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Summary
Background This phase 1b/2 PCYC-1123-CA study evaluated efficacy and safety of the combination of ibrutinib,
lenalidomide, and rituximab (iR2 regimen) in patients with relapsed/refractory diffuse large B-cell lymphoma
(DLBCL) ineligible for stem cell transplantation.

Methods In phase 2, patients with relapsed/refractory non-germinal centre B-cell–like DLBCL received oral ibrutinib
560 mg once daily and oral lenalidomide 20 mg or 25 mg once daily on Days 1–21 of each 28-day cycle until disease
progression or unacceptable toxicity and intravenous rituximab 375 mg/m2 on Day 1 of Cycles 1–6. The primary
endpoint was overall response rate (ORR) in the response-evaluable population (received any study treatment and
had ≥1 post-baseline disease assessment). The study was done at 24 academic and community hospitals in
Belgium, Germany, United Kingdom, and USA. This study was registered with ClinicalTrials.gov, NCT02077166.

Findings Between March 13, 2014 and October 2, 2018, 89 patients were enrolled with a median time on study of 35.0
months. Best ORR in the response-evaluable population (n = 85) was 49% (95% confidence interval [CI], 38–61)
across dose cohorts and 53% (95% CI, 39–67) and 44% (95% CI, 26–62) in the 20 mg and 25 mg lenalidomide
cohorts, respectively, with complete responses in 24/85 (28%), 17/53 (32%), and 7/32 (22%) patients, respectively.
Grade 3/4 adverse events (AEs) occurred in 81/89 patients (91%), most frequently neutropenia (36/89; 40%),
maculopapular rash (16/89; 18%), anaemia (12/89; 13%), and diarrhoea (9/89; 10%). Serious adverse events
occurred in 57/89 patients (64%). Fatal AEs occurred in 12/89 patients (13%); causes of death were worsening of
DLBCL (n = 7), pneumonia (n = 3), sepsis (n = 1), and cardiac arrest (n = 1).

Interpretation The most frequent AEs (diarrhoea, neutropenia, fatigue, cough, anaemia, peripheral oedema, and
maculopapular rash) were consistent with known safety profiles of the individual drugs. The iR2 regimen demon-
strated antitumour activity with durable responses in patients with relapsed/refractory DLBCL.
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Research in context

Evidence before this study
The team searched PubMed through April 25, 2022 for clinical
trials using the search terms “diffuse large B cell lymphoma”
OR “DLBCL”, AND “relapsed” OR “refractory” with no
restrictions for language or date. Search results showed that
autologous stem cell transplantation (SCT) and chimeric
antigen receptor T-cell (CAR-T) therapies can induce durable
remissions in up to 50% of patients with relapsed/refractory
DLBCL. However, only a minority of patients are eligible for
SCT, and many patients do not respond or are unable to
access CAR-T for logistical reasons. The team found that
several other novel treatment options for relapsed/refractory
DLBCL (polatuzumab vedotin, loncastuximab tesirine,
selinexor, and tafasitamab) have reported overall response
rates of 24–70%, with complete response rates of 12–58%.
However, none of these therapies were specifically evaluated
in patients with the poor-prognosis non-germinal centre B-
cell–like (non-GCB) DLBCL subtype.

Added value of this study
Here, results from the phase 2 portion of the PCYC-1123-CA
study evaluating the combination of ibrutinib, lenalidomide,

and rituximab (iR2 regimen) in patients with relapsed/
refractory non-GCB DLBCL ineligible for SCT are reported.
Results of the study demonstrated encouraging antitumour
activity and durable responses with the iR2 regimen in
patients with relapsed/refractory non-GCB DLBCL. Median
duration of response and overall survival appeared promising
relative to other novel approved therapies. The iR2 regimen
demonstrated a manageable safety profile consistent with the
known safety profiles of the individual drugs.

Implications of all the available evidence
The iR2 regimen may provide a tolerable therapeutic regimen
with encouraging activity for patients who are not candidates
for or have relapsed after intensive therapy (SCT or CAR-T), a
population with poor outcomes and continued unmet
medical need. The regimen could also potentially serve as a
bridging therapy to SCT or CAR-T therapy or could be
administered prior to T-cell collection based on evidence that
ibrutinib can augment CAR-T cell production.
Introduction
Diffuse large B-cell lymphoma (DLBCL) is an aggressive
B-cell lymphoma that accounts for 30–40% of all non-
Hodgkin lymphomas.1 Standard first-line treatment for
DLBCL is rituximab plus cyclophosphamide, doxoru-
bicin, vincristine, and prednisone (R-CHOP).2 However,
only ∼60% of patients are cured with R-CHOP.3 Patients
with relapsed/refractory DLBCL have poor outcomes,
particularly those ineligible for stem cell transplantation
(SCT), with life expectancy of a few months and overall
survival (OS) rates of 28% at 1 year and 20% at 2 years.4

Approximately half of the patients eligible for chimeric
antigen receptor T-cell (CAR-T) therapy may respond,
but unmet medical need remains for non-responders
and those unable to access CAR-T for logistical rea-
sons.5 DLBCL can be further classified according to cell
of origin using immunohistochemistry (IHC; Hans
method), resulting in germinal centre B-cell–like (GCB)
or non-GCB subtypes. By gene expression profiling
(GEP), DLBCL can be subdivided into activated B-cell–
like (ABC), GCB, and unclassified.6 The non-GCB
subtype by IHC largely overlaps with the ABC subtype
by GEP and has inferior prognosis compared to the
GCB subtype.1,7 ABC and GCB subtypes are driven by
distinct mechanisms; the ABC subtype is dependent on
nuclear-factor kappa-B (NF-κB) activation, whereas the
GCB subtype relies on phosphatidylinositol 3-kinase
activation.8 In the ABC subtype, malignant B cells
selectively acquire mutations targeting the B-cell recep-
tor (BCR) pathway, resulting in chronic active BCR
signaling.9 Bruton’s tyrosine kinase (BTK) plays a critical
role in this pathway, leading to downstream activation of
NF-κB, and is essential for ABC DLBCL cell survival.10

