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Abstract
We present the 6-year update of a phase 2 study evaluating the combination of obinutuzumab and idelalisib in relapse/refrac-
tory Waldenstrom macroglobulinemia. The results of the REMODEL trial demonstrated interesting efficacy in a high-risk 
genotype profile population. The primary endpoint was achieved with a median PFS of 25.4 months (95% CI, 15.7 to 29.0). 
However, a major limitation of idelalisib is its toxicity. With a median follow-up of 70.9 months, median OS was still not 
reached, and 5-year OS was 72.9% (95% CI, 61.3 to 86.6). We confirm that CXCR4 mutations had no impact on PFS or 
OS. However, TP53 mutated patients had shorter OS. At the time of analysis, six patients are alive without relapse and 40 
had progressive disease. Among the 38 patients who received a new treatment, the median time to second progression was 
not reached in ibrutinib treated patients (n = 17) versus 30.8 months in patients treated with other options (95% CI, 16.9 to 
NA), p = 0.005. With longer follow-up our prospective study is the first to show an impact of TP53 mutations in patients 
treated with fixed duration chemo-free regimen leading to a significant shorter OS in this population. Moreover, ibrutinib 
remains an effective treatment after this combination. This study was registered on the clinicaltrial.gov web (NCT02962401, 
November 9, 2016).
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Introduction

Over the past ten years, better understanding of the biology 
of Waldenström’s macroglobulinemia (WM) has identified 
new therapeutic targets and agents [1]. Current treatment 
options for relapsed/refractory (R/R) patients consist of dif-
ferent types of drugs including immunochemotherapy (ICT), 
proteasome inhibitors and BTK-inhibitors (BTKi) [2]. Other 
emerging drugs (BCL2-inhibitors [3], anti-CXCR4 mono-
clonal antibodies associated with ibrutinib [4, 5]) could be 
an option in this population. The results of the REMODEL 

trial (NCT02962401) showed interesting efficacy of obinu-
tuzumab—idelalisib combination in this high-risk genotype 
profile population (56.1% CXCR4MUT, 24.4% TP53MUT). 
However, a major limitation of idelalisib, a Pi3Kδ inhibitor, 
is its toxicity, particularly on liver and digestive tracts [6].

We report the 6-year update of idelalisib—obinutuzumab 
combination and evaluate the impact of mutational profiling 
on R/R WM patients.

Matériel and method

REMODEL was a single-arm multicenter phase II study 
designed to assess the efficacy and safety of idelalisib—obi-
nutuzumab combination. The trial comprised two phases: an 
induction phase of six cycles during which idelalisib was 
administered continuously at 150 mg × 2 /d PO in combi-
nation with obinutuzumab IV 100 mg on D1, 900 mg on 

These data were presented at the 11th International Workshop 
on Waldenström’s Macroglobulinemia in Madrid, 29 October 2022 
(oral presentation), and at the 43rd French Society of Hematology 
annual meeting, Paris, 29 March 2023 (oral poster presentation).

Extended author information available on the last page of the article

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Annals of Hematology

D2 and 1000 mg on D8 and 15 of cycle 1, then on D1 of 
monthly cycles 2 to 6, followed by maintenance with ide-
lalisib monotherapy at the same dose for 18 months. Study 
design details have been published [6].

The primary endpoint was progression-free survival 
(PFS), calculated from the date of inclusion to progres-
sion or death. Secondary endpoints included response rates 
(according to the IWWM-6 criteria [7]), time to next treat-
ment (TTNT), overall survival (OS), and safety. We assessed 
the effect of CXCR4 and TP53 mutations on survival.

Gene mutation analysis is detailed in supplementary data 
and have been previously published. Qualitative variables 
are expressed in frequency and percentage; quantitative 
variables in mean ± standard deviation or median (range) 
depending on the distribution. Survival curves have been 
calculated with the Kaplan- Meier method and comparison 
made with the log-rank test.

Every participant provided their consent.

Results

Fifty patients were screened, 49 analyzed between Febru-
ary 2017 and July 2018. Patient distribution and treatment 
exposure are displayed in Supplementary Fig. 1 (previously 
published). Among them, one died (unknown cause) before 
any treatment and 48 received the combination induction. 
Among the 48 treated patients, 14 interrupted the induction 
phase (seven for progressive disease and seven for adverse 
events (AE)). Among the 27 patients who started mainte-
nance, nine completed and 18 stopped (5 for progression, 
13 for AE). The median number of prior lines of treatment 
(ICT in 90% of cases) was one (1–3), with three patients pre-
viously treated with ibrutinib. The mutation profile was 46 
(93.9%) MYD88L265P mutated, 27 (56.1%) CXCR4 mutated, 
and 11 (24.4%) TP53 mutated. Baseline characteristics of 
patients and mutations are listed in Supplementary Table 1 
(previously published).

The primary endpoint was achieved with a median PFS of 
25.4 months (95% CI, 15.7 to 29.0). With a median follow-
up of 70.9 months (95% CI, 69.2 to 74.7), the median OS 
was still not reached, and the 5-year OS was 72.9% (95% 
CI, 61.3 to 86.6). Sixteen patients died: six from progres-
sion (two after the first relapse and four after the second), 
one from Richter syndrome, four from infection, one from 
stroke, one from gliobastoma, one from unspecified deterio-
ration in general condition, and two from unknown causes 
(including 1 before any treatment). With longer follow-up, 
we confirm that CXCR4 mutations had no impact on PFS or 
OS with a median PFS of 25.7 (95% CI, 12.4 to 42.7) ver-
sus 25.3 (95% CI, 14 to 50.8) months (p = 0.9); 5-year PFS 
rates of 24.0% vs 15.4% and with 5-year OS rates of 69.2% 
(95% CI, 53.6 to 89.5) versus 80.9% (95% CI, 65.8 to 99.6), 

p = 0.68, in CXCR4MUT patients versus CXCR4WT patients, 
respectively (Fig. 1a, b).

