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PD-1 blockade enhances the function of antitumor T cells and antibody-dependent,

cell-mediated cytotoxicity (ADCC) of NK cells. In a single-center, open-label, phase 2 trial,

we tested the combination of pembrolizumab, an anti-PD-1 monoclonal antibody, and

rituximab, an anti-CD20 monoclonal antibody that induces ADCC, in 30 patients with

follicular lymphoma (FL) with rituximab-sensitive disease who had relapsed after $1

prior therapy. Pembrolizumab was administered at 200 mg IV every 3 weeks for up to 16

cycles, and rituximab was given at 375 mg/m2 IV weekly for 4 weeks in cycle 1 only. The

most common grade 3/4 adverse events (AEs) were liver enzyme abnormalities (3%),

diarrhea (3%), nausea (3%), aseptic meningitis (3%), and pancreatitis (3%). Low-grade

immune-related AEs were reported in 80% of patients, including diarrhea (43%), liver

enzyme abnormalities (33%), thyroid dysfunction (27%), and rash (23%). Grade 3 or 4

immune-related AEs occurred in 13% of the patients. Treatment-related AEs led to

discontinuation in 6 (20%) patients. The overall response rate (primary end point) was

67%, and the complete response (CR) rate was 50%. Median progression-free survival

(PFS) was 12.6 months (95% confidence interval, 8.2-27.6), the 3-year overall survival rate

was 97%, and 23% of patients were in remission at a median follow-up of 35 months. The

presence of a high CD81 T-effector score at baseline in the tumor was associated with

induction of a CR and improved PFS. In this single-arm, phase 2 study, the combination of

pembrolizumab and rituximab demonstrates favorable efficacy and safety profile in

relapsed FL. This trial is registered at www.clinicaltrials.gov as #NCT02446457.

Introduction

Follicular lymphoma (FL) is the most common indolent non-Hodgkin lymphoma worldwide and is charac-
terized by a pattern of stable, relapsing and/or remitting disease.1 Although the tumor microenvironment
maintains disease control through endogenous immune surveillance, tumor cells escape through mecha-
nisms including anergy and exhaustion of tumor infiltrating lymphocytes by expression of inhibitory check-
point markers including programmed cell death 1/programmed cell death ligand-1 (PD1/PD-L1),
lymphocyte activation gene 3 (LAG3), and cluster of differentiation 47 (CD47).2-4 The programmed cell
death protein 1 (PD-1) axis regulates the immune responses of activated T cells to infection and prevents
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Key Points

� Combination therapy
with pembrolizumab
and rituximab was
well tolerated in
patients with
relapsed/refractory fol-
licular lymphoma.

� In this single-arm,
phase 2 study, the
overall response rate
was 67%, with 50%
complete response
and median PFS of
12.6 months.
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autoimmunity.5 The PD-1 ligands PD-L1 and PD-L2 may be
expressed on tumor cells and/or stromal cells, and, when bound to
PD-1, inhibit T-cell activation and facilitate immune escape. PD-1
expression is markedly elevated on endogenous T cells after chronic
antigenic stimulation by viral infection or tumor exposure and is
associated with T-cell exhaustion. PD-1 blockade has been demon-
strated in preclinical studies to restore the function of antitumor T
cells and enhance the antibody-dependent, cell-mediated cytotoxic-
ity (ADCC) effect of natural killer (NK) cells.6-12 Therefore, targeting
the PD-1/PD-ligand pathway in combination with rituximab, an anti-
CD20 antibody that induces ADCC, is likely to be synergistic.

Pembrolizumab is a humanized immunoglobulin G4 (IgG4) isotype
antibody that targets PD-1 with demonstrable activity across a
range of solid organ and lymphoid malignancies.13 PD-1 blockade
with nivolumab, a humanized IgG monoclonal antibody has been
shown in a small phase 1b study to have promising single-agent
activity in 10 relapsed or refractory (R/R) patients with FL who have
an overall response rate (ORR) of 40% and complete response
(CR) rate of 10%.14 A phase 2 study of pidilizumab, a humanized
IgG-1k recombinant monoclonal antibody thought to target PD-1, in
combination with rituximab demonstrated synergistic activity in
patients with relapsed FL (ORR 66%, CR 52%).15 However, recent
evidence suggests that inhibition of PD-1 inhibition by pidilizumab is
a secondary effect, with an alternate mechanism of action through
binding the deltalike 1 (DLL1) gene.16,17 Therefore, a gap exists in
the literature regarding the safety and efficacy of PD-1 inhibition in
combination with rituximab in the treatment of R/R FL. We reasoned
that the combination of pembrolizumab and rituximab would be syn-
ergistic by activating both the innate (NK-cell) and adaptive (T-cell)
systems to improve clinical activity without excess toxicity. We
aimed to assess the safety and activity of pembrolizumab and
rituximab and performed correlative studies in an open-label, single-
center, phase 2 study in patients with relapsed FL.

