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Abstract

Patients with relapsed or refractory lymphoma have limited treatment options,

requiring newer regimens. In this Phase 1/2 study (NCT03769181), we assessed the

safety, efficacy, and pharmacokinetics of isatuximab (Isa, anti‐CD38 antibody) in

combination with cemiplimab (Cemi, anti‐programmed death‐1 [PD‐1] receptor

antibody; Isa + Cemi) in patients with classic Hodgkin lymphoma (cHL), diffuse large

B‐cell lymphoma (DLBCL), and peripheral T‐cell lymphoma (PTCL). In Phase 1, we

characterized the safety and tolerability of Isa + Cemi with planned dose de‐
escalation to determine the recommended Phase 2 dose (RP2D). Six patients in

each cohort were treated with a starting dose of Isa + Cemi to determine the RP2D.

In Phase 2, the primary endpoints were complete response in Cohort A1 (cHL anti‐
PD‐1/programmed death‐ligand 1 [PD‐L1] naïve), and objective response rate in

Cohorts A2 (cHL anti‐PD‐1/PD‐L1 progressors), B (DLBCL), and C (PTCL). An

interim analysis was performed when the first 18 (Cohort A1), 12 (Cohort A2), 17

(Cohort B), and 11 (Cohort C) patients in Phase 2 had been treated and followed up

for 24 weeks. Isa + Cemi demonstrated a manageable safety profile with no new

safety signals. No dose‐limiting toxicities were observed at the starting dose; thus,

the starting dose of each drug was confirmed as the RP2D. Based on the Lugano

2014 criteria, 55.6% (Cohort A1), 33.3% (Cohort A2), 5.9% (Cohort B), and 9.1%

(Cohort C) of patients achieved a complete or partial response. Pharmacokinetic

analyses suggested no effect of Cemi on Isa exposure. Modest clinical efficacy was

observed in patients with cHL regardless of prior anti‐PD‐1/PD‐L1 exposure. In

DLBCL or PTCL cohorts, interim efficacy analysis results did not meet prespecified

criteria to continue enrollment in Phase 2 Stage 2. Isa + Cemi did not have a syn-

ergistic effect in these patient populations.

K E Y W O R D S

cemiplimab, diffuse large B‐cell lymphoma, isatuximab, non‐Hodgkin lymphoma, peripheral T‐
cell lymphoma

1 | INTRODUCTION

Immune checkpoint blockade has contributed to the efficacy of tar-

geted anti‐programmed death 1 (PD‐1)/anti‐programmed death‐
ligand 1 (PD‐L1) agents in many tumor types, with clinical re-

sponses observed in a small proportion of patients with Hodgkin

lymphoma (HL) and rare non‐HL (NHL) subtypes.1,2 PD‐1 inhibitors,

nivolumab and pembrolizumab, received US Food and Drug Admin-

istration approval for relapsed/refractory classic Hodgkin lymphoma

(cHL); however, only a small fraction of patients achieved complete

response (CR) in Phase 2 trials of these agents.3,4 Early‐phase studies

with single‐agent anti‐PD‐1 antibodies produced low or modest

clinical activity in patients with diffuse large B‐cell lymphoma

(DLBCL) and peripheral T‐cell lymphoma (PTCL).5–8 New therapies

that employ anti‐PD‐1/PD‐L1 antibodies in combination with other

therapies are being evaluated in patients with lymphoma.

The expression of the transmembrane glycoprotein CD38 is well

documented in hematological cancers, including multiple myeloma

(MM), certain types of lymphoma, and leukemia; the prevalence and

expression level of CD38 is lower and more variable in non‐MM

cancers.2,9–14 Monoclonal antibodies targeting CD38 have demon-

strated deep clinical outcomes in patients with MM, but data sup-

porting their clinical utility in lymphoid malignancies are limited.15

Preclinical studies demonstrated cytotoxic activity of anti‐CD38

antibodies against CD38+ malignancies.9,16,17 Furthermore, in mu-

rine models of lung cancer and melanoma, acquired resistance to

anti‐PD‐1/PD‐L1 agents is associated with CD38 upregulation on

tumor cells, thereby leading to CD38‐mediated CD8+ T‐cell sup-

pression via adenosine receptor signaling.18 Co‐inhibition of PD‐L1

and CD38 contributed to a stronger anti‐tumor immune response

compared with anti‐PD‐L1 monotherapy in a mouse lung cancer

model.18 Thus, the opportunity remains to develop regimens that

incorporate an anti‐CD38 monoclonal antibody as a partner for pa-

tients with lymphoma. Cemiplimab (Cemi) is a recombinant human

IgG4 monoclonal antibody that binds to PD‐1 and blocks its inter-

action with PD‐L1 and PD‐L2.19 Cemi is approved for treating
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patients with metastatic or locally advanced cutaneous squamous cell

