgkin lymphoma (HIV-cHL) [ 19 ]. About 
68–100 % of the cases of PBL demonstrate EBV positivity, as detected by EBER 
(Epstein-Barr virus-encoded RNA) in situ hybridization [ 1 ,  2 ,  4 ,  19 ]. Other methods 
of EBV detection are less reliable in PBL. For example, the EBV-associated latent 
membrane protein-1 (LMP-1) is rarely expressed in PBL, though present in EBV- 
associated HIV-cHL (Table  5.1 ) [ 1 ,  2 ,  4 ,  5 ,  8 ,  16 ,  17 ,  19 ,  21 ,  22 ]. The other major 
oncogenic virus associated with ARL, HHV8, has been only very rarely identifi ed 
in PBL [ 2 ,  17 ]. In addition, recent studies have demonstrated that 50 % of the cases 
carry a translocation involving c-MYC, normally in conjunction with other cytoge-
netic abnormalities [ 23 – 25 ].

   The immunophenotype of PBL poses a diagnostic dilemma, as it can overlap 
with other neoplasms with a plasmablastic morphology. For example, plasma cell 
myeloma with plasmablastic differentiation, in addition to its morphologic similari-
ties, can also express CD138, CD38, and MUM-1 [ 19 ,  23 ]. In some instances these 
neoplasms are CD56 negative in addition to being negative for mature B cell mark-
ers, such as CD20 and 79a [ 19 ,  23 ]. C-MYC translocations have also been identifi ed 
[ 23 – 25 ]. The clinical context, the immune defi cient status, EBV positivity by EBER, 
and lymphadenopathy (rare in plasma cell myeloma) can help distinguish the two 
entities (Table  5.1 ).  

    Table 5.1    Immunohistochemical characteristics of plasmablastic lymphoma   

 Study   N   CD45  CD79a  CD20  CD38  CD138  MUM- 1  CD56  EBER 

 Castillo 
et al. [ 8 ] 

 112  29 %  14 %  3 %  100 %  84 %  100 %  25 %  74 % 

 Vega et al. 
[ 19 ] 

 9  67 %  17 %  NA  100 %  100 %  100 %  56 %  100 % 

 Folks 
et al. [ 21 ] 

 5  NA  20 %  20 %  80 %  100 %  NA  NA  NA a  

 Delecluse 
et al. [ 1 ] 

 17  37 %  NA  NA  NA  NA  NA  NA  60 % 

 Lee et al. 
[ 40 ] 

 16  NA  NA  0 %  NA  100 %  NA  NA  81 % 

 Carbone 
et al. [ 5 ] 

 7  NA  NA  NA  NA  100 %  86 %  NA  86 % 

 Castillo 
et al. [ 16 ] 

 157  50 %  51 %  17 %  NA  NA  NA  67 %  82 % 

 Castillo 
et al. [ 17 ] 

 65 %  NA  0 %  89 %  87 %  100 %  36 %  95 % 

 Bogusz 
et al. [ 22 ] 

 9  NA  NA  0 %  40–100 % b   33–80 % b   100 %  0 %  100 % 

   NA  not assessed in the study 
  a EBER was not assessed in this study, though LMP1 was 0 % positive in this cohort 
  b The study of Bogusz et al. examined the difference in the immunohistochemical signature in 
patients with c-MYC-positive and c-MYC-negative translocated cases of PBL. In the cases of 
CD38 and 138, the difference ranged from 40 to 100 % and 33 to 80 %, respectively  
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5.4     Pathogenesis 

 Like many ARL, PBL is associated with the oncogenic virus EBV [ 4 ,  20 ]. EBV has 
been shown to alter cell cycle regulation, inhibit apoptosis, and inhibit tumor sup-
pressor genes [ 4 ,  20 ,  26 – 28 ]. As with many other oncogenic viruses, EBV also 
expresses miRNAs, which interfere with normal cellular function by destroying 
target RNAs, thus preventing specifi c protein expression. EBV, HHV8, and HPV, all 
oncogenic viruses, associated with cancers in HIV-infected patients, together 
express over 40 viral-associated miRNAs [ 29 – 31 ]. The EBV-associated miRNA, 
MiR-BHRF1-1, for example, inhibits the tumor suppressor gene p53 and miR-
BART1, which activates BCL-2, an antiapoptotic protein [ 31 – 33 ]. In addition, via 
an unclear mechanism, EBV has been associated with the overexpression of c-MYC, 
and translocations with c-MYC have been identifi ed more frequently in EBV- 
positive cancers than in those which are EBV negative [ 4 ,  21 ]. 

 Terminal B cell differentiation is induced by the transcription factor, PR domain 
zinc fi nger protein 1, also known as BLIMP1. BLIMP1, highly expressed in PBL, 
represses mature B cell genes and helps promotes the gene transcription and ulti-
mately plasma cell differentiation [ 4 ,  34 ,  35 ]. BLIMP1 also suppresses c-MYC, in 
addition to other tumor suppressors preventing uncontrolled cell division. While the 
mechanism of transformation is not exactly clear, and likely multifactorial, the over-
expression of c-MYC is likely required to overcome the protective effect of BLIMP1 
[ 4 ,  23 ,  25 ,  34 – 36 ]. It is interesting to note that c-MYC translocations are also pres-
ent in plasma cell myeloma [ 23 ,  25 ,  34 – 36 ]. While the incidence of c-MYC trans-
locations are low, 0–15 %, in plasma cell myeloma, in more poorly differentiated 
forms, i.e., plasmablastic plasma cell myeloma, the rate of c-MYC rearrangements 

      Table 5.2    Studies evaluating outcomes of AIDS-related plasmablastic lymphoma   

 Study  Year   N  
 CD4+ T 
cell count a   Treatment 

 Median survival 
(months) 

 Castillo et al. [ 8 ]  1997–
2007 

 112  178  CHOP, EPOCH, 
CODOX-M/IMVAC 

 15 months 

 Castillo et al. 
[ 17 ] 

 2000–
2010 

 50  206  CHOP/CHOP-like (63 %)  11 months 

 Others (37 %) 

 Castillo et al. 
[ 16 ] 

 1997–
2006 

 70  165  CHOP/CHOP-like  14 months 

 Intensive regimens, i.e., 
CODOX-M/IMVAC 

 14 months 

 Noy et al. [ 38 ]  2013  19  110  DA-EPOCH, CDE, CHOP  12 months (67 %) 

 Ibrahim et al. 
[ 39 ] 

 2014  25  87  DA-EPOCH ( n  = 14)  17 months 

 CHOP/CHOP-like ( n  = 11)  7 months 

 Lee et al. [ 40 ]  2014  12  152  DA-EPOCH (58 %)  17 months 

 Schommers et al. 
[ 41 ] 

 2013  18  85  CHOP (50 %)  5 months 

   a Median CD4+ T cell count (cells/mm 3 ) at diagnosis. Dose-adjusted etoposide, prednisone, vin-
cristine, cyclophosphamide, and doxorubicin (DA-EPOCH). Cyclophosphamide, doxorubicin, 
vincristine, and prednisone (CHOP). Cyclophosphamide, doxorubicin, methotrexate, ifosfamide, 
etoposide, cytarabine (CODOX-M/IVAC)  
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has been reported as high as 45 %, suggesting a possible mechanistic link in the 
pathogenesis of plasmablastic cell myeloma and PBL [ 23 – 25 ,  37 ].  

5.5     Treatment 

 Currently there is no standard of care with respect to chemotherapy in PBL in 
patients with HIV due to the rarity of the condition. In addition, no data regarding 
outcomes of therapy before cART are available as this entity became recognized in 
1997 [ 1 ,  2 ,  4 ]. Few prospective studies have analyzed the effects of chemotherapy 
on AIDS-associated PBL; thus, most studies have been retrospective in nature 
(Table  5.2 ). All of these studies have poor median overall survival (OS) of 5–17 
months (Table  5.2 ) [ 4 ,  8 ,  16 ,  17 ,  38 – 41 ]. One retrospective study demonstrated 
improved OS with infusional daEPOCH (dose-adjusted etoposide, prednisone, vin-
cristine, cyclophosphamide, and doxorubicin) vs. CHOP (cyclophosphamide, doxo-
rubicin, vincristine, and prednisone) (17 vs. 7 months,  p  < 0.04) though a study by 
Castillo et al. demonstrated no OS benefi t of CHOP or CHOP-like chemotherapy 
vs. more intensive regimens like CODOX-M/IVAC (cyclophosphamide, doxorubi-
cin, methotrexate, ifosfamide, etoposide, cytarabine) [ 4 ,  8 ,  16 ,  17 ,  38 – 41 ]. There 
appears to be great variability in survival. For example, in a study of the German 
AIDS-related lymphoma cohort, the median survival was only 5 months, with a 
range of 0–76 months. Univariate analysis showed than an elevated international 
prognostic index was prognostic for poorer outcomes. Other studies have demon-
strated that the presence of the c-MYC translocation (t8:14) correlates with 
decreased survival [ 4 ,  22 ,  38 – 41 ].

   Treatment for AIDS-associated PBL should be initiated in conjunction with 
cART. A study by Barta et al. demonstrated that there was an increase in rates of 
complete remission (CR) and a trend toward improved overall survival (OS) for 
ARL treated with concurrent cART [ 42 ]. While this study did not look at PBL spe-
cifi cally, a study by Castillo et al. also demonstrated improved over OS in AIDS- 
related PBL when treated with concurrent antiviral therapy [ 43 ]. In these studies, 
the regimes utilized were heterogeneous; however, it is clear that a median survival 
of only 5–17 months indicates that newer therapies should be investigated to 
improve outcomes (Table  5.2 ).  

5.6     New Approaches 

 New approaches are being investigated to take advantage that many ARL are co- 
infected with oncogenic viruses EBV and HHV8 [ 20 ]. Two agents, a histone deacet-
ylase inhibitor, vorinostat, and the proteasome inhibitor, bortezomib, have been 
found to induce the lytic replication cycle of both EBV and HHV8, thus inducing 
cell lysis of all cells infected [ 44 ,  45 ]. In the case of ARL, the lytic activation of the 
oncogenic virus will destroy the tumor itself. The drug bortezomib is of particular 
interest, as it is also particularly effective against multiple myeloma, which shares 
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many molecular and immunohistochemical features with PBL, as stated above [ 46 ]. 
Bortezomib in addition has activity against post-germinal center DLBCL [ 47 ]. 
Vorinostat also has activity against T cell lymphomas [ 48 ]. In light of these data, the 
AIDS Malignancy Consortium (AMC) has just completed a trial of bortezomib plus 
ifosfamide, etoposide, and carboplatin with or without rituximab (RICE) for 
relapsed or refractory ARL or relapsed/refractory HIV-associated Hodgkin lym-
phoma [ 49 ]. In the upfront setting for ARL, the AMC is also studying vorinostat 
plus daEPOCH with or without rituximab [ 50 ]. Another drug that may be effective 
in combination with other agents is the Bruton’s tyrosine kinase inhibitor, ibrutinib. 
This drug is particularly effective against post-germinal center DLBCL, indolent 
lymphomas, and chronic lymphocytic leukemia [ 51 ].  

    Conclusions 

 PBL comprises about 2–12 % of all ARL. It affects HIV-infected patients more 
than HIV-negative patients, and it has a propensity for presenting in the orophar-
ynx. It is almost always EBV positive and, in 50 % of the cases, has a c-MYC 
chromosomal alteration. It has an immunohistochemical signature close to 
plasma cell myeloma. 

 Current therapies provide only a median survival of 5 months to 1 year. More 
targeted therapies like bortezomib, vorinostat, or ibrutinib, in combination with 
chemotherapy targeting a non-germinal phenotype and the oncogenic virus, may 
lead to more promising and sustained survival results.     
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6.1           Introduction 

 In 1995, Cesarman and colleagues examined the DNA of 193 lymphomas from 42 
patients with AIDS to 151 patients who did not have HIV infection. KSHV/HHV-8 
DNA sequences were identifi ed in eight lymphomas from HIV-infected patients. All 
eight, and only these eight, were body-cavity-based lymphomas as characterized by 
pleural, pericardial, and/or peritoneal lymphomatous effusions, defi ning an unusual 
subgroup of AIDS-associated B-cell lymphomas [ 1 ]. They also showed that in all 

mailto:drhleitch@providencehematology.com
mailto:eric.oksenhendler@sls.aphp.fr


84

cases, the neoplastic cells were coinfected with EBV [ 2 ] and designated this entity as 
primary effusion lymphoma (PEL). In 2001, PEL was included as a distinct entity in 
the World Health Organization (WHO) classifi cation of neoplastic diseases of the 
hematopoietic and lymphoid tissues [ 3 ]. PEL may also present as “extracavitary mass 
lesions without effusions” [ 4 – 6 ], commonly in the gastrointestinal tract [ 4 ,  6 ]. This is 
referred to as the solid variant of PEL which shares morphologic, immunophenotypic, 
and virologic features with classic PEL, allowing the recognition of these entities as 
part of the spectrum of PEL [ 7 – 9 ]. PEL comprises about 4 % of all HIV-related NHL 
non-Hodgkin lymphomas [ 9 ,  10 ]. While even less common, it can also occur in HIV-
negative patients, usually in elderly or immunosuppressed patients [ 3 ]. Patients with 
HIV-related PEL often have advanced immunosuppression, with a CD4 count less 
than 150 cells/mL and a history of prior AIDS-defi ning illnesses [ 10 – 14 ].  

6.2     Pathology and Diagnosis 

 PEL usually lacks a tumor mass, and the diagnosis is mainly based on cytology 
which demonstrates immunoblastic or plasmablastic morphology (see Fig.  6.1a ) 
[ 3 ]. Lymphoma cells are often mixed with normal small lymphocytes and macro-
phages. Analysis of HIV-PEL cell markers by fl ow cytometry usually reveals 
expression of CD45 with null cell phenotype, and non-lineage associated antigens, 
including CD30, may be expressed. Markers of advanced stage of B-cell differen-
tiation (“preplasma” cells) such as CD138/syndecan-1 and MUM1/IRF4 are fre-
quently expressed, as are markers associated with activation such as CD38 and 
CD71. Expression of the CD20 B-cell antigen and cytoplasmic immunoglobulin is 
low or absent. The neoplastic cells always derive from a monoclonal B-cell popula-
tion, even in the presence of aberrant T-cell antigen expression in some cases. 
Epstein-Barr virus (EBV) is present in PEL cells in about 70 % of cases [ 2 ]. 
However, PEL cells in HIV are uniformly infected with human herpes virus 8 
(HHV-8), formerly known as Kaposi sarcoma herpes virus (KSHV). Confi rmation 
of the PEL diagnosis requires cellular expression of HHV-8, which is usually 
detected by immunostaining for open reading frame (ORF) 73/latency-associated 
nuclear antigen (LANA) (see Fig.  6.1b  ) [ 2 ,  3 ]. Other disorders in HIV involving 
HHV-8 include multicentric Castleman disease (MCD), HHV8-positive plasma-
blastic lymphoma (PBL), and Kaposi sarcoma (KS). However, the combined pres-
ence of EBV and HHV-8 appears to be unique to PEL [ 2 ,  8 ,  9 ,  15 ].

6.3        Pathogenesis 

 HHV-8 infected cells express cellular and viral interleukin-6 (vIL-6) and viral cyclin 
(v-Cyc), which support cell survival and progression through the cell cycle [ 16 ]. Like 
all herpes viruses, HHV-8 infection has a latent and a lytic phase. In MCD, lytic gene 
products predominate [ 17 ], while in PEL, PBL, and KS, latent infection predominates. 
About 2 % of PEL cells, however, express lytic gene products at any one time [ 18 ]. 
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a

b

  Fig. 6.1    Cytological features of primary effusion lymphoma (PEL). ( a ) Immunoblastic/plasma-
blastic morphology of PEL cells. These show features of actively proliferating cells, such as 
cytoplasmic vacuoles, dispersed chromatin, numerous nucleoli, and frequent mitotic fi gures. ( b ) 
Immunohistochemical stain of PEL cells for human herpesvirus-8 (HHV-8) latent nuclear antigen 
(LANA) (Photomicrographs courtesy of Dr. Deborah Griswold)       
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Further, only a limited number of latent genes are expressed in PEL cell lines [ 19 ]. 
Among those genes, fi ve are thought to play a possible role in PEL pathogenesis: 
LANA, v-Cyc, viral Fas-associated death domain-like interleukin-1β- converting 
enzyme inhibitory protein (v-FLIP), viral interferon regulatory factor (vIRF)-3, and 
vIL-6. The latter is considered to be a lytic viral protein but is expressed in a variable 
proportion of PEL cells. The true role of transient expression of lytic genes during 
neoplastic transformation is unknown [ 20 ]. To be effective, antiviral therapies require 
lytic gene expression, and treatment aimed at abrogating HHV-8 replication has been 
examined mainly in MCD [ 21 ] but also in PEL (see below). In addition, PEL cells 
produce and release IL-6 and IL-10, and both have been shown to support the growth 
of PEL cells. Several cell lines also produce high levels of vascular endothelial growth 
factor (VEGF), and this is consistent with the marked degree of angiogenesis and vas-
cular permeability observed in this neoplasm [ 22 ,  23 ].  

6.4     Clinical Presentation 

 In most cases of PEL occurring in HIV-infected patients, severe immunosuppression 
and low CD4+ T-cell counts are common. PEL can be the fi rst manifestation of 
KSHV/HHV-8 infection. However, other complications such as Kaposi sarcoma or 
multicentric Castleman disease may precede or occur concurrently with PEL [ 11 ,  24 ]. 

 Patients often present with constitutional symptoms such as fever, night sweats, 
or weight loss. Other symptoms are related to effusions involving the pleura, peri-
cardium, and/or peritoneum. As suggested by distinctive imaging features or dem-
onstrated during surgery or at autopsy, PEL presents with multiple small tumor foci 
and thickening of the serous membranes. These features indicate a primary serous 
membrane neoplasm that can spread to body cavities, adjacent lymph nodes, and 
various organs in some cases [ 2 ,  6 ,  11 ]. 

 In some cases, PEL appears to originate in extranodal, non-serous sites with a 
clinical presentation closer to that observed in classic aggressive B-cell lymphomas 
involving the gastrointestinal tract, lung, central nervous system, or skin [ 5 – 9 ]. In 
such cases, the phenotype and especially virological studies demonstrating the pres-
ence of KSHV/HHV-8 with or without EBV in the tumor cells are decisive for the 
diagnosis [ 3 ,  25 ].  

6.5     Treatment 

 The optimal treatment for HIV-PEL is undefi ned. As PEL is an uncommon NHL, 
it is diffi cult to develop treatment approaches with enough patients to evaluate 
optimal strategies. It is well documented, however, in other NHL that both early 
and long- term outcomes are superior in patients receiving antiretroviral therapy 
(ART) [ 26 – 33 ]. Although holding ART short term with some chemotherapy regi-
mens appears to be safe [ 34 ], this should probably be done in the context of a clini-
cal trial. Although there are case reports of patients with HIV-PEL responding to 
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ART alone [ 12 ,  14 ,  35 ], this treatment approach should only be taken in patients 
unable to accept or tolerate chemotherapy. Many patients with HIV-PEL receive 
standard combination chemotherapy regimens such as CHOP. However, while the 
complete response (CR) rates using this approach are in the range of 40–50 %, the 
reported median survival is suboptimal at around 6 months [ 10 ,  11 ,  36 ]. With 
improved supportive care, this may be improving; in a series of seven patients 
treated at the University of British Columbia, fi ve of whom received CHOP, all 
with ART with or without other prophylaxis, at a median follow-up of 24 (range 
1–15) months, fi ve patients were alive, a considerably superior result to that usu-
ally reported (see Table  6.1 ). Although there are as yet no published data in PEL, 
there is optimism that infusional regimens such as EPOCH or CDE may yield 
superior outcomes to standard regimens [ 34 ,  37 ,  38 ]. The use of more intensive 
chemotherapy in PEL has also been reported, as discussed below.

   Although HHV-8 infection is universally present in PEL, it has only recently been 
considered as a target for PEL therapy, and anti-HHV8 therapy is not currently 

  Table 6.1    Baseline 
characteristics of seven 
patients with HIV-associated 
primary effusion lymphoma 
seen at St. Paul’s Hospital in 
Vancouver, Canada  

 Characteristic (units)   N  or median (range) 

 Age [years; median (range)]  60 (41–66) 

 Gender (male)  6 

 Histology 

   PEL  6 

   Solid variant  1 

 ECOG PS 

   0–1  4 

   3–4  3 

 IPI 

   Low/intermediate-1  4 

   Intermediate-2/high  3 

   CD4 count [cells/mL; median (range)]  250 (50–560) 

 HIV VL (copies/mL) 

   <40  2 

 On ART at PEL dx ( n  = 6)  4 

 Prior ON  KS in 3 

 Coinfections  Hepatitis B in 2 

 Primary treatment 

   CHOP  4 

   CHOP-R  1 

   Declined chemotherapy  2 

 Secondary treatment 

   ART  7 

   Valganciclovir  2 

   ECOG  Eastern Cooperative Oncology Group,  IPI  International 
Prognostic Index,  ON  opportunistic neoplasm,  PEL  primary 
effusion lymphoma,  PS  performance status,  VL  viral load  
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considered standard treatment. Antiviral medications targeting HHV-8 have been 
used successfully in the treatment of other HHV-8 associated disorders, including KS 
[ 39 ] and MCD [ 40 ], and have been shown to reduce HHV-8 replication [ 21 ]. Only a 
handful of reports have been published on the use of antiviral therapy in PEL specifi -
cally, alone or in combination with chemotherapy or other agents, though some long-
term remissions have been reported [ 13 ,  14 ,  41 ,  42 ]. Three of the above- described 
seven HIV-PEL patients received valganciclovir in combination with chemotherapy 
and ART ( n  = 2) and with ART alone ( n  = 1, declined chemotherapy). Though one of 
the patients receiving chemotherapy (CHOP) had progressive disease, the second 
attained long-term remission. The patient who declined chemotherapy also discon-
tinued valganciclovir after 1 month of therapy but remained clinically well without 
evidence of lymphoma at 9 months on ART alone, which had been instituted at PEL 
diagnosis. With such small numbers, the benefi t of anti- HHV- 8 therapy remains 
unproven, but in our experience appears to be tolerated reasonably well. 

 There are reports of outcomes using more intensive chemotherapy. Although one 
patient receiving combination chemotherapy including high-dose methotrexate 
(HDMTX) remained in complete remission (CR) at 78 months, only three of seven 
patients receiving this treatment achieved CR [ 43 ], and one report of high-dose 
chemotherapy followed by autologous stem cell transplantation showed no benefi t 
[ 44 ]. These limited data likely indicate that intensifying chemotherapy in these 
patients is of limited benefi t. For a summary of chemotherapy-based approaches to 
HIV-PEL, see Table  6.2 .

   Table 6.2    Clinical data on treatment approaches to HIV-associated primary effusion lymphoma   

 Treatment  Outcome  Type of report  Comments  References 

 ART alone  CR at 55 months  Case series 
 Case reports 

 [ 12 ,  14 ,  35 ] 

 Cidofovir + 
interferon 

 CR at 53 months  Case report 
 Case series 

 [ 13 ,  74 ] 

 CHOP  CR 42 %, median 
OS 6 months 

 Case series  ART use not 
specifi ed 

 [ 10 ] 

 Chemotherapy + 
GCV 

 CR at 68 months  Case report  Associated HLH 
 ART use not specifi ed 

 [ 14 ,  75 ] 

 EPOCH  PEL not reported 
separately 

 [ 34 ] 

 CDE  PEL not reported 
separately 

 [ 38 ] 

 Combination 
chemotherapy 
including HDMTX 

 CR in 3 of 7 
 CR at 28 months 
in one patient 

 Case series  ART in 6  [ 11 ,  43 ] 

 ASCT  No benefi t in one 
patient 

 Case report  [ 44 ] 

   ART  antiretroviral therapy,  ASCT  autologous stem cell transplantation,  CDE  cyclophosphamide, 
doxorubicin, and etoposide,  CHOP  cyclophosphamide, doxorubicin, vincristine, and prednisone, 
 CR  complete remission,  EPOCH  etoposide, prednisone, vincristine, cyclophosphamide, and doxo-
rubicin,  GCV  ganciclovir,  HDMTX  high-dose methotrexate,  HLH  hemophagocytic lymphohistio-
cytosis,  OS  overall survival,  PEL  primary effusion lymphoma  
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6.6        Future Directions 

 As the molecular mechanisms by which HHV-8 cellular infection results in malig-
nant outgrowth are elucidated, future therapies may become increasingly targeted; 
potential treatment approaches showing promise in preclinical studies targeting cell 
surface antigens, cellular and viral proto-oncogenes, tumor suppressor genes, and 
cytokines are shown in Table  6.3 . Cellular or molecular mechanisms with targeting 

   Table 6.3    Potential treatment approaches to HIV-associated primary effusion lymphoma show-
ing promise in preclinical studies and the molecular mechanism targeted   

 Molecular target 

 Treatment under 
evaluation in 
preclinical models  Comment  References 

 CD30/microtubules  Brentuximab vedotin  ↓ Proliferation 
 ↑ G2/M arrest, apoptosis, and 
OS of PEL-injected mice 

 [ 45 ] 

 NFκB/HIF-1α  Proteasome inhibitors 
 PI + HDAC inhibitors 

 [ 46 – 52 ] 
 [ 53 ] 

 VEGF  Anti-VEGF antibodies 
 Rapamycin 

 Involved in angiogenesis and 
formation of gap junctions 
with endothelial cells 

 [ 16 ,  54 – 56 ] 

 Angiogenin  Neomycin 
 Neamine 

 [ 57 ] 

 Interleukin-6  Anti-IL6 antibodies 
 Antisense 

 v-IL6 is intracellular  [ 76 ,  77 ] 
 [ 78 ] 

 miRs a   [ 79 ] 

 v-cyclin D, v-IL6, 
v-FLIP +  

 MAP30  An anti-HIV agent, inactivates 
ribosomes 

 [ 80 ] 

 LANA b   COX-2 inhibitors 
 Gamma secretase 
inhibitor 

 LANA induces chromosomal 
instability and downregulates 
TS genes P53 and P73 

 [ 58 – 69 ] 

 P53 activation  Nutlin-3a  [ 81 ] 

 Chemotherapy 
sensitivity 

 Assay-guided 
individual therapy 

 [ 82 ] 

 Tumor growth and 
angiogenesis 

 Protease inhibitors  [ 70 ] 

 HHV8 replication  Nelfi navir  [ 70 ] 

 Early lytic genes  Oligomers  [ 83 ] 

 Lytic replication  Valproate + ganciclovir  [ 71 ] 

   AP1  activator protein 1,  c-  cellular,  COX-2  cyclooxygenase-2,  DHMEQ  dehydroxymethylepoxy-
quinomicin,  EBV  Epstein-Barr virus,  FLIP  FLICE inhibitory protein,  HDAC  histone deacetylase 
inhibitor,  HIF-1α  hypoxia inducible factor 1 alpha,  HHV8  human herpesvirus 8,  IL-6  interleukin 
6,  LANA  latency-associated nuclear antigen,  MAP30  Momordica antiviral protein 30 kDa,  miRs  
micro-RNAs, NFκB nuclear factor kappa-B,  OS  overall survival,  P  protein,  PI  proteasome inhibi-
tor,  TS  tumor suppressor,  v-  viral-,  VEGF  vascular endothelial growth factor 
  a Inhibit P21 + inhibits caspases 
  b Maintains the viral episome, induces chromosomal instability, binds tumor suppressor genes P53 
and P73, stabilizes c-myc, activates c-JUN, AP1, increases beta-catenin levels, and suppresses EBV  
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substances that may be particularly amenable to clinical development include the cell 
surface antigen CD30 (brentuximab vedotin) [ 45 ] nuclear transcription factor nuclear 
factor kappa-B (NFkB; proteasome inhibitors) [ 46 – 53 ]; vascular endothelial growth 
factor (VEGF)/angiogenin (anti-VEGF antibodies/neomycin) [ 16 ,  54 – 57 ]; latency-
associated nuclear antigen (LANA; cyclooxygenase [COX]-2 inhibitors); tumor 
growth, angiogenesis, and HHV8 replication (HIV-protease inhibitors, nelfi navir) 
[ 58 – 70 ]; and lytic HHV8 replication (valproate plus ganciclovir) [ 71 ]. In regard to 
the latter, it is possible to induce lytic replication and apoptosis by cellular stress 
[ 72 ], including with the antiseizure medication valproate [ 71 ]. Interestingly, the con-
centration of valproate used in this experiment was similar to plasma levels that 
would be present in patients taking this medication for neurologic disorders. In a 
study by Shaw et al. [ 73 ], valproate increased HHV-8 viral load and therefore had 
potential for activating or exacerbating disease. However, if ganciclovir is concomi-
tantly used with valproate in vitro, HHV-8 replication was blocked without prevent-
ing viral entry into the lytic cycle [ 71 ]. Administered together, ganciclovir and 
valproate may potentially prove benefi cial, though this has yet to be evaluated in 
clinical studies. Particularly interesting is a recent report of the in vitro inhibition of 
proliferation, induction of G2/M arrest and apoptosis, and improvement in overall 
survival of mice engrafted with PEL cell lines on treatment with brentuximab vedo-
tin [ 45 ]. These effects were seen at concentrations that were well tolerated and were 
similar to those used for treatment of Hodgkin or anaplastic large cell lymphomas.

       Conclusions 

 Primary effusion lymphoma comprises a minority of systemic non-Hodgkin 
lymphoma occurring in HIV infection, making it diffi cult to accumulate suffi -
cient numbers of patients to delineate its presenting characteristics, optimal 
treatment approach, and outcomes with certainty. Remissions have been 
described with the institution of ART, which should however be considered 
adjunctive therapy until more defi nitive information is available. Similarly, anti-
viral approaches to HHV-8 have been employed, which may be adjunctive or 
possibly useful for secondary prophylaxis. Though standard chemotherapeutic 
regimens such as CHOP yield short median survivals, some patients do achieve 
long-term remissions; however, predictive factors for favorable response are not 
currently delineated. More intensive chemotherapy appears to be less than prom-
ising in limited numbers of patients. There is optimism that infusional regimens 
such as EPOCH or CDE may be effective; however, this remains to be demon-
strated in prospective series of patients. Newer approaches targeting cellular 
pathways disrupted by HHV-8 are under evaluation in preclinical studies; inhibi-
tion of NFκB by proteasome inhibition and targeting of lytic HHV-8 infection 
with valproate in combination with anti-HHV-8 medications may prove to be 
particularly promising approaches. Anti-CD30 directed treatment with brentux-
imab vedotin also showed promise in preclinical models.     
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7.1           Introduction 

 Primary central nervous system lymphoma (PCNSL) is an extra-nodal form of 
non- Hodgkin’s lymphoma (NHL) that is confi ned to the cranio-spinal axis 
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without systemic involvement. PCNSL occurs in both immunocompetent and 
immunodefi cient individuals, and the two groups share some features but differ in 
biology, clinical management and outcomes.  