Ibrutinib is a once-daily BTK inhibitor approved
globally for the treatment of B-cell malignancies and
chronic graft-versus-host disease.11 A phase 1/2 study in
patients with relapsed/refractory DLBCL demonstrated
preferential activity with ibrutinib in ABC relative to
GCB DLBCL, with response rates of 37% and 5%,
respectively.9 Similarly, lenalidomide has demonstrated
higher response rates in non-GCB relative to GCB
DLBCL (53% vs 9%).12 Preclinically, models suggest the
www.thelancet.com Vol 56 February, 2023
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potential for synergy with ibrutinib and lenalidomide in
ABC DLBCL by inhibition of BCR and MYD88 path-
ways, each of which induce NF-κB, via distinct mecha-
nisms.13 In follicular lymphoma, the combination of
ibrutinib, lenalidomide, and rituximab was previously
evaluated in a phase 1 study in previously untreated
patients.14 The combination resulted in rash and adverse
events (AEs) that led to a 50% discontinuation rate; this
was considered unacceptable for a first-line regimen for
an indolent lymphoma, despite an overall response rate
(ORR) of 95%.14 However, this combination could prove
beneficial in patients with more aggressive lymphomas
such as DLBCL, especially in the relapsed/refractory
setting, where few treatment options are available.

This phase 1b/2 study evaluated the efficacy and
safety of the combination of ibrutinib, lenalidomide,
and rituximab (iR2 regimen) in patients with relapsed/
refractory DLBCL ineligible for SCT. In the phase 1b
portion of the study, the iR2 regimen demonstrated
promising activity with a manageable safety profile.15

Here, results for the phase 2 portion are reported.
Methods
Study design and participants
PCYC-1123-CA (ClinicalTrials.gov, NCT02077166) was
an international, open-label, multicentre, phase 1b/2
study that evaluated safety and efficacy of the iR2

regimen. Methods and results for phase 1b were previ-
ously reported.15 Phase 2 was done at 24 sites in 4
countries (Belgium, Germany, United Kingdom, USA;
Appendix p 2). For phase 2, eligible patients were ≥18
years with de novo non-GCB DLBCL by IHC (Hans al-
gorithm); relapsed/refractory disease (defined as recur-
rence after complete response [CR], or residual disease
[partial response (PR), stable disease, or progressive
disease (PD)] at completion of prior treatment regimen),
≥1 measurable disease site by computed tomography
(>1.5 cm), and adequate haematologic, hepatic, and
renal function. Patients were transplant-ineligible,
defined as one or more of the following criteria: age
≥70 years, diffuse lung capacity for carbon monoxide
<50% by pulmonary function test, left ventricular ejec-
tion fraction <50%, organ dysfunction or comorbidities
precluding transplantation, failure to achieve CR or PR
with salvage therapy (prior to stem cell transplant), or
patient refusal. Key exclusion criteria included trans-
formed, GCB, or primary mediastinal DLBCL, central
nervous system lymphoma or leptomeningeal disease,
and prior ibrutinib and/or lenalidomide.

The study was conducted in accordance with Inter-
national Conference on Harmonisation guidelines for
Good Clinical Practice and principles of the Declaration
of Helsinki. The protocol was approved by institutional
review boards or independent ethics committees of all
participating institutions. All patients provided written
informed consent. The protocol and statistical
www.thelancet.com Vol 56 February, 2023
analysis plan are available online at ClinicalTrials.gov
(NCT02077166).
Procedures
Patients received oral ibrutinib 560 mg once daily
throughout each 28-day cycle, oral lenalidomide at
20 mg or 25 mg once daily on Days 1–21 of each 28-day
cycle, and intravenous rituximab 375 mg/m2 on Day 1
of Cycles 1–6.15 Ibrutinib and lenalidomide were
continued until PD or unacceptable toxicity (Fig. 1).
Following study closure, eligible patients could continue
ibrutinib in a long-term extension study PCYC-1145-LT
(NCT03229200). Because of dose-limiting toxicities of
neutropenia and rash observed in phase 1b,15 manage-
ment guidelines were implemented via protocol
amendments (Appendix p 16), including dose holds
and/or reductions and management with corticosteroids
(no cap) and/or antihistamines for rash and growth
factors for neutropenia. Venous thromboembolism risk
assessment was performed at baseline, and thrombo-
prophylaxis was given per investigator’s discretion.
Outcomes
The primary endpoint was ORR by investigator assess-
ment per Lugano Classification. Secondary endpoints
were CR, duration of response (DOR), progression-free
survival (PFS), OS, safety, and tolerability. Response was
assessed by computed tomography, magnetic resonance
imaging, and/or positron emission tomography every 3
months until Cycle 25, then every 6 months thereafter
(Fig. 1). Exploratory analyses were performed to evaluate
ORR according to DLBCL subtype based on GEP
(nanoString Technologies, Seattle, WA). Minimal re-
sidual disease (MRD) was assessed by next-generation
sequencing (ClonoSEQ NGS Assay; Adaptive Bio-
technologies, Seattle, WA) in plasma samples collected
at baseline (Day 1 Cycle 1) and at Day 1 of Cycles 2, 3,
and 4 and was based on detection of tumour-specific
immunoglobulin gene rearrangement clones previ-
ously identified in tumour tissue. MRD was measured
as tumour clones per millilitre of plasma. Safety was
assessed using physical examinations, vital signs, labo-
ratory tests, and AE reporting at each study visit from
initiation of study treatment until 30 days after last dose.
Major haemorrhage (defined as serious or grade ≥3
haemorrhage, or CNS haemorrhage of any grade) was
monitored as an AE of special interest. AEs were graded
per National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.03.
Sample size determination
For phase 2, ∼55 patients were required for enrolment
of ≥49 response-evaluable patients receiving 20 mg
lenalidomide. An interim analysis was planned to
include approximately 28 evaluable patients with adequate
3
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Rituximab 375 mg/m2 IV
(Day 1 of Cycles 1–6)