Patients and methods

Patients

This was an investigator-initiated, open-label, single-center, phase 2
study of pembrolizumab1rituximab in R/R FL. The MD Anderson
Institutional Review Board approved the study, which was per-
formed in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines. All patients provided written informed
consent. Eligibility criteria included World Health Organization grade
1 to 3A FL18; relapsed or refractory disease after $1 prior therapy;
rituximab-sensitive disease, defined as a CR or partial response
(PR) lasting at least 6 months after the most recent rituximab-
containing therapy; age $18 years; an Eastern Cooperative Oncol-
ogy Group (ECOG) performance status ,2; an absolute neutrophil
count of at least 1.0 3 109 cells/L; a platelet count of at least 50 3

109 cells/L; and adequate hepatic, renal, cardiac, and pulmonary
function. Patients were ineligible if they had a history of autoimmune
disease within the past 2 years requiring systemic therapy, prior
immune checkpoint inhibitor therapy, history of any malignancy
within the previous 5 years, uncontrolled serious illness or comorbid-
ities, human immunodeficiency virus infection, or active hepatitis B
or C infection.

Study design

Patients received rituximab 375 mg/m2 as an IV infusion on days 1,
8, 15, and 22 of cycle 1 and 200 mg pembrolizumab IV every 3
weeks for up to 16 cycles starting on day 2 of cycle 1. Adverse
events (AEs) were graded using the National Cancer Institute’s Com-
mon Terminology Criteria for Adverse Events (CTCAE), version 4.0.
Responses were assessed according to the 2014 Lugano classifica-
tion.19 Two independent radiologists reviewed any equivocal find-
ings. Diagnostic quality positron emission tomography computerized
tomography (PET-CT) with IV and oral/water contrast and bone
marrow biopsy were used for initial disease assessment within
42 days before the first dose of study treatment. Th PET-CT scan
was repeated to confirm CR and/or at treatment discontinuation;
otherwise follow-up assessments were performed with CT scans.
Response assessments occurred after week 12, every 3 months dur-
ing therapy, 1 year after treatment discontinuation, and then every
6 months until the start of another anticancer treatment or docu-
mented disease progression, death, or the end of the study, which-
ever occurred first. Bone marrow biopsy was performed to confirm
CR if bone marrow involvement was present at study enrollment.

Immunohistochemical staining for PD-L1

Immunohistochemical (IHC) tumor staining was performed by Qual-
Tek with an automated staining system for PD-L1 (22C3 PharmDx)
on pretreatment tumor samples. The staining was reviewed and
scored according to the percentage of malignant cells with positive
staining (0% to 100%) and the intensity of staining of tumor and non-
malignant cells (0, no staining; 11, weak/equivocal staining; 21,
moderate staining; and 31, strong staining). Previously published cri-
teria for categorizing cases as positive for PD-L1 expression were
used.20 Tumor cells had to exhibit 21 or 31 membrane staining in
$1% of malignant cells for PD-L1 to be considered positive.21 For
the tumor microenvironment, $1% of nonmalignant cells had to
exhibit positive staining for PD-L1 to be categorized as positive.

Assessment of immune signatures

Core needle biopsy specimens from involved lymph nodes obtained
before treatment were collected in RNAlater fixative (Life Technolo-
gies, Carlsbad, CA) and stored at 280�C until RNA isolation. RNA
was isolated by RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany)
according to the manufacturer’s guidance. RNA quantity and quality
were established with a 2100 Bioanalyzer (Agilent, Santa Clara,
CA), and RNA was profiled by using a semicustom �1500-gene
panel on the NanoString platform.

Pretreatment peripheral blood samples were obtained, and mRNA
was extracted for gene expression analysis conducted on the Nano-
String nCounter gene expression platform (NanoString Technolo-
gies). A 10-gene interferon-g (IFN-g) signature panel (IFNG, STAT1,
CCR5, CXCL9, CXCL10, CXCL11, IDO1, PRF1, GZMA, and
major histocompatibility complex II HLA-DRA) and an expanded
immune 28-gene IFN-g signature that encompasses genes related
to cytolytic activity (granzyme A/B/K, PRF1), cytokines/chemokines
for initiation of inflammation (CXCR6, CXCL9, CCL5, and CCR5),
T-cell markers (CD3D, CD3E, CD2, and IL2RG), NK cell activity
(NKG7 and HLA-E), antigen presentation (CIITA and HLA-DRA),
and additional immunomodulatory factors (LAG3, IDO1, and
SLAMF6) were tested.22
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Statistical analysis

The primary end point was ORR, defined as the proportion of
patients who exhibited a CR or PR. Secondary end points included
CR and PR rates; progression-free survival (PFS) assessed from
first treatment administration to disease progression or death from
any cause, whichever occurred first; overall survival (OS) assessed
from first treatment administration to death; and safety.

The null hypothesis predicted ORR in no more than 40% of patients.
We expected to improve the proportion of patients achieving an over-
all response to at least 60% with the current regimen. The proposed
sample size of 30 patients was expected to achieve a width of 0.23
for the posterior 90% credibility interval under the assumption of an
overall response in 60% of patients. Patients were assessed for
response if they had any postbaseline tumor assessment.