7.2     Epidemiology 

 Early in the HIV pandemic, before the advent of effective antiretroviral therapy, 
registry linkage studies confi rmed a markedly increased relative risk of PCNSL 
amongst patients with AIDS with an incidence as high as 2–6 % in one early report 
[ 1 ]. This vastly elevated risk of PCNSL was estimated to be over 3,600-fold in 
people living with HIV (PLWH) [ 2 ]. PLWH who developed PCNSL generally had 
advanced immunosuppression and for the most part a prior AIDS defi ning illness. 
Shortly after the introduction of effective combination antiretroviral therapy (cART) 
in 1996, a substantial decline in the incidence of PCNSL was recognised by many 
clinicians, and a meta-analysis of cohort studies that compare the pre- and post- 
cART eras confi rmed this signifi cant reduction in incidence (relative risk 0.42; 99 % 
confi dence interval 0.24–0.75) [ 3 ]. Indeed this fall is more dramatic than that seen 
for systemic AIDS-related lymphomas [ 4 – 7 ]. Over the same recent decades that the 
incidence of PCNSL has declined in PLWH, the incidence of PCNSL in immuno-
competent individuals, particularly the elderly, has risen [ 8 ].  

7.3     Histology 

 PCNSL are B-cell NHL of diffuse large B-cell lymphoma (DLBCL) subtype that 
express pan-B-cell markers with a post-germinal centre phenotype [ 9 ]. The immu-
nophenotype of PCNSL differs between immunocompetent patients and PLWH and 
between PCNSL and systemic DLBCL [ 10 ]. The immunophenotype of PCNSL in 
PLWH resembles that found in post-transplant lymphoproliferative disorder (PTLD) 
[ 11 ,  12 ]. Indeed there are a number of similarities between PCNSL in PLWH and 
PTLD; both are associated with profound immunosuppression, and both are prolif-
erations of B lymphocytes latently infected with Epstein-Barr virus (EBV).  

7.4     Virology 

 The gammaherpes virus EBV is almost always detectable in the lymphoma cells in 
PCNSL in PLWH using immunohistochemical staining for EBV-encoded small RNA 
(EBER) transcripts [ 13 ], although it is rarely present in PCNSL in immunocompetent 
individuals. PLWH who develop PCNSL usually have profound immunosuppression 
and CD4 T-cell counts below 50 cells/mm 3  and have been found to lack EBV-specifi c 
CD4 T-cells [ 14 ]. PCNSL in PLWH express a number of EBV proteins including 
EBV-associated nuclear antigens (EBNA) 1, 2, 3A, 3B and 3C and latent membrane 
proteins (LMP) 1 and 2. The production of this range of viral proteins is known as 
latency III and would offer a variety of targets to an intact immune system.  
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7.5     Clinical Presentation 

 Patients with PCNSL invariably present with neurological symptoms and signs but 
rarely B symptoms [ 15 ]. The clinical presentation of 35 PLWH and PCNSL enrolled 
in a prospective study included motor defi cits (37 %), altered mental status (31 %), 
headache (29 %), visual disturbance (26 %), cranial nerve defi cits (23 %), speech 
impairment (23 %), cerebellar defi cits (20 %), sensory defi cits (17 %) and papill-
edema (4 %) [ 16 ]. PLWH and PCNSL are usually profoundly immunosuppressed 
with CD4 T-cell counts below 50 cells/mm 3  [ 16 – 18 ], and the differential diagnosis 
includes opportunistic infections, especially cerebral toxoplasmosis and less com-
monly cryptococcal meningoencephalitis and tuberculosis.  

7.6     Investigation and Diagnosis 

 The most common causes of cerebral mass lesions in PLWH are toxoplasmosis and 
primary cerebral lymphoma, and the differential diagnosis often proves diffi cult 
[ 19 ]. Both diagnoses occur in the context of advanced immunodefi ciency and pres-
ent with headaches and focal neurological defi cits. The features that favour PCNSL 
include a more gradual onset of symptoms over 2–8 weeks and the absence of a 
fever. CT and MRI scanning usually show solitary or multiple ring-enhancing 
lesions with prominent mass effect and oedema (Fig.  7.1 ). Again these fi ndings 
occur in both diagnoses although PCNSL lesions are frequently periventricular, 
whilst toxoplasmosis more often affects the basal ganglia [ 20 – 23 ]. Hence, clinical 
fi ndings and standard radiological investigations, whilst suggestive, cannot provide 
a defi nitive diagnosis (see Table  7.1 ). Moreover, toxoplasma serology (IgG) is 
falsely negative in 10–15 % of patients with cerebral toxoplasmosis. Over 85 % 

  Fig. 7.1    MRI scan showing frontal PCNSL in a person living with HIV (PLWH)       
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patients with cerebral toxoplasmosis will respond clinically and radiologically to 
2 weeks of anti-toxoplasma therapy.

    In AIDS patients with CNS ring-enhancing lesions, historically it has been com-
mon practice to start empirical anti-toxoplasmosis therapy for 2 weeks’ duration 
and resort to a brain biopsy if there is no clinical or radiological improvement. This 
approach, established in the pre-cART era, excludes routine brain biopsy in a patient 
population who frequently had a very poor performance status, often due to CNS 
disease, and without effective HIV medications, and had a very poor prognosis. 
Whilst starting empiric anti-toxoplasmosis therapy is still reasonable in patients 
with positive toxoplasmosis serology, the approach of evaluating the effects of ther-
apy after a 2-week course is ineffective in diagnosing PCNSL early and may com-
promise the long-term outcomes of therapy. Furthermore, there is a disinclination to 
treat patients with radiotherapy or chemotherapy empirically based exclusively on 
the failure of anti-toxoplasmosis treatment without a defi nitive histological diagno-
sis. Hence, in the cART era, many clinicians adopt a more defi nitive approach to 
establishing a diagnosis with early neuroimaging and cerebrospinal fl uid (CSF) 
virology (described below) and brain biopsy. It should be recalled that steroids have 
a lympholytic effect and often induce a temporary regression of the lymphoma with 
clinical and radiological improvement. Moreover, they can obscure the histopatho-
logic fi ndings making the diagnosis challenging [ 24 ]; hence, their use is strongly 
discouraged prior to establishing a tissue diagnosis. 

 The discovery that nearly all HIV-associated PCNSL are associated with EBV 
infection [ 13 ,  25 ] has led to the development of a polymerase chain reaction (PCR) 
method that can detect EBV-DNA in CSF. This has become established as a diag-
nostic test with a high sensitivity (83–100 %) and specifi city in the presence of a 
cerebral space-occupying lesion (93–100 %) [ 13 ,  26 – 28 ]. In addition, radionuclide 
imaging by  201 thallium single-photon emission computed tomography ( 201 Th-SPECT) 
[ 29 – 36 ] and  18 F-fl uorodeoxyglucose-positron emission tomography (FDG-PET) 
[ 37 – 40 ] may be able to differentiate between PCNSL and cerebral toxoplasmosis. 

   Table 7.1    Comparison of clinic-radiological features of cerebral toxoplasmosis and primary CNS 
lymphoma in people living with HIV   

 Feature  Cerebral toxoplasmosis  PCNSL 

 CD4 cell count  <100/mm 3   <50/mm 3  

 Onset of symptoms  Days  Weeks 

 Nonfocal symptoms  Fever, headache, reduced cognition  Afebrile, headache, meningism 

 Localising symptoms  Focal defi cits 80 %, seizures 30 %  Behavioural changes, diminished 
mental state, seizures 15 % 

 Location  Basal ganglia, brain stem  Periventricular anywhere 

 Number of lesions  Usually multiple  One or many 

 Contrast 
enhancement 

 Prominent, ring enhancing  Prominent, often irregular 

 Mass effect/oedema  Usual  Prominent 

 MRI T1  Low signal  Low to isodense 

 MRI T2  High signal  Variable 
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PCNSL are thallium avid and demonstrate increased FDG uptake on PET scanning. 
Although both nuclear imaging techniques have high specifi city for differentiating 
PCNSL from infections in appropriate patient populations [ 41 ,  42 ], neither are 
highly sensitivity and thus are generally performed in combination with evaluation 
of CSF for EBV by PCR as a diagnostic alternative to brain biopsy [ 34 ]. The appli-
cation of PCR and  201 Th-SPECT in the diagnosis of contrast-enhancing brain lesions 
in 27 patients was shown to result in a positive and a negative predictive value of 
100 % and 88 %, respectively [ 43 ]. 

 Stereotactic brain biopsy has a high diagnostic yield in PLWH who have space- 
occupying brain lesions, and whilst it has become a safer procedure, biopsies of 
deep lesions may still be associated with signifi cant morbidity [ 44 – 47 ]. Hence, the 
combination of low CD4 cell count, detectable EBV in CSF and a consistent 
 201 Th-SPECT or  18 FDG-PET and lack of systemic lymphoma may be suffi cient to 
establish the diagnosis of PCNSL in PLWH without recourse to brain biopsy.  

7.7     Clinical Management 

 The introduction cART has not only led to a decline in the incidence of PCNSL 
amongst PLWH but also a modest improvement in overall survival [ 7 ,  48 – 52 ], but 
outcomes remain dismal with fewer than two in ten patients alive 2 years after diagno-
sis [ 53 – 56 ]. On the other hand, there are case reports of complete remission of PCNSL 
in PLWH treated with cART alone [ 57 ]. Aside from the value of cART, there is no 
consensus on the management of PCNSL in PLWH, and there has not been a dramatic 
improvement in survival that has been achieved through prospective clinical studies in 
systemic NHL in PLWH. Nonetheless, in addition to cART, administration of some 
form of lymphoma therapy, either radiation or chemotherapy, has been independently 
associated with improved survival in database studies [ 18 ,  55 ] and is often warranted. 

 In immunocompetent patients with PCNSL, upfront induction chemotherapy 
with high-dose methotrexate and cytarabine followed by consolidation with whole- 
brain radiotherapy or further chemotherapy with or without autologous haematopoi-
etic stem cell transplantation has become established as the standard of care. In 
contrast, PLWH who develop PCNSL often present with very poor performance 
status, severe cognitive and neurological impairment, concurrent opportunistic 
infections and very low CD4 counts, making the administration of highly toxic 
treatments impossible in a large proportion of patients [ 58 ]. This led to the use of 
whole-brain radiotherapy as the most commonly used treatment strategy for PCNSL 
in PLWH in the pre-cART era, but the outcomes were dismal. Whilst the median 
survival using this approach in immunocompetent patients is 12 months [ 59 ], retro-
spective studies of this approach in PLWH reported median survivals of 2–4.5 m 
[ 60 ,  61 ]. More encouraging results have been reported recently using the combina-
tion of whole-brain radiotherapy and cART. This achieved a 3-year overall survival 
rate of 64 % (95 % CI, 41.0–80.3 %) in a cohort of 23 PLWH, although a worrying 
21 % of those who survived a year developed leucoencephalopathy [ 62 ]. The con-
cerns over late neurotoxicity resulted in the increasing use of induction systemic 
chemotherapy in the management of PCNSL in immunocompetent patients, but the 

7 Primary Central Nervous System Lymphoma



100

results in PLWH in the cART era are limited. A phase II study in the pre-cART era 
studied sequential combination chemotherapy followed by whole-brain radiother-
apy and enrolled 35 PLWH. The median survival was 2.4 months (95 % confi dence 
interval: 1.1–3.2) and only four (11 %) survived 1 year [ 16 ]. Two other small studies 
have addressed the role of chemotherapy in PCNSL in PLWH. In a small study 
before the introduction of cART, 15 patients (10 with histological documentation of 
PCNSL) received high-dose (3 g/m 2 ) methotrexate with leucovorin rescue, and the 
median survival was 9.6 months (range: 0.3–19) [ 17 ]. In the second study, ten 
patients were treated with high-dose methotrexate-based combination chemother-
apy followed by whole-brain radiotherapy. Median survival was 3.5 months and two 
(20 %) patients survived 1 year [ 63 ]. 

 The recognition that Epstein-Barr virus plays a pathogenetic role in PCNSL in 
PLWH led to studies of targeted antiviral treatments. Two very small studies have 
used a combination of parenteral zidovudine, ganciclovir and interleukin 2. 
Signifi cant tumour regression and occasional long-term survival have been reported 
[ 64 ,  65 ]. Finally, in a small retrospective study, eight patients treated with ganciclovir 
were found to have signifi cantly lower CSF EBV-DNA levels and somewhat 
improved survival compared to 17 patients who did not receive ganciclovir (6.0 vs. 
2.4 months) [ 66 ]. The limited number of small retrospective studies of targeted anti-
viral treatments does not allow for safe conclusions with regards to their effi cacy, and 
therefore such treatments are not routinely included in the current management 
guidelines. The US National Cancer Institute is currently prospectively evaluating 
radiation-sparing immunochemotherapy employing rituximab, high- dose methotrex-
ate with leucovorin and concurrent cART; mature data from this protocol may inform 
future approaches to management of this disease (Table  7.2 ).

   Table 7.2    Outcomes of treatment schedules for PCL in PLWH and immunocompetent 
individuals.   

 No. of 
patients  Treatment  Outcome 

  PLWH  

 Ambinder 
et al. [ 16 ] 

 34  Cyclophosphamide, doxorubicin, 
vincristine, IT Ara-C, WBRT 

 Median OS: 2.4 months, 
ORR: 12 % 

 Jacometi et al. 
[ 17 ] 

 15  HD MTX, followed by WBRT on 
progression 

 Median OS: 9.7 months, 
ORR: 47 % 

 Forsyth et al. 
[ 63 ] 

 10  HD MTX-based regimens (thiotepa, 
procarbazine), WBRT 

 Median OS: 3.5 months, 
ORR : 86 % 

  Immunocompetent  

 De Angelis 
et al. [ 67 ] 

 102  HD MTX, vincristine, procarbazine, 
IT MTX, followed by WBRT and 
HD Ara-C 

 Median OS: 36.9 months, 
median PFS: 24 months, 
ORR: 94 % 

 Ferreri et al. 
[ 68 ] 

 79  HD MTX vs. HD MTX and Ara-C 
(randomised) both followed by 
WBRT 

 3-year OS:32 % vs. 46 % 

 3-year FFS: 21 % vs. 38 % 

 ORR: 40 % vs. 69 % 

   IT  intrathecal,  WBRT  whole-brain radiotherapy,  OS  overall survival,  ORR  overall response rate, 
 HD  high dose,  MTX  methotrexate,  PFS  progression-free survival,  FFS  failure-free survival  
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       Conclusion 

 AIDS-related PCNSL remains the most common malignancy of the CNS in 
PLWH, although cART has substantially reduced the incidence and seems to 
have modestly improved the survival. An early stereotactic biopsy is recom-
mended in PLWH presenting with ring-enhancing brain lesions not responding 
to a short course of anti-toxoplasma treatment. The lack of clinical trials in the 
cART era, which is partly a consequence of the declining incidence, precludes 
the development of evidence- based algorithms of care. Simply adopting proto-
cols that are employed in immunocompetent individuals may not be appropriate 
because of the differences in the biology of the tumours in PLWH. Consequently 
there is an urgent need for multicentred prospective randomised clinical trials to 
defi ne optimal management in AIDS-related PCNSL.     
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     The incidence of non-Hodgkin’s lymphoma (NHL) is at least 100 times higher in the 
human immunodefi ciency virus (HIV)-infected population as compared with the gen-
eral population [ 1 ,  2 ]. Approximately 3 % of HIV/AIDS patients develop NHL [ 3 ]. 
Among them, the risk increases with older age, duration of infection, and with a his-
tory of AIDS-defi ning events [ 4 ]. Data supporting a decline in NHL in the post-
HAART era are inconsistent [ 5 – 7 ]. A prolonged immunocompromised state, with 
reduced immune surveillance, and chronic antigen stimulation, in the setting of infec-
tion with HIV, are contributors to the pathogenesis of NHL. Studies suggest that there 
are increased p53 gene abnormalities in HIV-1-related NHL [ 8 ]. In this chapter, we 
will focus on the indolent subset of NHL in the HIV-infected population. Of the 
AIDS-defi ning illnesses, there are two subtypes of aggressive NHL including Burkitt 
lymphoma and DLBCL, which are disproportionately more prevalent among HIV 
lymphoma subtypes. There is a contradistinction in the prevalence of indolent sub-
types of NHL in the HIV population, with the incidence rates of these lymphomas 
being lower as compared with the indolent subtypes in the general population, as 
described in SEER database analysis of patients from 1992 to 2009, suggesting less of 
an association with HIV [ 9 ]. When looking at incidence of indolent subtypes of NHL 
in the AIDS subgroup of patients (patients with a prior AIDS- defi ning illness), the 
risk of developing an indolent NHL is signifi cantly higher than in the HIV population 
at large, with a 20-fold increased risk [ 10 ]. In patient with advanced AIDS, mortality 
is impacted by causes other than indolent NHL, in the vast majority of cases [ 11 ]. 
Nevertheless, the presence of a lymphoma in an HIV patient poses distinct challenges 
for the clinician, because of the need for regimens that are immunosuppressive, in 
patients with an already suppressed immune systems. Indolent lymphomas are typi-
cally considered incurable, with relapses after disease-free intervals following treat-
ment courses and less aggressive clinical behavior as compared to the aggressive 
subtypes. The indolent subsets represent only 2–7 % of lymphomas occurring in 
people living with HIV (PLWH) [ 12 – 14 ]. Herein, we review the major indolent NHL 
subsets and describe the disease features as reported in the HIV population. 

8.1     CLL/SLL 

 Chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL) are 
biologically indistinguishable diseases, characterized by the clonal proliferation 
and expansion of mature CD5+, CD23+ B lymphocytes in the blood, lymph nodes, 
bone marrow, and spleen. CLL is the most common adult leukemia in the Western 
world [ 15 ]. 

 CLL is most prevalent in the elderly, with a median age of 70 years at diagnosis, 
and men are twice as likely to develop CLL as women [ 16 ]. Most patients present 
with asymptomatic disease, with the incidental fi nding of lymphocytosis on routine 
laboratory assessment. Besides this, patients may present with adenopathy, hepato-/
splenomegaly, anemia, and thrombocytopenia. The diagnosis of CLL requires the 
presence of at least 5 × 10 9  B clonal lymphocytes/L in the peripheral blood [ 17 ]. The 
circulating lymphocytes are small with scant cytoplasm and round nuclei. The 
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expression of surface markers and thereby diagnosis are confi rmed by fl ow cytom-
etry. The established treatment of CLL varies according to the mutational profi le 
and concomitant medical comorbidities of the patient, with a number of novel tar-
geted therapies now available for consideration. There is a paucity of literature on 
the effi cacy of novel therapies in the HIV population, as HIV infection is a common 
exclusion criterion for clinical trial enrollment. Older therapies, such as fl udarabine, 
a highly immunosuppressive chemotherapy should not be  foremost  in the treat-
ment of an HIV-positive patient with CLL/SLL, and consideration of less immuno-
suppressive therapies would be appropriate. Therefore, the need for inclusion of 
HIV patients in clinical trials utilizing novel agents in the treatment of indolent 
lymphomas is an unmet need, with the caveats of appropriate viral load and CD4 
counts for treatment consideration. 

 There are few case reports of CLL in the HIV population, summarized in Tables 
 8.1  and  8.2  [ 18 – 23 ]. Cases reported suggest that HIV-infected patients had preserved 
CD4 counts when diagnosed with CLL; all patients reported had been on combina-
tion antiretroviral therapy (CART) and the average CD4 count was greater than 500 
cells/mm 3 . The average life expectancy of a 20-year-old in the USA on CART 
approaches that of the normal population and yet the median age at CLL diagnosis 
was 61 years, one decade earlier as compared to the HIV-negative CLL population 
[ 24 ]. Four patients among the cases outlined were treated with chemotherapies, and 
two of the four had a rituximab-containing regimen. Progressive multifocal leukoen-
cephalopathy (PML) was described in one patient with a CD4 count of 498 cell/mm 3  
who had been treated with fl udarabine, cyclophosphamide, and rituximab (FCR). 
Bendamustine was used to treat two patients with relapsed/relapsed CLL, while still 
on CART, with signifi cant cytopenias in one patient and the consideration of trans-
formation to DLBCL as an unproven outcome in another patient [ 21 ]. Given the 
paucity of available literature on HIV patients with CLL, it is not surprising that the 
data on risk and outcomes of CLL transformation to DLBCL (Richter’s syndrome) 
or transformation to prolymphocytic leukemia, PLL, is also lacking.

    There is a well-described risk of secondary malignancies in CLL patients at 
large, a suspected result of altered immune surveillance in this disease [ 25 ,  26 ]. 
Given the increased incidence of secondary malignancies in the HIV population, 
considered attention to malignancy screening in the HIV-infected CLL population 
is warranted.  

8.2     Marginal Zone Lymphoma 

 Marginal zone lymphomas (MZL) include nodal marginal zone lymphoma (NMZL), 
extranodal MZL of the mucosa-associated lymphoid tissue (MALT), and splenic 
marginal zone lymphoma (SMZL). Arising from the marginal zone of the lymph 
node, they are marked by expression for the B cell antigens CD19 and CD20 and are 
typically negative for CD5, CD10, and CD23. Patients with HIV have an increased 
incidence of MZL [ 27 ]. NOTCH2 mutations are not uncommon and can be identi-
fi ed in almost 20 % of cases [ 28 ].  
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8.3     MALT Lymphoma 

 MALT is the most frequent subtype of MZL, accounting about 5–7 % of all NHL 
[ 29 ]. The stomach is the most common site of involvement. There is a well-known 
association between  Helicobacter pylori  infection and gastric MALT lymphoma 
[ 30 ,  31 ]. Other sites commonly involved are the lungs, salivary glands, skin, ocular 
adnexa, soft tissues, and thyroid gland, with the most common chromosomal trans-
location identifi ed as t(11; 18) (q21; q21) in this subtype of MZL [ 32 ]. 

 The disease typically affects patients in their 60s and with no gender predomi-
nance [ 33 ]. Clinical presentation is defi ned by the site of involvement. Patients with 
gastric MALT lymphomas typically present with peptic ulcer disease symptoms, 
including epigastric pain or discomfort, dyspepsia, nausea, and vomiting, with 
B-symptoms (such as fever, drenching night sweats, and weight loss) and raised 
LDH, being rarely manifested. Treatment of early disease includes eradication of 
 Helicobacter pylori  with oral antibiotics and endoscopic follow-up and radiation for 
advanced disease. 

 Few cases have been described of MALT lymphoma in the HIV population. 
Wotherspoon et al. described a case of MALT lymphoma in an HIV patient that 
demonstrated classic morphologic features, with  H. pylori  presence noted and the 
clinical course resembling that of immunocompetent patients [ 34 ]. In a retrospec-
tive study of ten cases of indolent NHL coincident with HIV infection, one patient 
with MALT lymphoma was identifi ed [ 12 ]. Although the individual patient descrip-
tion was not given, the patient with indolent lymphoma had a high CD4+ cell count 
(median 531/mm3), and the clinical course was comparable with the non-HIV pop-
ulation as well.  

8.4     Splenic Marginal Zone Lymphoma (SMZL) 

 SMZL is a rare low-grade B-cell NHL that usually involves the spleen. It comprises 
of less than 1 % of all NHL [ 35 ]. The disease typically affects patients with a median 
age at diagnosis in the seventh decade of life [ 36 ]. Kruppel-like factor 2 or KLF2 
mutation is the most frequent genetic change in SMZL (42 %) and uncommon in 
other lymphomas [ 37 ]. There is increased association with hepatitis C virus infec-
tion, yet the numbers of cases reported in the HIV population are few [ 38 ]. 

 Most patients present with splenomegaly (moderate to massive), anemia, and 
thrombocytopenia, with lymphocytosis present in about one-third of the cases, thus 
illustrating some potential overlap in the clinical manifestations of advanced HIV/
AIDS itself. Leukopenia can also be present, due to splenic sequestration or bone 
marrow infi ltration. Hepatomegaly is described in some cases, with lymphadenopa-
thy presenting rarely. B-symptoms (such as fever, drenching night sweats, and 
weight loss) and raised LDH are very rare. The identifi cation of a monocolonal 
paraproteinemia is not unusual in this disease. Examination of the peripheral smear 
reveals a typical tumor cell, with a round nucleus, condensed chromatin, and baso-
philic cytoplasm with characteristic villous projections. In advanced disease, 
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intrasinusoidal and/or nodular infi ltration of the bone marrow can be seen which is 
highly characteristic. Splenic pathology will reveal a micronodular pattern formed 
by small lymphoma cells. The tumor cells express surface immunoglobulins (IgM, 
IgD); are positive for CD19, CD20, CD22, Pax5, and BCL2; and are characteristi-
cally negative for CD3, CD5, CD10, CD23, cyclin D1, and BCL6. 

 For symptomatic patients, several therapeutic options are available including 
splenectomy, single-agent rituximab, and chemotherapies combined with ritux-
imab. In those with hepatitis C, treatment of the viral infection is recommended if 
feasible. 

 Splenic marginal zone lymphoma is rare in patients with HIV. Several cases have 
been described in the literature [ 39 – 41 ]. Interestingly, the patients described were 
relatively young at the time of diagnosis (28–50 years). The lymphoma was stable 
up to approximately 2 years of follow-up with splenectomy performed in two cases 
and no case of chemo-immunotherapy administration.  

8.5     Nodal Marginal Zone Lymphoma (NMZL) 

 NMZL comprises 2 % of all NHL [ 42 ]. Primarily affecting the lymph nodes, 
involvement of bone marrow or peripheral blood is rare in NMZL. Most patients are 
asymptomatic and usually present with enlarged lymph nodes. With nodal biopsy, 
histology resembles with that of other marginal zone lymphomas described. The 
tumor cells express IgD. There is a paucity of published reports of NMZL in the 
HIV-positive population. Of the four cases reported in the literature, there was one 
case of NMZL in a patient with a CD4 count of 261 cells/mm 3 , not on HAART, who 
was treated with chemotherapies, including CHOP and then for relapsed disease, 
fl udarabine, cyclophosphamide, and mitoxantrone (FCM) [ 43 ]. The patient had no 
coinfection with HCV. Two additional cases reported did also not demonstrate coin-
fection with HCV or reported infection with EBV [ 44 ,  45 ].  

8.6     Follicular Lymphoma 

 Follicular lymphoma is the most common subtype of indolent NHL and comprises 
20 % of NHL cases [ 46 ]. The median age at the time of diagnosis is in the seventh 
decade of life and the t(14;18) translocation is a genetic hallmark of this disease, 
resulting in the overexpression of the BCL2 oncogene. The most common present-
ing complaint is painless peripheral lymphadenopathy, yet some patients present 
with abdominal discomfort due to the development of bulky intra-abdominal nodal 
disease. The diagnosis is made by excisional lymph node biopsy, and CT imaging 
or PET/CT is required for staging the disease activity. A strategy of active surveil-
lance is employed for most patients, until symptoms or complications from the dis-
ease arise, warranting treatment. The treatment options may differ on the basis of 
disease stage. Patients with localized disease (stage I or II) may be treated with 
radiation therapy. Several options are available for patients with advanced disease 
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including R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and 
prednisone), R-CVP (rituximab, cyclophosphamide, vincristine, and prednisone), 
bendamustine with rituximab, and single-agent rituximab. 

 Follicular lymphoma in HIV patients is comparatively rare. An evaluation of ten 
large SEER databases comprising patient data from 1992 to 2009 shows that the 
proportion of follicular lymphoma was 2.4 % among HIV patients with an NHL 
diagnosis, out of a cohort of 6,784 patients, versus its occurrence in 17.9 % of 
108,859 patients without a diagnosis of HIV [ 9 ]. Levine et al. reported two cases of 
follicular lymphoma in a retrospective study of ten cases of indolent NHL in HIV 
patients [ 12 ]. As anticipated, the CD4 count was signifi cantly higher, and the 
median survival was also longer compared to intermediate- to high-grade lympho-
mas. However, bone marrow involvement was more common. Ziegler et al. 
described three cases of small cleaved cell follicular lymphoma among 90 homo-
sexual men [ 14 ]. Although the individual patient detail was not mentioned in the 
study, it is surmised that low histologic grade is predictive of favorable outcome.  

8.7     Waldenstrom’s Macroglobulinemia/Lymphoplasmacytic 
Lymphoma (WM/LPL) 

 WM/LPL is characterized by the fi nding of LPL in the bone marrow and its secreted 
IgM paraprotein in the peripheral blood, with 64 years being the median age at 
diagnosis [ 47 ]. Common symptoms include a normocytic anemia and resultant 
fatigue. WM/LPL is characterized by the presence of a commonly occurring (90 %) 
MYD88 mutation [ 48 ]. An important consideration in this disease is the IgM con-
centration and hyperviscosity that can occur, due to high blood content of the large 
protein, leading to sequelae of neurologic and cardiovascular compromise in some 
cases. Hyperviscosity is managed with plasma exchange, for the emergent fi ltration 
of IgM from the blood. Symptomatic or progressive disease may be managed with 
a variety of chemo-immunotherapies or with the FDA-approved Bruton’s tyrosine 
kinase inhibitor ibrutinib. 

 An evaluation of patients from the HIV/AIDS Cancer Match (HACM) Study, 
spanning patient data from 1991 to 2004, and over 200,000 HIV+ patients, discov-
ered an increased risk of WM/LPL in PLWH with a standard incidence ratio of 
observed cases in the HIV population versus expected cases in the general popula-
tion of 3.6 [ 27 ]. Surprisingly, there was no increased incidence of WM/LPL in the 
AIDS subpopulation of patients in this study. Another evaluation of US Veterans 
identifi ed an increased relative risk of 12.05 (CI 2.83–51.46) in patients with HIV, 
based on evaluation of 361 WM patients, from 1969 to 1996 [ 49 ]. The mean expo-
sure time from HIV infection to the development of WM was found to be 1.6 years 
(1.1–2.7 years). IgM levels and history of antiretroviral therapy (ART) were not 
provided for analysis within these large cohort studies. Despite reports that the inci-
dence of WM/LPL is increased in PLWH, there are remarkably few case reports in 
the literature. A single French patient with HIV, diagnosed with LPL in the bone 
marrow, and found to have a high IgM of 61 g/L, and a synchronously diagnosed 
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EBV-positive plasmablastic lymphoma, has been described. The patient had a com-
plication from hyperviscosity that led to cardiac-ischemia-related death prior to the 
initiation of chemotherapy [ 50 ]. This patient had coinfection with HCV, a CD4 
count of 550, and undetectable HIV and HCV viral loads. Given the higher inci-
dence of this indolent lymphoma reported in the two large patient cohorts refer-
enced above, a potential causal relationship between HIV infection and the 
appearance of WM/LPL is suggested.  

    Conclusions 

 In general, HIV patients with indolent lymphoma demonstrate a benign course, 
similar to that of the HIV-negative population. The mean CD4+ cell counts are 
relatively higher as compared to those patients who develop intermediate- to 
high-grade lymphomas, and therefore, their genesis may not be as dependent on 
immune deregulation, with a notable exception. WM/LPL is reportedly more 
prevalent in the HIV population as compared with the non-HIV population. 
Given the increased risk of WM/LPL in PLWH, timely diagnosis and screening 
may be possible with heightened awareness of this entity. 

 In the majority of cases identifi ed and outlined herein, mortality was not 
impacted by the presence of the indolent lymphoma. In cases requiring therapy, 
special attention to the prevention of opportunistic infection as a compound result 
of both therapy and the underlying HIV is appropriate, with the use of prophylac-
tic antibiotics. Extremely immunosuppressive agents, such as fl udarabine, should 
be avoided in favor of newer, less immunosuppressive agents given their avail-
ability. Since evidence regarding the safety and effi cacy of novel therapies in the 
management of indolent NHL is lacking in the HIV population, inclusion of HIV 
patients in these ongoing and future studies is highly encouraged, with considered 
attention to CD4 counts and viral load for inclusion consideration.     

