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Abstract

Outcomes after programmed death-1 (PD-1) blockade in B-cell lymphomas are disappointing with few durable responses. 
Histone deacetylase inhibitors exhibit favorable immunomodulatory effects and demonstrate synergistic anti-tumor immune 
responses with anti-PD-1 therapy in preclinical models. We, therefore, developed a phase I study to evaluate the safety and 
preliminary efficacy of pembrolizumab with vorinostat in relapsed/refractory B-cell lymphomas. Patients were treated in a 
dose-escalation cohort using a Rolling 6 design followed by an expansion cohort at the recommended phase II dose (R2PD). 
Fifty-two patients were enrolled (32 Hodgkin and 20 non-Hodgkin lymphoma [NHL]). Here, we report safety data from the 
dose escalation cohort, and the toxicity and efficacy within NHL patients. Vorinostat was administered twice daily on days 
1-5 and 8-12 (dose-level [DL]1: 100 mg; DL2: 200 mg) and pembrolizumab (200 mg) was administered on day 1 of each 3-week 
cycle. Of six patients treated at DL1, one had a dose-limiting toxicity (DLT) (Stevens-Johnson syndrome [SJS]), and one of 
six had a DLT at DL2 (thromboembolism); therefore, DL2 was the RP2D. The patient developing SJS was treated with cor-
ticosteroids, infliximab, and cyclosporine but ultimately died of invasive fungal infection from the extensive immunosup-
pression used to treat the SJS. The most common adverse events were hypertension, diarrhea, and cytopenias. Of 20 NHL 
patients, nine had follicular lymphoma (FL) and 11 had diffuse large B-cell lymphoma (DLBCL). Five DLBCL patients had 
primary mediastinal B-cell lymphoma (PMBL). The complete and overall response rates (CR and ORR) were 11% and 22% for 
FL and 45% and 55% for all DLBCL. Amongst DLBCL, the CR and ORR was 80% and 80% for PMBL and 17% and 33% for 
non-PMBL. In conclusion, pembrolizumab with vorinostat was tolerable and produced responses in relapsed/refractory 
B-cell NHL, with particularly notable efficacy in PMBL (clinicaltrials gov. Identifier: NCT03150329).

Introduction

B-cell non-Hodgkin lymphoma (NHL) such as follicular 
lymphoma (FL) and diffuse large B-cell lymphoma (DLBCL) 
are the most common lymphomas diagnosed in the United 
States.1 Currently, most FL and a large proportion of DLBCL 
patients will develop relapsed/refractory (r/r) disease, which 
has been historically associated with poor outcomes in 
the chemotherapy era.2,3 More recently, however, the treat-
ment paradigm of r/r DLBCL and FL has shifted away from 
conventional chemotherapy and towards the use of highly 
effective novel immunotherapies. This includes the recent 
development of CD19-directed chimeric antigen receptor 

(CAR) T cells,4 CD20 bispecific antibodies (BsAb),5 antibody 
drug conjugates (e.g., polatuzumab vedotin, loncastuxi-
mab tesirine),6,7 and other antibody-based therapies (e.g., 
tafasitamab).8 These treatments are each associated with 
high response rates and have greatly improved outcomes 
in patients with r/r B-cell NHL. However, despite these 
therapeutic advances, the reality remains that the major-
ity of patients with r/r B-cell NHL will still not achieve a 
durable remission with immunotherapy or more traditional 
approaches like stem cell transplantation.2,4,5 Treatment 
options are also limited for patients who progress after 
CAR T-cell therapy or stem cell transplantation, and the 
median overall survival (OS) is only 5.2 months for patients 
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with aggressive B-cell lymphomas relapsing after CAR T-cell 
therapy.9 The development of safe and effective therapies 
for r/r B-cell NHL, therefore, remains an area of significant 
unmet need 
The clinical efficacy of PD-1 blockade has transformed the 
treatment landscape of a number of cancer types.10–13 The 
outcomes of anti-PD-1 monotherapy in r/r B-cell NHL, how-
ever, have been disappointing. For instance, the response 
rates to single-agent PD-1 blockade in r/r FL and DLBCL 
are only 4% and 10%, respectively.14,15 The one notable ex-
ception are B-cell NHL that harbor programmed death-1 
(PD-L1) gene alterations, including gray zone lymphomas, 
primary mediastinal B-cell lymphoma (PMBL), and certain 
subtypes of DLBCL.16–18 In r/r PMBL for instance, up to 50% of 
patients respond to anti-PD-1 monotherapy. However, while 
complete responses (CR) appear durable, only a minority 
of PMBL patients achieve CR and the majority will even-
tually progress following anti-PD-1 therapy.17 This presents 
a major challenge in a population of patients commonly 
defined by young age and where cure is the goal of treat-
ment. Given these challenges, we sought to investigate 
whether a PD-1-based combination regimen could result 
in improved outcomes.
Histone deacetylase inhibitors (HDACi) such as vorinostat are 
epigenetic-modifying cancer treatments that are Food and 
Drug Administration-approved for the treatment of certain 
NHL.19,20 HDACi also exhibit favorable immunomodulatory ef-
fects that improve anti-tumor immune responses generated 
in the setting of PD-1 blockade in various preclinical tumor 
models.21–24 HDACi, for example, enhance tumor antigen 
presentation, increase recruitment of T cells into the tumor 
environment, and promote the function of tumor-reactive T 
cells, which results in significantly improved responses to 
PD-1 blockade therapy in preclinical models.21–24 HDACi also 
increase PD-L1 expression on malignant cells from various 
tumor types, which may be an important determinant as-
sociated with PD-1 response in lymphoma and other malig-
nancies.23 HDACi and other epigenetic modifying therapies 
(DNMT3A inhibitors) have now been studied in combination 
with PD-1 blockade for a number of cancers and there have 
been early clinical signs of potential synergy.21,25,26 In classic 
Hodgkin lymphoma (cHL), for example, the combination of 
PD-1 blockade with DNMT3Ai was associated with a higher 
CR rate and progression-free survival (PFS) compared to 
anti-PD-1 monotherapy.25,26 We, therefore, hypothesized that 
adding the immunomodulatory pan-HDACi, vorinostat, to 
the anti-PD1 antibody, pembrolizumab, in patients with r/r 
FL, DLBCL, PMBL, and cHL would be safe and boost the 
anti-tumor activity of PD-1 blockade in B-cell lymphomas. 
Here we report the results of our phase I clinical trial evalu-
ating the safety and preliminary efficacy of pembrolizumab 
with vorinostat in r/r B-cell lymphomas. In this manuscript, 
we report the safety data from the dose escalation cohort 
and the toxicity data and efficacy results from the NHL 
cohort of patients.