In this analysis, we evaluated the associations between various cate-
gorical patient characteristics (age, sex, stage, B symptoms, ECOG
performance status, and whether tumor burden, as defined by
Groupe d’Etude des Lymphomes Folliculaires [GELF] criteria for
treatment, were met) with response to pembrolizumab1rituximab, as
well as the duration of disease control. Summary statistics including
mean, standard deviation, median, and range of continuous variables,
such as age and time to response. Frequency counts and percen-
tages for categorical variables, such as stage and response are pro-
vided. The best response rates and their 95% confidence intervals
(CI) using the exact method are reported. The Kaplan-Meier method
was used to estimate PFS and response duration. A log-rank test
was used to compare survival between different groups. Statistical
software SAS 9.4 (SAS, Cary, NC) and TIBCO Spotfire S1 8.2
(TIBCO Software Inc, Palo Alto, CA) were used for all the analyses.

Results

Patient demographics

Thirty patients were enrolled in the trial from 1 August 2015 to 7
February 2017. The median age was 64 years (range, 43-84 years)
and 57% were male (Table 1). Twenty-two (73%) patients had a
Follicular Lymphoma International Prognostic Index (FLIPI) score of
$2. Twenty-six (87%) patients had stage III or IV disease, and 15
(50%) met the GELF criteria for high tumor burden. The median
number of prior lines of therapy was 1 (range, 1-4) with a median
PFS after the last therapy of 27.5 months (range, 3-162 months).

The median follow-up for the study was 34.9 months (range, 8.8-
48.5 months). The median duration of pembrolizumab treatment
was 6.7 months (range, 2-13 months). Twenty-six patients (87%)
completed at least 6 cycles; 10 (33%) patients completed 16
cycles without early discontinuation. Thirteen (43%) patients discon-
tinued therapy because of disease progression; 6 (20%) patients
discontinued secondary to AEs; 1 (3%) patient discontinued ther-
apy early because of relocation; no patients were lost to long-term
follow-up.

Safety

Treatment-related AEs occurred in all patients; most were mild to
moderate, with 5 patients (17%) having grade 3 or 4 AEs (n 5 1;
3% each), including liver enzyme abnormalities, diarrhea, aseptic
meningitis, pancreatitis, and nausea, and vomiting (Table 2).
Immune-related AEs were reported for 80% of patients; most were

low grade (grade 3 or 4: n 5 4, 13%). The most commonly
reported immune-related AEs were diarrhea (n 5 13, 43%), liver
enzyme abnormalities (n 5 12, 40%), oral mucositis (n 5 10,
33%), thyroid dysfunction (n 5 9, 30%), and rash (n 5 7, 23%).
Median time to onset of the first immune-related AE was 35 days
(range, 1-207 days). None of the assessed patient characteristics
were significantly associated with immune-related AEs. Grade 2 or
higher immune-related AEs occurred in 16 patients (53%). With
regard to management of immune-related AEs, 7 patients received
oral corticosteroids (median of 125 days of corticosteroids; range,
40-319 days), 3 patients received topical corticosteroids only for
rash, and the remaining were observed until resolution. Three
patients discontinued therapy permanently and were never rechal-
lenged. Four patients were rechallenged with pembrolizumab after a
median of 28.5 days (range, 14-51 days), but permanently discon-
tinued therapy because of the recurrence of treatment-related diar-
rhea (n 5 3) or pneumonitis (n 5 1). All were in CR at the time of
discontinuation of treatment. One patient was rechallenged with
pembrolizumab and completed all 16 cycles without further
immune-related AEs. No treatment-related deaths were observed.

Table 1. Patient demographics and clinical characteristics based

on best response

Characteristic n (%)

Sex

Female 13 (43)

Male 17 (57)

Stage

II 4 (13)

III 8 (27)

IV 18 (60)

ECOG score

0 22 (73)

1 8 (27)

FLIPI score

0-1 8 (27)

2 16 (53)

3-5 6 (20)

GELF assessment

Low tumor burden 15 (50)

High tumor burden 15 (50)

Prior therapies, n

1 18 (60)

2 6 (20)

$3 6 (20)

PFS with last therapy, y

,1 5 (17)

./51 25 (83)

POD24 status, mo

,24 11 (37)

./524 19 (63)

Data are expressed as the number (percentage of each group), unless the a of
measure is otherwise noted.
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Efficacy