carcinoma, basal cell carcinoma, and non‐small cell lung cancer with

high PD‐L1 expression.19 Preliminary studies showed that Cemi

monotherapy is well tolerated and has minimal clinical activity in

patients with HL and B‐cell NHL.8

Isatuximab (Isa) is an IgG1 monoclonal antibody that targets a

specific epitope on CD38 and kills CD38+ cells from hematological

malignancies via multiple mechanisms.17,20 Notably, Isa demonstrated

potent antitumor activity against diverse CD38+ B‐cell lymphoma,

DLBCL, MM, and leukemia cell lines as well as xenograft models

derived from these cell lines.17 Based on the Phase 3 ICARIA‐MM and

IKEMA studies (NCT02990338; NCT03275285),21,22 Isa has been

approved in combination with pomalidomide and dexamethasone or

carfilzomib and dexamethasone, respectively, in MM.

In view of preclinical evidence for the activity of Isa in lymphoma,

coupled with early studies showing suboptimal clinical activity of

single‐agent anti‐PD‐1 antibodies in HL, DLBCL, and PTCL, we hy-

pothesize that Isa plus Cemi (Isa + Cemi) will have a synergistic effect

in patients with lymphoma. Currently, data on Isa activity in PTCL are

lacking; however, we included patients with PTCL because CD38,

PD‐1, and PD‐L1 are expressed in certain types of PTCL.2 In this

Phase 1/2 study (NCT03769181), we evaluated the safety, efficacy,

and pharmacokinetics of Isa + Cemi in patients with relapsed and

refractory cHL, DLBCL, and PTCL. Phase 1 primary objectives were

to characterize the safety and tolerability of Isa + Cemi and to

confirm the recommended Phase 2 dose (RP2D). In Phase 2, we

assessed the CR rate of Isa + Cemi in anti‐PD‐1/PD‐L1 naïve patients

with cHL (Cohort A1) and objective response rate (ORR) in anti‐PD‐
1/PD‐L1 progressors with cHL (Cohort A2), anti‐PD‐1/PD‐L1 naïve

patients with DLBCL (Cohort B), and anti‐PD‐1/PD‐L1 naïve patients

with PTCL (Cohort C).

2 | PATIENTS AND METHODS

2.1 | Study design and participants

This was a Phase 1/2 multicenter, non‐comparative, open‐label

study. Patients were enrolled at 23 study sites in seven countries

(France, Italy, Republic of Korea, Netherlands, Portugal, Spain, and

Taiwan).

Eligible patients were ≥12 years old and had disease location

amenable to tumor biopsy at baseline, measurable disease, and his-

tologically confirmed advanced cHL, DLBCL, or PTCL that had

relapsed or progressed after previous therapy. The number of pre-

vious therapies required for inclusion differed by cohort: ≥3 (cHL

anti‐PD‐1/PD‐L1 naïve), 1 anti–PD‐1/PD‐L1–containing regimen

(cHL anti‐PD‐1/PD‐L1 progressors), 2 (DLBCL), and 1 (PTCL). Key

exclusion criteria were prior exposure to anti‐CD38, anti–PD‐1/PD‐
L1 (except for cHL anti–PD‐1/PD‐L1 progressors), anti‐PD‐L2, anti‐
CD137, anti‐CTLA4, or anti‐LAG3 agents, evidence of other

immune‐related disease/conditions, Eastern Cooperative Oncology

Group (ECOG) performance status ≥2, poor bone marrow reserve,

and poor organ function. Among cHL anti‐PD‐1/PD‐L1 progressors, 3

patients were refractory to a prior anti‐PD‐1 agent. One patient who

had a partial response (PR) with prior pembrolizumab developed

progressive disease upon rechallenge.

The study was in two parts (study design in Figure 1). Eligible

patients with cHL, DLBCL, or PTCL were enrolled in Phase 1 and

RP2D was determined according to the dose‐limiting toxic-

ities (DLTs) in Cycle 1. Patients were treated with Isa + Cemi at the

starting dose; dose de‐escalation to a dose level minus one or an

alternative dose/schedule was planned if DLTs occurred in ≥2/3

patients in Cycle 1 (see Procedures for drug doses). Patients were

F I G U R E 1 Study design. Cemi, cemiplimab; cHL, classic Hodgkin lymphoma (HL); DLBCL, diffuse large B‐cell lymphoma; DLT, dose‐limiting
toxicity; Isa, isatuximab; PD‐1, programmed death‐1; PD‐L1, programmed death ligand‐1; PTCL, peripheral T‐cell lymphoma
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treated in Stage 1 of Phase 2 at the RP2D until disease progression