   References 

    1.    Patel P, et al. Incidence of types of cancer among HIV-infected persons compared with the 
general population in the United States, 1992–2003. Ann Intern Med. 2008;148:728–36.  

    2.    Biggar RJ, Curtis RE, Cote TR, Rabkin CS, Melbye M. Risk of other cancers following 
Kaposi’s sarcoma: relation to acquired immunodefi ciency syndrome. Am J Epidemiol. 
1994;139:362–8.  

    3.    Beral V, Peterman T, Berkelman R, Jaffe H. AIDS-associated non-Hodgkin lymphoma. Lancet 
(London, England). 1991;337:805–9.  

    4.    Biggar RJ, Rabkin CS. The epidemiology of AIDS – related neoplasms. Hematol Oncol Clin 
North Am. 1996;10:997–1010.  

    5.    Buchbinder SP, et al. Combination antiretroviral therapy and incidence of AIDS-related malig-
nancies. J Acquir Immune Defi c Syndr. 1999;21 Suppl 1:S23–6.  

   6.    Rabkin CS, Testa MA, Huang J, Von Roenn JH. Kaposi’s sarcoma and non-Hodgkin’s lym-
phoma incidence trends in AIDS Clinical Trial Group study participants. J Acquir Immune 
Defi c Syndr. 1999;21 Suppl 1:S31–3.  

    7.    Jacobson LP, et al. Impact of potent antiretroviral therapy on the incidence of Kaposi’s sar-
coma and non-Hodgkin’s lymphomas among HIV-1-infected individuals. Multicenter AIDS 
Cohort Study. J Acquir Immune Defi c Syndr. 1999;21 Suppl 1:S34–41.  

8 HIV and Indolent Lymphoma



116

    8.    De Re V, et al. p53 protein over-expression and p53 gene abnormalities in HIV-1-related non- 
Hodgkin’s lymphomas. Int J Cancer J Int Cancer. 1994;56:662–7.  

     9.    Shiels MS, et al. The epidemic of non-Hodgkin lymphoma in the United States: disentangling 
the effect of HIV, 1992–2009. Cancer Epidemiol Biomark Prev: Publ Am Assoc Cancer Res 
Am Soc Prev Oncol. 2013;22:1069–78.  

    10.    Cote TR, et al. Non-Hodgkin’s lymphoma among people with AIDS: incidence, presentation 
and public health burden. AIDS/Cancer Study Group. Int J Cancer J Int Cancer. 
1997;73:645–50.  

    11.    Biggar RJ, Rosenberg PS, Cote T. Kaposi’s sarcoma and non-Hodgkin’s lymphoma following 
the diagnosis of AIDS. Multistate AIDS/Cancer Match Study Group. Int J Cancer J Int Cancer. 
1996;68:754–8.  

      12.    Levine AM, Sadeghi S, Espina B, Tulpule A, Nathwani B. Characteristics of indolent non- 
Hodgkin lymphoma in patients with type 1 human immunodefi ciency virus infection. Cancer. 
2002;94:1500–6.  

   13.    Lowenthal DA, et al. AIDS-related lymphoid neoplasia. The Memorial Hospital experience. 
Cancer. 1988;61:2325–37.  

     14.    Ziegler JL, et al. Non-Hodgkin’s lymphoma in 90 homosexual men. Relation to generalized 
lymphadenopathy and the acquired immunodefi ciency syndrome. N Engl J Med. 
1984;311:565–70.  

    15.    Maurer C, Hallek M. Chronic lymphocytic leukemia. Dtsch Med Wochenschr (1946). 
2013;138:2153–66.  

    16.    Ghia P, Caligaris-Cappio F. The origin of B-cell chronic lymphocytic leukemia. Semin Oncol. 
2006;33:150–6.  

    17.    Hallek M, et al. Guidelines for the diagnosis and treatment of chronic lymphocytic leukemia: 
a report from the International Workshop on Chronic Lymphocytic Leukemia updating the 
National Cancer Institute-Working Group 1996 guidelines. Blood. 2008;111:5446–56.  

     18.    Ravandi F, Verma A, Ridgeway J, Pursell K. Chronic lymphocytic leukemia (B-CLL) occur-
ring with human immunodefi ciency virus (HIV) infection: implications. Leuk Res. 
2003;27:853–7.  

    19.    Cole J, Pantanowitz L, Aboulafi a D. Human immunodefi ciency virus and chronic lymphocytic 
leukemia. Leuk Lymphoma. 2009;50:1885–8.  

    20.    Sewell HF, Walker F, Bennett B, Dawson AA. Chronic lymphocytic leukaemia contemporane-
ous with HIV infection. Br Med J (Clin Res Ed). 1987;294:938–9.  

     21.    Shimada N, et al. Treatment of chronic lymphocytic leukemia with bendamustine in an HIV- 
infected patient on antiretroviral therapy: a case report and review of the literature. Clin Case 
Rep. 2015;3:453–60.  

    22.    Knowles DM, et al. Lymphoid neoplasia associated with the acquired immunodefi ciency syn-
drome (AIDS). The New York University Medical Center experience with 105 patients (1981–
1986). Ann Intern Med. 1988;108:744–53.  

    23.    Kaplan MH, et al. Neoplastic complications of HTLV-III infection. Lymphomas and solid 
tumors. Am J Med. 1987;82:389–96.  

    24.    Samji H, et al. Closing the gap: increases in life expectancy among treated HIV-positive indi-
viduals in the United States and Canada. PLoS One. 2013;8:e81355.  

    25.    Callea V, et al. Incidence of second neoplasia in patients with B-cell chronic lymphocytic 
leukemia treated with chlorambucil maintenance chemotherapy. Leuk Lymphoma. 
2006;47:2314–20.  

    26.    Tsimberidou AM, Wen S, McLauaghlin P, et al. Other malignancies in chronic lymphocytic-
leukemia/small lymphocytic lymphoma. J Clin Oncol. 2008;27:1–9.  

     27.    Gibson TM, Morton LM, Shiels MS, Clarke CA, Engels EA. Risk of non-Hodgkin lymphoma 
subtypes in HIV-infected people during the HAART era: a population-based study. AIDS 
(London, England). 2014;28:2313–8.  

    28.    Rossi D, et al. The coding genome of splenic marginal zone lymphoma: activation of NOTCH2 
and other pathways regulating marginal zone development. J Exp Med. 2012;209:1537–51.  

N. Khan et al.



117

    29.    Armitage JO, Weisenburger DD. New approach to classifying non-Hodgkin’s lymphomas: 
clinical features of the major histologic subtypes. Non-Hodgkin’s Lymphoma Classifi cation 
Project. J Clin Oncol: Off J Am Soc Clin Oncol. 1998;16:2780–95.  

    30.    Radaszkiewicz T, Dragosics B, Bauer P. Gastrointestinal malignant lymphomas of the mucosa- 
associated lymphoid tissue: factors relevant to prognosis. Gastroenterology. 
1992;102:1628–38.  

    31.    Parsonnet J, et al. Helicobacter pylori infection and gastric lymphoma. N Engl J Med. 
1994;330:1267–71.  

    32.    Auer IA, et al. t(11;18)(q21;q21) is the most common translocation in MALT lymphomas. 
Ann Oncol: Off J Eur Soc Med Oncol ESMO. 1997;8:979–85.  

    33.    Zucca E, Bertoni F, Roggero E, Cavalli F. The gastric marginal zone B-cell lymphoma of 
MALT type. Blood. 2000;96:410–9.  

    34.    Wotherspoon AC, et al. Low grade gastric B-cell lymphoma of mucosa associated lymphoid 
tissue in immunocompromised patients. Histopathology. 1996;28:129–34.  

    35.    Liu L, et al. Splenic marginal zone lymphoma: a population-based study on the 2001–2008 
incidence and survival in the United States. Leuk Lymphoma. 2013;54:1380–6.  

    36.    Berger F, et al. Non-MALT marginal zone B-cell lymphomas: a description of clinical presen-
tation and outcome in 124 patients. Blood. 2000;95:1950–6.  

    37.    Clipson A, et al. KLF2 mutation is the most frequent somatic change in splenic marginal 
zone lymphoma and identifi es a subset with distinct genotype. Leukemia. 2015;29:
1177–85.  

    38.    Zuckerman E, et al. Hepatitis C virus infection in patients with B-cell non-Hodgkin lym-
phoma. Ann Intern Med. 1997;127:423–8.  

     39.    Cagliuso M, et al. Splenic marginal zone lymphoma in a HIV-1 infected patient: evidence 
favouring a pathogenetic role of HIV-1 itself in the lymphomagenesis. Infection. 
2013;41:255–8.  

    40.    Genet P, et al. Splenic marginal zone lymphoma with villous lymphocytes in patients with 
human immunodefi ciency virus. Leuk Lymphoma. 2013;54:181–3.  

     41.    Arcaini L, et al. Splenic marginal zone B-cell lymphoma in a HIV-positive patient: a case 
report. Ann Hematol. 2009;88:379–81.  

    42.    Conconi A, et al. Nodal marginal zone B-cell lymphomas may arise from different subsets of 
marginal zone B lymphocytes. Blood. 2001;98:781–6.  

    43.    Abella E, et al. Nodal marginal zone lymphoma in AIDS patients: a casual association? AIDS 
(London, England). 2002;16:2232–4.  

    44.    Charton-Bain MC, Le Tourneau A, Weiss L, Bruneval P, Diebold J. Rare non-Hodgkin’s lym-
phoma in the course of infection with human immunodefi ciency virus. Two cases with bone 
marrow invasion. Ann Pathol. 1997;17:38–40.  

    45.    Sheibani K, et al. Monocytoid B-cell lymphoma in a patient with human immunodefi ciency 
virus infection. Demonstration of human immunodefi ciency virus sequences in paraffi n- 
embedded lymph node sections by polymerase chain reaction amplifi cation. Arch Pathol Lab 
Med. 1990;114:1264–7.  

    46.   A clinical evaluation of the International Lymphoma Study Group classifi cation of non- 
Hodgkin’s lymphoma. The Non-Hodgkin’s Lymphoma Classifi cation Project. Blood. 
1997;89:3909–18.  

    47.    Gertz MA, Fonseca R, Rajkumar SV. Waldenstrom’s macroglobulinemia. Oncologist. 
2000;5:63–7.  

    48.    Treon SP, et al. MYD88 L265P somatic mutation in Waldenström’s macroglobulinemia. N 
Eng J Med. 2012;367:826–33.  

    49.    Koshiol J, Gridley G, Engels EA, McMaster ML, Landgren O. Chronic immune stimulation 
and subsequent Waldenstrom macroglobulinemia. Arch Intern Med. 2008;168:1903–9.  

    50.    Terrier B, et al. Characteristics of B-cell lymphomas in HIV/HCV-coinfected patients during 
the combined antiretroviral therapy era: an ANRS CO16 LYMPHOVIR cohort study. J Acquir 
Immune Defi c Syndr (1999). 2013;63:249–53.    

8 HIV and Indolent Lymphoma



119© Springer International Publishing Switzerland 2016
M. Hentrich, S.K. Barta (eds.), HIV-associated Hematological Malignancies, 
DOI 10.1007/978-3-319-26857-6_9

        M.   Hentrich ,  MD      (*) 
  Department of Hematology and Oncology ,  Red Cross Hospital, University of Munich , 
  Munich ,  Germany   
 e-mail: marcus.hentrich@swmbrk.de   

    M.   Spina      
  Division of Medical Oncology A ,  National Cancer Institute ,   Aviano ,  Italy   
 e-mail: mspina@cro.it   

    S.   Montoto ,  MD      
  Centre for Haemato-Oncology ,  St Bartholomew’s Hospital, Barts Cancer Institute, 
Queen Mary University of London ,   London ,  UK   
 e-mail: s.montoto@qmul.ac.uk  

 9      HIV-Associated Hodgkin Lymphoma                     

       Marcus     Hentrich      ,     Michele     Spina     , and     Silvia     Montoto     

    Contents 

9.1   Introduction  ....................................................................................................................   120 
9.2   Epidemiology  .................................................................................................................   120 

9.2.1   CD4 T-Cell Counts and Risk of HIV-HL  ...........................................................   121 
9.3   Pathology  .......................................................................................................................   121 
9.4   Management  ...................................................................................................................   123 

9.4.1   Clinical Presentation and Diagnosis  ..................................................................   123 
9.4.2   Prognostic Factors  ..............................................................................................   124 
9.4.3   Primary Chemotherapy  ......................................................................................   124 
9.4.4   Relapsed and Resistant Disease  .........................................................................   127 
9.4.5   Future Directions  ...............................................................................................   127 

  References  ...............................................................................................................................   128 

mailto:marcus.hentrich@swmbrk.de
mailto:mspina@cro.it
mailto:s.montoto@qmul.ac.uk


120

9.1         Introduction 

 Hodgkin lymphoma (HL) is one of the most common non-AIDS-defi ning malig-
nancies in patients infected with HIV. Unfavorable features such as higher frequency 
of advanced-stage disease and extranodal involvement are frequently encountered. 
Prior to the advent of combined antiretroviral therapy (cART), the prognosis of 
patients with HIV-HL was poor. However, with standard curative-intent therapy and 
modern cART, the outcome is similar to that reported in the general population.  

9.2     Epidemiology 

 Compared with the general population, the incidence of HIV-HL is increased by 
approximately 10–15-fold with about 45–55 new cases per 100,00 person-years 
among HIV-infected persons [ 1 – 10 ]. Notably, the incidence has remained stable or 
may have even further increased in the cART era. An overview of recent studies 
providing data on standardized incidence ratios is given in Table  9.1 .

   With a median age of 40–45 years, patients are about 10 years older than their 
HIV-negative counterparts. In high-prevalence areas such as South Africa, 61 % of 
HL cases were reported to be attributed to HIV between 2007 and 2009 [ 11 ], while 
incidence rates in the USA are highest among African Americans. A recent study on 
the prevalence of HIV infection among US Hodgkin lymphoma cases showed that 
between 2000 and 2010, 17 % of HL cases among African Americans were HIV 
related [ 12 ]. 

   Table 9.1    Studies providing standardized incidence ratios (SIR) for HL in persons with 
HIV/AIDS   

 Country  Period   N   SIR  Reference 

 Switzerland  1985–2003  7304  17.3  Clifford [ 1 ] 

 36.2 (prior cART) 

 USA  1996–2002  317,428 (AIDS only)  9.4  Biggar [ 2 ] 

 13.2 (1996–2002) 

 France/Italy  1985–2005  8074  10.8  Serraino [ 3 ] 

 USA  1991–2002  57,350  5.6  Engels [ 4 ] 

 USA  1992–2003  54,730  14.7  Patel [ 5 ] 

 17.9 (2000–2003) 

 UK  1983–2007  11,112  13.9  Powles [ 6 ] 

 32.4 (2002–2007) 

 USA  1984–2007  6949  7.3  Seaberg [ 7 ] 

 Switzerland  1985–2006  9429  9.2 (1985–1996)  Franceschi [ 8 ] 

 21 (1997–2001) 

 28.1 (2002–2006) 

 USA  1996–2008  20,775  18.7  Silverberg [ 9 ] 

 Italy  1999–2009  5090  12.3  Calabresi [ 10 ] 
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9.2.1     CD4 T-Cell Counts and Risk of HIV-HL 

 Median CD4 cell counts at HL diagnosis are roughly between 150 and 260 cells/μl 
[ 2 ,  13 – 18 ]. However, data on the relationship of CD4 cell counts and the risk of 
HIV-HL are somewhat inconsistent. Although the risk of HIV-HL is generally 
increased at CD4+ T-cell counts below 500 cells/μl, it was shown to be highest in 
CD4 counts between 50 and 100 cells/μl [ 19 – 21 ]. By contrast, the US HIV/AIDS 
Cancer Match Study found that the incidence of HL decreased in persons with 
AIDS and falling CD4 cell counts [ 2 ]. This fi nding is in line with data from the 
German HIV lymphoma cohort study showing HL to be as common as non- Hodgkin 
lymphoma in patients with sustained viral suppression and limited immune defi -
ciency defi ned as HIV RNA <50 copies/ml for more than 12 months and CD4 cell 
counts of >200/μl [ 22 ]. However, in an analysis of 16 European cohorts, the risk of 
HL declined as the most recent (time updated) CD4 count increased with an adjusted 
hazard ratio of 0.27 for patients with more than 350 compared to less than 50 cells/
μl [ 20 ]. 

 The fi rst 6 months after initiating cART are the period with the highest risk of 
HIV-HL diagnosis [ 17 ,  21 ,  23 ], but there is also some evidence of a higher risk 
within 12 months after cART initiation [ 24 ]. The increased risk within 6 months 
after initiating cART may, at least in part, be explained by the occurrence of an 
immune reconstitution infl ammatory syndrome (IRIS) [ 24 ]. Unmasking lymphoma 
IRIS, defi ned as lymphoma within 6 months after ART accompanied by a ≥0.5 log 10  
copies/ml HIV RNA reduction, was recently observed in 15 % of HL cases docu-
mented in the Centers for AIDS Research Network of Integrated Clinical Systems 
(CNICS) cohort from 1996 until 2011 [ 25 ]. Data from the US Veterans Affairs 
cohort also suggests HIV-HL incidence may be highest in the fi rst year of cART 
exposure with a steady decline over 10 years of cART use [ 26 ]. Notably, HIV-1 viral 
replication is not associated with the risk of HL [ 20 ]. 

 Case control studies of HIV patients showed a marked decline of CD4 cells by 
approximately 100 cells/μl over 12 months prior to HL diagnosis [ 17 ,  20 ,  27 ]. 
However, as a major decline in CD4+ T-cell count is not unique to HL, the predic-
tive value of declining CD4+ T cells as a marker for an impending HL neither 
appears sensitive nor specifi c enough to be suitable as a diagnostic marker for HL 
[ 27 ,  28 ].   

9.3     Pathology 

 There are some remarkable differences in the pathology between HIV-HL and HL 
in the general population. First, the mixed cellularity subtype is most commonly 
observed in HIV-HL [ 2 ,  29 – 31 ], a fi nding which is in contrast to HL in HIV-negative 
patients where the nodular sclerosis subtype predominates (Figs.  9.1  and  9.2 ). 
Although a higher proportion of classical HL not otherwise specifi ed (NOS) may 
have been diagnosed in recent years [ 12 ,  17 ], the MC predominance has not changed 
over the last decades [ 2 ,  14 ,  15 ].
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  Fig. 9.1    This photomicrograph shows a case of HIV-related Hodgkin lymphoma. In between a 
mixed “reactive” cell infi ltrate, Hodgkin and Reed-Sternberg (H/RS) cells are shown with promi-
nent central nucleoli. Hematoxylin and eosin stain. Original magnifi cation, ×400       

  Fig. 9.2    Immunohistochemical staining of CD30 in H/RS cells of HIV-HL. Note the membranous 
and Golgi staining. Original magnifi cation, ×400       
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    Second, HIV-HL has been shown to be associated with EBV in 80–100 % of 
cases (Fig.  9.3 ). This contrasts to HIV-negative HL in which EBV genome is 
observed in 20–50 % only according to histological subtype and age at diagnosis 
[ 32 ,  33 ]. EBV-infected Hodgkin Reed-Sternberg cells (HRS) mainly express EBV- 
encoded genes such as Epstein-Barr nuclear antigen (EBNA1) and latent membrane 
proteins (LMP1, LMP2A, LMP2B). LMP1 and LMP2 are important for NF-KB 
and B-cell receptor signaling as well as for B-cell proliferation [ 34 ]. Further, EBV 
infection induces an increase in T-regulatory cells and associated immunosuppres-
sive cytokines (IL10) that may inhibit an immune response against EBV+ cells [ 35 ].

   Third, decreased nodal CD4+ T cells and lack of CD4+ rosetting around HRS 
have been described in HIV-HL as compared to HL in the HIV-negative setting [ 36 , 
 37 ]. While CD8+ T cells appear to be preserved, cytotoxic granzyme B expression 
is decreased, suggesting a defective antitumoral response in HIV-HL [ 38 ].  

9.4     Management 

9.4.1     Clinical Presentation and Diagnosis 

 Approximately 65–80 % of patients present with advanced stages or with B symp-
toms [ 14 ,  15 ,  30 ]. Compared to HL in the general population, the bone marrow is 
far more frequently involved and may be the only site of disease. 

  Fig. 9.3    In situ hybridization for EBV-encoded RNA (EBER) in H/RS cells of HIV-HL. The 
EBER signal is located to the nucleus. Original magnifi cation, ×400 (Images kindly provided by 
Marcus Kremer, Institute of Pathology, Staedtisches Klinikum Muenchen, Germany)       
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 There is only limited evidence on the role of PET scans in the diagnosis of HIV 
lymphoma. Findings should be interpreted with caution as baseline  18 FDG-PET can 
be false positive in particular in ART-naïve viremic patients or those with low CD4 
counts [ 39 – 43 ]. Notably, false-negative results were also reported [ 44 ]. 

 Apart from obtaining an HIV-related history, CD4 T-cell counts and HIV RNA 
should be evaluated at HL diagnosis as should be hepatitis B and hepatitis C virus 
serology.  

9.4.2     Prognostic Factors 

 Before the advent of cART results of chemotherapy and long-term outcomes of 
patients with HIV-HL were poor [ 45 – 47 ]. This was mainly due to a poor tolerance 
of standard chemotherapy with high rates of opportunistic infections and toxic 
deaths. However, a number of cohort studies have shown that complete remission 
(CR) and overall survival rates were signifi cantly higher in patients on cART as 
compared to those treated in the pre-cART era [ 48 – 52 ]. Of note, response to cART 
[ 50 ,  51 ], low CD4 counts [ 51 ,  52 ], and CR [ 50 – 52 ] were independently associated 
with overall survival (OS). 

 Data on the predictive power of the International Prognostic Score (IPS) in 
HIV-HL are inconsistent [ 13 ,  14 ,  18 ,  53 ], and treatment decisions should not be 
based on the IPS outside clinical trials. Nevertheless, a large retrospective analysis 
of 596 HIV-HL patients from 6 European countries that included patients treated in 
the pre- and post-cART era found 2 parameters independently associated with OS: 
CD4 counts <200 cells/μl [HR 1.63] and IPS >2 [HR 2.33]. Based on these factors, 
a new European score was developed that may be considered for future prospective 
studies [ 54 ]. 

 While in the German study, a CD4 cell count <200/μl did not predict the outcome 
[ 14 ], a multi-institutional retrospective study of 229 advanced HIV-HL patients who 
had received ABVD plus cART showed CD4 cell counts <200/μl to be an indepen-
dent adverse prognostic factor for PFS and OS [ 18 ]. The larger sample size of the 
latter study may have allowed a more meaningful analysis of CD4 counts as prog-
nostic factor.  

9.4.3     Primary Chemotherapy 

 In a retrospective study on patients with stage III/IV HIV-HL, 6–8 cycles of AVBD 
along with concurrent cART resulted in a CR rate of 87 % and a 5-year OS rate of 
76 % [ 31 ]. Another large retrospective study from the UK compared the outcome of 
93 HIV-positive and 131 HIV-negative HL patients treated with 6 cycles of ABVD 
[ 15 ]. Importantly, HIV status did not adversely affect the outcome with no signifi -
cant differences in the 5-year event-free survival (66 % versus 59 %) and OS (81 % 
versus 88 %) between HIV-positive and HIV-negative patients (Fig.  9.4 ). Data on 
ABVD in HIV-HL are summarized in Table  9.2 .
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    While the use of the Stanford V regimen and concomitant cART resulted in a 
3-year OS rate of 51 % [ 13 ], high cure rates have recently been reported in a large 
prospective study on a stage-adapted treatment of HIV-HL [ 14 ]. Patients with early 
favorable HL received 2–4 cycles of ABVD followed by involved-fi eld radiation; 
patients with early unfavorable disease were treated with 4 cycles of BEACOPP 
baseline or 4 cycles of ABVD; and patients with advanced HIV-HL received 6–8 
cycles of BEACOPP baseline. In patients with advanced HIV infection, BEACOPP 
was replaced by ABVD. Ninety-four percent received concurrent cART while on 
protocol therapy. The CR rate for patients with early favorable, early unfavorable, 
and advanced-stage HL was 96 %, 100 %, and 86 %, respectively (Table  9.3 ). The 
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  Fig. 9.4    Overall survival of HIV-HL patients treated with ABVD according to HIV status 
(Adapted from Montoto et al. [ 15 ]. Reprint permission obtained from American Society of Clinical 
Oncology)       

   Table 9.2    Results from retrospective studies on ABVD in HIV-HL in the cART era   

  N  
 Recruitment 
period 

 Stage 
III/IV 

 No 
cycles 

 CR 
rate  OS 

 Toxic 
deaths  Comment  Reference 

 62  1996–2005  100 %  6: 68 %  87 %  76 % 
(5-years) 

 5 % 
(3/62) 

 All pts with 
concurrent 
cART; 
median CD4 
counts 129/μl 

 Xicoy [ 31 ] 

 8: 15 % 

 <6: 17 % 

 93  1997–2010  80 %  6  74 %  81 % 
(5-years) 

 1 % 
(1/93) 

 Concurrent 
cART in 
92/93 pts; 
median CD4 
counts 185/
μl; no impact 
of HIV status 
on OS 

 Montoto 
[ 15 ] 

   CR  complete remission,  OS  overall survival  
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2-year OS of the entire study population was 90.7 % with no signifi cant difference 
between early favorable (95.7 %), early unfavorable (100 %), and advanced HL 
(86.8 %) (Fig.  9.5 ). Treatment-related mortality in patients with advanced disease 
was 7 %. However, as three of four toxic deaths occurred after the seventh cycle of 
BEACOPP, chemotherapy should be limited to 6 cycles as has recently been dem-
onstrated in HIV-negative HL patients receiving the more intensifi ed BEACOPP-
escalated regimen [ 55 ]. An overview of prospective clinical studies in HIV-HL in 
the cART era is given in Table  9.3 .

    Taken together, a stage adapted treatment approach is feasible and effective. Two 
cycles of ABVD followed by involved-fi eld (IF) radiation therapy (RT) can be 
regarded as standard treatment for early favorable HL. As the use of 20-Gy and 
30-Gy doses of RT proved equally effective in HIV-negative early-stage HL, the 
lower dose of 20-Gy RT may also be given in early-stage HIV-HL [ 59 ]. While the 
use of 4 cycles of ABVD followed by 30 Gy IF-RT may be considered standard of 
care for patients with early-stage unfavorable HL, 6 cycles of ABVD or BEACOPP 
baseline may be applied to patients with advanced-stage HIV-HL [ 14 ,  15 ,  60 ]. 
Nevertheless, ABVD is most commonly used and regarded as the standard of care 
for advanced HIV-HL in many parts of the world [ 61 – 63 ]. 

 There is some evidence suggesting that increased viremia during the 6 months 
after lymphoma diagnosis is associated with an increased risk of death between 6 
months and 5 years after diagnosis [ 64 ]. As chemotherapy and concurrent cART 
have been shown to be feasible and effective during chemotherapy for HIV-HL, 
cART should either be continued or initiated according to current guidelines for the 
use of ART [ 14 – 16 ,  65 ]. However, the potential of interactions between cytotoxics 
and antiretrovirals must be considered. When possible, strong enzyme inhibitors 
such as ritonavir-boosted protease inhibitors should be avoided because of the 
reported increased risk of myelotoxicity [ 66 ]. More detailed information on interac-
tions between cytotoxics and antiretrovirals is presented in Chap.   17    .  

9.4.4     Relapsed and Resistant Disease 

 Patients with relapsed or refractory HIV-HL should be considered early for high- 
dose chemotherapy (HDCT) and autologous stem cell transplantation (ASCT). 
Peripheral blood stem cells can be effectively mobilized, and autologous stem cell 
transplantation (ASCT) has been shown to be a useful treatment in HIV-infected 
lymphoma patients with chemosensitive relapse [ 67 – 70 ]. Further information on 
HDCT and ASCT in HIV lymphoma is given in Chap.   12    .  

9.4.5     Future Directions 

 In HIV-negative HL response-adapted therapy based on early interim,  18 FDG-PET 
is currently being investigated in many prospective trials. Cycle 1 or 2 negative PET 
scans may be useful in identifying those for whom more limited therapy can be 
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applied [ 71 ,  72 ]. There is only limited data on interim PET scans in HIV-HL. The 
predictive value of positive interim scans may be hampered by false-positive results 
in patients with HIV. However, recent data from a retrospective cohort study indi-
cate a high negative predictive value of a PET scan performed after 2–3 cycles of 
ABVD (PET-2 or PET-3) [ 73 ]. The role of interim PET in HIV-HL should be further 
investigated in well-designed clinical studies. 

 Novel agents may change the landscape of treatment of non-HIV-HL in the future. 
Brentuximab vedotin, a CD30-directed immunoconjugate of the antimitotic agent 
monomethyl auristatin E, has been shown to be effective in relapsed and resistant HL 
and is now being incorporated into upfront treatment [ 74 ,  75 ]. Recent case studies 
indicate that brentuximab vedotin may also be useful in HIV-positive patients with 
relapsed HL [ 76 ]. A combination of brentuximab vedotin, doxorubicin, vinblastine, 
and dacarbazine is currently being investigated in a study by the AIDS Malignancy 
Consortium (NCT 01771107). Finally, immunomodulatory approaches such as 
checkpoint inhibition with anti-programmed death 1 (PD1) agents are currently stud-
ied in non-HIV-HL and may also be investigated in HIV-HL in future studies.      
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10.1           Introduction 

 Highly active antiretroviral therapy (HAART) is defi ned as antiviral regimens which 
combine three or more different drugs such as two nucleoside reverse transcriptase 
inhibitors (NRTIs) and a protease inhibitor boosted with ritonavir (PI), two NRTIs and 
a non-nucleoside reverse transcriptase inhibitor (NNRTI), or other such combinations 
including an integrase inhibitor and an HIV cell surface entry inhibitor (Table  10.1 ) 
[ 1 ]. Prior to the widespread use of HAART, high-dose combination chemotherapy 
regimens for the treatment of intermediate- and high-grade B cell lymphoma and 
acute myeloid leukemia (AML) were perceived as too toxic to administer to patients 
with the acquired immune defi ciency syndrome (AIDS) [ 2 ,  3 ]. However, with the 
advent of HAART and better supportive care for patients receiving aggressive 
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chemotherapy regimens, the prospect of treating these patients with conventional 
AML induction and consolidation chemotherapy became a reality.

   A number of case reports and case series, often derived from the limited experi-
ences of single-center institutions, suggest improved outcomes for patients with both 
HIV and AML who are treated with standard induction and consolidation regimens, 
particularly those patients with CD4+ counts >200 cells/mm 3  and with well- controlled 
HIV viremia [ 4 ,  5 ]. As people living with HIV/AIDS (PLWHA) age, it is expected 
that the incidence of AML will likely rise incrementally in this group as long-term 
survivors live into their sixth, seventh, and eight decades [ 6 – 8 ]. In this chapter, we 
briefl y review the available literature on frequency, etiology, and treatment of AML 
and myelodysplastic syndrome (MDS) in the setting of HIV infection.  