Rituximab

Cycle (28 days)

Ibrutinib
Lenalidomide

Response
assessments

every 3 months

Ibrutinib 560 mg PO continuous daily
Days 1–28 of each Cycle

Lenalidomide 20 mg or 25 mg PO
Days 1–21 of each Cycle

Response
assessment every

6 months after
Cycle 25

Fig. 1: Phase 2 treatment schema. PO = per oral.
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tumour response assessments. If 11 or fewer responders
(≤11/28) are observed, the study may be discontinued for
futility. The study was designed to test the null hypothesis
of an ORR of 40% (based on historic controls) in the
response-evaluable population vs the alternative hypothe-
sis that the ORR is 60% (considered clinically meaning-
ful). The null hypothesis will be rejected if 27 or more
responses are observed in the 49 patients. This design
yields a 1-sided type I error rate of 0.025 and power of
80% when the true ORR is 60%. This statistical design
including the number of patients and the number of re-
sponders follows the statistical framework of Simon’s
minimax two-stage design (Simon 1989).

In addition, approximately 28 additional patients
were planned to be enrolled at 25 mg lenalidomide to
explore the efficacy and safety at this higher dose of
lenalidomide in phase 2.
Statistical analysis
At the interim analysis, 30 response-evaluable patients
treated with 20 mg lenalidomide were enrolled, and 18
responders (60%) were observed. The results were
reviewed by a review committee comprising the
Sponsor (the medical monitor, a safety physician, and a
biostatistician) as well as participating investigators
(Appendix p 2). Among the initially enrolled 28
response-evaluable patients, 17 responders (61%) were
observed. Per planned interim analysis, if 11 or fewer
responders (≤11/28) in 28 response-evaluable patients
are observed, the study may be discontinued for futility.
Futility requirements were not met, and the review
committee unanimously voted to continue the trial as
planned with continued enrolment in the 20 mg lena-
lidomide cohort.

Finally, the study enrolled 55 patients in the 20 mg
lenalidomide cohort and 34 patients in the 25 mg
lenalidomide cohort (enrolled sequentially following
completion of enrolment in the 20 mg cohort).
Among 55 patients in the 20 mg lenalidomide cohort,
53 patients were response evaluable. Among 49 initially
enrolled response-evaluable patients, 26 responders
(53%) were observed, which is one less responder than
the pre-specified responders (27) for rejecting the null
hypothesis. In the following 4 response-evaluable patients
enrolled, 2 responders were observed. In total, there were
28 responders among 53 response-evaluable patients, and
the ORR was 53% (90% CI, 41–65; 95% CI, 39–67).

The primary analysis of ORR was performed in the
response-evaluable population, which comprised all pa-
tients who received any study treatment and had ≥1
post-baseline disease assessment using imaging, phys-
ical examination, and/or laboratory tests. As a sensitivity
analysis, the analysis of ORR was also performed in the
all-treated population, which comprised all enrolled pa-
tients who received any amount of study drug. PFS, OS,
and safety were evaluated in the all-treated population.
This Phase 2 study was designed for proof of concept,
and no adjustments were made to control for bias or to
control alpha for multiplicity.

For ORR, two-sided 95% CIs were calculated based
on the exact binomial distribution. Medians and 95%
CIs for time-to-event endpoints were estimated by the
Kaplan–Meier method. For DOR and PFS, patients
without PD or death were censored at the date of the last
tumour assessment; for OS, patients without death were
censored at the last date known to be alive. No imputation
was done for missing data. Prespecified subgroup ana-
lyses were performed according to DLBCL subtype by
GEP and disease status at completion of prior regimen.
All analyses were performed using SAS version 9.3.
Role of the funding source
This study was sponsored by Pharmacyclics LLC, an
AbbVie Company, and was designed by a representative
of the sponsor (J.K.N.) in collaboration with A.G. Data
were collected by investigators and their teams and
www.thelancet.com Vol 56 February, 2023
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89 eligible patients enrolled

55 allocated to iR2 Len 20 mg 34 allocated to iR2 Len 25 mg

55 received iR2 regimen 34 received iR2 regimen

8 continued ibrutinib until study closure
9 continued lenalidomide until study closure

8 continued ibrutinib until study closure
6 continued lenalidomide until study closure

47 discontinued ibrutinib
Confirmed PD 34

Intercurrent illness/AE 8
Withdrawal of consent 2

Investigator decision 3
46 discontinued lenalidomide

Confirmed PD 34
Intercurrent illness/AE 8
Withdrawal of consent 2

Investigator decision 2
27 discontinued rituximab

Confirmed PD 21
Intercurrent illness/AE 4
Withdrawal of consent 2

28 completed 6 cycles of rituximab 13 completed 6 cycles of rituximab

26 discontinued ibrutinib
Confirmed PD 20

Intercurrent illness/AE 4
Withdrawal of consent 2

28 discontinued lenalidomide
Confirmed PD 20

Intercurrent illness/AE 6
Withdrawal of consent 2

21 discontinued rituximab
Confirmed PD 16

Intercurrent illness/AE 3
Withdrawal of consent 2

178 patients screened

55 included in all-treated population
53 included in response-evaluable population

34 included in all-treated population
32 included in response-evaluable population

