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INTRO-1

AIDS-defining 
malignanciesa,b,c,d,e,f

Kaposi sarcoma

Anal cancer

Non–AIDS-defining 
malignanciesa,b,c,d,e,f

a Principles of HIV Management While Undergoing Cancer Therapy (HIV-A). 
b Principles of Systemic Therapy and Drug-Drug Interactions (HIV-B).
c Principles of Radiation Therapy (HIV-C).
d Principles of Surgery (HIV-D).

Aggressive NHLg

Cervical cancer

Non-small cell lung cancer (NSCLC)

Hodgkin lymphoma (HL)

Cervical Cancer in PWH (HIV-1)

See NCCN Guidelines for Kaposi Sarcoma

Anal Cancer in PWH (HIV-2)

Non-Small Cell Lung Cancer in PWH (HIV-3)

Hodgkin Lymphoma in PWH (HIV-4)

• People with human immunodeficiency virus (HIV) (PWH) and AIDS have a higher incidence of many common cancers compared with the 
general population. AIDS-defining cancers include aggressive non-Hodgkin lymphoma (NHL), Kaposi sarcoma, and invasive cervical cancer. 
Dramatically improved treatment of HIV over the last two decades has led to a decrease in the risk of AIDS development, an increase in 
immune function and survival, and a decline in AIDS-defining cancers in this population; however, the incidence of non-AIDS defining 
cancers has increased because of longer life expectancies due to antiretroviral therapy (ART), accelerated aging as a consequence of HIV, a 
higher likelihood of co-infection with oncogenic infections, and a higher prevalence of carcinogen exposure. 

• Cancer in PWH should be co-managed by an oncologist, and HIV specialist, and PWH should receive cancer treatment as per standard 
guidelines. Although modifications to ART may be needed, HIV therapy should be continued during cancer therapy. Multidisciplinary 
decision-making, involving HIV specialists, is critical. 

INTRODUCTION

Other non–AIDS-defining 
malignancies See NCCN Guidelines for Treatment of Cancer by Site

e Principles of Supportive Care (HIV-E).
f Principles of Imaging (HIV-F).
g Burkitt lymphoma; diffuse large B-cell lymphoma (DLBCL); Kaposi sarcoma 

associated herpesvirus (KSHV)-positive DLBCL, not otherwise specified (NOS); 
primary effusion lymphoma; and plasmablastic lymphoma.

Primary CNS lymphoma See NCCN Guidelines for Central Nervous System Cancers

See NCCN Guidelines for B-Cell Lymphomas
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HIVLYM-2

b Hepatitis B testing is indicated because of the risk of reactivation with immunotherapy + chemotherapy. Tests include HBsAg and core antibody for a patient with 
no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen (NHODG-B). If positive, check viral load and consider consult with 
gastroenterologist.

c Hepatitis C antibody and if positive, viral load and consult with hepatologist.
d Fertility preservation options include: sperm banking, semen cryopreservation, IVF, or ovarian tissue or oocyte cryopreservation.

ESSENTIAL
• Physical exam: attention to node-bearing areas, including Waldeyer’s ring, 

and to size of liver and spleen
• Performance status
• B symptoms
• CBC with differential
• LDH
• Comprehensive metabolic panel
• Uric acid, phosphate
• PET/CT scan (preferred) or C/A/P CT with contrast of diagnostic quality
• CD4 count
• Lumbar puncture, except for PEL
• HIV viral load
• Hepatitis B testingb
• Hepatitis C testingc
• Echocardiogram or MUGA scan if anthracycline or anthracenedione-based 

regimen is indicated
• Pregnancy testing in patients of childbearing age (if chemotherapy or RT 

planned) 

USEFUL IN SELECTED CASES:
• Upper GI/barium enema/endoscopy
• Adequate bone marrow biopsy (>1.6 cm) ± aspirate; bone marrow biopsy is 

not necessary if PET/CT scan demonstrates bone disease 
• Neck CT with contrast
• Plain bone radiographs and bone scan
• Brain MRI with and without contrast, or head CT with contrast
• Beta-2-microglobulin
• EBV PCR
• Quantitative Ig
• Discuss fertility preservationd

WORKUP

BL

• DLBCL
• HHV8-positive DLBCL, NOS
• PEL

Treatment 
(HIVLYM-3)

Treatment 
(HIVLYM-4)

Plasmablastic lymphoma

Primary CNS lymphoma

Treatment 
(HIVLYM-4)

Treatment 
(HIVLYM-3)
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individual infectedbyHIV, on themain viral andmolecular pathoge-
netic pathways, and on the management of these patients in the
modern cARTera.

Distribution over time of lymphoma histotypes
Table 1 shows data from 2 studies on large cohort based on
lymphoma patients from the United States and Europe, respec-
tively.25,26 In the late-cART era (2006-2015) the most common
histotypes of lymphoma are DLBCL (Figure 1), shifting from 63%
in the pre-cART era to 35% to 37% in the late-cART era, and BL
(Figure 2), shifting from 3% in the pre-cART era (1986-1995) to
16% to 20% in the late-cART era. HL, 1 of the most frequent
categories in the non–AIDS-defining cancers,20 increased from
20% to 26%. Therefore, over 3 decades, there has been an
increase in lymphoma entities (ie, BL and HL), which are associ-
ated with moderate immunosuppression but adverse out-
come.25,26 Conversely, in the late cART decade, aggressive
types of lymphomas (ie, PBL and PEL) have been observed
more frequently than the previous decades (Table 1). Another
study on a cohort based on patients with lymphoma from
Japan27 analyzed the histologic differences between cases in
the pre-cART era (1987-1997) and those in the cART era (1997-
2012). Putting the results of the 3 studies together, the inci-
dence of BL has increased significantly in the United States,
Europe, and Japan.25-27 The incidence of DLBCL has signifi-
cantly decreased in Europe and Japan, but it is stable in the
United States.25-27 In the highly active antiretroviral therapy era,
DLBCL of the germinal center B-cell subtype is more common
than previously seen, whereas DLBCL of the activated B-cell
(immunoblastic subtype) has decreased.28 The incidence of HL
was very low in the pre-cART era27 and was probably underesti-
mated at that time, because HL was not recognized as part of
the AIDS spectrum. The increased incidence in HL is in the
mixed cellularity subtype, which is typically Epstein-Barr virus
(EBV) positive.

Main viral and molecular pathogenic pathways
The pathogenesis of hematologic malignancies in individuals
infected by HIV is complex. HIV infection results in chronic B-cell

activation both indirectly through altered cytokine production and
directly through HIV proteins, including gp120, p17, and
TAT.8,10,28,29 For example, patients receiving cART are still
infected, with persistent production of viral proteins. The TAT pro-
tein appears to be possibly involved in the pathogenesis of BL.30

Different genetic alterations and viral infection occur in the patho-
genetic pathways underlying the spectrum of lymphoproliferative
disorders in individuals infected by HIV. Pathogenetic mecha-
nisms in HIV-related lymphomagenesis specifically also include
coinfection with the gammaherpesviruses EBV and Kaposi
sarcoma-associated herpesvirus (KSHV).8,31 These 2 gammaher-
pesviruses escape the host's immunologic control, and cooperat-
ing with HIV seems to be crucial in promoting lymphomagenesis.

The pathogenetic pathway in BL (Figure 2) involves activation of
MYC (100% of cases), inactivation of TP53 (50% to 60% of cases),
and infection by EBV (30%-50% of cases).10,28 The pathogenesis
of the 2 HIV-associated DLBCL variants (ie, centroblastic [CB] and
immunoblastic [IB]; Figure 1) is more heterogeneous (see also
below). Infection with EBV occurs in 90% of DLBCL with IB mor-
phology and 30% of DLBCL with CB morphology. Many EBV-
positive IB DLBCLs express the EBV-encoded transforming pro-
tein LMP-1. There is an association (20%) between molecular
changes in the BCL6 proto-oncogene and HIV-associated CB
DLBCL.10,28 Unclassifiable lymphomas with features intermediate
between BL and DLBCL and high grade B-cell lymphoma with
double or triple hit are overlapping categories and show rear-
rangements in BCL2 (and BCL6) andMYC genes.32 In addition to
consistent infection by KSHV, PELs (Figure 3) are also commonly
infected by EBV (80%).31 Molecular studies of cells in PEL have
shown no rearrangements in BCL2, BCL6, and MYC genes.13

However,mutations in theBCL6 5' noncoding region are common
in PEL.33 Regarding the molecular pathogenesis of PBL of the oral
cavity type (Figure 4), EBV infection of the neoplastic clone has
been frequently (70%) reported.16MYC translocation or amplifica-
tion is observed in 50%of cases.16 The genomic landscape of plas-
mablastic lymphoma in HIV-positive individuals identify pervasive
mutations in JAK-STAT3 and RAS-MAPK signaling pathways.34

Table 1. Distribution of lymphoma histotypes in individuals infected by HIV over 30 years in a European cohort
(615 patients) compared with the CNICS USA cohort (476 patients)

Histotype

1986-1995;
London (158
patients)

1996-2005;
London (200
patients)

2006-2015;
London (257
patients)

1996-2000;
CNICS (132
patients)

2001-2005;
CNICS (201
patients)

2006-2010;
CNICS (143
patients)

BL 3% 10% 20% " 7.6% 10.9% 16.8% "

DLBCL 63% 59% 37% # 43.9% 45.8% 35.7% #

HL 4% 11% 26% " 15.2% 15.4% 19.6% "

PCNSL 14.4% 10.4% 9.8% #

PBL 0 2% 6% "

PEL 2% 1% 5% "

Other 18.9% 17.4% 18.2%

Since the introduction of cART, the incidence of NHL has decreased by 50% mainly because of decreased PCNSL and the immunoblastic histologic subtype of DLBCL, consistent
with CD4 counts. In contrast, the burden of HIV-associated BL and HL has increased16: pre-cART decade (1986-1995); early cART decade (1996-2005); late cART decade (2006-
2015). European cohort26; CNICS USA cohort.25 ", increase of proportion in late cART decade; #, decrease of proportion in late cART decade.
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Cancer Care Disparities in People with HIV in the United States

Anna Coghill, and Gita Suneja, Curr Opin HIV AIDS . 2017 January ; 12(1): 63–68.

- Higher cancer-specific mortality in HIV-infected people compared with the general population for several cancer types

- Infected cancer patients were less likely to receive cancer treatment compared with uninfected cancer patients for several
cancer types (OR 1.39 for diffuse large B-cell lymphoma)

Including Persons With HIV Infection in Cancer
Clinical Trials
Govind C. Persad, Richard F. Little, and Christine Grady, Department of Bioethics, The Clinical Center, and The Clinical Investi-

gations Branch, Cancer Therapy Evaluation Program, Division of Cancer Therapy and Diagnosis, National Cancer Institute,
The National Institutes of Health, Bethesda, MD

Clinical research endeavors to advance medical therapy. Appli-
cation of research findings may not be valid for populations whose
demographics diverge substantially from that of the research sample.
Comparability of the study population and the general population of
interest depends on adequate sampling.1 Restricted research access
may vitiate valid inferences for those not represented. If the ensuing
medical research data are valid for some, but not others, then ques-
tions of fairness and justice are raised.2-4 These considerations led the
National Institutes of Health and the Food and Drug Administration
to require historically excluded so-called vulnerable study participants
(such as women, children, and minorities) to be included in clinical
research unless there are compelling scientific and ethical grounds
for exclusion.3,5-8

Persons have also been excluded from research on the basis of
specific physiologic conditions, such as HIV infection, for multiple
reasons, including vulnerability. However, the Cancer Therapy Eval-
uation Program (CTEP) of the National Cancer Institute (NCI) ad-
vises researchers that “Individuals known to be HIV-positive
should not be arbitrarily excluded from participation in clinical
cancer treatment trials,” and requires scientific justification for
exclusion.9 Improvements in HIV medicine have led to a need for
further consideration of this issue.

Since the 1996 introduction of highly active antiretroviral ther-
apy (HAART), deaths caused by HIV and AIDS have decreased sub-
stantially; a recent Danish study found a nearly five-fold decrease in
HIV-associated mortality between 1996 and 2005.10,11 HIV treatment
goals are now chronic management and health preservation. Oppor-
tunistic infections that typified the pre-HAART era are now rare.
However, a higher incidence of certain non–AIDS-defining cancers
(NADC) has recently been noted.12 For example, lung cancer and
Hodgkin’s lymphoma occur substantially more frequently in persons
with HIV infection than in the background population.13 In light of
these trends, we argue that persons with HIV infection should be
appropriately evaluated for inclusion in cancer clinical trials.

BRIEF HISTORY OF CANCER IN PERSONS WITH
HIV INFECTION

Onset of the AIDS epidemic was heralded in part by a sudden change
in cancer epidemiology. An aggressive, highly lethal form of Kaposi’s
sarcoma in young gay men was a radical departure from classic Kapo-

si’s sarcoma, which is clinically indolent and occurs primarily in older
Mediterranean men. Subsequently, aggressive B-cell lymphomas be-
gan appearing with sustained atypical frequency in young age groups.
As the AIDS epidemic evolved, activists in the late 1980s successfully
campaigned for more AIDS treatment clinical trials, catalyzing a broad
expansion of access to research and patient advocacy.14,15 However,
because NADC were rarely seen in patients with HIV infection, clini-
cal trial access for treatments of common cancers was not a priority.

Cancer epidemiology is again changing with the evolving HIV
epidemic. Increased longevity coupled with stable rates of incident
infection has led to a more than 50% increase in the prevalence of
HIV/AIDS in the United States.10 Cancer now is the primary cause of
mortality among HIV-infected persons where HAART is widely avail-
able.12 The composite frequency of NADC approaches that of the
AIDS-defining cancers. Affected persons often have well-controlled
HIV and relatively preserved immune function.16

WHY INCLUDE PERSONS WITH HIV INFECTION IN CANCER
CLINICAL TRIALS?

Inclusion of HIV-seropositive individuals with cancer in clinical trials
advances knowledge (Table 1). Carefully designed investigations that
include HIV-infected individuals have contributed to clinical and
biologic advances.17 Unnecessary exclusion of persons with HIV in-
fection can potentially limit the evidence base for cancer therapy.

Inclusion of persons with HIV infection enables enrollment of a
more representative study sample, thus enhancing the generaliz-
ability of findings (Table 1). Absolute exclusion may indirectly
result in underrepresentation of groups disproportionately af-
fected by HIV, creating ethnically, socially, and medically unrep-
resentative samples.18

Common motivating factors, regardless of HIV serostatus, for
clinical trial participation include the perception of potential direct
benefit and also the sense that participation can contribute to the
greater good (Table 1). It is clear that both can occur. Advances in the
treatment of certain AIDS-defining cancers have resulted in outcomes
equivalent to those seen for similar cancers in the HIV-seronegative
population.17,19 This illustrates that complex and novel interventions
can be successfully applied to those with HIV infection. Because access
to novel treatments may be available only through clinical trial partic-
ipation, unqualified exclusion of those with HIV infection denies an
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New drugs in DLBCL 



Criteri di inclusione Zuma: History of human immunodeficiency virus infection or active acute or chronic hepatitis B or hepatitis C infection. 
Patients with a history of hepatitis infection must have cleared their infection as determined by standard serological and genetic testing per 
current Infectious Diseases Society of America guidelines or applicable country guidelines

In the ZUMA-1, ZUMA-5, and ZUMA-7 studies, patients with a known history of HIV infection were ineligible for inclusion.5-7 There are no clinical 
trial data available on the use of axi-cel in patients with HIV infection.

Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel CAR T-cell therapy in refractory large B-cell lymphoma. N Engl J Med. 2017.

Salles et el. Tafasitamab plus lenalidomide in relapsed or refractory diffuse large B-cell lymphoma (L-MIND): a multicentre, prospective, single-arm.

Locke FL, Miklos DB, Jacobson CA, et al. Axicabtagene Ciloleucel as Second-Line Therapy for Large B-Cell Lymphoma. N Engl J Med. 
2022;386(7):640-654. 

Studio fase 1/2 Glofitamab: Negative serologic or polymerase chain reaction test results for acute or chronic hepatitis B virus infection, hepatitis C 
virus, and human immunodeficiency virus

M J. Dickinson et al. Glofitamab for Relapsed or Refractory Diffuse Large B-Cell Lymphoma n engl j med 387;24 December 15, 2022 

Studio di fase ½ Epcoritamab: Known human immunodeficiency virus (HIV) infection

Thieblemont C. et al Epcoritamab, a Novel, Subcutaneous CD3xCD20 Bispecific T-Cell–Engaging Antibody, in Relapsed or Refractory
Large B-Cell Lymphoma: Dose Expansion in a Phase I/II Trial JCOVolume 41, Number 12

Studio L-MIND: History of HIV

https://ascopubs.org/toc/jco/41/12


Yescarta
Popolazioni speciali : Pazienti con infezione da virus 
dell’immunodeficienza umana (HIV), virus dell’epatite B (HBV) e 
virus dell’epatite C (HCV)
L’esperienza clinica in pazienti con infezione attiva da HIV, HBV 
o HCV è limitata. 

Kymriah
Popolazioni speciali: pazienti sieropositivi per il virus dell’epatite 
B (HBV), il virus dell’epatite C (HCV) o il virus 
dell’immunodeficienza umana (HIV). Non vi è esperienza in 
merito alla produzione di Kymriah per i pazienti con un test 
positivo per HBV, HCV o HIV attivi. Pertanto il materiale di 
leucoaferesi raccolto da questi pazienti non sarà accettato per a 
produzione di Kymriah.  

Tecartus
Pazienti sieropositivi per il virus dell’epatite B (HBV), il virus 
dell’epatite C (HCV) o il virus dell’immunodeficienza umana (HIV)
Non esiste alcuna esperienza sulla produzione di Tecartus per i 
pazienti con infezione attiva da HBV, con infezione attiva da HCV o 
positivi al test per l’HIV. Pertanto, il rapporto beneficio/rischio in 
questa popolazione non è stato ancora stabilito. 



• More frequent stage III and IV
• Rapidly growing masses and B symptoms
• Extranodal involvement includes the bone 

marrow in 25% to 40%, the gastrointestinal
tract in 26%, and the CNS in 17% to 32% of 
cases

• Is more commonly associated with the MYC 
and BCL6 translocations and with proliferation
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Figures and Tables

Table 1.

OS of HIV lymphoma subtypes both pre- and post-ART

Pre-ART, % Current ART era, %

Burkitt lymphoma 10-40 70-80

DLBCL 40 70-80

HL 55 80-90

PBL 6 75

Primary CNS lymphoma 20 60

PEL 33 40

CNS, central nervous system; DLBCL, diffuse large B-cell lymphoma; PBL, plasmablastic lymphoma; PEL, primary effu‐
sion lymphoma.

Figure 1.

The pathogenesis of HIV-associated lymphoma is complex and influenced by host-mediated and viral factors. EBV, Ep‐
stein-Barr virus; Hep B, hepatitis B; Hep C, hepatitis C; HHV8, human herpes virus 8; IL-6, interleukin 6; IL-10, interleukin
10.