   Table 10.1    FDA-approved HIV medications   

 Nucleoside reverse transcriptase inhibitors 
(NRTIs) 

 Non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) 

   Abacavir sulfate (Ziagen®)    Delavirdine (Rescriptor®) 

   Didanosine (Videx®)    Efavirenz (Sustiva®) 

   Emtricitabine (Emtriva®)    Etravirine (Intelence®) 

   Lamivudine (Epivir®)    Nevirapine (Viramune®) 

   Stavudine (Zerit®)    Rilpivirine (Edurant®) 

   Tenofovir (Viread®) 

   Zidovudine (Retrovir®) 

 Protease inhibitors (PIs)  Integrase inhibitors 

   Atazanavir (Reyataz®)    Dolutegravir (Tivicay®) 

   Darunavir (Prezista®)    Elvitegravir (Vitekta®) 

   Fosamprenavir (Lexiva®)    Raltegravir (Isentress®) 

   Indinavir (Crixivan®) 

   Nelfi navir (Viracept®)  Pharmacokinetic enhancers 

   Ritonavir (Norvir®)    Cobicistat (Tybost®) 

   Saquinavir (Invirase®) 

   Tipranavir (Aptivus®) 

 Fusion inhibitors  Entry inhibitors 

   Enfuvirtide (Fuzeon®)    Maraviroc (Selzentry®) 

 Combination HIV medicines 

   Abacavir and lamivudine (Epzicom®) 

   Abacavir, dolutegravir, and lamivudine (Triumeq®) 

   Abacavir, lamivudine, and zidovudine (Trizivir®) 

   Efavirenz, emtricitabine, and tenofovir (Atripla®) 

   Elvitegravir, cobicistat, emtricitabine, and tenofovir (Stribild®) 

   Emtricitabine, rilpivirine, and tenofovir (Complera®) 

   Emtricitabine and tenofovir (Truvada®) 

   Lamivudine and zidovudine (Combivir®) 

   Lopinavir and ritonavir (Kaletra®) 

  Adapted from   http://aidsinfo.nih.gov/education-materials/      
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10.2     Frequency 

 In the United States, 18,000 people are diagnosed with acute leukemia annually, of 
which over 12,000 are defi ned as myeloid, and 5000 more without specifi cation on 
the type of leukemia. More than 10,000 die from the disease, which constitutes 
approximately 2 % of deaths due to cancer. Leukemia (all forms) is expected to 
strike 1 % of females and 1.5 % of males during their lifetime and is the leading 
cause of cancer death in males younger than 40 years and in females younger than 
20 years [ 9 ]. AML is generally a disease of older people and is uncommon before 
the age of 45 years. The average age of a patient with AML is 67 years. 

 With the introduction of HAART, the incidence of AIDS-defi ning cancers has 
declined, but non-AIDS-defi ning hematological malignancies (NADHMs) have 
emerged including AML [ 10 ]. This gradual but signifi cant increase in the incidence 
of certain NADHMs is expected to continue as PLWHA age. In a recent retrospec-
tive review of ten pre-HAART era and nine HAART era HIV-infected patients, the 
median time from diagnosis of HIV infection to development of hematological 
malignancy decreased from 9 to 3 years after HAART [ 11 ]. 

 The French-American-British (FAB) classifi cation system divides AML into 
eight subtypes, M0 through to M7, based on the type of cell from which the leuke-
mia developed and its degree of maturity (Table  10.2 ). This is done by examining 
the appearance of the malignant cells with light microscopy and/or by using cytoge-
netics to characterize any underlying chromosomal abnormalities (see Fig.  10.1a–d ). 

    Table 10.2    French-American-British classifi cation schema   

 Type  Name  Cytogenetics 

 Percentage 
of adult AML 
patients 

 M0  Acute myeloblastic leukemia, minimally 
differentiated 

 5 % 

 M1  Acute myeloblastic leukemia, without 
maturation 

 15 % 

 M2  Acute myeloblastic leukemia, with 
granulocytic maturation 

 t(8;21)(q22;q22), 
t(6;9) 

 25 % 

 M3  Promyelocytic, or acute promyelocytic 
leukemia (APL) 

 t(15;17)  10 % 

 M4  Acute myelomonocytic leukemia  inv(16)(p13q22), 
del(16q) 

 20 % 

 M4eo  Myelomonocytic together with bone
marrow eosinophilia 

 inv(16), t(16;16)  5 % 

 M5  Acute monoblastic leukemia (M5a)
or acute monocytic leukemia (M5b) 

 del (11q), t(9;11), 
t(11;19) 

 10 % 

 M6  Acute erythroid leukemias, including 
erythroleukemia (M6a) and very rare
pure erythroid leukemia (M6b) 

 5 % 

 M7  Acute megakaryoblastic leukemia  t(1;22)  5 % 
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  Fig. 10.1    ( a ) Myeloblasts in a peripheral blood smear from a patient with acute myeloid leukemia 
without maturation (AML-M1) showing variation in size, amount of cytoplasm, and azurophilic 
granules. ( b ) Blood smear from a patient with acute myeloid leukemia with maturation (AML-M2) 
showing occasional Auer rods. ( c ) Blood smear from a patient with acute myelomonocytic leukemia 
(AML-M4) showing a myeloid blasts with Auer rods and azurophilic granules and promonocytes 
with delicately convoluted nuclei. ( d ) Blood smear from a patient with acute myeloid leukemia with 
myelodysplasia-related changes. A myeloid blast is seen together with a dysplastic hypolobated neu-
trophil (Images and descriptions courtesy of Dr. Dick Hwang, Virginia Mason Medical Center)         

a

b
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c

d

Fig. 10.1 (continued)

10 HIV Infection and Myelodysplastic Syndrome/Acute Myeloid Leukemia



138

The subtypes have varying prognoses and responses to therapy. Although the WHO 
classifi cation may be more useful in providing prognostic information, the FAB 
system is still most widely used. Eight FAB subtypes were proposed in 1976 [ 12 ].

    The precise frequency at which AML occurs in the setting of HIV infection is 
uncertain, although several analyses suggest that it may be greater than that seen in 
the general population [ 5 ,  13 ]. Furthermore, a 2007 meta-analysis of the incidence 
of cancer in PLWHA found an increased incidence of leukemia in patients with 
HIV, but identifi cation of an association between HIV and specifi c classes of leuke-
mia was not evaluated [ 14 ]. Similarly, in a nationwide epidemiological study from 
Japan encompassing the years between 1991 and 2010, the incidence and clinical 
outcomes of 47 NADHMs were identifi ed, 13 of which had AML. The median 
patient age was 42 years, and the median CD4+ count was 255 cells/mm 3 . Most 
notably, when comparing 1991–2000 to 2001–2009, the estimated incidence of total 
NADHMs increased 4.5-fold [ 15 ]. 

 From 1986 to 2011, only 68 cases of HIV-associated AML were identifi ed 
through a PubMed literature search [ 16 ]. In 2009, the fi rst case of pediatric AML 
was reported in a 7-year-old boy with parotid swelling, a bleeding diathesis, and a 
CD4+ count of 900 cells/mm 3  [ 17 ]. The child received supportive care and suc-
cumbed from complications of bleeding and presumed infection 4 weeks later. 

 In that same year, fi ve cases of therapy-related AML following treatment of 
HIV- associated lymphoma were reported [ 18 ]. Furthermore, of the 13 patients 
with AML identifi ed through the Japanese National Data set, nine had recurrent or 
complex karyotype abnormalities [ 15 ]. Therapy-related AML accounts for about 
10–20 % of all cases of AML in the general population [ 19 ]. In fact, patients with 
Hodgkin’s or non-Hodgkin’s lymphomas develop therapy-related MDS/AML at a 
10-year cumulative incidence rate of 1–10 % [ 20 – 22 ]. This too could have signifi -
cant implications as PLWHA survive their initial cancer treatment only to develop 
therapy-related MDS.  

10.3     Etiology 

 HIV-related bone marrow changes are common and often include myelodysplastic 
features (MDF). Their pathogenesis may differ from primary MDS and is associ-
ated with various factors including the virus itself and marrow morphologic changes 
that are induced by particular antiretroviral agents. 

 The link between HIV infection, antiretroviral medications, and morphologic 
changes in bone marrow architecture that mimic MDS but do not have the same 
clinical implications was studied in 158 HIV-infected hemophiliacs, and the results 
were compared with those of 61 non-HIV-infected patients with primary MDS (31 
with refractory anemia, 10 with refractory anemia with ringed sideroblasts, 11 with 
refractory anemia with excessive blasts [RAEB], 3 with RAEB transformation, and 
6 with chronic myelomonocytic leukemia) [ 23 ]. The peripheral blood and bone 
marrow examination revealed MDF in 44 HIV-infected hemophilic patients (28 %). 
The median time from seroconversion was 12.5 years, and the mean time under 
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therapy with the NRTI zidovudine was 44.1 months. Nineteen of these patients 
(43 %) had hemoglobin levels <10 g/dL, while neutropenia and thrombocytopenia 
were observed in 30 % and 25 %, respectively. There were statistically signifi cant 
morphological alterations between HIV-related MDF and MDS. Hypocellularity, 
plasmatocytosis, and eosinophilia were more pronounced among HIV-infected 
hemophiliacs with MDF, while dysplasia of erythroblasts, megakaryocytes, and 
granulocytes was more frequent in MDS patients. None of the hemophiliacs with 
MDF had more than 5 % blasts in the bone marrow, nor did any develop RAEB or 
AML. The cytogenetic analysis was normal in HIV-infected patients with hemo-
philia, whereas 43 % of the non-HIV-infected patients with MDS had an abnormal 
karyotype. These data suggest that bone marrow changes in long-term PLWHA 
have different characteristics and clinical implications than those HIV-seronegative 
individuals with primary MDS. 

 The importance of HIV in contributing to the risk of MDS and AML in PLWHA, 
nonetheless, remains unsettled. HIV infection may play a major role in the transfor-
mation of MDS to AML. In a retrospective analysis that compared eight patients 
with HIV-associated MDS with a historical cohort of HIV-uninfected MDS patients, 
the HIV-MDS patients had more complex cytogenetic abnormalities, more 7q dele-
tions, and monosomy 7 anomalies and were younger. Additionally, HIV-associated 
MDS patients may be predisposed to a greater risk of conversion to AML since in 
that small cohort, 63 % eventually developed AML as opposed to 22 % in the HIV- 
uninfected MDS population [ 24 ]. 

 Several additional mechanisms have been offered to explain why PLWHA may 
have unique predisposition to develop AML. The fi rst of these mechanisms involves 
acute infection of CD4+ T lymphocytes. During this process, the HIV-1  trans - 
activator protein  Tat  is released extracellularly.  Tat  plays a major role in angiogen-
esis, which in turn plays a vital role in the pathogenesis of acute leukemia. Second, 
the basic domain of  Tat  has the ability to displace preformed basic fi broblast growth 
factor (bFGF), which has been demonstrated to augment myelopoiesis directly via 
FGF receptors on myeloid progenitors. Third, by infecting monocytes and macro-
phages, HIV may alter the bone marrow microenvironment by activating the genes 
of cytokines involved in leukemogenesis, making it more prone to the growth of 
leukemic cells [ 25 ]. 

 In addition to unique ways that HIV infection may increase a patient’s risk of 
developing AML, receiving treatment for hematologic malignancies such as lym-
phomas, multiple myeloma, polycythemia vera, essential thrombocythemia, and 
acute lymphoblastic leukemia might lead to therapy-related AML. Therapy-related 
AML accounts for 10–20 % of all cases of AML in the general population and 
is classically recognized to be induced by alkylating agents and topoisomerase II 
inhibitors. MDS and AML induced by alkylating agents are typically associated 
with deletions or loss of chromosome arm 5q or 7q or the loss of the entire chro-
mosome. In topoisomerase II inhibitor-induced AML, karyotypic abnormalities 
include balanced aberrations involving transcription factor genes such as MLL at 
11q23, AML1 at 21q22, RARA at 17q21, CBFB at 16q22, and NUP98 at 11p15. 
These abnormalities lead to chimeric rearrangements between genes encoding 
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hematopoietic transcription factors and their partner genes, which in turn cause loss 
of function and augment expression of oncogenes [ 18 ]. 

 Patients that receive chemotherapy for other hematologic malignancies, which then 
facilitate the development of therapy-related AML, have unusually poor prognoses. 
Among fi ve such patients, the median age at the time of AML diagnosis was 39 years, 
and the median time between chemotherapy treatments of lymphoma to AML was 
18 months [ 18 ]. Two patients had non-detectable HIV viral loads and CD4+ counts 
>200 cells/mm 3 ; the other three patients’ conditions were not reported [ 18 ,  26 ,  27 ]. 
Cytogenetic analysis revealed that these patients exhibited deletions on chromosome 7 
and 11q21 and translocations 3:22, 9:11, and 10:11. Four died from progressive leuke-
mia or infection within weeks to 2 months of initiation of induction treatment. The 
remaining patient achieved a complete remission after receiving standard induction 
chemotherapy but died 4 weeks after a second cycle of chemotherapy.  

10.4     Treatment 

 Before the widespread use of HAART, hematologic malignancies accounted for 
approximately 10 % of all deaths among HIV-infected patients [ 28 ]. Due to their 
underlying immunodefi ciency, those with AML could not tolerate intensive chemo-
therapy, and they often succumbed from opportunistic infections and other compli-
cations induced by protracted cytopenias. In addition, efforts to treat these patients 
with high-dose chemotherapy and autologous stem cell transplantation (auto-SCT) 
in the pre-HAART era remained problematic. Infection would continue to be a sig-
nifi cant cause of morbidity and mortality until better strategies around supportive 
care and HAART became available to this group [ 3 ]. 

 With better strategies to prevent bacterial, fungal, and opportunistic infections, 
HIV-infected patients could more safely face the rigors of AML induction chemo-
therapy. With the widespread use of HAART beginning in 1996, better strategies 
were employed for patients with AML to prevent opportunistic infections through 
the use of prophylactic antifungals and antibacterial agents. By using HAART that 
did not include zidovudine, marrow sparing options could more safely be integrated 
into HIV-infected patient’s regimens, and soon thereafter, it became more feasible 
to offer PLWHA and AML standard induction and consolidation chemotherapy 
(Table  10.2 ). In a report summarizing cases treated within their own group, along 
with cases found from MEDLINE, CancerLit, and AIDSLINE, Aboulafi a and col-
leagues identifi ed 47 HIV-infected patients with AML, 29 of whom received stan-
dard AML induction chemotherapy [ 25 ]. The median survival rates of the 
chemotherapy-treated patients and patients who did not receive chemotherapy were 
7.5 months and 1 month, respectively (Table  10.3 ).

   Karyotype and CD4+ count have been proposed as strong predictors of survival for 
HIV-infected patients with AML. In a retrospective study of 31 HIV-infected patients 
with AML, the distribution of karyotypes from favorable, intermediate, to unfavorable 
was similar to that of an HIV-negative AML control group [ 4 ]. For those with HIV and 
AML, the median CD4+ counts at diagnosis were 355 cells/mm 3 , 196 cells/mm 3 , and 
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60 cells/mm 3  for patients in the favorable, intermediate, and unfavorable karyotype 
groups, respectively. Median survival for intensively treated favorable and intermedi-
ate-risk karyotype patients with CD4+ counts <200 cells/mm 3  was 8.5 months com-
pared to 48 months for those with >200 cells/m 3 . Although the connection between 
favorable karyotype and higher CD4+ cell count has not been established, this study 
suggests that favorable karyotype and CD4+ counts >200 cells/mm 3  predict better sur-
vival compared to unfavorable karyotype and <200 CD4+ cells/mm 3 . 

 Because patients with AML and HIV infection are relatively uncommon, there 
are no clinical trial results to form best practice recommendations, and optimal ther-
apy has not been established. However, a retrospective evaluation of 13 HIV-infected 
patients with AML, acute lymphoblastic leukemia (ALL), or high-risk MDS sug-
gests that standard chemotherapy followed by auto-SCT or allogeneic (allo)-SCT is 
feasible in select instances [ 29 ]. The median CD4+ count in this patient group was 
336 cells/mm 3 . Three patients received palliative care and died after a median of 
51 days, while the remaining ten patients received HAART prior to and during che-
motherapy. Eight of these ten were treated with standard induction chemotherapy, 
one underwent allo-SCT, and 1 received azacytidine but died 4 months later. Eight 
entered complete remission, two of whom were treated with auto-SCT and another 
two received allo-SCT. Neutrophil engraftment was established after a median of 
10 days and 19 days after auto- and allo-SCT, respectively. The median overall sur-
vival of those that received chemotherapy followed by auto- or allo-SCT was 
9 months, and 20 % have survived for at least 3 years. In Japan, it has been reported 
that two HIV-infected patients with AML underwent high-dose chemotherapy and 
then allo-SCT, and both survived for more than 4 years [ 15 ,  30 ,  31 ]. 

   Table 10.3    Overview of common induction therapy regimens for acute myeloid leukemia in 
younger adults   

 Drugs  Dosing  Comments 

 Cytarabine + 
daunorubicin 

  Cytarabine : 100–200 mg/m 2  
daily as a CI × 7 days; 
 daunorubicin : 60–90 mg/m 2  
IVP days 1–3 

 “Standard 7 + 3” induction regimen resulting in 
approximately 60–80 % remission rate and 
acceptable toxicity in patients <60 years old 

 Cytarabine 
(HDAC) + 
daunorubicin 

  Cytarabine : 1–3 g/m 2  2× 
daily for a total of 12 doses; 
 daunorubicin : 45 mg/m 2  
IVP × 3 days following 
cytarabine 

 Yields a 90 % remission rate; however, 
substantial toxicity precludes post-remission 
therapy in a high proportion of patients 

 Cytarabine + 
idarubicin 

  Cytarabine : 100–200 mg/m 2  
daily as a CI × 7 days; 
 idarubicin : 12–13 mg/m 2  IVP 
on days 1–3 

 Has produced a greater remission rate (88 
versus 70 %) than cytarabine/daunorubicin in 
younger patients; appears superior to 
daunorubicin in patients with 
hyperleukocytosis; overall survival not clearly 
superior to “standard” regimen 

  Adapted from UpToDate, Wolters Kluwer Editors, Induction therapy for AML. Richard Larson 
accessed April 19, 2015 
  CI  continuous infusion,  IVP  intravenous push,  HDAC  high-dose cytarabine  
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 The seminal 2009 report that the so-called Berlin patient had been cured of both 
AML and HIV infection following allo-SCT has sparked enormous interest in both the 
HIV and transplantation research communities [ 32 ]. This individual received myeloab-
lative therapy and allo-SCT from a donor whose cells were resistant to HIV infection 
due to being homozygous for CCR5-D32, a nonfunctional allele of the CCR5 co-
receptor used by HIV to infect human cells. Remarkably, he remains without AML and 
without detectable HIV despite now greater than 7 years without HAART [ 33 ].  

    Conclusion 
 Over the past two decades, HAART has produced dramatic survival gains among 
HIV-infected patients. It is currently estimated that newly infected PLWHAs 
have a life expectancy rivaling that of age-matched HIV-negative individuals. 
With the widespread use of HAART, the incidence of NADHMs such as AML 
appears to be increasing. AML will likely be an increasingly important cause of 
morbidity and mortality as this population ages and approaches the median age 
of non-HIV- infected AML patients. 

 HIV infection may play an important role in the transformation of MDS to 
AML. Possible mechanisms to explain why PLWHA may have unique predispo-
sition to develop AML include acute infection of CD4+ T lymphocytes, HIV-1 
 trans - activator protein  Tat ’s ability to displace preformed bFGF, and the infec-
tion of monocytes and macrophages. In addition to these mechanisms, therapies 
for other hematological malignancies such as topoisomerase II inhibitors and 
alkylating agents are widely recognized for inducing AML. There are a handful 
of cases of survivors of hematologic malignancies developing therapy-related 
MDS and AML. As more patients in the HAART era receive chemotherapy for 
malignancies and achieve long-term disease-free status, this may become 
increasingly relevant in the coming years. 

 Treating HIV-infected patients with AML in the pre-HAART era with induc-
tion chemotherapy was thought to be too toxic for those patients with compro-
mised immune systems. Within the HAART era, survival of HIV-infected patients 
with AML who did and did not receive induction chemotherapy was 7.5 months 
and 1 month, respectively. Additionally, patients with CD4+ cell counts of >200 
cells/mm 3  and favorable karyotypes are associated with better survival. Auto- and 
allo- SCT are currently offered as potential cure options for AML in HIV-infected 
patients, and a handful of cases demonstrate improved treatment outcomes. In 
fact, one patient, the “Berlin patient,” continues to live free of AML and with 
undetectable HIV without HAART 7 years after allo-SCT.     
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11.1           Epidemiology 

 The term “non-AIDS-defi ning cancers” (NADCs) refers to neoplasms other than 
AIDS-defi ning malignancies that occur in individuals with HIV infection. The spec-
trum and incidence of various neoplasms reported among persons infected with human 
immunodefi ciency virus (HIV) has increased [ 1 – 3 ], and this emerging problem has 
contributed to the mortality of HIV-infected persons in the current era of potent antiret-
roviral therapy (ART) [ 4 ]. Large, population-based studies involving registry match 
data have reported a wide range of cancers in association with HIV infection. Incidence 
of cancer among HIV-infected persons was compared with that of the general popula-
tion from 1992 to 2003 in a prospective observational study conducted in the United 
States. Investigators reported that the incidence of leukemia was only slightly higher in 
HIV-infected people (standardized incidence ratio, SIR: 2.5; 95 % CI: 1.6–3.8) [ 5 ] 
(Table  11.1 ). Acute lymphoblastic leukemia (ALL) constituted 15 % of NADC in 
Japan [ 6 ], with an estimated incidence of 5.6 cases/100,000 HIV-infected persons and 
year. An observational cohort study using data from Centers for AIDS Research 
Network of Integrated Clinical Systems found that rates of other NADCs increased 
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slowly with time on ART [ 7 ]. From these epidemiological data, we can conclude that 
the incidence of leukemias in general, and ALL in particular, in HIV-infected patients 
is only slightly higher than that observed in the general population. For that reason, the 
clinical reports of ALL in HIV- infected patients are almost exclusively based on iso-
lated case reports, without major case series being found in the literature.

11.2        Acute Lymphoblastic Leukemia in HIV-Infected Patients 

 In the general population, ALL comprises approximately 25 % of acute leukemia cases 
and is the most frequent neoplastic disease in children (four to fi ve new cases/100,000 
persons and year), with a peak incidence at the age of 5–9 years. This incidence decreases 

   Table 11.1    Maximum standardized incidence ratios (SIR) for AIDS-defi ning and non-AIDS- 
defi ning cancers in HIV-infected individuals   

 SIR  >1.5  <1.5 

 AIDS-defi ning cancers  Kaposi’s sarcoma (3640)  None 

 Cervical cancer (22) 

 Non-Hodgkin’s lymphoma (354) 

 Non-AIDS-defi ning cancers  Anal (50)  Breast (1) 

 Liver (22)  Prostate (1) 

 Skin (20)  Colorectal (1) 

 Hodgkin’s lymphoma (18)  Melanoma (1) 

 Penile (8) 

 Vulvar/vaginal (7) 

 Leukemia (5) 

 Myeloma (5) 

 Lung (5) 

 Brain (4) 

 Ovarian (4) 

 Bladder cancer (4) 

 Small bowel (4) 

 Lip (3) 

 Thyroid (3) 

 Stomach (3) 

 Oropharyngeal (3) 

 Pancreas (3) 

 Larynx (3) 

 Uterine (2) 

 Esophageal (2) 

 Renal (2) 

 Eye (2) 

 Testicular (2) 

  Modifi ed from Patel et al. [ 5 ]  
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in adolescence, being a rare disease in adults (one to two new cases/100,000 persons and 
year) [ 8 ]. B-cell precursor ALL represents 80 % of ALL cases, being CD10-positive 
(common) ALL the most frequent subtype. Mature B-(Burkitt-like) ALL only repre-
sents 2–3 % of ALL in children and 5–6 % of ALL in adults. In contrast, mature B-ALL 
is by far the most frequent ALL subtype reported in HIV-infected patients, representing 
more than 50 % of ALL cases. Given that mature B-ALL constitutes the leukemic form 
of Burkitt’s lymphoma, we refer the reader to the chapter of burkitt’s lymphoma, and the 
present chapter will focus on the remaining subtypes of ALL. 

 The fi rst case reports of ALL in HIV-infected patients were published in the 
1980s [ 9 – 13 ]. At that time ALL was considered among the unusual types of cancer 
in HIV-infected individuals, representing 5 out of 49 NADC cases in adults in an 
Italian registry [ 14 ], 4 out of 33 cases in a study conducted in the United States by 
the Pediatric Oncology Group [ 15 ], and 5 out of 64 cases in a survey conducted by 
the Children’s Cancer Group and the National Cancer Institute (NCI) [ 16 ]. In gen-
eral, ALL represents 10 % of NADC in both children and adults. ALL cases have 
been reported at any age (including one case of ALL in an infant exposed to zidovu-
dine in utero and early infancy) [ 17 ] and in all risk groups for HIV infection. In most 
cases ALL was diagnosed in patients with known HIV infection. In almost all 
patients, the leukemia was of B-cell origin, with the only T-ALL published cases 
corresponding to T-lymphoblastic lymphomas with bone marrow involvement [ 18 ]. 
Except for the higher frequency of mature B-ALL, no signifi cant clinical and bio-
logic differences were observed in ALL arising in HIV-infected individuals as com-
pared to non-immunosuppressed patients.  

11.3     Diagnostic and Therapeutic Approach 

 It is extremely diffi cult to make recommendations on the therapy of ALL arising in 
HIV-infected patients based on case reports, most of which were published prior to 
the potent ART era [ 19 – 28 ]. The most realistic approach in the current era of potent 
ART would be to try to apply the same diagnostic and therapeutic strategy to that 
employed in non-immunosuppressed patients. The basic diagnostic workup 
(Table  11.2 ) should include morphologic, immunophenotypic, cytogenetic, and 
molecular studies. This is not only important for an accurate ALL diagnosis but also 
for adequate stratifi cation of patients into risk groups. Analysis of breakpoint fusion 
genes or clone-specifi c Ig and/or T-cell receptor (TCR) gene rearrangements by 
RT-PCR and RQ-PCR is essential if follow-up of the minimal residual disease 
(MRD) is to be performed by these methods. Screening for CNS involvement (mor-
phologic study of CSF after cytocentrifugation, ideally complemented with immu-
nophenotypic study) is mandatory. Other studies should include the search for 
infections by hepatotropic viruses (hepatitis B and C), opportunistic infections, as 
well as the study of the main basic parameters of HIV infection: HIV viral load and 
CD4+ lymphocyte count.

   The main adverse risk factors of ALL at baseline are advanced age (especially 
over 50 years), high WBC count, pro-B or early pre-T or mature T phenotype,  MLL  
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or  BCR - ABL  rearrangements, and slow response to initial therapy. However, the 
most powerful prognostic factor is the pattern of MRD clearance assessed either by 
clone-specifi c Ig/TCR rearrangements or by detection of aberrant phenotypes by 
multiparametric fl ow cytometry. 

   Table 11.2    Approach to the HIV-infected patient with acute lymphoblastic leukemia   

 Medical history  Including search for risk factors for HIV infection, prior 
opportunistic infections, or other cancers 

 Physical examination 

 General laboratory tests  Full blood count 

 Coagulation analysis 

 Liver and kidney function 

 LDH 

 Serology for hepatitis B and C 

 HIV viral load 

 CD4 lymphocyte count 

 Other analyses based on the status of the patient 

 Instrumental procedures  Bone marrow aspirate 

 Lumbar puncture 

 Chest X-ray 

 ECG 

 Assessment of left ventricular function (echocardiography, 
MUGA scan) in older patients or patients with antecedent heart 
disease 

 Specifi c procedures for 
ALL diagnosis 

 Morphology: blast percentage in bone marrow 

 Immunophenotyping 

   First step: CyMPO, CD117, TdT, cyCD3, CD7, cyCD79a, 
CD19, CD13, CD33, CD34, HLA-DR 

   Second step: 

    B-ALL: CD10, CD22, cyIgM, sIg 

    T-ALL: CD1a, CD2, CD3, CD5, CD4, CD8 

 Cytogenetics (standard, FISH) 

 Molecular genetics 

   First step: detection of  BCR - ABL  or  MLL  rearrangements 

   Second step: 

    Detection of other fusion genes as required for risk 
stratifi cation 

    Detection of Ig/TCR rearrangements 

    Gene expression profi ling (for research/diagnostic purposes) 

 Storage of cells, DNA, RNA, and serum (for research purposes) 

 HLA typing of patients 
and close relatives as soon 
as possible 

   ECG  electrocardiogram,  MUGA  multigated acquisition,  CyMPO  cytoplasmic myeloperoxidase, 
 FISH  fl uorescent in situ hybridization,  Ig  immunoglobulin,  TCR  T-cell receptor  
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 The general strategy of ALL treatment includes induction chemotherapy, 
consolidation treatment, CNS prophylaxis, and postconsolidation therapy, the 
latter including maintenance chemotherapy or allogeneic hematopoietic stem 
cell transplantation (alloHSCT). In the modern protocols, the level of MRD 
after induction and consolidation is used for selection of the patients who will 
receive alloHSCT or chemotherapy (patients with poor MRD clearance are sub-
mitted to alloHSCT and those with molecular remission receive maintenance 
chemotherapy). Several reports have shown that HSCT appears to be a feasible 
treatment for selected HIV-infected patients with ALL [ 29 ], and thus HSCT as 
part of standard care should be incorporated into therapeutic planning for HIV-
infected individuals with ALL. Patients with mature B-ALL should be treated 
with the same schedules used for the treatment of Burkitt’s lymphoma. Recent 
data have shown the same promising results as those observed in non-immuno-
suppressed patients [ 30 ,  31 ], but the toxicity was remarkable in HIV-infected 
patients. Other effective and less toxic regimens could be useful in these patients 
[ 32 ]. Patients with  BCR - ABL -positive ALL should be treated with tyrosine 
kinase inhibitors (TKI) together with chemotherapy, although the experience 
with the combination of TKI, chemotherapy, and potent ART is extremely 
scarce. Referral to investigational studies for this purpose should be 
prioritized. 

 Since the duration of ALL treatment is long, HIV-infected patients must con-
comitantly receive potent ART and chemotherapy. Clinicians need to be mindful of 
the fact that combining cytotoxic chemotherapy with antiretrovirals may result in 
additive cytotoxicity or other drug-drug interactions that may further enhance 
immunosuppression [ 33 ]. Several antiretrovirals induce and inhibit enzymes 
involved in drug metabolism. For example, protease inhibitors (PI) inhibit CYP3A4, 
an enzyme that mediates the metabolism of many drugs that undergo hepatic metab-
olism, including chemotherapy agents. Vinca alkaloids, essential drugs in ALL 
treatment, may increase the risk of hematologic and neurologic toxicity when coad-
ministered with boosted PI [ 34 ,  35 ]. The concomitant administration of the novel 
targeted therapies such as TKI with potent ART may impede the effi cacy or increase 
the toxicity of ART. Antiretroviral agents that are likely to interact with the newer 
targeted anticancer drugs are PI and non-nucleoside reverse transcriptase inhibitors 
[ 35 ]. Thus, adequate selection of ART and chemotherapy is essential and requires 
close collaboration between hematologists and physicians who treat the HIV infec-
tion. In addition, special attention should be given to the prophylaxis and treatment 
of opportunistic infections and infections during the periods of neutropenia [ 36 ,  37 ]. 
Supportive therapy with G-CSF can be useful for shortening the duration of 
neutropenia. 