28 included in interim analysis

Fig. 2: Trial profile. AE = adverse event; iR2 = ibrutinib, lenalidomide, and rituximab; Len = lenalidomide; PD = progressive disease.
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entered into an electronic database maintained by the
sponsor. The sponsor confirmed the data accuracy and
compiled them for analysis. All authors had full access
to and interpreted the data. Editorial support, funded by
the sponsor, was provided by a professional medical
writer. R.R., J.K.N., and A.G. collaboratively wrote the
first draft, had full access to and verified all study data,
and had final responsibility for the decision to submit
for publication.
Results
Between March 13, 2014 and October 2, 2018, 55 pa-
tients were enrolled at the 20 mg lenalidomide dose, and
34 patients were enrolled at the 25 mg lenalidomide
dose (Fig. 2). Median age was 64 years (range, 30–86);
58% were male (Table 1). Median time from initial
diagnosis to study treatment was 17.3 months (range,
3–159). Median number of prior regimens was 2 (range,
1–5). Most patients (76%) had received ≥2 prior regi-
mens; 52% were refractory to the prior regimen, and
16% had primary refractory disease (Table 1). No pa-
tients received prior CAR-T; prior anticancer treatments
are described in the Appendix (p 4). All patients had
non-GCB DLBCL by IHC. GEP was conducted on
tumour tissue samples from 65 patients (32 ABC sub-
type, 15 GCB subtype, 18 unclassified).
www.thelancet.com Vol 56 February, 2023
At the time of analysis, median time on study was 35.0
months (interquartile range [IQR], 32.5–51.4). At study
closure, 14/89 patients (16%) were receiving ibrutinib
and lenalidomide, 2/89 (2%) ibrutinib only, and1/89 (1%)
lenalidomide only (Fig. 1). Most patients (49/89; 55%)
received≥6 treatment cycles (Table 2). Themost common
reason for treatment discontinuation was PD (Fig. 2).

Best ORR in the response-evaluable population
(n = 85) was 49% (95% CI, 38–61) across dose cohorts
and was 53% (95% CI, 39–67) and 44% (95% CI, 26–62)
in the 20 mg and 25 mg lenalidomide cohorts, respec-
tively (Fig. 3A; Appendix p 5). CR was achieved in 24/85
(28%) patients across cohorts and in 17/53 (32%) and
7/32 (22%) in the 20 mg and 25 mg lenalidomide co-
horts, respectively. Of patients with baseline and ≥1
postbaseline assessments (n = 82), 68% had tumour size
reductions (Fig. 3B). Durable responses were observed
(Fig. 3C and D). Median DOR was 38.3 months (95%
CI, 9.5–not estimable [NE]) across cohorts and was 38.3
months (95% CI, 3.7–NE) and 28.6 months (95% CI,
2.8–28.6) in the 20 mg and 25 mg lenalidomide cohorts,
respectively. Median duration of CR was not reached in
either cohort (95% CI, 29.8–NE months across cohorts,
with 14 patients actively remaining on therapy). Of 24
complete responders, 19 had ongoing response at this
analysis; 15 of these had response durations >2 years,
including six with response durations >3 years.
5
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Characteristic iR2

Len 20 mg
n = 55

iR2

Len 25 mg
n = 34

iR2

Total
N = 89

Age, years

Median 63 (56–72) 67 (60–74) 64 (58–72)

≥65 years 24 (44%) 20 (59%) 44 (49%)

Sex

Male 32 (58%) 20 (59%) 52 (58%)

Female 23 (42%) 14 (41%) 37 (42%)

Race

White 51 (93%) 30 (88%) 81 (91%)

Black/African American 2 (4%) 1 (3%) 3 (3%)

Asian 1 (2%) 2 (6%) 3 (3%)

Multiple 0 1 (3%) 1 (1%)

Unknown 1 (2%) 0 1 (1%)

Ethnicity

Hispanic/Latino 0 5 (15%) 5 (6%)

Non-Hispanic/Latino 55 (100%) 29 (85%) 84 (94%)

Mean BMI, kg/m2 27.0 (6.1) 27.2 (5.6) 27.1 (5.9)

ECOG PS

0 25 (45%) 17 (50%) 42 (47%)

1 29 (53%) 15 (44%) 44 (49%)

2 1 (2%) 2 (6%) 3 (3%)

Median time from initial diagnosis, months 19.8 (11.0–51.4) 14.0 (10.8–24.4) 17.3 (11.0–33.3)

DLBCL subtype per GEP

ABC 25 (45%) 7 (21%) 32 (36%)

GCB 9 (16%) 6 (18%) 15 (17%)

Unclassified 12 (22%) 6 (18%) 18 (20%)

Not available 9 (16%) 15 (44%) 24 (27%)

Ann Arbor staging

I/IE 3 (5%) 0 3 (3%)

II/IIE 10 (18%) 4 (12%) 14 (16%)

III/IIIE/IIIE,S 5 (9%) 11 (32%) 16 (18%)

IV 37 (67%) 19 (56%) 56 (63%)

Bulky disease 27 (49%) 10 (29%) 37 (42%)

5–10 cm 20 (36%) 8 (24%) 28 (31%)

>10 cm 7 (13%) 2 (6%) 9 (10%)

Extranodal disease 39 (71%) 22 (65%) 61 (69%)

Median number of prior regimens 2 (2–3) 2 (2–3) 2 (2–3)

Number of prior regimens

1 13 (24%) 8 (24%) 21 (24%)

≥2 42 (76%) 26 (76%) 68 (76%)

Disease status at completion of prior regimen

Refractory 29 (53%) 17 (50%) 46 (52%)

Relapsed

Complete response 14 (25%) 9 (26%) 23 (26%)

Partial response 12 (22%) 8 (24%) 20 (22%)

Primary refractory DLBCL 13 (24%) 1 (3%) 14 (16%)

Prior autologous SCT 12 (22%) 8 (24%) 20 (22%)

Median time from last dose of prior therapy to first ibrutinib dose, months 3.4 (1.8–9.4) 4.6 (1.7–8.7) 4.2 (1.8–8.7)

Data are n (%), median (IQR), or mean (SD). ABC = activated B-cell–like; BMI = body mass index; DLBCL = diffuse large B-cell lymphoma; ECOG PS = Eastern Cooperative
Oncology Group performance status; GCB = germinal center B-cell–like; GEP = gene expression profiling; IQR = interquartile range; iR2 = ibrutinib, lenalidomide, and
rituximab; Len = lenalidomide; SCT = stem cell transplantation; SD = standard deviation.