36,57,58,119 61,62

119 36,37

87 86,87

64 68

69 73,74

82 82

Ariela Noy. Optimizing treatment of HIV-associated lymphoma Blood. 2019 Oct 24; 134(17): 1385–1394.
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BACKGROUND
Brentuximab vedotin is an anti-CD30 antibody–drug conjugate that has been approved 
for relapsed and refractory Hodgkin’s lymphoma.
METHODS
We conducted an open-label, multicenter, randomized phase 3 trial involving patients 
with previously untreated stage III or IV classic Hodgkin’s lymphoma, in which 664 
were assigned to receive brentuximab vedotin, doxorubicin, vinblastine, and dacarba-
zine (A+AVD) and 670 were assigned to receive doxorubicin, bleomycin, vinblastine, and 
dacarbazine (ABVD). The primary end point was modified progression-free survival (the 
time to progression, death, or noncomplete response and use of subsequent anticancer 
therapy) as adjudicated by an independent review committee. The key secondary end 
point was overall survival.
RESULTS
At a median follow-up of 24.6 months, 2-year modified progression-free survival rates 
in the A+AVD and ABVD groups were 82.1% (95% confidence interval [CI], 78.8 to 85.0) 
and 77.2% (95% CI, 73.7 to 80.4), respectively, a difference of 4.9 percentage points 
(hazard ratio for an event of progression, death, or modified progression, 0.77; 95% CI, 
0.60 to 0.98; P = 0.04). There were 28 deaths with A+AVD and 39 with ABVD (hazard 
ratio for interim overall survival, 0.73 [95% CI, 0.45 to 1.18]; P = 0.20). All secondary 
efficacy end points trended in favor of A+AVD. Neutropenia occurred in 58% of the 
patients receiving A+AVD and in 45% of those receiving ABVD; in the A+AVD group, 
the rate of febrile neutropenia was lower among the 83 patients who received primary 
prophylaxis with granulocyte colony-stimulating factor than among those who did not 
(11% vs. 21%). Peripheral neuropathy occurred in 67% of patients in the A+AVD group 
and in 43% of patients in the ABVD group; 67% of patients in the A+AVD group who 
had peripheral neuropathy had resolution or improvement at the last follow-up visit. 
Pulmonary toxicity of grade 3 or higher was reported in less than 1% of patients receiv-
ing A+AVD and in 3% of those receiving ABVD. Among the deaths that occurred during 
treatment, 7 of 9 in the A+AVD group were associated with neutropenia and 11 of 13 
in the ABVD group were associated with pulmonary-related toxicity.
CONCLUSIONS
A+AVD had superior efficacy to ABVD in the treatment of patients with advanced-stage 
Hodgkin’s lymphoma, with a 4.9 percentage-point lower combined risk of progression, 
death, or noncomplete response and use of subsequent anticancer therapy at 2 years. 
(Funded by Millennium Pharmaceuticals and Seattle Genetics; ECHELON-1 Clinical Trials.
gov number, NCT01712490; EudraCT number, 2011-005450-60.)
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Brentuximab vedotin with AVD for stage II–IV HIV-related 
Hodgkin lymphoma (AMC 085): phase 2 results from an 
open-label, single arm, multicentre phase 1/2 trial
Paul G Rubinstein, Page C Moore, Milan Bimali, Jeanette Y Lee, Michelle A Rudek, Amy Chadburn, Lee Ratner, David H Henry, Ethel Cesarman, 
Camille E DeMarco, Dominique Costagliola, Yassine Taoufik, Juan Carlos Ramos, Elad Sharon, Erin G Reid, Richard F Ambinder, Ronald Mitsuyasu, 
Nicolas Mounier, Caroline Besson, Ariela Noy for the AIDS Malignancy Consortium and the Lymphoma Study Association*

Summary
Background Brentuximab vedotin in combination with doxorubicin, vinblastine, and dacarbazine (AVD) is approved 
in the upfront setting for advanced stage classical Hodgkin lymphoma (cHL). People living with HIV have been 
excluded from these studies. We aimed to understand the activity and safety of brentuximab vedotin–AVD in people 
living with HIV diagnosed with Hodgkin lymphoma, while focusing on HIV disease parameters and antiretroviral 
therapy (ART) interactions.

Methods We present the phase 2 portion of a multicentre phase 1/2 study. Eligible patients were 18 years or older, 
had untreated stage II–IV HIV-associated cHL (HIV-cHL), a Karnofsky performance status of more than 
30%, a CD4+ T-cell count of 50 cells per µL or more, were required to take ART, and were not on strong CYP3A4 or 
P-glycoprotein inhibitors. Patients were treated intravenously with 1·2 mg/kg of brentuximab vedotin 
(recommended phase 2 dose) with standard doses of AVD for six cycles on days 1 and 15 of a 28-day cycle. The 
primary endpoint of the phase 2 portion was 2-year progression-free survival (PFS), assessed in all eligible 
participants who began treatment. Accrual has been completed. This trial is registered at ClinicalTrials.gov, 
NCT01771107.

Findings Between March 8, 2013, and March 7, 2019, 41 patients received study therapy with a median follow up of 
29 months (IQR 16–38). 34 (83%) of 41 patients presented with stage III–IV and seven (17%) with stage II unfavourable 
HIV-cHL. 37 (90%) of 41 patients completed therapy, all 37 of whom achieved complete response. The 2-year PFS was 
87% (95% CI 71–94) and the overall survival was 92% (78–97). The most common grade 3 or worse adverse events 
were peripheral sensory neuropathy (four [10%] of 41 patients), neutropenia (18 [44%]), and febrile neutropenia 
(five [12%]). One treatment-related death was reported, due to infection.

Interpretation Brentuximab vedotin–AVD was highly active and had a tolerable adverse event rate in HIV-cHL and is 
an important therapeutic option for people with HIV-cHL. The complete reponse rate is encouraging and is possibly 
related to a unique aspect of HIV-cHL biology. Upcoming 5-year data will evaluate the sustainability of the outcomes 
obtained.

Funding National Institutes of Health and National Cancer Institute.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction
People living with HIV have a 6–15-times increased risk of 
being diagnosed with classical Hodgkin lymphoma, more 
so than the general population.1,2 HIV-associated classical 
Hodgkin lymphoma (HIV-cHL) remains one of the most 
common non-AIDS defining malignancies, most often 
presenting with CD4+ T-cell counts above 200 cells per µL, 
advanced stage, and higher international prognostic index 
scores than the non-HIV population.3,4 Outcomes have 
improved since the introduction of combined antiretroviral 
therapy (ART) in the mid 1990s, elevating the overall 
survival using doxorubicin, bleomycin, vinblastine, and 
dacarbazine (ABVD) from 48% at 2 years to 75–85% at 
5 years for advanced stage disease, similar to patients with 
Hodgkin lymphoma who do not have HIV.5–8 Although 

outcomes have improved with the addition of ART to HIV-
cHL therapy, advanced stage disease continues to have a 
rate of relapse of 30%, necessitating the need for new 
therapies.9

Brentuximab vedotin is an anti-CD30 antibody drug 
conjugate coupled to monomethyl auristatin E. It is 
approved for two indications in relapsed Hodgkin 
lymphoma, as a single agent and in consolidation post 
autologous haematopoietic stem-cell transplantation. In 
the frontline setting it has received two additional 
indications: first, in the paediatric population in 
combination with AVEPC (doxorubicin, vincristine, 
etoposide, prednisone, and cyclophosphamide) for high 
risk cHL and, second, in adults with advanced stage cHL, 
in combination with doxorubicin, bleomycin, and 
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study investigators in light of the favourable outcomes 
and concern that additional patient accrual would only 
delay dissemination of the results (figure 1).

Patient’s HIV and lymphoma characteristics at baseline 
are described in table 1. The median age was 48 years 
(range 24–67), and 38 (93%) of the patients were male. The 
median age of patients enrolled in France was 52 years, 
15 years older than those in the USA. Only one (11%) of 
nine patients in France had CD4+ T-cell counts less 
than 200 cells per µL, compared with 16 (50%) of 32 enrolled 
in the USA. Overall, seven (17%) of 41 had stage II disease, 
11 (27%) had stage III, and 23 (56%) had stage IV HIV-
cHL. All seven patients with stage II disease had 
unfavourable characteristics. Six (86%) of seven patients 
with stage II disease presented with sedimentation rates 
of more than 30 and B symptoms. Three (43%) of 
seven patients had more than three nodal areas of 

involvement. Among pateints with advanced stage HIV-
cHL, 23 (68%) of 34 patients had stage IV at presentation, 
and  25 (74%) of 34 patients had an international prognostic 
index score of 3 or more. cHL subtypes were nodular 
sclerosis in 17 (41%) of 41 patients, mixed cellularity 
15 (37%) patients, lymphocyte depleted in 1 (2%) patient, 
and cHL unclassifiable in eight (20%) patients (table 1).

The 2-year PFS was 87% (95% CI 71–94) with an overall 
survival of 92% (78–97) for the entire cohort (figure 2A). 
For advanced stage HIV-cHL only, the 2-year PFS was 
87% (71–94) with an overall survival of 90% (74–97; 
figure 2B). Four patients had progression of disease by the 
last data cut-off at a median follow up of 29 months 
(IQR 16–38). The only treatment-related death was due to 
febrile neutropenia in cycle one and another patient 
withdrew from the study, declining treatment after cycle 
one, and died of infectious complications 1 month after 
withdrawal. Off treatment, one patient died of unknown 
causes, 9 months after therapy, in complete remission 
based on end of treatment PET/CT scans and follow-up 
imaging (figure 1). 36 (92%) of 39 patients had a negative 
interim PET/CT scan after cycle two (Deauville score of ≤3). 
All three patients with positive-interim PET scans were in 
remission at the end of therapy. One patient had a positive 
PET/CT scan post therapy but had a negative biopsy of the 
PET avid area and no evidence of malignancy on follow-up. 
All patients (n=37) who completed therapy achieved a 
complete response. The latest assessment was performed 
after a median follow-up of 29 months (IQR 16–38 months). 
At the time of data cut-off, two patients had completed post 
cycle two PET/CT scans showing complete remission, but 
had not completed therapy (figure 1).

All grade 1 and 2 adverse events reported in more 
than 10% of patients and all grade 3–5 adverse events 
are reported (table 2). A breakdown of all adverse events 
by individual grade and site is provided in the 
appendix (pp 3, 4). The most common non-haematological 
adverse event was all grade peripheral sensory neuro-
pathy (n=20 [48%]) with four (10%) grade 3 peripheral 
sensory neuropathy, thus most were grade 1 and 2, and 
managed with dose delays or reductions (appendix p 7). 
Grade 3 and 4 neutropenia was present in 18 (44%) of 
41 patients, the most common haematological toxicity 
identified, and was manageable per dose modifications 
used (appendix p 6). Febrile neutropenia was identified in 
five (12%) of 41 patients. Only one treatment-related death 
was reported, due to infection, and one post-treatment 
death occurred while in complete remission, of unknown 
causes. For comparison, the percent of major 
haematological and non-haematological adverse events 
noted in the ECHELON-1 study15 compared with the 
current study are shown in the appendix (p 5). One patient 
withdrew from the study, declining treatment, and died of 
infectious complications 1 month after withdrawal. 
12 patients had dose reductions and/or delays per protocol 
of either brentuximab vedotin and/or AVD, additionally, 
three patients had to discontinue therapy due to toxicity.

Figure 2: Progression-free survival and overall survival analysis
(A) Kaplan-Meier curves showing progression-free survival and overall survival for the entire cohort and (B) for 
patients with stage III or IV HIV-associated classical Hodgkin lymphoma.
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All patients
- AMC 085 is an open-label phase 2 trial for the upfront treatment of stage II–IV 

cHL with brentuximab vedotin– AVD

- ORR 100%, 92% OS, and an 87% PFS with a median follow-up of 29 months for 
all patients. 

- Results compare favourably with the brentuximab vedotin–AVD group of the 
ECHELON-1 study, which had a complete remission rate of 73%.

- Comparisons with the ECHELON-1 study and AMC-085, are made with the 
caveat that the former study was a large phase 3 study. 

- PET/CT scans can be used effectively in patients with HIV-cHL, as all patients
who completed therapy had negative scans. Whether chemotherapy escalation 
based on a positive cycle 2 PET/CT could be indicated is unclear.

- Peripheral neuropathy occurred 20% more often compared with the non-HIV 
population; 

- Infectious complications, hospitalisations, deaths during therapy, febrile
neutropenia, were all similar. 
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• People with human immunodeficiency virus (HIV) (PWH) and AIDS have a higher incidence of many common cancers compared with the 
general population. AIDS-defining cancers include aggressive non-Hodgkin lymphoma (NHL), Kaposi sarcoma, and invasive cervical cancer. 
Dramatically improved treatment of HIV over the last two decades has led to a decrease in the risk of AIDS development, an increase in 
immune function and survival, and a decline in AIDS-defining cancers in this population; however, the incidence of non-AIDS defining 
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b Hepatitis B testing is indicated because of the risk of reactivation with immunotherapy + chemotherapy. Tests include HBsAg and core antibody for a patient with 
no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen (NHODG-B). If positive, check viral load and consider consult with 
gastroenterologist.

c Hepatitis C antibody and if positive, viral load and consult with hepatologist.
d Fertility preservation options include: sperm banking, semen cryopreservation, IVF, or ovarian tissue or oocyte cryopreservation.

ESSENTIAL
• Physical exam: attention to node-bearing areas, including Waldeyer’s ring, 

and to size of liver and spleen
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• CBC with differential
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• Brain MRI with and without contrast, or head CT with contrast
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• Quantitative Ig
• Discuss fertility preservationd
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BACKGROUND
The prognosis for patients with relapsed or refractory diffuse large B-cell lym-
phoma (DLBCL) is poor. Glofitamab is a bispecific antibody that recruits T cells 
to tumor cells.

METHODS
In the phase 2 part of a phase 1–2 study, we enrolled patients with relapsed or 
refractory DLBCL who had received at least two lines of therapy previously. Patients 
received pretreatment with obinutuzumab to mitigate cytokine release syndrome, 
followed by fixed-duration glofitamab monotherapy (12 cycles total). The primary 
end point was complete response according to assessment by an independent re-
view committee. Key secondary end points included duration of response, survival, 
and safety.

RESULTS
Of the 155 patients who were enrolled, 154 received at least one dose of any study 
treatment (obinutuzumab or glofitamab). At a median follow-up of 12.6 months, 
39% (95% confidence interval [CI], 32 to 48) of the patients had a complete re-
sponse according to independent review. Results were consistent among the 52 
patients who had previously received chimeric antigen receptor T-cell therapy (35% 
of whom had a complete response). The median time to a complete response was 
42 days (95% CI, 42 to 44). The majority (78%) of complete responses were ongo-
ing at 12 months. The 12-month progression-free survival was 37% (95% CI, 28 to 
46). Discontinuation of glofitamab due to adverse events occurred in 9% of the 
patients. The most common adverse event was cytokine release syndrome (in 63% 
of the patients). Adverse events of grade 3 or higher occurred in 62% of the pa-
tients, with grade 3 or higher cytokine release syndrome in 4% and grade 3 or 
higher neurologic events in 3%.

CONCLUSIONS
Glofitamab therapy was effective for DLBCL. More than half the patients had an 
adverse event of grade 3 or 4. (Funded by F. Hoffmann–La Roche; ClinicalTrials 
.gov number, NCT03075696.)
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S6); these data included five deaths related to 
coronavirus disease 2019 (Covid-19). (Corre-
sponding data for the pivotal cohort are shown 
in Fig. S7.) At the data-cutoff date, 87% of pa-
tients with a complete response (53 of 61) were 
alive, and 74% of the patients with an objective 
response (59 of 80) were alive.

In the supporting cohort, in which we ex-
plored the long-term outcomes in patients with 
a complete response, 35% of the patients (35 of 
101) had a complete response. In this cohort, the 
median duration of complete response was 34.2 
months (95% CI, 17.9 to not reached), with two 
relapses and two deaths occurring after 17 months 
(Fig. 2).

Safety
Adverse events leading to the discontinuation of 
treatment were uncommon, occurring in 14 of 
154 patients (9%) (Table 3). Five patients (3%) 
had a glofitamab-related adverse event leading 
to treatment discontinuation (gastrointestinal 
hemorrhage in 1 patient, myelitis in 1, cytokine 
release syndrome in 1, and neutropenia in 2). 
Grade 3 or higher adverse events occurred in 
62% of the patients. Grade 5 (fatal) adverse 
events (not including progressive disease) oc-
curred in 8 patients (5%; Covid-19–related pneu-
monia or Covid-19 in 5, sepsis in 2, and delirium 
in 1) (Table 3). Patient narratives for the sepsis 
and delirium events are provided in the Supple-
mentary Appendix; no deaths were considered 
by the investigators to be related to glofitamab 
therapy. The most common grade 3 or 4 adverse 
event was neutropenia (in 27% of the patients); 

this event did not lead to treatment discontinu-
ation in most cases (Table 3 and Tables S4 and 
S5). (Corresponding data for the pivotal cohort 
are shown in Tables S6, S7, and S8.)

Figure 2. Kaplan–Meier Plots of Complete Response 
and Progression-free Survival.

Complete response was determined by an independent 
review committee, both in the main analysis cohort 
(Panel A) and the supporting cohort (Panel C). The 
supporting cohort, which included patients who met 
the same inclusion and exclusion criteria as those in 
the main analysis cohort, included patients who had 
been treated in earlier cohorts with glofitamab doses 
of 10 mg or higher but lower than the phase 2 dose. 
Late events in the supporting cohort were progressive 
disease at 17.9 months, progressive disease at 22.1 
months (patient received retreatment with glofitamab 
and was in remission as of the 24-month follow-up 
 visit), death from unknown cause at 24.7 months, and 
death from acute myeloid leukemia at 34.2 months. In 
all panels, tick marks indicate censored data.
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Figure 1. Prespecified Subgroup Analysis of Complete Response (Intention-to-Treat Population).

The intention-to-treat population included all the patients in the main analysis cohort. Complete response was de-
termined by an independent review committee. The dashed line indicates complete response in the overall main 
analysis cohort. The confidence interval could not be calculated for three subgroups that included only one patient. 
In addition, the lower boundary of the confidence interval is not shown for two subgroups in which no patients had 
a complete response, given that the scale starts at 0. ASCT denotes autologous stem-cell transplantation, CAR chi-
meric antigen receptor, DLBCL diffuse large B-cell lymphoma, HGBCL high-grade B-cell lymphoma, LDH lactate 
 dehydrogenase, NC not calculable, and PMBCL primary mediastinal large B-cell lymphoma.
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20 (4–48)
41 (33–50)

100

33 (22–46)
44 (34–55)

0

33 (24–44)
59 (44–73)

0 (NC–NC)

36 (26–46)
45 (32–58)

155

54
101

71
84

52
103

110
11
6

28

132
23

7
21

66
17
34
38

62
92

20
134

1

15
139

1

64
90

1

96
49
10

95
60

percent

The New England Journal of Medicine
Downloaded from nejm.org on May 14, 2024. For personal use only. 

 No other uses without permission. Copyright © 2022 Massachusetts Medical Society. All rights reserved.

n engl j med 387;24 nejm.org December 15, 2022 



Received: 26 September 2023 - Revised: 4 January 2024 - Accepted: 8 January 2024

DOI: 10.1002/cncr.35217

OR I G I NA L AR T I C L E

Glofitamab as a salvage treatment for B‐cell lymphomas in
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Abstract

Background: Glofitamab is a bispecific antibody with promise for treating relapsed/

refractory B‐cell lymphoma according to a phase 1/2 clinical trial. This study

examined its real‐world effectiveness.

Methods: This was an investigator‐initiated, multicenter retrospective study

including 34 patients who had relapsed/refractory B‐cell lymphomas after at least

three prior lines of therapy and received glofitamab monotherapy in a compas-

sionate use program in Taiwan between January 2021 and October 2022.

Results: At a median follow‐up of 15.9 months, 56% of patients responded to glo-

fitamab and 23% achieved complete remission. Response to the previous line of

therapy significantly correlated with response to glofitamab (p = .020). Most re-

sponses were durable; only five out of the 19 responders had documented disease

recurrence at the data cutoff date. The estimated progression‐free survival (PFS)

was 3.2 months, and the estimated 1‐year PFS was 33% for the entire cohort. PFS

was better for responders than nonresponders (median PFS, 16.9 vs. 1.8 months; 1‐
year PFS, 60% vs. 0%). Forty‐three cytokine release syndrome (CRS) events were

observed, three of which were grade 3; all were manageable without glofitamab

discontinuation. No immune effector cell–associated neurotoxicity was reported.

Among seven hepatitis B virus (HBV) carriers (six had antiviral prophylaxis) and 14

patients with remote HBV (four had antiviral prophylaxis), no HBV reactivation was

observed.

Conclusions: In this real‐world cohort, glofitamab exhibited effectiveness compa-

rable to trial results without excessive CRS or new safety issues. With appropriate

prophylaxis, glofitamab‐treated patients with chronic or remote HBV infection are

unlikely to experience virus reactivation.
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Statistical analysis

Progression‐free survival (PFS) was defined as the time from

receiving glofitamab to progression for patients achieving PR or

relapse for those achieving CR. Overall survival (OS) was defined as

the time from receiving glofitamab to death by any cause. PFS and OS

were estimated via the Kaplan–Meier method. The central limit

theorem was used to calculate the 95% confidence intervals (CIs) for

the percentage of patients with CR. Statistical analyses were per-

formed with R via the survival package for analyzing the cumulative

incidence of relapse (CIR). Patient characteristics were analyzed via

the χ2 test to compare differences between groups. Values of p < .05

were considered statistically significant.