 Taking into account the previous considerations, it seems probable that in the 
potent ART era the prognosis of ALL arising in HIV-infected patients will be similar 
to that of non-immunosuppressed patients, as currently occurs with other AIDS- 
related cancers or NADC. However, since HIV-infected patients are not included in 
the current investigational trials in ALL, the development and implementation of spe-
cifi c global multicenter clinical trials for HIV-infected patients with ALL should be 
prioritized, as occurs in other AIDS-related lymphoid cancers such as lymphomas.     
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12.1         Introduction 

 Autologous stem cell transplantation (ASCT) is a treatment strategy that allows for 
the administration of higher than usual doses of myelotoxic chemotherapy and/or 
radiation therapy to treat several hematologic and nonhematologic malignancies. 
High-dose chemotherapy (HDT) with ASCT is widely performed in HIV-negative 
patients with Hodgkin (HL) and non-Hodgkin lymphoma (NHL) and is standard ther-
apy for refractory and relapsed patients, based on results of phase III trials [ 1 ,  2 ]. It is 
also used as part of initial therapy for aggressive NHL, particularly in patients with 
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poor prognostic factors at diagnosis [ 3 ]. In earlier eras, this treatment approach has 
been considered prohibitive in HIV-positive patients, because of the potential toxicity 
and risk of worsening immune function, thereby accelerating the course of HIV infec-
tion. The introduction of combination antiretroviral therapy (cART) in the mid-1990s 
has led to improvement of immune function and reduced morbidity of HIV-infected 
patients, thus allowing more aggressive treatment strategies including HDT and 
ASCT in cART-treated patients [ 4 ,  5 ]. Moreover, the use of peripheral blood stem 
cells instead of bone marrow signifi cantly shortens the time to engraftment after HDT 
and has helped to further reduce transplant-related morbidity and mortality [ 6 ].  

12.2     Feasibility of HDT and ASCT in HIV-Associated 
Lymphomas 

 The high incidence of hematopoietic dysfunction in HIV-infected subjects has 
raised concern about the feasibility of procuring adequate numbers of hematopoi-
etic stem cells for autologous transplantation in these patients [ 7 ]. However, antiret-
roviral therapy has favorable effects on hematologic reserves, and therefore, with 
the advent of cART, stem cell mobilization and collection in HIV-infected patients 
are possible [ 8 ]. A recent European retrospective study on 155 HIV-positive patients 
with lymphoma demonstrated that the majority of patients (73 %) were able to 
mobilize stem cells and that adequate CD34+ cells were collected at the fi rst mobi-
lization attempt to proceed to transplant. Moreover, engraftment kinetics in patients 
who received ASCT was comparable with the HIV-negative ASCT population [ 9 ]. 

 The use of HDT with ASCT has been demonstrated to be feasible in several series 
of HIV-positive patients with NHL and HL, who had mainly refractory or relapsed 
disease [ 4 ,  5 ,  10 ,  11 ]. These series have shown a good tolerance to myeloablative 
chemotherapy, with regimen-related and infectious complications during the period 
of aplasia, similar to those seen in patients without HIV infection. The use of G-CSF 
as well as anti-infective prophylaxis is strongly recommended after transplant with 
antibacterial, antifungal, and antiviral prophylaxis with quinolones, fl uconazole, and 
acyclovir being advisable. Trimethoprim-sulfamethoxazole is used to prevent pneu-
mocystis jiroveci pneumonia but has to be withheld from day of stem cell infusion 
until engraftment due to its known hematologic toxicity. Antiretroviral therapy is 
usually given throughout the ASCT program, avoiding the use of zidovudine because 
of its potential myelosuppressive effects. However, in a minority of patients, cART 
has been reported to be transitorily discontinued because of gastrointestinal toxicity 
[ 12 ], with HIV-viral load becoming at least temporarily detectable in several patients. 
In these cases, cART should be reassumed as soon as possible to avoid resistance. 
The CD4+ cell count decreases after HDT with the nadir at approximately 3–6 
months after transplantation and subsequently recovers to pretransplant levels within 
the fi rst year [ 10 ,  13 ]. The thymus-dependent pathway of T-cell reconstitution after 
ASCT has been demonstrated to be as effi cient as in HIV-uninfected individuals [ 14 , 
 15 ]. Thus, the underlying HIV infection does not worsen after the transplantation 
procedure, at least in patients who are compliant with cART.  
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12.3     Clinical Results 

 Many trials have analyzed the clinical effi cacy of ASCT in HIV-associated lymphoma 
patients not responding to or relapsing after fi rst-line chemotherapy, for whom 
responses and survival are poor, complete remission rate from 10 to 26 %, and median 
overall survival of few months with standard-dose salvage chemotherapy [ 16 – 19 ]. 

 Different preparative regimens have been used as salvage/debulking treatment 
before HDT (mainly platinum-containing regimens) and as conditioning preparation 
to ASCT (mainly BEAM: BCNU, etoposide, cytarabine, melphalan). No superiority 
has been demonstrated of one regimen over another even in the HIV-negative popula-
tion. The results of the main series reported in literature are shown in Table  12.1  [ 12 , 
 13 ,  20 – 24 ]. These studies showed that transplant-related mortality rates were low 
and that durable remissions could be obtained. After variable follow-up periods, 
progression-free survival (PFS) varied from 29 to 85 % and overall survival (OS) 
from 36 to 87 %, with excellent results in those studies that included patients in fi rst 
complete remission (variously defi ned at “high risk”), in partial remission, and in 
fi rst relapse [ 13 ,  24 ], while the outcome was less satisfactory in series that included 
patients with primary refractory and salvage-resistant disease [ 20 ]. Hence, the effi -
cacy of ASCT in HIV-related lymphoma depends on the status of disease at the time 
of transplantation, as is the case in HIV-negative patients. The best results are 
achieved in patients who have minimal disease before the transplant, as reported in a 
multicenter trial from 20 centers in Europe. In this study, that enrolled 68 patients, a 
subgroup analysis found that patients not in complete remission or with refractory 
disease at the time of transplant had a poorer progression-free survival [ 12 ]. However, 
the reported studies on ASCT in HIV-positive patients were mainly retrospective [ 12 , 
 20 ] or recruited patients at the time of stem cell collection [ 11 ,  13 ,  22 ,  24 ], thus ren-
dering it diffi cult to understand the real impact of the procedure on the whole popula-
tion of relapsing/refractory patients who need salvage. Instead, in the Italian study 
[ 21 ], patients were recruited at the time of treatment failure or relapse; 54 % of the 
entire series of 50 patients were able to proceed to ASCT, a percentage comparable 
to the HIV-negative population, with satisfactory results in patients receiving trans-
plantation (overall survival 74.6 %) as well as in the entire series, with 49.8 % of 
patients alive after a median follow-up of 45 months (9–86 months) (Fig.  12.1 ).

    Response to cART and absence of active opportunistic infections remain essential for the 
success of ASCT and patient selection is necessary. Moreover, in the Italian study low 
CD4+ cell count was an adverse prognostic factor regarding the ability of patients to receive 
a transplant, mainly due to early disease progression and poor stem cell mobilization .  [ 21 ] 

   Another potential bias of the studies in this setting is that the reported series 
include patients with varied histologies, the majority had diffuse large B-cell lym-
phoma, but also included were Burkitt, plasmablastic, and anaplastic lymphoma 
and even HL. Indeed, HL in the HIV setting can have aggressive features that are 
similar to HIV-associated NHL [ 25 ], and ASCT remains the standard treatment for 
relapse/refractory HIV-negative patients with HL. The preliminary experiences of 
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ASCT in plasmablastic lymphoma in the HIV-positive setting appear promising 
[ 26 ] in both upfront treatment and for relapsed patients. However, NHL histologies 
other than diffuse large B-cell lymphoma proved to be an adverse prognostic factor 
on multivariate analysis in a European multicenter series [ 12 ]. Furthermore, Burkitt 
lymphoma is currently treated with specifi c intensive treatment programs without 
ASCT, both in the HIV-positive and in the HIV-negative population, and the role of 
ASCT remains unclear. Future studies evaluating ASCT should be designed for 
specifi c histologic entities. Larger studies would also provide more insight into vari-
ous parameters that may play an important role in infl uencing outcome, such as type 
of cART, CD4 cell count, HIV-viral load before ASCT, EBV status, and tumor 
histogenesis. 
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  Fig. 12.1    ( a ) Overall survival and progression-free survival of 27 patients with HIV-related lym-
phoma after ASCT (Ref. [ 21 ]). ( b ) Overall survival and progression-free survival of the entire 
series of 50 patients with HIV-related lymphoma eligible for the study (Ref. [ 21 ])       
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 In HIV-negative patients with aggressive NHL, some studies have shown that the 
early use (as upfront treatment) of HDT with ASCT may be superior to conventional 
dose chemotherapy, particularly in patients with poor prognostic factors at diagno-
sis [ 3 ]. Although the role of HDT as upfront therapy remains controversial in the 
HIV-negative setting, the “International Prognostic Index” (IPI) appears a suitable 
prognostic score to identify patients who might benefi t from a fi rst-line intensive 
treatment approach, both in the HIV-negative and the HIV-positive setting [ 27 ,  28 ]. 
The fi rst reports of HIV-positive patients with NHL treated with HDT and ASCT in 
fi rst remission at “high risk” according to nonstandardized criteria are highly 
encouraging [ 11 ,  13 ]. An Italian prospective trial is currently evaluating the role of 
ASCT as upfront consolidation after standard induction in patients at high risk 
according to IPI. The results of this study, reported in abstract form, are highly 
encouraging with all transplanted patients ( n  = 14) being alive and relapse-free after 
several years of follow-up [ 29 ]. The PFS and OS of the entire cohort including 
patients who did not proceed to transplantation were 75 % and 71 %, respectively. 

 The overall outcome of HIV-positive patients treated with ASCT seems compa-
rable to their HIV-negative counterparts. Indeed, two studies have specifi cally 
addressed this issue, a European registry-based multicenter study and a single- 
institution matched case-control study at City of Hope, USA [ 30 ,  31 ]. In the former 
study, a comparative analysis between HIV-related lymphoma and matched cohort 
of HIV-negative lymphoma patients, OS and PFS were not statistically different in 
both cohorts. The main cause of death was disease relapse or progression in both 
groups. The cumulative incidence of relapse was not signifi cantly different (29 % 
for HIV positive and 42 % for HIV negative), although there was a more favorable 
trend in the HIV-positive group ( P  = NS) [ 30 ]. The latter study compared long-term 
results of 29 HIV-positive patients with 29 matched pair HIV-negative patients 
treated identically in the same center. In this series, the OS was the same in both 
cohorts (75 % at 2 years). Despite inclusion of more poor-risk HIV-positive NHL 
patients, a trend towards better 2-year disease-free survival was registered in HIV- 
positive patients (76 %) compared to HIV negative (56 %) ( P  = 0.3) (Fig.  12.2 ). The 
only factor predictive of outcome was disease status at transplant [ 31 ].

12.4        Toxicity and Antiretroviral Therapy 

 Several studies on ASCT in patients with relapsed malignant lymphoma have shown 
that HIV-infected patients experience more infectious complications than patients 
without HIV. However, this did not translate into a signifi cant difference in non- 
relapse mortality (NRM) and survival. In the EBMT study [ 30 ], the overall cumula-
tive incidence of NRM was reported to be 8 % in HIV-positive lymphoma patients, 
mainly because of bacterial infections, and 2 % in HIV-negative controls ( P  = 0.2). 
Age more than 50 years at ASCT was the only independent adverse prognostic fac-
tor for NRM found in the multivariate analysis (relative risk 4.5,  P  = 0.04) [ 30 ]. 
Likewise, in the matched control study from City of Hope, NRM was not statisti-
cally different between HIV-infected NHL patients (11 %) and HIV-negative NHL 
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a

b

c

  Fig. 12.2    ( a ) Probability of overall survival by HIV status (Adapted from Ref. [ 31 ]). ( b ) 
Probability of disease-free survival by HIV status. ( c ) Cumulative probability of relapse/progres-
sion ( a – c , Adapted from Krishnan et al. [ 31 ]. Reprint permission obtained from Elsevier)       
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controls (4 %) ( P  = 0.18) [ 31 ]. Other studies reported lower or even higher NRM 
rates as outlined in Table  12.2 .

   Nevertheless, bacterial infections were frequently reported as were HIV-related 
complications such as opportunistic infections or, less common, encephalopathy. 
This may be due to the transitory decline of the post-ASCT immune response with 
CD4+ cell counts reaching pretransplantation levels not earlier than 6–12 months 
after ASCT [ 10 ,  20 ,  21 ]. 

 Antiretroviral therapy is usually intended to be given to all patients during the 
pre- and posttransplantation period. However, a signifi cant proportion of patients 
are not able to tolerate it. For example, in the study from Italy that included 50 
patients, two patients suspended cART before starting the conditioning regimen 
because of cytopenia and hepatotoxicity, and cART was restarted at day +20 and 
+75 after transplantation [ 21 ]. Further, fi ve of 27 patients (19 %) who received 
BEAM conditioning suspended ART because of intolerance resulting from mucosi-
tis ( n  = 4) and hepatotoxicity ( n  = 1). The same ART regimens were restarted after a 
median of 16 days (range, 5–28 days). Of note, all patients who temporarily sus-
pended ART did not experience an excess in infectious complication [ 21 ]. 

 Interactions between cytotoxics and antiretrovirals should be considered, as 
chemotherapy- related toxicity may be markedly increased by concomitant use of 
antiretrovirals. This may, in particular, be the case with antiretroviral combinations 
that include strong enzyme inhibitors such as ritonavir-boosted protease inhibitors. 

 Reactivation of hepatitis C virus as a consequence of transplantation has been 
reported very rarely [ 13 ]. Patients with a positive anti-HBc antibody test who were 

   Table 12.2    Toxicity of ASCT in HIV-positive patients with lymphoma   

 Study group/country 
 Pts transplanted 
( N ) 

 Grade 3/4 
infections within 
100 days 

 NRM 
(95 % CI) 
(n pts)  Reference 

 France  14  FN: 1/14 (7 %)  0  Gabarre [ 20 ] 

 OI: 2/14 (14 %) 

 GELTAMO/GESIDA  11  DI: 8/14 (57 %)  0  Serrano [ 11 ] 

 City of Hope  20  OI: 7/20 (35 %)  5 %  Krishnan [ 13 ] 

 AMC  20  DI: 12/20 (60 %)  5 %  Spitzer [ 22 ] 

 EBMT  69  NR  7.6 % 
(3–20) 

 Balsalobre 
[ 12 ] 

 Italy  27  FN: 9/27 (33 %)  0  Re [ 21 ] 

 DI: 6/27 (22 %) 

 OI: 3/27 (11 %) 

 City of Hope  29  16/29 (55 %)  11 % 
(1–20) 

 Krishnan [ 31 ] 

 OI: 5/29 (17 %) 

 Weill Cornell  12  FN: 12/12 (100 %)  33 %  Morawa [ 37 ] 

  New York   BI: 3/12 (25 %) 

   NRM  non-relapse mortality,  FN  febrile neutropenia,  BI  bacterial infections,  OI  opportunistic infec-
tions,  DI  documented infections,  NR  not reported  
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positive for HBV-DNA received appropriate prophylaxis, such as lamivudine or 
tenofovir, as part of their cART in order to effectively prevent HBV reactivation. 

 The risk of hepatic veno-occlusive disease (VOD) does not seem to be increased 
in HIV-positive patients undergoing ASCT with only one case of fatal VOD being 
reported in the available literature so far [ 22 ].  

12.5     Genetic Manipulation of Stem Cells as Attempt 
to Eliminate the HIV Reservoir 

 Many trials have explored the role of autologous hematopoietic stem cell transplan-
tation for HIV-associated lymphoma. Beyond this, the cure of HIV infection remains 
the ultimate goal of hematopoietic stem cell therapy. This has been achieved with 
the use of allogeneic stem cell transplantation from a donor genetically resistant to 
HIV-1 into an AIDS patient with acute myelogenous leukemia. The unrelated donor 
was homozygous for a 32-base-pair deletion in the chemokine receptor 5 gene 
(CCR5∆32/∆32). Individuals who are homozygous at this locus do not express 
CCR5 on their cell surface and therefore cannot be infected with CCR5 (R5) tropic 
HIV-1 [ 32 ]. The donor cells were infused after fully ablative conditioning, and the 
recipient attained complete donor chimerism. Antiretrovirals were suspended early 
after transplant, and the patient remains with undetectable HIV-1 RNA in blood and 
undetectable HIV-1 DNA in tissues using single-copy-sensitive PCR methods for 
more than 7 years after treatment [ 33 ]. The rarity of this gene mutation as well as 
the inherent higher risk of allogeneic stem cell transplantation compared with autol-
ogous transplantation limits the widespread applicability of this approach. 

 Genetic modifi cation of autologous hematopoietic cells circumvents both these 
issues. A pilot trial at City of Hope treated four relapsed HIV-1 positive NHL 
patients with stem cells transduced with a lentivirus encoding three anti-HIV-1 
RNAs, namely, TAR, siRNA to tat/rev, and a ribozyme targeting CCR5 [ 34 ]. Low 
levels of gene marking were seen (0.35 %), but importantly durability of engraft-
ment was also demonstrated. The low level marking may be in part due to competi-
tion with the unmodifi ed stem cells that were concomitantly infused as well as to the 
total cell dose infused. Likely future success is contingent upon high levels of only 
genetically modifi ed stem cells being infused or selection of the protected cells after 
engraftment. 

 Several new trials are following this approach by infusing only transduced cells 
and suspending antiretroviral therapy as a method of positive pressure selection. In 
addition, new conditioning regimens are being utilized. Initial trials used fully abla-
tive conditioning as a treatment for lymphoma. New trials are selecting patients 
with lymphoma in remission who do not need myeloablative doses of chemother-
apy. Genetically modifi ed cells will be infused after completion of frontline lym-
phoma therapy such as EPOCH or after low-dose busulfan to facilitate engraftment. 
Clinical trials in human genetic diseases, especially in the pediatric populations 
using solely gene-modifi ed stem cells, have provided guidance on the use of 
busulfan- based regimens. Candotti et al. correlated busulfan dosing with area under 
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the curve [AUC] measurements demonstrating doses ranging from 65 to 90 mg/m 2  
[equivalent to ~4 mg/kg] achieved an AUC in the range of 4000–4800 mU*min 
which was associated with engraftment [ 35 ]. 

 New methods of genetic modifi cation are also under study. Of particular interest 
is the use of zinc fi nger nucleases (ZFN) for CCR5 knockout. The zinc fi nger nucle-
ase construct has already been successfully tested with autologous T lymphocytes 
[ 36 ]. T lymphocytes are attractive targets for gene therapy in that they are easily 
obtained from the donor’s peripheral blood, and they can be expanded to large num-
bers in vitro. Targeting mature T lymphocytes has the added advantage that the 
effect of the therapeutic gene can be rapidly monitored for effects on cell survival 
and HIV-viral loads. The fi rst T-cell trial with zinc fi ngers included 12 patients who 
had chronic aviremic HIV-1 infection. No conditioning was used prior to infusion 
of the CCR5-negative ZFN-edited T-cell product. Patients in cohort 1 ( n  = 6) under-
went a 12-week analytic treatment interruption (ATI) of antiretrovirals beginning 4 
weeks after the T-cell infusion. HIV-1 viral load was undetectable at the start of ATI 
and became detectable in four of the six patients at 2–4 weeks after cessation of 
cART. There was a decline of CD4 counts during ATI, but this decline in CCR5- 
modifi ed cells (1.81 cells/day) was signifi cantly less than unmodifi ed cells (7.25 
cells/day) suggestive of a selective advantage to the modifi ed cells. This set the 
platform to the use of ZFN editing for hematopoietic cell therapy. Future trials will 
apply this to CD34+ selected hematopoietic cells in conjunction with busulfan- 
based conditioning to facilitate engraftment.  

    Conclusions 

 In conclusion, given the benefi cial effects of cART, HIV infection should not pre-
clude lymphoma patients from undergoing ASCT. The same eligibility criteria as 
established for HIV-negative lymphoma patients should be adopted for patients 
with HIV. However, special attention should be paid to infection prophylaxis and 
to the immune recovery surveillance during and after ASCT, respectively. Beyond 
this, manipulation of autologous stem cells by genetic modifi cation may provide a 
platform towards the goal of ultimately eliminating the HIV reservoir in the future.     
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13.1           AlloBMT in Medicine 

 Allogeneic bone marrow or hematopoietic stem cell transplantation hereafter 
referred to as alloBMT is used for the treatment for a variety of malignant hema-
tologic malignancies, especially acute leukemia and lymphoma. Infusion of mar-
row or hematopoietic stem cells is preceded by a preparative regimen of 
chemotherapy (and sometimes radiation therapy). When host hematopoiesis is 
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completely replaced by donor hematopoiesis, it is said that the patient is a com-
plete chimera. Establishment of donor hematopoiesis was originally developed to 
rescue patients after high-dose cytotoxic therapy for the treatment of malignancy, 
for the treatment of aplastic anemia, and for the treatment of hemoglobinopathy. 
With time it was appreciated that in addition to providing a source of hematopoi-
etic stem cells, alloBMT was associated with graft-versus-tumor effects that often 
helped in the control of hematologic malignancies. This led to the development of 
transplant strategies for malignancy that focused on preparative regimens that 
were just suffi cient for engraftment of donor cells so as to engender a graft-ver-
sus-tumor effect rather than as a method for delivering maximally tolerated cyto-
toxic therapy. These preparative regimens are known as reduced-dose or 
non-myeloablative regimens.  

13.2     Indications for AlloBMT in Patients with HIV 

 Among the standard indications for alloBMT are acute leukemias and relapsed or 
primary refractory non-Hodgkin and Hodgkin lymphomas. Although there are some 
reports that the incidence of acute leukemias may be modestly increased in patients 
with HIV, the increase if it exists is small [ 18 ]. In contrast the incidences of aggres-
sive lymphomas are substantially increased. For AIDS-defi ning lymphoma types, 
the standardized incidence ratios are 17-fold increased [ 3 ]. Whereas the incidence 
of primary central nervous system lymphoma has fallen dramatically since the 
introduction of effective antiretroviral therapy, the incidence of some other lym-
phoma types such as Burkitt or Hodgkin lymphomas has not been affected by anti-
retroviral therapy.  

13.3     Early Experience with AlloBMT in Patients with HIV 

 Early in the HIV epidemic when it came to be appreciated that CD4+ T cells were 
the major locus of infection, BMT investigators at Johns Hopkins treating a patient 
with AIDS lymphoma hypothesized that with the use of zidovudine (the only avail-
able antiretroviral at the time), it might be possible to eradicate HIV in parallel with 
treating the lymphoma [ 9 ]. Although the patient’s lymphoma relapsed shortly after 
alloBMT, posttransplant and autopsy studies showed no evidence of HIV (within 
the limits of detection at the time). Although several more transplants followed, 
there were no long-term survivors. The use of alloBMT in HIV patients with hema-
tologic malignancies or other indications for transplant was largely abandoned. 
There was a parallel retreat in the use of aggressive chemotherapy regimens for the 
upfront treatment of AIDS lymphoma with the demonstration that any benefi ts in 
terms of lymphoma control were counterbalanced by the high rates of death associ-
ated with opportunistic infections [ 11 ].  
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13.4     Improvements in HIV Care 

 As the management of HIV improved with prophylaxis for opportunistic infections, 
use of growth factors, and more effective antiretroviral therapy, the outcomes of 
lymphoma treatment in AIDS patients improved [ 15 ,  19 ]. Many investigators and 
groups reported success with high-dose therapy with autologous stem cell rescue 
[ 12 ,  16 ,  20 ]. This culminated in a trial sponsored by the Bone Marrow Transplant 
Clinical Trials Network and the AIDS Malignancy Consortium that demonstrated 
disease-free survival results similar to those achieved in patients with similar malig-
nancies but without HIV. 

 AlloBMT was also explored [ 4 ,  17 ,  22 ]. Patients with lymphoma, acute and 
chronic leukemia, and aplastic anemia underwent alloBMT. Many of the reported 
transplants involved myeloablative regimens, but an increasing number of reports 
include patients treated with non-myeloablative regimens [ 5 ]. Cord blood was also 
used as a stem cell source [ 17 ]. These reports concluded that alloBMT had a role in 
the management of HIV patients with standard indications for transplant.  

13.5     HIV Cure by AlloBMT 

 AlloBMT results in reconstitution of an immune system that is donor derived, 
including CD4 +  T cells. For over 50 years, alloBMT has successfully been employed 
as a curative procedure for patients with nonmalignant diseases of the immune sys-
tem, such as congenital T-cell immunodefi ciencies. AlloBMT has the potential to 
likewise cure  acquired  diseases of T cells, including HIV. Preventing HIV infection 
of donor cells after alloBMT is an area of active research. Furthermore, given the 
risks of alloBMT and the availability of other effective, albeit non-curative, thera-
pies, alloBMT for HIV remains at present restricted to those patients who have 
another indication for transplant, such as a hematologic malignancy. 

 In Berlin a patient with acute myeloid leukemia was in need of alloBMT [ 10 ]. 
Lacking a related sibling donor, a search of the unrelated donor registries identifi ed 
many potential matched donors. The astute team caring for the patient screened 
potential donors for the presence of a CCR5delta32 homozygous polymorphism 
(Fig.  13.1 ). Individuals who were homozygous for such mutations had been recog-
nized as being resistant to HIV infection. A donor was identifi ed, myeloablative 
alloBMT carried out, and antiretroviral therapy stopped. The patient had a compli-
cated course with AML relapse successfully treated with re-induction chemother-
apy and second alloBMT. Extensive blood and tissue samplings including gut and 
brain biopsy have not identifi ed replication-competent HIV [ 1 ]. The patient remains 
alive and apparently HIV-free to date. Although the report attracted a great deal of 
attention, no subsequent successful matched alloBMT cases with CCR5delta32 
homozygous donors have been reported. The CCR5delta32 polymorphism occurs 
only among Caucasians, and the frequency of homozygosity is approximately 1 %. 
The chances of fi nding an HLA-matched donor who is also homozygous for the 
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HIV-resistance polymorphism are modest in Caucasian patients and virtually negli-
gible in other groups.

   A similar strategy has been envisioned using cord blood banks [ 14 ]. Several 
banks have been screened to identify patients with CCR5delta32 homozygous 
donors. Because cord blood transplants have not required full HLA matching, iden-
tifying appropriate HIV-resistant cord blood units may be easier than identifying 
matched unrelated HIV-resistant bone marrow donors.  

13.6     Allotransplantation with Antiretroviral Therapy 

 In principle, it might also be possible to cure HIV patients of their chronic viral infec-
tion with alloBMT if antiretroviral therapy were maintained throughout the peritrans-
plant period [ 6 ,  8 ]. If the only long-term reservoir of HIV is in host resting CD4 cells 
and antiretroviral therapy protects donor cells from infection, then as donor hemato-
poietic cells replace host hematopoietic cells, the long-term reservoir should be abol-
ished (Fig.  13.2 ). Indeed a report from Boston of two individuals who were maintained 
on antiretroviral therapy indicated that no HIV could be detected several years post-
transplant [ 7 ]. However, when antiretroviral therapy was discontinued, both patients 
developed symptomatic HIV rebound, one with HIV meningoencephalitis. Features 
of rebound were in some ways similar to HIV primary infection syndromes, and it 
was noted that T-cell response in the donor immune systems was HIV naïve. There are 
other reports of patients in whom antiretroviral therapy was maintained throughout 
the transplant period and where HIV immune responses ultimately developed in donor 
T cells [ 22 ]. Concerns with the possibility of symptomatic HIV rebound suggest the 

  Fig. 13.1    HIV-resistant donor cells. The “Berlin patient” was cured of HIV with the use of a 
CCR5delta32 homozygous donor whose cells were resistant to HIV infection       
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need for especially close monitoring of patients whose antiretroviral regimen may be 
interrupted because of noncompliance or other circumstances.

   Experience with organ transplantation in HIV patients is also encouraging. Renal 
and liver transplantation in HIV patients have yielded good results [ 2 ,  21 ]. There is  
also experience using HIV seropositive kidney donors [ 13 ].  

13.7     Present Status of Allogeneic Bone Marrow 
Transplantation in Patients with HIV 

 With increasing acceptance of a role for alloBMT in patients with HIV and hemato-
logic malignancies or other conditions treated with allogeneic transplant, there are 
some special considerations in management. First it is essential to have a multidis-
ciplinary patient care team with expertise in antiretroviral therapy as well as 
alloBMT. While some might argue in favor of stopping ART during transplant, with 
the prolonged immunocompromise that accompanies alloBMT, and evidence that 
the long-term HIV reservoir can be markedly reduced with continued antiretroviral 
coverage, we believe that patients will benefi t from maintenance antiretroviral ther-
apy throughout the transplant process. 

 We have identifi ed two special considerations:

    1.    Minimize drug-drug interactions. Many of the agents used in HIV treatment 
regimens such as ritonavir and cobicistat are used specifi cally because they 
inhibit metabolism of protease inhibitors. They also inhibit and prolong the half- 
life of immunosuppressive agents and antifungal agents. The ideal regimen will 

  Fig. 13.2    Antiretroviral protection of donor cells. In principle, antiretroviral therapy may protect 
donor cells from being infected by HIV in the allogeneic bone marrow transplant process       
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exclude these agents and protease inhibitors in general. Alternative classes to 
consider include integrase strand transferase inhibitors and CCR5 antagonists.   

   2.    Minimize antiretroviral drug interruptions. During periods of nausea, vomiting, or 
mucositis, we use the parenteral antiretroviral agent enfuvirtide. Thus, even if a 
patient is unable to swallow a dose of antiretroviral therapy or vomits a dose, some 
coverage is maintained. Although there is some risk that patients maintained only 
on enfuvirtide for several days might develop resistance, the adverse consequences 
are negligible insofar as enfuvirtide is rarely used in other settings and resistance 
to enfuvirtide does not lead to cross-resistance with other antiretrovirals.     

 In conclusion, recent experience suggests that HIV patients with standard indica-
tions for allogeneic bone marrow transplantation can benefi t from transplantation. 
In special circumstances, the HIV may even be cured by transplantation. An inter-
disciplinary team is important for management because of the complexity of drug 
interactions and management of complications.     
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     HIV-infected individuals have a higher risk to develop both a monoclonal gam-
mopathy (MG) and a multiple myeloma (MM) as compared to the general popula-
tion. What is the evidence, what could be the reason, and how should it be 
managed? 

 The presence of an MG with an M-spike (Fig.  14.1 ) less than 3 g/dl and without 
other symptoms and signs, e.g., hypercalcemia, renal insuffi ciency, anemia, lytic 
bone lesions (the CRAB criteria), or bone marrow containing more than 10 % 
plasma cells, is called MG of undetermined signifi cance (MGUS). In individuals 
without HIV infection, incidence of MGUS is correlated with age. MGUS is preva-
lent in approximately 5 % of the population above the age of 70, and the proportion 
is even higher in people older than 80 or 90 [ 1 ]. MGUS may progress to MM, other 
malignant plasma cell disorders, or lymphoma. The risk of progression is 
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approximately 1 % per year. Approximately 25 % of patients with MGUS will 
develop MM within 20 years of diagnosis [ 2 ].

