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ABSTRACT
Background Non- Hodgkin’s lymphoma (NHL) is 
currently the most common malignancy among people 
living with HIV (PLWH) in the USA. NHL in PLWH is more 
frequently associated with oncogenic viruses than NHL in 
immunocompetent individuals and is generally associated 
with increased PD-1 expression and T cell exhaustion. An 
effective immune- based second- line approach that is less 
immunosuppressive than chemotherapy may decrease 
infection risk, improve immune control of oncogenic 
viruses, and ultimately allow for better lymphoma control.
Methods We conducted a retrospective study of 
patients with HIV- associated lymphomas treated with 
pembrolizumab±pomalidomide in the HIV and AIDS 
Malignancy Branch, Center for Cancer Research, National 
Cancer Institute.
Results We identified 10 patients with stage IV 
relapsed and/or primary refractory HIV- associated NHL 
who were treated with pembrolizumab, an immune 
checkpoint inihibitor, with or without pomalidomide. Five 
patients had primary effusion lymphoma (PEL): one had 
germinal center B cell- like (GCB) diffuse large B cell 
lymphoma (DLBCL); two had non- GCB DLBCL; one had 
aggressive B cell lymphoma, not otherwise specified; 
and one had plasmablastic lymphoma. Six patients 
received pembrolizumab alone at 200 mg intravenously 
every 3 weeks, three received pembrolizumab 200 mg 
intravenously every 4 weeks plus pomalidomide 4 mg 
orally every day for days 1–21 of a 28- day cycle; and 
one sequentially received pembrolizumab alone and 
then pomalidomide alone. The response rate was 50% 
with particular benefit in gammaherpesvirus- associated 
tumors. The progression- free survival was 4.1 months 
(95% CI: 1.3 to 12.4) and overall survival was 14.7 months 
(95% CI: 2.96 to not reached). Three patients with PEL had 
leptomeningeal disease: one had a complete response 
and the other two had long- term disease control. There 
were four immune- related adverse events (irAEs), all 
CTCAEv5 grade 2–3; three of the four patients were able 
to continue receiving pembrolizumab. No irAEs occurred in 
patients receiving the combination of pembrolizumab and 
pomalidomide.
Conclusions Treatment of HIV- associated NHL with 
pembrolizumab with or without pomalidomide elicited 
responses in several subtypes of HIV- associated NHL. This 
approach is worth further study in PLWH and NHL.

INTRODUCTION
With current combination antiretroviral 
therapy (ART), the most common cancer 
among people living with HIV (PLWH) in the 
USA is non- Hodgkin's lymphoma (NHL).1 
There is an 11- fold to 17- fold increased life-
time risk of NHL in PLWH compared with 
the general population, due in part to CD4+ 
T cell lymphopenia but also to immune 
dysregulation, B cell activation, and immune 
exhaustion from chronic viral antigen stimu-
lation.2 3 Similar to the general population, 
diffuse large B cell lymphoma (DLBCL) is 
the most common subtype, but there are also 
rare subtypes that occur almost exclusively in 
PLWH, such as primary effusion lymphoma 
(PEL) and plasmablastic lymphoma (PBL). In 
PLWH, DLBCL and PBL are frequently asso-
ciated with Epstein- Barr virus (EBV). Kaposi 
sarcoma herpesvirus (KSHV, also known as 
human herpesvirus 8) is the etiologic agent 
of PEL, with EBV coinfection also present 
in the vast majority of cases.4 Several factors 
are believed to contribute to the increased 
risk of virus- associated NHL in PLWH. HIV- 
associated immunosuppression causes a loss 
of virus- specific T cells allowing decreased 
control of EBV- infected or KSHV- infected B 
cell, increasing B cell activation and the risk 
of malignant B cell transformation.5 Both 
EBV and KSHV are able to evade immune 
detection and maintain infection in host 
B cells through downregulation of expres-
sion of immune surface markers, which are 
essential for T cell and natural killer (NK) 
cell immune surveillance, and this process 
may work in tandem with HIV- induced 
immunosuppression.6