Methods

Patients
This was a single-center phase I dose-escalation trial with 
a planned expansion cohort. Eligible patients were 18 years 
old or older with r/r FL, DLBCL, PMBL, or cHL who had re-
lapsed or progressed after at least one prior line of therapy 
and were transplant-ineligible or who refused transplant. 
Initially, prior anti-PD-1 exposure was allowed if patients 
had evidence of a prior objective response to PD-1 block-
ade. On May 14, 2019, the protocol was amended to allow 
patients to enroll regardless of response to prior anti-PD-1 
therapy to facilitate study enrollment and assess efficacy 
in patients with cHL who progressed on prior PD-1 block-
ade. Additional inclusion criteria were as follows: Eastern 
Cooperative Oncology Group performance status of 0-1, 
total bilirubin ≤1.5x upper limit of normal (ULN) or direct 
bilirubin ≤ULN for subjects with total bilirubin levels >1.5x 
ULN, AST/ALT ≤2.5x ULN, and PT/INR ≤1.5x ULN and PTT 
(aPTT) ≤1.5x ULN unless the patient was receiving antico-
agulant therapy in which case PT or PTT had to be within 
therapeutic range of the intended use of anticoagulants. 
Patients with known Gilbert’s disease were allowed to have 
a total bilirubin of up to ≤3x ULN and AST/ALT up to ≤3x 
ULN, and patients with lymphomatous involvement of the 
liver were allowed to be enrolled as long as AST/ALT ≤5x 
ULN. Hematologic parameters required were as follows: 
absolute neutrophil count (ANC) ≥1,000/mL, platelet count 
(Plt) ≥75,000/mL, and hemoglobin ≥8 g/dL without use of 
an erythropoiesis-stimulating agent within 7 days of as-
sessment; patients with known bone marrow involvement 
by lymphoma were not required to meet these parameters. 
Patients had to be willing to provide tissue from a fresh 
core or excisional biopsy prior to starting study therapy or 
from archival tissue of a biopsy that was performed after 
the most recent systemic therapy. Other exclusion criteria 
included a diagnosis of immunodeficiency or any immu-
nosuppressive therapy including systemic corticosteroids 
within 7 days prior to the first dose of trial treatment, prior 
allogeneic stem cell transplantation within 5 years or active 
graft-versus-host-disease, prior autoHCT within 60 days, 
active autoimmune disease requiring systemic treatment 
(replacement therapy such as thyroxine or insulin excepted), 
history of non-infectious pneumonitis requiring steroids or 
current pneumonitis, or a QT interval corrected for heart 
rate (QTc) >470 ms using the Fridericia formula. Patients 
with known active HIV, hepatitis B, or hepatitis C infection 
were ineligible. All patients provided informed consent for 
participation in the clinical trial. The study was approved by 
the Institutional Review Board and conducted in accordance 
with the principles of the Declaration of Helsinki. 

Study treatment
Patients were treated in a dose-escalation cohort with two 
dose levels (DL) using a Rolling 6 design and then onto 
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Clinical characteristics All DLBCL, N=11 PMBCL, N=5

Age in years, median (range) 51 (21-79) 34 (21-51)
Male, N (%) 5 (45) 2 (40)
Ethnicity, N (%)

Hispanic
White
Asian
Black

0 (0)
6 (55)
4 (36)
1 (9)

0 (0)
2 (40)
2 (40)
1 (20)

Histology, N (%)
DLBCL
PMBCL
Transformed DLBCL

4 (36)
5 (45)
2 (18)

Cell-of-origin by Hans criteria, N (%)
Non-GCB
Unknown

9 (82)
2 (18)

4 (80)
1 (20)

Stage 3-4, N (%) 4 (36) 3 (60)
Extranodal involvement, N (%) 5 (45) 2 (40)
Primary refractory, N (%) 7 (64) 4 (80)
Refractory to most recent therapy, N (%) 10 (91) 5 (100)
IPI Score, N (%)

Low risk (0-1)
Low-intermediate risk (2)

5 (45)
6 (55)

2 (40)
3 (60)