Table 1: Baseline demographics and disease characteristics in the all-treated population.
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iR2

Len 20 mg
n = 55

iR2

Len 25 mg
n = 34

iR2

Total
N = 89

Median time on study, months 37.3 (35.0–42.6) 31.1 (27.9–32.5) 35.0 (31.3–40.7)

Number of treatment cycles received

1 5 (9%) 4 (12%) 9 (10%)

2 3 (5%) 5 (15%) 8 (9%)

3–5 14 (25%) 9 (26%) 23 (26%)

6 9 (16%) 4 (12%) 13 (15%)

7–12 5 (9%) 1 (3%) 6 (7%)

>12 19 (35%) 11 (32%) 30 (34%)

Median treatment duration, months

Ibrutinib 5.5 (2.8–17.5) 4.5 (1.8–26.2) 4.9 (2.3–17.5)

Lenalidomide 5.3 (2.5–26.3) 4.3 (1.6–13.1) 4.7 (2.3–17.5)

Median relative dose intensity, %

Ibrutinib 95 (76–100) 93 (81–98) 93 (80–100)

Lenalidomide 82 (66–92) 73 (52–92) 75 (65–92)

Rituximab 100 (100–100) 100 (100–100) 100 (100–100)

AE leading to dose hold

Ibrutinib 38 (69%) 28 (82%) 66 (74%)

Lenalidomide 37 (67%) 26 (76%) 63 (71%)

Rituximab 10 (18%) 6 (18%) 16 (18%)

AE leading to dose reduction

Ibrutinib 12 (22%) 9 (26%) 21 (24%)

Lenalidomide 21 (38%) 14 (41%) 35 (39%)

Rituximab NA NA NA

AE leading to discontinuation

Ibrutinib 11 (20%) 5 (15%) 16 (18%)

Lenalidomide 11 (20%) 7 (21%) 18 (20%)

Rituximab 6 (11%) 4 (12%) 10 (11%)

Data are n (%) or median (IQR). AE = adverse event; IQR = interquartile range; iR2 = ibrutinib, lenalidomide, and rituximab; Len = lenalidomide; NA = not applicable;
PD = progressive disease; SD = standard deviation.

Table 2: Treatment exposure in the all-treated population.
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In prespecified subgroup analyses, responses were
observed across all DLBCL subtypes by GEP, with best
ORRs of 55% (95% CI, 36–73) in ABC, 36% (95% CI,
13–65) in GCB, and 61% (95% CI, 36–83) in unclassi-
fied (Fig. 4A). Reductions in tumour size were observed
in all subtypes (Fig. 4B). Median DOR was 18.4 months
(95% CI, 3.2–NE) in ABC, not reached (95% CI, 0.9–NE)
in GCB, and 38.3 months (95% CI, 2.2–NE) in unclas-
sified (Appendix p 6). In patients with primary refractory
disease (n = 13), ORR was 31% (95% CI, 9–61), with CR
in 4/13 (31%) patients. In patients with relapsed disease
(n = 42), ORR was 64% (95% CI, 48–78), with CR in
15/42 (36%) patients.

A total of 25 patients who responded to treatment (20
CR, 5 PR) across cohorts had a tumour clone identified
in tumour tissue and had plasma samples for MRD
available. Among the 20 CR patients evaluated, 13 had
detectable MRD in plasma at baseline (Day 1 Cycle 1),
while seven had undetectable MRD (uMRD) in plasma
at baseline and all timepoints from Day 1 of Cycle 1
through Day 1 of Cycle 4. uMRD was achieved after one
www.thelancet.com Vol 56 February, 2023
cycle in 9/13 patients (69%), and after two cycles in 12/
13 (92%). Among the 5 PR patients evaluated, 4 had
detectable MRD in plasma at baseline; no durable MRD
clearance was observed, with one patient achieving
uMRD in plasma at a single time point (Day 1 of Cycle
2). Median DOR was 31.3 months (95% CI, 2.5–68.4) for
patients with uMRD at baseline (n = 8), 21.7 months
(95% CI, 9.8–31.9) for those who became uMRD on
treatment (n = 13), and 7.7 months (95% CI, 1.6–15.9)
for those without conversion to uMRD (n = 4).

In the all-treated population (n = 89), median PFS was
5.4 months (95% CI, 3.4–6.3) across dose cohorts and 5.4
months (95% CI, 3.4–11.3) and 4.7 months (95% CI,
2.6–24.8), respectively, in the 20 mg and 25 mg lenali-
domide cohorts (Fig. 5A). At the time of analysis, deaths
had occurred in 55/89 patients (62%) in the all-treated
population and 33/55 patients (60%) and 22/34 patients
(65%), respectively, in the 20 and 25 mg lenalidomide
cohorts (Appendix p 7). Median OS was 14.2 months
(95% CI, 9.7–28.1) across cohorts and 14.7 months (95%
CI, 9.7–32.8) and 11.6 months (95% CI, 5.7–NE),
7
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respectively, in the 20 and 25 mg lenalidomide cohorts
(Fig. 5B).

Updated analysis of patients from the phase 1b
cohort (n = 45) with a median time on study of 59.6
months (IQR, 54.3–70.0) demonstrated durable re-
sponses in patients treated with lenalidomide dose
levels ≥15 mg (Appendix p 3). Of 40 response-evaluable
patients, best response was CR in 11/40 (28%) and PR
in 6/40 (15%); this was unchanged from the primary
analysis (median time on study, 25.6 months).15 Median
DOR remained 15.9 months (95% CI, 2.8–NE) as in the
primary analysis15; however, range of DOR increased
from 0.9–37.2+ months at primary analysis to 0.9–68.4+
months at updated analysis. Of 11 CRs, six had an
ongoing response at updated analysis; 2/6 patients had
response durations >5 years including one patient who
remained on study for >6 years.