RESULTS

Patient characteristics

Between January 2021 and October 2022, 34 patients with relapsed

or refractory B‐cell lymphoma treated with glofitamab were enrolled

in this retrospective study (Figure S1). The demographics and base-

line disease characteristics of the patients are shown in Table 1. The

median age was 58 years (range, 26–79 years), with nine patients

(26%) aged older than 65 years. The sex distribution was grossly

balanced (15 females and 19 males). Most of the patients in the

cohort were diagnosed with DLBCL or transformed large cell lym-

phomas (n = 31; 91%). Three patients were diagnosed with other

subtypes of B‐cell lymphoma, including mantle cell lymphoma (MCL)

(n = 1; 3%), Burkitt lymphoma (BL) (n = 1; 3%), and B‐cell lymphoma,

unclassifiable (n = 1; 3%). Among the patients with LBCL, 24 (71%)

had de novo DLBCL, four (12%) had large cell transformation from

FL, one (2%) had large cell transformation from marginal zone lym-

phoma (MZL), and two (6%) had chronic lymphocytic leukemia (CLL)

with Richter transformation (RT). The tumor COO was available for

18 patients with de novo DLBCL: five were considered germinal

center B‐cell (GCB) type and 13 were non‐GCB type.26 Among the 10

patients with available test results, DHL/THL was confirmed in eight

cases.27 The median number of treatment lines before glofitamab

was five (range, 3–10). Four patients developed progressive lym-

phoma with central nervous system (CNS) involvement during the

administrative processing period of the CUP, which took approxi-

mately 3 months from the initial application to the initiation of

treatment dosing. Eleven patients (32%) had disease relapse after

auto‐HSCT, and one patient (3%) relapsed after allogeneic stem cell

transplantation (allo‐HSCT). Twenty‐one patients (62%) had re-

fractory disease, and four patients (12%) had stable disease after the

last line of therapy before glofitamab.

Responses and survival outcomes

The treatment courses for each patient are summarized in Figure 1.

Subjects received a median of five (range, 1–12) cycles of glofimatab.

TAB L E 1 Demographics and baseline disease characteristics
of patients with relapsed/refractory B‐cell lymphoma treated with
glofitamab (N = 34).

Characteristic

Age, median (range), years 58 (26–79)

Age >65 years, No. (%) 9 (26)

Male, No. (%) 19 (56)

ECOG PS score, No. (%)

0–1 26 (76)

2 6 (18)

3 2 (6)

Disease type, No. (%)

Large B‐cell lymphoma 31 (91)

De novo DLBCL 24 (71)

Transformed from FL 4 (12)

Transformed from MZL 1 (2)

CLL with RT 2 (6)

Cell of origin of DLBCL

GCB 5 (15)

Non‐GCB 13 (38)

Unknown 6 (18)

Double‐ or triple‐hit phenotype

Yes 8 (24)

No 2 (6)

Unknown 14 (41)

MCL 1 (3)

BL 1 (3)

B‐cell lymphoma, unclassifiable 1 (3)

Prior treatment lines, median (range) 5 (3–10)

HBV infection status, No. (%)

HBV carrier 7 (20)

Remote HBV infection 14 (38)

HBV naive 15 (42)

HCV infection status, No. (%)

Anti‐HCV(á) 2 (6)

Anti‐HCV(−) 29 (85)

Unknown 3 (9)

HIV, No. (%)

Yes 2 (6)

No 17 (50)

Unknown 15 (44)

Extranodal involvement, No. (%) 23 (68)

CNS 4 (12)

Bone marrow 10 (29)

(Continues)

HSU ET AL. - 3

 10970142, 0, Downloaded from
 https://acsjournals.onlinelibrary.wiley.com

/doi/10.1002/cncr.35217 by F. Hoffm
ann - La Roche Ag, W

iley Online Library on [29/02/2024]. See the Term
s and Conditions (https://onlinelibrary.wiley.com

/term
s-and-conditions) on W

iley Online Library for rules of use; OA articles are governed by the applicable Creative Com
m

ons License

HbsAg pos à 6/7 prophylaxis
HbcAb pos à 4/14 prophylaxis
No HBV reactivation

Real world ORR 56%



Interna'onal single-arm phase 2 trial addressing feasibility and efficacy of epcoritamab in HIV-posi've 
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Lo studio prevede l’arruolamento di 16 pazienti, a cui seguirà un’interim analysis e, se ci saranno 
almeno 7 risposte, saranno arruolati ulteriori 11 pazienti. Il trattamento sarà considerato attivo se 
ci saranno almeno 13 risposte. 
Gli studi biologici che inizialmente erano previsti non sono stati inclusi perché risulta complesso per 
i centri stoccare del materiale di pazienti HIV + e non è semplice spedire del materiale fresco di 
questi pazienti. Sono invece mantenuti gli studi su tessuto. 
Ferreri mostra la lista dei 10 centri italiani che parteciperanno. Il Dott. Spina suggerisce di comin-
ciare a individuare il Comitato Etico Unico Nazionale a cui far valutare lo studio. 
 
 
Studi in corso di attivazione - Studio retrospettivo osservazionale pazienti con PTLD (F 
Cavallo; C Consoli) 

La Dott.ssa Cavallo presenta un aggiornamento sullo studio osservazionale retrospettivo sui PTLD, 
patologia rara. Questo studio nasce inizialmente come esperienza monocentrica del gruppo di Torino 
e successivamente, ampliando la casistica, si è trasformato in studio nazionale ed è stato approvato 
come studio FIL.  
Lo studio ha ottenuto un grant di 30.000€ dalla Pierre-Fabre, che copre l’attività di raccolta dati. 
Non sono al momento previsti fondi per effettuare la revisione istologica; tuttavia è stato inserito 
come criterio di inclusione la disponibilità del materiale in modo tale da implementare le analisi con 
un emendamento quando i fondi saranno disponibili. Lo studio a tal proposito sarà discusso in una 
delle prossime riunione della Commissione Patologi. 
La redazione del protocollo è stata di recente conclusa e dovrebbe essere sottomesso alle Autorità 
Regolatorie entro la fine di marzo. 
Per identificare i centri partecipanti (22) è stata mandata una survey a cui però ha risposto solo il 
14%. La Dott.ssa Cavallo mostra l’elenco dei centri identificati (19), ai quali si aggiungerà il centro 
di Pisa; il Dott. Spina comunica che il centro di Aviano ha dei casi, pertanto verrà incluso alla lista 
dei centri. 
I prossimi step saranno: 

• Avvio pratiche CE (anche in questo caso lo studio dovrà essere presentato al Garante 
Privacy); 

• Ricerca dei fondi per finanziare la revisione istologica (in progetto dedicato); 
• Presentazione alla commissione patologi; 

Questo studio non può essere candidabile al bando AIL perché il Garante della Privacy è un criterio 
di esclusione. 
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Herein, we have reported on 2 patients with 
AIDS-associated, high-grade, B-cell lymphoma  
who were treated with commercially available 
anti-CD19 chimeric antigen receptor (CAR) 
T cells for chemotherapy-refractory disease. 
CAR T cells are autologous T cells that are 
apheresed from a patient and then trans-
fected to express a CAR. The CAR includes 
an extracellular antigen recognition domain 
derived from an antibody, a transmembrane 
domain or hinge, and intracellular costimula-
tion and signaling domains that activate the T 
cell. These genetically modified T cells then 
are expanded in the laboratory and reinfused 
into the patient, in whom they can now spe-
cifically recognize and destroy tumor cells 
bearing the target antigen. Two CAR T cells, 
both of which target the B-cell antigen CD19, 
currently are approved by the US Food and 
Drug Administration for the treatment of pa-
tients with refractory, aggressive B-cell lym-
phomas. The first patient initially presented at 
age 47 years with dysphagia and was found 
to have a large tonsillar mass. Computed to-
mography (CT) scans confirmed a large right 
tonsillar mass and multiple enlarged lymph 
nodes bilaterally. A biopsy of the tonsillar 
mass demonstrated diffuse large B-cell lym-
phoma (DLBCL) of germinal center B-cell sub-
type. In situ hybridization demonstrated no 
staining for Epstein-Barr virus (EBV)–encoded 
RNA. The karyotype was hyperdiploid and 
contained clonal aberrations including triso-
mies 2, 7, and 21, as well as 12p deletion, 9q 
deletion, and 14q deletion, none of which to 
our knowledge are diagnostically specific for 
a subtype of lymphoma. A staging positron 
emission tomography (PET)–CT scan demon-
strated multifocal intense uptake in bilateral 
parotid glands and tonsils, extensive adenop-
athy above and below the diaphragm, and the 
involvement of the spleen and bone marrow. 

Bone marrow biopsy confirmed involvement 
by large B-cell lymphoma. The disease was 
classified as  Ann Arbor stage IV and the  
patient’s International Prognostic Index score 
was 3.

Notable comorbidities at the time of diagnosis 
included HIV-positive status, posttraumatic 
stress disorder, and schizoaffective disorder 
requiring multiple psychiatric hospitalizations, 
most recently in 2014. The patient was diag-
nosed with HIV at age 22 years and had con-
sistently declined antiretroviral therapy. He had 
mild HIV-associated idiopathic thrombocytope-
nic purpura that had not required intervention. 
At the time of his lymphoma diagnosis, his HIV 
viral load was 1,760,000 copies/mL and his 
CD4 count was 108 cells/mm3. He was sero-
negative for hepatitis B virus and seropositive 
for hepatitis C virus but his hepatitis C virus 
RNA polymerase chain reaction was negative.

The patient initiated chemoimmunotherapy 
for HIV-associated DLBCL with dose-adjusted  
etoposide, prednisone, vincristine, cyclophos-
phamide, doxorubicin, and rituximab (EPOCH-R)  
with intrathecal methotrexate for central ner-
vous system prophylaxis. An interim PET-CT 
scan performed after 2 cycles demonstrated 
complete metabolic response. After receiving 
a third cycle of dose-adjusted EPOCH-R, the 
patient refused additional chemotherapy. He 
ultimately agreed to initiate antiretroviral ther-
apy with elvitegravir, cobicistat, emtricitabine, 
and tenofovir, which he was adherent with for 
2 years before discontinuing treatment. His 
CD4 count subsequently was measured at 71 
cells/mm3 and his HIV viral load was 4,200,000 
copies/mL. In consultation with his infec-
tious disease specialist, he agreed to resume 
antiretroviral therapy and started treatment 
with elvitegravir, cobicistat, emtricitabine, and 
tenofovir alafenamide. Shortly thereafter, he 
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Abramson JS, et al. Successful anti-CD19 CAR T-cell therapy in HIV-infected patients with refractory high- grade B-cell lymphoma. Cancer. 
2019;125:3692–3698. 

1) Esordio: DLBCL, non GC, stadio IVB (linfonodi
sopra e sotto, parotid, tonsilla, milza, scheletro con 
BOM positive e citogenetica complessa

2) APR schizofrenico, syndrome da stress post-
traumatico, plurimi ricoveri per scompensi
psichiatrici

3) Status HIV: non assume terapia ART, CD4 100, 
Viral Load 1760000/mcl

4) R-EPOCH x 2 à RC: rifiuta le cure, ma avvia ART
5) Stop ART à recidiva (accesso in TI per massa

polmonare) e incremento viral load HIV. Bx:DHL
6) R-ICE x 2 à RC à recidiva
7) CART à CRS grado 2 and ICANS grado 3
8) RC e assume terapia ART
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developed a plan to build trust and manage symptoms, includ-
ing continuing olanzapine. The patient underwent apheresis 
for CAR T-cell manufacturing, at which time his CD4 count 
remained at 52 cells/mm3 and his absolute lymphocyte count 
was 450 cells/mm3. The HIV viral load at the time of apheresis 
was 67 copies/mL. His apheresis product was sent for man-
ufacturing of commercially available axicabtagene ciloleucel 
and was successfully manufactured. One month after apher-
esis, he underwent 3 days of lymphodepleting chemotherapy 
with fludarabine at a dose of 25 mg/m2 and cyclophosphamide 
at a dose of 250 mg/m2 for 3 days (dose reduced within the 

context of HIV and baseline cytopenias), followed by infusion 
of axicabtagene ciloleucel.

The patient developed grade 2 cytokine release syndrome 
(CRS) as per the criteria of Lee et al1 on day 7 and was treated 
with tocilizumab and dexamethasone, each at a single dose. 
The CRS resolved, but he developed grade 3 neurologic 
toxicity on day 9 characterized by confusion, somnolence, 
and expressive aphasia. A CT scan of the head and electro-
encephalogram were unremarkable, and he was placed on 
prophylactic lacosamide to prevent seizures. The patient was 

Figure 2. Positron emission tomography (PET) scan images for patient 1 at the time of disease recurrence with high-grade B-cell 
lymphoma with rearrangements of MYC and BCL6 (A). Subsequent PET scans were obtained (B) 1 month, (C) 2 months, and (D) 1 year 
after anti-CD19 chimeric antigen receptor (CAR) T-cell therapy. No immediate pre-CAR T-cell PET scan was obtained at the time of 
disease recurrence after treatment with rituximab, ifosfamide, carboplatin, and etoposide (RICE), but computed tomography images 
obtained immediately prior to CAR T-cell therapy are shown in Figure 1.

A B C D

Figure 3. CD4 counts and HIV viral loads in patient 1 over time. The green arrows denote the patient starting/resuming antiretroviral 
therapy for HIV. The purple arrow denotes the date of apheresis and the red arrow denotes the anti-CD19 chimeric antigen receptor 
(CAR) T-cell infusion.
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LETTER TO THE EDITOR Open Access

Axicabtagene ciloleucel CD19 CAR-T cell
therapy results in high rates of systemic
and neurologic remissions in ten patients
with refractory large B cell lymphoma
including two with HIV and viral hepatitis
Ahmed Abbasi1†, Stephen Peeke1†, Nishi Shah1†, Jennat Mustafa1, Fariha Khatun1, Amanda Lombardo1,
Michelly Abreu1, Richard Elkind1, Karen Fehn1, Alyssa de Castro2, Yanhua Wang3, Olga Derman1, Randin Nelson3,
Joan Uehlinger3, Kira Gritsman1, R. Alejandro Sica1, Noah Kornblum1, Ioannis Mantzaris1, Aditi Shastri1,
Murali Janakiram1, Mendel Goldfinger1, Amit Verma1, Ira Braunschweig1 and Lizamarie Bachier-Rodriguez1*

Abstract

Axicabtagene ciloleucel (Axi-cel) is a CD-19 Chimeric Antigen Receptor T cell therapy approved for the treatment of
relapsed/refractory diffuse large B cell lymphoma. We treated ten patients with DLBCL post-FDA approval in an inner-city
tertiary center in the Bronx. Eight patients (80%) had received ≥ 3 lines of therapy, six patients had received prior radiation,
and seven had recurrent disease after prior autologous hematopoietic stem cell transplant (AHCT). Our cohort included one
patient with HIV, two patients with hepatitis B, and two patients with CNS involvement of lymphoma. Axi-cel treatment led
to significant responses with 8/10 patients achieving a complete remission at 3months, including both patients with prior
CNS involvement. The treatment was generally well tolerated with 20% of patients experiencing grade≥ 2 CRS. One
patient each with HIV and hepatitis B responded without significant toxicities. In conclusion, Axi-cel led to significant
efficacy with manageable toxicity in DLBCL in a real-world setting.

Keywords: CD19 CAR-T, HIV and CD-19 CAR-T, CNS and CD-19 CAR-T, Axi-cel, Hepatitis B and CD-19 CAR-T

To the Editor,
CD-19 Chimeric Antigen Receptor–T (CAR-T) cell

therapy is FDA approved for the treatment of refractory
or recurrent (R/R) diffuse large B cell lymphoma
(DLBCL). The two commercially available cellular prod-
ucts, axicabtagene ciloleucel [Axi-cel] and Tisagenlecleu-
cel have shown complete response in 54% of 111 and 40%
of 93 patients, respectively, in clinical trials [1–4]. The
most concerning side effects are cytokine release syn-
drome (CRS) and immune effector cell-associated neuro-
toxicity syndrome (ICANS) [4–6]. We evaluated efficacy

and safety of Axi-cel post-FDA approval in an inner-city
tertiary medical center.
We retrospectively reviewed the first ten R/R DLBCL

patients that were treated with Axi-cel between June
2018 and June 2019 at our center. We collected labora-
tory and clinical parameters and responses post-CAR-T
by PET/CT. All patients received lymphodepleting
chemotherapy per product guidelines with fludarabine
and cyclophosphamide [2].
Patient disease characteristics including high-risk fea-

tures (rearrangements or expression of BCL-2, MYC,
BCL-6) and treatment characteristics are summarized in
Table 1. Four patients had non-GCB DLBCL and four
had transformed from prior low-grade disease (three fol-
licular lymphomas and one lymphoplasmacytic lymph-
oma). Six patients had received prior radiation, and

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Fig. 1 Response to treatment after axicabtagene ciloleucel. Swimmer’s plot showing response to treatment after Axi-cel infusion in patients with
DLBCL receiving CD19-directed CAR-T

Fig. 2 PET-CT images of patients treated with axicabtagene ciloleucel. Pre-CAR-T (above) ad post-CAR-T (below) images show improvement in
left cervical and left paraaortic lymphadenopathy in patient 10 and improvement in left cervical lymphadenopathy in patient 7
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21/12/18 26/02/19 10/06/19 13/09/19 14/10/19
HIV-1 Viral RNA 
Load (copies/ml) 0 0 0 116 683817
CD4 count 
(cells/µl) 148 120 62 46 not tested

13/11/18 04/01/19 05/03/19 07/05/19 13/08/19
Hepatitis B viral 
load IU/ml 68998  not tested  not tested  not tested  not tested
LFTs (AST, ALT, 
Alkaline 
phosphatase, 
Total bilirubin, 
direct bilirubin) normal normal normal normal normal

21/12/18 08/04/19 26/07/19
Hepatitis B viral 
load IU/ml 60 not tested not tested

LFTs (AST, ALT, 
Alkaline 
phosphatase, 
Total bilirubin, 
direct bilirubin) normal

Grade I 
Alkaline 
phosphatase 
elevation

Grade I Alkaline 
phosphatase 
elevation

Supplementary Table 1. Viral load and other lab parameters for three patients (1 HIV, 2 patients with HBV)

HIV Patient CAR-T 
infusion on 
4/29/2019

Hepatitis B Patient 1 
CAR-T infusion 
11/28/2018

Hepatitis B Patient 2  
CAR-T infusion 
3/18/2019

seven had prior autologous stem cell transplant. Two pa-
tients had prior CNS involvement. One had received
intrathecal (IT) methotrexate 3 months prior to CAR-T.
The other patient had a history of leptomeningeal dis-
ease and sixth cranial nerve palsy previously treated with
high-dose methotrexate and IT chemotherapy. The latter
patient had disease recurrence in the left nasopharynx
prior to CAR-T infusion. Two patients had active HBV
infection and were on anti-viral treatment. One patient
had HIV and was on anti-retroviral therapy with un-
detectable viral load prior to therapy with CD4 count of
127 cells/μl.
Post-CAR-T, patients had a peak in temperature at ~

day 5. All patients developed neutropenia (absolute neu-
trophil count (ANC) of < 500 c/μl) with duration of ~ 6
days and ANC nadir occurred on day 6 post-infusion.
Neutropenic fever occurred in 8/10 patients. Platelet
count nadir and maximum CRP elevation also occurred
at around day 6. Lymphocyte depletion was achieved in
all patients prior to CAR-T. Lymphopenia lasted 2
weeks, with lymphocyte recovery seen at day 12. Mean
length of hospital stay was 22.8 days.
CRS and ICANS were evaluated and graded per