Double-expressor, N (%)
Yes
No
Unknown

4 (36)
5 (45)
2 (18)

0 (0)
4 (80)
1 (20)

Double-hit, N (%)
Yes
No
Unknown

1 (9)
8 (73)
2 (18)

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

Prior CAR T-cell therapy, N (%) 3 (21) 1 (20)
Clinical characteristics FL, N=9

Age in years, median (range) 60 (28-78)
Male, N (%) 8 (89)
Ethnicity, N (%) 

Hispanic
White
Asian

2 (22)
7 (78)
2 (22)

Grade, N (%)
2
3A

6 (67)
3 (33)

Stage 3-4, N (%) 6 (67)
Extranodal involvement, N (%) 3 (33)
Refractory to most recent therapy, N (%) 5 (56)
Rituximab-resistant, N (%) 9 (100)
Double-refractory*, N (%) 9 (100)
FLIPI score category, N (%)

Good (0-1)
Intermediate (2)
Poor (3-5)

4 (44)
2 (22)
3 (33)

Best response FL, N=9 DLBCL, N=11 Non-PMBL DLBCL, N=6 PMBL, N=5

Cycles, median (range) 4 (2-16)  5 (1-35) 3 (1-32) 32 (1-35)
Complete response, N (%) 1 (11) 5 (45) 1 (17) 4 (80)
Partial response, N (%) 1 (11) 1 (9) 1 (17) 0 (0)
Stable disease, N (%) 6 (67) 2 (18) 2 (33) 0 (0)
Progressive disease, N (%) 1 (11) 3 (27) 2 (33) 1 (20)

Table 1. Clinical characteristics.

*Double-refractory indicates refractory to rituximab and an alkylating chemotherapy. DLBCL: diffuse large B-cell lymphoma; PMBCL: primary 
mediastinal B-cell lymphoma; GCB: germinal center B cell; CAR: chimeric antigen rector; IPI: International Prognostic Index; FL: follicular lym-
phoma; FLIPI: Follicular Lymphoma International Prognostic Index.
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an expansion cohort with treatment at the recommended 
phase II dose (RP2D). In DL1, vorinostat was administered 
orally at 100 mg twice daily on days 1-5 and 8-12 and in DL2, 
vorinostat was administered at 200 mg twice daily on days 
1-5 and 8-12. Pembrolizumab dose was 200 mg intravenously 
(IV) on day 1; the cycle length was 21 days. Treatment could 
continue for a maximum of 2 years. Patients with disease 
progression could continue on therapy at the discretion 
of the principal investigator provided that there were no 
signs or symptoms of progressive disease, no decline in 
Eastern Cooperative Oncology Group performance status, 
and absence of progressive tumor at critical anatomical 
sites requiring urgent medical intervention.

Study assessment and endpoints
Safety was monitored continuously with toxicities assessed 
using the Common Terminology Criteria for Adverse Events 
(CTCAE) v4.0. Dose-limiting toxicity (DLT) was assessed 
in the first two cycles. DLT was defined as any of the fol-
lowing at least possibly related to study treatment: grade 
4 neutropenia lasting >7 days, grade 4 thrombocytopenia 
lasting >7 days or requiring platelet transfusion, grade 3 
or 4 thrombocytopenia associated with grade 2 or higher 
bleeding, grade 4 anemia not associated with lymphoma, 
grade ≥3 pneumonitis that does not resolve to grade ≤1 
within 3 days after initiation of supportive care measures, 
any clinically relevant grade 3 or grade 4 non-hematologic 
AE with certain exceptions, and any grade 5 AE. Positron 
emission tomography/computed tomography (PET/CT) scans 
were performed at baseline and then every four cycles 
until disease progression or off-study therapy; a diagnos-
tic quality CT with IV contrast was acceptable if a CR was 
previously confirmed by PET/CT. Responses were assessed 
by investigators according to the 2014 Lugano Classifica-
tion.27 The primary endpoints were safety, tolerability, and 
determination of the RP2D. Secondary endpoints included 
the CR rate, duration of response (DOR), OS, and PFS. For 
DOR and PFS, failures included disease relapse/progres-
sion or death due to any cause. DOR/PFS were censored at 
the last follow-up or start of other non-protocol therapy, 
whichever occurred earlier.

Trial design and statistical considerations
Dose escalation followed a Rolling 6 design.28 Maximum 
tolerated dose (MTD) was defined as the highest dose 
level with at most one out of six participants with DLT; 
RP2D would be at or lower than MTD. Participants evalu-
able for DLT during dose escalation needed to complete 
treatment through DLT period (2 cycles), receive the 
planned pembrolizumab dose and miss <30% vorinostat 
doses during DLT period, except due to DLT. DOR, PFS and 
OS were estimated based on Kaplan-Meier product limit 
method with Greenwood variance estimator and along 
with confidence interval (CI) estimated based on log-log 
transformation.  

Correlative analyses
PD-L1 protein expression was assessed by immunohisto-
chemistry (IHC) (SP263 clone) using an H-score system, and 
PD-L1 gene alterations were identified using fluorescent in 
situ hybridization as previously described.18

Results

Patients
Twenty patients with FL, DLBCL, or PMBL were enrolled and 
received study therapy. Baseline characteristics are listed 
in Table 1. Of the 20 patients enrolled, nine had a diagnosis 
of FL and 11 had DLBCL. Of the 11 DLBCL patients, five had 
PMBL. Thirteen (65%) patients were male and the median 
age was 59 years (range, 21-79). The median number of 
prior lines of therapy were three (range, 1-7 prior lines). A 
large proportion of patients exhibited high-risk features, 
including 15 (75%) who were refractory to their most recent 
line of therapy, three (15%) who progressed after prior CAR 
T-cell therapy, and four (20%) who progressed after prior 
BsAb therapy.