or unacceptable toxicity. Phase 2 included four cohorts: A1, A2, B,

and C. Patients treated at the RP2D of Isa + Cemi during Phase 1

were included in the efficacy analysis together with participants of

the same indication in Stage 1 of Phase 2. Expected enrollment was

3–12 DLT–evaluable patients in Phase 1 and 37 (Cohort A1), 25

(Cohort A2), 29 (Cohort B), and 27 (Cohort C) patients in Phase 2

(if Stages 1 and 2 were both completed). A prespecified, interim

efficacy analysis was planned independently for each cohort. The

criteria required to advance a treatment cohort from Phase 2, Stage

1 to Stage 2 of Phase 2 were: CR in 4/17 (23.5%) patients in Cohort

A1, and CR or PR in 3/12 (25.0%) patients in Cohort A2, 8/18

(44.4%) patients in Cohort B, and 3/10 (30.0%) patients in Cohort

C. The actual number of patients enrolled per cohort was based on

the interim analysis results, which was preplanned specifically to

avoid treating patients if the combination did not have a synergistic

effect.

2.2 | Procedures

In Phase 1, patients received a starting dose of Isa (10 mg/kg) every

week in Cycle 1, every 2 weeks in Cycles 2–6, and every 3 weeks

thereafter. Cemi was given at 250 mg every 2 weeks in Cycles 1–6,

and at 350 mg every 3 weeks thereafter. The cycle duration was

28 days for Cycles 1–6, then 21 days in subsequent cycles. All par-

ticipants received the following premedications (or equivalent), 30–

60 min before Isa infusion, to prevent or reduce the incidence or

severity of infusion reactions: oral acetaminophen 650–1000 mg,

ranitidine 50 mg intravenously (IV), diphenhydramine 25–50 mg IV,

methylprednisolone 100 mg IV, and oral montelukast 10 mg.

2.3 | Outcomes

In Phase 1, safety and tolerability were assessed based on DLTs in

Cycle 1, treatment‐emergent adverse events (TEAEs) or serious

TEAEs, and laboratory abnormalities. TEAEs and laboratory abnor-

malities were graded using the National Cancer Institute Common

Terminology Criteria for Adverse Events version 5.0.

Disease response was determined using positron emission to-

mography and assessed using the Lugano response criteria, 2014.23

For Phase 2, CR rate was defined as the proportion of participants

who had complete metabolic response (CMR) as best overall

response. Objective response rate was defined as the proportion of

participants with CMR or PR as best overall response.

Key secondary endpoints were duration of response (DoR) and

progression‐free survival (PFS).

The all‐treated population was the primary analysis population

for efficacy and safety analyses and included all participants who

received ≥1 Isa or Cemi dose.

2.4 | Pharmacokinetics

Blood samples were collected at selected time points during Cycle 1

(predose, end of infusion [EOI], EOI+4h, start of infusion [SOI]+72h,

SOI+144h) to perform Isa pharmacokinetics by non‐compartmental

analysis using Phoenix WinNonlin® version 8.2 (Pharsight). Gyrolab

Platform, a quantitative Sandwich immunoassay using biotinylated

anti‐Isa antibodies bound by streptavidin beads within the Gyrolab

Bioaffy CD microstructure for capture and Alexa Fluor® 647‐
conjugated CD38 antibody for detection, was used to measure

functional Isa (Isa with ≥1 site available to bind target) plasma levels,

with a lower limit of quantitation of 5.0 μg/ml and an upper limit of

quantitation of 500 μg/ml.

2.5 | Statistical analysis

The sample size was determined based on the primary efficacy

endpoint. An interim efficacy analysis was performed when the first

18 (Cohort A1), 12 (Cohort A2), 17 (Cohort B), and 11 (Cohort C)

patients in Phase 2 had been treated and the last patient in Phase 2

had been followed up for 24 weeks (data cutoff: 5 May 2020, for

Cohorts B and C; 18 August 2020, for Cohort A1; 15 February 2021,

for Cohort A2).

CR and ORR rates were summarized using descriptive statistics.

A 90% two‐sided confidence interval (CI) was computed using the

Clopper–Pearson method. Efficacy evaluation was based on Simon's

2‐stage design with 85% power at a 1‐sided alpha level of 5% for

each cohort. Duration of response, median PFS, and 95% CIs were

calculated using the Kaplan–Meier method. Individual concentrations

and pharmacokinetic parameters of Isa were summarized by

descriptive statistics.

3 | RESULTS

3.1 | Patients

In cohorts A1, A2, B, and C, 18, 12, 17, and 11 patients were enrolled,

respectively. Patient baseline characteristics are shown in Table 1. In

Phase 1, 6 patients in each cohort were treated with a starting dose

of Isa + Cemi to determine the RP2D. No DLTs were observed during

Cycle 1; thus, the starting dose was confirmed as the RP2D, obviating

dose de‐escalation.