PD-1 inhibitors, such as pembrolizumab 
and nivolumab, have proven effective in 
many cancer subtypes, particularly those with 
neoantigens from a high mutational burden.7 
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Checkpoint inhibitors are potentially attractive agents 
in PLWH as they do not cause further immunosuppres-
sion, unlike traditional cytotoxic chemotherapies and 
radiotherapy, and also because of the increase in PD-1- 
expressing exhausted T cells seen in PLWH compared 
with the general population.8 While these agents have 
had relatively disappointing results so far as single agents 
in aggressive NHL in the immunocompetent population, 
EBV- encoded and/or KSHV- encoded foreign antigens 
in HIV- associated NHL may render these tumors poten-
tially more susceptible to such therapy.9 10 Recent clinical 
trials have provided evidence that these agents are safe in 
PLWH and have anti- tumor activity in a subset of cases.11 12

Pomalidomide is a third generation analog of thalid-
omide with immunomodulatory, antiangiogenic, and 
antineoplastic properties. Thalidomide and its analogs all 
work by binding to and modulating the activity of cere-
blon. Pomalidomide is approved by the United States 
Food and Drug Administration (FDA) for the treatment 
of multiple myeloma and Kaposi sarcoma, and has been 
proven to be safe in PLWH.13 Pomalidomide also has 
known activity in certain types of NHL.14 There may be 
direct anti- lymphoma activity in part via downregula-
tion of IRF4/MUM1 expression, which is common in 
HIV- associated NHL.15 16 Pomalidomide can enhance T 
and NK cell activation, and there is also evidence that it 
may render EBV- infected or KSHV- infected tumor cells 
visible to the immune system by reversing EBV- induced 
and KSHV- induced downregulation of immune surface 
markers, such as MHC-1, ICAM-1, and CD86.17 18 Another 
clinically relevant aspect of pomalidomide is its ability to 
penetrate the central nervous system (CNS), as leptome-
ningeal involvement is more frequent in HIV- associated 
NHL.14 19

The standard treatment for NHL after progression on 
or after front- line chemotherapy is second- line combina-
tion chemotherapy, often containing a platinum agent, 
followed by autologous hematopoietic stem cell trans-
plant.20 21 This approach does not generally differ for 
HIV- associated NHL; however, a second- line approach 
that spares not only T cells, but also B cells and cells of 
the innate immune system may decrease infection risk, 
improve immune control of oncogenic viruses, and poten-
tially allow for better outcomes. Given their potential 
activity in HIV- associated NHL and immune- cell sparing 
nature, checkpoint inhibitors and cereblon modulators 
may be beneficial for salvage use in patients with NHL in 
whom further immunosuppressive chemotherapy might 
negatively affect outcomes. Our group is involved in a 
clinical trial evaluating pembrolizumab in PLWH and 
cancer that included several patients with NHL and is 
conducting two clinical trials of pomalidomide in PLWH 
and Kaposi sarcoma (NCT02595866, NCT01495598, 
NCT02659930). These studies have provided evidence 
that these agents have similar safety profiles in PLWH as 
they do in the general population.11 13 22 Based on this 
experience, we have treated additional patients with HIV- 
associated NHL with pembrolizumab with or without the 

addition of pomalidomide, and in this manuscript, we 
review our experience with this salvage therapy for HIV- 
associated NHL.