Treatment disposition and safety
All 20 patients received at least one dose of treatment 
and were evaluable for safety endpoints. A median number 
of four cycles of therapy were administered (range, 1-35 
cycles), and all subjects have discontinued treatment. 
Reasons for treatment discontinuation included: disease 
progression/insufficient response/stable disease (n=12, 
60%), toxicity (n=3, 15%), completion of study treatment 
(n=2, 10%), discontinuation of study treatment while in CR 
(n=1, 5%), proceeding to consolidative stem cell transplant 
(n=1, 5%), and patient preference (n=1, 5%).  
On the entire study (including cHL patients not included 
in this report), two subjects experienced a DLT during the 
dose escalation portion of the study (6 each treated at DL1 
and DL2), both had FL. One patient experienced a grade 3 
Stevens-Johnson syndrome (SJS) at DL1, and one patient 
experienced a DLT of grade 3 pulmonary embolism at DL2. 
Therefore, DL2 (200 mg vorinostat twice daily and 200 mg 
pembrolizumab) was established as the RP2D for the dose 
expansion cohort. The most common adverse events (AE) 
among the 20 NHL patients treated on the study (DL1 or DL2) 
are listed in Table 2. These included hypertension (70%), 
diarrhea (65%), nausea (65%), fatigue (60%), leukopenia 
(60%), and anemia (55%). Grade ≥3 AE included neutrope-
nia (15%), lymphopenia (10%), mucositis (5%), hyperkalemia 
(5%), hypertension (5%), pulmonary embolism (5%), ane-
mia (5%), and leukopenia (5%). Immune-related AE among 
NHL patients included the patient with SJS. Three other 
patients experienced grade 1-2 immune-related hypo- and/
or hyper-thyroidism. There were three patients with a delay 
of pembrolizumab, one patient discontinued vorinostat for 
grade 2 nausea and anorexia, and one patient had a vori-
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nostat dose reduction from 200 mg twice daily to 100 mg 
twice daily due to abdominal cramping. The patient with 
extensive mucocutaneous SJS was treated with high-dose 
corticosteroids without resolution. Infliximab and cyclo-
sporine were also used, but the patient died of invasive 
fungal infection due to the extensive immunosuppression 
used to treat the ongoing SJS.

Efficacy and correlatives
Among all 20 patients, the ORR and CR were 8 and 20 
(40%) and 6 and 20 (30%), respectively. Individual response 
characteristics by disease subtype are shown in Table 1 
and Figure 1. The disease-specific CR and ORR were 1 and 
9 and 2 and 9 (11% and 22%) for FL; 5 and 11 and 6 and 
11 (45% and 55%) for all DLBCL; and 4 and 5 and 4 and 5 
(80% and 80%) for PMBL. Disease control rates (CR, PR, 
and SD) were 89% for FL, 73% for all DLBCL, and 80% for 
PMBL. Among the three patients who received prior CAR 
T-cell therapy, there were one CR and two PD; among the 
four patients with prior BsAb therapy, there were one CR 
and three SD. Of the two patients achieving CR after prior 
CAR T-cell or BsAb therapy, one had PMBL with a best 
response of stable disease to prior Liso-cel CAR T. The 
patient achieved a CR to pembrolizumab plus vorinostat 
and then proceeded to a consolidative allogeneic stem 
cell transplant after five cycles on study and remains in 
ongoing remission after approximately 4 years. The second 
CR patient had FL and progressed after prior CD20 BsAb. 
This patient remained in CR on study before progression 
after 12 cycles and off-treatment after 16 cycles. The 
patient subsequently had a brief response to CAR T-cell 
therapy and was then lost to follow up. 
Seven subjects have died as of the data cutoff with a 
median follow-up of 3.8 years (range, 2.9-5.1) among the 
survivors. The most common cause of death was disease 
progression (n=5, 2 FL and 3 DLBCL). One FL patient died 
from pulmonary fungal infection approximately 3 months 
after coming off study treatment, and another FL patient 
died approximately 10 months after off-study treatment 
and cause of death was unavailable. Four subjects started 
other therapy without disease progression and therefore 
were censored for PFS/DOR, three of them were SD on 
treatment and the fourth was a CR patient who went to 
transplant. 
Median PFS and DOR were 8.0 (95% CI 2.5-25.0) and 
22.3 (95% CI: 0.6-not available) months for the total NHL 
population (Figure 2). Disease-specific median PFS were 
4.0 months (95% CI: 2.1-12.5) for FL, 8.2 months (95% CI: 
0.7-not available) for all DLBCL, and not reached amongst 
the PMBL patients. DOR were 0.6 and 2.8 months for the 
2 FL responders, and median DOR was not reached for 
all patients with DLBCL, including PMBL. Median OS was 
not reached for the population overall nor for any subset. 
The 2-year PFS was 29.0% (95% CI: 9.7-52.0) overall, 0% 
for FL, 49.1% (95% CI: 16.7-75.3) for all DLBCL, and 80% 

All grades (>10%) N (%)

Hypertension 14 (70)