ASTCT guidelines [7]. CRS was seen in six patients (≥
grade 2 CRS in two). ICANS was observed in five pa-
tients (≥ grade 3 ICANS in three). Three patients re-
ceived tocilizumab. Two patients developed Clostridium
difficile colitis, one of whom required a MICU stay for
hypotension with requirement of one pressor for < 48 h
(grade 3 CRS) and eventually had full recovery.
Figure 1 shows responses and follow-up for all treated

patients (data cutoff October 15, 2019). Eight of 10 pa-
tients achieved a CR including the two patients with prior
CNS involvement, HIV patient, and one patient with
HBV, as assessed by PET/CT (Fig. 2). Additional file 1
Table S1 shows viral load information on HIV and HBV
patients.
One patient had clear progression of disease (PD)

within a month of treatment and died 4 months later
due to complications of his disease. His lymphoma had
transformed from prior low-grade disease and had ac-
quired a TP53 deletion. He was positive for hepatitis B
core Ab.
One patient developed severe neurotoxicity, requiring

tocilizumab and glucocorticoids, and expired during
hospital stay. This patient had an aggressive, triple
expressor lymphoma (BCL-2, BCL-6, and MYC) with
widespread extra-nodal disease but no prior CNS in-
volvement. Brain imaging prior to death showed vaso-
genic edema and mass effect suspicious for mass, but
given the patient’s altered mental status, a high-quality
diagnostic study was not obtained. CSF cytology was
negative for malignant cells. Another patient who devel-
oped grade 1 ICANS post-CAR-T had a CR on PET/CT

Table 1 Patient and treatment characteristics
Patient characteristics N = 10

n (%)

Median age (range) years 66 (55–77)

Female gender 5 (50%)

ECOG performance status ≥ 2 2 (20%)

Ethnicity

Hispanics 4 (40%)

White 3 (30%)

African American 2 (20%)

Asian 1 (10%)

Disease characteristics n (%)

Non-GCB DLBCL 4 (40%)

Transformed lymphoma 3 (30%)

Double expressor lymphoma 6 (60%)

Triple expressor lymphoma 2 (20%)

Double hit lymphoma 1 (10%)

Triple hit lymphoma 1 (10%)

P53 deletion by FISH 1 (10%)

Disease stage

Stage I 0

Stage II 1 (10%)

Stage III 4 (40%)

Stage IV 5 (50%)

Number of prior lines of therapy

1 0

2 2 (20%)

3 3 (30%)

4 5 (50%)

CNS involvement 2 (20%)

Prior AHCT 7 (70%)

Response to treatment n (%)

CR at 3 months 8 (80%)

POD 1 (10%)

Adverse events

CRS 6 (60%)

CRS grade≥ 2 2 (20%)

ICANS 5 (50%)

ICANS grade≥ 2 3 (30%)

Tocilizumab 3 (30%)

Glucocorticoids 1 (10%)

Neutropenia (< 500 c/μl) 10 (100%)

Neutropenic fever 8 (80%)

Thrombocytopenia (< 50,000 c/μl) 7 (70%)

Documented infection 5 (50%)

Abbasi et al. Journal of Hematology & Oncology            (2020) 13:1 Page 2 of 4
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Axicabtagene Ciloleucel in Patients Ineligible
for ZUMA-1 Because of CNS Involvement and/or HIV:

A Multicenter Experience
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Fabio M. Iwamoto,* Aya Haggiagi,* Benjamin Liechty,§ Cenai Zhang,∥
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Summary: Secondary central nervous system lymphoma (SCNSL) is
associated with poor prognosis and new therapeutic approaches are
needed. The pivotal trial that led to US Food and Drug Admin-
istration (FDA) approval of axicabtagene ciloleucel excluded
patients with SCNSL and human immunodeficiency virus. In this
multi-institutional retrospective study, 14 SCNSL patients treated
with axicabtagene ciloleucel, 3 of whom had human immunodefi-
ciency virus, experienced rates of severe neurotoxicity and complete
response of 32% and 58%, respectively. This is similar to rates
observed in the pivotal ZUMA-1 trial that led to the approval of
axi-cel at median follow-up of 5.9 months. Chimeric antigen
receptor T-cell therapy is potentially a life-saving therapy for
SCNSL patients and should not be withheld.

Key Words: axicabtagene ciloleucel, Yescarta, chimeric antigen
receptor therapy, secondary central nervous system lymphoma,
human immunodeficiency virus, neurotoxicity

(J Immunother 2022;00:000–000)

A xicabtagene ciloleucel (axi-cel) Yescarta was the first anti-
CD19 chimeric antigen receptor (CAR) T-cell therapy

that was approved by the US Food and Drug Administration
for relapsed or refractory B-cell lymphomas diffuse large
B-cell lymphoma (DLBCL).1,2 The incidence of severe
immune effector cell-associated neurotoxicity syndrome
(ICANS) was 32% in the pivotal ZUMA-1 trial3 which
excluded patients with secondary central nervous system
lymphoma (SCNSL) and human immunodeficiency virus
(HIV).1 However, SCNSL patients with or without under-
lying HIV infection carry an especially poor prognosis4 with a
median overall survival of < 6 months.5,6 Other CAR T-cell
therapy trials, such as the JULIET (tisagenlecleucel, tisa-cel)
and TRANSCEND (lisocabtagene maraleucel, liso-cel) trials
both reported lower rates of severe neurotoxicity (NT) in

patients (12% and 10%, respectively).7,8 The differences in
severe NT rates may be because of the difference in CAR
T-cell therapy construct. Axi-cel contains a costimulatory
CD28 domain, which induces early and robust CAR T-cell
expansion with higher quantities of cytokine release. This is in
contrast to the longer persisting 4-1BB-costimulated CAR T
cells used in the JULIET and TRANSCEND trials.9,10
However, it is important to note that severe NT, which can
manifest as fatal cerebral edema has been reported in both the
CD2811–13 and 4-1BB CAR T-cell constructs.14 The JULIET
trial allowed nonactive central nervous system (CNS)
involvement7 and the TRANSCEND trial allowed any CNS
involvement.8 Early data suggest that tisa-cel and lisa-cel may
not only be safe, but also effective in SCNSL, but less data is
available for axi-cel because of the higher reported rates of
NT and exclusion of such patients from the pivotal trial.15
Even less data exists for the use of axi-cel in HIV-SCNSL
patients. The JULIET and TRANSCEND trials also
excluded patients with HIV.7,8 Here we report on severe NT
and response in a cohort of SCNSL patients treated with axi-
cel, 3 of whom had underlying HIV.

METHODS
In this bi-institutional retrospective study, 14 relapsed or

refractory active or nonactive SCNSL patients were treated
with a lymphodepleting regimen of fludarabine and cyclo-
phosphamide followed by axi-cel at the Weill Cornell and
Columbia University Medical Centers from March 2019 to
April 2021. All patients were assessed for measurable SCNSL
with baseline brain magnetic resonance imaging (MRIs)
before their CAR T-cell therapy infusion. Following CAR
T-cell therapy infusion, all patients were assessed for cytokine
release syndrome (CRS) and NT using the American Society
for Transplantation and Cellular Therapy grading criteria.16
The Weill Cornell and Columbia University Institutional
Review Boards approved the study. Patient demographics,
clinical data, prior therapies, laboratory values, imaging
findings, electroencephalogramresults, ICANS and CTCAE
grades, responses to treatment and survival outcomes were
collected. Progression-free survival and overall survival were
analyzed using Kaplan-Meier curves. Patients were followed
from the CAR T-cell infusion date until death or data cutoff
date (August 31 2021) for ICANS.

RESULTS
Fourteen patients with relapsed or refractory SCNSL

were treated with axi-cel (Table 1, Fig. 1). Three patients
had active CNS disease, 4 had active systemic disease, 4
had active CNS and systemic disease. The remaining 3
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- All patient have controlled HIV
- 3 months of Median Follow up 
- 30% severe neurotoxicity
- Death in PD

Brain MRI with contrast on Day 8 showed persistence of multiple
enhancing cranial nerves and right centrum semiovale diffusion
restriction. Peripheral blood and CSF flow cytometries showed no
evidence of lymphoma. She was successfully extubated with some
recovery of her mental status. Her course was complicated by
pancytopenia, gastrointestinal bleed, colitis, Enterococcus faecium
bacteremia, acute kidney injury, and a desquamating rash. She
died 37 days after CAR T-cell therapy infusion. A restricted
postmortem examination of the cranial nerves showed nonspecific
focal dysmyelination with gliosis and histiocytic infiltration
because of lymphoma involvement with subsequent regression
versus treatment-related NT (Fig. 3). No lymphoma was found.
The cause of death was determined to be multisystem organ failure
in the setting of DLBCL.

Case 2
A 53-year-old man (Patient 12) with a history of controlled

HIV on highly active antiretroviral therapy, seizures, and relapsed/
refractory non-EBV virus DLBCL achieved complete response
following treatment with R-CHOP, high-dose methotrextate, and

local RT to T4-T6. He relapsed 2 months later with left eye blurry
vision and left hemiparesis. He was found to have multifocal CNS
disease, including leptomeningeal disease. He failed to respond to
treatment with the TEDDI-R regimen.17 He was subsequently
treated with DHAP, whole brain RT with memantine, intrathecal
methotrexate, and intrathecal cytarabine, but relapsed in the lep-
tomeninges. He was bridged to CAR T-cell therapy with ibrutinib
and lenalidomide. Following CAR T-cell therapy infusion, he
developed Grade 1 CRS on Day 4 that did not require tocilizumab.
On Day 9, he developed Grade 3 ICANS. He was treated with
multiple doses of dexamethasone and a single dose of anakinra
100mg. Brain MRI on Day 15 (Fig. 4) showed interval increase in
the size of his cortical and parenchymal masses and leptomeningeal
disease. He was transitioned to comfort care and died on Day 39
(Fig. 5).

DISCUSSION
Recent evidence suggests that CAR T-cell therapy for

SCNSL is feasible and safe with no additional risk of severe

FIGURE 1. Secondary central nervous system lymphoma (SCNSL) patient timeline prognostic survival analyses for (A) progression-free
survival and (B) overall survival. CAR indicates chimeric antigen receptor; CR, complete response; HIV, human immunodeficiency virus;
PD, progressive disease.
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Summary: Secondary central nervous system lymphoma (SCNSL) is
associated with poor prognosis and new therapeutic approaches are
needed. The pivotal trial that led to US Food and Drug Admin-
istration (FDA) approval of axicabtagene ciloleucel excluded
patients with SCNSL and human immunodeficiency virus. In this
multi-institutional retrospective study, 14 SCNSL patients treated
with axicabtagene ciloleucel, 3 of whom had human immunodefi-
ciency virus, experienced rates of severe neurotoxicity and complete
response of 32% and 58%, respectively. This is similar to rates
observed in the pivotal ZUMA-1 trial that led to the approval of
axi-cel at median follow-up of 5.9 months. Chimeric antigen
receptor T-cell therapy is potentially a life-saving therapy for
SCNSL patients and should not be withheld.
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A xicabtagene ciloleucel (axi-cel) Yescarta was the first anti-
CD19 chimeric antigen receptor (CAR) T-cell therapy

that was approved by the US Food and Drug Administration
for relapsed or refractory B-cell lymphomas diffuse large
B-cell lymphoma (DLBCL).1,2 The incidence of severe
immune effector cell-associated neurotoxicity syndrome
(ICANS) was 32% in the pivotal ZUMA-1 trial3 which
excluded patients with secondary central nervous system
lymphoma (SCNSL) and human immunodeficiency virus
(HIV).1 However, SCNSL patients with or without under-
lying HIV infection carry an especially poor prognosis4 with a
median overall survival of < 6 months.5,6 Other CAR T-cell
therapy trials, such as the JULIET (tisagenlecleucel, tisa-cel)
and TRANSCEND (lisocabtagene maraleucel, liso-cel) trials
both reported lower rates of severe neurotoxicity (NT) in

patients (12% and 10%, respectively).7,8 The differences in
severe NT rates may be because of the difference in CAR
T-cell therapy construct. Axi-cel contains a costimulatory
CD28 domain, which induces early and robust CAR T-cell
expansion with higher quantities of cytokine release. This is in
contrast to the longer persisting 4-1BB-costimulated CAR T
cells used in the JULIET and TRANSCEND trials.9,10
However, it is important to note that severe NT, which can
manifest as fatal cerebral edema has been reported in both the
CD2811–13 and 4-1BB CAR T-cell constructs.14 The JULIET
trial allowed nonactive central nervous system (CNS)
involvement7 and the TRANSCEND trial allowed any CNS
involvement.8 Early data suggest that tisa-cel and lisa-cel may
not only be safe, but also effective in SCNSL, but less data is
available for axi-cel because of the higher reported rates of
NT and exclusion of such patients from the pivotal trial.15
Even less data exists for the use of axi-cel in HIV-SCNSL
patients. The JULIET and TRANSCEND trials also
excluded patients with HIV.7,8 Here we report on severe NT
and response in a cohort of SCNSL patients treated with axi-
cel, 3 of whom had underlying HIV.

METHODS
In this bi-institutional retrospective study, 14 relapsed or

refractory active or nonactive SCNSL patients were treated
with a lymphodepleting regimen of fludarabine and cyclo-
phosphamide followed by axi-cel at the Weill Cornell and
Columbia University Medical Centers from March 2019 to
April 2021. All patients were assessed for measurable SCNSL
with baseline brain magnetic resonance imaging (MRIs)
before their CAR T-cell therapy infusion. Following CAR
T-cell therapy infusion, all patients were assessed for cytokine
release syndrome (CRS) and NT using the American Society
for Transplantation and Cellular Therapy grading criteria.16
The Weill Cornell and Columbia University Institutional
Review Boards approved the study. Patient demographics,
clinical data, prior therapies, laboratory values, imaging
findings, electroencephalogramresults, ICANS and CTCAE
grades, responses to treatment and survival outcomes were
collected. Progression-free survival and overall survival were
analyzed using Kaplan-Meier curves. Patients were followed
from the CAR T-cell infusion date until death or data cutoff
date (August 31 2021) for ICANS.

RESULTS
Fourteen patients with relapsed or refractory SCNSL

were treated with axi-cel (Table 1, Fig. 1). Three patients
had active CNS disease, 4 had active systemic disease, 4
had active CNS and systemic disease. The remaining 3
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To the Editor:

Human immunodeficiency virus-positive (HIV+) patients
are at substantially higher risk of hematologic malignancies,
including an 18-fold increased risk of diffuse large B-cell
lymphoma (DLBCL) [1]. While antiretroviral therapy
(ART) regimens have significantly improved viral control
and reduced the risk of malignancy, HIV+ patients continue
to be at increased risk irrespective of CD4 count and viral
load [1]. The therapeutic goal for HIV+ patients with
DLBCL is curative, but patients who are refractory to
chemotherapy or relapse post autologous transplant (auto-
HCT) have poor outcomes. Recently, CD19-targeting chi-
meric antigen receptor T (CAR-T) therapies became avail-
able for patients with relapsed/refractory (R/R) DLBCL and
demonstrated overall response rates of 50–85% and com-
plete response rates of 40–52% [2, 3]. However, HIV+
patients have been excluded from all registration CAR-T-
cell clinical trials, leaving uncertainty regarding safety and
efficacy of CAR-T therapies in HIV-infected individuals.
We report here our experience treating a well-controlled
HIV+ male with aggressive multiply relapsed DLBCL with
axicabtagene ciloleucel and discuss steps to optimize

success of CAR-T therapy and management of concomitant
HIV and R/R DLBCL.

A 49-year-old male with well-controlled HIV on ART
since 2008, without AIDS-defining illness, presented with a
3-week history of progressive nasal obstruction. MRI
identified a locally destructive right nasal cavity mass and
subsequent excisional biopsy demonstrated HIV-related
DLBCL with high-grade features, nongerminal center sub-
type, with expression of CD19, partial CD20, BLC2, and
MYC in >40% of cells. Ki-67 was 90%. c-MYC was not
rearranged. PET/CT confirmed hypermetabolic nasal cavity
mass and cervical adenopathy without distant disease. He
was diagnosed with stage II-E HIV-related DLBCL, IPI 0.
Quantitative serum HIV was undetectable and CD4 count
was 378 cells/µL. The patient achieved CR after induction
therapy with dose adjusted R-EPOCH and was consolidated
with autologous hematopoietic cell transplantation. On day
+100 post transplant, the patient experienced excessive
right eye watering and biopsy of the lacrimal gland con-
firmed relapsed high-grade DLBCL similar to prior histol-
ogy. His disease was managed with localized radiotherapy
and lenalidomide followed by ibrutinib for more than 1 year
before he experienced widespread relapse.

The patient was referred for consideration of CAR-T-cell
therapy after third relapse of his DLBCL. His performance
status was excellent, organ function normal (CSF evalua-
tion, echocardiogram, EKG, chest CT), and his HIV viral
load remained undetectable except for a single minimally
positive reading of 32 copies/mL while on Ibrutinib
(Fig. 1a). His IPI was 1 (mildly elevated LDH), and ECOG
0. Kite Pharmaceuticals granted the approval to manu-
facture axicabtagene. At apheresis and while on unin-
terrupted ART therapy, absolute lymphocyte count
was 0.9 × 109/L, (847 absolute CD3+ cells/µL; 170 CD4+
cells/µL; 620 CD8+ cells/µL; CD4:CD8 ratio 0.28). He
collected 9.19 × 107 CD3+ cells/kg during a 5-h apheresis.
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innate and adaptive immune systems in order to minimize
potential infectious complications. An overview of recom-
mendations for managing an HIV+ patient post CAR-T
therapy is outlined in Table 1.

Thus far, only three cases of HIV-associated DLBCL
treated with CAR-T have been reported in the literature to
our knowledge. Abramson et al. described two HIV positive
individuals: one patient with double hit aggressive B-cell
lymphoma and high HIV viral load until shortly before
CAR-T manufacture [4]. This patient experienced grade II
CRS and grade III ICANS but both resolved promptly after
administration of dexamethasone. The patient remained in
remission >1 year post CAR-T. The second patient had
multiply relapsed non-GCB DLBCL and due to infectious
complications and prolonged cytopenias he was deemed to
be a poor candidate for autologous HCT. He successfully
underwent CAR-T and achieved CR at day +28 but
reported follow-up is short. Another series described a
single HIV+ patient with R/R DLBCL and an undetectable
HIV viral load treated with axicabtagene. This patient
achieved a CR without CRS or ICANS [5]. Neither group
reported manufacturing failures and highlighted prompt
post CAR-T-cell recovery and lack of significant infectious
complications.

HIV+ patients have been excluded from clinical trials
because of concerns with viral control, infectious com-
plications, drug interactions, and manufacture from HIV-
infected peripheral T cells. First, it is important to note

that Novartis does not approve manufacture of tisagen-
leucel from HIV+ individuals. Therefore, axicabtagene
remains the only commercially available option for con-
comitant R/R DLBCL and HIV. Next, experience sup-
ports the feasibility to collect and manufacture
axicabtagene from HIV+ patients with concurrent ART
therapy without detriment to CAR-T manufacturing. As
all reported products passed axicabtagene lot release, we
conclude that administration of antiretrovirals is safe
during autologous T-cell collection. In our case, immune
symptoms and significant reduction in tumor burden post-
infusion suggest in vivo CAR-T activity. However, we
have no data on blood CAR-T copy numbers post axi-
cabtagene infusion to verify expansion. Data from other
published cases supports robust anticancer activity of
CAR-T products from HIV-infected individuals; however,
numbers remain too small to accurately compare CAR-T
products from HIV+ patients vs their HIV− counterparts.
In addition, our limited clinical experience suggests that
both CRS and ICANS are manageable with medications
per standard protocols but again, we cannot be confident
that they experience similar rates of immune side effects
as HIV− patients. Finally, reports to date describe
effective HIV viral control if the patient is compliant with
ART medications suggesting that modern ART regimens
are sufficient to adequately suppress viral replication
during therapy. However, this needs to be examined clo-
sely in larger patient cohorts to increase confidence. Based

Table 1 Steps to optimize success of CAR-T therapy in HIV+ patient.

(A) Pre CAR-T therapy

1) Assess HIV control and T-cell
repertoire

—Establish management team including medical oncologist, infectious disease physician, pharmacist
and cell therapy physician

—Review cART regimen and check HIV viral load. Establish effective HIV viral control

2) Infection control —Obtain peripheral blood T-cell subsets including absolute CD4 count to assess repertoire. ALC >
100 is recommended (but not required) for axicabtagene manufactering

—Screen for and treat any active immunodeficiency-associated infections

3) Assess drug–drug interactions —Initiate appropriate antimicrobial prophylaxis based on CD4 count and current infectous disease
guidelines

—In collaboration with infectious disease and pharmacy, review and adjust cART regimen for
interations and potential overlapping toxicities; select cART regimen that acheives effective HIV
control while minimizing drug–drug interactions

(B) Post CAR-T therapy

1) Monitor HIV control —Recommend quantitative HIV viral load at least q3 months for 1 year, more frequently with changes
in cART regimen

2) Assess immune reconstitution —Administer G-CSF for ANC < 1000 cells/µL after 14 days post CAR-T

—Monitor total B-cell, CD3 and CD4 T-cell counts post CAR-T

3) Infection prophylaxis —Inhaled pentamidine (or equivalent) 1 month prior and montly for 6 months post CAR-T or until
CD4 count > 200 cells/µL for PJP pneumonia prophylaxis

—Antifungal agent with mold activity if high dose steroids to be used for more than 7 days, if heavily
pre-treated or if prior autologous HCT within 1 year.

