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HIV-associated lymphoma—advances in clinical management
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Abstract: The association between human immunodeficiency virus (HIV) and lymphoma was observed
early in the HIV epidemic in the 1980s. Lymphoma incidence remains significantly higher than in the
general population. Previously people living with HIV (PLWH) had advanced immune suppression, organ
dysfunction and consequently poor performance status (PS). The advent of combination antiretroviral
therapy (ART) has led to improved immune reconstitution and significantly enhanced the outlook of PLWH,
influenced the incidence of lymphoma subtypes and improved tolerability of treatment. However lymphoma
still remains the most common cause of cancer related death. We describe the multidisciplinary management
of HIV-associated lymphomas and outline recent advances. Challenges include the advanced stage at
presentation, propensity for extranodal sites including the central nervous system (CNS), potential drug
interactions and increased incidence of opportunistic infections (OIs). Overall management now focusses less
on HIV-related factors and more on lymphoma characteristics, with favourable outcomes. Representation
in lymphoma clinical trials however is lacking, as a positive serostatus is an exclusion criterion for the
majority. Data is scant for the rarer subtypes. A number of small phase I/II trials have successfully recruited
patients living with HIV. Immunotherapy trial and safety data will be essential in understanding toxicity and
efficacy of this promising targeted treatment. We welcome the recent more permissive inclusion criteria for
clinical trials and support the expansion of understudied targeted therapies particularly for rarer subtypes.

Broadening access will provide better equity for those living with HIV.
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Historical context developing lymphoma. The World Health Organization

classification of lymphoid malignancies formally recognises

The association between human immunodeficiency virus . . e .
Y these separate entities with differing presentation,

(HIV) and lymphoma was observed early in the HIV
epidemic. In 1982, a year after the first reports of young
men succumbing to Preumocystis jirovecii pneumonia (1),
a series of four patients with “Burkitt-like” lymphoma
was published (2). This was followed by a number of case
series in the context of an emerging underlying acquired
immune deficiency syndrome (AIDS) (3,4). Over time it was
established that those with HIV have a much higher risk of
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morphological and clinical characteristics to their normal
subtypes (5).

Burkitt lymphoma (BL), diffuse large B-cell lymphoma
(DLBCL) and primary central nervous system lymphoma
(PCNSL) were first embedded into the surveillance
case definition of AIDS in 1987 as an AIDS defining
illness, even in the absence of a low CD4+ T-cell count
<200 cells/uLL (6). This occurred during the first 15 years
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of the epidemic (the pre-treatment era), and the value
of this definition was primarily limited to public health
surveillance. Subsequently the Kaposi sarcoma-associated
herpesvirus [human herpesvirus 8 (HHVS)] was identified
in 1994, followed by descriptions of primary effusion
lymphoma (PEL) and plasmablastic lymphoma (PBL) of
the oral cavity in 1995 and 1997 respectively (7,8). The
introduction of combination antiretroviral therapy (ART)
produced significant improvements in the prognosis of
patients. However, lymphoma remains the most common
cause of cancer related death and the leading cause of death
in individuals with AIDS at 25% (9,10).

Over the following decade, the HIV-1 retrovirus
was identified and significant insights into the modes of
transmission, testing and treatment strategies described.
It is now known that HIV cannot be transmitted when on
ART with undetectable levels (<50 copies/mL) in the blood
(‘Undetectable = Untransmittable’) (11-13). Results can be
delivered within minutes and over 30 drugs are available to
suppress HIV. These include single tablets of multi-drug
formulations and two-drug therapy options increasingly
used alongside the original standard triple therapy. This
has transformed HIV into a manageable chronic disease.
Prognosis is near comparable to HIV-negative patients, a
welcome turn-around from an AIDS diagnosis in the 1980s
being almost synonymous with death.

Despite the advances made within HIV medicine, low to
middle income countries continue to be disproportionally
impacted, driven by socio-economic inequality and
limited healthcare access. Global collaboration is essential.
Continued support for locally delivered healthcare
development, poverty relief, and HIV-specific prevention
and treatment strategies will be key to maintaining progress
towards ending the HIV epidemic.

As well as our understanding, the language has evolved
to emphasise a destigmatising approach that focuses on the
individual as opposed to the disease (14). For example, the
term advanced or late-stage HIV is often used instead of
AIDS and people living with HIV (PLWH) is a preferred
term in the HIV community.

HIV-associated lymphomas

Non-Hodgkin lymphoma (NHL) is the commonest
haematological malignancy in PLWH with a cumulative
lifetime incidence of around 5% (15,16). Compared to
the general population, NHL and classical Hodgkin
lymphoma (cHL) incidence are estimated to be 10- (17)

© Annals of Lymphoma. All rights reserved.

Annals of Lymphoma, 2021

and 15-fold higher, respectively (15). DLBCL comprises
around 47%, BL 15% and PCNSL 9% of NHL (18-20),
although estimates have changed over time with improving
ART access. With increasing uptake of ART, PCNSL
is less commonly observed. Beyond the AIDS-defining
lymphomas, less than 5% are accounted for by PEL, PBL,
HHVS positive DLBCL and HHV8 positive multicentric
Castleman disease (MCD), conditions seen almost
exclusively in HIV.

These diseases often present with advanced stage and
have a propensity for extranodal sites (21,22). Unusual sites
include the gastrointestinal tract, oral cavity and central
nervous system (CNS). Frequent plasmacytoid morphology
is reported (23). Bone marrow, liver and involvement of
other extranodal sites are more commonly seen in cHL (24).
Constitutional B symptoms are more commonly reported.