Diarrhea 13 (65)

Nausea 13 (65)

Fatigue 12 (60)

White blood cell decreased 12 (60)

Anemia 11 (55)

Abdominal pain 10 (50)

Neutrophil count decreased 10 (50)

Vomiting 8 (40)

Hyponatremia 8 (40)

Platelet count decreased 7 (35)

Anorexia 7 (35)

Dyspepsia 6 (30)

Myalgia 6 (30)

Constipation 5 (25)

Creatinine increased 5 (25)

Hypermagnesemia 5 (25)

Hypophosphatemia 5 (25)

Lymphocyte count decreased 5 (25)

Weight loss 5 (25)

Hypocalcemia 4 (20)

Headache 4 (20)

Dehydration 4 (20)

Rash maculopapular 4 (20)

Hyperkalemia 3 (15)

Dizziness 3 (15)

Hypoalbuminemia 3 (15)

Fever 3 (15)

Sinus tachycardia 3 (15)

Chills 3 (15)

Sore throat 3 (15)

Malaise 3 (15)
Grade 3+ N (%)

Neutrophil count decreased 3 (15)

Lymphocyte count decreased 2 (10)

Mucositis oral 1 (5)

Hyperkalemia 1 (5)

Hypertension 1 (5)

Thromboembolic event 1 (5)

Anemia 1 (5)

White blood cell decreased 1 (5)

Table 2. Adverse events with an attribution of possibly or higher.
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(95% CI: 20.4-96.9) for PMBL. The 2-year OS was 65.0% 
(95% CI: 40.3-81.5) overall, 55.6% (95% CI: 20.4-80.5) for 
FL, 72.7% (95% CI: 37.1-90.3) for all DLBCL, and 100% for 
PMBL. 
We performed PD-L1 immunohistochemistry and PD-L1 
fluorescence in situ hybridization on archived tumor sam-
ples and assessed association between PD-L1 expression, 
9p24.1 alterations, and response to treatment. Eight pa-
tients had samples available for correlative testing (5 
DLBCL and 3 PMBL). All three PMBL patients had PD-L1 
gene amplifications, and two of these cases demonstrated 
intense PD-L1 protein expression on tumor cells (Online 
Supplementary Table S1; Online Supplementary Figure S1). 
All three of these patients achieved a CR to pembroli-
zumab plus vorinostat. Among the five non-PMBL DLBCL 
cases, there were no PD-L1 amplifications or PD-L1 copy 
gains. PD-L1 protein expression was modest or low in all 
cases, and was not associated with response. Interest-
ingly, the DLBCL patient achieving a 2-year remission was 
Epstein-Barr virus-positive as assessed by EBER in situ 
hybridization staining.

Discussion

In this phase I study of pembrolizumab and vorinostat in 
patients with r/r B-cell NHL, we observed objective respons-
es in highly refractory patients, with particularly notable 
preliminary activity in PMBL. The combination of vorinostat 
and pembrolizumab exhibited only modest clinical activity 
in FL or in non-PMBL DLBCL (ORR: 22% and 33%, respec-
tively). The combination was however well-tolerated in most 
patients. The RP2D was determined to be 200 mg twice 
daily of vorinostat on days 1-5 and 8-12 in combination with 
200 mg of pembrolizumab on day 1 of each 3-week cycle. 
There was a low incidence of grade ≥3 AE with this dosing 
schedule, and the overall safety profile was consistent with 
the known single-agent toxicities of each drug. Side effects 
were primarily related to hypertension, hematological, and 
gastrointestinal toxicities, and were largely manageable 
with a low rate of treatment discontinuation. 
In our study, we noted a high ORR and CR rate to pem-
brolizumab with vorinostat in PMBL. The 80% CR rate 
we observed in PMBL patients compares favorably to the 