Exposure to Isa + Cemi was longer in the cHL cohorts compared

with the DLBCL and PTCL cohorts. Median (range) duration of

exposure and number of cycles, respectively were 33.0 (6–69) weeks

and 8.5 (1–21) in the cHL anti‐PD‐1/PD‐L1 naïve cohort, 36.1 (4–83)

weeks and 10.0 (1–25) in the cHL anti‐PD‐1/PD‐L1 progressors

cohort, 4.0 (2–41) weeks and 1.0 (1–11) in the DLBCL cohort, and 4.1

(2–38) weeks and 1.0 (1–10) in the PTCL cohort.

CARLO‐STELLA ET AL. - 111

 10991069, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.3089 by C

ochraneItalia, W
iley O

nline L
ibrary on [23/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



3.2 | Safety

TEAEs were reported in 83.3% of the patients in the cHL anti‐PD‐1/

PD‐L1 naïve cohort and in all patients in the remaining cohorts

(Table 2). Grade ≥3 and serious TEAEs, respectively, were more

frequent in the DLBCL (70.6% and 58.8%) and PTCL (81.8% and

63.6%) cohorts than in the cHL cohorts (5.6% and 11.1% [cHL anti‐
PD‐1/PD‐L1 naïve], 8.3% and 16.7% [cHL anti‐PD‐1/PD‐L1

T A B L E 1 Patient baseline characteristics

Cohort A1: cHL (anti‐PD‐1/
PD‐L1 naïve) (n = 18)

Cohort A2: cHL (anti‐PD‐1/PD‐
L1 progressors) (n = 12)

Cohort B: DLBCL
(n = 17)

Cohort C:
PTCL (n = 11)

Age, years, median (range) 36.0 (21–87) 33.0 (19–68) 64.0 (23–75) 69.0 (50–77)

Male 10 (55.6) 7 (58.3) 12 (70.6) 7 (63.6)

ECOG performance status

0 14 (77.8) 9 (75.0) 5 (29.4) 3 (27.3)

1 4 (22.2) 3 (25.0) 11 (64.7) 8 (72.7)

2 0 0 1 (5.9) 0

Staging

Stage I 0 0 0 0

Stage II 1 (5.6) 4 (33.3) 1 (5.9) 1 (9.1)

Stage II bulky 1 (5.6) 0 1 (5.9) 0

Stage III 4 (22.2) 4 (33.3) 3 (17.6) 1 (9.1)

Stage IV 12 (66.7) 4 (33.3) 12 (70.6) 9 (81.8)

Number of prior regimens

1 0 0 0 10 (90.9)

2 0 0 14 (82.4) 0

>2 18 (100) 12 (100) 3 (17.6) 1 (9.1)

Subtype

Lymphocyte‐rich cHL 1 (5.6) 1 (9.1) NA NA

Mixed‐cellularity cHL 3 (16.7) 2 (18.2) NA NA

Nodular‐sclerosis cHL 14 (77.8) 8 (72.7) NA NA

DLBCL, NOS NA NA 12 (70.6) NA

High‐grade lymphomas with translocations of

MYC and BCL2 and/or BCL6 (double/triple‐
hit lymphoma)

NA NA 1 (5.9) NA

Other NA NA 3 (17.6) NA

T‐cell/histiocyte‐rich large B‐cell lymphoma NA NA 1 (5.9) NA

Angioimmunoblastic T‐cell lymphoma NA NA NA 5 (45.5)

PTCL, NOS NA NA NA 6 (54.5)

Time from initial diagnosis to first dose in years,

median (range)

2.56 (0.8–8.3) 3.38 (1.3–20.9) 1.19 (0.3–7.7) 1.26 (0.3–6.5)

International Prognostic Score at study entrya

0 0 2 (16.7) 0 0

1 4 (22.2) 4 (33.3) 1 (5.9) 1 (9.1)

2 6 (33.3) 3 (25.0) 1 (5.9) 2 (18.2)

3 4 (22.2) 3 (25.0) 10 (58.8) 5 (45.5)

4 1 (5.6) 0 4 (23.5) 3 (27.3)
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progressors]). However, treatment‐related any‐grade, Grade ≥3, and

serious TEAEs, respectively, were less frequent across all cohorts

(50.0%, 0%, 0% [cHL anti‐PD‐1/PD‐L1 naïve]; 91.7%, 0%, 8.3% [cHL

anti‐PD‐1/PD‐L1 progressors]; 52.9%, 5.9%, 11.8% [DLBCL]; 72.7%,

27.3%, 18.2% [PTCL]). No patients in the cHL cohorts reported

TEAEs leading to definitive discontinuation, compared with 5.9% in

the DLBCL cohort and 27.3% in the PTCL cohort (Table 2).

No Grade 5 (fatal) TEAEs were reported in the cHL cohorts.

There were 4 deaths reported during the on‐treatment period in the

DLBCL cohort (2 progressive disease, 1 intestinal perforation, 1

urinary tract infection) and 2 deaths in the PTCL cohort (1 unknown

cause, 1 progressive disease); however, no deaths were treatment‐
related (Table 2).