Markers of the immune state

CD4+ T-lymphocyte count testing is central to stratifying
immune status, determining antimicrobial prophylaxis
and estimating prognosis for PLWH (24). HIV-associated
lymphoma commonly develops in the context of long
standing severe immune suppression with high viral loads
and low CD4+ T-cell counts. PCNSL is most prevalent
with a CD4+ T-cell count <50 cells/pL. Alongside DLBCL,
PBL and PEL it is associated with a trend towards higher
rates of opportunistic infections (OIs). BL and cHL
however tend to occur in less immunodeficient states (CD4+
T-cell >200 cells/puLl) and thus functional immunity may
be involved in the pathogenesis (25,26). These patterns of
presentation were more common prior to access to ART
and since its introduction are less commonly observed.

Beyond absolute CD4+ T-cell count, measures of
immunosuppression include the dynamics of recent, peak
and nadir counts alongside HIV viral loads. In a North
American study of 712 PLWH with NHL, average viral loads
(>500 copies/mL, between 3.5 years and 6 months ago) and a
recent low CD4+ T-cell count (<500 cells/pL, 6 months ago)
were the strongest independent predictors of NHL risk, with
differential risk amongst subtypes of NHL (27).

Lymphoma is believed to develop in PLWH through
multiple mechanisms (28). Reduced immune surveillance
by loss of T-cell function and enhanced virus driven
oncogenesis have been postulated as pathogenic pathways
(29,30). Both Epstein-Barr virus (EBV) and HHVS are
central oncogenic y-herpes viruses observed in PLWH
(31). PEL and MCD are almost always associated with
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HHV8 while EBV is found in almost all of PCNSL and
cHL, with variable prevalence in PBL, PEL, DLBCL and
BL (32). Suppression of T cell immunity is associated with
viral reactivation. Furthermore, chronic B cell activation
may cause DNA-modifying events that contribute to
oncogene mutation acquisition. Immune suppression
alone may not, however, be solely responsible, as the
incidence of these lymphomas is greater than that observed
in the immunosuppressed transplant population (26).
More recently, it has been suggested that direct HIV
proteins may contribute to disease via influence on the
microenvironment. HIV-1 gp120 and matrix protein p17
accumulate and persist in lymph nodes even in PLWH
compliant with ART and absent HIV-1 replication (33).
These may be important for local lymphomagenesis both
within lymph nodes and extranodally.

Management principles

The key tenants of management of HIV-lymphoma involves
the use of ART, choice and intensity of anti-lymphoma
treatment and supportive care (34).

Antiretroviral treatment

Prior to ART, BL and PCNSL were around 100-1,000 times
more prevalent in PLWH than the general population. These
patients often had advanced immune suppression, organ
dysfunction and consequently poor PS. Achieving sustained
viral suppression with lifelong ART is now the cornerstone
of HIV management and substantially improves outcomes.
Whilst conventional ART regimens constitute three-drugs,
non-inferiority of two-drug combinations is now established
(35-38). They are increasingly utilised to simplify treatment,
avoid interactions, or prevent potential side effects.

The SMART and START trials were two landmark
studies that established updated principles in utilising
ART (39,40). SMART revealed that ART interruptions
significantly increased the risk of Ols, HIV and non-HIV
related co-morbidities, AIDS defining malignancy, or death
from any cause compared to continuous treatment [hazard
ratio (HR) 2.6; P<0.001] (39). START showed initiating
ART irrespective of baseline CD4+ T-cell count was
superior to deferred initiation once CD4+ T-cell counts were
<350 cells/uL, crucially, for both serious HIV-related (HR
0.28, P<0.001) and non-HIV-related (HR 0.61; P=0.04)
outcomes (40). This was replicated in an African cohort (41).
As such, commencing ART as close to diagnosis as possible,
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irrespective of CD4+ T-cell count, is standard practice
(11,12). ART use prevents transmission of HIV (13), thus
maintaining patients on an effective regimen with sustained
compliance is advocated.

Since the advent of ART, the incidence of PCNSL and
DLBCL has fallen precipitously. However epidemiological
data shows stable rates of cHL BL, PEL and PBL.
cHL incidence appears to be unaffected by the relative
improvements in CD4+ T-cell count (42,43), consistent with
presentation in the absence of severe immune deficiency and
on improved reconstitution after initiation of ART.

ART was historically considered to be a potential
risk factor for additional toxicity. Concerns over drug
interactions reducing chemotherapy concentrations and
ART adverse effects compromising patient adherence were
often cited (44,45). Previously, opinions have varied over
suspending ART during lymphoma treatment. However
more recently it is standard practice to continue or
commence ART during chemotherapy (46) as the concerns
regarding significantly increased toxicity have not been
realised with modern ART agents. It is relevant that ART
regimens are often undefined (47-49), outlined only by
class (50-53), or include drugs now avoided e.g. zidovudine,
dideoxynucleoside analogues (didanosine, stavudine),
and older protease inhibitors (PIs) (47,54). This may
underestimate the positive impact of modern ART which
has better tolerability, with greater ART options to manage
drug interactions and single-tablet formulations reducing
pill burden. Hence, current evidence supports continuing
or initiating ART wherever possible. Figure I outlines the
potential interactions between key medications and their
clinical impact. Changes to HIV treatment should be made
by an HIV specialist, although broadly, a combination
utilising two nucleos(t)ide reverse transcriptase inhibitors
with an integrase inhibitor is the most compatible and
typically preferred. Low pill burden has been associated
with higher adherence (55). General enquiry at routine
appointments to pill boxes and phone reminders to
counselling and psychological support are options to
consider should concerns arise. Close collaboration with an
HIV specialist is paramount.