PATIENTS AND METHODS
Study design and patient selection
We conducted a retrospective study of all identified patients 
with HIV- associated lymphomas treated with pembroli-
zumab±pomalidomide in the HIV and AIDS Malignancy 
Branch, Center for Cancer Research, National Cancer 
Institute (NCI). All patients were participating in one 
or more clinical studies (NCT00006518, NCT00092222, 
NCT01419561) and one clinical trial (NCT02595866). 
All cases were pathologically confirmed in the Labora-
tory of Pathology, NCI, and evaluated at the time of active 
disease. Diagnoses were based on cytopathology and/or 
H&E staining of tissue supported by immunohistochem-
istry. Leptomeningeal involvement of NHL was deter-
mined by cytopathology and/or flow cytometry of the 
cerebrospinal fluid (CSF), and patients with CSF involve-
ment were followed serially with cytopathology and flow 
cytometry. KSHV tumor status was confirmed by staining 
for latency- associated nuclear antigen (anti- ORF73 rat 
mAB, Advanced Biotechnologies, Eldersburg, Maryland, 
USA). EBV tumor status was evaluated by in situ hybrid-
ization against EBV- encoded small RNA. Clinical records 
were reviewed for baseline clinical laboratory parameters 
prior to initiation of therapy. NHL staging and response 
to treatment were determined according to the Lugano 
classification for NHL, and restaging was performed 
every three cycles or more frequently if progressive 
disease was suspected.23 Disease stabilization of leptome-
ningeal disease was defined by the lack of new neurologic 
symptoms or MRI findings that could be attributed to 
disease. HIV viral loads and CD4+ and CD8+ T cell counts 
were generally measured every 3 months unless there was 
clinical indication to measure more frequently. Immune- 
related adverse events (irAEs) were graded according to 
the Common Terminology Criteria for Adverse Events 
V.5.0 and managed according to the American Society 
of Clinical Oncological Clinical Practice Guidelines for 
management of irAEs.24 25

Treatment
Patients receiving pembrolizumab alone received 200 mg 
intravenously every 3 weeks. Patients receiving both drugs 
received pembrolizumab 200 mg intravenously every 4 
weeks and pomalidomide 4 mg orally every day for days 
1–21 of a 28- day cycle, based on our experience devel-
oping pomalidomide for Kaposi sarcoma.13 The same 
dosing schedule of pomalidomide was used during periods 
when patients received pomalidomide as a single agent. 
Patients who developed grade 3 or 4 neutropenia had a 
dose reduction of pomalidomide to 3 mg and received 
growth factor support with pegfilgrastim. All patients 
starting pomalidomide received thromboprophylaxis 
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with either aspirin or enoxaparin. There were no changes 
in patients’ ART prior to treatment initiation.

Statistical considerations
The data were censored on July 1, 2020. Response to 
treatment and immune reconstitution were evaluated 
using descriptive statistics. Progression- free survival (PFS) 
and overall survival (OS) were calculated from the time of 
initiation of pembrolizumab with or without the addition 
of pomalidomide until the date or progression, death or 
censor date as appropriate, and evaluated using Kaplan- 
Meier methodology.

RESULTS
Patient characteristics
Seven cisgender men and three cisgender women 
with stage IV HIV- associated NHL were treated with 
pembrolizumab±pomalidomide between June 2016 and 
October 2019 (table 1). They included three partic-
ipants of Cancer Immunotherapy Trials Network 12 
(NCT02595866) who have been included in a publica-
tion of the primary safety results of that study.11 There 
were a variety of lymphoma histologies among the treated 
patients: five had PEL; one had germinal center B cell 
like (GCB) DLBCL with MYC rearrangement; two had 
non- GCB DLBCL; one had aggressive B cell lymphoma, 
not otherwise specified (NOS); and one had PBL. In all, 
seven patients had gammaherpesvirus- associated NHL. 
All five PEL tumors were positive for KSHV and four were 
also positive for EBV. Also, one non- GCB DLBCL and the 
PBL were positive for EBV. The viral association could not 
be conclusively determined in the case of aggressive B 
cell lymphoma, NOS. Cytology and flow cytometry of the 
CSF was performed in all patients and revealed leptome-
ningeal involvement of NHL in four patients, three with 
PEL and one with EBV- negative non- GCB DLBCL. This 
included patient 6 with extracavitary PEL who was treated 
for asymptomatic CSF relapse only and had no evidence 
of systemic disease during treatment.

The median number of prior lines of therapies received 
prior to pembrolizumab±pomalidomide was 3 (range: 
1–5). The most common therapy prior to pembrolizumab 
was dose- adjusted infusional etoposide, vincristine, and 
doxorubicin with cyclophosphamide and prednisone 
with or without rituximab (online supplemental table 
1). The median time between the start of treatment with 
pembrolizumab and the last prior therapy was 56 days 
(range: 7–357). At baseline, median Eastern Coopera-
tive Oncology Group performance score was 1 (range: 
0–4) and median CD4+ and CD8+ T cell counts were 
214 cells/µL (range: 43–557) and 607 cells/µL (range: 
126–1707), respectively. Four patients had a baseline CD4 
count <200 cells/µL. All patients were receiving integrase 
inhibitor- based ART at the time of treatment initiation. 
ART in two patients included an HIV protease inhibitor 
(darunavir) boosted with ritonavir or cobicistat. The 
median HIV viral load at baseline was undetectable and 

