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Abstract

Background: The tumor microenvironment (TME), including infiltrating T-cells, is

thought to play a major role in the pathogenesis and prognosis of follicular lymphoma

(FL) and may contribute to its widely varied disease course. We hypothesized that

programmed death-1 inhibition may be most effective in untreated, immunocompe-

tent FL patients. Thus, we developed a phase 2 study to evaluate the efficacy of

pembrolizumab as the initial treatment for indolent B-cell lymphoma.

Methods: Adults with FL or marginal zone lymphoma and an indication for treatment

were eligible. Patients received pembrolizumab 200 mg IV in 21-day cycles for up

to 18 cycles, until progression or unacceptable toxicity. Early response assessment

was obtained after cycle 3 with computed tomography (CT), and a fluorodeoxyglucose

(FDG)-positron emission tomography-computed tomography (PET-CT) was obtained

after cycle 6 to determine candidacy for continuation in the study. Immunosecretome

profiling was performed at baseline and on cycle 2 day 1.

Results:Nine patients with FL were enrolled between February 2019 and April 2021,

including eight (89%) with advanced stage, seven (78%) with intermediate/high Follic-

ular Lymphoma International Prognostic Index, and six (67%) with high-tumor burden

byGrouped’Etudedes LymphomesFolliculaires. Thebest overall response ratebyFDG

PET-CT was 33% (three partial metabolic responses). Three patients (33%) had stable

disease, and three (33%) had progressive disease (including one patientwho only had a

follow-up CT). By CT four (44%) experienced a reduction in target lesions, but all were

less than partial responses. Grade 3 or higher immune-related adverse events (IRAEs)

were seen in two (22%) patients, bothwith transaminitis and one of whomhad concur-

rent hypophysitis. Another patient had grade 1 pneumonitis, requiring treatment with

steroids. No associations between the immunosecretomeprofile and clinical outcomes

could be detected.
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Conclusion: Frontline pembrolizumab for FL is associated with limited responses and

a clinically significant rate of IRAEs. Alternative strategies for targeting the TME in FL

should be explored.
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1 BACKGROUND

Follicular lymphoma (FL) accounts for approximately 35% of

non-Hodgkin lymphomas (NHLs), and CD20 antibody-based

immunochemotherapy represents the standard of care for most

patients with advanced-stage disease. However, cytotoxic chemother-

apy is associated with myelosuppression, cumulative toxicity, and

successively shorter remissions. Recent trials demonstrate that

single-agent rituximab is highly effective in low-tumor burden FL

and that advanced-stage symptomatic disease may be successfully

treated with lenalidomide-rituximab in most patients [1, 2]. Novel

therapies that target the tumor microenvironment may provide

additional non-cytotoxic frontline treatment options for patients

with FL.

Studies have shown that the host immune response impacts out-

comes in FL [3]. Preclinical studies have demonstrated that the tumor

microenvironment of FL, which is characterized by an abundance of

nonmalignant cells, has prognostic significance. High numbers of T

regulatory cells and specific gene expression signatures of tumor-

infiltrating immune cells have been associated with improved survival

[4–7]. Despite this, harnessing antitumor immunity for therapeutic

benefit has proven challenging in FL. The programmed cell death-1

(PD-1)/programmed cell death ligand-1 (PD-L1) pathway plays a role

in modulating the activity of T cells and in facilitating tumor immune

escape. While PD-L1 expression on FL tumor cells is uncommon, char-

acteristics of the non-malignant local tumor microenvironment, such

as the presence of PD-1 positive tumor-infiltrating lymphocytes (TILs),

have prognostic significance, albeit with inconsistent results across

various studies [8–10].

Early phase studies of PD-1/PD-L1 inhibition in relapsed/refractory

(R/R) FL have yielded inconsistent results. Despite an early study of

nivolumab in FL patients showing an overall response rate (ORR) of

40% (4/10), a larger trial (Checkmate 140) demonstrated responses

in only 4% of patients, all of whom had received at least two prior

lines of therapy that included a CD20 antibody or an alkylating agent

[11, 12]. Furthermore, a phase 2 study of pembrolizumab plus rit-

uximab showed an ORR of 67%, with 50% of patients obtaining a

complete response (CR) [13]. Concurrent administration of rituximab,

however, makes it difficult to discern the relative contribution of

pembrolizumab.