All patients experienced treatment-emergent AEs.
The most frequent AEs of any grade were diarrhoea
(48/89 patients; 54%), neutropenia (40/89; 45%), fatigue
(39/89; 44%), cough (32/89; 36%), anaemia (29/89;
33%), peripheral oedema (29/89; 33%), and
www.thelancet.com Vol 56 February, 2023

www.thelancet.com/digital-health


N
um

be
r o

f p
rio

r t
he

ra
pi

es

19218016815614413212010896847260483624120

Weeks since treatment initiation

iR2 (Len 20 mg; N=55)
First CR
First PR
Last SD
First PD
Discontinued ibrutinib
Roll over to extension study
Death
Discontinued ibrutinib but continued lenalidomide

3
4
3
2
2
2
2
2
2
4
5
2
3
1
3
3
1
1
2
1
4
1
1
2
3
2
2
2
2
1
1
2
2
2
4
1
1
3
1
2
2
1
3
1
5
2
2
2
3
2
2
4
2
2
2

N
um

be
r o

f p
rio

r t
he

ra
pi

es

144120112104968880726456484032241680

Weeks since treatment initiation

iR2 (Len 25 mg; N=34)
First CR
First PR
Last SD
First PD
Discontinued ibrutinib
Roll over to extension study
Death
Discontinued ibrutinib but continued lenalidomide

2

3

1

3

2

3

2

1

2

3

2

2

4

2

3

2

2

1

1

4

3

1

3

4

4

2

1

3

2

1

2

2

2

4

136128

C D

Fig. 3: (continued)

Articles
maculopapular rash (28/89; 31%) (Table 3; Appendix p
8). Rates were generally similar between lenalidomide
dose cohorts (Table 3). Grade 3/4 AEs occurred in 81/89
patients (91%), most frequently neutropenia (36/89;
40%), maculopapular rash (16/89; 18%), anaemia
(12/89; 13%), and diarrhoea (9/89; 10%) (Table 3).
Serious AEs occurred in 57/89 patients (64%) (Table 3).
Fatal AEs occurred in 12/89 patients (13%); causes of
death were worsening of DLBCL (n = 7), pneumonia
(n = 3), sepsis (n = 1), and cardiac arrest (n = 1). The
most frequent treatment-related AEs are in the
Appendix (p 11).

Atrial fibrillation of any grade occurred in 5/89 pa-
tients (6%) and was grade ≥3 in 2/89 (2%). Atrial fibril-
lation resulted in ibrutinib dose holds in 3/89 patients
(3%), discontinuation in 1/89 (1%), and no dose re-
ductions. Other cardiac arrhythmias occurred in 22/89
patients (25%) and were grade ≥3 in 10/89 (11%); other
cardiac arrhythmias occurring in ≥2 patients were: pal-
pitations (n = 5), syncope (n = 4), sinus bradycardia
(n = 3), atrial flutter (n = 3), bradycardia (n = 3), and
cardiac arrest (n = 2). Hypertension occurred in 6/89
patients (7%). Bleeding events (identified using Stand-
ardised Medical Dictionary for Regulatory Activities
[MedDRA] Query for haemorrhage, excluding laboratory
terms) of any grade occurred in 38/89 patients (43%);
major haemorrhage occurred in 7/89 (8%): petechiae
(n = 3), gastrointestinal haemorrhage (n = 2), gastric
haemorrhage (n = 1), haematoma infection (n = 1), and
purpura (n = 1). Infections of any grade occurred in
55/89 patients (62%) and were grade ≥3 in 14/89 (16%).
www.thelancet.com Vol 56 February, 2023
The most frequent any-grade infections were upper
respiratory tract infection (17/89; 19%), urinary tract
infection (12/89; 13%), and pneumonia (9/89; 10%). In-
fections resulted in ibrutinib dose holds in 27/89 patients
(30%), dose reductions in 2/89 (2%), and discontinuation
in 3/89 (3%). Other malignancies occurred in 4/89 pa-
tients (4%), including basal cell carcinoma (n = 2),
Bowen’s disease (n = 1), squamous cell carcinoma (n = 1),
acute myeloid leukaemia (n = 1), and myelodysplastic
syndrome (n = 1). Deep vein thrombosis of any grade
occurred in 2/89 patients (2%).

AEs led to dose holds of ibrutinib, lenalidomide, or
rituximab in 66/89 (74%), 63/89 (71%), or 16/89 (18%)
patients, respectively (Table 2, Appendix p 13). AEs led
to dose holds of ibrutinib or lenalidomide more
frequently in the 25 mg vs 20 mg lenalidomide cohort
(Table 2). AEs led to dose reduction of ibrutinib and
lenalidomide in 21/89 (24%) and 35/89 (39%) patients,
respectively (Table 2, Appendix p 14). AEs led to
discontinuation of ibrutinib, lenalidomide, or rituximab
in 16/89 (18%), 18/89 (20%), and 10/89 (11%) patients,
respectively (Table 2). The most frequent AEs leading to
ibrutinib and lenalidomide discontinuation were wors-
ening of DLBCL (n = 4), pneumonia (n = 2), and
thrombocytopenia (n = 2).
Discussion
Durable remissions are infrequent with current treat-
ment options in relapsed/refractory DLBCL.4,5 In this
study, the iR2 regimen (ibrutinib, lenalidomide, and
9
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rituximab) demonstrated durable responses in patients
with relapsed/refractory non-GCB DLBCL. ORR was
49% in response-evaluable patients across dose cohorts,
with ORRs of 53% and 44% in the 20 mg and 25 mg
lenalidomide cohorts, respectively; corresponding CR
rates were 28% across dose cohorts, and 32% and 22%
in the 20 mg and 25 mg lenalidomide cohorts,
respectively. While the null hypothesis cannot be rejec-
ted because the lower bound of the 95% CI in the 20 mg
lenalidomide cohort is 39%, an ORR of 53% is consid-
ered clinically relevant given the limited treatment op-
tions for this difficult-to-treat population of patients with
relapsed/refractory DLBCL. While indirect comparisons
should be interpreted with caution given differences in
www.thelancet.com Vol 56 February, 2023
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study design and patient populations, these response
rates appear higher than ORRs of 28–35% and similar to
CR rates of 22–35% observed in phase 2 studies of
lenalidomide plus rituximab in patients with relapsed/
refractory DLBCL.16,17 CRs were durable; with a median
follow-up of 35 months, median duration of CR was not
yet reached. Furthermore, long-term follow-up from the
www.thelancet.com Vol 56 February, 2023
phase 1b cohort demonstrated impressive durability of
CRs, with some patients maintaining responses for >5
years.