—Acyclovir for HSV and VZV prophylaxis for minimum 6 months.

Chimeric antigen receptor T-cell therapy for HIV-associated diffuse large B-cell lymphoma: case report. . . 681



Cancer Care Disparities in People with HIV in the United States

Anna Coghill, and Gita Suneja, Curr Opin HIV AIDS . 2017 January ; 12(1): 63–68.

- Higher cancer-specific mortality in HIV-infected people compared with the general population for several cancer types

- Infected cancer patients were less likely to receive cancer treatment compared with uninfected cancer patients for several
cancer types (OR 1.39 for diffuse large B-cell lymphoma)

Including Persons With HIV Infection in Cancer
Clinical Trials
Govind C. Persad, Richard F. Little, and Christine Grady, Department of Bioethics, The Clinical Center, and The Clinical Investi-

gations Branch, Cancer Therapy Evaluation Program, Division of Cancer Therapy and Diagnosis, National Cancer Institute,
The National Institutes of Health, Bethesda, MD

Clinical research endeavors to advance medical therapy. Appli-
cation of research findings may not be valid for populations whose
demographics diverge substantially from that of the research sample.
Comparability of the study population and the general population of
interest depends on adequate sampling.1 Restricted research access
may vitiate valid inferences for those not represented. If the ensuing
medical research data are valid for some, but not others, then ques-
tions of fairness and justice are raised.2-4 These considerations led the
National Institutes of Health and the Food and Drug Administration
to require historically excluded so-called vulnerable study participants
(such as women, children, and minorities) to be included in clinical
research unless there are compelling scientific and ethical grounds
for exclusion.3,5-8

Persons have also been excluded from research on the basis of
specific physiologic conditions, such as HIV infection, for multiple
reasons, including vulnerability. However, the Cancer Therapy Eval-
uation Program (CTEP) of the National Cancer Institute (NCI) ad-
vises researchers that “Individuals known to be HIV-positive
should not be arbitrarily excluded from participation in clinical
cancer treatment trials,” and requires scientific justification for
exclusion.9 Improvements in HIV medicine have led to a need for
further consideration of this issue.

Since the 1996 introduction of highly active antiretroviral ther-
apy (HAART), deaths caused by HIV and AIDS have decreased sub-
stantially; a recent Danish study found a nearly five-fold decrease in
HIV-associated mortality between 1996 and 2005.10,11 HIV treatment
goals are now chronic management and health preservation. Oppor-
tunistic infections that typified the pre-HAART era are now rare.
However, a higher incidence of certain non–AIDS-defining cancers
(NADC) has recently been noted.12 For example, lung cancer and
Hodgkin’s lymphoma occur substantially more frequently in persons
with HIV infection than in the background population.13 In light of
these trends, we argue that persons with HIV infection should be
appropriately evaluated for inclusion in cancer clinical trials.

BRIEF HISTORY OF CANCER IN PERSONS WITH
HIV INFECTION

Onset of the AIDS epidemic was heralded in part by a sudden change
in cancer epidemiology. An aggressive, highly lethal form of Kaposi’s
sarcoma in young gay men was a radical departure from classic Kapo-

si’s sarcoma, which is clinically indolent and occurs primarily in older
Mediterranean men. Subsequently, aggressive B-cell lymphomas be-
gan appearing with sustained atypical frequency in young age groups.
As the AIDS epidemic evolved, activists in the late 1980s successfully
campaigned for more AIDS treatment clinical trials, catalyzing a broad
expansion of access to research and patient advocacy.14,15 However,
because NADC were rarely seen in patients with HIV infection, clini-
cal trial access for treatments of common cancers was not a priority.

Cancer epidemiology is again changing with the evolving HIV
epidemic. Increased longevity coupled with stable rates of incident
infection has led to a more than 50% increase in the prevalence of
HIV/AIDS in the United States.10 Cancer now is the primary cause of
mortality among HIV-infected persons where HAART is widely avail-
able.12 The composite frequency of NADC approaches that of the
AIDS-defining cancers. Affected persons often have well-controlled
HIV and relatively preserved immune function.16

WHY INCLUDE PERSONS WITH HIV INFECTION IN CANCER
CLINICAL TRIALS?

Inclusion of HIV-seropositive individuals with cancer in clinical trials
advances knowledge (Table 1). Carefully designed investigations that
include HIV-infected individuals have contributed to clinical and
biologic advances.17 Unnecessary exclusion of persons with HIV in-
fection can potentially limit the evidence base for cancer therapy.

Inclusion of persons with HIV infection enables enrollment of a
more representative study sample, thus enhancing the generaliz-
ability of findings (Table 1). Absolute exclusion may indirectly
result in underrepresentation of groups disproportionately af-
fected by HIV, creating ethnically, socially, and medically unrep-
resentative samples.18

Common motivating factors, regardless of HIV serostatus, for
clinical trial participation include the perception of potential direct
benefit and also the sense that participation can contribute to the
greater good (Table 1). It is clear that both can occur. Advances in the
treatment of certain AIDS-defining cancers have resulted in outcomes
equivalent to those seen for similar cancers in the HIV-seronegative
population.17,19 This illustrates that complex and novel interventions
can be successfully applied to those with HIV infection. Because access
to novel treatments may be available only through clinical trial partic-
ipation, unqualified exclusion of those with HIV infection denies an
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Autologous Stem Cell Transplantation in HIV
performed for NRM. For IR, PFS and OS, multivariate
analysis was performed using Cox regression models.
Considering the low number of events (~40 for each out-
come), only four binary variables were included in multi-
variate models, variables to be included in the models were
selected based on their degree of significance in univariate.
The type I error rate was fixed at 0.05 for determination of
factors associated with time to event. Analyses were per-
formed using the R statistical software version 3.2.3
(R Development Core Team, Vienna, Austria).

Results

Patients

One-hundred and eighteen patients who met the eligibility
criteria for this analysis and had a complete dataset as
required for this study available were identified. Main
patient characteristics are shown in Table 1. A total of 59
(51%) of patients had an active HIV-infection/AIDS at the
time of diagnosis of lymphoma, whereas 56 (49%) of
patients were HIV positive but without signs of infections.
A total of 104 patients (89%) had a Karnofsky performance
status of at least 80%. Rituximab as part of first-line treat-
ment received 53/90 (59%) of NHL patients. cART
had been administered to 95 patients (81%) before first-line
treatment of lymphoma, but all patients were on cART
continuously at time of high-dose therapy and autoHCT.
A history of hepatitis B and hepatitis C infection was
found in nine patients (7.6%) and 19 patients (16.4%),
respectively. In all but one patient, peripheral hematopoietic
stem cells were used for transplantation. The median
number of CD34-positive cells transplanted was 5.33
(1.27 – 261.9) × 106 /kg.

Engraftment

Data for neutrophil recovery were available for 117 patients.
Neutrophil engraftment was achieved in 114 patients (97%)
after a median time of 11 days (range 9–23). Two patients
failed neutrophil engraftment, both had a disease status of
less than PR at time of autoHCT and died on day 10 and 16
after transplant. One patient lost the graft. This patient had a
disease status less than PR at time of autoHCT and died
5 months after transplant due to progressive disease.

NRM and IR

With a median follow-up of survivors of 47 months (range
3–106 months), the cumulative incidence of NRM at
12 months and 36 months was 9 and 10%. The main cause
of death was infection (in 65% of the patients experiencing

NRM). Cumulative IR at 12 months and 36 months was 25
and 27% with the vast majority of IR events being recorded
during the first 6 months after transplantation (Fig. 1).

PFS and OS

For the entire cohort of patients, the PFS at 12 months and
36 months was 66% and 63%, respectively. The corre-
sponding OS was 68 and 66%. Patients with less than PR at
time of autoHCT had a two-year PFS and OS of 24
and 21%, compared to 80% (PFS and OS) in CR patients,
and 63 and 69% in PR patients. PFS and OS at two
years was highest in HL (85% for both), followed by BL
(80 and 79%), PBL (52 and 70%), and DLBCL (54 and
55%) (Fig. 2). Among patients in CR at the time of
autoHCT there was only 1 relapse and 10 patients died in
remission.

Table 1 Patient characteristics

N= 118

Gender Male 100 (84.7%)

Age at autoHCT, years (median,
range)

45 (24–66)

Diagnosis DLBCL 55 (46.6%)

Burkitt 15 (12.7%)

PBL 8 (6.8%)

HL 28 (23.7%)

Other 12 (10.2%)

Disease status at autoHCT CR 52 (44.1%)

PR 45 (38.1%)

Less than PR 21 (17.8%)

High-dose regimen BEAM 86 (72.9%)

BEAC 10 (8.4%)

FEAM 4 (3.4%)

Melphalan 5 (4.2)

Other 13 (11.0%)

Continuous cART during autoHCT Yes 118 (100%)

HIV virus load at autoHCT
(copies/ml; n= 108)

<50 78 (72.7%)

50–10.000 26 (24.1%)

10.000–100.000 2 (1.9%)

>100.000 2 (1.9%)

CD4 cell count at autoHCT, cells/µl
(median, range)

194 (0–800)

CD4 cell count at autoHCT <
50 cells/µl

12 (11.1%)

autoHCT autologous hematopoietic stem cell transplantation, BEAC
carmustine, etoposide, cytarabine, cyclophosphamide; BEAM carmus-
tine, etoposide, cytarabine, melphalan; cART combined anti-retroviral
therapy, CR complete remission, DLBCL diffuse large B cell
lymphoma, FEAM fotemustine, etoposide, cytarabine, melphalan;
HL Hodgkin’s lymphoma, PBL plasmablastic lymphoma, PR partial
remission
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associated lymphoma (HL 15; DLBCL 16; other aggressive
B cell lymphoma: 9) who underwent autoHCT between
2010 and 2013. Although pretreatment details were not
reported, it can be assumed that all 25 patients with NHL
had been exposed to rituximab prior to transplant. High-
dose regimen was BEAM, and all patients continued cART
upon hematopoietic recovery. Two-year PFS and OS were
excellent with 80% and 82%, respectively. One-year NRM
was 5.2%. Patients in this trial were compared with 151
HIV negative matched historical controls, showing that the
outcomes were not statistically significantly different.

The present study was performed to validate these pre-
liminary results on a large number of patients autografted in
the rituximab era under modern cART.

The NRM in our study appears to be slightly higher
(10% at 3 years) compared to that reported for HIV-
negative patients (6–9%) [20–22]. More importantly, with
85% for HL and 51% for DLBCL the 3-year PFS rates in
the current series seem to be at least comparable to those of
HIV-negative series [23, 24].

Since treatment options in patients with PBL are limited
and published data scanty, the role of autoHCT is of
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Fig. 2 Progression-free survival (a) and overall survival (b), categorized by disease status at time of transplantation (A1/B1) and by histology (A2/
B2). CR complete remission, DLBCL diffuse large B cell lymphoma, PR partial remission, SCT autologous hematopoietic stem cell transplanta

Table 2 Multivariate analysis of prognostic factors for incidence of
relapse, progression-free survival, and overall survival

Variables HR (95%CI), p

Incidence of relapse (32 events)

Conditioning:Other vs BEAM 1.49 (0.69–3.21), p= 0.3143

CR vs less than PR 0.02 (0–0.15), p < 0.001

PR vs less than PR 0.33 (0.15–0.73), p= 0.0062

CD4 over > 150/µl vs under 150/µl 0.54 (0.26–1.14), p= 0.1075

Progression-free survival (44 events)

Conditioning:Other vs BEAM 1.27 (0.65–2.48), p= 0.4806

CR vs less than PR 0.15 (0.06–0.36), p < 0.001

PR vs less than PR 0.31 (0.15–0.64), p= 0.0015

Performance at SCT: Good vs poor 0.76 (0.41–1.42), p= 0.3949

Overall survival (39 events)

Conditioning:Other vs BEAM 1.23 (0.61–2.48), p= 0.5699

CR vs less than PR 0.17 (0.07–0.4), p < 0.001

PR vs less than PR 0.25 (0.11–0.54), p < 0.001

Performance at SCT: Good vs poor 0.73 (0.38–1.4), p= 0.3396

autoHCT autologous hematopoietic stem cell transplantation, BEAM
carmustine, etoposide, cytarabine, melphalan; CI confidence interval,
CR complete remission, HR hazard ratio, PR partial remission
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Figure 1. 
NRM, OS and cumulative incidence of relapse/progression post-transplant. NRM (A), OS 
(B), Relapse (C) for 17 patients undergoing allogeneic hematopoietic stem cell 
transplantation.
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Table 2.

Primary causes of death.

Primary cause of death N

Relapse/Progression 5

Acute GVHD 1

Adult Respiratory Distress Syndrome 1

Liver Failure 1

Total 8
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Table 4.

Infections

Grade Site of Infection Date of
Onset (post
transplant)

Organism Treatment Survival Status
(primary Cause of
Death)

Grade 2 Blood 39 days CMV ganciclovir Died on Day 308 (ARDS)

Grade 2 Blood 119 days CMV foscarnet Died on Day 194 (relapse)

Grade 2 Blood 124 days, 260 days CMV ganciclovir, valacyclovir Died on Day 379 (acute GVHD)

Grade 2 Blood 36 days CMV valganciclovir Died on Day 143 (relapse)

Grade 2 Tongue, Oral Cavity, and 
Oro-Pharynx

248 days Candida nystatin Died on 344 (Liver failure)

Grade 2 Upper Airway and 
Nasopharynx

211 days Pneumocystis trimethoprim / 
sulfamethoxazole

Alive at Day 751

Grade 3 Feces/Stool 35 days Candida krusei voriconazole Alive at Day 741
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Table 1.

Demographic and clinical characteristics of patients undergoing allogeneic hematopoietic cell transplantation.

Characteristics N (%)

Total transplanted 17 (100%)

Sex

Male 17(100%)

Ethnicity

Hispanic or Latino 1(6%)

Not Hispanic or Latino 15(88%)

Unknown 1(6%)

Race

American Indian/Alaskan Native 1 (6%)

Black or African American 3 (18%)

White 11 (65%)

Unknown/Other 2 (12%)

Age, years

Median (range) 47 (25-64)

Performance status

100 4 (24%)

90 9 (53%)

80 3 (18%)

70 1 (6%)

Patient diagnosis

Acute Myeloid Leukemia (AML) 9 (53%)

Acute Lymphocytic Leukemia (ALL) 2 (12%)

Myelodysplastic Syndromes (MDS) 2 (12%)

Hodgkin's Lymphoma 1 (6%)

Non-Hodgkin's Lymphoma 3 (18%)

Leukemia Status

First Complete Remission 8 (73%)

Second Complete Remission 3 (27%)

Lymphoma Status

Complete Remission 3 (75%)

Partial Remission 1 (25%)

HIV Load

Undetectable 15 (88%)

Detectable 2 (12%)

Mean (copies/mL) 92

Pre-transplant Recipient CMV Serostatus

Positive 12 (71%)

Negative 5 (29%) (3 donors positive, 2 donors negative)

Number of Induction Chemotherapy Regimens
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MOSUNETUZUMAB

Mosunetuzumab: sono stati modificati i criteri di inclusione per i pazienti con HIV rispetto 
allo studio pivotale.

•SUNMO (G043643; NCT05171647) is an ongoing Phase 3 randomized, open-label, 
multicenter study evaluating the efficacy and safety of SC mosunetuzumab in 
combination with polatuzumab vedotin IV vs rituximab in combination with gemcitabine
plus oxaliplatin IV in patients with R/R aggressive B-cell NHL. 
• GO40516 (NCT03671018) is an ongoing Phase 1b/2 open-label, multicenter dose-
escalation and expansion study evaluating the safety, tolerability, and efficacy of SQ or 
IV Lunsumio in combination with polatuzumab vedotin IV in patients with R/R B-cell
NHL. 

Criteri di inclusione: Test HIV negativo allo screening. I partecipanti con un test HIV 
positivo allo screening sono eleggibili a condizione che, prima dell'arruolamento, siano 
stabili in terapia antiretrovirale da almeno 4 settimane, abbiano una conta dei CD4 di 
almeno 200 microlitri, abbiano una carica virale non rilevabile e non abbiano avuto 
un'anamnesi di infezione opportunistica attribuibile all'AIDS negli ultimi 12 mesi.

Figure 1. SUNMO Study Schema

Notes: *Administered as an outpatient regimen. †One cycle is 21 days. ‡One cycle is 14 days and may be adjusted to 21 days. 
Abbreviations: aNHL=aggressive non-Hodgkin lymphoma; C=cycle; D=day; Gem=gemcitabine; Ox=oxaliplatin; R=rituximab; 
PFS=progression-free survival.

Phase 1b/2 Clinical Study (Lunsumio IV Combination with Polatuzumab Vedotin in R/R B-
cell NHL)

GO40516 (NCT03671018) is an ongoing Phase 1b/2, open-label, multicenter dose escalation and 
expansion study evaluating the safety, tolerability, and efficacy of Lunsumio SQ or IV in combination with 
polatuzumab vedotin IV in patients with R/R B-cell NHL, including DLBCL.2 Eligible patients were ≥18 
years of age, had an ECOG PS of 0–2, histologically confirmed and measurable disease, and ≥1 prior 
treatment containing an anti-CD20-directed therapy. The co-primary endpoints included MTD, RP2D, 
safety, and best ORR.

Results of the Phase 1b dose-escalation portion (n=22) were presented.3 Patients in the Phase 2 
expansion (n=41) received IV Lunsumio at the RP2D (Lunsumio 1 mg on Cycle 1 Day 1; 2 mg on Cycle 1 
Day 8; 60 mg on Cycle 1 Day 15 and Cycle 2 Day 1; and 30 mg on Day 1 of Cycles 3–8).2 Patients 
received a total of 8 cycles if a CR was observed and a total of 17 cycles if patients had SD or achieved a 
PR (unless PD or unacceptable toxicity). Polatuzumab vedotin was given at 1.8 mg/kg on Day 1 of each 
cycle for 6 cycles. Hospitalization was not mandatory in the Phase 2 expansion. Patients who 
experienced disease progression after initial CR could be retreated with Lunsumio ± polatuzumab 
vedotin.

At the time of data cutoff (March 15, 2021), 63 patients were included. Baseline characteristics are listed 
in Table 1.

GLOFITAMAB

Skyglo
An Open-Label Study Comparing Glofitamab and Polatuzumab Vedotin + Rituximab, 
Cyclophosphamide, Doxorubicin, and Prednisone Versus Pola-R-CHP in Previously
Untreated Patients With Large B-Cell Lymphoma

Nello studio Skyglo i pazienti con HIV possono partecipare nella seguente 
situazione, criteri di inclusione: Test HIV negativo allo screening, con la seguente 
eccezione, i soggetti con un test HIV positivo allo screening sono eleggibili a condizione 
che, prima dell'arruolamento, siano stabili in terapia antiretrovirale, abbiano una conta 
CD4 >=200/µL e abbiano una carica virale non rilevabile.