PD-1+ TILs have also been observed in marginal zone lymphoma

(MZL), and gene expression studies in splenicMZL (sMZL) suggest that

approximately 50% of cases exhibit an immune-evasion profile char-

acterized by immune checkpoint activation and T-cell exhaustion [8,

14]. While clinical data on immune checkpoint inhibition in MZL are

limited, there is a case report of a patient with sMZL and high PD-

L1 expression who achieved a deep molecular response with frontline

pembrolizumab [15].

In contrast to the R/R setting, we hypothesized that front-

line PD-1 inhibition, prior to successive rounds of lymphodepleting

chemotherapy and the emergence of resistant clones, may enhance

antitumoral immune responses and lead to higher efficacy. Thus, we

tested single-agent PD-1 inhibition among treatment-naïve FL and

MZL patients to assess the potential efficacy and safety of pem-

brolizumab and explore biomarkers associated with response and

toxicity.

2 MATERIALS AND METHODS

2.1 Patients

We conducted an investigator-initiated, open-label, single-center,

single-arm phase 2 study of pembrolizumab for untreated indolent

B-cell NHL. This study was approved by the Fred Hutchinson Can-

cer Center Institutional Review Board and performed in accordance

with the ethical principles in the Declaration of Helsinki. All patients

provided written informed consent. The trial was registered at www.

clinicaltrials.gov (NCT 03498612).

Patients aged 18 years or older with untreated indolent B-cell

NHL, including FL and MZL, and an indication for treatment by NCCN

guidelines (significant symptoms due to the lymphoma, threatened

end-organ function, progressive cytopenias, or steady progression

of disease), were eligible. Additional inclusion criteria included hav-

ing measurable disease (lesion greater than 1.5 cm by computed

tomography [CT] or magnetic resonance imaging [MRI]), an Eastern

Cooperative Oncology Group (ECOG) performance status of 0–1,

and adequate hematopoietic and organ function (absolute neutrophil

count ≥ 500/µL, platelets ≥ 25,000/µL, hemoglobin ≥ 8 g/dL, cre-

atinine ≤ 1.5 × upper limit normal [ULN] or ≥ 30 mL/min, total

bilirubin ≤ 1.5 ULN, AST and ALT ≤ 2.5 × ULN, INR ≤ 1.5 unless

on anticoagulant therapy). Notable exclusion criteria included a his-

tory of immunodeficiency, having received steroids or any immuno-

suppressive agent within 7 days of treatment start, and active

autoimmune disease requiring systemic treatment within the past

2 years.

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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2.2 Study design

In the window phase, pembrolizumab was administered at 200 mg

IV in 21-day cycles for up to 6 cycles. Early tumor assessment was

performed with CT imaging after cycle 3. Fluorodeoxyglucose (FDG)-

positron emission tomography-CT (PET-CT) imaging with assessment

by Lugano criteria was performed after cycle 6 to determine candi-

dacy for continuation of study [16]. For those tolerating the drug and

showing an objective response after cycle 6, pembrolizumab could be

continued for up to an additional 12 cycles, with response assessments

prior to cycles 11 and 15. Those who had disease progression or stable

disease (PD or SD) after the initial six cycles could continue treat-

ment in the window phase, with restaging after another three cycles

to assess for pseudo-progression or a delayed response. Patients were

taken off the study if disease progression was seen after the additional

three cycles. An end-of-treatment evaluationwas performedwithin 30

days of the last dose of pembrolizumab or prior to the next line of ther-

apy, whichever came first. Adverse events (AEs) were collected and

graded per Common Terminology Criteria for Adverse Events version

4.0.

2.3 Endpoints and statistical considerations

The primary endpoint for this study was OR (CR and partial response

[PR]) at the end of the 6-cycle window treatment period. Secondary

endpoints included event-free survival (EFS), time to next therapy

(TTNT), and safety. EFS was defined as the time from the start of

pembrolizumab to progression, the start of the next line of lymphoma

treatment, or death.

A benchmark ORR of 25%was used, based on early data of immune

checkpoint inhibition in R/R FL [17]. The trial followed a Simon two-

stage minimax design, with an assumed-true ORR of 50% associated

with pembrolizumab [18]. In the first stage of the Simon design, if there

are four or fewer responses among the first 16 patients (25% or less)

enrolled, consideration would be given to terminating the study due to

lack of efficacy. If there are five or more responses among the first 16

patients, an additional 17 patients (for a total of 33) will be enrolled.