Following ART initiation, immune reconstitution
inflammatory syndrome (IRIS) may result from exaggerated
inflammation in response to immune system recovery.
Although well-known, diagnosis and treatment can be
challenging. IRIS is well described for unmasking Ols and
Kaposi’s sarcoma with little reported on lymphoma IRIS
other than one cohort of 56 PLWH (56) and more recent
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case reports (57).

Clinical trials

Despite improvements in the outcomes of PLWH and
life-expectancy matching the general population with
well controlled disease, representation in clinical trials
remains lacking. A positive serostatus remains an exclusion
criterion for the majority of trials open to patients with
lymphoma (58). This has previously been due to concerns
about profound immune dysregulation or potential
pharmacokinetic interactions with ART. However, from a
review of 32 UK National Institute for Health Research
interventional lymphoma trials that excluded PLWH, only
one provided an explicit biologically valid justification (59).
Furthermore, a review of 107 trials of immune checkpoint
inhibitors including haematological malignancy identified
enrolment of only five studies with PLWH, all of which
were academic studies (60). As such, the American Society
of Clinical Oncology have devised recommendations
for eligibility criteria more inclusive of modern, virally
suppressed, immune reconstituted HIV cohorts (58).
Expanding access to trials for PLWH would yield valuable
data for treatment options and are paramount for this
patient group.

DLBCL

Historically DLBCL had poor outcomes with HIV, with
time-to-progression of 35 weeks, in the pre-rituximab
era (61). In the HIV-negative setting, the addition of
rituximab to the CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone) backbone exhibited significant
improvements in overall survival (OS), but no PLWH were
included in this seminal trial (62). Benefit was not reproduced
in AMCO010, a phase 3 trial which randomised 150 PLWH
to CHOP = rituximab including a rituximab maintenance
regimen. Although there were improved tumour response
rates, excess infectious deaths were reported, almost entirely
with CD4+ T-cell <100 cells/uL. (60% of infectious deaths
with CD4+ T-cell <50 cells/pL) (63). However this level
of toxicity has not been replicated elsewhere. Subsequent
pooled analysis from 19 prospective trials including 1,546
PLWH demonstrated the addition of rituximab to CHOP
was indeed beneficial with a near threefold increase in the
complete response (CR) rate and did not lead to higher
mortality from infectious complications (48). A CD4+ T-cell
count of less than 50 cells/pL did not preclude treatment with
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concomitant ART use, in a trial of 40 patients administered
rituximab, liposomal doxorubicin, cyclophosphamide,
vincristine and prednisolone [2-year progression-free survival
(PES) 52%, OS 62%] (64).

The International Prognostic Index (IPI) is predictive of
outcome in DLBCL (65) and enhanced IPI (NCCN-IPI)
for patients with DLBCL treated in the rituximab era (66).
The French lymphoma research groups reported on
outcomes with RCHOP. In a sub-analysis of 52 PLWH with
DLBCL, 85% received RCHOP with similar outcomes to
HIV-negative patients on the Lymphoma Study Association
trials (25). Furthermore, HIV was not an independent
prognostic indicator of outcome after controlling for
rituximab use and IPI in a retrospective Italian series
including 465 PLWH (67).

Infusion of EPOCH-R (etoposide, prednisolone,
vincristine, cyclophosphamide, doxorubicin, rituximab)
has been employed as potential escalation of therapy of
RCHOP in high-risk lymphoma (52). Dose adjustment
was developed to reduce haematopoietic toxicity while
maintaining maximum dose intensity titrated to cytopenias.
Prolonged continuous exposure may enhance tumour
cell death in vitro (68). This has been trialled successfully
for PLWH with superior outcomes in those receiving
concurrent rather than sequential rituximab (69-71).

No randomised trial comparing R-CHOP and dose-
adjusted EPOCH-R (DA-EPOCH-R) has been performed
in PLWH. Retrospective analysis of DA-EPOCH-R
showed favourable performance compared to RCHOP
in OS though failed to achieve statistical significance
(P=0.087) (49). The ALLIANCE study randomised HIV-
negative patients between these regimens with no benefit
to DA-R-EPOCH and greater toxicity with the latter (72).
This did not target high-risk patients and subset analysis is
still pending.

There have been attempts to reduce treatment duration
due to potential associated toxicity. In HIV-negative
patients with low IPI DLBC, the FLYER study presented
non-inferiority of four cycles of RCHOP plus two
rituximab compared to six cycles of RCHOP (73). In a post-
hoc analysis of PLWH and low risk DLBCL, similar 2-year
event-free survival (EFS) was seen for those with four or
fewer cycles of EPOCH-R achieving CR on computed
tomography (CT) after two cycles, compared with five to
six cycles (78% vs. 85%), with 2-year OS 78% wvs. 90% (74).

Fluorodeoxyglucose (FDG)-positron emission
tomography (PET) has been utilised in a response-adapted
regimen to permit shorter duration of therapy. In a phase II

Ann Lymphoma 2021;5:26 | https://dx.doi.org/10.21037/a0l-21-16



Page 6 of 20

trial of 33 PLWH and DLBCL, interim PET CT allowed
79% of patients to undertake only three cycles of short-
course EPOCH with double-dose rituximab (SC-EPOCH-
RR), with an overall 5-year OS of 68% (75). FDG-PET has
high negative predictive value but may confer poor positive
predictive value. HIV-associated nodal reactive hyperplasia
and infections may confound FDG-PET interpretations so
caution should be employed (as expanded upon in the cHL
discussion).