Criteri di inclusione
ART da almeno 4 settimane
Conta CD4 > o uguale 200/mcl
Indetectable viral load
No infezioni opportunistiche 12 mesi



Immune Cell Therapy (CAR-T) for the Treatment of Patients With HIV and B-Cell Non-Hodgkin Lymphoma
ClinicalTrials.gov ID NCT05077527
Sponsor AIDS Malignancy Consortium
Information provided by AIDS Malignancy Consortium (Responsible Party)
Start enrollment 14/4/24 à 2026

Ongoing Trial 



IY37CH19-Wherry ARjats.cls March 30, 2019 10:52

Target cell

APC

Tumor 

Virus

MHC

TCR CD8

IFNAR1

TGF-βR
TGF-β

T cell

IL-10
Lag-3

PD-1

IL-10R

IFN-α/β

CTLA-4

PD-1

Signal 3:
chronic 

inflammation

Signal 1: 
persistent 

antigen

Signal 2: 
negative 

costimulation

Figure 2
Three-signal model of development of T cell exhaustion. Persistent antigen (signal 1) from virus or tumor
drives hyperactivation of T cells that eventually leads to sustained coexpression of multiple inhibitory
receptors on T cells and their ligands on antigen-presenting cells (APCs), virally infected cells, and tumors.
Inhibitory receptors provide negative costimulatory signals to T cells (signal 2) that prevent optimal T cell
effector responses and result in an inability of T cells to mount a robust immune response. In response to
persistent antigen, virally infected cells, immunoregulatory cells, APCs, and tumors contribute to a chronic
state of inflammation by producing both proinflammatory cytokines (such as IFN-α/β) and inhibitory
cytokines (such as IL-10 or TGF-β) (signal 3) that further drive exhaustion by, either directly or indirectly,
eliciting negative regulatory signals on T cells. Figure created with BioRender.

play a role. One of the earliest events known to foster T cell exhaustion during chronic viral
infections was absence of (or poor) CD4 T cell help (127). However, additional factors including
IR signaling, soluble cytokines that promote or antagonize exhaustion, and immunoregulatory
cells also contribute to the development of T cell exhaustion.Here we discuss alterations in signal
1 and signal 3; discussion of IRs and costimulation (signal 2) is in Section 4.

3.1. Antigen Load and Persistence
A key feature shared between many mouse models of chronic infections or cancer, chronic human
infections, and human cancer is the persistent exposure of T cells to antigen (60, 69, 90, 128–131).
Indeed, both high antigen load and long duration of antigen exposure contribute to more severe
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The EBNA1 protein not only maintains the EBV episomal genome in the host cells 
and regulates extrachromosomal replication, but may also deregulate host gene expres-
sion [17,87]. This protein has an antiapoptotic effect, since it decreases p53 stability and 
thus favors the survival of tumoral cells [88,89]. Furthermore, Zhang et al. described a 
hypermethylation of PRDM1 (the gene that encodes the Blimp1 protein) exclusively in 
EBV-positive BL, inactivating this gene [90]. The overexpression of this gene results in cell 
cycle arrest, thus the inactivation of PRDM1 could be beneficial for cell growth and con-
tribute to lymphomagenesis of BL in EBV-infected cases (Figure 2) [90]. 

 
Figure 2. EBV genes and noncoding RNAs are involved in diverse lymphomagenic processes. EBV 
can prevent apoptosis and promote cell growth and proliferation via latency and lytic genes, miR-
NAs, and EBERs. These EBV components can also protect infected B-cells from the immune cells’ 
recognition via latency genes, miRNAs, and EBERs. Moreover, miRNAs can also alter the microen-
vironment, inducing the transformation of tumor-associated macrophages. Latency genes and 
EBERs are also involved in activation and transformation of B-cells. EBV may also induce chemo-
resistance mediated by lytic genes. 

Additionally, MYC could alter immune system response by reducing the activity of 
the NF-кB pathway. This effect, in combination with the poor antigenic property of 
EBNA1, leads EBV-infected B-cells to acquire the ability to escape from immune system 
recognition [75]. Moreover, the absence of the immunogenic proteins EBNA2 and LMP1 
in EBV-positive HIV-related BL could be a self-defense mechanism of the virus to remain 
in host cells and escape the immune system [11,16]. 

The EBV lytic protein, BHRF1, confers protection from apoptosis in EBV-positive BL 
cell lines, since it is a homolog of the antiapoptotic protein BCL-2 and negatively regulates 
the proapoptotic protein Bim [91,92]. This phenomenon can avoid the cell death associated 
with genetic alterations in MYC, being a cooperative mechanism of Myc-driven lym-
phomagenesis and favoring the chemoresistance [92]. Another lytic protein, BZLF1, di-
rectly inhibits p53 in BL cell lines and could be an alternative mechanism for the inhibition 
of this protein, in addition to the inactivating mutations of TP53 [93]. 

Moreover, EBV-miR-BARTs are upregulated in EBV-positive HIV-related BL and 
could deregulate the host gene and miRNA expression in these tumors [17]. In particular, 
EBV-negative immunodeficiency-BL presents a downregulated expression of miR-

Figure 2. EBV genes and noncoding RNAs are involved in diverse lymphomagenic processes.
EBV can prevent apoptosis and promote cell growth and proliferation via latency and lytic genes,
miRNAs, and EBERs. These EBV components can also protect infected B-cells from the immune
cells’ recognition via latency genes, miRNAs, and EBERs. Moreover, miRNAs can also alter the
microenvironment, inducing the transformation of tumor-associated macrophages. Latency genes
and EBERs are also involved in activation and transformation of B-cells. EBV may also induce
chemoresistance mediated by lytic genes.

Additionally, MYC could alter immune system response by reducing the activity
of the NF-кB pathway. This effect, in combination with the poor antigenic property of
EBNA1, leads EBV-infected B-cells to acquire the ability to escape from immune system
recognition [75]. Moreover, the absence of the immunogenic proteins EBNA2 and LMP1 in
EBV-positive HIV-related BL could be a self-defense mechanism of the virus to remain in
host cells and escape the immune system [11,16].

The EBV lytic protein, BHRF1, confers protection from apoptosis in EBV-positive
BL cell lines, since it is a homolog of the antiapoptotic protein BCL-2 and negatively
regulates the proapoptotic protein Bim [91,92]. This phenomenon can avoid the cell death
associated with genetic alterations in MYC, being a cooperative mechanism of Myc-driven
lymphomagenesis and favoring the chemoresistance [92]. Another lytic protein, BZLF1,
directly inhibits p53 in BL cell lines and could be an alternative mechanism for the inhibition
of this protein, in addition to the inactivating mutations of TP53 [93].

Moreover, EBV-miR-BARTs are upregulated in EBV-positive HIV-related BL and could
deregulate the host gene and miRNA expression in these tumors [17]. In particular, EBV-
negative immunodeficiency-BL presents a downregulated expression of miR-BART6-3p
compared with EBV-positive cases. This miRNA may have an impact on the proliferation,
cell growth, and apoptosis in the BL cell line, downregulating the expression of PTEN, a
negative regulator of the Akt/PI3K signaling pathway [94,95]. In addition, miR-BART6-3p
regulates the expression of the IL-6 receptor (IL-6R), being able to contribute to immune
system evasion [94]. Furthermore, it has been postulated that EBV-miRNAs have a role in
the microenvironment regulation, reducing the innate and adaptative immune response in
EBV-positive tumors, similar to BL (Figure 2) [96].

Moreover, EBERs induce the IL-10 expression in EBV-BL cell lines, suggesting an EBV
involvement in the tumor growth [97]. They bind protein kinase RNA-activated (PKR), a
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prior evidence that EBVþDLBCL had response rates of
25–100% [4].

Our patient had an excellent response to pembro,
with an unusual evolution characterized by two episodes
of isolated extra-nodal relapse (Figure 1B). After 6 cycles
of pembro, fluorodeoxyglucose-positron emission tomog-
raphy (FDG PET) in January 2019 showed a near-com-
plete response (CR), with the exception of a single site in
the left distal thigh, which was excised and demonstrated
to be relapsed DLBCL. Treatment with 3 additional cycles
of pembro resulted in a CR in April 2019. He continued
pembro 200mg every 3weeks without adverse events
until January 2020 when he complained of chest pain.
Repeat FDG PET/CT showed a hypermetabolic right atrial
mass encasing the right coronary artery for which he
received external beam radiation to the heart. In March

2020, an isolated right tonsillar mass was excised and
confirmed relapsed DLBCL. He received consolidative
radiation to that site followed by consolidative allogenic
stem cell transplant in June 2020. Two months following
transplant, he presented with a pleural effusion, which
confirmed relapsed DLBCL, similar to its original immuno-
phenotype. His EBV viral load was 218,776 copies/mL. He
died in September 2020.

In order to understand our patient’s clinical response,
we looked at his immunohistochemistry (IHC) pattern
including the PD-L1 expression of malignant cells on tis-
sue biopsies over time (supplemental for methodology).
The initial biopsy of his inguinal mass prior to DHAP was
CD20(dim) and 100% EBVþ. Surprisingly, less than 1% of
cells expressed PD-L1 (Figure 1C). Biopsy of cutaneous
tumor-infiltration of the leg prior to pembro was CD20-

Figure 2. Treatment with pembrolizumab in HIVþ EBVþDLBCL patient reduces inhibitory receptor expression and T-cell exhaus-
tion. (A–C) immunophenotyping of circulating CD8þ CD4þ T cells from HIV" or HIVþ DLBCL subjects and HIVþEBVþDLBCL
patients. Cells were stained with CD3-BUV737, CD4-V500, CD8-BUV395, PD1-PE-Cy7, TIM3-BV421, BTLA-APC-Cy7, 2B4-FITC, TIGIT-
AF700, CD160-APC, LAG3-PE monoclonal antibodies, and expression of markers was evaluated using multi-color flow cytometry.
(A) Mean fluorescence intensity (MFI) of the indicated inhibitory receptor (IR) expressed on CD8þ (left panel) and CD4þ (right
panel) T cells from HIV" DLBCL patients (grey), HIVþ DLBCL patients (black) HIVþEBVþ DLBCL patient before pembrolizumab
treatment (red). (B) Representative histogram showing the expression of the indicated IR on CD8þ (top) and CD4þ (bottom) T
cells from HIVþEBVþ DLBCL patient before (red) and after (blue) pembrolizumab treatment. (C) Boolean analysis of IR expression
(CD160, BTLA, TIGIT, TIM3, 2B4) on CD8þ (top) and CD4þ (bottom) pre- (left-side) and post- (right-side) pembrolizumab treatment
of HIVþEBVþ DLBCL patient. Statistical significance was determined by a two-way ANOVA test using Prism 9. FMO: Fluorescence
minus one negative control. Significance was set as any P value < 0.05 #, p< 0.01 ##.
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1) Treatment with pembrolizumab in HIV pos EBV þos DLBCL 
patient reduces inhibitory receptor (IRs) expression and T-cell
exhaustion. 
2) it is possible that the increased expression of these IRs may be 
related to the EBV infection
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5) PD1 marker CD4 memory
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INTRO-1

AIDS-defining 
malignanciesa,b,c,d,e,f

Kaposi sarcoma

Anal cancer

Non–AIDS-defining 
malignanciesa,b,c,d,e,f

a Principles of HIV Management While Undergoing Cancer Therapy (HIV-A). 
b Principles of Systemic Therapy and Drug-Drug Interactions (HIV-B).
c Principles of Radiation Therapy (HIV-C).
d Principles of Surgery (HIV-D).

Aggressive NHLg

Cervical cancer

Non-small cell lung cancer (NSCLC)

Hodgkin lymphoma (HL)

Cervical Cancer in PWH (HIV-1)

See NCCN Guidelines for Kaposi Sarcoma

Anal Cancer in PWH (HIV-2)

Non-Small Cell Lung Cancer in PWH (HIV-3)

Hodgkin Lymphoma in PWH (HIV-4)

• People with human immunodeficiency virus (HIV) (PWH) and AIDS have a higher incidence of many common cancers compared with the 
general population. AIDS-defining cancers include aggressive non-Hodgkin lymphoma (NHL), Kaposi sarcoma, and invasive cervical cancer. 
Dramatically improved treatment of HIV over the last two decades has led to a decrease in the risk of AIDS development, an increase in 
immune function and survival, and a decline in AIDS-defining cancers in this population; however, the incidence of non-AIDS defining 
cancers has increased because of longer life expectancies due to antiretroviral therapy (ART), accelerated aging as a consequence of HIV, a 
higher likelihood of co-infection with oncogenic infections, and a higher prevalence of carcinogen exposure. 

• Cancer in PWH should be co-managed by an oncologist, and HIV specialist, and PWH should receive cancer treatment as per standard 
guidelines. Although modifications to ART may be needed, HIV therapy should be continued during cancer therapy. Multidisciplinary 
decision-making, involving HIV specialists, is critical. 

INTRODUCTION

Other non–AIDS-defining 
malignancies See NCCN Guidelines for Treatment of Cancer by Site

e Principles of Supportive Care (HIV-E).
f Principles of Imaging (HIV-F).
g Burkitt lymphoma; diffuse large B-cell lymphoma (DLBCL); Kaposi sarcoma 

associated herpesvirus (KSHV)-positive DLBCL, not otherwise specified (NOS); 
primary effusion lymphoma; and plasmablastic lymphoma.

Primary CNS lymphoma See NCCN Guidelines for Central Nervous System Cancers

See NCCN Guidelines for B-Cell Lymphomas
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HIVLYM-2

b Hepatitis B testing is indicated because of the risk of reactivation with immunotherapy + chemotherapy. Tests include HBsAg and core antibody for a patient with 
no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen (NHODG-B). If positive, check viral load and consider consult with 
gastroenterologist.

c Hepatitis C antibody and if positive, viral load and consult with hepatologist.
d Fertility preservation options include: sperm banking, semen cryopreservation, IVF, or ovarian tissue or oocyte cryopreservation.

ESSENTIAL
• Physical exam: attention to node-bearing areas, including Waldeyer’s ring, 

and to size of liver and spleen
• Performance status
• B symptoms
• CBC with differential
• LDH
• Comprehensive metabolic panel
• Uric acid, phosphate
• PET/CT scan (preferred) or C/A/P CT with contrast of diagnostic quality
• CD4 count
• Lumbar puncture, except for PEL
• HIV viral load
• Hepatitis B testingb
• Hepatitis C testingc
• Echocardiogram or MUGA scan if anthracycline or anthracenedione-based 

regimen is indicated
• Pregnancy testing in patients of childbearing age (if chemotherapy or RT 

planned) 

USEFUL IN SELECTED CASES:
• Upper GI/barium enema/endoscopy
• Adequate bone marrow biopsy (>1.6 cm) ± aspirate; bone marrow biopsy is 

not necessary if PET/CT scan demonstrates bone disease 
• Neck CT with contrast
• Plain bone radiographs and bone scan
• Brain MRI with and without contrast, or head CT with contrast
• Beta-2-microglobulin
• EBV PCR
• Quantitative Ig
• Discuss fertility preservationd

WORKUP

BL

• DLBCL
• HHV8-positive DLBCL, NOS
• PEL

Treatment 
(HIVLYM-3)

Treatment 
(HIVLYM-4)

Plasmablastic lymphoma

Primary CNS lymphoma

Treatment 
(HIVLYM-4)

Treatment 
(HIVLYM-3)
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Table 1.  Literature review of the polychemotherapy regimens of PBL patients. 

Polychemotherapy No. Of Cases 
(median age) Outcome Author, year, ref. 

CHOP alone 16 (38) CR 66%; PR 6% Castillo J.J. 2008 11 
CHOP; EPOCH; H-CVAD 
CODOX-M/IVAC 70 (38.8) CR 46%; PR 31% Castillo J.J. 2010 12 

CHOP OR CHOP-LIKE 53 (43) CR 66%; PR 5% Castillo J.J. 2012 8 
EPOCH; CHOP 25 (42) CR 48%; PR 8% Ibrahim I.F. 2014 13 
CHOP; EPOCH; H-CVAD 61 (49) CR 45 %; PR 7% Loghavi S. 2015 14 
CHOP; EPOCH; H-CVAD 10 (50.5) CR 70%; PR 10% Pinnix C.C. 2016 15 
CHOP; CODOX-M/IVAC 13 (30) CR 46%; PR 17% Rudresha A.H. 2017 16 
CHOP OR CHOP-LIKE 38 (43) 5-year OS 61% Foca E. 2018 17 
CHOP OR CHOP-LIKE 
ACVBP; EPOCH; CODOX-M/IVAC 35 (57) CR 93 %; PR 6% Al Tabata Y. 2018 18 

EPOCH; CHOP 12 (46) CR 41% Zuze T. 2018 19 
CHOP OR CHOP-LIKE 
ACVBP; EPOCH; 153 (41.9) 2-year OS 42% Rodrigues-Fernandes C.I. 201820 

CHOP, EPOCH, CODOX/IVAC 
H-CVAD, CHOEP, CVP 200(55) 5-year OS 36% OR 72% Di Ciaccio PR 202421 

CR: Complete Response; PR Partial Response; OS: Overall Survival; OR: Overall Response. 
 

treatment plans that have been suggested are CODOX-
M/IVAC (modified) and HyperCVAD (which includes 
cyclophosphamide, vincristine, doxorubicin, 
dexamethasone, and high doses of methotrexate and 
cytarabine). Furthermore, these guidelines suggest the 
potential use of high-dose therapy with autologous stem 
cell rescue during the first complete remission for a 
particular subgroup of patients at high risk. A high-risk 
factor includes an International Prognostic Index (IPI) 
score above 2 and changes to the MYC gene or deletion 
of the TP53 gene. It is important to acknowledge that 
individuals who are HIV-negative and diagnosed with 
plasmablastic lymphoma are commonly recognized as 
having a condition associated with an elevated risk. 
Typically, those who are HIV-negative and diagnosed 
with plasmablastic lymphoma are generally 
characterized as having a more threatening disease. On 
the other hand, there is a more favorable outlook for 
individuals who are HIV-positive and diagnosed with 
PBL when they successfully attain complete remission 
with the administration of chemotherapy. Antiretroviral 
therapy is crucial for improving the management of PBL 
HIV+, and the attainment of complete remission (CR) 
has been shown to enhance the short-term prognosis of 
PBL.3-6 
 
Bortezomib. Bortezomib is currently approved for 
treating adult patients with multiple myeloma and adult 
patients with mantle cell lymphoma. The small molecule 
bortezomib is a reversible proteasome inhibitor that 
works on the 26S proteasomes. It stops many signaling 
pathways by targeting a single molecular target, the 
proteasome. Bortezomib's anti-neoplastic effect likely 
involves several distinct mechanisms, such as inhibition 
of cell growth and survival pathways, induction of 

apoptosis, and inhibition of the expression of genes that 
regulate cellular adhesion, migration, and angiogenesis. 
Thus, the mechanisms by which bortezomib elicits its 
anti-tumor activity may differ between tumor types, as 
could the importance of each affected pathway in 
inhibiting tumor growth. Bortezomib is thought to work 
against multiple myeloma by stopping NF-B from 
working and stopping the breakdown of phosphorylated 
IB. Because of this, it seems like a good way to treat PBL 
patients, whose biological and phenotypic traits are 
somewhere between those of ABC-DLBCL and MM. 
Several reports have reported its activity in lymphoma, 
specifically in non-Germinal Center B-cell lymphomas 
such as DLBCL and mantle cell lymphoma.23-26 Thus, 
bortezomib is one of the most frequently used drugs in 
the treatment of PBL. It has been utilized as a single 
agent and in conjunction with chemotherapy. The 
objective of our extensive literature review was to 
determine if patients with PBL would experience more 
benefits from the inclusion of bortezomib in their 
polychemotherapy (Table 2).  

Five out of six patients treated with bortezomib alone 
in a small series achieved a partial response—two as 
first-line therapy and three as salvage therapy.40 
Bortezomib has been used in combination with CHOP as 
frontline therapy in three HIV-associated PBL patients, 
all of whom achieved a CR, and two of whom are still 
alive 14 and 22 months after completing V-CHOP, 
respectively.37 According to a positron emission 
tomography scan, Castillo et al. reported three patients 
without relapse at 12, 18, and 24 months.36 Recently, 
Dittus and Castillo reported 8 and 16 patients, 
respectively, with CR rates of 87.5% and 94%.41,42 In the 
latter series, two patients received an ASCT for 
consolidation. Castillo reported a 5-year OS of 63%,  

Plasmablastic Lymphoma 
Figure 2 Various targets seen in plasmablast. 

and multiple myeloma. It is CD 20 negative and positive for plasma 
cell markers like CD 38 and CD 138 which led to the exploration 
of drugs with an established role in multiple myeloma. 

Daratumumab (Dara) is a human IgG1 anti CD 38 monoclonal 
antibody which induces cell death of CD 38 positive cells by 
antibody dependent cell cytotoxicity. Dara has shown efficacy in 
various CD 38 positive NHL xenograft models like mantle cell 
and follicular lymphoma and in patient derived DLBCL xenograft 
model, the addition of Daratumumab to either CHOP or R-CHOP 
led to full tumor regression. 57 Amengual et al 58 presented data of 4 
patients with advanced stage PBL receiving Dara-EPOCH as first 
line therapy. All 4 patients achieved CR at the end of therapy. 
Three-fourth remained in CR at median follow-up of 17 months 
suggesting great activity of this regimen. Further studies are under- 
way investigating its efficacy. Lee et al 59 described a case of PBL 
where patient had severe complications on V-EPOCH and then 
was initiated on Daratumumab, lenalidomide and dexamethasone 
(DRD) and achieved CR after 2 cycles. 