Twelve or fewer (36% or less) responses among 33 would not allow

the null hypothesis of an ORR of 25% to be rejected. This design has

90% power and a type I error rate of 0.045, and the expected sample

size under the null hypothesis is 22 patients. Additionally, if there are

zero responses amongst the first six patients enrolled within a partic-

ular histology, accrual of that histology would be stopped. A stopping

rule for safety was included, such that the study would be suspended

if the observed rate of infusion or immune-related AEs of grade 3 or

higher was 12% or higher. Operationally, this would occur if three out

of the first 11 or fewer, five out of the first 22 or fewer, or six out of

the first 33 or fewer patients have grade 3 or higher immune-related or

infusion-related AEs.

Descriptive statistics were used to summarize clinical and demo-

graphic information. The Kaplan-Meier method was used to estimate

time-to-event outcomes in months with a corresponding 95% confi-

dence interval (CI). Statistical software R version 2023.12.1+402 was

used for analyses.

2.4 Correlative studies

Secreted cytokines, chemokine, and growth factors were measured

either by Luminex or nano ELISA (nELISA) as previously described,

in available plasma or peripheral blood mononuclear cells (PBMCs)

from six patients at baseline pre-treatment and prior to treatment

on cycle 2 day 1 (C2D1) [19–21]. Briefly, plasma samples from four

cases (patients 6–9) were collected and 71 secreted factors were

measured by Luminex technology [20]. For two patients (patients 4

and 5), who did not have available plasma samples, PBMCs were cul-

tured in RPMI media supplemented with 10% fetal bovine serum.

After 24 h, the conditioned media was collected and 187 secreted

factors were measured using nELISA [21]. For each measurement,

at least 2–3 technical replicates were used. The data were normal-

ized to the baseline control, and fold changes were determined for

each case. Correlations were explored both with clinical response

and immune-related toxicity, but given limited sample sizes, the

results were descriptive. An immune-multiple reaction monitoring

mass spectrometry (MRM-MS)-based proteomic assay representing

43 immunomodulatory proteins, was performed on plasma sam-

ples from four patients at baseline pre-treatment as well as on

C2D1 [22].

3 RESULTS

3.1 Patient demographics

A total of nine patients (all with FL) were enrolled in the trial from

February 2019 to April 2021 (Table 1). The study was terminated

early due to slow accrual despite no screen failures. The median age

was 51 years (range, 39–70), three (33%) were female, and all were

white. Eight (89%) had stage III or IV disease. All had grade 1–2 FL.

The Follicular Lymphoma International Prognostic Index (FLIPI) score

was low, intermediate, and high risk in two (22%), five (55%), and two

(22%) patients, respectively. No patients had bulky disease, defined

as the largest diameter lesion ≥ 7 cm, but six (67%) had high-tumor

burden disease according to Groupe d’Etude des Lymphomes Follic-

ulaires criteria. One (11%) patient had B symptoms. Indication for

treatment was significant disease-related symptoms in seven (78%)

patients and steady or rapid disease progression in the remaining two

(22%) patients.

3.2 Efficacy

Patient outcomes are depicted in Figures 1 and 2. By PET-CT assess-

ment of metabolic response after six cycles or at the end of treatment,

3/9 (33%) had the best response of PR, 2/9 (22%) SD, 3/9 (33%) PD,
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TABLE 1 Baseline patient characteristics. ECOG= Eastern
Cooperative Oncology Group. GELF=Groupe d’Etude des
Lymphomes Folliculaires Criteria. LDH= lactate dehydrogenase.

Characteristic N= 9

Age, median (range) 51 (39-70)

Female 3 (33%)

Race,White 9 (100%)

Ann Arbor Stage

2

3

4

1 (11%)

4 (44%)

4 (44%)

Grade 1–2 9 (100%)

FLIPI Risk Score

0–1 (Low)

2 (Intermediate)

≥ 3 (High)

2 (22%)

5 (55%)

2 (22%)

Bulky disease (≥ 7 cm) 0

Elevated LDH 2 (22%)

B symptoms 1 (11%)

High-tumor burden by GELF 6 (66%)

ECOG

0

1

7 (78%)

2 (22%)

Indication for treatment

Symptoms

Threatened end-organ function

Cytopenias

Bulky disease

Steady or rapid progression

7 (78%)