The study was not powered to identify differences in
efficacy between the 20 and 25 mg lenalidomide co-
horts; however, phase 1b data suggested that doses
>15 mg lenalidomide demonstrated higher response
11
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AEs iR2

Len 20 mg
n = 55

iR2

Len 25 mg
n = 34

iR2

Total
N = 89

Any grade 3/4 AE 51 (93%) 30 (88%) 81 (91%)

Any grade 5 AE 8 (15%) 4 (12%) 12 (13%)a

Any serious AE 32 (58%) 25 (74%) 57 (64%)

AEs of any grade in ≥20% of patients

Diarrhoea 34 (62%) 14 (41%) 48 (54%)

Neutropenia 25 (45%) 15 (44%) 40 (45%)

Fatigue 23 (42%) 16 (47%) 39 (44%)

Cough 19 (35%) 13 (38%) 32 (36%)

Anaemia 18 (33%) 11 (32%) 29 (33%)

Oedema peripheral 21 (38%) 8 (24%) 29 (33%)

Rash maculopapular 15 (27%) 13 (38%) 28 (31%)

Dyspnoea 19 (35%) 7 (21%) 26 (29%)

Nausea 17 (31%) 9 (26%) 26 (29%)

Constipation 11 (20%) 10 (29%) 21 (24%)

Thrombocytopenia 11 (20%) 10 (29%) 21 (24%)

Dry skin 13 (24%) 7 (21%) 20 (22%)

Hypokalaemia 16 (29%) 4 (12%) 20 (22%)

Dizziness 11 (20%) 8 (24%) 19 (21%)

Vomiting 12 (22%) 7 (21%) 19 (21%)

Muscle spasms 12 (22%) 7 (21%) 19 (21%)

Peripheral sensory neuropathy 11 (20%) 7 (21%) 18 (20%)

Grade 3/4 AEs in ≥5% of patients

Neutropenia 22 (40%) 14 (41%) 36 (40%)

Rash maculopapular 9 (16%) 7 (21%) 16 (18%)

Anaemia 9 (16%) 3 (9%) 12 (13%)

Diarrhoea 5 (9%) 4 (12%) 9 (10%)

Neutrophil count decreased 6 (11%) 2 (6%) 8 (9%)

Thrombocytopenia 5 (9%) 3 (9%) 8 (9%)

Hypokalaemia 6 (11%) 1 (3%) 7 (8%)

Fatigue 4 (7%) 1 (3%) 5 (6%)

Serious AEs in ≥5% of patients

Pyrexia 5 (9%) 4 (12%) 9 (10%)

Worsening of DLBCL 5 (9%) 3 (9%) 8 (9%)

Pneumonia 3 (5%) 2 (6%) 5 (6%)

AEs of special interest

Major haemorrhage 4 (7%) 3 (9%) 7 (8%)

Data are n (%). AE = adverse event; DLBCL = diffuse large B-cell lymphoma; iR2 = ibrutinib, lenalidomide, and rituximab; Len = lenalidomide. aIncludes seven deaths due to
worsening of DLBCL that were reported as AEs; other grade 5 AEs were pneumonia (n = 3), cardiac arrest (n = 1), and sepsis (n = 1).

Table 3: Summary of treatment-emergent adverse events in the all-treated population.
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rates.15 ORR differences noted between dosing cohorts
may reflect the small sample size or clinical differences
between treatment populations. Notably, a large pro-
portion of patients on 25 mg lenalidomide dis-
continued study treatment within the first 16 weeks for
various reasons (16 patients discontinued ibrutinib, 12
patients had PD, and 8 patients had died; Fig. 3D) and
therefore had limited follow up; more patients had
stage III/IV disease, and many were very ill at study
entry leading to an early death. Given the small
numbers in each cohort, the optimal dose remains
unclear; however, based on phase 1b data, a dose
>15 mg lenalidomide is recommended. Promising ac-
tivity observed with the iR2 regimen in phase 1b15 also
led to initiation of studies in the first-line setting, with
the goal to reduce the number of chemotherapy cycles
needed. Studies incorporating this strategy include the
Smart Start study (NCT02636322), which demon-
strated impressive response rates after ibrutinib, lena-
lidomide, and rituximab lead-in (ORR, 86%) followed
by standard combination chemotherapy (ORR,
100%),18 and the Smart Stop study (NCT04978584),
evaluating lead-in with targeted agents and fewer
chemotherapy cycles.
www.thelancet.com Vol 56 February, 2023
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Treatment options for patients with relapsed/re-
fractory DLBCL have expanded in recent years with the
introduction of CAR-T and other novel approved agents.
Indirect comparisons suggest lower response rates but
favourable DOR and OS with the iR2 regimen relative to
CAR-T, noting that patients in this iR2 study were
ineligible for SCT, while many CAR-T studies included
fit patients who were SCT candidates.19,20 Additionally,
∼50% of patients receiving CAR-T therapy relapse, and
many cannot access CAR-T for logistical reasons. Thus,
iR2 may provide a tolerable regimen for individuals who
are not candidates for SCT or CAR-T. In particular, the
median DOR of 38.3 months and median OS of
12.4 months with the iR2 regimen compares favourably
to other novel approved therapies (Appendix p 15), as
described below. Polatuzumab vedotin combined with
bendamustine + rituximab demonstrated an ORR of
70% (58% CR rate) with a median DOR of 10.3 months
and median OS of 12.4 months in patients treated with
1–7 (median 2) prior regimens.21 Loncastuximab tesirine
provided an ORR of 48% (24% CR) in patients with 2–7
(median 3) prior regimens; median DOR was 10.3
months and median OS was 9.9 months.22 Selinexor
demonstrated a 28% ORR and 12% CR rate in patients
with ≥2 (median 2) prior regimens; median DOR was
9.3 months and median OS was 9.1 months.23 Tafasi-
tamab combined with lenalidomide provided a 58%
ORR and 40% CR rate in patients with 1–4 (median 2)
prior regimens.24 Median DOR (43.9 months) and
median OS (33.5 months) were longer with
tafasitamab + lenalidomide than with the iR2 regimen;
however, patients in this study were less heavily pre-
treated, and primary refractory patients were excluded.24