The ORR among the 30 patients was 67%, including 15 (50%)
patients with CR and 5 (17%) with PR. The median time to best
response was 3 months (range, 2.5-9.0). Among those who
achieved a CR, 12 of 15 achieved it at their first response
assessment, and 3 converted from a PR at their first response
assessment to a CR by the second response assessment. A
lower ORR was observed in patients with high tumor burden by
GELF criteria and progression of disease within 24 months after
first-line therapy (POD24) when compared with patients with
low tumor burden and without POD24, respectively (53% vs
80%, P 5 .002; 36% vs 84%, P 5 .04). Twenty-two events
(progression or death) had occurred at the time of this analysis.
Median PFS was 12.6 months (95% CI, 8.2-27.6; Figure 1A).
For patients who achieved a CR or PR (n 5 20), the median
duration of response was 17.5 months (95% CI, 8.7 to not
reached, Figure 1B). High tumor burden by GELF (P 5 .0001)
and PFS ,1 year for a prior line of therapy (P 5 .008) were
associated with inferior PFS (Figures 1C-D). Median OS was
not reached, and 3-year OS was 97% (95% CI, 90-100; Figure
1E). Sex, stage, FLIPI, ECOG performance status, number of
prior therapies, POD24 status, and occurrence of immune-
related AEs was not significantly associated with inferior PFS.
At last follow-up, 28 (93%) patients were alive, 7 (23%) were in
remission, 23 (77%) demonstrated progression/relapse, and 2
(7%) had died of disease progression.

Correlative studies

Of 19 pretreatment tumor samples available for assessment, PD-L1
expression by immunohistochemistry was detectable on background
histiocytes in all samples (100%) and tumor cells in 11 samples
(58%). Of the tumors with detectable PD-L1 expression (n 5 11),
PD-L1 was present in 1% to 8% of tumor cells in 10 samples and
in 20% of tumor cells in 1 sample. PD-L1 status was not a signifi-
cant predictor of response (P 5 .71) with 7 of 11 (64%; 6 CR, 1
PR) responses observed in patients with detectable PD-L1 tumor
expression and 4 of 8 (50%; 2 CR, 2 PR) responses in patients
with undetectable tumor PD-L1 expression (supplemental Figure 1).
PD-L1 expression of background histiocytes was not predictive of
PFS (P 5 .68).

Pretreatment tumor immune cell gene signature analysis was per-
formed on 18 tumor samples, and a significant difference between
patients with high CD81 T-effector score and patients with low
CD81 T-effector score was observed in achievement of a CR (67%
vs 25%; P 5 .046) and PFS (27.6 months vs 8.3 months; P 5
.012; Figure 2). After adjustment for multiple testing at a false-
discovery rate of 0.1, per the Benjamin-Hochberg procedure,23 the
CD81 T-effector signature was the only gene score that significantly
associated with PFS among all immune cell signatures tested (Fig-
ure 2; supplemental Figure 2). IFN-g–related gene signatures in pre-
treatment peripheral blood mononuclear cells (n 5 26) showed an
association with objective response using both a previously
described 10-gene panel (P 5 .016) and a 28-gene panel (P 5
.023; supplemental Figure 3).22 However, this finding did not trans-
late into a PFS benefit (P 5 .93; data not shown).

Discussion

The combination of pembrolizumab and rituximab is clinically active
and well tolerated in patients with rituximab-sensitive R/R FL, with
an objective response observed in 67% of patients with rare grade
3 or 4 treatment or autoimmune-related AEs. Although we acknowl-
edge the potential bias with patient selection in single-arm trials, our
study of pembrolizumab in combination with rituximab demonstrated
superior response rates when compared with the rates in a previous
phase 2 study of retreatment with single-agent rituximab (4 weekly
doses, 375 mg/m2) in rituximab-sensitive patients with FL (ORR
67% vs 40%; CR 50% vs 11%, respectively).24 However, PFS
was not significantly different with a reported median PFS of 17.8
months in rituximab-sensitive patients treated with rituximab mono-
therapy compared with 12.6 months with pembrolizumab plusrituxi-
mab. Although our trial was designed to include only rituximab-
sensitive patients, to augment the ADCC effect of rituximab in com-
bination with pembrolizumab, the synergistic effects of PD-1 inhibi-
tion may be modest and limit applicability of this combination to
patients with rituximab-refractory disease. A separate phase 3 study
randomized patients with rituximab-sensitive R/R FL to either lenali-
domide or placebo (12 cycles) plus rituximab (4 weekly doses in
cycle 1 and day 1 of cycles 2 through 5).25 Lenalidomide plusrituxi-
mab resulted in a significant improvement in PFS when compared
with placebo plusrituximab (39.4 vs 14.1 months, respectively).
Although the lenalidomide plus rituximab study used a different dos-
ing schedule from that used in our study (6 vs 1 cycle of rituximab),
critical review of our results raise the question of whether the combi-
nation is any better than rituximab monotherapy or whether extended
dosing of rituximab may be required to prolong the duration of

Table 2. Summary of AEs occurring in at least 10% of patients

Grade 1 Grade 2 Grade 3 Grade 4 Total

All AEs of any grade 30 (100) 16 (53) 4 (13) 1 (3) 30 (100)

Immune related

Any AE 24 (80) 12 (40) 3 (10) 1 (3) 24 (80)

AST increased 8 (27) 0 0 1 (3) 9 (30)

ALT increased 2 (7) 0 0 1 (3) 3 (10)