TEAEs reported in ≥20% of patients are shown in Table 3. Most

TEAEs were Grade 1/2. Infusion‐related reactions were the most

common, with an incidence of 38.9%, 75.0%, 52.9%, and 72.7% in cHL

anti‐PD‐1/PD‐L1 naïve, cHL anti‐PD‐1/PD‐L1 progressor, DLBCL,

and PTCL cohorts, respectively. Among Grade ≥3 TEAEs, infusion‐
related reactions and pyrexia were reported in 1 (9.1%) patient

each in the PTCL cohort, peripheral edema and abdominal pain in 1

T A B L E 1 (Continued)

Cohort A1: cHL (anti‐PD‐1/

PD‐L1 naïve) (n = 18)

Cohort A2: cHL (anti‐PD‐1/PD‐
L1 progressors) (n = 12)

Cohort B: DLBCL

(n = 17)

Cohort C:

PTCL (n = 11)

5 2 (11.1) 0 1 (5.9) 0

6 1 (5.6) 0 0 0

Note: All data are shown as n (%), except where otherwise indicated.

Abbreviations: BCL, B‐cell lymphoma; cHL, classic Hodgkin's lymphoma; DLBCL, diffuse large B‐cell lymphoma; ECOG, Eastern Cooperative Oncology

Group; MYC, myelocytomatosis; NA, not applicable; NOS, not otherwise specified; PD‐1, programmed death‐1; PD‐L1, programmed death ligand‐1;

PTCL, peripheral T‐cell lymphoma.
aDifferent risk factors are used to calculate the International Prognostic Score for cHL, DLBCL, and PTCL. For cHL cohorts, 1 point is added with the

presence of each of the following criteria: age ≥45 years; albumin <4 g/dl; hemoglobin <10.5 g/dl; leukocytosis (white blood cell count ≥15,000/mm3);

lymphocytopenia (lymphocyte count <8% of white blood cell count, and/or lymphocyte count <600/mm3); male; stage IV disease. For DLBCL and PTCL

cohorts, 1 point is added with the presence of each of the following criteria: age >60; Ann Arbor stage III or IV; ECOG performance status ≥2; serum

lactate dehydrogenase level >1 � normal; >1 extranodal site.

T A B L E 2 Safety summary by cohort, all‐treated population

Cohort A1: cHL (anti‐PD‐1/
PD‐L1 naïve) (n = 18)

Cohort A2: cHL (anti‐PD‐1/PD‐L1
progressors) (n = 12)

Cohort B: DLBCL
(n = 17)

Cohort C: PTCL
(n = 11)

Any TEAE 15 (83.3) 12 (100) 17 (100) 11 (100)

Grade ≥3 TEAE 1 (5.6) 1 (8.3) 12 (70.6) 9 (81.8)

Grade 5 TEAE (fatal outcome) 0 0 4 (23.5) 2 (18.2)

SAEs 2 (11.1) 2 (16.7) 10 (58.8) 7 (63.6)

Treatment‐relateda TEAEs 9 (50.0) 11 (91.7) 9 (52.9) 8 (72.7)

Treatment‐relateda Grade ≥3

TEAE

0 0 1 (5.9) 3 (27.3)

Treatment‐related SAE 0 1 (8.3) 2 (11.8) 2 (18.2)

TEAE leading to treatment

discontinuation

0 0 1 (5.9) 3 (27.3)

Any AESIb 7 (38.9) 8 (66.7) 7 (41.2) 7 (63.6)

Any IR 7 (38.9) 9 (75.0) 8 (47.1) 8 (72.7)

Note: All data are shown as n (%).

Abbreviations: AE, adverse event; AESI, adverse event of special interest; cHL, classic Hodgkin's lymphoma; DLT, dose‐limiting toxicity; IR, infusion

reaction; PD‐1, programmed death‐1; PD‐L1, programmed death ligand‐1; PI3K, phosphoinositide 3‐kinase; PTCL, peripheral T‐cell lymphoma; SAE,

serious adverse event; TEAE, treatment‐emergent adverse event.
aTreatment‐related TEAEs are TEAEs related to at least one drug of the combination.
bAESIs include Grade ≥2 IRs, Grade ≥3 immune‐related TEAEs, immune‐related AEs of any grade in a patient previously treated with a PI3K inhibitor

(only applicable for patients who received cemiplimab), DLTs as defined in Phase 1, pregnancy, symptomatic overdose with investigational medicinal

product/non‐investigational medicinal product.
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(5.9%) patient each, and decreased appetite in 2 (11.8%) patients in

the DLBCL cohort. Other commonly reported TEAEs were pyrexia

(22.2%) in the cHL anti‐PD‐1/PD‐L1 naïve cohort; nausea (33.3%),

pyrexia (25.0%), diarrhea (25.0%), and pruritus (25.0%) in the cHL

anti‐PD‐1/PD‐L1 progressors cohort; and abdominal pain (29.4%),

peripheral edema (29.4%), decreased appetite (23.5%), diarrhea

(23.5%), fatigue (23.5%), and nausea (23.5%) in the DLBCL cohort.