It should also be noted that these trials of novel thera-
pies were conducted in patient populations agnostic of
cell-of-origin DLBCL subtype, whereas this iR2 study
only included patients with the poor-prognosis non-
GCB subtype.

In a potentially curable disease like DLBCL, moni-
toring molecular response (eg, MRD) to inform depth of
response may prove useful to predict long-term out-
comes. MRD monitoring remains technically chal-
lenging with respect to identification of clones from
tumour tissue at baseline and subsequent identification
of these clones in peripheral blood. In the current study,
rapid conversion to undetectable MRD after one or two
cycles of the iR2 regimen in 12/13 patients with CR is
encouraging in these patients with multiple prior lines
of treatment. Results should be interpreted with
caution, given that only 22/35 CR patients had a clone
identified in tumour tissue at baseline (due to tissue
availability).

Enrolment in the phase 2 portion of this study was
restricted to patients with non-GCB DLBCL by IHC
based on: previously observed preferential activity of
ibrutinib in non-GCB subtypes,9 dependence of the ABC
DLBCL subtype on NF-κB activation,10 and expected
www.thelancet.com Vol 56 February, 2023
synergy of ibrutinib and lenalidomide in ABC DLBCL.13

Results from the phase 1b of the study also supported
greater activity in non-GCB, with notably higher ORR in
patients with non-GCB vs GCB (65% vs 29%).15 Sub-
typing by GEP in patients with available tissue samples
in phase 2 (n = 65), in which all patients had non-GCB
subtype of DLBCL by IHC, identified ABC, GCB, and
unclassified subtypes in 32, 15, and 18 patients,
respectively. The rate of classification of GCB subtype by
GEP in 15/65 (23%) samples identified as non-GCB by
IHC is consistent with historical rates.25 Although sub-
group numbers were small, responses were seen in
patients with all cell-of-origin subtypes, with higher
ORRs in ABC and unclassified (55% and 61%, respec-
tively) relative to GCB (36%).

Rash and neutropenia were observed as dose-
limiting toxicities with the iR2 regimen in phase 1b.15

With management guidelines in place for these AEs,
the safety profile in phase 2 was manageable. While
maculopapular rash and neutropenia were among the
most frequent AEs leading to dose holds and/or dose
reductions for both ibrutinib and lenalidomide, rash
and neutropenia rarely led to discontinuation. The most
frequent AEs were consistent with known safety profiles
of the individual drugs, with no new safety signals
identified. Rates of atrial fibrillation, hypertension,
bleeding, and infections were consistent with those
previously reported.11 However, the incidence of major
haemorrhage in the current study appeared higher than
that observed in pooled data from randomized ibrutinib
trials; this may be at least partly due to the advanced age
of patients in this study, a high rate of comorbidities in
this transplant-ineligible population, and concomitant
use of anticoagulant and antiplatelet agents which are
known to increase the risk of major haemorrhage with
ibrutinib.11 Rates of cardiac AEs were consistent with
rates from pooled data from randomized ibrutinib
trials.11

Limitations of the study include the non-randomised
phase 2 design and the lack of a control arm. While the
study was initially designed to include randomisation to
the iR2 regimen or a comparator arm comprising ibru-
tinib plus lenalidomide, the protocol was subsequently
amended to remove this comparator arm in order to
maximise potential efficacy in this population with
relapsed/refractory and aggressive DLBCL (Appendix p
16). Additionally, the study was not designed or powered
to evaluate potential differences in efficacy between
lenalidomide dose cohorts, and modest sample sizes
preclude comparisons of outcomes between dose co-
horts. Although enrolment in the study was completed
before the COVID-19 pandemic, some assessments
during 2020 were impacted by the COVID-19 pandemic,
resulting in virtual visits or partial assessments for 19
patients.

In conclusion, the combination of ibrutinib, lenali-
domide, and rituximab demonstrated encouraging
13
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antitumour activity with durable responses and a
manageable safety profile in patients with relapsed/re-
fractory non-GCB DLBCL ineligible for SCT. Prevalence
of the non-GCB or ABC subtype is higher in elderly
patients (≥50% in patients aged ≥70 years),26 who are
frequently ineligible for SCT or CAR-T therapy. This
regimen may be valuable for this non-GCB or ABC
DLBCL population and could be used in patients who
are ineligible for or have relapsed after SCT or CAR-T
therapy. The regimen could also potentially serve as a
bridging therapy to SCT or CAR-T therapy, minimizing
potential impact for CAR-T therapy by leaving CD19
expression intact, or could be administered prior to
T-cell collection based on evidence that ibrutinib can
augment CAR-T cell production.27–29
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