Figure 1. Response characteristics. Swimmer plot demonstrating response characteristics to pembrolizumab with vorinostat. Of 
note, 1 follicular lymphoma patient discontinued treatment after 1 month of therapy due to toxicity, but remained on study and 
achieved a partial response (PR). CR: complete response, PD: progressive disease, DLBCL: diffuse large B-cell lymphoma, FL: 
follicular lymphoma; PMBCL: primary mediastinal B-cell lymphoma.
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Figure 2. Survival outcomes. (A) Progression-free survival (PFS), (B) overall survival (OS) and (C) duration of response (DOR) to 
pembrolizumab with vorinostat. (D) PFS, (E) OS and (F) DOR stratified by follicular lymphoma (FL) and diffuse large B-cell lym-
phoma (DLBCL). 
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reported data of pembrolizumab monotherapy where CR 
rates were noted to only be 19% in a combined phase I/II 
study of 74 PMBL patients.17 Achieving a CR to PD-1-based 
treatment in PMBL appears to be an especially important 
milestone because all PMBL patients achieving a CR on the 
aforementioned phase I/II study of pembrolizumab remain 
in remission.17 Similarly durable responses were observed in 
our study as well as a study of nivolumab plus brentuximab 
vedotin.29 While there were only five PMBL patients enrolled 
on our study and our findings would require validation in a 
larger cohort, the high CR rate is nonetheless an encour-
aging early signal of activity in PMBL based on our similar 
findings of encouraging activity in heavily treated cHL, a 
disease that shares biological features with PMBL.30–32 In 
particular, PMBL and cHL are both JAK/STAT-driven tumors 
that frequently exhibit intense PD-L1 expression as the 
result of gene amplifications and activating translocations 
occurring within the CD274 (PD-L1) locus.33,34 Thus, adding 
vorinostat to PD-1 blockade may be a particularly useful 
method by which to improve the efficacy of anti-PD-1 
monotherapy in strongly PD-L1+ lymphomas such as cHL, 
PMBL, and certain subsets of DLBCL.18,33–35 
Interestingly, other epigenetic modifying therapies have 
also demonstrated robust clinical responses when com-
bined with PD-1 blockade in cHL. In particular, combining 
the DNMT3A inhibitor, decitabine, with PD-1 blockade 
is associated with high CR and ORR in PD-1 refractory 
cHL,26,36 and the combination significantly improves CR 
rates and PFS compared to anti-PD-1 monotherapy in 
anti-PD-1 naïve patients.25 Combining DNMT3A inhibitors 
with PD-1 blockade may, therefore, represent a promising 
treatment strategy in PMBL and other strongly PD-L1+ NHL 
given the biological similarities between cHL and PMBL 
noted above. Moreover, these data suggest that epige-
netic modifying therapies should be explored further in 
combination with PD-1 blockade in PD-L1+ lymphomas, 
either in novel combinations (e.g., HDACi + DNTM3Ai + 
anti-PD-1) or during earlier lines of therapy (e.g., elder-
ly/frail patients or as a bridge to consolidative cellular 
therapy or stem cell transplantation). Alternatively, pem-
brolizumab plus vorinostat could also be evaluated in 
PD-L1+ lymphomas relapsing after CAR T-cell therapy, as 
this represents a growing patient population in need of 
improved treatment options as their expected median 
survival is only 5.2 months.9 Lastly, future correlative 
analyses should investigate the mechanisms by which 
DNMT3Ai and HDACi enhance the efficacy of anti-PD-1 
therapies in lymphoma and whether those mechanisms 
are potentially complementary in action.
While the clinical outcomes of pembrolizumab plus vorinos-
tat are promising in PMBL, the combination exhibited only 
modest activity in FL and non-PMBL DLBCL. Collectively, 
the CR and ORR of pembrolizumab with vorinostat were 
only 13% and 26% in these NHL subtypes, respectively. 
These data suggest only a marginal incremental benefit 

compared to historical data of anti-PD-1 monotherapy 
where ORR are 4-10%.14,15 Together, our results contribute 
to a growing number of negative studies evaluating PD-
1-based combinations in DLBCL and FL. These include 
studies evaluating PD-1 blockade in combination with 
other immune checkpoint inhibitors,37 BTK inhibitors,38 
as well as with CAR T-cell therapy.39 Thus, future efforts 
investigating anti-PD-1 therapies in these diseases should 
have strong scientific merit or restrict inclusion to PD-L1+ 
cases that may have increased sensitivity to PD-1-based 
therapy. Moreover, the results of these studies provide an 
important lesson for the field on clinical trial development, 
as numerous negative PD-1 combination trials have now 
been developed in FL and DLBCL based on the results of 
early anti-PD-1 trials that included only small numbers 
of patients.40 Thus, while accelerating drug development 
is critical to advancing the field and improving treatment 
options for our patients, we should ideally wait for more 
mature efficacy results from larger datasets before al-
locating significant resources to study a novel therapy.
In summary, the combination of pembrolizumab with 
vorinostat is safe in r/r B-cell NHL and elicits objective 
responses in patients with highly refractory disease. Par-
ticularly high rates of durable CR in PMBL support further 
investigation of this treatment regimen in this specific 
patient population, both in the PD-1 naïve and PD-1 re-
fractory settings.

Disclosures
AFH reports research funding from BMS, Merck, Genentech, 
Inc/F. Hoffman-La Roche Ltd, Gilead Sciences, Seattle Ge-
netics, AstraZeneca, and ADC Therapeutics; consultancy 
for BMS, Merck, Genentech, Inc/F. Hoffmann-La Roche Ltd, 
Kite Pharma/Gilead, Seattle Genetics, Karyopharm, Takeda, 
Tubulis, AstraZeneca, Pfizer, Caribou Biosciences, Adicet Bio, 
Abbvie, Allogene Therapeutics, Genmab, ADC Therapeutics, 
and Regeneron. MM reports research funding from TG Ther-
apeutics, Epizyme, and BMS; consultancy with Morphosys 
and GlaxoSmithKline. JG reports research funding from 
Verastem, Merck, and Forty Seven, Inc. LN is a current em-
ployee of Kite Pharma.

Contributions
AFH, SP and RC conceived the study design. JG, AFH, MM and 
LC analyzed the data. JG, AFH and LC wrote the manuscript. 
AFH, LC and JG collected, assembled and interpreted the 
data. MM, EB, SA, SP, LN, RC, SD, NK, LP, STR, SJF, LLP, LWK, 
JS and VB collected and assembled the data, interpreted 
the data, and revised the manuscript.

Funding
AFH was supported by the Emmet and Toni Stephenson 
Leukemia, the Lymphoma Society Scholar Award, the Lym-
phoma Research Foundation Larry and Denise Mason Clinical 
Investigator Career Development Award. Research reported 



Haematologica | 109 February 2024

541

ARTICLE - Pembro plus Vorinostat in NHL  J. Godfrey et al.

in this article included work performed in the Biostatistics 
and Mathematical Oncology Core supported by the National 
Cancer Institute of the National Institutes of Health under 
award number P30CA033572. The research was also sup-
ported by the City of Hope Cytogenetics Department. This 
study was also supported in part by a research grant from 
Investigator-Initiated Studies Program of Merck Sharp & 

Dohme LLC. The opinions expressed in this paper are those 
of the authors and do not necessarily represent those of 
Merck Sharp & Dohme LLC.