Immunotherapy. Laurent et al 60 investigated 82 PBL cases 
wherein – about 60% to 72% of cases showed microenviron- 
ment immunostains for programmed cell death-1, programmed cell 
death-ligand 1. About 22.5% and 5% of tumor cells also expressed 
PD-1 and its ligand. The expression was higher in EBV positive PBL 
as compared to negative which could mean that it’s being used as an 
immune escape pattern by PBL. 61 The high expression of PD-1 and 
PDL-1 in PBL makes an attractive target especially in relapsed and 
refractory cases. 

Various case reports are available depicting its activity - Cheng 
et al reported a case of 76-year-old patient with PBL which was 
refractory to induction therapy with Bortezomib and mini-CHOP. 

The patient was then initiated on lenalidomide and anti-PD-1 
antibody tislelizumab which led to CR after 4 months of therapy. 
She continued the therapy for 1 year and remained in CR at 18- 
month followup. 62 Damlaj et al 63 also reported a case of chemo 
refractory PBL that achieved PR on Nivolumab and then consol- 
idation with allotransplant. 

Brentuximab Vedotin. Up to 30% of cases of PBL have been 
shown to express CD30. 64 Brentuximab vedotin (BV) is an antibody 
drug conjugate consisting of chimeric anti-CD30 monoclonal 
antibody whereupon the potent MMAE is attached. It is currently 
approved in Hodgkin Lymphoma and CD30 + T cell lymphoma. 
Holderness et al reported a case of Refractory PBL that had 
dramatic clinic response to BV. 65 This patient developed PBL 
that arose from the background of and was refractory to chemo- 
immunotherapy regimen R-HyperCVAD, Bortezomib – ICE based 
therapy and RT to the enlarging mass. However, there was a 
significant decrease in the size of the mass with associated signs 
of tumor lysis syndrome like elevated uric acid within 72 hours 
of initiating the first dose of BV. Therefore, the efficacy of BV 
should be evaluated in combination with other chemotherapy in 
CD30 + PBL. 

Lenalidomide. Immunomodulatory drugs like lenalidomide have 
established a pivotal role in myeloma treatment. So, they have been 
used in patients with PBL with reasonable outcomes. Two case 
reports have shown successful management of PBL with lenalido- 
mide based therapy using CHOP with lenalidomide induction 
followed by maintenance therapy and cyclophosphamide, lenalido- 
mide, and dexamethasone. 66 , 67 
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 Individuals with limited stages of the disease, 
especially among pediatric populations, have 
achieved long-term survival. 

 
Introduction. The identification and characterization of 
plasmablastic lymphoma (PBL) date originally from 
1992,1 after that, it was recognized as a distinct form of 
oral lymphoma occurring in individuals who are HIV-
positive.2 This particular subtype of large B-cell 
lymphoma (LBCL) is now categorized as a distinct 
entity, with extranodal disease being the prevailing 
characteristic.3-6 

Despite earlier studies indicating a strong association, 
it has been observed that around 50% to 60% of cases are 
associated with HIV. 3–5 PBL accounts for just 2% of 
lymphomas in individuals who are HIV-positive.3-6 The 
disease has the potential to impact individuals with 
compromised immune systems as well as those with 
robust immune systems. 

Histological examination reveals the presence of 
several neoplastic plasmablasts and immunoblasts. The 
identified cells exhibit a significant proliferation index 
and possess a plasma cell immunophenotype, 
characterized by the presence of plasma cell markers and 
a limited or missing expression of B cell markers. 

Notably, transcription factors linked to plasmacytic 
differentiation, including CD38, CD138, MUM1, 
Blimp1, and XBP1, are present. The absence of CD20 
and PAX5 has been very frequently observed. PBL 
frequently has a connection to the overexpression of the 
MYC gene, which can result from translocations, 
amplifications, or constitutive STAT3 activation. This is 
in contrast to plasma cell neoplasms.3-7 Moreover, 
around 80% of PBL cases were found to have a 
simultaneous Epstein-Barr virus (EBV) infection. This 
feature can be regarded as a discerning element 
differentiating PBL from plasmablastic myeloma. 
Hence, distinguishing between plasmablastic myeloma, 
lymphomas, and PBL can pose a significant difficulty. 
Translational research encounters several challenges, 
such as the limited occurrence of PBL and the absence of 
an established treatment strategy due to a scarcity of 
thorough clinical data.3-8 

Historically, PBL has been associated with a negative 
outlook, as early estimates of median overall survival 
(OS) ranged from 8 to 15 months.3-6 There have been 
more survival estimates reported in recent literature that 
display significant diversity. 

A population-based SEER survival analysis 
examined 248 patients who had treatment between 2010 
and 2016. The analysis revealed that the median overall 
survival was 47 months.9 

Further, a total of 1,800 patients were very recently 
assessed using SEER and the NCDB. An exceptional 
median overall survival of 58.6 months was seen in the 
treated patients.10 

Although there have been some improvements 

recently, CD38-directed monoclonal antibody therapy, 
proteasome inhibitors, and immunomodulatory 
therapeutic regimens, along with intensive 
polychemotherapy, are still rarely available for older and 
weaker patients. Those limitations highlight the 
requirement for therapeutic strategies that are precisely 
personalized to fulfill individual requirements. 
 
Treatment. Establishing a therapeutic standard is quite 
problematic due to the rarity of the disease and the lack 
of controlled trials available for comparing different 
treatments. In this second part of the review, our intent is 
to provide a comprehensive and detailed description of 
the achievements of the diverse consolidated therapies, 
as well as those that are currently being developed. We 
will organize the information into pertinent chapters for 
clarity. 
 
Standard Polychemotherapy. Patients with untreated 
PBL exhibit a median overall survival of 3 months in 
individuals who are HIV-positive and 4 months in those 
who are HIV-negative.3-6 

Patients diagnosed with PBL have been subjected to 
a wide range of treatment options, covering localized 
disease management by radiation as well as the 
administration of diverse chemotherapy combinations. 
Individuals who are diagnosed with limited-stage disease 
tend to have a more favorable prognosis, and in certain 
instances, aggressive treatment measures may not be 
recommended. Disease control may be achieved through 
the utilization of a combination therapy involving 
doxorubicin-based chemotherapy and radiation 
therapy.3-6 Of note, the majority of PBL patients must be 
considered high-risk patients and treated with 
polychemotherapy. Polychemotherapy has yielded 
complete remissions (CRs) in nearly 50% of patients 
with disseminated disease. The response and relapse 
rates among different first-line regimens are presented in 
Table 1. 

However, a significant proportion of patients, 
approximately 70%, inevitably die of progressive 
disease. At present, there is a lack of established care 
standards that delineate the most effective therapy 
method. Throughout history, the use of CHOP has been 
widely adopted as the primary therapeutic approach for 
PBL, with a particular emphasis on its utilization in 
nations with lower economic resources. According to the 
latest National Comprehensive Cancer Network (NCCN) 
guidelines on B-cell lymphomas (version 1.2024, 
January 18, 2024),22 it has been determined that CHOP 
is not adequate as a first-line therapy. 

NCCN supports using more intensive treatment plans 
for PBL and suggests dose-adjusted (DA)-EPOCH as an 
alternative way to treat the disease. DA-EPOCH includes 
etoposide, vincristine, doxorubicin, cyclophosphamide, 
and prednisone given in bolus doses. Some other  
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Table 2. Literature review of Bortezomib containing regimens in PBL. 

Bortezomib alone or with chemotherapy Cases; age Outcome Author, year, ref. 
Bortezomib single therapy  1 (55) P after 4 months. Jambusaria A. 200827 
Bortezomib single therapy 1 (42) P after 1 months. Bose P. 200928 
Bortezomib + GOVDD 1 (19) P after 2 months. Bibas M. 201029 
Bortezomib + DRC 1 (68) PR Lipstein M. 201030 
Bortezomib + Dexamethasone 1(80) PR Dasanu CA 201331 
Bortezomib + Dexamethasone 1(44) PR Saba NS  201332 
Bortezomib + Dexamethasone 1(50) PR Cao C. 201433 
Bortezomib + COMP 1 (66) CR Cencini E. 201534 
Bortezomib + THP-COP 1 (58) PR Hirosawa . 201535 
Bortezomib + CHOP 3 (38) CR 3/3; 3/3ABMT after CR. Fernandez-Alvarez R. 201537 
Bortezomib + EPOCH+ IT MTX 1(50) CR Fedele PL 201638 
Bortezomib + DA-EPOCH 1(34) CR Arora N. 201739 
Bortezomib single therapy 
Bortezomib + chemotherapy 

6 (42) 
15 (42) 

CR 0/6 PR 5/6 
CR 9/15 Pr 5/6 Guerrero-Garcia T. 201740 

Bortezomib + DA-EPOCH 8 (49) CR 8/8 Dittus  C. 201841 
Bortezomib + EPOCH 16 (47) CR 15/16 PR 1/1 Castillo JJ 201942 
Bortezomib + oral CTX and DEX 1(64) PR Ando K. 201943 
Bortezomib single therapy 1(55) PR Umeanaeto 201944 
Bortezomib + CDOP 1 (63) PR Cai J. 202145 
Bortezomib +Lenalildomide+ DEX 1 (59) PR Sabry W. 202246 
Bortezomib + Chemotherapy 31 (55) 5 years OS 36% OR 72% Di Ciaccio P.R. 2024 21 

P: Progression; CR: Complete Response; PR Partial Response; OS: Overall Survival; OR: Overall Response. 
 

while Dittus reported a 2-year PFS and OS of 50%.41,42 

Bortezomib has also been used with THP-COP 
(pirarubicin, cyclophosphamide, vincristine, and 
prednisone), ESHAP (etoposide, high-dose 
prednisolone, high-dose cytarabine, and platinum), ICE 
(ifosfamide, carboplatin, and etoposide), bendamustine, 
rituximab, and DT.35 A recent systematic review found 
21 patients with PBL, 11 of whom had HIV and 10 of 
whom did not. Eleven of them were given bortezomib as 
the first line of treatment, and the other 10 were given it 
after a relapse, either by itself or with other standard 
cytostatic drugs. The ORR for bortezomib-containing 
regimens was 100% in the frontline setting and 90% in 
the relapse setting. In addition, the 2-year overall 
survival rate for patients who received initial treatment 
was 55%, while the median OS for relapsed patients was 
14 months.40 

Finally, upon evaluating the existing literature, it was 
found that patients with PBL benefitted from including 
bortezomib in their treatment. However, we 
acknowledge that we are currently experiencing a 
shortage of randomized studies comparing 
chemotherapy regimens with and without bortezomib. 
 
Lenalidomide. Lenalidomide is an oral 
immunomodulator with direct antitumor activity and 
immunologic effects, such as stopping tumor cell growth 
and angiogenesis and increasing the killing power of T- 

and natural killer (NK) cells in lab experiments. In vitro 
and in vivo studies revealed antitumor, antiproliferative, 
and increased NK cell number and activity against B-cell 
malignant lymphoma in general and against DLBCL, FL, 
and MCL cells. In preclinical models of activated B-cell 
(ABC)-subtype DLBCL, lenalidomide-induced 
cytotoxicity required the presence of cereblon to 
downregulate interferon regulatory factor-4 and B-cell 
receptor-NFB and boost interferon production. Of note, 
low cereblon expression is a potential lenalidomide 
resistance mechanism.47 

According to a thorough review of the literature, 
lenalidomide has only been used in a few cases of PBL, 
and each case is very different from the others (Table 3). 
Cases of refractory PBL treated with lenalidomide as a 
single agent were reported to have a favorable response, 
albeit a brief one. 

It also demonstrated efficacy when combined with 
CHOP, or cyclophosphamide-dexamethasone.49 Ando et 
al. utilized bortezomib to treat chemotherapy-resistant 
PBL patients, which resulted in a clinical response but 
was discontinued due to peripheral neuropathy.43 The 
patient was then treated with a combination of 
lenalidomide and dexamethasone for more than two 
years, with a partial response that persisted.43 

A person with PBL who was not responding to mini-
CHOP as a first-line treatment went into complete 
remission after taking tislelizumab, a checkpoint 
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includes updated survival data on four previously published

cases (Castillo et al, 2015a; Fedele et al, 2016). Pertinent clin-

ical data were gathered. Pathological samples were reviewed

at the respective institutions. Pathological data included

expression of CD20, CD38, CD138, Ki67, anaplastic lym-

phoma kinase (ALK), human herpesvirus 8 (HHV8) latency-

associated nuclear antigen (LANA), Epstein–Barr virus

(EBV)-encoded RNA (EBER), and MYC gene rearrange-

ments. Response to therapy was assessed following the

revised response criteria for malignant lymphoma. Overall

survival (OS) was estimated as time between diagnosis and

last follow-up or death. OS curves were estimated using the

Kaplan-Meier method. All calculations and graphs were

obtained using STATA (StataCorp, College Station, TX,

USA).

Sixteen patients met the inclusion criteria; their clinical

characteristics are shown in Table I. Extranodal sites

included gastrointestinal tract (n = 8), head/neck (n = 4),

lung/pleura (n = 4), bone marrow (n = 3), skeletal bone

(n = 3), testicles (n = 2), kidney/adrenals (n = 2), and sub-

cutaneous tissue (n = 1). Among human immunodeficiency

virus (HIV)-infected patients, the median CD4+ count was

0!128 3 109/l (range 0!033–0!29 3 109/l). All patients were

treated with a curative intent. Bortezomib was administered

at 1!3 mg/m2 SQ or IV weekly or twice weekly with each

cycle of EPOCH (etoposide, prednisone, vincristine,

cyclophosphamide and doxorubicin). Dose frequency/route

of administration of bortezomib was per investigator’s

choice. Patients with advanced disease received a median of

6 cycles (range 4–6 cycles). The two patients with early stage

received 4 cycles of V-EPOCH followed by 30–36 Gy of radi-

ation therapy to the involved area. Complete response was

seen in 15 patients (94%) and partial response in 1 (6%).

Two patients received autologous stem cell transplantation

(ASCT) in first remission. Four patients (31%) experienced

Table I. Patients’ clinicopathological characteristics.

Characteristic Number Percentage

Age ≥60 years 6/16 38

Male sex 15/16 94

ECOG performance score >1 7/16 44

Increased LDH level 8/16 50

Advanced stage 14/16 88

Extranodal involvement 16/16 100

Low/low intermediate IPI score 5/16 37

High/high intermediate IPI score 10/16 63

HIV infection 6/16 38

CD20 expression 0/16 0

CD38/CD138 expression 16/16 100

HHV8 LANA expression 0/10 0

ALK expression 0/10 0

Ki67 expression ≥80% 14/16 88

EBER ISH positive 9/14 64

MYC rearrangements 8/10 80

ALK, anaplastic lymphoma kinase; EBER ISH, Epstein–Barr virus-

encoded RNA in situ hybridisation; ECOG, Eastern Central Oncology

Group; HHV8 LANA, human herpesvirus 8 latent nuclear antigen;

HIV, human immunodeficiency virus; IPI, International Prognostic

Index; LDH, lactate dehydrogenase.

Fig 1. Overall survival estimates for (A) the entire group, (B) per
IPI score, and (C) per HIV status. HIV, human immunodeficiency
virus; IPI, International Prognostic Index; PBL, plasmablastic
lymphoma. [Colour figure can be viewed at wileyonlinelibrary.com]
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EBV presence was assessed by EBV-encoded RNA in situ
hybridization or latent membrane protein 1 expression by immuno-
histochemistry. Hans criteria18 were used for immunohistochemis-
try determination of DLBCL GC status.

Adverse event monitoring was performed at all clinic and hospital
visits. Severity was graded by using the National Cancer Institute
Common Terminology Criteria for Adverse Events version 4.0.

Assessment of lymphoma response was performed before combi-
nation protocol therapy on day 8 of cycle 1 according to physical
examination and after cycles 2, 4, and 6 according to 2007 Cheson
criteria.19 Computed tomography (CT) scans of the chest, abdomen,
and pelvis (as well as neck, if indicated) were required at these time
points, whereas positron emission tomography (PET) or PET/CT
imaging was strongly recommended at baseline and 4 to 6 weeks
after completion of protocol therapy when possible. Bone marrow
aspirate and biopsy and diagnostic lumbar puncture were required at
baseline; they were required to be repeated for patients with initial
involvement or signs/symptoms of new involvement in the respective
site. The protocol did not define a minimum duration of response to
meet criteria for PR or complete response (CR). Patients with a CR
underwent physical examination and radiographic assessments every
3 months for 1 year unless receiving additional lymphoma therapy. The
Functional Assessment of Cancer Therapy/Gynecologic Oncology
Group–Neurotoxicity questionnaire20 was administered at baseline;
cycle 1, day 8; at the start of each subsequent cycle; and following the
conclusion of protocol therapy.

Blood samples to assess plasma HIV and PBMC EBV and/or KSHV
viral loads and APOBEC3G levels were collected as follows: at
baseline; during cycle 1 on days 2, 4, and 8 to evaluate effects of
single-agent bortezomib; and on day 1 of each subsequent cycle.
Plasma HIV viral load was determined by using real-time quantitative
polymerase chain reaction, as previously described.21 Likewise,
quantitative polymerase chain reaction was used to assay PBMC
for KSHV and EBV viral loads (supplemental Methods). The amount
of APOBEC3G in PBMC was determined by using western blot
analysis.

Statistical analysis

Binomial proportions were used to estimate ORR. The product-limit
(Kaplan-Meier) method was used to estimate 1y-OS. The Wilcoxon
signed rank test was used to evaluate changes in viral loads and
APOBEC3G levels.

Results
Twenty-three patients were enrolled from 7 sites within the AMC: 6,
8, 3, and 6 patients were enrolled into dose cohorts 1, 2, 3, and 4,
respectively. As shown in Table 1, the median age was 48 years
(range, 34-66 years), and .90% of enrolled patients were men. At
baseline, 20 (87%) of the 23 patients were receiving ART; the
median CD41 count was 315 cells/mL (range, 45-773 cells/mL),
and the median HIV viral load was undetectable (range, undetect-
able-241 490 copies/mL). More than one-half of patients had stage IV
HAL. The majority (n 5 15) had DLBCL, 9 of whom were EBV
positive (2 of whom were also non-GC DLBCL subtype), 4 were
EBV negative, and EBV status was not reported in 2 patients. Of the
remaining patients, 2 had primary effusion lymphoma (PEL), 3 had
plasmablastic lymphoma, and 2 had Hodgkin lymphoma.