0

0

0

2 (22%)

and one patient did not have a PET/CT performed but was scored as

PD based on CT. By CT assessment, four (44%) patients had a reduc-

tion in target lesions, although all had less than a partial response

(Figure 1). The best response of SD was seen in seven (78%) patients,

while two (22%) had progressive disease (PD). The median number of

treatment cycles was 4 (range, 1–9). Five (56%) patients discontinued

treatment due to PD or SD, and four (44%) patients discontinued due

to treatment-relatedAEs. After amedian follow-up among survivors of

50months (range: 30.7–59.1), themedian EFSwas 6.3months (95%CI

3.77–NA) (Figure 2).

Of the nine patients, one was lost to follow-up soon after being

taken off the trial, and seven of the remaining eight patients went on

to receive the next line of therapy. The median TTNT was 5.4 months

(95% CI, 4.73–NA). One patient who came off trial after three cycles

of pembrolizumab due to grade 1 thyroiditis andminimal response (SD

by CT, PR by PET), has not progressed since and remains off treatment

56 months later. Additionally, one patient with baseline adenopathy

in the left axilla, spleen, and abdominal lymph nodes, had SD after

receiving nine cycles of pembrolizumab. A biopsy of his left axillary

lymphnodeconfirmed residual disease.Given symptomatic left axillary

LAD, a decision was to take him off trial, and he subsequently under-

went palliative 2 Gy × 2 radiation to the left axilla for local control.

PET/CT 3 months following radiation showed a CR, with an abscopal

response in areas of disease outside the axilla. He remains with-

out evidence of recurrence, now 56 months out from completion of

radiation.

3.3 Safety

Treatment-related AEs were experienced in all patients (Table 2).

All were grade 1 or 2, with the exception of two (22%) patients,

who experienced grade 3 transaminitis. Notable immune-related AEs

(IRAEs) include grade 1 thyroiditis, which developed after two cycles;

grade 2 hypothyroidism, which developed after four cycles; grade 3

transaminitis and grade 2 hypophysitis (manifested by headache, low

testosterone, lowACTH, and elevatedTSH),which developed after one

cycle; grade 3 transaminitis, which developed after three cycles and

F IGURE 1 Best response, represented by the percentage change from baseline of the sum of product of diameters (SPD) of index lesions.
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F IGURE 2 Event-free survival (EFS) in months from the start of pembrolizumab treatment. An event was defined as progression, the start of
next-line treatment in those who did not progress, or death. In those who did not experience an event, data was censored at the time of the last
follow-up. “X” marks the last pembrolizumab dose received. The arrow at the end of the bar in one patient reflects a continued response at the last
follow-up despite stopping therapy after 3 cycles of treatment.

TABLE 2 Adverse events graded by Common Terminology
Criteria for Adverse Events (CTCAE) 4.0 criteria and attributed as
possibly, probably, or likely related to pembrolizumab.

Adverse event,N (%) Grade 1 Grade 2 Grade 3

Pruritus 1 (11%)

Bilirubin elevation 1 (11%)

Fatigue 1 (11%)

Arthralgia 1 (11%)

Dry eye 1 (11%)

Drymouth 1 (11%)

Hyperthyroidism 1 (11%)

Headache 1 (11%) 1 (11%)

Fever 1 (11%)

Nausea 1 (11%)

Chills 1 (11%)

ALT elevation 2 (22%)

AST elevation 1 (11%) 1 (11%)

Alkaline phosphatase increased 2 (22%)

Elevated TSH 1 (11%) 1 (11%)

ACTH decreased 1 (11%)

Testosterone decreased 1 (11%)

Hyperglycemia 1 (11%)

Diarrhea 1 (11%)

Pneumonitis 1 (11%)

Constipation 1 (11%)

grade 1 pneumonitis incidentally noted on imaging after six cycles of

treatment.

The two cases of thyroid dysfunction were treated with continued

thyroid hormone supplementation. The patient who experienced both

hypophysitis and transaminitis was treated with steroids, while the

other case of transaminitis was treated with steroids and mycopheno-

late mofetil. The case of pneumonitis was also treated with steroids.

Among the three patients (33%) that received oral corticosteroids, the

median duration of steroid treatmentwas 50 days (range, 5–262 days).

No AEs were fatal. Except for the two patients who required ongoing

thyroid hormone supplementation, all IRAEs resolved with permanent

discontinuation of pembrolizumab, supportive care, and steroids.