14.1       Epidemiology 

 Few retrospective studies of the prevalence of MG among HIV-infected patients, 
mostly with small patient numbers, have been published. Older publications from 
the 1980s have shown a prevalence of 2.5–12 %. Newer publications from the 
HAART (highly active antiretroviral therapy) era, published after 2000, have shown 
consistently a prevalence of 3–5 % in HIV-positive individuals. Among 320 con-
secutive HIV1-infected patients in Boston, many of them taking HAART, oligoclo-
nal banding was detected in 8.1 % and monoclonal bands in 4.4 %. MG correlated 
with younger age, higher viral load, and higher CD4 cell counts [ 5 ]. In Cape Town, 
blood and urine samples from 368 patients with HIV infections were examined, 326 
of them on antiretroviral therapy (ART). Monoclonal bands were found in 12 
patients (3.2 %) and oligoclonal bands in 14 (3.8 %). MG was associated with a 
shorter duration of ART, but not with CD4 count or viral load [ 6 ]. In a small retro-
spective analysis, 3 of 25 HIV-infected patients with MG (12 %) developed a plasma 
cell malignancy (one MM, two plasmocytomas). In the same series, HAART 

  Fig. 14.1    Electrophoresis 
with M-spike       
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resulted in a decrease of serum monoclonal protein in 9 (56 %) of 19 HIV-infected 
patients with MG [ 7 ]. In two other small retrospective case series, no progression of 
MG to a malignant plasma cell disorder could be observed [ 8 ,  9 ]. 

 In contrast, elevated serum free light chains (sFLC) seem to much better predict 
non-Hodgkin’s lymphoma (NHL) and Hodgkin’s lymphoma (HL) in HIV-infected 
individuals, as discovered in two independent retrospective trials with HIV-infected 
lymphoma patients who had available stored prediagnostic blood samples [ 10 ,  11 ]. 

 The incidence of MM in HIV-infected individuals and patients with AIDS has 
been evaluated in smaller case series and six large population-based studies (Table 
 14.1 ). A meta-analysis of these trials, comprising 444,172 people living with HIV/
AIDS (PLWH), revealed a standardized incidence ratio (SIR, which is calculated by 
dividing the observed number of cases of cancer by the “expected” number of cases 
in the general population) of MM of 2.71 [ 18 ]. In our experience, despite the ele-
vated SIR, the development of MM is still a rare event in HIV-infected individuals, 
as compared to aggressive NHL and HL. In our own institution, we currently treat 
only 2 patients with MM out of 1100 patients with HIV infection.

14.2        Pathophysiology 

 The pathophysiology of the development of a monoclonal gammopathy in the con-
text of HIV is complex [ 3 ]. The progressive loss of CD4 lymphocytes is the central 
event in the course of the HIV infection. Additionally, abnormal B-cell function in 
all stages of the HIV infection is well described and characterized by low antibody 
levels against specifi c pathogens and an inadequate response to vaccinations. At the 
same time, serum immunoglobulin levels, especially IgG levels, are elevated. This 
refl ects a nonspecifi c polyclonal B-cell activation which is a result of dysregulated 
T-cell function, high levels of interleukin-6 and interleukin-10, as well as direct 
interaction of HIV with B-cells. Besides this direct stimulation by HIV, B-cells are 
also stimulated by other antigens, mitogens, or additional pathogens like HBV, 
EBV, or HHV-8. The chronic expansion of B-cells results in a follicular hyperplasia 
in enlarged, reactive lymph nodes, the so-called persistent generalized lymphade-
nopathy, as well as polyclonal gammopathy. If this condition persists for a long 

   Table 14.1    Incidence of multiple myeloma in HIV-infected individuals   

 Author  Ref. 
 Country/
trial 

 Time 
period 

 Population 
size 

 SIR of 
MM 

 Frisch M.   JAMA  2001 [ 12 ]  US  1978–1996  302,834  2.6 

 Engels EA.   AIDS  2006 [ 13 ]  US  1996–2002  375,933  2.2 

 Grulich AE.   AIDS  2002 [ 14 ]  Australia  1995–1999  13,067  4.17 

 Dal Maso L.   Br J Cancer  2003 [ 15 ]  Italy  1985–1998  12,104  4.84 

 Clifford GM.   J Natl Cancer Inst  2005 [ 16 ]  Switzerland  1985–2003  7304  5.0 

 Newnham A.   Br J Cancer  2005 [ 17 ]  England  1985–2001  26,080  2.7 

   SIR  standardized incidence ratio,  MM  multiple myeloma  
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time, clonal selection of abnormal B-cells may result. In the context of reduced 
immunosurveillance, an oncogenic virus such as EBV may lead to malignant trans-
formation of lymphocytes by different mechanisms. HCV similarly may infect and 
chronically stimulate B-cells and impair their function. The association of HCV 
with monoclonal gammopathy, mixed cryoglobulinemia, autoimmune disorders, 
and lymphomas is well described.  

14.3     Clinical Presentation 

 The clinical characteristics of MG in PLWH differ from those of the general popula-
tion. In a series of 78 patients, the predominant light chain in HIV-related gam-
mopathy was lambda, mostly IgG subtype, with no IgA [ 4 ]. Furthermore, the 
subclass distribution of monoclonal IgG was different from that observed in 
myeloma. 

 The correlation of MG in HIV-infected patients with morbidity and mortality as 
well as the association with the development of myeloma and lymphoma is unclear. 
Is the rate of transformation to a plasma cell malignancy the same as in the general 
population? And is a similar risk stratifi cation, utilizing the established factors MG 
subtype, amount of paraprotein, and serum free light chain ratio, applicable? 

 Data about clinical presentation, treatment, and prognosis of MM in this popula-
tion is scarce, and only case reports or small case series have been published. 
However, there appear to be some important differences as compared to the general 
population. Plasma cell dyscrasias occur at a younger age, often as solitary bone or 
extramedullary plasmocytomas, and sometimes as plasma cell leukemia. The 
M-protein is often low. The aggressiveness is refl ected by rapid progression, short 
overall survival, and histopathology with atypical or anaplastic features [ 3 ,  19 ,  20 ].  

14.4     Management 

 MG in PLWH should be followed up closely. HIV-related myeloma should be 
treated according to established MM guidelines and treatment recommendations 
applicable to the general population. Several case reports have described feasibility 
and effectiveness [ 3 ,  21 – 24 ]. There are no published trials in this distinct cohort that 
would support a different treatment strategy. 

 Once myeloma is diagnosed, symptomatic or not, the initiation of ART should be 
considered, if not already ongoing. There is evidence, as mentioned above [ 7 ], 
which shows that MG can decrease or even disappear with the onset of ART, and 
case reports that MM might improve or resolve [ 25 – 27 ]. Protease inhibitors, at least 
in cell lines, can kill myeloma cells and are synergistic with bortezomib [ 28 – 30 ]. 

 In our experience, currently used treatment protocols for patients with MM in the 
general population, including bortezomib, thalidomide, lenalidomide, and dexa-
methasone, are feasible and adequately tolerated in HIV-infected patients. Even 
high-dose chemotherapy with autologous stem cell transplantation (ASCT) is 
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feasible and should be considered according to the guidelines for MM in the general 
population [ 3 ,  24 ]. Maintenance therapy with lenalidomide after ASCT has been 
administered successfully, concurrent with ART [ 23 ]. In our center, we have recently 
treated a 57-year-old HIV-infected patient with newly diagnosed symptomatic MM 
with three cycles of bortezomib, doxorubicin, and dexamethasone resulting in a 
partial remission. For stem cell mobilization, he received cyclophosphamide, doxo-
rubicin, and dexamethasone. Nine months after a tandem autologous stem cell 
transplantation with high-dose melphalan, he remains in a sustained very good par-
tial remission. HAART (tenofovir, emtricitabine, and nevirapine) was administered 
during the entire period of chemotherapy, without major side effects.  

14.5     Summary 

 PLWH have a higher risk to develop both MG and MM as compared to the general 
population. The pathophysiology is complex and related to the progressive loss of 
CD4 lymphocytes, abnormal function, and nonspecifi c polyclonal B-cell activation, 
T-cell dysregulation, and chronic stimulation of the immune system by several anti-
gens or pathogens. The clinical presentation of MG and MM differs from that in the 
general population, with a more aggressive course in HIV-infected individuals. In 
the absence of strong data, MM should be treated according to the guidelines for 
MM in the general population, including high-dose chemotherapy with autologous 
stem cell transplantation.     
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15.1           Introduction 

 Human immunodefi ciency virus (HIV) infection is linked to an increased risk of 
both acquired immunodefi ciency syndrome (AIDS)-defi ning malignancies 
(ADMs) and non-AIDS-defi ning malignancies (nADMs). One subset of these 
nADMs are myeloproliferative neoplasms (MPNs), in which there is an overpro-
duction of red blood cells (RBCs), platelets, or a subset of white blood cells 
(WBCs). Many patients with MPNs are asymptomatic at the time of medical 
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evaluation, and their diagnosis is established after routine blood testing reveals an 
anomaly. Others present to medical attention complaining of headache, fatigue, 
weight loss, and early satiety in the backdrop of splenomegaly, bleeding, and 
thrombotic complications and clonal evolution. 

 In this chapter, we will discuss MPNs. Case reports describing MPNs in HIV- 
infected patients are rare. Subsequently, there is neither ample knowledge regarding 
the natural history of MPNs in this population nor is there abundant clinical experi-
ence in using standard chemotherapies in conjunction with highly active antiretro-
viral therapy (HAART). Although there is perhaps no inherent reason why people 
living with HIV/AIDS (PLWHA) should be predisposed to these disorders, we 
expect more instances of MPNs in this population as these individuals achieve sur-
vival rates comparable to the general population. 

 We focus on the classifi cation of MPNs and the importance of cytogenetics and 
molecular studies in refi ning the diagnosis. Chronic myeloid leukemia (CML), 
which is associated with the Philadelphia chromosome, has been described in only 
a handful of case reports in the context of HIV infection. We will narrow our discus-
sion to briefl y mention the Philadelphia-negative MPNs: polycythemia vera (PV), 
essential thrombocythemia (ET), and primary myelofi brosis (PMF). For these dis-
orders, even less is known regarding their clinical course and natural history in the 
backdrop of HIV infection.  

15.2     Classification 

 Among the classic MPNs, CML is genetically characterized by the reciprocal chro-
mosomal translocation between chromosomes 9 and 22, t (9; 22). This transloca-
tion is associated with a shortened chromosome 22 (the Philadelphia chromosome 
[Ph]) in 95 % of instances. In the remaining cases, t (9; 22) can be identifi ed by 
either fl uorescence in situ hybridization or reverse transcriptase polymerase chain 
reaction (PCR) techniques for detection of  BCR - ABL , a tyrosine kinase protein [ 1 ]. 
While cytogenetic abnormalities are common in PMF and uncommon in ET, no 
specifi c cytogenetic abnormality in the MPNs other than CML has yet been estab-
lished [ 2 ]. 

 Janus kinase-2 (JAK-2) mutations are found in virtually all patients with PV and 
approximately 50 % of those with either ET or PMF. This fi nding has greatly aided 
in the diagnosis of MPNs [ 3 ]. Further studies identifi ed JAK- signal transducers and 
activators of transcription (STAT) pathway mutations in the thrombopoietin recep-
tor and the calreticulin gene in JAK-2 non-mutated MPNs [ 4 ]. The diagnosis of PV 
is entertained when there is an unexplained increase in hematocrit/RBC mass in 
conjunction with presence of a JAK-2 mutation along with a decreased serum eryth-
ropoietin level [ 5 ]. 

 PMF (agnogenic myeloid metaplasia, chronic idiopathic myelofi brosis) is char-
acterized by the presence of bone marrow fi brosis that cannot be attributed to 
another myeloid disorder such as CML, PV, ET, or myelodysplastic syndromes 
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(MDS). ET is a diagnosis of exclusion, representing clonal or autonomous throm-
bocytosis not classifi able as PV, PMF, CML, or MDS [ 6 ]. 

 The MPNs, and PMF in particular, are often accompanied by leukoerythroblas-
tic changes on peripheral blood smear. The characteristic laboratory changes 
associated with a myelophthisic bone marrow process include nucleated red blood 
cells and teardrop forms, giant platelets, and immature white blood cells (e.g., 
myelocytes, metamyelocytes, occasionally promyelocytes and myeloblasts) 
(Fig.  15.1 ).

   Within the context of the MPNs, an elevated RBC mass is specific for 
PV. Occasionally, both CML and MDS may present with either isolated throm-
bocytosis suggesting ET or associated bone marrow fibrosis suggesting PMF 
[ 7 ]. As a result, the diagnostic workup of patients with suspected MPN should 
always include cytogenetic studies and careful morphologic evaluation to 
exclude the presence of t (9; 22) and MDS, respectively. The accurate diagnosis 
and classification of MPNs are prerequisites for appropriate risk-based therapy 
and should be based on an integrated approach following the World Health 
Organization (WHO) guidelines that, in addition to clinical, cytogenetic, and 
molecular evaluation, includes a bone marrow examination [ 8 ] (Figs.  15.2 , 
 15.3 , and  15.4 ).

  Fig. 15.1    Leukoerythroblastic peripheral blood smear (Image and description courtesy of
Dr. Dick Hwang, Virginia Mason Medical Center)       
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15.3          Chronic Myeloid Leukemia 

 The American Cancer Society estimates that in 2015 in the United States, roughly 
6600 new cases of CML will be diagnosed, which is slightly higher than 10 % of all 
new leukemia cases. The disease is more common in men than women and the aver-
age age at diagnosis is 64 years [ 9 ]. 

 The goals of treatment for CML have changed radically over the past decade and 
can be summarized as follows [ 10 ]:

    1.    Hematologic remission defi ned as a normal complete blood count and the 
absence of splenomegaly   

   2.    Cytogenetic remission (normal karyotype with 0 % Ph+ cells)   
   3.    Molecular remission (negative PCR result for the mutational  BCR / ABL  mRNA), 

which represents efforts to cure and prolongation of patient survival    

  Typically, CML has three clinical phases: an initial chronic phase, during which 
the disease process is easily controlled, a transitional and unstable course (acceler-
ated phase), and fi nally, a more aggressive course (blast crisis), which is usually 
fatal. In all three phases, supportive therapy with transfusions of RBCs or platelets 
may be used to relieve symptoms and improve quality of life. 

  Fig. 15.2    Chronic myeloid leukemia (CML) (Image and description courtesy of Dr. Dick Hwang, 
Virginia Mason Medical Center)       
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  Fig. 15.3    ( a ) Bone marrow biopsy from a patient with primary myelofi brosis with marrow fi bro-
sis and clusters of atypical megakaryocytes 10×. ( b ) Bone marrow biopsy from a patient with pri-
mary myelofi brosis 20×. ( c ) Reticulin stain shows moderate reticulin fi brosis (Images and 
descriptions courtesy of Dr. Dick Hwang, Virginia Mason Medical Center)         

a

b
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 In Western countries, 90 % of patients with CML are diagnosed in the chronic 
phase. These patients’ WBC count is usually controlled with medication (hemato-
logic remission). The major goal of treatment during this phase is to control symp-
toms and complications due to anemia, thrombocytopenia, leukocytosis, and 
splenomegaly. The standard treatment of choice until recently has been imatinib, 
which is a specifi c small molecule tyrosine kinase inhibitor (TKI) of  BCR / ABL  and 
is highly effective in all phases of CML [ 11 ,  12 ]. 

 The chronic phase varies in duration, depending on the maintenance therapy 
used. It usually lasts 2–3 years with hydroxyurea or busulfan therapy, but it may last 
for longer than 9.5 years in patients who respond well to interferon alpha therapy. 
Furthermore, the advent of imatinib and the other TKIs has dramatically improved 
the duration of hematologic and cytogenetic remissions [ 13 ]. 

 Some patients with CML progress to a transitional or accelerated phase which 
may last for several months. The survival of patients in this phase is 1–1.5 years. 
This phase is characterized by poor control of blood counts with myelosuppressive 
medication and the appearance of peripheral blast cells (≥15 %), promyelocytes 
(≥30 %), basophils (≥20 %), and platelet counts less than 100,000 cells/μL unre-
lated to therapy. 

 In a retrospective review of all patients diagnosed with CML at the Chris Hani 
Baragwanath Academic Hospital (CHBAH) in South Africa between 1991 and 
2011, 240 patients were identifi ed with CML 18 of whom (7.5 %) were also infected 

c

Fig. 15.3 (Continued)
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with HIV [ 14 ]. This proportion of total CML patients with and without HIV infec-
tion was much lower than the HIV seroprevalence in the CHBAH population (25 % 
in 2004 and 28 % in 2008). Based on this data set, the authors concluded that HIV 
infection does not increase the prevalence of CML. However, in this same data set, 
they also noted that the median age of HIV-CML patients was younger (37 years) 
than that of CML patients not infected with HIV (43 years). Eight out of the 18 
(44 %) HIV-CML patients had progressed to accelerated or blast phase CML, while 
less than 10 % of the seronegative CML patients had been diagnosed with acceler-
ated or blast phase. 

 Although the incidence of CML might not be augmented in the context of HIV 
infection, this limited data set from South Africa raises the specter that among 
PLWHA, CML may have a different natural history. Of the 18 HIV-CML patients, 
6 were also treated with imatinib at a standard dose of 400 mg/day [ 14 ]. After a 
median follow-up of 15 months, one patient had died (cause not specifi ed), one 
(17 %) had achieved a major molecular response (MMR), two (33 %) had achieved 
a major cytogenetic response (MCR), and two (33 %) had achieved a complete 
cytogenetic response (CCR). However, the response to imatinib in HIV-CML 
patients was reported to be inferior to that noted in patients with CML without 

  Fig. 15.4    Bone marrow biopsy from a patient with polycythemia vera showing conspicuous 
hypercellularity for age with erythroid and megakaryocytic hyperplasia. Megakaryocytes show 
widely separated nuclear lobes (Image and description courtesy of Dr. Dick Hwang, Virginia 
Mason Medical Center)       
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HIV. Of 44 HIV-negative patients with CML treated with imatinib, 15 (34 %) had 
achieved a MCR, 7 (16 %) a CCR, 4 (9 %) a MMR, 15 (34 %) had undetectable 
ABL-BCR transcripts, and 3 (7 %) had achieved less than a MCR. 

 In a more recent report, three patients diagnosed with chronic phase CML 
took imatinib in conjunction with HAART [ 15 ]. The fi rst patient had been treated 
with HAART (nevirapine, abacavir, lamivudine, and zidovudine) and had a 
CD4+ count of 488 cells/mm 3  and a non-detectable HIV viral load when he 
began imatinib at a dose of 600 mg/day. Three months later, his HIV viral load 
remained less than 75 copies/mm 3 , and cytogenetic analysis showed a minor 
CR. The second patient had also been treated with HAART (lopinavir-ritonavir, 
abacavir, lamivudine, and zidovudine) for 3 years when he was diagnosed with 
CML. He had a non-detectable HIV viral load and a CD4+ count of 508 cells/
mm 3  when he received imatinib at a dose of 400 mg/day. Two weeks later, he 
began erythropoietin supplementation, but when his anemia worsened imatinib 
was held for 2 weeks and then resumed at a reduced dose of 300 mg/day. His 
HAART regimen was also revised and efavirenz was substituted for lopinavir-
ritonavir and abacavir, and lamivudine and zidovudine were substituted for 
emtricitabine and tenofovir. A CCR was attained 13 months later, and at a 
20-month follow-up, the patient’s HIV viral load remained non- detectable and 
his CD4+ count was 382 cells/mm 3 . The third patient had been treated with 
HAART (nevirapine, abacavir, and lamivudine) for 10 years when he presented 
to medical attention with isolated leukocytosis and left shifted fi ndings on periph-
eral blood smear but no overt fi ndings of infection. He had a non-detectable HIV 
viral load and CD4+ count of 523 cells/mm 3  when he began imatinib at a dose of 
400 mg/day. Following CML treatment, he developed persistent anemia, allevi-
ated by recombinant erythropoietin and RBC transfusions. Imatinib was subse-
quently held for 1 month and then restarted at a dose of 200 mg/day. Over a 
16-month period, imatinib was gradually increased 400 mg/day. A CCR was 
achieved 17 months after treatment started and at 69-month follow-up, the 
patient’s HIV viral load remained non-detectable and his CD4+ count was 440 
cells/mm 3 . In each of these three cases, imatinib was taken in conjunction with 
various HAART options and was generally well tolerated. 

 In these and other case reports, hydroxyurea was used sparingly and imatinib 
was the TKI employed most frequently to treat HIV-infected patients with CML 
[ 16 ,  17 ]. Although details of drug-drug interactions have generally not been reported 
in this context, it is notable that imatinib is mainly metabolized by cytochrome P450 
(CYP) 3A4 isoenzyme and concurrent administration of drugs that affect CYP3A4 
may incur similar interactions. Other enzymes which play a minor role in the 
metabolism of imatinib include CYP1A2, CYP2D6, CYPC9, and CYP2C19 [ 18 , 
 19 ]. Taking antiretroviral therapies into consideration, serum imatinib levels are 
likely affected by certain antiretroviral classes that comprise HAART. Nucleoside 
reverse transcriptase inhibitors and integrase inhibitors have no effect on the sub-
strate CYP3A4; however, non-nucleoside reverse transcriptase inhibitors induce 
CYP3A4 and protease inhibitors inhibit CYP3A4 [ 20 ]. The US Food and Drug 
Administration (FDA) recommends dose reduction of imatinib by 50 % if patients 
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are taking a CYP3A4 inhibitor; however, it appears the majority of HIV-infected 
patients with CML have received full doses of imatinib [ 18 ]. 

 Experience with newer agents to treat PLWHA and CML are limited (Table  15.1 ). 
In a brief case report, an HIV-infected male received nilotinib  not  for CML but 
rather for acute myeloid leukemia (AML) [ 21 ]. During his hospital course, he began 
antifungal medication, and serum nilotinib levels were carefully monitored along 
with electrocardiogram determinants of QT prolongation. Like imatinib, kinetic 
experiments have shown that CYP3A4 and CYP2C8 enzymes are the main con-
tributors to the metabolism of nilotinib, and coadministration with CYP3A4 inhibi-
tors reduce oxidative metabolism of nilotinib by as much as 95 %. The authors 
reminded clinicians of this important potential drug-drug interaction and suggested 
a strategy to minimize sudden cardiac death by QT prolongation.

15.4        Polycythemia Vera 

 PV is a stem cell disorder characterized as a pan-hyperplastic, malignant, and neo-
plastic marrow disorder. It is most commonly diagnosed in individuals between the 
ages of 60 and 70 years and is more common in men than women [ 22 ,  23 ]. PV 
results from uncontrolled blood cell production, especially RBCs, as a result of 
acquired mutations in an early hematopoietic cell. Because this early cell has the 
capability to form not only RBCs but also WBCs and platelets, any combination of 
these cell lines may be affected. 

 The most prominent feature of PV is an elevated absolute RBC mass because of 
uncontrolled RBC production. Impaired oxygenation to the tissues as a result of 

   Table 15.1    Current treatments for chronic myeloid leukemia   

 Treatment  Suggested dosage  Comments 

 Imatinib   a 400 mg/day  b 600 mg/
day 

 First-line TKI treatment for CML approved
by the FDA 

 Dasatinib   a 100 mg/day  b 140 mg/
day 

 First- or second-line TKI for some imatinib- 
resistant mutants 

 Bosutinib  500 mg/day  Second-line TKI for some imatinib-resistant 
mutants 

 Nilotinib  300 mg twice daily  First- or second-line TKI; slightly modifi ed 
version of imatinib 

 Omacetaxine  1.25 mg/m 2  via 
subcutaneous injection 
twice daily 

 Alkaloid translation inhibitor for treating 
T315I-mutant CML 

 Stem cell 
transplant 

 Not applicable  Offers curative potential but with greater risks 
compared to therapy with TKIs; seldom used as 
initial therapy but considered for patients who 
have not responded well to other therapies 

  Suggested dosages retrieved from US Food and Drug Administration (FDA) 
  a Recommended for chronic phase chronic myelogenous leukemia (CML) specifi cally 
  b Recommended for accelerated or blast phase CML  
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changes in serum viscosity and sludging of RBCs may lead to headaches, visual 
impairment, dizziness, vertigo, and claudication [ 24 ]. Bleeding complications, seen 
in approximately 1 % of patients with PV, include epistaxis, gum bleeding, ecchy-
mosis, and gastrointestinal bleeding. 

 Underlying vascular disease, common in older persons with PV as well as in the 
aging population of PLWHA, can increase the risk of clotting complications [ 25 ]. 
Blood clots occur in about 30 % of patients even before the PV diagnosis is made. 
During the fi rst 10 years after a diagnosis of PV, 40–60 % of untreated PV patients 
may develop blood clots. This is particularly relevant in the context of HIV infec-
tion as this may be the fi rst manifestation of a clotting disorder in the backdrop of 
HIV infection [ 26 ]. Roughly three-fourths of PV patients will have splenomegaly 
and one-third will have hepatomegaly at time of diagnosis. A large proportion will 
also have plethora, hypertension, fatigue, and pruritus. In addition to the signs and 
symptoms above, people with PV are at slightly greater risk than the general popu-
lation for developing leukemia as a result of the disease and/or certain drug 
treatments. 

 According to the 2008 revised WHO guidelines, diagnosis of PV requires the 
presence of both major criteria and one minor criterion or the presence of the fi rst 
major criterion together with two minor criteria [ 27 ]. 

 WHO criteria are described in the following bullets, with major criteria in 1–2 
and minor in 3–5:

    1.    Hemoglobin >18.5 g/dL in men and >16.5 g/dL in women or other evidence of 
increased RBC volume   

   2.    The presence of JAK2617V F or other functionally similar mutation, such as 
 JAK2  exon 12 mutation   

   3.    Bone marrow biopsy showing hypercellularity for age with tri-lineage growth 
(pan-myelosis) with prominent erythroid, granulocytic, and megakaryocytic 
proliferation   

   4.    Serum erythropoietin level below the reference range for normal   
   5.    Endogenous erythroid colony formation in vitro     

 In reviewing HIV literature, it is often a challenge to discern instances of true PV 
from secondary causes of elevated RBC mass. In a number of instances, patients 
were presumed to have PV but secondary causes including testosterone replacement 
therapy, sleep apnea, chronic dehydration, and smoking were not excluded [ 28 ,  29 ]. 

 There have been very few studies on the impact of HIV infection on the develop-
ment of PV [ 30 ]. In one instance, an HIV-infected male with hemophilia and a 
10-year history of PV presented to medical attention with an elevated WBC and was 
diagnosed with AML. He died from respiratory complications 2 days later [ 31 ]. In 
a second report, a 45-year-old nonsmoking male presented with a hemoglobin of 
15.7 g/dl and was subsequently diagnosed with HIV infection [ 32 ]. The patient was 
initially treated with zidovudine and later with didanosine, lamivudine, and 
 saquinavir. Seven years later, he appeared plethoric and with splenomegaly, had an 
erythrocyte mass of 71 ml/kg, and had an oxygen saturation of 94 %. His hematocrit 
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was 63 %, leukocytes 12,400, erythropoietin <5 nmol/ml, CD4+ count was 
321 cells/mm 3 , and his HIV viral load was non-detectable. After a diagnosis of PV, 
he was treated with a series of phlebotomies to achieve an iron-defi cient state cou-
pled with hydroxyurea at a dose of 1 g/day. Despite the potentially myelosuppres-
sive effect of hydroxyurea, his CD4+ count gradually rose to 474 cells/mm 3  and 
HIV viral load remained non-detectable. At 12-month follow-up, there was no dis-
cernible change in CD4+ cell count or HIV viral load, and PV was well controlled. 

 Therapeutic approaches to PV focus on the following: controlling and maintain-
ing hematocrit levels at <45 % in men and <42 % in women, treating complications 
of thrombosis and hemorrhage, reducing thrombotic risk and minimizing the risk of 
leukemogenic transformation, and managing splenomegaly and other disease- 
related symptoms [ 33 ]. If not otherwise contraindicated because of a history of 
major bleeding or intolerance, aspirin should be given to all patients in a low dose 
of 75–100 mg/day [ 34 ,  35 ]. 

 To date, no drug has been shown to improve survival or lower risk of leukemic 
transformation in PV. Whether or not the demonstration of mutant JAK-2 allele 
burden reduction associated with treatment with interferon alpha or busulfan trans-
lates into a survival advantage is currently unclear and cannot be used as a rationale 
to choose these drugs over hydroxyurea as fi rst-line therapy for high-risk patients. 
Until new data emerges, hydroxyurea continues to be widely used in response to PV 
(Table  15.2 ).

   Ruxolitinib is a Janus kinase inhibitor (JKI) with selectivity for subtypes JAK-1 
and JAK-2 of this enzyme. Ruxolitinib inhibits deregulated JAK-STAT signaling 
associated with myelofi brosis leading to modulation of cytokine gene expression. 
Data regarding the use of ruxolitinib in PV come from a phase II trial and an 

   Table 15.2    Clinical properties of hydroxyurea   

 Characteristic  Hydroxyurea 

 Drug class  Antimetabolite 

 Mechanism of action  Impairs DNA repair by inhibiting ribonucleotide 
reductase 

 Specifi city  Affects all cell lines 

 Pharmacology  Half-life 4 h, renal excretion 

 Starting dose  15 mg/kg per day orally 

 Onset of action  Three to 5 days when the usual starting dose is employed 
(15 mg/kg per day) 

 Side effects observed in >10 % of 
patients 

 Neutropenia, anemia, oral ulcers, hyperpigmentation, 
rash, nail changes 

 Side effects observed in ≤10 % of 
patients 

 Ankle ulcers, lichen planus-like lesions of the mouth and 
skin, nausea, diarrhea 

 Rare side effects  Fever, liver function test abnormalities 

 Contraindications  Neutropenia, pregnancy, childbearing potential, breast 
feeding 

 Annual cost  $1700.00, for 500 mg three times daily dose 

  Adapted from Tefferi [ 50 ] up to date. Accessed May 28, 2015  
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open- label phase III trial in patients with hydroxyurea-related toxicities or with 
uncontrolled disease despite hydroxyurea [ 36 ]. Based on these studies, ruxolitinib 
is approved by the US FDA for the treatment of patients with intolerance or resis-
tance to hydroxyurea. 

 While clinical experience with ruxolitinib for PV patients infected with HIV is lack-
ing, in vitro it does block T-cell activation-mediated HIV replication [ 37 ]. Immunologic 
side effects relevant to PLWHA and who might be considered for ruxolitinib include 
herpes zoster (shingles; 1.9 %) and opportunistic infections [ 38 ]. Metabolic side effects 
have included weight gain (7.1 %). Laboratory abnormalities have included alanine 
transaminase (ALT) abnormalities (25.2 %), aspartate transaminase (AST) abnormali-
ties (17.4 %), and elevated cholesterol levels (16.8 %) [ 39 ]. Other common adverse 
events are grade 3–4 anemia (45 %) and thrombocytopenia (10–15 %).  

15.5     Essential Thrombocythemia 

 ET is a MPN in which the body produces too many platelets. ET is the most nonde-
script of MPNs and the one that can most easily be confused with other entities, 
since isolated thrombocytosis can be seen in PV, PMF, CML, and more commonly 
as a complication of many other illnesses. Persistence of thrombocytosis is central 
to establish an ET diagnosis, along with the exclusion of reactive causes such as iron 
defi ciency and infl ammatory states and conditions that frequently comingle with 
HIV infection [ 40 ]. 