Diarrhea 7 (23) 5 (17) 1 (3) 0 13 (43)

Rash 4 (13) 3 (10) 0 0 7 (23)

Thyroid dysfunction 9 (30) 0 0 0 9 (30)

Pneumonitis 0 3 (10) 0 0 3 (10)

Aseptic meningitis 0 0 1 (3) 0 1 (3)

Pancreatitis 1 (3) 0 1 (3) 0 2 (7)

Gastritis/esophagitis 1 (3) 1 (3) 0 0 2 (7)

Mucositis (oral) 9 (30) 1 (3) 0 0 10 (33)

Episcleritis 1 (3) 0 0 0 1 (3)

Nonimmune related

Any AE 30 (100) 4 (13) 1 (3) 0 30 (100)

Nausea / vomiting 8 (27) 2 (7) 1 (3) 0 11 (37)

Ocular symptoms 10 (33) 2 (7) 0 0 12 (40)

Myalgia 8 (27) 0 0 0 8 (27)

Dyspnea/wheezing 4 (13) 0 0 0 4 (13)

Leukopenia 4 (13) 0 0 0 4 (13)

Data are expressed as the number (percentage of each group).
ALT, alanine transaminase; AST, aspartate aminotransferase; Gd, grade.
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Figure 1. Kaplan-Meier curves. PFS (A); duration of response (B); PFS by high or low tumor burden according to GELF criteria (C); PFS by PD ,1 year or PD ./51

year from prior treatment (D); OS in patients with R/R FL receiving pembrolizumab1rituximab (E). E, number of events; N, sample size.
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response when used in combination with pembrolizumab. A limita-
tion of our single-arm, phase 2 study design with a primary end
point of ORR, is that we cannot discern whether pembrolizumab
contributes to the efficacy observed. A randomized study would be
necessary to explore whether pembrolizumab in combination with rit-
uximab is more effective than rituximab monotherapy. Alternatively, if
the therapy had been sequenced and a response assessment per-
formed before the addition of the second agent, this may have pro-
vided clarity on whether this combination is synergistic or additive.

Pembrolizumab has impressive single-agent activity in R/R classic
Hodgkin lymphoma (cHL) with an ORR of 72% and median duration
of response of 16.5 months, supporting the hypothesis that HL
evades endogenous immune surveillance by tumor expression of
inhibitory checkpoint markers, and this can be therapeutically targeted
with checkpoint inhibitors. In the pivotal phase 2 study of single-agent
pembrolizumab in R/R cHL, the safety profile was similar to that
reported with our pembrolizumab plusrituximab study in R/R FL with
treatment-related AEs occurring in most patients (73%, all grades)
with rare grade $3 AEs (11%).26 The most commonly encountered
grade $3 treatment-related AEs were similar (neutropenia, diarrhea)
as were the reported immune-related AEs (thyroid dysfunction, pneu-
monitis). No assessed patient characteristics were predictive of
immune-related AEs in our study. In the phase 2 study of pidilizumab
plus rituximab in R/R FL, no immune-related or grade $3 AEs were
reported, probably because of the alternative mechanism of pidilizu-
mab via the DLL-1 gene pathway.15 Importantly, no unexpected toxic-
ities were encountered; however, 7 patients (23%) discontinued
therapy permanently because of immune-related AEs, higher than the
rates of discontinuation of single-agent pembrolizumab in R/R cHL
(6.7%).26 This may reflect the low tolerance for toxicity in patients
with indolent lymphoma, given the prolonged natural history of the dis-
ease and the high response rates. With no treatment-related deaths
and infrequent grade 3 or higher AEs, further exploration of anti-PD1
antibodies in combination with rituximab and other immune-activating
agents such as lenalidomide are warranted (NCT02446457).

Immune checkpoint inhibitors enhance endogenous antitumor immune
response; therefore, patients with preexisting antitumor immunity
and baseline intratumoral lymphocyte infiltration are most likely to
benefit. Pretreatment tumor immune gene profiling identified a high
CD81 T-effector signature to have the most significant association
and strongly correlated with a higher CR rate and significantly lon-
ger PFS (27.6 vs 8.3 months; P 5 .012) when compared with
tumors with low CD81 T-effector signature (Figure 2), suggesting
that PD-1/PD-L1 checkpoint blockade may effectively overcome
immune evasion in immunocompetent patients with “inflamed”
tumors. These findings provide the rationale for triplet combinations
with the addition of immunomodulatory agents such as lenalido-
mide. In preclinical studies, lenalidomide has demonstrated the abil-
ity to augment antitumor responses by increasing the proportion of
T-effector cells within the tumor microenvironment, repair the
immune synapse between tumor cells and cytotoxic T cells, and
restore impaired T-cell motility.27-31