The most commonly reported all‐grade hematological laboratory

abnormality was anemia (88.9% [cHL anti‐PD‐1/PD‐L1 naïve], 58.3%

[cHL anti‐PD‐1/PD‐L1 progressors], 100% [DLBCL and PTCL]). The

most frequent Grade ≥3 hematological laboratory abnormalities

were lymphopenia in all cohorts (27.8% [cHL anti‐PD‐1/PD‐L1 naïve],

8.3% [cHL anti‐PD‐1/PD‐L1 progressors], 43.8% [DLBCL], and 36.4%

[PTCL]), and thrombocytopenia (36.4%) in the PTCL cohort (Table 3).

3.3 | Efficacy

Among the all‐treated population, response rate was 55.6%, 33.3%,

5.9%, and 9.1% in cHL anti‐PD‐1/PD‐L1 naïve, cHL anti‐PD‐1/PD‐L1

progressor, DLBCL, and PTCL cohorts, respectively (Table 4). Com-

plete metabolic response was observed in 5 (27.8%) cHL anti‐PD‐1/

PD‐L1 naïve patients, 2 (16.7%) cHL anti‐PD‐1/PD‐L1 progressors,

and 1 (5.9%) DLBCL patient. No PTCL patients achieved CMR.

Among the 10 responders in the cHL anti‐PD‐1/PD‐L1 naïve cohort,

five experienced radiological progression or death with a median

(range) DoR of 5.79 (1.41–9.3) months; 2/4 responders in the cHL

anti‐PD‐1/PD‐L1 progressors cohort had a DoR of 3.19 and

7.56 months.

Median PFS (95% CI) was 8.38 months (2.73–not calculable

[NC]), 8.28 months (2.60–NC), 2.37 months (0.46–2.69), and

2.66 months (0.43–2.99) in cHL anti‐PD‐1/PD‐L1 naïve, cHL anti‐PD‐
1/PD‐L1 progressors, DLBCL, and PTCL cohorts, respectively

(Figure 2).

3.4 | Pharmacokinetics

Mean Isa maximum plasma concentration (Cmax) and area under the

concentration versus time curve over 1 week (AUC1 week) were,

respectively, 226 μg/ml and 22,500 μg.h/ml in the cHL anti‐PD‐1/

PD‐L1 naïve cohort, 265 μg/ml and 26,600 μg.h/ml in the cHL anti‐
PD‐1/PD‐L1 progressors cohort, 253 μg/ml and 23,700 μg.h/ml in

the DLBCL cohort, and 181 μg/ml and 15,000 μg.h/ml in the PTCL

cohort (Table 5). Pharmacokinetic analyses suggested no effect of

Cemi on Isa exposure (Cmax, AUC1week).

T A B L E 3 TEAEs in ≥20% of patients by cohort

Cohort A1: cHL (anti‐PD‐
1/PD‐L1 naïve) (n = 18)

Cohort A2: cHL (anti‐PD‐
1/PD‐L1 progressors)
(n = 12) Cohort B: DLBCL (n = 17) Cohort C: PTCL (n = 11)

All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3

Any event 15 (83.3) 1 (5.6) 12 (100) 1 (8.3) 17 (100) 12 (70.6) 11 (100) 9 (81.8)

Infusion‐related reaction 7 (38.9) 0 9 (75.0) 0 9 (52.9) 0 8 (72.7) 1 (9.1)

Pyrexia 4 (22.2) 0 3 (25.0) 0 2 (11.8) 0 2 (18.2) 1 (9.1)

Diarrhea 3 (16.7) 0 3 (25.0) 0 4 (23.5) 0 1 (9.1) 0

Peripheral edema 3 (16.7) 0 0 0 5 (29.4) 1 (5.9) 1 (9.1) 0

Pruritus 2 (11.1) 0 3 (25.0) 0 0 0 1 (9.1) 0

Abdominal pain 2 (11.1) 0 1 (8.3) 0 5 (29.4) 1 (5.9) 0 0

Decreased appetite 2 (11.1) 0 0 0 4 (23.5) 2 (11.8) 0 0

Nausea 1 (5.6) 0 4 (33.3) 0 4 (23.5) 0 0 0

Fatigue 0 0 1 (8.3) 0 4 (23.5) 0 1 (9.1) 0

Hematological laboratory abnormalities

Anemia 16 (88.9) 1 (5.6) 7 (58.3) 0 16 (100) 2 (12.5) 11 (100) 2 (18.2)

Lymphopenia 12 (66.7) 5 (27.8) 3 (25.0) 1 (8.3) 14 (87.5) 7 (43.8) 10 (90.9) 4 (36.4)

Neutropenia 3 (16.7) 0 – – 6 (37.5) 3 (18.8) 6 (54.5) 2 (18.2)

Leukopenia 10 (55.6) 0 2 (16.7) 0 13 (81.3) 3 (18.8) 8 (72.7) 2 (18.2)

Thrombocytopenia 7 (38.9) 0 3 (25.0) 0 11 (68.8) 2 (12.5) 8 (72.7) 4 (36.4)

Note: All data are shown as n (%).