 ET can present with headache, visual disturbance, erythromelalgia, or transient 
ischemic attack. Low-risk ET patients who are asymptomatic often do not need treat-
ment [ 41 ]. While most patients with ET enjoy a normal life expectancy, treatment 
with low-dose aspirin is required for those with vasomotor symptoms. Thrombotic 
events in low-risk patients with ET are too infrequent to justify the long-term use of 
potentially harmful agents. The risk may be higher, however, in the presence of car-
diovascular risk factors and/or extreme uncontrolled thrombocytosis. Whether or not 
drug therapy is indicated in this situation remains controversial. On the other hand, 
approximately 20 % of patients with ET present with major thrombotic events and 
another 15 % may experience recurrent thrombosis. This complication is most com-
mon in patients older than 60. Therefore, cytoreductive therapy in the form of 
hydroxyurea (and less commonly, anagrelide and interferon alpha) is indicated in 
these high-risk patients (i.e., age >60 years or history of prior thrombosis); bleeding 
complications are less frequent and may be prevented by avoiding doses of aspirin 
greater than 100 mg/day and nonsteroidal anti-infl ammatory agents [ 42 ].  

15.6     Primary Myelofibrosis 

 PMF is the least common of the MPNs and is characterized by the proliferation of 
an abnormal clone of hematopoietic stem cells in the bone marrow resulting in 
fi brosis or the replacement of bone marrow with collagenous connective tissue 
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fi bers. Symptoms include splenomegaly, bone pain, bruising and easy bleeding, 
fatigue, increased susceptibility to infection, and anemia. 

 Currently, there are no therapies approved specifi cally for PMF. However, hema-
topoietic stem cell transplantation (SCT) is potentially curative and is increasingly 
being utilized for HIV-infected patients with chemosensitive lymphoid and plasma 
cell malignancies [ 43 – 45 ]. Allogeneic SCT is associated with high treatment- 
related mortality and may not be appropriate for older patients with several comor-
bidities; however, studies utilizing reduced intensity conditioning resulted in a 
reduction of transplant-related mortality and morbidity [ 46 ]. 

 Treatment of PMF is dependent on the individual case and is usually withheld 
until development of symptoms of disease progression. Cytoreductive therapies 
such as hydroxyurea, low-dose interferon alpha, and busulfan are effective for 
hyper-proliferation such as leukocytosis, splenomegaly, and thrombocytosis [ 42 ]. 
Corticosteroids can be given for constitutional symptoms and are also effective for 
treating PMF-related anemia along with androgens or recombinant erythropoietin 
[ 47 ,  48 ]. Low-dose thalidomide in conjunction with prednisone has also been shown 
to be effective treatment for anemia, thrombocytopenia, and splenomegaly in 
approximately 20–60 % of PMF patients [ 49 ]. Experiences treating patients with 
PMF and HIV infection have not been reported.  

    Conclusion 
 There are few cases of MPNs (CML, PV, ET, and PMF) in HIV-infected patients 
reported in the literature. We briefl y review the epidemiology and clinical char-
acteristics associated with these conditions, and we emphasize the importance of 
cytogenetic and molecular studies when classifying these disorders. CML is 
characterized by the Philadelphia chromosome, present in 95 % of cases. JAK-2 
mutations are found in essentially all patients with PV and approximately 50 % 
of those with either ET or PMF. Accurate classifi cation and diagnosis are para-
mount in assigning appropriate risk-based therapy. 

 Current treatment goals for CML include hematologic remission defi ned as a 
CBC which returns to normal values, the absence of splenomegaly, and cytoge-
netic and molecular remission. Standard treatment is imatinib, which is highly 
effective in all phases of CML. Available data sets suggest that HIV infection 
does not increase the prevalence of CML; however, response to imatinib in HIV-
CML patients was reported to be inferior to that noted in patients with CML 
without HIV. Imatinib is metabolized by CYP3A4, and certain antiretroviral 
classes such as non-nucleoside reverse transcriptase inhibitors and protease 
inhibitors are known to affect CYP3A4; despite this, imatinib taken in conjunc-
tion with various HAART regimens appears to be well tolerated and without 
signifi cant drug interactions. 

 The most prominent feature of PV is an elevated absolute RBC mass. There 
are very few cases that present or study the effect of HIV infection on the devel-
opment of PV. Hydroxyurea is widely used in response to PV, while alternative 
treatments include phlebotomy, interferon alpha, or busulfan. Ruxolitinib has 
also been used for the treatment of patients with intolerance or resistance to 
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hydroxyurea and has also been demonstrated in vitro to block T-cell activation 
mediated HIV replication. 

 ET can easily be confused with other entities since isolated thrombocytosis 
can be seen in the other MPNs and, more commonly, as a complication of many 
other illnesses. Most patients with ET maintain normal life expectancy, and only 
those with vasomotor symptoms or high-risk disease require treatment with low-
dose aspirin and hydroxyurea. 

 PMF is the least common of the MPNs. Treatment of PMF depends on each 
individual case and can include cytoreductive therapies, corticosteroids, andro-
gens, recombinant erythropoietin, and, rarely, hematopoietic SCT. Accounts of 
treating patients with PMF and HIV infection have not been reported in the 
literature.     
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     Multicentric Castleman’s disease (MCD) is a polyclonal B-cell lymphoproliferative 
disorder presenting with various clinical features. In HIV-infected patients, almost 
all MCD cases are associated with human herpesvirus 8 (HHV-8) coinfection [ 38 ]. 
In comparison to the benign localized mediastinal masses composed of follicular 
hyperplasia initially described by Benjamin Castleman in 1954, HIV-MCD is a 
severe disease [ 8 ,  9 ,  31 ,  41 ]. Although considered to be nonmalignant, HIV-MCD 
can be life-threatening, either through multiple organ failure or the development of 
non-Hodgkin lymphoma (NHL). 
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16.1     Epidemiology 

 HIV-MCD is a rare disease. In a prospective HIV database with 56,202 patient- 
years of follow-up in the UK, the incidence was 4.3/10,000 patient-years [ 35 ]. 
Because of its nonspecifi c symptoms and remitting and relapsing course, MCD is 
probably underrecognized and underreported. The disease appears to occur more 
frequently in patients with suppressed HIV RNA and with a relatively preserved 
immune function. Almost half of the patients display CD4 T-cell counts above 
200 × 10 6 /L at the time of MCD diagnosis [ 16 ,  24 ,  35 ]. In contrast to Kaposi sar-
coma (KS), HIV-MCD is not associated with a lack of HHV-8-specifi c CD8 T cells 
or a limitation of their functional profi le [ 15 ].  

16.2     Pathogenesis 

 The pathogenesis of the disease is not completely understood. There is a close asso-
ciation with HHV-8, a double-stranded DNA virus that encodes several homologues 
of cellular proteins. By contrast to KS and primary effusion lymphoma, two other 
HHV-8-associated diseases, lytically active HHV-8 is found in a substantial propor-
tion of infected cells. HHV-8 encodes a homologue of IL-6 (viral IL-6) that has been 
shown to be biologically active in several assays and whose activities mirror those of 
its mammalian counterparts [ 10 ,  23 ]. Lytic activation and the production of viral IL-6 
are thought to underlie its pathogenesis. Viral IL-6 mediates its effects by forming a 
tetrameric complex with the IL-6 receptor superfamily gp130 component, which is 
widely expressed in human tissues, without requiring binding to the classical gp80 
IL-6 receptor. Hence, signaling does not depend on the structurally related IL-6 
receptor subunit [ 21 ]. As a result, viral IL-6 may be able to initiate signaling in a 
wider variety of cell types compared to human IL-6, contributing to MCD disease 
manifestations. However, both viral and human IL-6 can independently or together 
lead to MCD fl ares, suggesting that they may jointly contribute to disease severity 
[ 33 ]. Viral and human IL-6 overexpression in mouse models can each produce phe-
notypes resembling that of HHV-8-MCD [ 7 ]. There are some reports of an IL-6-
related systemic infl ammatory syndrome in HIV-infected patients with HHV-8 
infection but without MCD [ 45 ]. It may be possible that at least some of these cases 
may just present prodromal symptoms to frank HHV-8-associated MCD. 

 It remains unclear why only such a small proportion of HIV-infected patients 
with active HHV-8 coinfection develop MCD. Unlike idiopathic HIV-negative 
MCD in which IL-6 polymorphisms have been shown to contribute to the activation 
of the IL-6 signaling pathway [ 40 ], there is currently no data suggesting a genetic 
predisposition for MCD in HIV-infected patients.  

16.3     Clinical Presentation and Natural Course 

 The main signs are signifi cant lymph node and spleen enlargements, which are usu-
ally combined with severe B symptoms, weakness, and malaise. Heterogeneous 
symptoms can be associated, the most common being nonspecifi c respiratory and 
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gastrointestinal disorders. Nasal obstruction is frequently reported. Hepatomegaly, 
edema, and effusions are also seen in many cases. Laboratory tests show elevated 
serum C-reactive protein (CRP) level, polyclonal hypergammaglobulinemia, cyto-
penia, and low serum albumin level. The disease is characterized by episodic exac-
erbations (“Castleman fl ares”) with subsequent spontaneous remissions. In some 
patients, a life-threatening acute illness may occur with a rapid fatal course through 
multiple organ failure, hemophagocytic syndrome, or evolution toward lymphoma. 

 The prognosis of MCD has dramatically improved in recent years, mainly due to 
the widespread use of combination antiretroviral therapy (cART) and targeted ther-
apies [ 4 ,  14 ,  16 ,  24 ]. Unlike earlier series in which the median survival was about 
12 months [ 31 ], 1-year survival now exceeds 85 %, and sustained responses are 
often seen. According to a review on 84 cases, life expectancy has signifi cantly 
improved in the era of cART with a mortality rate of only 29 %, compared to 75 % 
in the pre-cART era [ 24 ]. Before the introduction of rituximab, progression to 
malignant non-Hodgkin lymphoma, mainly HHV-8-associated entities such as pri-
mary effusion lymphoma or plasmablastic subtypes, was frequent and was the 
major cause of death [ 12 ,  29 ]. There is evidence that rituximab decreases the risk of 
subsequent development of NHL [ 14 ].  

16.4     Diagnosis and Monitoring 

 The diagnosis of MCD is based on clinical features and lymph node biopsy. The 
classical pathological features include angiofollicular hyperplasia, hypocellular 
germinal centers with hyalinization, and mantle zone hyperplasia. In the mantle 
zone, concentric layers of small lymphocytes constitute the so-called onion-skin 
feature, associated with an intense interfollicular plasmacytic hyperplasia (Figs. 
 16.1  and  16.2 ). A subset of B cells, namely plasmablasts, is infected with HHV-8, 
as demonstrated by expression of the HHV-8 latency-associated nuclear antigen 
(LANA-1). Plasmablasts are located in the mantle zone (Fig.  16.3 ) and may express 
the CD20 surface antigen [ 12 ]. They have a mature phenotype and express high 
levels of λ-light chain restricted immunoglobulin (Ig)M but are polyclonal and do 
not harbor somatic mutations in the rearranged Ig genes, indicating an origination 
from naive B lymphocytes [ 10 ,  12 ]. Some of these typical features are often miss-
ing, and pathological diagnosis can be diffi cult with atypical or incomplete MCD 
histological features. Foci of KS can be observed in lymph nodes in addition to 
MCD lesions and argue for the diagnosis of HHV-8-associated disorder [ 26 ].

     Although the diagnosis is based primarily on histopathologic features, clinical 
features should be present to confi rm a diagnosis of active disease. The diagnosis of 
HIV-MCD must be considered in every case of an HIV-infected patient presenting 
with episodic fl ares of B symptoms, splenomegaly, lymphadenopathy, severe cyto-
penia, and elevated CRP. Association with KS, which is present in up to 70 % at the 
time of MCD diagnosis, should alert for this disease [ 24 ]. A high level of HHV-8 
DNA copies in the blood is an important diagnosis tool, with a high negative predic-
tive value [ 30 ,  39 ]. Numerous studies have shown that HHV-8 DNA is almost 
always detectable in active MCD and that levels correlate with symptomatic disease 
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[ 11 ,  30 ,  34 ]. In contrast, only a minority of patients with KS has detectable HHV-8 
DNA, and levels are signifi cantly lower than seen in MCD patients [ 22 ,  42 ]. 

 In the context of HIV infection, a typical clinical presentation associated with an 
intense plasmacytosis in the lymph node or in the bone marrow, a high serum CRP, 
and a high HHV-8 DNA level in the blood are highly suggestive for MCD diagnosis. 
In critically ill patients, these fi ndings may be suffi cient to initiate MCD treatment 
[ 32 ].  

16.5     Treatment 

 MCD often arises in patients with undetectable HIV RNA, and clinical observations 
do not support the effectiveness of cART in the treatment of MCD [ 1 ]. MCD can 
even occur or worsen after initiation of cART [ 47 ]. However, the control of HIV 
infection is mandatory in all HIV-MCD patients, and cART should always be initi-
ated or optimized [ 6 ,  32 ,  34 ]. 

 Specifi c treatment of MCD should be reserved for symptomatic disease. Due to 
the rarity of HIV-MCD, no option has been tested in randomized controlled trials, 

1

2

3

  Fig. 16.1    Lymph node of a patient with HIV-MCD (hematoxylin and eosin staining, ×100). 
Germinal centers are atrophic and depleted of lymphocytes ( 1 ). The lymphocytes in the surround-
ing mantle zone are expanded and arranged in multiple concentric layers, imparting an “onion- 
skin” appearance ( 2 ). Angioproliferation and expansion of plasma cells in the interfollicular zones 
( 3 ) (Courtesy of Véronique Meignin)       
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  Fig. 16.2    Lymph node of another patient with HIV-MCD (CD23 staining). A hyalinized germinal 
center showing hyalinized areas. The “onion-skin” arrangement in the mantle zone is partially 
destroyed (Courtesy of Markus Tiemann)       

  Fig. 16.3    Immunohistochemistry using monoclonal antibodies to LANA-1 (Clone 13B10, 
Novocastra) shows nuclear staining ( brown ) of plasmablasts in the mantle zone (×400) (Courtesy 
of Véronique Meignin)       
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and there is no widely accepted standard of care. A wide variety of strategies have 
been reported, including cytotoxic elimination of cells responsible for hypercyto-
kinemia, antiherpesvirus therapies, and anti-infl ammatory and immunosuppressive 
therapies. More recently, blockade of IL-6 signaling with monoclonal antibodies 
(mAb) has been discussed. 

 Rituximab, a mAb against CD20-expressing cells, has demonstrated its effi cacy 
in HIV-MCD patients in two prospective trials. Used as fi rst-line therapy in 21 
patients, a 2-year overall and disease-free survival of 95 % and 79 % was achieved, 
respectively [ 5 ]. In a second study on 24 patients with severe disease, in which 
rituximab was given after initial control of MCD by single-agent chemotherapy, 
1-year overall and disease-free survival was 92 % and 71 %, respectively [ 13 ]. 
These results were confi rmed in a retrospective cohort on 52 patients, in which 
rituximab markedly improved prognosis in HIV-MCD compared to patients receiv-
ing chemotherapy only [ 16 ]. Sustained remissions are frequently seen (Fig.  16.4 ). 
Rituximab is also effective as retreatment in rituximab-pretreated HIV-MCD [ 36 ]. 
The mechanism of action of rituximab remains poorly understood. The main limita-
tion of rituximab use is exacerbation of KS, which was observed in 35–67 % of the 
cases [ 5 ,  13 ]. A recent study suggested that KS progression can be prevented by 
combination of rituximab with liposomal doxorubicin [ 43 ].

   Cytotoxic chemotherapy, used as single-agent or in combination regimens, 
including etoposide, vincristine, vinblastine, or doxorubicin are promptly effective 
and remain the fi rst-line therapy in patients with severe disease or with contraindi-
cation to rituximab [ 19 ,  37 ]. In severe life-threatening fl ares, treatment with intrave-
nous etoposide (120–150 mg/m 2 ) should be initiated. Clinical remission is usually 
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  Fig. 16.4    C-reactive protein over time in a patient with HIV-MCD: durable remission (also clini-
cally) after two cycles of rituximab, HHV-8-PCR negative since July 2010       
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promptly achieved and is often seen after a single infusion. In the absence of a 
response, an alternate diagnosis should be considered, particularly NHL. With clini-
cal improvement, oral etoposide (100–120 mg/m 2  weekly) can be started. Within a 
few weeks, etoposide dosage can be progressively tapered and stopped. Despite its 
rapid effectiveness, some patients experienced relapse after discontinuation, and the 
toxicity is of concern with prolonged use [ 3 ,  32 ]. In cases with severe refractory 
cytopenia or if lymphoma is suspected without histologic evidence, splenectomy 
could be considered. 

 Active lytic viral replication is highest in MCD compared to other HHV-8- 
associated diseases, and disease fl ares are associated with an increase in HHV-8 
viremia. Although antiherpesvirus agents show activity against HHV-8 in vitro [ 18 ], 
clinical data are controversial. Recently, one study suggested that valganciclovir 
(combined with high-dose zidovudine) was active in HIV-MCD [ 44 ]. However, oth-
ers were unable to confi rm these fi ndings [ 16 ], and antiviral therapy with foscarnet 
or cidofovir had no benefi t [ 2 ]. Thus, the role of valganciclovir as maintenance 
therapy remains to be demonstrated. 

 Anti-infl ammatory agents have been used in MCD with only moderate success. 
Thalidomide has been noted to have some activity against MCD [ 17 ,  20 ], but neu-
rologic and venous thromboembolic toxicities limit its use in this indication. In 
contrast to HIV-negative MCD, steroids are not effective in HIV-MCD. For inter-
feron, positive as well as negative cases were reported [ 28 ]. 

 An attractive approach seems to be targeting IL-6 and IL-6 receptor using mono-
clonal antibodies. In HIV-negative patients, encouraging data from Japan have been 
published with tocilizumab, a humanized anti-IL-6 receptor antibody [ 27 ]. Recently, 
the two fi rst cases of HIV- and HHV-8-positive MCD treated with tocilizumab were 
reported. In both cases, a signifi cant and rapid clinical improvement was observed, 
but remissions were not sustained, and recurrence was observed after 15 and 22 
weeks on treatment [ 25 ]. IL-6 blockade with siltuximab has been approved for 
symptomatic HIV-negative MCD [ 46 ] and may also be an important new treatment 
option for HIV-MCD. However, data in HIV- and HHV-8 patients are lacking. 

 In conclusion, experts propose treatment according to the severity of the disease. In 
patients with good performance status and without organ involvement or active KS, 
most experts advocate rituximab monotherapy [ 4 ,  32 ]. In severe life- threatening fl ares, 
treatment with intravenous etoposide should be initiated. Some experts recommend the 
initial use of rituximab in association with chemotherapy in these patients [ 4 ], and oth-
ers reserve it to patients who relapsed after discontinuation of chemotherapy [ 32 ].     
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17.1         Combination of Antiretroviral Therapy (cART) 
and Chemotherapy 

17.1.1     Main cART Regimens 

 Since its introduction in the 1990s, combination antiretroviral therapy (cART) has 
markedly improved the clinical management of HIV infection. HIV-infected 
patients are often on combination regimens that include antiretroviral drugs from 
different categories to prevent resistance. Initial regimens in a newly diagnosed 
patient with HIV include combinations of two nucleoside/nucleotide reverse tran-
scriptase inhibitors (NRTIs for nucleoside, NtRTI for nucleotide) combined with a 
third drug from one of the following classes: a non-NRTI (NNRTI), a protease 
inhibitor (PI) boosted with ritonavir, or an integrase strand transfer inhibitor (INSTI) 
[ 1 ]. The presence of multiple drugs in cART regimens enhances the risk of drug- 
drug interactions and drug toxicity. While involvement of common metabolic path-
ways primarily involves the CYP450 enzymes, changes in expression of drug effl ux 
transporters are also possible (i.e., ABCB1 or ABCG2).  

17.1.2     Impact of cART with Chemotherapy 

 Survival in HIV-infected patients suffering from hematologic malignancies (HM) 
has greatly increased in recent years [ 2 ]. cART contributed to improving CD4 
counts thus reducing the risk of opportunistic infections and relapse [ 3 ]. Furthermore, 
recent improvements in supportive care (e.g., use of granulocyte colony-stimulating 
factor (G-CSF)) reduce hematological toxicity and positively impact survival and 
quality of life. cART is administered with conventional chemotherapy regimens 
with promising results [ 4 ,  5 ]. The best example is Hodgkin’s lymphoma (HL) where 
a signifi cant improvement in overall survival (OS) is observed in patients with HIV 
who responded to cART, are less than 45 years at the time of diagnosis, and achieved 
a complete remission (CR) status [ 6 ]. Similarly, the Spanish group GESIDA noted 
in HIV-related HL that the only variable independently associated with OS was the 
achievement of CR under adequate chemotherapy and cART [ 7 ].  

17.1.3     The Issue of Timing 

 To administer cART concurrently with chemotherapy versus after treatment is still 
a matter of debate and may be guided by the time of diagnosis. The recommenda-
tions should be different if a patient is diagnosed with a hematological malignancy 
with a known HIV status who is on cART versus if the diagnosis of AIDS is made 
concurrently. In the case where a patient who has HIV is already on cART, and 
presents at a curable stage of cancer, the intent should be to maintain dose intensity 
and adherence to the schedule of the anticancer regimen [ 8 ]. If a co-diagnosis is 
made, then it may be prudent to either select a cART with minimal chances of drug 
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interactions or delay the initiation of cART until tolerance to the anticancer regimen 
is known. In all cases, the intent is to maximize the likelihood of response to the 
cancer. 

 Initial experience suggests that cART can be used concomitantly in lym-
phoma even with dose-intense regimens [ 9 ]. This was associated with a 
decreased risk of opportunistic infections during antineoplastic treatment sec-
ondary to an effective cART regimen (i.e., CD4 cell levels are restored and viral 
load reduced). The benefi t may not occur when the toxicities are too severe. As 
noted in one such HL trial reports, high incidences of bone marrow suppression 
and neurotoxicity were observed in patients treated concomitantly with a 
Stanford V regimen and cART, in particular if the myelotoxic drug zidovudine 
and neurotoxic antiretrovirals such as didanosine, zalcitabine or stavudine were 
used (i.e., didanosine, zalcitabine, or stavudine) [ 10 ]. 

 When considering whether cART should be omitted during chemotherapy, the 
degree of immunosuppression present (which would in turn affect the risk of death 
from bacterial and opportunistic infections) combined with the benefi t of viral sup-
pression for survival and tumor response should be weighed against the possible 
overlapping toxicities from cART and chemotherapy. Sparano et al. omitted cART 
during the administration of the intensive EPOCH regimen in non-Hodgkin’s lym-
phoma patients who were never previously treated with cART [ 11 ]. Systematic 
administration of hematopoietic growth factors may improve survival by making 
allowance for higher dose intensity chemotherapy and long-term use of cART. On 
the other hand, given the relatively preserved immune response of HIV-HL patients, 
as seen in the Italian cohort, clinical outcome is not infl uenced by the initiation time 
of cART [ 12 ]. 

 Overall, infection prophylaxis and prompt diagnosis and treatment of bacte-
rial, parasitic, fungal, and viral infections are needed to improve treatment 
outcomes.   

17.2     Addition of Toxicities due to Pharmacodynamic 
Interactions 

 Depending on the exact combination, cART may be associated with a variety of side 
effects. Drug-drug interactions can occur when the pharmacological effect of one 
drug is changed by another through action on the same physiological process. In 
combining cART and anticancer drug therapy, overlapping toxicity profi les should 
be avoided. 

17.2.1     Focus on Hepatotoxicity 

 Anticancer drugs may have dose adjustment recommendations based on the degree 
of hepatic impairment, most commonly measured by the bilirubin alterations or the 
Child-Pugh Score. Unconjugated hyperbilirubinemia, which has been observed 
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with the PIs atazanavir and indinavir, may be overlooked when assessing if dose 
modifi cations of anticancer drugs are needed if there are no other signs of liver 
 dysfunction. Lactic acidosis is a hepatotoxicity which cannot be ignored and has 
been associated with the NRTIs didanosine, stavudine, and zidovudine. However, 
the preferred NRTIs (i.e., abacavir, emtricitabine, lamivudine, and tenofovir) are 
less hepatotoxic.  

17.2.2     Focus on Cytotoxics 

 Zidovudine is a myelotoxic antiretroviral, which should be avoided when combin-
ing with traditional cytotoxic chemotherapy regimens. Neuropathy is another 
 toxicity which has been associated with both chemotherapy (i.e., platinums, tax-
anes, and vinca alkaloids) and with selected NRTIs (i.e., didanosine and stavudine). 
If a patient with HIV develops a malignancy and is receiving one of the above 
cART, the clinical management should be to (1) substitute with a different 
 antiretroviral, (2) select an alternative chemotherapy regimen with no overlapping 
toxic effects, or (3) temporarily discontinue antiretroviral therapy.  

17.2.3     Focus on Targeted Drugs 

 As our understanding of the molecular mechanisms of cancer has increased, the 
trend in anticancer drug development has been to move away from indiscriminate 
cytotoxic agents. Molecularly targeted agents tend to have a different toxicity pro-
fi le than the classic side effects associated with cytotoxics (i.e., diarrhea, 
 myelosuppression, or peripheral neuropathy). 

 However, a side effect that has emerged as concerning is the overlapping cardiac 
toxicity risk from QT prolongation. QT prolongation has been associated with 
 atazanavir, ritonavir-boosted lopinavir, and saquinavir. QT prolongation is increas-
ingly common with the tyrosine kinase inhibitors (e.g., nilotinib) and other 
 molecularly targeted agents. Due to the potential for arrhythmias and sudden death, 
combinations of agents that can prolong the QT interval should be avoided.   

17.3     Pharmacokinetic Interactions 

17.3.1     Focus on Antiretrovirals 

 Bidirectional drug interactions could be anticipated in case of cART since the 
majority are substrates of and inhibit or induce CYP450s. CYP3A4 is the major 
CYP450 isozyme which metabolizes all NNRTIs and PIs and some INSTIs and 
entry inhibitors (e.g., chemokine coreceptor 5 (CCR5) antagonists). However, while 
several NNRTIs are CYP450 inducers, all PIs are known CYP450 inhibitors, and 
the INSTIs and entry inhibitors tend not to induce or inhibit CYP450 isozymes 
(see Table  17.1 ).
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   Broadly, drug-mediated induction or inhibition of CYP enzymes can lead to dif-
ferent scenarios which may cause inappropriate drug-drug interactions leading to 
suboptimal response. The pharmacological effect of these interactions will depend 
on whether the parent drug or the metabolite causes the majority of the effect. 
Indeed, toxicity would be anticipated with increased concentrations, while decreased 
effi cacy would be anticipated with decreased concentrations.

•    When a drug is an inducer of a CYP450 isozyme, it will result in the substrate 
drug having decreased parent drug concentrations but increased metabolites.  

•   When a drug is an inhibitor of a CYP450 isozyme, it will result in the substrate 
drug having increased parent drug concentrations but decreased metabolites.    

 Therefore, it is critical to examine the possible involvement of each CYP450 
isozyme when combining anticancer and cART drugs, which would help adjust 
drug dose and drug regimens. Tables  17.1  and  17.2  are intentionally broad since 
information regarding drug interactions is constantly evolving and would be out of 
date when this chapter is published. Therefore, the prudent approach would be to 
assess each drug’s interaction potential utilizing a current resource [ 13 ].

     Table 17.1 Table of interaction between HAART and CYP450   

 Drug class 
 Route of 
elimination  Effect on CYP450 

 Drug interaction 
potential as a 
perpetrator a  

 Drug interaction 
potential as a 
victim a  

 NRTIs  Renal  None/insignifi cant  1  2 

 NtRTIs  Renal  CYP450 inhibitor  2  2 

 NNRTIs  Hepatic 
(CYP450) 

 CYP450 inducer or 
inhibitor 

 4  2 

 Protease 
inhibitors 

 Hepatic 
(CYP450) 

 CYP450 inducer or 
inhibitor 

 3  2 

 Ritonavir- or 
cobicistat- 
boosted PI 

 Hepatic 
(CYP450) 

 CYP450 inducer or 
inhibitor 

 5 (inhibitor)  2 

 Fusion 
inhibitors 

 Catabolism  None  1  1 

 Entry inhibitor  Hepatic 
(CYP450) 

 None  1  3 

 Integrase 
inhibitor 

 Hepatic 
(UGT) 

 None  1  3 

   a DDI potential code and clinical relevance: 
 (1) Interaction unlikely or known minor interaction not requiring modifi cation to therapy 
 (2)  Possible interaction based on pharmacology of the drug. No modifi cation to therapy but moni-

tor closely for signs of toxicity 
 (3)  Potential for signifi cant interaction based on pharmacology of the drug. No modifi cation to therapy 

but monitor closely for signs of toxicity. Consider therapy modifi cation if unable to monitor closely 
 (4)  Potential for clinically signifi cant interaction based on pharmacology of the drug or known 

interaction. Need for dose adjustment or consideration of therapy modifi cation 
 (5)  Major clinically signifi cant interaction or potential critical interaction. Coadministration is 

contraindicated  
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    Table 17.2 Table of interaction between anticancer agents an CYP450   

 Drug class 
 Route of 
elimination  Effect on CYP450 

 Drug 
interaction 
potential as a 
perpetrator a  

 Drug 
interaction 
potential as 
a victim a  

  Cytotoxic agents  

 Alkylating agents  Hepatic (CYP450)  CYP450 inducer 
or inhibitor 

 1  3 

 Anthracyclines  Hepatic 
(non-CYP450) 

 CYP450 inhibitor; 
transporter, 
inducer 

 2  2 

 Antimicrotubular 
(taxanes) 

 Hepatic (CYP450)  CYP450 inducer 
or inhibitor, 
transporter, 
inhibitor 

 2  3 

 Antitumor antibiotic  Nonenzymatic  None  1  1 

 Antimetabolite  Renal and hepatic 
(non-CYP450) 

 None  1  1 

 Camptothecins  Non-enzymatic and 
hepatic (CYP450/
UGT) 

 None  1  4 

 DNA methyltransferase 
inhibitors 

 Cytidine deaminase  None  1  1 

 Epipodophyllotoxin  Hepatic (CYP450)  CYP450 inhibitor  2  3 

 Histone deacetylase 
inhibitors 

 Hepatic (CYP450/
UGT) 

 Transporter 
inhibitor 

 1  2 

 Platinums  Nonenzymatic and 
renal 

 None  1  2 

 Vinca alkaloids  Hepatic (CYP450)  CYP450 inhibitor, 
transporter, 
inducer 

 2  3 

  Molecularly targeted agents  

 Immunomodulators  1  3 

 mTOR inhibitors  Hepatic (CYP450)  CYP450 inhibitor  2  4 

 Proteasome inhibitor  Hepatic (CYP450)  CYP450 inducer 
and inhibitor 

 2  3 

 Tyrosine kinase 
inhibitor 

 Hepatic (CYP450)  CYP450 inhibitor 
(1°), transporter, 
inhibitor 

 3  4 

   a DDI potential code and clinical relevance: 
 (1) Interaction unlikely or known minor interaction not requiring modifi cation to therapy 
 (2)  Possible interaction based on pharmacology of the drug. No modifi cation to therapy but moni-

tor closely for signs of toxicity 
 (3)  Potential for signifi cant interaction based on pharmacology of the drug. No modifi cation to 

therapy but monitor closely for signs of toxicity. Consider therapy modifi cation if unable to 
monitor closely 

 (4)  Potential for clinically signifi cant interaction based on pharmacology of the drug or known 
interaction. Need for dose adjustment or consideration of therapy modifi cation 

 (5)  Major clinically signifi cant interaction or potential critical interaction. Coadministration is 

contraindicated  
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   If a patient with HIV develops a malignancy and is receiving cART, the clinical 
management should be to assess the regimen for drug interaction potential and if 
one exists to (1) substitute a different antiretroviral with less drug interaction poten-
tial, (2) select an alternative chemotherapy regimen with less drug interaction poten-
tial, or (3) temporarily discontinue antiretroviral therapy.  