Recent studies have identified IFN-g as a critical driver of PD-L1
expression in tumor cells that downregulates the cytotoxic response
from tumor-infiltrating T cells and upregulates key immune suppres-
sive molecules within the tumor microenvironment.32-36 In a previous
study, a 10-gene IFN-g signature panel and an expanded immune
28-gene IFN-g signature panel were evaluated in tumor samples to

identify immunocompetent patients with T-cell–inflamed phenotypes
who may benefit the most from PD-1 inhibition. This analysis dem-
onstrated a significant association between the gene expression sig-
nature and best ORR and PFS in patients with metastatic
melanoma treated with pembrolizumab.22 We performed the same
analysis using the 10- and 28-gene IFN-g signature panels on pre-
treatment peripheral blood samples of patients with FL and identi-
fied a correlation between gene expression signature and tumor
reduction, but without a PFS benefit (supplemental Figure 3).
Although these findings suggest that a peripheral blood IFN-g gene
signature may serve as a surrogate marker for inflamed tumors and
identify patients who are likely to have an initial response to a PD-1
checkpoint blockade, the lack of a sustained clinical response may
be a result of immunosuppressive pathways other than PD-1 within
the tumor microenvironment. In support of this, the lack of associa-
tion between tumor and background histiocyte expression of PD-L1
determined by IHC and clinical outcomes suggests a more complex
interaction than a single checkpoint pathway. Therefore, there is a
need to identify additional immunosuppressive mechanisms and
develop novel agents to block other immune checkpoints and
improve intratumoral trafficking of antitumor immune cells, which
may act synergistically with PD-1 inhibitors. Preclinical studies have
demonstrated that immunosuppressive molecules such as IDO1
and LAG3 are also overexpressed in inflamed tumors, suggesting
that dual checkpoint blockade with PD-1 and LAG3 inhibition may
overcome resistance, with a phase 1/2 study now recruiting.37 In
patients lacking the inflamed phenotype, the strategy should be
aimed at stimulating a host antitumor immune response, with further
work needed to understand the distinct mechanisms that inhibit
T-cell infiltration into the tumor.38

In summary, the combination of pembrolizumab and rituximab is
associated with a favorable safety profile and a high objective
response rate in patients with rituximab-sensitive R/R FL. However,
for this approach to be practice changing, improved durability of
response is desirable. Several approaches could be considered to
enhance the durability, including extended dosing of rituximab
instead of the single cycle of 4 weekly doses administered in this
study, or combination approaches to enhance T-cell trafficking into
the tumor and blocking of multiple immunosuppressive mechanisms
in the tumor microenvironment. Accordingly, several phase 2 trials
with triplet combination therapies are underway. These future combi-
nation studies will define the growing role of targeted agents and
checkpoint inhibition within the tumor microenvironment in the treat-
ment of hematologic malignancies and enable further development
of novel chemotherapy-free approaches.

Acknowledgments

This work is supported by grants from Merck, a Leukemia and
Lymphoma Society Quest for Cure grant (P-QFC-3068-14)
(S.S.N.), generous philanthropic contributions to the University of
Texas Anderson Moon Shots Program, and The University of
Texas Anderson Cancer Center Support from National Institutes
of Health, National Cancer Institute grant P30CA016672.

Funding support for this article was provided by the The Uni-
versity of Texas MD Anderson Cancer Center Support Grant
from National Institutes of Health (P30 CA016672)

22 FEBRUARY 2022 • VOLUME 6, NUMBER 4 PEMBROLIZUMAB PLUS RITUXIMAB IN R/R FL 1149

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/4/1143/1870879/advancesadv2021006240.pdf by guest on 18 M

ay 2024



Authorship

Contribution: L.J.N., and S.S.N. designed the study; L.J.N., C.K.C.,
J.R.W, N.H.F., F.S., L.D., C.O., J.M., L.F., and S.S.N., participated in
enrollment of patients, treatment of patients, data collection, data
analysis, and data interpretation; L.J.N., C.K.C., X.C., M.C.J.M., Z.W.,
F.C., S.Z., M.G., R.E.D., S.S.N., contributed to correlative studies,
data analysis, and data interpretation; L.F. performed the statistical
analysis; X.C., M.C.J.M., Z.W., F.C., and S.S.N., obtained tumor
biopsy specimens for correlative studies; and all authors read and
approved the final manuscript.

Conflict-of-interest disclosure: L.J.N. has received honoraria from
ADC Therapeutics, Bayer, BMS/Celgene, Epizyme, Genentech, Gil-
ead/KITE, Janssen, MEI, Novartis, Pfizer, Takeda, and TG Therapeu-
tics; and research funding from BMS/Celgene, Caribou
Biosciences, Epizyme, Genentech, IGM Biosciences, Janssen,
Merck, Novartis, Takeda, and TG Therapeutics. S.S.N. has received

research support from Kite/Gilead, Cellectis, Poseida, Merck,
Acerta, Karus, BMS, Unum Therapeutics, Allogene, and Precision
Biosciences; has served as a consultant and an advisory board
member for Kite/Gilead, Celgene, Novartis, Unum Therapeutics,
Pfizer, Merck, Precision Biosciences, Cell Medica, Incyte, Allogene,
Calibr, and Legend Biotech; has received royalties from Takeda
Pharmaceuticals; and holds patents related to cell therapy. The
remaining authors declare no competing financial interests.