Data-sharing statement
Data used to support the findings of this study are available 
from the corresponding author upon request.

References

 1. Teras LR, DeSantis CE, Cerhan JR, Morton LM, Jemal A, Flowers 
CR. 2016 US lymphoid malignancy statistics by World Health 
Organization subtypes. CA Cancer J Clin. 2016;66(6):443-459.

 2. Gisselbrecht C, Glass B, Mounier N, et al. Salvage regimens with 
autologous transplantation for relapsed large B-cell lymphoma 
in the rituximab era. J Clin Oncol. 2010;28(27):4184-4190.

 3. Casulo C, Byrtek M, Dawson KL, et al. Early relapse of follicular 
lymphoma after rituximab plus cyclophosphamide, doxorubicin, 
vincristine, and prednisone defines patients at high risk for 
death: an analysis from the National LymphoCare Study. J Clin 
Oncol. 2015;33(23):2516-2522.

 4. 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;377(26):2531-2544.

 5. Budde LE, Assouline S, Sehn LH, et al. Single-agent 
mosunetuzumab shows durable complete responses in 
patients with relapsed or refractory B-cell lymphomas: phase I 
dose-escalation study. J Clin Oncol. 2022;40(5):481-491.

 6. Tilly H, Morschhauser F, Sehn LH, et al. Polatuzumab vedotin in 
previously untreated diffuse large B-cell lymphoma. N Engl J 
Med. 2022;386(4):351-363.

 7. Caimi PF, Ai W, Alderuccio JP, et al. Loncastuximab tesirine in 
relapsed or refractory diffuse large B-cell lymphoma (LOTIS-2): 
a multicentre, open-label, single-arm, phase 2 trial. Lancet 
Oncol. 2021;22(6):790-800.

 8. Salles G, Duell J, González Barca E, et al. Tafasitamab plus 
lenalidomide in relapsed or refractory diffuse large B-cell 
lymphoma (L-MIND): a multicentre, prospective, single-arm, 
phase 2 study. Lancet Oncol. 2020;21(7):978-988.

 9. Di Blasi R, Le Gouill S, Bachy E, et al. Outcomes of patients with 
aggressive B-Cell lymphoma after failure of anti-CD19 CAR T-cell 
therapy: a DESCAR-T analysis. Blood. 2022;140(24):2584-2593.

 10. Herbst RS, Baas P, Kim D-W, et al. Pembrolizumab versus 
docetaxel for previously treated, PD-L1-positive, advanced 
non-small-cell lung cancer (KEYNOTE-010): a randomised 
controlled trial. Lancet. 2016;387(10027):1540-1550.

 11. Seiwert TY, Burtness B, Mehra R, et al. Safety and clinical 
activity of pembrolizumab for treatment of recurrent or 
metastatic squamous cell carcinoma of the head and neck 
(KEYNOTE-012): an open-label, multicentre, phase 1b trial. 
Lancet Oncol. 2016;17(7):956-965.

 12. Robert C, Long G v., Brady B, et al. Nivolumab in previously 
untreated melanoma without BRAF mutation. N Engl J Med. 
2015;372(4):320-330.

 13. Le DT, Uram JN, Wang H, et al. PD-1 Blockade in tumors with 
mismatch-repair deficiency. N Engl J Med. 2015;372(26):2509-2520.

 14. Armand P, Janssens A, Gritti G, et al. Efficacy and safety results 
from CheckMate 140, a phase 2 study of nivolumab for relapsed/
refractory follicular lymphoma. Blood. 2021;137(5):637-645.

 15. Ansell SM, Minnema MC, Johnson P, et al. Nivolumab for 
relapsed/refractory diffuse large B-cell lymphoma in patients 
ineligible for or having failed autologous transplantation: a 
single-arm, phase II study. J Clin Oncol. 2019;37(6):481-489.

 16. Melani C, Major A, Schowinsky J, et al. PD-1 blockade in 
mediastinal gray-zone lymphoma. N Engl J Med. 2017;377(1):89-91.

 17. Armand P, Rodig S, Melnichenko V, et al. Pembrolizumab in 
relapsed or refractory primary mediastinal large b-cell 
lymphoma. J Clin Oncol. 2019;37(34):3291-3299.

 18. Godfrey J, Tumuluru S, Venkataraman G, et al. PD-L1 gene 
alterations identify a subset of diffuse large B cell lymphoma 
harboring a T cell inflamed phenotype. Blood. 
2019;133(21):2279-2290.

 19. Olsen EA, Kim YH, Kuzel TM, et al. Phase IIB multicenter trial of 
vorinostat in patients with persistent, progressive, or treatment 
refractory cutaneous t-cell lymphoma. J Clin Oncol. 
2007;25(21):3109-3115.

 20. Coiffier B, Pro B, Prince HM, et al. Results from a pivotal, open-
label, phase II study of romidepsin in relapsed or refractory 
peripheral T-cell lymphoma after prior systemic therapy. J Clin 
Oncol. 2012;30(6):631-636.