Several trials have attempted to improve first-line therapy
for DLBCL in PLWH. The histone deacetylase inhibitor,
vorinostat, proposed to induce lytic reactivation of EBV and
HHVS, showed no benefit when added to EPOCH=+R in
a study including 71% PLWH and DLBCL (76). A phase
I trial of ibrutinib with DA-EPOCH-R for PLWH and
DLBCL has been registered (NCT03220022).

In the relapsed setting, there had been initial hesitancy
in considering anti-CD19 chimeric antigen receptor T-cell
(CAR-T) therapy for PLWH due to their exclusion from
pivotal studies from which the license was based (77,78).
However, as evidence for its successful manufacture and
efficacy has grown (79-81), this has provided better equity
in their potential use for PLWH. The immune checkpoint
inhibitor, pembrolizumab, has been trialled in a phase I
study including five PLWH with relapsed NHL (3 DLBCL,
2 PEL). There was an acceptable safety profile similar to
those without HIV and clinical benefit was described (82).

Preventing CNS relapse

PLWH have an increased risk of aggressive disease with
extranodal involvement more commonly involving the
CNS. A systematic review of 886 newly diagnosed AIDS-
related lymphomas (DLBCL and BL) revealed de novo
CNS involvement at baseline was 13% and 5-30% in trials.
CNS relapse is an early event, at a median of 4.2 months
after diagnosis with dismal median survival of 1.6 months.
Despite intrathecal (IT) CNS prophylaxis in over 90%,
5% experienced CNS relapse (83). The prevalence of
de novo presentation did not differ between the pre- and post-
ART eras. The optimal regimen, dose intensity and CNS
prophylaxis strategy (doses of intravenous CNS-penetrating
agents vs. I'T therapy) has not been well established in this
setting. The US National Comprehensive Cancer Network
guidelines suggest I'T methotrexate for CNS prophylaxis in all
PLWH with lymphoma independent of CNS risk score (84)
but other guidelines suggest a similar approach to those

without HIV (85,86).
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Primary CNS lymphoma

PCNSL is an extranodal lymphoma affecting the brain,
spinal cord, cranial nerves, eyes or meninges, in the absence
of systemic disease. For PLWH, PCNSL develops in the
context of severe immune suppression and is associated with
EBYV, unlike in the immunocompetent (87). PCNSL correlates
with loss of EBV-specific CD4+ T-cells rather than overall
CD4+T-cell loss (88). HIV-associated cases had more frequent
mutations compared to immunocompetent EBV+ PCNSL
in one study of 91 PCNSL tissue samples (89). This suggests
HIV itself may contribute to the burden of DNA mutations
in this disease and indirectly lead to this lymphoproliferative
disorder.

Prior to ART survival was less than four months
with complications arising from OIs and refractory
disease (90). Data from ten Surveillance, Epidemiology and
End Results cancer registries from 1992-2011 show the
steepest decline in rates (30% annually) from 1995-1998
for immunocompromised men (91). Encouragingly, the
proportion of PLWH receiving chemotherapy for PCNSL
has increased over the last few decades (from 29% to 47%,
2004 to 2012) (18). Prospective trials are difficult to recruit
to as patients often have poor PS, compounded by the
increasing rarity of this condition. Diagnosis ideally requires
neurosurgical intervention with brain biopsy confirming
histology. EBV PCR in the cerebrospinal fluid is almost
always detectable but is presently not sufficient to confirm a
diagnosis.

Challenges in treatment include optimal dose delivery
of agents to penetrate the blood brain barrier. Whole-brain
radiotherapy (WBRT) or high dose methotrexate (HD
MTX) have historically been treatment approaches (92)
with WBRT dose independently prognostic (93), although
data regarding neurocognitive sequalae is scant. In a
retrospective series of 23 patients, WBRT in PLWH
demonstrated leukoencephalopathy (grade >2) in a fifth of
those surviving more than a year after radiation (94). This
delayed complication impairs cognition considerably given
cerebral small vessel disease and overall cardiovascular
events are already more common amongst PLWH (95).

Consolidation in first remission with high-dose
chemotherapy with stem cell rescue has been shown to be
feasible and efficacious (96), however, this approach has
been superseded by less intensive approaches. The addition
of other agents that cross the blood-brain barrier (such as
cytarabine and thiotepa) to HD MTX have been shown to
improve outcomes in HIV-negative patients (97) but recent
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reports suggest less intensive approaches are effective in
PLWH with the introduction of ART. This is one of the
only situations where PLWH with lymphoproliferative
disorders are treated differently and reflects that this EBV+
PCNSL is a distinct immunobiological entity (89). A
retrospective study of 51 PLWH treated with a median of
six infusions of HD MTX (3 g/m’) monotherapy and ART
demonstrated a median OS of 5.7 years, 2-year OS 51%
and time to progression 69% (98).

The only prospective trial conducted in this setting
enrolled 12 patients treated with HD MTX and
rituximab (99). Data showed improvements in mini-
mental state examination and all surviving patients were
free of severe general neurocognitive dysfunction after
treatment. A phase I trial including PLWH has commenced
(ACTRN12618001541291) examining the use of ibrutinib
with EBV-specific T-cells in EBV+ cerebral lymphoma with

or without systemic involvement.