The current affiliation for M.C.J.M. is BioLegend, Inc.

ORCID profiles: J.R.W., 0000-0002-1824-2337; M.C.J.M., 0000-
0002-2000-8144; S.Z., 0000-0002-8124-5047; S.S.N., 0000-0003-
1045-4914.

Correspondence: Loretta J. Nastoupil, The University of Texas
MD Anderson Cancer Center, 1515 Holcombe Blvd, Houston,
TX 77030-4009; e-mail: lnastoupil@mdanderson.org.

References

1. Freedman A. Follicular lymphoma: 2018 update on diagnosis and management. Am J Hematol. 2018;93(2):296-305.

2. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating immunity’s roles in cancer suppression and promotion. Science. 2011;
331(6024):1565-1570.

3. Dunn GP, Old LJ, Schreiber RD. The three Es of cancer immunoediting. Annu Rev Immunol. 2004;22(1):329-360.

4. Jaiswal S, Jamieson CH, Pang WW, et al. CD47 is upregulated on circulating hematopoietic stem cells and leukemia cells to avoid phagocytosis.
Cell. 2009;138(2):271-285.

5. Francisco LM, Salinas VH, Brown KE, et al. PD-L1 regulates the development, maintenance, and function of induced regulatory T cells. J Exp Med.
2009;206(13):3015-3029.

6. Yang ZZ, Grote DM, Ziesmer SC, Xiu B, Novak AJ, Ansell SM. PD-1 expression defines two distinct T-cell sub-populations in follicular lymphoma
that differentially impact patient survival. Blood Cancer J. 2015;5(2):e281.

7. Reiss KA, Forde PM, Brahmer JR. Harnessing the power of the immune system via blockade of PD-1 and PD-L1: a promising new anticancer strat-
egy. Immunotherapy. 2014;6(4):459-475.

8. Okazaki T, Chikuma S, Iwai Y, Fagarasan S, Honjo T. A rheostat for immune responses: the unique properties of PD-1 and their advantages for clin-
ical application. Nat Immunol. 2013;14(12):1212-1218.

9. Nattamai D, Neelapu SS. PD-1 expression is markedly upregulated on intratumoral CD41 and CD81 T cells in follicular lymphoma and is
associated with T-cell exhaustion [abstract]. Blood. 2007;110(11). Abstract 2749.

10. Yang ZZ, Novak AJ, Stenson MJ, Witzig TE, Ansell SM. Intratumoral CD41CD251 regulatory T-cell-mediated suppression of infiltrating CD41 T
cells in B-cell non-Hodgkin lymphoma. Blood. 2006;107(9):3639-3646.

11. Myklebust JH, Irish JM, Brody J, et al. High PD-1 expression and suppressed cytokine signaling distinguish T cells infiltrating follicular lymphoma
tumors from peripheral T cells. Blood. 2013;121(8):1367-1376.

12. G€org€un G, Samur MK, Cowens KB, et al. Lenalidomide enhances immune checkpoint blockade-induced immune response in multiple myeloma.
Clin Cancer Res. 2015;21(20):4607-4618.

13. Khoja L, Butler MO, Kang SP, Ebbinghaus S, Joshua AM. Pembrolizumab. J Immunother Cancer. 2015;3(1):36.

14. 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.

15. Westin JR, Chu F, Zhang M, et al. Safety and activity of PD1 blockade by pidilizumab in combination with rituximab in patients with relapsed
follicular lymphoma: a single group, open-label, phase 2 trial. Lancet Oncol. 2014;15(1):69-77.

16. Zhang J, Medeiros LJ, Young KH. Cancer immunotherapy in diffuse large B-cell lymphoma. Front Oncol. 2018;8:351.

17. Albuquerque AO, da Silva Jr HC, Sartori GR, Martins da Silva JH. Computationally-obtained structural insights into the molecular interactions
between Pidilizumab and binding partners DLL1 and PD-1. J Biomol Struct Dyn. 2021;1-13.

18. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World Health Organization classification of lymphoid neoplasms. Blood. 2016;
127(20):2375-2390.

19. Cheson BD, Fisher RI, Barrington SF, et al; United Kingdom National Cancer Research Institute. Recommendations for initial evaluation, staging,
and response assessment of Hodgkin and non-Hodgkin lymphoma: the Lugano classification. J Clin Oncol. 2014;32(27):3059-3068.

1150 NASTOUPIL et al 22 FEBRUARY 2022 • VOLUME 6, NUMBER 4

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/4/1143/1870879/advancesadv2021006240.pdf by guest on 18 M

ay 2024

https://orcid.org/0000-0002-1824-2337
https://orcid.org/0000-<?re 3,j>0002-2000-8144
https://orcid.org/0000-<?re 3,j>0002-2000-8144
https://orcid.org/0000-0002-8124-5047
https://orcid.org/0000-0003-1045-4914
https://orcid.org/0000-0003-1045-4914
mailto:lnastoupil@mdanderson.org


20. Chen BJ, Chapuy B, Ouyang J, et al. PD-L1 expression is characteristic of a subset of aggressive B-cell lymphomas and virus-associated malignan-
cies. Clin Cancer Res. 2013;19(13):3462-3473.