 21. Wen T, Sun G, Jiang W, et al. Histone deacetylases inhibitor 
chidamide synergizes with humanized PD1 antibody to enhance 
T-cell chemokine expression and augment Ifn-γ response in 
NK-T cell lymphoma. EBioMedicine. 2023;87:104420.

 22. Wang X, Waschke BC, Woolaver RA, et al. Histone deacetylase 
inhibition sensitizes PD1 blockade-resistant B-cell lymphomas. 
Cancer Immunol Res. 2019;7(8):1318-1331.

 23. Woods DM, Sodré AL, Villagra A, Sarnaik A, Sotomayor EM, 
Weber J. HDAC inhibition upregulates PD-1 ligands in melanoma 
and augments immunotherapy with PD-1 blockade. Cancer 
Immunol Res. 2015;3(12):1375-1385.

 24. Akimova T, Beier UH, Liu Y, Wang L, Hancock WW. Histone/
protein deacetylases and T-cell immune responses. Blood. 
2012;119(11):2443-2451.

 25. Liu Y, Wang C, Li X, et al. Improved clinical outcome in a 
randomized phase II study of anti-PD-1 camrelizumab plus 
decitabine in relapsed/refractory Hodgkin lymphoma. J 
Immunother Cancer. 2021;9(4):e002347.

 26. Nie J, Wang C, Liu Y, et al. Addition of low-dose decitabine to 
anti–PD-1 antibody camrelizumab in relapsed/refractory classical 
Hodgkin lymphoma. J Clin Oncol. 2019;37(17):1479-1489.

 27. Cheson BD, Fisher RI, Barrington SF, et al. Recommendations 



Haematologica | 109 February 2024

542

ARTICLE - Pembro plus Vorinostat in NHL  J. Godfrey et al.

for initial evaluation, staging, and response assessment of 
hodgkin and non-hodgkin lymphoma: the Lugano Classification. 
J Clin Oncol. 2014;32(27):3059-3067.

 28. Skolnik JM, Barrett JS, Jayaraman B, Patel D, Adamson PC. 
Shortening the timeline of pediatric phase I trials: The rolling 
six design. J Clin Oncol. 2008;26(2):190-195.

 29. Zinzani PL, Santoro A, Gritti G, et al. Nivolumab combined with 
brentuximab vedotin for relapsed/refractory primary mediastinal 
large B-cell lymphoma: efficacy and safety from the phase II 
checkmate 436 study. J Clin Oncol. 2019;37(33):3081-3089.

 30. Rosenwald A, Wright G, Leroy K, et al. Molecular diagnosis of 
primary mediastinal B cell lymphoma identifies a clinically 
favorable subgroup of diffuse large B cell lymphoma related to 
Hodgkin lymphoma. J Exp Med. 2003;198(6):851-862.

 31. Savage KJ, Monti S, Kutok JL, et al. The molecular signature of 
mediastinal large B-cell lymphoma differs from that of other 
diffuse large B-cell lymphomas and shares features with 
classical Hodgkin lymphoma. Blood. 2003;102(12):3871-3879.

 32. Herrera AF, Chen L, Budde LE, et al. Pembrolizumab plus 
vorinostat induces responses in patients with Hodgkin 
lymphoma who are refractory to prior PD-1 blockade. Blood. 
2021;138(Suppl 1):S234.

 33. Green MR, Monti S, Rodig SJ, et al. Integrative analysis reveals 
selective 9p24.1 amplification, increased PD-1 ligand expression, 
and further induction via JAK2 in nodular sclerosing Hodgkin 
lymphoma and primary mediastinal large B-cell lymphoma. 

Blood. 2010;116(17):3268-3277.
 34. Roemer MG, Advani RH, Ligon AH, et al. PD-L1 and PD-L2 

genetic alterations define classical Hodgkin lymphoma and 
predict outcome. J Clin Oncol. 2016;34(23):2690-2697.

 35. Kline J, Godfrey J, Ansell SM. The immune landscape and 
response to immune checkpoint blockade therapy in 
lymphoma. Blood. 2020;135(8):523-533.

 36. Wang C, Liu Y, Dong L, et al. Efficacy of decitabine plus anti-
PD-1 camrelizumab in patients with Hodgkin lymphoma who 
progressed or relapsed after PD-1 blockade monotherapy. Clin 
Cancer Res. 2021;27(10):2782-2791.

 37. Armand P, Lesokhin A, Borrello I, et al. A phase 1b study of dual 
PD-1 and CTLA-4 or KIR blockade in patients with relapsed/
refractory lymphoid malignancies. Leukemia. 2021;35(3):777-786.

 38. Younes A, Brody J, Carpio C, et al. Safety and activity of ibrutinib 
in combination with nivolumab in patients with relapsed non-
Hodgkin lymphoma or chronic lymphocytic leukaemia: a phase 
1/2a study. Lancet Haematol. 2019;6(2):e67-e78.

 39. Jacobson CA, Locke FL, Miklos DB, et al. End of phase 1 
results from Zuma-6: axicabtagene ciloleucel (axi-cel) in 
combination with atezolizumab for the treatment of patients 
with refractory diffuse large B cell lymphoma. Blood. 
2018;132(Supplement 1):4192.

 40. Lesokhin AM, Ansell SM, Armand P, et al. Nivolumab in patients 
with relapsed or refractory hematologic malignancy: preliminary 
results of a phase ib study. J Clin Oncol. 2016;34(23):2698-2704.