Two patients in dose cohort 2 (bortezomib 1.0 mg/m2) were not
evaluable for DLT assessments, and thus the cohort was expanded
to ensure 6 DLT-evaluable patients (8 total). One patient withdrew
from the study before initiating treatment. The other patient
withdrew after only receiving day 1 of protocol therapy (bortezomib
alone). A third patient in cohort 2 completed ,2 cycles due to
complications of lymphomatous bowel involvement. Thus, of the 23
total patients, 20 completed $2 cycles of protocol therapy; 16
(70%) patients completed $3 cycles. Three patients terminated
protocol treatment due to disease progression. Two patients
terminated protocol treatment because of adverse events: in 1 case,

Table 1. Demographic and baseline characteristics

Characteristic n %

Sex

Male 20 91

Female 2 9

Race

White 15 68

African American 6 27

Other 1 5

Ethnicity

Hispanic 5 23

Non-Hispanic 17 77

Age, y

Median 48

Range 34-66

CDC risk group

Homosexual/bisexual contact 15 68

Heterosexual contact 5 23

Homosexual and heterosexual contact 1 5

IV drug use 1 5

Receiving ART at enrollment 20 87

Absolute CD4 count, mL

Median 315

Minimum-maximum 45-773

HIV viral load, copies/mL

Median Undetectable

Minimum-maximum Undetectable to 241 490

Ann Arbor stage

I 3 14

II 3 14

IIE 1 5

III 3 14

IV 12 55

Lymphoma diagnosis

DLBCL 15 68

PEL 2 9

Plasmablastic lymphoma 3 14

Hodgkin lymphoma 2 9

CDC, Centers for Disease Control and Prevention.
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Table 3. Patient-specific disease characteristics, treatment, and outcome

Lymphoma type
Ann Arbor

stage
Lymphoma

EBV/KSHV status
Baseline CD4,

cells/mL
Baseline HIV,
copies/mL

Bortezomib dose
cohort, mg/m2

Total no. of cycles
completed

Best
response

Duration of
response, wk

Postprotocol
lymphoma therapy Survival, wk

DLBCL IV EBV positive 294 241 490 0.7 6 CR .68.5 None .68

DLBCL IV EBV positive 77 85 122 0.7 2 PD* NA Radiation 38

DLBCL IV EBV positive 402 170 0.7 4 CR* .55 None .55

Plasmablastic IV EBV positive 169 126 0.7 2 SD NA AHSCT 29

PEL IV EBV and KSHV positive 570 48 0.7 4 PR 15 AHSCT 24

DLBCL II EBV positive 261 — 0.7 2 PD NA Radiation 26

DLBCL IV EBV positive 336 Undetectable 1.0 3 PR* 4 Not reported 19

Not reported — — — — 1.0 0 NA NA NA NA

DLBCL IV EBV positive 48 8000 1.0 ,2 NE NE Not reported 9

DLBCL IV EBV positive 45 89 1.0 ,1 NE NE None 3

Hodgkin III EBV positive 283 ,400 1.0 2 CR* .55 AHSCT .55

Plasmablastic I EBV positive 476 ,20 1.0 4 CR* .59 AHSCT .59

DLBCL IIE EBV positive 435 Undetectable 1.0 3 PR .40 AHSCT .40

DLBCL IV EBV negative 334 4.4 1.0 3 PR* 6 Not reported .13

Hodgkin III EBV positive 356 0.7 1.3 3 PR .60 AHSCT .60

PEL II EBV and KSHV positive 450 1.2 1.3 6 CR* .58 None .58

DLBCL III EBV negative 237 0.4 1.3 3 PR .55 AHSCT .55

Plasmablastic I EBV positive 294 0.45 1.5 4 PR 5 Not reported .14

DLBCL IV EBV negative 296 24 817 1.5 3 CR* .43 None 52

DLBCL IV EBV positive 401 24 1.5 5 PR* .65 Radiation .65

DLBCL I Unknown 241 4.2 1.5 3 PR 2 Not reported .12

DLBCL II Unknown 773 1.3 1.5 4 PR* .52 R2-GemOx 1 AHSCT .52

DLBCL IV EBV negative 339 Undetectable 1.5 3 CR* 6† AHSCT 16

NA, not applicable; NE, not evaluable; PD, progressive disease; R2-GemOx, lenalidomide, rituximab, gemcitabine, and oxaliplatin; SD, stable disease.
*PET imaging used in response assessment.
†In continued CR at time of death attributed to complications of AHSCT.
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Bortezomib days 1 and 8 of each cycle, ICE began day 8 of cycle 1 and day 1 of subsequent cycles. 
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Table 4. Literature review of Daratumumab therapy reports and Clinical Trial in PBL. 

Daratumumab alone or with 
chemotherapy 

Cases, 
age Outcome Author, year, ref. 

Daratumumab + DHAP after 2 lines of CT + 
ABMT 

1 (47) CR 46 months Chikeka I. 201980 

Daratumumab + COP after 1 line of CT in 
Transformed PBL+ABMT 

1 (63) P 2 months. Marvyi8n K. 202081 

Daratumumab after 2 or more lines of CT 
and ABMT 

3 (53) P 2 months. Roche P. 202182 

Daratumumab+ EPOCH 4(55) 3 CR 20 months PR 4 months Ricker E. 202183 

Daratumumab + CyBorD  1(57) CR 18 months Ramadas P. 202184 

Daratumumab + Bortezomib and 
Lenalidomide > 2 lines of CT 

1(45) CR 36 months after AHCT Kathrotiya M..202185 

Daratumumab + EPOCH, or + bortezomib 
and lenalidomide 

7 (76) 6 CR (18-31) months 1 PR Ryu YK 202186 

Daratumumab and Lenalidomide after 1 line 
of CT   

1 (23) PR >8 months Lee M. 202253 

Daratumumab + ICE  5 (49) 5 CR  8-73 months Dittus C. 202241 

Dartumumab+bortezomib + ABMT after 
B_EPOCH 

1(38) CR 18 months Bhat G. 202287 

Daratumumab+ EPOCH 1 (66) P 2 months. Pinto MP 202388 

Active Clinical Trial  Status/sponsor Clinical trial number 

Daratumumab + DA-EPOCH  Recruiting/ AIDS malignancy Consortium NCT04139304 

Daratumumab, bortezomib and 
Dexamethasone 

 Recruiting/ Fondazione Italiana Linfomi NCT04915248 

P: Progression; CR: Complete Response; PR Partial Response; OS: Overall Survival; OR: Overall Response. 
 
as their first-line treatment, while one patient received 
daratumumab together with lenalidomide,  
dexamethasone, and doxorubicin after experiencing a 
relapse. Three of the four patients maintained a state of 
remission for a minimum of 15 months after obtaining a 
complete response (CR).41 

The AIDS Malignancy Consortium is now carrying 
out a limited, prospective investigation on the use of 
daratumumab-EPOCH in the first-line treatment of PBL 
(NCT04139304). 

This study aims to assess the efficacy of 
daratumumab in combination with dose-adjusted 
etoposide, prednisone, vincristine sulfate, 
cyclophosphamide, and doxorubicin hydrochloride (DA-
EPOCH) in the treatment of patients who have recently 
been diagnosed with stage I-IV plasmablastic 
lymphoma. The main goal is to determine the 
effectiveness of including daratumumab in the DA-
EPOCH regimen by examining the proportion of patients 
with PBL who successfully complete at least three cycles 
of treatment according to the established protocol. 

Daratumumab is administered to patients 
intravenously (IV) on days 1 (± 3 days), 8 (± 2 days), and 
15 (± 2 days) during cycles 1-3, and on day 1 of cycles 
4-6. Patients are given etoposide, doxorubicin 
hydrochloride, and vincristine sulfate intravenously for a 

continuous period of 96 hours on days 1-4. In addition, 
they orally provide prednisone for a period of 5 days, 
beginning on the first day, and intravenously administer 
cyclophosphamide for a length of 1 hour on the fifth day. 
The treatment is given at intervals of 21 days for a 
maximum of 6 cycles, unless there is a clear indication 
of disease recurrence or the patient experiences 
unacceptable adverse reactions. 

Presently, another ongoing clinical study is assessing 
the efficacy of Daratumumab in conjunction with 
Bortezomib and dexamethasone for patients with 
refractory or recurrent PBL (NCT04915248). 

This study is a phase II clinical trial conducted at 
many centers. It is an open-label, single-arm trial. 

A total of 28 patients are expected to commence 
therapy over a period of 18 months, with recruitment 
taking place in 19 Italian FIL centers. The study's 
primary endpoint will be examined approximately 12 
months after the final patient is enrolled, independent of 
the patient's response to the treatment outlined in the 
protocol. The study is expected to last around 2.5 years. 
Patients will be recruited based on their specific 
diagnosis and local assessment of CD38 expression at a 
level of 5%. The screening phase of the study involves 
conducting baseline assessments under local norms and 
study requirements. Induction treatment consists of one 
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PBL Ongoing Trials 
Supreet Kaur, Sudarsan Kollimuttathuillam 

Table 1 Ongoing Trials 
Regimen Phase Line of Therapy Status Location Clinical Trial no 
Dara-EPOCH I First line Recruiting USA NCT04139304 
Belantamab Mafodotin II Relapsed and Refractory Recruiting USA NCT04676360 
CARCD30 I First line and relapsed Active; not recruiting USA NCT01192464 
Dara, bortezomib and Dexamethasone II Relapsed and refractory Recruiting Italy NCT04915248 
Allogenic EBV-CTLs targeting CD 19 antigen I Relapsed and refractory Active, not recruiting USA NCT01430390 
Pomalidomide and Dose-adjusted EPOCH I First line Recruiting USA NCT05389423 
Nivolumab With or Without Varlilumab II Relapsed/Refractory Active, not recruiting USA NCT03038672 

Dara, Daratumumab; EBV-CTL, Epstein Bar Virus specific Cytotoxic T-Lymphocytes. 
Role of HSCT and Cellular Therapy. For relapsed chemo sensi- 

tive HIV negative NHL, auto transplant has become the standard 
of care per PARMA trial. 68 Although now CAR-T cell therapy is 
the preferred choice of therapy in primary refractory or less than 
12 months of relapse NHL. 69 Now with successful stride with HIV 
treatment since the advent of antiretroviral therapy, HSCT has been 
possible for HIV related lymphomas. 70 , 71 There is no randomized 
data looking at the role of ASCT in aggressive lymphomas, especially 
in PBL. Most of our current knowledge is extrapolated from retro- 
spective data and case reports. There is unpublished CIBMTR 
data 72 of 20 PBL patients between 2001 and 2012. HIV status was 
unknown. With the median age 55 (range 32-76), 55% underwent 
ASCT in CR1 and 1 year and 3-year OS rates were 69% and 45% 
respectively. 

Cattaneo et al 47 presented European experience with data on 24 
patients with PBL who underwent autologous HSCT from 2001 –
2011 using the European Society for Blood and Marrow transplan- 
tation registry. The median age was 43 years (range 16-63). About 
67% received transplant after response to initial chemotherapy 
(50% complete response and 17% partial response). Although the 2- 
year relapse rate was 30%, 2/7 relapsed patients had primary refrac- 
tory disease and no relapse was seen beyond 4 months from trans- 
plantation. Although this was a small sample size with short median 
follow-up of 30 months, it showed that patients who autografted 
after CR had low relapse rate. 

Rong et al published a case of 52-year-old man with HIV negative 
Stage IV PBL who had a relapse in disease after first line therapy 
with bortezomib, epirubicin and dexamethasone and auto trans- 
plant. The patient then received an allogeneic transplant and was 
reported to be in CR for more than 4 years. 73 In the era of cellular 
therapy and other targeted agents, further clinical studies are needed 
to optimize not only first line options but also further lines, includ- 
ing the role of allogeneic stem cell transplantation, in relapsed and 
refractory disease. 

Targeting EBV – EBV is a known causative agent for PBL there- 
fore therapies aimed at targeting EBV infected lymphocytes can 
potentially be helpful in treating PBL. EBV infection in PBL is more 
commonly seen in HIV positive patients, post-transplant setting 
than in immunocompetent patients 41 Ramburan et al studied 49 
cases of PBL and discovered that 90% of the cases showed restricted 
EBV latency profile (latency 0 and I). All cases were EBNA2 
negative which may have impacted lack of LMP1 expression. 74 
Therefore, therapies targeting oncoprotein LMP1 cannot be used 

in PBL. Several CAR-T therapies aimed at targeting EBV are in 
the process like TÜ165 CAR-Ts that recognize EBV peptide/HLA 
complexes in a TCR-like manner and thereby allow for recogniz- 
ing an intracellular EBV target. 66 These generated T cells were seen 
to release apoptosis inducing mediators that specifically lysed EBV 
positive target cells. 

CAR-T – Chimeric antigen receptor T cell therapy (CAR-T) 
has been approved by FDA for large B cell lymphoma that has 
relapsed or refractory after 2 lines of systemic therapies. Various 
studies are undergoing to see its efficacy and improved outcomes in 
hematological malignancies. Garfall et al published a case report of 
a 31-year-old patient who was diagnosed with Stage IV HIV and 
EBV negative PBL. Her disease progressed on DA-EPOCH and 
Ifosfamide, carboplatin and etoposide (ICE) therapy and Carfil- 
zomib, lenalidomide and daratumumab. She then received axi-cel 
and had complete metabolic response at 4 months. She, unfortu- 
nately, had relapse of disease at 6 months and workup showed loss 
of in vivo axi-cel activity, and not loss of CD19 expression, as the 
cause of treatment failure. 75 

Since PBL expresses antigens like multiple myeloma, CAR-T 
therapy directed against B cell maturation antigen (BCMA) has 
been used in few case studies. Raghunandan et al 76 reported a 
case of refractory PBL to multiple lines of therapy including 
allogeneic bone marrow transplant achieved complete response 
to BCMA CAR-T therapy. This may indicate that we should 
consider using CAR-T in earlier lines of therapy in refractory PBL 
patients. 

While we prefer randomized controlled trials to prove efficacy of 
drugs in a disease, due to the rarity of PBL that may not be attain- 
able. Hence it is important to review retrospective studies and case 
reports while formulating a treatment plan for these patients. 

Future Directions. The rich tumor microenvironment found in 
PBL with presence of tumor associated macrophages, JAK-STAT 
pathway, PD1 reactive T lymphocytes, STAT3 mutations which 
further trigger PD L1 over expression, BRAF mutations in PBL 
may have therapeutic implications and should be explored in trials. 
Considering multiple studies have shown distinct genetic alterations 
in EBV positive and negative PBL tumors, maybe future studies 
should be done to refine treatment according to the precise molecu- 
lar subtype. 

It’s a unique neoplasm with both lymphoid and plasmacytic 
features with variable clinical presentation and poses a challenge to 
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Figure S2. Post-transplant HHV-8 viral load with daratumumab (red arrow) treatment.  
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C o r r e s p o n d e n c e

Daratumumab in Primary Effusion Lymphoma

To the Editor: Primary effusion lymphoma is a 
rare type of non-Hodgkin’s lymphoma that is 
associated with human immunodeficiency virus 
(HIV) and human herpesvirus 8 (HHV-8) infec-
tions.1 It typically manifests with lymphomatous 
pleural and peritoneal effusions. Neoplastic cells 
have an immunoblastic to plasmablastic appear-
ance, and the diagnosis requires the presence of 
HHV-8 infection. Most primary effusion lympho-
mas have lymphocyte activation markers (CD30 
and CD38) without normal B-cell markers (CD19 
and CD20).

The most appropriate treatment regimens for 
primary effusion lymphoma have not been estab-
lished, but patients generally receive combina-
tion chemotherapy. Although complete response 
rates range from 43 to 57%, the prognosis re-
mains poor, with an estimated median survival 
of approximately 6 months.1 Daratumumab, a 
CD38-directed human IgG1κ monoclonal anti-
body, is approved for the treatment of multiple 
myeloma.2 We report the successful use of dara-
tumumab to treat primary effusion lymphoma.

A 47-year-old HIV-infected man had received 
a diagnosis of solitary variant primary effusion 
lymphoma nearly 3 years previously. He had re-
ceived dose-adjusted rituximab, etoposide, predni-
sone, vincristine, and doxorubicin; brentuximab 
vedotin (CD30-targeted therapy); and gemcitabine 
with oxaliplatin, followed by ifosfamide, cyclo-
phosphamide, and etoposide.

Given the patient’s multiple relapses, he under-
went a mismatched, unrelated, reduced-intensity 
allogeneic transplantation while the disease was 
in remission after salvage chemotherapy. Although 
chimerism studies showed that the patient had 
100% donor cells in the CD3 and CD33 compart-
ments on peripheral-blood testing and the HIV 
viral load was undetectable, positron-emission 
tomography–computed tomography (PET-CT) at 

the day 100 evaluation revealed evidence of re-
lapsed primary effusion lymphoma (see Fig. S1 
in the Supplementary Appendix, available with 
the full text of this letter at NEJM.org), along 
with recurrent HHV-8 viremia. A bone marrow 
biopsy confirmed primary effusion lymphoma 
(Fig. 1A and 1B), with CD38 positivity on flow 
cytometry (Fig. 1C).

At this relapse, immunosuppression was ta-
pered, and the patient received off-label, single-
agent, weekly daratumumab at a dose of 16 mg 
per kilogram of body weight, according to stan-
dard administration guidelines. Although HHV-8 
titers may not be indicative of a response to 
chemotherapy,3 his serum titers decreased from 
807,000 copies per milliliter to an undetectable 
level after the first dose (Fig. S2 in the Supple-
mentary Appendix). Repeat PET-CT after four 
doses showed a clinically significant partial re-
sponse (Fig. S1 in the Supplementary Appendix). 
The fifth dose was delayed because the patient 
was hospitalized for infection, and the HHV-8 
titers increased during the 2-week delay (Fig. S2 
in the Supplementary Appendix). When daratu-
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Figure S1. PET imaging prior to daratumumab (left) and response (right) after 4 weekly 
doses of daratumumab. 
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Daratumumab in Primary Effusion Lymphoma

To the Editor: Primary effusion lymphoma is a 
rare type of non-Hodgkin’s lymphoma that is 
associated with human immunodeficiency virus 
(HIV) and human herpesvirus 8 (HHV-8) infec-
tions.1 It typically manifests with lymphomatous 
pleural and peritoneal effusions. Neoplastic cells 
have an immunoblastic to plasmablastic appear-
ance, and the diagnosis requires the presence of 
HHV-8 infection. Most primary effusion lympho-
mas have lymphocyte activation markers (CD30 
and CD38) without normal B-cell markers (CD19 
and CD20).

The most appropriate treatment regimens for 
primary effusion lymphoma have not been estab-
lished, but patients generally receive combina-
tion chemotherapy. Although complete response 
rates range from 43 to 57%, the prognosis re-
mains poor, with an estimated median survival 
of approximately 6 months.1 Daratumumab, a 
CD38-directed human IgG1κ monoclonal anti-
body, is approved for the treatment of multiple 
myeloma.2 We report the successful use of dara-
tumumab to treat primary effusion lymphoma.

A 47-year-old HIV-infected man had received 
a diagnosis of solitary variant primary effusion 
lymphoma nearly 3 years previously. He had re-
ceived dose-adjusted rituximab, etoposide, predni-
sone, vincristine, and doxorubicin; brentuximab 
vedotin (CD30-targeted therapy); and gemcitabine 
with oxaliplatin, followed by ifosfamide, cyclo-
phosphamide, and etoposide.

Given the patient’s multiple relapses, he under-
went a mismatched, unrelated, reduced-intensity 
allogeneic transplantation while the disease was 
in remission after salvage chemotherapy. Although 
chimerism studies showed that the patient had 
100% donor cells in the CD3 and CD33 compart-
ments on peripheral-blood testing and the HIV 
viral load was undetectable, positron-emission 
tomography–computed tomography (PET-CT) at 

the day 100 evaluation revealed evidence of re-
lapsed primary effusion lymphoma (see Fig. S1 
in the Supplementary Appendix, available with 
the full text of this letter at NEJM.org), along 
with recurrent HHV-8 viremia. A bone marrow 
biopsy confirmed primary effusion lymphoma 
(Fig. 1A and 1B), with CD38 positivity on flow 
cytometry (Fig. 1C).

At this relapse, immunosuppression was ta-
pered, and the patient received off-label, single-
agent, weekly daratumumab at a dose of 16 mg 
per kilogram of body weight, according to stan-
dard administration guidelines. Although HHV-8 
titers may not be indicative of a response to 
chemotherapy,3 his serum titers decreased from 
807,000 copies per milliliter to an undetectable 
level after the first dose (Fig. S2 in the Supple-
mentary Appendix). Repeat PET-CT after four 
doses showed a clinically significant partial re-
sponse (Fig. S1 in the Supplementary Appendix). 
The fifth dose was delayed because the patient 
was hospitalized for infection, and the HHV-8 
titers increased during the 2-week delay (Fig. S2 
in the Supplementary Appendix). When daratu-
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Conclusioni

1. Linfomi in PLWH sono una popolazione particolare, che richiede centri attrezzati e collaborazione 
multidisciplinare.

2. Tale attenzione non dove essere motivo di discriminazione nell’accesso alle cure e ai nuovi farmaci
3. Importanza di includere pazienti HIV nei nuovi trial
4. Arruolare negli studi clinici specifici per pazienti HIV per informazioni sull’outcome
5. Le saltuarie esperienze su farmaci biologici e sull’immunoterapia in pazienti HIV in letteratura sono 

positive in termini di sicurezza

6. CAR-T nei pazienti HIV che ricevono terapia ART possono essere prodotti
7. Pochi dati a disposizione confermano che i CART nei pazienti HIV positivi possono essere sicuri (No 

SIRS)
8. Rimane incerta l’efficacia di CAR-T generati da Linfociti T infettati dall’HIV e l’interazione con le 

frequenti coinfezioni, soprattutto virali (EBV e HHV8).