BL

A higher incidence of BL persists despite improvements
with ART and typically occurs in those with CD4+ T-cell
counts >200 cells/pL (100). The incidence of BL does
not increase as CD4+ T-cell count decreases (17,101),
however, ART is associated with improved tolerance to
chemotherapy. CNS involvement is seen in up to 30% (102)
and is associated with worse outcomes (103). Improved
therapeutic strategies for these patients are needed.

Most patients with BL are now treated with multiagent
regimens utilised in the HIV-negative setting. These include
R-CODOX-M/R-IVAC (rituximab, cyclophosphamide,
vincristine, doxorubicin, methotrexate, ifosfamide,
etoposide, cytarabine), HyperCVAD (hyperfractionated
cyclophosphamide, vincristine, doxorubicin, dexamethasone)
and the less intensive regimen DA-EPOCH-R.

Only four prospective trials have addressed the optimal
intensive treatment in the rituximab era. These have
included CODOX-M/IVAC or DA-EPOCH regimens
with less than 35 PLWH recruited (19,104-106). Two-
year OS is approximately 70% with treatment-related
mortality (TRM) reported at less than 5% for modified
R-CODOXM/R-IVAC (104) and DA-EPOCH-R
(105,106). The EPOCH-R regimen does not include HD
MTX, cytarabine or ifosfamide. Whilst they increase the
toxicity of treatment, they are considered important for
disease control, particularly in the CNS, as they cross
the blood brain barrier. A retrospective series including
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142 PLWH with BL demonstrated 19% with CNS
involvement. This was independently associated with HIV
infection on multivariate analysis. Of 641 patients, DA-
EPOCH-R had the highest CNS relapse rate compared
to other regimens, although only 45% adhered to the
strict I'T schedule from the original protocol (107). In
the largest international retrospective analysis of 249
PLWH with BL, 11% had CNS relapse. The highest
rates were seen with DA-EPOCH when compared to
HyperCVAD and CODOX-M/IVAC (16% vs. 9% vs. 8%,
P=0.032) (103). Here, prognostic factors were associated
with lymphoma characteristics rather than HIV control.
Similarly, the recently proposed BL-IPI includes prognostic
factors of age >40 years, LDH >3x upper limit of normal,
Eastern Cooperative Oncology Group PS >2, and CNS
involvement. HIV status did not affect patient outcomes on
univariate analysis in the rituximab era (108).

Newer regimens have been proposed. The CARMEN
phase II study trialled a dose-dense and short-term
regimen, with autologous stem cell transplantation (ASCT)
as first-line consolidation for those not achieving CR post-
induction. To limit toxicity, methotrexate dose reduction
and restriction to two doses of cyclophosphamide and a
single dose of doxorubicin were employed. Twenty PLWH
were enrolled with a 5-year PFS and OS of 70% and 75%
respectively, although TRM was 10% (109).

Plasmablastic lymphoma

PBL was first described in a series of 16 cases of oral cavity
DLBCL with distinct plasmacytic differentiation, 15 of
which had HIV without ART use (8). Extraoral disease has
been reported in 43 % of cases in a review of 248 patients (110)
including the gastrointestinal tract, bone and skin. It is now
seen outside of HIV-positive cohorts (111). Malignant cells
have plasmablastic morphology and express a plasma cell-like
immunophenotype (expression of CD38, CD138, MUMI,
the antigen detected by the VS38c antibody, frequently
CD79a, variably CD30, with a loss of CD20) and high Ki-67,
usually above 90% (112). EBV is often associated with type I
latency pattern expression; EBV latent membrane protein 1
(LMP1) is usually negative. PBL is enriched with recurrent
genetic events in MYC (113).

There is no validated standard of care. In the absence
of prospective data, evidence is based on case reports and
retrospective series. Retrospective review of 197 patients,
including 37% PLWH, across Australia, UK and Canada,
demonstrated HIV status did not affect outcomes in PBL (111).
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PBL regression after ART alone has been reported
rarely (114,115). CHOP-based regimens are typically
utilised but have poor outcomes with high rates of relapse
or progression. A systematic review of 127 HIV-PBL cases
found a median OS of 12 months (116). Fifty patients in a
multi-centre study across 13 US sites had poor prognosis
irrespective of the therapy received, with no survival
benefit from more intense regimens (including EPOCH,
hyperCVAD, CODOXM/IVAC, VDT-PACE: bortezomib,
dexamethasone, thalidomide, cisplatin, doxorubicin,
cyclophosphamide, and etoposide). PS >2, advanced stage
and MYC gene rearrangements were significantly associated
adverse prognosticators (117).

A small, single-centre experience of 19 PLWH showed
improved survival associated with DA-EPOCH compared
to CHOP (17 vs. 7 months, P=0.014) (118). Use of DA-
EPOCH is widely adopted and some propose routine
I'T CNS prophylaxis given the high proliferation rate,
degree of extranodal involvement and presence of MYC
translocations, although there are sparse data to support this
approach (112,119).

Targeted treatments appear promising. Drugs
with antimyeloma activity such as the proteasome
inhibitor bortezomib, which blocks NF-«xB, and the
immunomodulatory agent lenalidomide have been used
in case reports (120,121). In 16 patients, of which 38%
were PLWH, the addition of bortezomib to frontline
EPOCH resulted in a 5-year OS of 63% and median OS
of 62 months at 48 months follow up (122). The anti-
CD30 antibody-drug conjugate, brentuximab vedotin (BV)
and daratumumab have been used for a small number of
HIV-negative patients but outcomes were disappointing
in this refractory setting (123-125). A feasibility trial
of daratumumab in addition to DA-EPOCH in newly
diagnosed PBL is active (NCT04139304). CAR-T was
used in a patient after multiple prior lines of therapy
including DA-EPOCH, ICE, carfilzomib, lenalidomide
and daratumumab with a one month response (126). Given
CD19 is rarely expressed on these tumours, this is not a
strategy commonly pursued.