21. Garon EB, Rizvi NA, Hui R, et al; KEYNOTE-001 Investigators. Pembrolizumab for the treatment of non-small-cell lung cancer. N Engl J Med.
2015;372(21):2018-2028.

22. Ayers M, Lunceford J, Nebozhyn M, et al. IFN-g-related mRNA profile predicts clinical response to PD-1 blockade. J Clin Invest. 2017;127(8):
2930-2940.

23. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J R Stat Soc B. 1995;
57(1):289-300.

24. Davis TA, Grillo-L�opez AJ, White CA, et al. Rituximab anti-CD20 monoclonal antibody therapy in non-Hodgkin’s lymphoma: safety and efficacy of
re-treatment. J Clin Oncol. 2000;18(17):3135-3143.

25. Leonard JP, Trneny M, Izutsu K, et al; AUGMENT Trial Investigators. AUGMENT: a phase III study of lenalidomide plus rituximab versus placebo
plus rituximab in relapsed or refractory indolent lymphoma. J Clin Oncol. 2019;37(14):1188-1199.

26. Chen R, Zinzani PL, Lee HJ, et al. Pembrolizumab in relapsed or refractory Hodgkin lymphoma: 2-year follow-up of KEYNOTE-087. Blood. 2019;
134(14):1144-1153.

27. Henry JY, Labarthe MC, Meyer B, Dasgupta P, Dalgleish AG, Galustian C. Enhanced cross-priming of naive CD81 T cells by dendritic cells treated
by the IMiDsVR immunomodulatory compounds lenalidomide and pomalidomide. Immunology. 2013;139(3):377-385.

28. Lee BN, Gao H, Cohen EN, et al. Treatment with lenalidomide modulates T-cell immunophenotype and cytokine production in patients with chronic
lymphocytic leukemia. Cancer. 2011;117(17):3999-4008.

29. Ramsay AG, Clear AJ, Fatah R, Gribben JG. Multiple inhibitory ligands induce impaired T-cell immunologic synapse function in chronic lymphocytic
leukemia that can be blocked with lenalidomide: establishing a reversible immune evasion mechanism in human cancer. Blood. 2012;120(7):1412-
1421.

30. Maffei R, Fiorcari S, Bulgarelli J, et al. Endothelium-mediated survival of leukemic cells and angiogenesis-related factors are affected by lenalidomide
treatment in chronic lymphocytic leukemia. Exp Hematol. 2014;42(2):126-36.e1.

31. Fowler NH, Davis RE, Rawal S, et al. Safety and activity of lenalidomide and rituximab in untreated indolent lymphoma: an open-label, phase 2 trial.
Lancet Oncol. 2014;15(12):1311-1318.

32. Bald T, Landsberg J, Lopez-Ramos D, et al. Immune cell-poor melanomas benefit from PD-1 blockade after targeted type I IFN activation. Cancer
Discov. 2014;4(6):674-687.

33. Liang SC, Latchman YE, Buhlmann JE, et al. Regulation of PD-1, PD-L1, and PD-L2 expression during normal and autoimmune responses. Eur
J Immunol. 2003;33(10):2706-2716.

34. Abiko K, Matsumura N, Hamanishi J, et al. IFN-g from lymphocytes induces PD-L1 expression and promotes progression of ovarian cancer. Br
J Cancer. 2015;112(9):1501-1509.

35. Bellucci R, Martin A, Bommarito D, et al. Interferon-g-induced activation of JAK1 and JAK2 suppresses tumor cell susceptibility to NK cells through
upregulation of PD-L1 expression. OncoImmunology. 2015;4(6):e1008824.

36. Spranger S, Spaapen RM, Zha Y, et al. Up-regulation of PD-L1, IDO, and T(regs) in the melanoma tumor microenvironment is driven by CD8(1) T
cells. Sci Transl Med. 2013;5(200):200ra116.

37. Woo SR, Turnis ME, Goldberg MV, et al. Immune inhibitory molecules LAG-3 and PD-1 synergistically regulate T-cell function to promote tumoral
immune escape. Cancer Res. 2012;72(4):917-927.

38. Rawal S, Chu F, Zhang M, et al. Cross talk between follicular Th cells and tumor cells in human follicular lymphoma promotes immune evasion in
the tumor microenvironment. J Immunol. 2013;190(12):6681-6693.

22 FEBRUARY 2022 • VOLUME 6, NUMBER 4 PEMBROLIZUMAB PLUS RITUXIMAB IN R/R FL 1151

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/4/1143/1870879/advancesadv2021006240.pdf by guest on 18 M

ay 2024


	TF1
	TF2
	TF3