Abbreviations: cHL, classic Hodgkin's lymphoma; DLBCL, diffuse large B‐cell lymphoma; PD‐1, programmed death‐1; PD‐L1, programmed death ligand‐
1; PTCL, peripheral T‐cell lymphoma; TEAE, treatment‐emergent adverse event.
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4 | DISCUSSION

In patients with relapsed/refractory lymphoma, treatment beyond

the first line remains challenging and represents a significant unmet

need.24–26 Monoclonal antibodies that block the PD‐1/PD‐L1 axis

have demonstrated limited clinical benefit in lymphoma. Although

nivolumab and pembrolizumab are approved for relapsed/refractory

cHL, only a small subset (around 20%–28%) of the patients achieved

complete remission.3,4 Similar outcomes (12% CR) were reported

with Cemi monotherapy in an early‐phase study in patients with HL.8

Combining nivolumab with brentuximab vedotin (anti‐CD30

antibody–drug conjugate) increased CR rate to 61% in the interim

analysis of a Phase 1/2 study of relapsed/refractory patients with

cHL.27 In a Phase 1b study with nivolumab monotherapy, ORR was

achieved in 4/11 (36%) patients with DLBCL and 2/5 (40%) patients

with PTCL.7 Among patients with DLBCL treated with Cemi mono-

therapy, ORR was achieved in 3/18 (17%) patients.8 Although the

reason for suboptimal efficacy of these agents in lymphoma is un-

clear, their promising anti‐tumor activity in a subset of lymphomas

has spurred interest in the development of newer, potentially more

T A B L E 4 Summary of response rate per Lugano 2014 criteria, all‐treated population

Cohort A1: cHL (anti‐PD‐1/

PD‐L1 naïve) (n = 18)

Cohort A2: cHL (anti‐PD‐1/

PD‐L1 progressors) (n = 12)

Cohort B: DLBCL

(n = 17)

Cohort C: PTCL

(n = 11)

Overall response

Responders (CR or PR) 10 (55.6) 4 (33.3) 1 (5.9) 1 (9.1)

Best overall response

Complete metabolic response/complete

response

5 (27.8) 2 (16.7) 1 (5.9) 0

Partial metabolic response/partial

response

5 (27.8) 2 (16.7) 0 1 (9.1)

No metabolic response/stable disease 1 (5.6) 3 (25.0) 0 1 (9.1)

Progressive metabolic disease/

progressive disease

6 (33.3) 5 (41.7) 7 (41.2) 4 (36.4)

Not evaluablea 1 (5.6) 0 9 (52.9) 5 (45.5)

Note: All data are shown as n (%).

Abbreviations: cHL, classic Hodgkin's lymphoma; CR, complete response; DLBCL, diffuse large B‐cell lymphoma; PD‐1, programmed death‐1; PD‐L1,

programmed death ligand‐1; PR, partial response; PTCL, peripheral T‐cell lymphoma.
aIncluding patients with no post‐baseline evaluation prior to the initiation of a new anti‐cancer therapy or the data cutoff date.

F I G U R E 2 Progression‐free survival (PFS): Kaplan–Meier estimates by cohort, all‐treated population. Cemi, cemiplimab; cHL, classic

Hodgkin lymphoma (HL); DLBCL, diffuse large B‐cell lymphoma; PD‐1, programmed death‐1; PD‐L1, programmed death ligand‐1; PTCL,
peripheral T‐cell lymphoma; Isa, isatuximab

CARLO‐STELLA ET AL. - 115

 10991069, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.3089 by C

ochraneItalia, W
iley O

nline L
ibrary on [23/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



effective checkpoint inhibitors and combinations of agents with

different mechanisms of action for the treatment of patients with

lymphoma.1

The expression of CD38 in lymphoma, together with preclinical

evidence for anti‐CD38 antibodies against CD38+ lymphoma, sug-

gests potential utility for these agents in patients with CD38+ lym-

phoma. The anti‐CD38 antibodies, Isa, daratumumab, and MOR202

kill CD38+ lymphoma cells via antibody‐dependent cellular cyto-

toxicity and antibody‐dependent cellular phagocytosis9,16,17 In addi-

tion, Isa has strong anti‐apoptotic activity in lymphoma cells in the

absence of crosslinking agents.17

Several studies suggest a role for CD38 in the immunomodula-

tory and pro‐tumoral microenvironment. CD38 is expressed in many

immunosuppressive cell types9,28–31; targeting CD38‐expressing

immune cells triggers anti‐tumor immunomodulatory mecha-

nisms.17,32–36 CD38 is upregulated in mouse models of lung cancer

and melanoma that have acquired resistance to anti‐PD‐1/anti‐
PD‐L1 blockade, and correlates with CD8+ T‐cell impairment.28,29,37