Primary effusion lymphoma

HHV8 DNA sequences were first found in a distinct
category of eight cases of AIDS-related B-cell lymphoma
in body-cavity effusions, establishing this HHV8 driven
neoplasm (7). The following year this was termed “primary
effusion lymphoma” (127). PEL is normally confined to
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body cavities (pleural, pericardial, peritoneal) in the absence
of a tumour mass, although the less common extracavitary
subtype is described. This rare disorder develops in the
context of immune suppression. Neoplastic cells have
immunoblastic to plasmablastic features, and the presence of
HHVBS is required. The diagnosis is typically made based on
an immunophenotype of serous fluid expressing activation
and plasma-cell associated antigens [CD38, CD138,
MUMI1, VS38c and HHVS latency-associated nuclear
antigen 1 (LANAI)]. As with PBL, pan-B-cell markers
are absent whilst most express CD30 (128). Coinfection
with EBV is seen in 80% of cases but EBV LMP1 is not
expressed, EBV early RNA (EBER) may be detected.

There is a paucity of data and no standard of care. Due
to the low incidence, management has been extrapolated
from trials examining aggressive lymphomas. OS is dismal.
Even in the ART era, 2-year OS in one recent series of
13 patients was 15.4% with median survival of less than
one year (129). Over a third are primary refractory and
responses to chemotherapy are often short lived (117). Non-
chemotherapy approaches have been reported in limited
cases where PS precludes chemotherapy with generally poor
responses. Combinations of ART; intracavity or intravenous
antiviral cidofovir, and interferon have been utilised (130,131).
Little information is available regarding the effect of ART on
HHVS viral load in peripheral blood or effusions.

There is a need to improve current treatment. Poor
prognostic factors in CHOP-treated patients included PS
>2 and an absence of ART prior to diagnosis on multivariate
analysis (132) and >1 involved cavity on univariate
analysis (117). The addition of HD MTX to CHOP was
utilised in seven PLWH with some promise (133), however,
this is limited by concerns of toxicity from accumulation in
effusions causing delayed drug clearance.

A number of drugs may provide a targeted treatment
approach. More intense regimens (EPOCH or hyperCVAD)
and rituximab in rare CD20-positive cases have been
suggested for use in those with adequate PS (131). Amongst
19 patients treated for PEL with EPOCH with or without
rituximab, bevacizumab or HD MTX, there was a CR rate
of 54%. EBER positivity was associated with improved
survival and elevated interleukin-6 (IL-6) level associated
with greater mortality (134). Bortezomib has been shown
to inhibit cell survival and induce apoptosis via NF-kB in
PEL cell lines (135), though this has unverified clinical
benefit (131,136). Mouse models have shown reduced
effusions with lenalidomide and arsenic trioxide (137) but
clinical data is scant (138). A phase I/II trial is recruiting to
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investigate the addition of lenalidomide to DA-EPOCH-R
and includes PLWH (NCT02911142). Rituximab has
been added to target the HHV8-infected B-cell reservoir
with encouraging preliminary data in six patients (99). BV
may also be useful for those expressing CD30 (139) and
daratumumab has also been used (140).

HHV'8 positive MCD

MCD is a polyclonal lymphoproliferative disorder of
benign lymphocytes, plasma cells and vessels. In PLWH
it is almost exclusively associated with HHVS, in the
subset HHV8-associated MCD. It occurs in the context of
relatively preserved CD4+ T-cell counts (141). Although
not a neoplasm, B-cells have plasmacytic differentiation with
high levels of IgM lambda light chain restriction, HHVS8
LANAL, CD38, MUMLI, and may express CD30 and CD20.
There is an excess production of dysregulated cytokines,
most prominently IL-6. Viral and human IL-6 contribute
to remitting and relapsing inflammatory features (142).
These include fever, lymphadenopathy, hepatosplenomegaly,
effusions, skin rash, cytopenias, raised C-reactive protein,
hypoalbuminaemia, direct antiglobulin test positivity, and
hypergammaglobulinaemia. Concurrent Kaposi’s sarcoma is
common (143). A single institution cohort study of 60 PLWH
with MCD showed a 15-times risk of developing NHL
thought to be related to HHVS8 (PEL, PBL, PCNSL) (144).
Hence, repeat biopsy is appropriate in the relapse or refractory
setting.

Outcomes have been poor in this aggressive disease.
Cytokine storm may result in fatal multiorgan failure with
haemophagocytic lymphohistiocytosis (HLH) seen in one
series of 140 PLWH (145). Prospective trials demonstrate
more favourable outcomes with rituximab, which is
considered the standard of care (146,147). A single arm
phase II trial of 21 PLWH receiving four infusions of
weekly rituximab offered good responses with 2-year OS
and disease-free survival of 95% and 79% respectively (146),
a considerable improvement compared to the pre-rituximab
era (2 year OS 94% vs. 42%) (148). There may however be
a worsening of Kaposi’s sarcoma in those with concomitant
lesions or failure to control disease (149,150). The addition
of liposomal doxorubicin to rituximab has been used in
combination with interferon-o consolidation or antiviral
therapy to reduce Kaposi’s sarcoma progression with some
efficacy (n=17) (151). In vitro studies showed etoposide
can inhibit HHVS replication (152). Forty-nine PLWH
treated in a non-controlled study received either weekly

© Annals of Lymphoma. All rights reserved.