3.4 Correlative studies

Six patients had immunosecretome levels measured at baseline and

on C2D1, two from PBMCs, and four from plasma samples (Figures

S1 and S2). Two of the six patients had a PR, two had SD, and two

had PD. Given our limited sample size, we were not able to perform

any formal statistical analyses but amongst the four patients who had

immunosecretomeanalysis performedonplasma samples,weexplored

associations between baseline orC2D1 immunosecretome levels, fold-

change between baseline and C2D1, and clinical responses (Figure 3).

We did not identify any meaningful differences between the response

groups with regard to baseline immunosecretome levels. However,

there were five cytokines/chemokines that were substantially reduced

(> 2-fold change from baseline to C2D1) in the patient who achieved a

PR compared to other response groups (SD and PD): interleukin (IL)-6,
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F IGURE 3 Heatmap of Log2-fold changes in cytokine expression between pre-treatment and C2D1, grouped by response categories.

IL-5, IL-10, IL-15, and macrophage colony-stimulating factor (M-CSF)

(Figure S3). In the patient who achieved a PR, the five cytokines that

showed the most substantial increases compared to baseline levels

were PDGF-AA/BB, TARC, VEGF-A, and sCD40L (Figure S4). These

observed differences in cytokine changes were numerical but not sta-

tistically significant. As all six patients tested experienced an IRAE, we

were unable to identify any predictors of IRAEs.

An immuno-MRM assay was performed on four patients, which

demonstrated increases in the proteins PDCD1LG2, CD33, CD74,

TNFRSF14, IL6R, MPO, LGALS9, and FOXO1 from baseline to C2D1,

as previously reported [22].

4 DISCUSSION

Although hindered by small sample size and early study termination

due to slow accrual, our study found that pembrolizumab monother-

apy in frontline FL is associated with limited clinical responses and

a relatively high rate of IRAEs. When compared to the current stan-

dard of care for frontline FL, which is associated with response rates

of 85–90%, our data confirms that PD-1 inhibition in FL results in a low

response rate, even when applied in the frontline setting [23, 24].

We posit that the slow accrual for this trial may have been due

to patient and provider hesitancy to employ pembrolizumab as a

monotherapy in patients who had an indication for treatment, given

its limited track record in FL. To improve accrual in future trials

of novel agents, strategies such as a “window-of-opportunity” trial

design to assess the clinical activity of pembrolizumab monother-

apy prior to the addition of standard treatments could be considered

[25]. Alternatively, testing novel agents in patients with asymptomatic

low-tumor-burden disease, where there is less urgency for treatment,

might also be a viable approach.

There has been one other reported study of immune-checkpoint

inhibition in frontline FL, incorporating nivolumab priming followed
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by nivolumab maintenance versus nivolumab plus rituximab in those

without a CR to induction nivolumab; the ORR was 93% (56% CR

and 36% PR), although the percentage of responses achieved after

nivolumab alone is not reported [26]. While our findings suggest lim-

ited activity of PD-1 monotherapy in frontline FL, PD-1 inhibitors may

have a synergistic effect with rituximab. This synergy could enhance

the antibody-dependent, cell-mediated cytotoxicity effect of natural

killer cells induced by rituximab, though more detailed results and

longer-term follow-up of this strategy are needed [13, 27].

Preclinical studies in FL have highlighted the prognostic significance

of the tumor microenvironment, which is enriched with exhausted T

cells expressing a variety of immune checkpoint inhibitors, including

PD-1, T-cell immunoglobulin and mucin-domain containing-3, lympho-

cyte activation gene-3, and T-cell immunoglobulin and immunorecep-

tor tyrosine-based inhibitory motif domain [28]. Another potential

mechanism of immune escape may be associated with the loss of

MHCII expression by FL tumor cells, though MHCII expression varies

across patients [7]. These data suggest that multiple mechanisms of

tumor immune escape are at play within the TME of patients with FL,

and targeting onemechanism alone, as demonstrated in our studywith

PD-1 inhibition, is likely to be ineffective.