no patient had a viral load >400 copies/mL at baseline or 
at any time during treatment. No patient developed an 
opportunistic infection during treatment; however, one 
patient was receiving treatment at treatment initiation 
for extensive acyclovir- resistant genital herpes and CNS 
toxoplasmosis. One patient had concurrent hepatitis B 
infection and was receiving an ART regimen containing 
tenofovir and emtricitabine. Two patients had concurrent 
Kaposi sarcoma at treatment initiation.

Treatment response and OS
The median number of cycles of pembrolizumab received 
was 7 (range: 3–22); patient 7 was still receiving pembroli-
zumab and pomalidomide at the time of censor (table 2 
and figure 1). Four patients also received pomalidomide: 
three received it concurrently with pembrolizumab, and 
patient 6 received it sequentially after pembrolizumab 
for leptomeningeal PEL. Pomalidomide was initiated in 
three patients (patients 6, 7, and 10) with PEL to treat 
leptomeningeal disease and in patient 9 with PBL when 
progressive disease was confirmed on pembrolizumab 
monotherapy.

Of the six patients who received pembrolizumab alone, 
there were three partial responses (PRs): one patient 
with PEL; one with aggressive B cell lymphoma, NOS; 
and one with EBV- positive non- GCB DLBCL (table 2 and 
figure 2). All PRs were observed at the first restaging, 
after three cycles of pembrolizumab. Patient 1 with PEL 
and patient 4 with aggressive B cell lymphoma, NOS with 
PRs did not experience subsequent disease progression 
on pembrolizumab and went on to receive allogeneic 
hematopoietic stem cell transplant and rituximab, ifosfa-
mide, carboplatin, and etoposide followed by allogeneic 
hematopoietic stem cell transplant, respectively. Patient 
5 with EBV- positive non- GCB DLBCL had a PR at the 
first restaging but then developed progressive disease 
after a total of six cycles of pembrolizumab. She went on 
to receive further treatment with rituximab, ibrutinib, 
and lenalidomide. Two patients with heavily pretreated 
lymphoma, patient 2 with MYC rearranged GCB DLBCL 
and patient 3 with PEL, had stable disease over 21 weeks 
and 18 weeks, respectively. Patient 8 with EBV- negative 
non- GCB DLBCL had progressive disease at first restaging.

Four patients received both pembrolizumab and poma-
lidomide (table 2). Two had received prior therapy with 
lenalidomide with subsequent progression of NHL. 
Patient 7 with refractory PEL had systemic and leptome-
ningeal complete response (CR) on pomalidomide and 
pembrolizumab and continued to receive these agents 
after CR to reduce risk of relapse. Patient 6 with leptome-
ningeal PEL had stable disease on pomalidomide mono-
therapy after pembrolizumab monotherapy. Patient 9 
with PBL had rapidly progressive disease, and the addi-
tion of pomalidomide to pembrolizumab did not slow 
the rate of disease progression. Patient 10 with perito-
neal and leptomeningeal PEL had a PR and significant 
improvement in performance status during treatment 
with pembrolizumab and pomalidomide.
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The overall response rate was 50% in all patients; four 
patients had a PR and one had a CR. The median PFS 
was 4.1 months (95% CI: 1.3 to 12.4) and median OS was 
14.7 months (95% CI: 2.96 to not reached) (figure 3). 
The median time from initiation of pembrolizumab 
to last follow- up was 14 months (range: 3–33 months). 
Six of the seven patients with gammaherpesvirus posi-
tive tumors, including five with PEL, had CR, PR, or 
prolonged disease stabilization from treatment. The one 
patient (patient 9) with progressive disease as best tumor 
response had EBV- positive PBL. Of the two patients with 
tumors that were neither KSHV nor EBV positive (both 
DLBCL), patient 2 had disease stabilization for 21 weeks 
and patient 8 had progressive disease (tables 1 and 2). 
With regard to the effects on T cell numbers, lympho-
cyte counts were performed at end- of- treatment in nine 
patients. The median end- of- treatment CD4+ and CD8+ T 
cell counts were 237 and 634 cells/µL, respectively, which 
was a median increase of 52 CD4+ and 43 CD8+ T cells/
µL from baseline. Four patients experienced decreases 
in their CD4+ and/or CD8+ counts, but only two had 
decreases in CD4+ and/or CD8+ T cells of more than 
100 cells/µL, which was attributed to tumor progression 
within the bone marrow.