Page 9 of 20

rituximab monotherapy (n=35) or for those at high risk, in
combination with weekly intravenous etoposide (n=14) for
four weeks. High risk patients had either a PS >2, end organ
involvement, lung involvement, HLH or severe haemolytic
anaemia. The 2- and 5-year relapse-free survival rates were
85% and 61%, respectively. CD4+ T-cell count and ART
use were not independently prognostic, although a lower
HIV viral load was associated with longer OS (148).

Non-chemotherapy approaches include antiviral
valganciclovir plus zidovudine to target the HHV8 viraemia
seen during MCD flares (with a reported median PFS of
6 months and 1 year OS of 86% (142,153). Splenectomy
and steroids have also been described without durable
responses (143).

Tocilizumab, a monoclonal antibody targeting the IL-6
receptor, has led to transient responses with a median PFS
of 3.2 months seen in eight PLWH, five of whom had
tocilizumab alone (154). Siltuximab, an anti-IL-6 antibody,
used in idiopathic MCD, does not bind viral IL-6.

Hodgkin lymphoma

Unlike NHL, the incidence of cHL has not significantly
decreased since the introduction of ART and after an initial
increase has now stabilised from 2004-2020 (155-157).
ART has improved the patient survival with this highly
curable lymphoma (51). PLWH do however present with
more widespread disease. Historically, a relatively increased
proportion of mixed cellularity subtype, strongly associated
with EBV, was reported (158). The incidence increased
with higher CD4+ T-cell counts from US cancer registry
data (159). Data from 17 French centres between 2010-
2015 showed around a third of those with cHL had a CD4
>500 cells/pL (160). Interactions between EBV, the tumour
microenvironment and Reed Sternberg cells have been
proposed as pathogenic drivers (161).

Prior to ART, median survival was less than two years
(162,163). Outcomes of 66 PLWH were compared in the
pre-ART to post-ART era in Germany (50). ART had a
significant impact on improved OS, independent of remission
status achieved. A retrospective UK study compared 93
PLWH with 131 HIV-negative, newly diagnosed patients
deemed fit for ABVD (doxorubicin, bleomycin, vinblastine,
and dacarbazine) treatment. Eighty percent presented
with advanced stage disease and two thirds had an IPI >3,
compared to 35% and 26% of the HIV-negative patients. As is
now standard, almost all had concomitant ART. There were
no significant differences in survival with 5-year OS 88% uvs.
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81% and EFS 66% vs. 59% in PLWH and HIV-negative,
respectively (164). This has been replicated in the US study
of over 2000 PLWH diagnosed between 2004-2012 where
OS was similar regardless of HIV status after adjustment
for stage and sociodemographic factors (20). CD4+ T-cell
count at diagnosis may be prognostic. A retrospective study
of 229 patients with advanced stage cHL treated with ABVD
showed CD4+ T-cells <200 cells/pLL was independently
associated with both PFS and OS, although not with death
from cHL-related causes (119).

In the immunocompetent, cHL management is
increasingly focussed on identifying risk groups and
adapted response assessments with improvements in OS
and reduced potential for long-term treatment toxicities. A
prospective series of 108 PLWH highlighted that a stage-
adapted approach is feasible (165). Evidence of use of
escalated BEACOPP (bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, prednisone) is
limited to small studies and has a high TRM (166).

As previously alluded to, PET has a low positive predictive
value and in the setting of HIV positivity, interim results
should be interpreted with caution due to inflammatory or
infective changes. A negative interim PET was prognostic
amongst a retrospective series of 23 ABVD-treated PLWH
with advanced stage cHL. The 2-year PFS for interim
PET-positive and PET-negative patients was 50% and
100% respectively (167). Twelve PLWH out of 336 were
prospectively enrolled on a phase II trial of advanced stage
cHL utilising treatment adapted to interim PET after
2 cycles ABVD (SWOGS0816). PET-negative responses
were similar to the HIV-negative population (168).

Prospective trials in this area are limited. A phase II
study (NCT01771107) is actively examining BV with
combination chemotherapy in treating stage II-IV HIV
associated cHL after promising results of six patients in the
phase I trial who achieved CR with minimal toxicity (169).
An update of 41 patients showed a 2-year PFS estimate of
86% and OS 92% (170).

In the relapse setting, novel agents including nivolumab,
an immune checkpoint inhibitor, are active and feasible in
case reports (171,172). The AMC-095 (NCT02408861)
trial is recruiting for the use of nivolumab and ipilimumab
in the management of HIV-associated relapsed or refractory
cHL or solid tumours.

Haemopoietic stem cell transplantation

For those who are chemo-immunotherapy responsive,
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ASCT consolidation is standard of care in the relapsed
setting. Three series from the European Society for Blood
and Marrow Transplantation registry evaluating PLWH
showed comparable outcomes to HIV-negative patients.
Disease status rather than CD4+ T-cell count at time of
ASCT was independently prognostic in the era of ART
(173-175). The largest prospective multicentre study
examined 40 PLWH who underwent BEAM (carmustine,
etoposide, cytarabine, and melphalan) conditioned ASCT.
Pretransplant HIV viral load was undetectable in 80%
with a median CD4+ T-cell count of 249 cells/ul.. ART
interruption was limited to administration of BEAM and a
minimum of 7 days after completion. At a median follow-
up of 25 months, 2-year OS was 82% and PFS 80%, with
a 1-year TRM of 5%. Outcomes were not statistically
different to matched controls (176).