In a disease like FL where most patients can still anticipate a nor-

mal life expectancy, maintaining or improving quality of life, while

balancing the benefits and toxicities of treatment is crucial. In our

study, with a limited sample size of nine patients, 22% of patients

had grade 3–4 IRAEs. Additionally, 33% of patients required steroids

for the treatment of IRAEs, and 44% of patients discontinued treat-

ment due to AEs. Similarly, in the study of nivolumab in frontline FL,

amongst 39 patients enrolled, grade 3 or higher toxicities occurred

in 41% during induction, and there were 12 cases (30%) of grade 3–

4 IRAEs [26]. Although comparisons of IRAE rates are limited by the

small sample sizes in both of these studies of frontline immunother-

apy in FL, the rate of IRAEs in treatment-naïve patients appears higher

than in those with R/R FL, where grade 3 or 4 IRAEs occurred in

13% of patients receiving pembrolizumab plus rituximab [13]. Addi-

tionally, prior studies of pembrolizumab and nivolumab across various

tumor types, showed an IRAE rate of 30–40%, with grade 3 or higher

IRAEs occurring in 3%–12% of patients [29]. Thus, it is possible that

frontline PD-1 inhibition may impose greater risks of IRAEs, per-

haps due to a more robust immune response that has not previously

been modulated or suppressed by other therapies. Furthermore, this

risk may be higher in the setting of PD-1 inhibition monotherapy

compared to PD-1 combination therapies with chemotherapy, where

effector immune cells are suppressed. While differences in IRAE rates

may also be attributed to different disease biology, tumor microen-

vironments, or chance, it is notable that grade 3 or 4 IRAEs were

only seen in 10% of patients in a study of pembrolizumab in com-

bination with rituximab, cyclophosphamide, doxorubicin, vincristine,

and prednisone (PR-CHOP) in untreated DLBCL, and in 4%–10%

of patients treated with nivolumab or pembrolizumab plus doxoru-

bicin, vinblastine, and dacarbazine for newly diagnosed classicHodgkin

lymphoma [30–32].

In contrast, with our current standard-of-care for untreated

FL, grade 3 or higher AEs occurred in approximately 65–75% of

patients in the RELEVANCE and GALLIUM trials of frontline ritux-

imabplus lenalidomideor immunochemotherapy, both studies ofwhich

treatment-related deaths occurred in 1%–4% of patients [24, 33].

Despite the higher-than-expected IRAE rate observed in our study,

the overall AE profile may still be more favorable with immunother-

apyapproaches.Nevertheless, theneed for long-term thyroidhormone

replacement and prolonged steroid use can still have a significant

impact on quality of life, and the tolerance for these AEs may be lower

in treatment-naïve patients with indolent disease.

We performed immunosecretome profiling prior to treatment and

at C2D1 to explore potential biomarkers for IRAEs and response. Of

particular interestwere cytokines that have been reported as potential

biomarkers in prior studies of immune-checkpoint inhibitors, including

IL-6, IL-1, IL-10, tumor necrosis factor-α, interferon-γ, and transform-

ing growth factor-beta [34–36]. However, the majority of these prior

studies were performed in solid tumor patients, and as mechanisms of

IRAEs are heterogeneous, their applicability in lymphoma is unknown

[37]. Although we sought to explore potential biomarkers in our study

by analyzing a broad immunosecretome panel, with our limited sample

size,wewereunable to identify any signaturesdefinitivelypredictiveof

outcomes to PD-1 inhibition in FL patients. Nevertheless, we observed

substantial numerical decreases between baseline and C2D1 in lev-

els of IL-6, IL-5, IL-10, IL-15, and M-CSF and numerical increases in

PDGF-AA/BB, TARC, VEGF-A, sCD40L, and EGF in the patient who

had a partial response compared to those with stable or progressive

disease. While larger prospective datasets are needed to corroborate

these observations, our data on IL-6 is consistent with current litera-

ture, a proinflammatory cytokine that has been demonstrated to be a

poor prognostic factor in various cancers, with baseline levels associ-

ated with worse outcomes and increases after anti-PD1 therapy being

associated with poor clinical response to therapy [38].

5 CONCLUSION

In summary, our results demonstrate that frontline pembrolizumab

monotherapy for follicular lymphoma is associated with limited clin-

ical efficacy and a relatively high rate of IRAEs leading to treatment

discontinuation. Nevertheless, the two patients with prolonged dis-

ease control in our study, including one with an abscopal response

to low-dose radiation therapy following pembrolizumab suggests that

manipulation of the immune microenvironment may still hold promise

with improved agents and strategies to identify patients most likely to

respond.
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