If patients with PEL had evidence of leptomeningeal 
disease at baseline or during treatment, pomalidomide 
was administered with pembrolizimab or as a single agent 
after pembrolizumab. Out of the three patients treated 
for leptomeningeal PEL, one patient (patient 7) who had 
previously received extensive intrathecal chemotherapy 
for PEL in the CSF had a CR when pomalidomide was 
added to pembrolizumab. The second patient (patient 
6) initially received pembrolizumab, but this had to be 
discontinued for an irAE (Guillain- Barre syndrome); he 
then received pomalidomide as a single agent and had 
disease stabilization for 12 months without subsequent 
irAEs. The third patient (patient 10) also had disease 
stabilization of his leptomeningeal PEL for more than 
7 months on pembrolizumab and pomalidomide, and 
continued to receive pomalidomide for leptomeningeal 
disease as part of his treatment regimen after systemic 
progression of his PEL on pembrolizumab.

Adverse events
There were four irAEs (table 2). Two patients developed 
grade 2 hypothyroidism during cycle 4 of pembrolizumab 
and were treated with levothyroxine. One patient expe-
rienced grade 3 hepatitis during cycle 1 of pembroli-
zumab, which resolved with steroids, and treatment with 
pembrolizumab was reinitiated without further irAEs. 
Patient 6 developed grade 3 Guillain- Barre syndrome 
during cycle 7 of pembrolizumab, which resolved with 
a prolonged steroid taper and permanent cessation of 
pembrolizumab. This patient went onto receive poma-
lidomide without irAEs. No patient experienced an 
irAE while receiving pembrolizumab and pomalidomide 
together.Ta
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Two of the three patients with PEL receiving pomalid-
omide developed grade 3 neutropenia. In these cases, 
the dose of pomalidomide was reduced to 3 mg and they 
received growth factor support with pegfilgrastim. Both 
patients continued to have intermittent grade 2 neutro-
penia but were able to continue treatment without infec-
tious complications or episodes of febrile neutropenia.

DISCUSSION
This is one of the first reports to describe the use of 
pembrolizumab in HIV- associated NHL and the first to 
our knowledge to describe its use in combination with 
pomalidomide in this population. Although this is retro-
spective study of a small cohort of patients, the response 
rate of 50% indicates these agents should be investigated 

further in HIV- associated NHL. Of particular note was 
the activity seen in PEL, a rare KSHV- driven lymphoma 
with an inferior OS compared with other HIV- associated 
NHLs.26 Of the five patients with PEL, one had CR with the 
combination of pembrolizumab and pomalidomide, two 
had PR with pembrolizumab alone, and two had disease 
stabilization with pembrolizumab over 18 and 21 weeks. 
Interestingly, the two patients with tumors negative for 
EBV and KSHV did not have responses to pembrolizumab, 
although one did have stable disease. DLBCL in the 
general population is usually EBV- negative and responses 
to single- agent checkpoint inhibitors are less than 10% 
in this population.10 Previous studies of HIV- uninfected 
patients have shown that the response to checkpoint 
inhibitor therapy may be higher in certain virus- assocated 
lymphomas, such as NK/T cell lymphomas.27 28 This may 
be due to the fact that virus- associated tumors express 
viral antigens and also tend to have higher expression 
of PD-1 and its ligand PD- L1, which has been associated 
with higher response to checkpoint inhibitor therapy.29 30 
The results of this study suggests the agents should be 
studied further in gammaherpesvirus- associated NHL 
even outside the setting of HIV infection.