Case series support improving survival rates for PLWH
after allogeneic stem cell transplant and this should be
considered for those with an appropriate donor. One
retrospective series reported 81 cases with no difference
in inpatient mortality rate (11.5% vs. 10.2%) based on
HIV status although Ols increased (cytomegalovirus and
nontuberculous mycobacterium) (177). The only prospective
multicentre study showed feasibility in 17 PLWH with at
least 7/8 HLA-matched donors. The 100-day TRM was
0% and HIV viral load undetectable in patients achieving
complete chimerism (178). Encouraging data from seven
PLWH showed post-transplant cyclophosphamide for graft-
versus-host-disease prophylaxis allowed expansion of donor
options by less restrictive HLA-matching. ART interruption
was minimised by use of subcutaneous enfuvirtide when
oral ART was not tolerated (179).

Cases of HIV ‘cure’ through allogeneic transplant have
garnered interest. First described in the ‘Berlin patient’,
total body irradiation was employed in the setting of acute
myeloid leukaemia (180). Later the ‘London patient’
underwent reduced intensity-conditioned transplantation
for relapsed cHL (181). Donors expressing the HIV co-
receptor CCRS polymorphism (homozygous CCR5A32)
conferred natural resistance through prevention of HIV
entry into CD4+ T-cells. This variant occurs in 1% of
Caucasian donors and less frequently in other ethnicities
so is not a viable option for the majority of patients. Viral
entry may alternatively occur via CXCR4. Viral escape
has been described following shift from CCRS-tropic to
CXCR4-tropic HIV after transplantation leading to loss of
HIV ‘cure’ (182). The risk of HIV relapse from sequestered
virus in sanctuary sites is unknown. Gene editing of CCR5
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into CAR-T cells has been proposed as a future functional
cure for HIV and lymphoma (183).

Antimicrobial prophylaxis

OlIs are a major cause of morbidity and mortality in
immunocompromised patients. Comparative studies for OI
prophylaxis in HIV-lymphoma do not exist. Two guidelines
recommend co-trimoxazole prophylaxis against Preumocystis
Jjirovecii pneumonia and toxoplasmosis. Although one still
focuses on those with a CD4+ T-cell count <200 cells/pL (85),
the other reflects current practice by recommending
prophylaxis for everyone commencing chemotherapy (184).
Systemic antifungal azoles are similarly recommended
regardless of CD4+ T-cell count, particularly with associated
prolonged neutropenia (184), although consideration
is required with coadministration of vinca alkaloids and
practice varies (84,184). Antivirals are routinely used for all
commencing chemotherapy. Prophylaxis for Mycobacterium
avium complex is recommended when CD4+ T-cell counts
<50 cells/pL and if hepatitis B core antigen positive.
Vaccinations against influenza, pneumococcus, and hepatitis
B virus are also stipulated (85). Cytomegalovirus remains
a contentious issue, both in prophylaxis and management,
with some adopting for management dictated by end-organ
disease as opposed to viral thresholds (184). Tuberculosis (TB)
screening should be considered in everyone with key factors
including local incidence, country of origin, TB exposure,
and additional TB risk factors, e.g., diabetes. Strongyloides
infection should be excluded if from high-prevalence areas
before using immunosuppression because of the risk of

hyperinfection (185).

Future directions

Gene therapy for HIV when treating HIV-associated
lymphomas has gained interest. Lentivector transfused
pre-selected CD34+ stem cells with an anti-HIV gene
transfer construct is being studied in those receiving ASCT
for relapsed lymphoma to confer resistance to HIV-1
entry and prevent new infection (NCT02797470 and
NCT03593187).

Since the widespread incorporation of ART within
HIV-associated lymphoma management, there has been
less focus on HIV-related factors in favour of lymphoma
characteristics. An anticipated paradigm shift in HIV
management is the availability of long-acting, intramuscular
ART as an alternative to daily oral treatment. Phase I1/I11
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data is supportive of monthly dual injections (186,187) and
randomised trials are ongoing (NCT03299049). Further
understanding of the pathogenesis and prognostic factors in
HIV-associated lymphoma may inform future management
strategies. Tissue samples from PLWH are being collected
to correlate clinical, genetic, and immunologic parameters
including complete genome sequences of HIV-associated
DLBCL (NCT01567722).

The more recent permissive clinical trial inclusion
criteria for PLWH without concurrent Ols and adequate
CD4+ T-cell counts is a welcome step. The key to future
advances will be the inclusion of PLWH into large,
prospective general lymphoma trials in order to facilitate
evidenced-based practice. Data is scant for the rarer
subtypes and international collaboration may aid defining
optimal treatment strategies.

As previously highlighted, phase I/II trials including
PLWH have been registered including ibrutinib with DA-
EPOCH-R for DLBCL (NCT03220022), lenalidomide
with DA-EPOCH-R for PEL (NCT02911142),
pembrolizumab for relapsed or refractory NHL or cHL
(NCT02595866) and daratumumab with DA-EPOCH
for PBL (NCT04139304). A phase I trial examining
dose and side effects of nivolumab and ipilimumab for
HIV-associated relapsed or refractory cHL is recruiting
(NCT02408861) and pomalidomide and nivolumab in
patients with virus-associated malignancies is due to recruit
(NCT04902443). Immunotherapy trial and safety data will
be essential in understanding toxicity and efficacy of this
promising targeted treatment. Overall, broadening access
will provide better equity for PLWH.
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