Concurrent inhibition of CD38 and PD‐L1 in these murine models

has been shown to substantially reduce primary tumor burden and

metastases.18

To address whether co‐inhibition of PD‐1 and CD38 may benefit

patients with lymphoma, we assessed the safety, efficacy, and phar-

macokinetics of Isa + Cemi in patients with cHL, DLBCL, and PTCL.

During the Phase 1 safety run‐in part of this study, no DLTs were

observed during Cycle 1 and the RP2D was confirmed for Phase 2.

Isa + Cemi had a manageable safety profile with no new safety sig-

nals compared with known effects of the individual drugs. Infusion‐
related reactions were the most common events. Grade ≥3, Grade

5, and serious TEAEs were higher in the DLBCL and PTCL cohorts

compared with the cHL cohorts. Treatment‐related TEAEs were less

frequent in all cohorts.

Modest clinical efficacy was observed in patients with cHL, with

responses achieved in patients who had or had not previously

received anti‐PD‐1/PD‐L1 therapy. However, the study was

terminated in view of other more efficacious therapeutic options

available for this patient population. For the DLBCL and PTCL co-

horts, results of the interim efficacy analysis did not meet pre-

specified criteria (i.e., ≥8/17 and ≥3/11 responders in the DLBCL and

PTCL cohorts, respectively) to continue enrollment in Stage 2 of

Phase 2. Consequently, accrual was stopped for the DLBCL and PTCL

cohorts.

Most patients with DLBCL were primary refractory/bulky and

discontinued within weeks from treatment initiation; in such patients,

a more aggressive combination therapy may be needed. Overall,

these results demonstrated that the combination was not very active

in DLBCL and PTCL populations. This is consistent with limited

clinical benefit of daratumumab monotherapy in Phase 2 studies with

patients with relapsed/refractory B‐cell NHL subtypes and natural

killer/T‐cell lymphoma.38,39 The clinical development of next‐
generation anti‐CD38 antibodies, as well as new modalities target-

ing this tumor antigen, may provide more effective treatment options

for improved outcomes in the advanced lymphoid malignancy space.

Pharmacokinetic parameters of Isa in the current study were

consistent with those observed in a recent Phase 1/2 study of

Isa + Cemi in patients with metastatic castration‐resistant prostate

cancer or advanced non‐small cell lung cancer, where the same assay

method was used, suggesting no effect of Cemi on Isa exposure (Cmax,

AUC1week).
40 Similar to the current study in lymphoma, this study

demonstrated a lack of efficacy of Isa + Cemi in small patient cohorts

with these advanced malignancies.

5 | CONCLUSION

Isa + Cemi had a manageable safety profile. Limited clinical efficacy

was observed in patients with cHL who had prior anti‐PD‐1/PD‐L1

exposure, as well as in those who did not. However, we did not

observe a synergistic effect of Isa in combination with Cemi in pa-

tients with cHL, DLBCL, or PTCL.

T A B L E 5 Isa pharmacokinetic parameters

Mean ± SD (Geometric

mean) [CV%]

Cohort A1: cHL (anti‐PD‐1/PD‐
L1 naïve) (n = 17)

Cohort A2: cHL (anti‐PD‐1/PD‐L1
progressors) (n = 12)

Cohort B:

DLBCL (n = 14)

Cohort C:

PTCL (n = 7) All (N = 50)

Cmax 226 � 48.1 265 � 38.8 253 � 29.1 181 � 35.7 237 � 47.1

(μg/ml) (221) [21] (262) [15] (251) [12] (178) [20] (232) [20]

tmax
a 5.95 5.23 5.26 4.57 5.17

(h) b (2.00–8.92) (3.00–8.83) (2.60–10.5) (2.33–7.45) (2.00–10.5)

AUC1 week 22,500 � 5770 26,600 � 4030 23,700 � 4960 15,000 � 4680 22,700 � 6030

(μg•h/mL) (21,800) [26] (26,300) [15]c (23,200) [21] (14,300) [31] (21,800) [27]d

aMedian.
bMin–max.
cn = 11.
dn = 49.

Abbreviations: AUC, area under curve; cHL, classic Hodgkin's lymphoma; Cmax, maximum concentration; CV, coefficient of variation; DLBCL, diffuse

large B‐cell lymphoma; Isa, isatuximab; PD‐1, programmed death‐1; PD‐L1, programmed death ligand‐1; PTCL, peripheral T‐cell lymphoma; SD,

standard deviation; tmax, time to reach Cmax.
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