Also important to note was the activity of pomalid-
omide in patients with leptomeningeal involvement. 
Leptomeningeal PEL is a rare complication of an already 
rare lymphoma with only a handful of cases previously 
described in the literature.31 32 To our knowledge this is 
the largest series of patients treated for leptomeningeal 
PEL and the first to describe the use of pomalidomide 
for treatment of PEL. The relatively high percentage of 
cases with leptomeningeal disease identified in this series 
suggests it may often go undiagnosed in patients with 
PEL. It is noteworthy that one of these patients attained 
a CR and the other two had long- term disease stabili-
zation. This is a promising finding for the treatment of 

Figure 1 CR, complete response; DLBCL, diffuse large B cell lymphoma; irAE, immune- related adverse event; PBL, 
plasmablastic lymphoma; PD, progressive disease; PEL, primary effusion lymphoma; PR, partial response. *Patient 6 received 
pomalidomide sequentially after pembrolizumab was stopped due to an irAE

Figure 2 18FDG PET images of patient with EBV+ diffuse 
large B cell lymphoma (patient 5) prior to treatment (A) and 
after three cycles of pembrolizumab (B). EBV, Epstein- Barr 
virus; 18FDG PET, fluorodeoxyglucose F 18 positron emission 
tomography.
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leptomeningeal NHL, particularly PEL, as this is noto-
riously difficult to treat and generally has an extremely 
poor prognosis.33 34

This study provides further evidence that checkpoint inib-
itors, such as pembrolizumab, are safe in PLWH and can 
be effective even in patients with relatively low CD4+ T cell 
counts (a PR was observed even in a patient with fewer than 
50 CD4+ T cells/µL at baseline). Four patients on pembroli-
zumab monotherapy experienced irAEs, and all but one 
were able to continue with therapy. It also provides evidence 
that a checkpoint inhibitor can be safely administered with 
pomalidomide in this population. There have been safety 
concerns regarding the combination of PD-1 inhibitors and 
cereblon modulators (lenalidomide or pomalidomide) after 
randomized trials in relapsed multiple myeloma showed 
increased deaths in the combination arms compared with 
single- agent lenalidomide arms without a unifying cause 
for the increased deaths.35 An important distinction is that 
studies in multiple myeloma included dexamethasone 
along with checkpoint inhibitors, potentially negating the 
positive effects of anti- PD-1 therapy. Also, there is also no 
known single- agent benefit of anti- PD-1 therapy in multiple 
myeloma, unlike in certain subtypes of lymphoma. PLWH 
who develop cancer also tend to be appreciably younger than 
patients with multiple myeloma and have better organ func-
tion, particularly cardiovascular function, which appeared to 
be one source of AEs in the myeloma studies.

After front- line chemotherapy has failed, immune recon-
stitution and HIV control are vitally important for PLWH, 
not only for prevention of opportunistic infections but also 
for lymphoma control and OS.36 As is the case with immu-
nocompetent patients with DLBCL, CD4+ lymphocytopenia 
post- chemotherapy among PLWH is associated with poorer 
survival, in part due to the increased risk of infection.37 38 
In addition, aggressive lymphomas are immune- responsive 
tumors and ART- induced immune reconstitution plays an 
important role in tumor control.39 40 Not only do checkpoint 
inhibitors allow for immune recovery, but the increase in 
PD-1 expression in circulating T cells in PLWH, even in the 

setting of well- controlled HIV with preserved CD4+ T cell 
counts, compared with the general population is an addi-
tional reason to consider checkpoint inhibitors in PLWH, 
potentially even to a greater extent than the immunocom-
petent population.8 41 42 Cereblon modulators are also attrac-
tive agents for study in PLWH because they can induce T 
and NK cell activation and reverse immune surface marker 
downregulation by oncogenic viruses.43 There is also poten-
tial for synergy between checkpoint inhibitors and cereblon 
modulators, such as pomalidomide, and this will be evalu-
ated in an upcoming clinical trial in our group for patients 
with virus- associated tumors in people with and without HIV. 
Most important, we hope these findings encourage investiga-
tors to include PLWH in prospective immunotherapy trials 
for NHL and other cancers per American Society of Clinical 
Oncology and FDA guidelines.44 45
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