17.3.2     Focus on Cytotoxics 

 Drug interactions with the following classes of anticancer drugs are unlikely since 
the primary route of elimination is via non-CYP450-mediated routes: anthracy-
clines, antimetabolite agents, antitumor antibiotics, and platinums. A unidirectional 
drug interaction could be anticipated with camptothecins which are substrates of but 
do not alter CYP450 isozymes and are therefore likely to be victims of ART- 
mediated interactions. In addition, bidirectional drug interactions could be antici-
pated with taxanes, vinca alkaloids, alkylating agents, and epipodophyllotoxins, 
which are substrates of and inhibit or induce CYP450 isozymes [ 14 – 16 ].  

17.3.3     Focus on Targeted Drugs 

 Monoclonal antibodies (mAb) are metabolized into small peptides and are unlikely to 
elicit a direct effect on the metabolic pathways for small molecular therapeutics. 
However, new small molecules targeted anticancer agents are highly likely to be involved 
in drug interactions. Proteasome inhibitors are substrates of but not inhibitors or inducers 
of CYP450 isozymes and are likely to have unidirectional drug interactions with 
cART. Bidirectional drug interactions could be anticipated with tyrosine kinase inhibi-
tors and mTOR inhibitors, which are substrates of and inhibit or induce CYPs [ 17 – 19 ].  

17.3.4     Perspectives 

 Current literature is lacking from defi nitive clinical guidance on how best to com-
bine cART and anticancer agents in patients with HIV and hematological malignan-
cies [ 20 – 22 ]. However, as patients with HIV live longer, it is becoming critical to 
have dosing recommendations. Therefore, clinical trials are being conducted to pro-
vide more defi nitive recommendation. Until this information is available, communi-
cation among oncologists, infectious disease physicians, and pharmacologists will 
be crucial to guide treatment decisions.      
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       With the widespread use of highly active antiretroviral therapy (HAART), the inci-
dence of systemic non-Hodgkin lymphoma (NHL) in patients infected with the 
human immunodefi ciency virus (HIV) has declined [ 1 ]. HAART has also modifi ed 
the clinical manifestations of these tumours, with a lower frequency of involvement 
of the central nervous system (CNS) [ 2 ]. Before the introduction of HAART, up to 
25 % of patients showed CNS involvement; currently, the frequency of meningeal 
involvement at the time of diagnosis of NHL in HIV-infected patients varies between 
3 and 5 %, and its frequency is related to histological subtype, ranging from uncom-
mon in indolent lymphomas to more frequent in aggressive lymphomas such as 
diffuse large B-cell lymphoma (DLBCL), lymphoblastic lymphoma, blastoid vari-
ant of mantle cell lymphoma and Burkitt’s lymphoma (BL) [ 3 ]. Clinical criteria, 
such as involvement of the paranasal sinus, testes, orbital cavities or bone marrow, 
advanced stage, high International Prognostic Index, elevated LDH levels and the 
involvement of multiple extranodal sites all help to better identify the risk factors in 
patients for whom the administration of prophylaxis is strongly recommended. 
Prophylactic treatment is necessary to reduce the incidence of CNS relapse in 
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aggressive NHL but also increases the toxicity of systemic chemotherapy; there-
fore, clinical risk paradigms lead to the identifi cation of patients who may benefi t 
from CNS prophylaxis [ 4 ]. Unfortunately, because the cohort of patients character-
ized by risk factors could be four- to fi vefold larger than the subgroup that will actu-
ally develop CNS disease, more sensitive and specifi c laboratory methods are 
needed to detect occult CNS infi ltration and to ensure optimal treatment while 
avoiding unnecessary therapies. 

 Considering the high risk of progression during the treatment or recurrence dur-
ing the remission, the use of intrathecal prophylaxis has been considered a manda-
tory part of the systemic treatment of HIV-NHLs. However, despite the use of 
standard treatment including methotrexate and/or cytarabine, the CNS recurrence 
remains a challenge in the outcome of these patients. 

18.1     Diagnostic Procedures 

 The diagnosis of meningeal lymphoma relies in clinical fi ndings, imaging tech-
niques and cerebrospinal fl uid (CSF) examination. 

 Magnetic resonance imaging (MRI) with gadolinium is the preferred neuroimag-
ing method to investigate patients with clinical fi ndings that are suggestive of neo-
plastic meningitis [ 5 ,  6 ] and is reported to be of high diagnostic accuracy in patients 
with solid tumours. However, several studies have demonstrated that MRI is of lim-
ited utility in detecting meningeal infi ltration by haematological diseases [ 7 – 9 ]; 
therefore, light microscopic examination of cytospin preparations is still considered 
the gold standard for detecting neoplastic cells in the CSF in haematological 
malignancies. 

 Among patients who develop CNS disease, only a small fraction have cytologi-
cally detectable malignant cells in the CSF on initial staging. This observation 
raised the question of whether cytology was unable to detect low-volume disease or 
if leptomeningeal spread was a late event. Cytology of the CSF, the diagnostic gold 
standard, however, has a low sensitivity with a reported false-negative rate of 
20–60 %, suggesting pretreatment leptomeningeal involvement is probably greater 
than initially reported [ 10 ,  11 ]. 

 Recently, several studies have shown that fl ow cytometry (FCM) is a diagnostic 
technique with a higher sensitivity and specifi city than conventional cytology for 
the diagnosis of meningeal lymphoma. All studies showed up to 50 % detection 
improvement in comparison with cytology with a signifi cant correlation with the 
outcome of these patients. In other words, those patients with cytology negative and 
FCM positive have a worse outcome in comparison with both cytology- and FCM- 
negative patients raising the question whether these patients should be intensively 
treated as cytology positive patients [ 12 – 17 ]. In particular, in our study, we demon-
strated that FCM analysis detected a clonal population in 18 of 174 patients (10 %), 
whereas CC detected abnormal cells only in 7 patients (4 %;  P  = 0.001). Therefore, 
procedure results were concordant (FCM+/CC+) in 7 (4 %) cases and discordant 
(FCM+/CC−) in 11 (6 %) cases. Moreover, the 2-year progression-free and overall 
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survival were signifi cantly higher in patients with FCM- CSF (62 % and 72 %) 
compared with those FCM+ CSF (39 % and 50 %, respectively), with a 2-year CNS 
relapse cumulative incidence of 3 % (95 % confi dence interval [CI], 0–7) versus 
17 % (95 % CI, 0–34;  P  = 0.004), respectively. The risk of CNS progression was 
signifi cantly higher in FMC+/CC− versus FCM−/CC− patients (hazard ratio = 8.16, 
95 % CI, 1.45–46) [ 16 ]. However, fl ow cytometry is not yet considered to be the 
gold standard for this purpose because of several limitations in the standardization 
of methods and interpretation of the results (i.e. fresh analysis vs fi xation, limited vs 
adequate sample volume, limited number of antibodies used) [ 18 ,  19 ]. 

 Molecular biology techniques have also been applied to the CSF in an attempt to 
improve the diagnostic accuracy of CNS involvement in haematological malignan-
cies. The morphological distinction between reactive mononuclear and neoplastic 
lymphoma cells can be diffi cult to discern because mitotic activity and atypical fea-
tures present in lymphocytes may be observed in normal CSF samples, contributing 
to false-positive results. DNA-based molecular techniques identify tumour- specifi c 
DNA and do not require intact cells. DNA is stable and can be recovered from the 
CSF even after tumour cell lysis, potentially making it a more sensitive indicator of 
malignancy than tests requiring the presence of intact tumour cells. In this issue, 
 different studies have reported the usefulness of DNA-based techniques for the diag-
nosis of CNS involvement in lymphoproliferative disorders. These studies have 
shown that polymerase chain reaction (PCR) analysis of clonal IgH genes in CSF is 
practical and may serve as a complementary test to conventional cytology [ 20 – 22 ]. 

 Finally, despite the wide array of biomarkers that have been tested for the detec-
tion of CNS involvement in haematological malignancies, their use has not become 
widespread in clinical practice. To date, several soluble tumour-related markers have 
been proposed as diagnostic tools for leptomeningeal involvement of haematological 
tumours, including LDH, beta-2-microglobulin, fi bronectin and various interleukins 
[ 23 – 27 ]. Unfortunately, none of these have proved to be useful for diagnostic pur-
poses due to their low sensitivity and, even worse, modest specifi city [ 24 ,  28 ,  29 ].  

18.2     Prophylaxis 

 Until recently, most experts recommended neuromeningeal prophylaxis for all HIV- 
infected patients with aggressive NHL. However, at present, this prophylaxis is rec-
ommended only in patients with higher risk of CNS relapse according to different 
sites of involvement, stage and histological subtype. 

 We can suggest the following parameters for using a prophylaxis in these 
patients:

    (a)    Aggressive histological subtypes (i.e. Burkitt’s lymphoma, primary effusion 
lymphoma, plasmoblastic lymphoma for oral cavity)   

   (b)    Patients unable to receive an effective HAART and/or with CD4<50/dl   
   (c)    Involvement of specifi c extranodal sites such as the testes, paranasal sinuses, 

hard palate, orbit paravertebral masses   
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   (d)    High – intermediate/high IPI score (particularly refl ecting the presence of high 
level of LDH and involvement of more than one extranodal site)     

 The introduction of rituximab had signifi cantly improved the outcome of lym-
phomas also in HIV patients prolonging survival and reducing the risk of progres-
sion or relapse. The analysis of all published studies in the general population seem 
to show a signifi cant reduction of CNS progression or relapse in favour of those 
patients treated with the combination of rituximab plus chemotherapy [ 30 – 34 ]. 

 Different regimens have been used for prophylaxis and treatment for meningeal 
lymphoma. The most common drugs used for this purpose are methotrexate and 
cytosine arabinoside with no studies showing a superiority of one drug over each 
other. Table  18.1  summarized the most common drugs and schedules reported in 
phase II and III studies [ 35 – 43 ]. However, there are other alternatives such as lipo-
somal cytosine arabinoside that requires fewer spinal taps for drug administration 
and whose results are very promising [ 44 – 46 ].

   One promising alternative might be the use of i.v. MTX, although the high doses 
necessary to reach effective doses in the CNS will cause additional toxicity and 
effectiveness has not been formally demonstrated. The low incidence of CNS dis-
ease reported by the GELA with AVCBP regimen [ 47 ] after implementation of 
consolidative therapy with high-dose MTX, etoposide, ifosfamide and cytosine ara-
binoside is remarkable and lends some interest to this approach. Similar data have 
been reported combining the classical R-CHOP to high-dose MTX [ 48 ]. 

   Table 18.1    CNS prophylaxis in NHL-HIV: schedules of intrathecal injections in phase II and III 
studies   

 Regimen  Drug  Schedule  Study (Ref) 

 CODOX-M  Cytarabine 70 mg methotrexate 12 mg  Days 1, 3  Magrath [ 35 ] 

 Day 15 

 IVAC  Methotrexate 12 mg  Day 5  Magrath [ 35 ] 

 Stanford  Methotrexate 12 mg  Days 1, 10  Bernstein [ 36 ] 

 M-BACOD  Cytarabine 50 mg  Days 1, 8, 15, 
22 

 Kaplan [ 37 ] 

 Cycle 1 only 

 CDE  Cytarabine 50 mg  Days 1 and 4  Sparano [ 38 ] 

 Cycles 1 and 2 

 EPOCH  Methotrexate12 mg  Days 1 and 5  Little [ 39 ] 

 Cycles 3, 4, 5, 
6 

 R-CDE  Methotrexate 12 mg  Day 1  Spina [ 40 ] 

 R-CHOP  Cytarabine 50 mg or methotrexate 
12 mg 

 Days 1, 8, 15, 
22 

 Kaplan [ 41 ] 

 Cycle 1 only 

 ACVBP  Methotrexate 12 mg  Day 1  Mounier [ 42 ] 

 SC-EPOCH-RR  Methotrexate 12 mg  Days 1, 5  Dunleavy [ 43 ] 

 Cycles 3, 4, 5 
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 Because CNS disease tends to occur early in most patients with DLBCL and 
frequently is associated with other lymphoma manifestations, systemic MTX should 
be administered as early as possible after diagnosis. The advantage of this approach 
over intrathecal therapy is related to a more uniform distribution of the drug through-
out the neuroaxis with therapeutic concentrations gained in brain and spinal cord 
tissues and deep perivascular spaces [ 49 ]. 

 In summary, in the context of an effective HAART, HIV-infected patients with 
NHL have a frequency of CNS involvement by lymphoma similar to that found 
among immunocompetent hosts. Consequently, indications and regimens for CNS 
prophylaxis in HIV-infected patients with NHL should not be different than those 
employed in the general population.     
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     Chemotherapy for HIV-related hematological malignancies is associated with an 
increased risk of infection due to myelosuppression and additional CD4 lymphocyte 
count loss. The risk of infection may be further increased by the presence of central 
venous catheters or by neutropenia associated with HIV infection [ 1 ,  2 ]. 

 Guidelines are available for both, the prevention of opportunistic infections in 
HIV-positive individuals [ 3 – 6 ] and for infection prophylaxis in HIV-negative patients 
with hematological malignancies [ 7 – 10 ]. However, to our knowledge, there is only 
one guideline available for opportunistic infection prophylaxis in HIV- associated 
malignancy [ 11 ]. The evidence some of the recommendations on infection prophy-
laxis in HIV-associated malignancies are based on is limited as randomized con-
trolled trials or comparative studies with historical controls have not been published. 
Nevertheless, based on the available literature, the following recommendations can 
be made for patients with HIV-associated hematological malignancies: 
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19.1     Pneumocystis Carinii Pneumonia (PcP) Prophylaxis 

 Prophylaxis against  PcP  is strongly recommended when the CD4 cell count falls 
below 200 cells/μl [ 3 – 6 ]. This recommendation is based on results from random-
ized controlled trials [ 12 ,  13 ]. However, prophylaxis should also be offered at higher 
CD4 counts in patients with HIV-associated hematological malignancies as chemo-
therapy usually causes profound falls in CD4 cell counts. Trimethoprim- 
sulfamethoxazole (cotrimoxazole) is the agent of choice [ 3 ,  5 ,  6 ,  14 ]. Given potential 
myelosuppressive effects of a daily double-strength regimen, the preferred regimen 
is one double-strength tablet (800/160 mg) three times weekly or one single-strength 
tablet daily. Cotrimoxazole provides cross-protection against toxoplasmosis and 
certain bacterial infections [ 6 ,  7 ,  13 ].  

19.2     Prophylaxis for Enteric Bacteria 

 Prophylactic fl uoroquinolones cannot be generally recommended. However, their 
use may be advocated for patients undergoing intensive chemotherapy who are likely 
to have prolonged (>8 days) and profound (ANC <500 cells/μl) neutropenia [ 7 ].  

19.3     Prophylaxis for Mycobacterium Avium Complex (MAC) 
Disease 

 Prophylaxis against MAC is recommended for individuals with a CD4 cell count 
less than 50 cells/μl [ 3 – 6 ]. Azithromycin (1,200 mg once weekly) or clarithromycin 
(2 × 500 mg daily) is preferred with rifabutin being considered as an alternative [ 3 , 
 5 ,  15 ,  16 ].  

19.4     Antifungal Prophylaxis 

 Systemic antifungal prophylaxis may be given to patients with CD4 counts <100 
cells/μl [ 6 ]. Secondary prophylaxis following mucosal candidiasis is strongly rec-
ommended [ 17 ]. Given potential drug interactions of itraconazole, posaconazole, 
and voriconazole, fl uconazole should be considered agent of choice [ 6 ]. However, 
for patients with acute myeloid leukemia, undergoing induction chemotherapy 
posaconazole may be preferred as it proved superior to itraconazole/fl uconazole in 
terms of overall survival in a randomized trial [ 18 ].  

19.5     Antiviral Prophylaxis 

 Herpes simplex prophylaxis should be generally offered only to patients with a his-
tory of HSV infection [ 3 ,  11 ]. However, patients receiving bortezomib are at increased 
risk of herpes zoster and should, thus, receive prophylaxis with acyclovir [ 19 ].     
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20.1         Epidemiology 

 HIV and both the hepatitis B virus (HBV) and hepatitis C virus (HCV) share similar 
forms of transmission (unprotected sexual intercourse, injection drug use (IDU), 
and transfusion of blood products), which explains why coinfection with HIV and 
either HBV, HCV, or even both is not uncommon. Additionally, patients coinfected 
with HIV and hepatitis B or C are at a higher risk of decompensation of liver disease 
and development of cirrhosis [ 1 – 5 ]. Therefore, screening of all patients diagnosed 
with HIV for hepatitis infection is critical to identify coinfection and prevent excess 
morbidity and mortality. 

 The coinfection rate of people living with HIV or AIDS (PLWHA) with HBV as 
defi ned by persistent positivity for the hepatitis B surface antigen (HBsAg) varies 
with geographical distribution and ranges between 5 % and 10 % in Western Europe 
and North America. The prevalence of HBV coinfection in PLWHA is highest if 
there is also a history of IDU or in men who have sex with men (MSM) [ 4 ,  6 – 8 ]. 
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Patients who are HBsAg negative, but have detectable hepatitis B DNA, with or 
without positive hepatitis B core total antibody (HBcAb), have occult HBV infec-
tion (OBI). The prevalence of occult HBV infection in Europe and North America 
in coinfected patients is probably higher than chronic active hepatitis B infection, 
and estimates for OBI vary depending on defi nition and geographical region 
between 1 and 45% [ 9 – 12 ]. 

 The prevalence of HCV coinfection in PLWHA ranges between 6 % and 25 %, 
but is much higher in patients with a history of IDU or men who have sex with men 
(MSM) [ 13 – 17 ]. The prevalence in Europe and North America might be declining, 
possibly refl ecting the declining HCV burden in the general population owing to the 
screening of blood products, increased patient screening, and more effective HCV 
treatment [ 18 ].  

20.2     Management of Chronic HBV Infection and Prevention 
of HBV Reactivation 

 As mentioned above, PLWHA coinfected with hepatitis B and/or C have at base-
line a higher risk of liver-related morbidity and mortality. This is further exacer-
bated in patients receiving immunosuppressive therapy (IST), including 
chemotherapy or immunotherapy (e.g., CD20-directed antibodies like rituximab or 
ofatumumab), which can lead to exacerbation of chronic viral hepatitis or reactiva-
tion of OBI. Reactivation of HepB is defi ned as either detection of HBV DNA in a 
patient with previously undetectable HBV DNA or an at least tenfold rise in HBV 
DNA [ 19 ,  20 ]. 

 HBV reactivation occurs in 40–50 % of patients undergoing chemotherapy for 
hematological malignancies [ 20 ,  21 ] and can lead to lethal liver failure in up to 16 % 
[ 22 ,  23 ]. Additionally, interruption of chemotherapy due to transaminitis can result 
in treatment delays and thereby impair cancer-related outcomes [ 24 ]. 

 Risk factors for HBV reactivation include high baseline HBV DNA levels, treat-
ment with B-cell-depleting drugs such as the CD20 antibodies rituximab or ofatu-
mumab, and positivity for HepBsAg [ 19 ,  21 ,  25 – 27 ]. However, even in anti-HepB 
core antibody-positive patients with clinically resolved hepatitis B, who have 
detectable HepBsAb levels and no detectable HBV DNA, reactivation occurs in up 
to 35 % and can be seen up to 2 years after completion of chemotherapy [ 21 ]. 

 Two different strategies have been applied to lower the reactivation rates in HBV- 
infected patients without HIV treated with IST: (1) prophylaxis with antiviral agents 
or (2) close monitoring for reactivation and on-demand initiation of antiviral ther-
apy. Antiviral agents against HBV most extensively studied include lamivudine, 
tenofovir and entecavir, which are nucleoside/nucleotide reverse transcriptase 
inhibitors (NRTIs) that suppress HBV DNA. Lamivudine, an antiviral agent with 
activity also against HIV and a component of several combination antiretroviral 
therapy (cART) regimens, has been shown to reduce the risk of HBV reactivation 
and HBV-related deaths in patients treated for hematological malignancies by at 
least 80 % [ 20 ,  22 ,  23 ,  28 – 30 ]. However, there is concern about emergence of HBV 
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resistance to lamivudine [ 24 ,  31 ,  32 ]. Entecavir has been shown to be superior to 
lamivudine in a direct comparison and appears to lack the risk of resistance, but is 
not used in cART [ 24 ]. Tenofovir has shown activity even against lamivudine- 
resistant HBV with no reports of resistance and is furthermore active against HIV 
[ 33 – 36 ]. Chemotherapy does not need to be delayed for the start of these prophylac-
tic antiviral medications in most cases, but patients should initiate  them as soon as 
possible and continue up to 6–12 months after completion of chemotherapy, depend-
ing on the type of IST. 

 In PLWHA with HBV coinfection who are at any risk of HBV reactivation (see 
Table  20.1 ) and who are being treated for hematological malignancies, we therefore 
recommend using or switching to a cART regimen that contains  tenofovir +/− lami-
vudine or emtricitabine. Antiretroviral-naïve patients should be started on tenofovir 
based cART ideally prior to initiating IST. Using tenofovir alone is strongly dis-
couraged out of concern for emergence of HIV resistance. This recommendation is 
supported by several guidelines concerned with the management of patients coin-
fected with HIV and HBV [ 37 ,  38 ].

   It should be noted that the risk of reactivation is truly an interplay between 
patients' serological profi les (see Table  20.1 ) and IST. For example, the risk of HBV 
reactivation is high for B-cell depleting therapies with any serological profi le except 
for a history of vaccination, and probably only moderate for other chemotherapy 
regimens even in patients who are positive for HBcAB +/-HBsAg [ 39 ].  

20.3     Hepatitis C and Immunosuppressive Therapy 

 While HBV reactivation with IST is well studied, less is known about HCV reacti-
vation. An HCV fl are is usually defi ned as greater than threefold increase in serum 
level of alanine aminotransferase (ALT) and HCV reactivation as ~1 log10 IU/ml 
increase in the HCV viral load [ 40 ]. In HIV-negative patients treated for hemato-
logical malignancies, elevation of transaminases is commonly seen during or even 
months after completion of chemotherapy (11–55 %); however, liver failure only 

    Table 20.1    Constellation of serological markers for HBV infection and risk of HBV reactivation 
with immunosuppressive therapy   

 Interpretation of results  HBsAg  HBsAb  HBcAb  HB DNA  HBV reactivation risk a  

 H/o HBV vaccination  −  +  −  −  None 

 Resolved HBV  −  +  +  −  Moderate to high 

 OBI  −  −  −  +  Moderate to high 

 −  −  +  +  Moderate to high 

 Isolated positive HBcAb  −  −  +  −  Moderate to high 

 Chronic active HBV  +  −  +  +  High 

   HBsAg  hepatitis B surface antigen,  HBsAb  hepatitis B surface antibody,  HBcAb  hepatitis B core 
antibody,  H/o  history of,  OBI  occult HBV infection 

  a Risk deemed low if risk of reactivation <1 %, moderate if risk 1–10 %, and high if risk >10% [ 39 ]  
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occurs very rarely [ 40 – 45 ]. The CD20-directed monoclonal antibody rituximab 
specifi cally appears to impart an increased risk for HCV reactivation [ 40 ,  46 ,  47 ]. 

 Rates of HCV fl ares, severe liver dysfunction, and liver failure during lymphoma 
treatment in HIV and HCV-coinfected patients appear similar to those in non-HIV- 
infected patients. In the largest retrospective study published on behalf of the 
Fondazione Italiana Linfomi (FIL), which analyzed 535 HIV-/HCV-coinfected 
patients with DLBCL who were consecutively treated between 1995 and 2010, 
severe hepatotoxicity was seen in 14 % of patients; of these 28 % had to hold or 
discontinue chemotherapy [ 48 ]. Nevertheless, only one patient died of liver failure, 
and overall survival was the same between patients who had to interrupt therapy and 
those who did not. Risk factors for severe liver dysfunction were low albumin levels 
(which may be indicative of already advanced underlying liver disease) and poor 
performance status, but not the use of rituximab or baseline HCV RNA levels. Other 
uncontrolled retrospective studies of HCV-coinfected HIV+ patients with lym-
phoma described similar fi ndings, with some degree of liver toxicity occurring in 
27–33 %, treatment interruption in 12–15 %, and discontinuation because of liver 
toxicity in only 4–5 %. Less than 1 % of patients died of liver failure. Event-free 
survival (EFS) and overall survival (OS) were similar to matched controls. 
Interestingly, HCV viral load appears not to be associated with outcome [ 49 – 51 ]. In 
contrast, Besson and colleagues on behalf of the Groupe d’Etude des Lymphomes 
del’Adulte Programs (GELA) reported characteristics and outcomes of 26 patients 
with HIV and HCV coinfection treated on two French protocols for DLBCL. In this 
much smaller series, grade 1–4 hepatotoxicity was seen in 65 % (29 % grade 3 or 4) 
of the treated patients, and one died of liver failure. Although  lymphoma treatment 
was frequently interrupted for liver toxicity, complete response rate and EFS were 
similar in HCV+ patients compared to matched controls. However, OS was worse 
in HCV+ patients (56 % vs. 80 %;  p  = 0.02) [ 52 ]. 

 Currently there are no strategies to prevent reactivation in HCV-infected patients 
undergoing IST. While with current novel antiviral drug combinations, eradication 
of HCV is achievable for  the majority of patients, the vast majority of patients with 
hematological malignancies cannot wait to complete treatment for HCV prior to 
initiating chemo(immuno)therapy. Nevertheless, should it be possible to delay treat-
ment, there are several guidelines by international professional organizations to 
guide HCV treatment for patients infected with HCV [ 53 – 55 ]. Similarly good out-
comes can be achieved in HIV- and HCV-coinfected patients as compared to HCV 
mono-infected patients [ 56 – 58 ]. In essence, HCV treatment recommendations for 
mono-infected and for HIV- and HCV-coinfected patients are identical, although 
consideration should be given to possible drug-drug interactions with cART. Several 
international guidelines exist that guide  the management of PLWHA coinfected 
with HCV [ 37 ,  59 – 62 ]. In addition, it should  be noted that treatment of HCV can 
lead to lymphoma regression in some indolent non-Hodgkin lymphomas [ 63 – 67 ]. 

 For the majority of patients, for whom cancer treatment trumps HCV treatment, 
we recommend frequent monitoring (two to four weekly) of liver tests, especially 
the ALT, during and after completion of cancer therapy. If abnormal liver tests pre-
clude the use of certain chemotherapy drugs, treatment should be interrupted until 
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resolution to baseline or discontinued with severe hepatotoxicity or in the event of 
decompensated liver failure. While monitoring HCV RNA levels might be informa-
tive, cancer treatment interruption or discontinuation should not be based on the 
HCV viral load. After patients enter a complete remission, HCV treatment should 
be strongly considered for all patients. In general it is strongly recommended that a  
hepatologist is  involved in the care of HIV- and HCV-coinfected patients undergo-
ing treatment for hematological malignancies.     
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       The incidence and spectrum of neoplasms among persons infected with HIV have 
risen with the increasing survival in the era of combined antiretroviral therapy 
(cART) [ 1 ,  2 ] and have contributed as a signifi cant cause of death in this population 
[ 2 ,  3 ]. The specifi c neoplasms developed include anal cancer, liver cancer, lung 
cancer, head and neck carcinomas, and carcinomas of the skin, including penile and 
vulvar/vaginal cancer, among others. 

 Epidemiologic studies have shown that these neoplasms occur with higher fre-
quency than in non-HIV-infected persons and, in general, tend to occur in patients 
who are younger than their HIV-negative counterparts. On the other hand, these 
cancers tend to show atypical pathology (e.g., poorly differentiated neoplasms and 
high tumor grade) and have a more aggressive behavior (e.g., higher probability of 
local progression and metastasis), resulting in poorer response to therapy and out-
come [ 2 ]. 

 In addition to a true increased prevalence of these tumors in HIV-infected 
patients, other factors can explain the higher frequency observed in recent times. 
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There may be the greater screening of some groups (e.g., Papanicolaou test for anal 
cancer), more frequent detection of incidental lesions during controls of HIV infec-
tion and treatment, and longevity in the presence of chronic immunodefi ciency. In 
this regard, the role of a low CD4+ cell count in the development of AIDS-defi ning 
cancers is well established. Other contributing factors may include the increased 
aging of the HIV-infected population, certain lifestyle habits (e.g., sexual behavior) 
and increased exposure to carcinogens (e.g., tobacco and alcohol), and coinfection 
with oncogenic viruses (e.g., human papillomavirus, Epstein-Barr virus, hepatitis C 
virus, hepatitis B virus), among others [ 2 – 4 ]. No association has been demonstrated 
between long-term exposure to antiretroviral agents and occurrence of malignancies 
[ 5 ]. Some studies on structured antiretroviral treatment interruptions have resulted 
in an increase of AIDS-defi ning and non-AIDS-defi ning cancers, but this fi nding 
needs further evaluation. Finally, long-term follow-up should be performed in 
patients cured of AIDS-defi ning cancers (e.g., lymphomas), in whom the develop-
ment of second cancers is not infrequent [ 6 ,  7 ]. 

 The timing of cancer diagnoses among patients initiating cART is different for 
AIDS-defi ning and non-AIDS-defi ning neoplasms. While the former cancers 
decrease over time, the incidence of the latter group increases especially when 
CD4+ cell counts remain low after 12 months of cART. These results indicate the 
crucial importance of early HIV diagnosis followed by prompt cART initiation 
along with aggressive cancer screening and prevention efforts throughout the course 
of HIV care. 

 Clinicians should attempt to adhere to standard screening recommendations estab-
lished for the non-HIV-infected population [ 8 ] and should promote risk- reduction 
behaviors (e.g., safe sexual practices and smoking cessation, among others). Further 
research is needed for additional cancer-specifi c screening (e.g., screening for human 
papillomavirus in the squamous epithelium of the oral cavity and anus). 

 The management of non-AIDS-defi ning cancers is challenging for several rea-
sons [ 9 ]. Tumor staging may be affected by the presence of reactive lymphadenopa-
thy or other imaging abnormalities unrelated to cancer. On the other hand, the 
comorbidities associated with the HIV infection may result in a poor performance 
status. Prophylaxis against opportunistic infections and hematopoietic growth fac-
tor support are often needed [ 10 – 12 ]. Finally, the combination of cytotoxic chemo-
therapy with antiretrovirals may result in additive cytotoxicity or other drug-drug 
interactions that may further enhance immunosuppression [ 13 ]. Nonetheless, the 
general recommendation is to treat HIV-infected patients with cancer with the same 
strategies employed in noninfected patients, whenever possible.    
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