However, TP53 mutated patients had shorter OS with 
median time of 53.5 months versus not reached and with 
a 5-year OS at 45.5% (95% CI, 23.8 to 86.8) versus 82.3% 
(95% CI, 70.3 to 96.2), p = 0.005 (Fig. 1c, d). Only TP53 
mutations were screened by NGS. Of the 11 patients with 
TP53 mutations, 9 relapsed and 7 died, including 4 from 
progression. Of the 11 other patients who died and were not 
TP53 mutated, only 2 had progressive disease.

At the time of analysis, six patients are still alive with-
out relapse and 40 had progressive disease. Among the 38 
patients who received a new line of therapy, the median PFS 
was not reached (Fig. 2a) and 3-year PFS was 69.4% (95% 
CI, 55.2 to 87.4). According to treatment, the median time 
PFS2 was not reached in ibrutinib-treated patients (n = 17) 
versus 30.8 months in patients treated with other options 
[n = 21 including 16 ICT (13 bendamustine + rituximab)] 
(95% CI, 16.9 to NA), p = 0.005 (Fig. 2b). Patients treated 
with ibrutinib had a 3-year PFS2 of 93.8% (95%CI, 82.6 to 
100) versus 47.2% (95%CI, 28.3 to 78.6) for those receiv-
ing with other treatments. Twelve secondary relapses were 
observed including two patients treated with ibrutinib.

There were 13 secondary cancers in 12 patients: eight 
cutaneous, one glioblastoma, one bladder, two prostate and 
one myelodysplasia (MDS) evolving into acute myeloid 
leukemia.

Discussion

The updated results of this trial with a 6-year median follow-
up confirmed that the fixed-duration idelalisib—obinutu-
zumab combination is an effective relapse treatment despite 
the initial toxicity. There was no evidence of delayed toxic-
ity. Median PFS was shorter (25.4 months) than with con-
tinuous BTKi therapy: 54% at 5 years with ibrutinib [8], 82% 
at 24 months with acalabrutinib [9]) and 78% at 42 months 
with zanubrutinib [10]) in R/R setting. Moreover, ibrutinib 
remains an effective treatment after this combination with 
a 3-year PFS of more than 90%. The treatment strategy of 
administrating a BTKi after or before a Pi3K inhibitor is not 
new in the treatment of B-cell malignancies and has been 
proposed in patients with indolent non-Hodgkin lymphoma 
and chronic lymphocytic leukemia (CLL). Ibrutinib and ide-
lalisib were the first two approved B-cell receptor pathway 
inhibitors [11]. However, WM is a specific entity and the 
results of trials in similar pathologies cannot be extrapo-
lated. Studies dedicated to this disease are essential. Indeed, 
in a retrospective single-center study, ibrutinib-withdrawal 
symptoms (most commonly fever, body aches, arthralgia 
and night sweats) were reported in 19% of WM-patients 
who underwent an ibrutinib pause. One-third of patients 
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presented symptoms in the context of progressive disease, 
while two-thirds presented symptoms with no evidence of 
disease progression [12]. Tolerability of ibrutinib/venetoclax 
(IV) is also different in WM and CLL patients: in the multi-
center Phase II CAPTIVATE, first-line fixed-duration IV 
combination achieved deep and durable responses in patients 
with CLL or SLL (with 30-month PFS rates ≥ 95%) [13]. In 

WM patients, Castillo et al. reported a higher-than-expected 
rate of ventricular arrhythmia with this combination (occur-
ring in 4 patients, including 2 deaths), which led to early 
termination of the trial, although results were encouraging 
with very good partial response achieved in 42% of patients, 
PFS and OS of 76% and 96%, respectively [14]. 

Blue line: presence of mutation (MUT), red line: absence of mutation (WT)

PFS: progression-free survival, OS: overall survival

Fig. 1   Impact of CXCR4 (a, b) and TP53 (c, d) mutations on survival rates. Blue line: presence of mutation (MUT), red line: absence of muta-
tion (WT). PFS: progression-free survival, OS: overall survival

PFS: progression-free survival, vs: versus

Fig. 2   Progression-free survival after relapse (PFS2). PFS: progression-free survival, vs: versus 
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The other published fixed-duration, chemo-free approach 
using novel agents demonstrated a 24-month PFS of 80% in 
R/R patients treated with venetoclax monotherapy [3]. These 
results appear to be highly promising, although a notable 
decline in the PFS rate was observed upon cessation of treat-
ment. This finding suggests that combining drugs may be a 
preferable option in fixed-duration strategy.

The benefits of a fixed-duration, chemo-free combina-
tion include a reduction in adverse effects during the treat-
ment-free period, a reduction in a potential clonal selection 
pressure and limited costs. Our results do not demonstrate 
a lack of efficacy, but rather that the BTK inhibitors may 
produce longer PFS outcomes if taken continuously. To 
overcome these limitations in the future, the current clini-
cal trials are assessing the efficacy of BTKis as part of com-
bination regimens: BTKis are being tested in combination 
with a variety of others molecules, including targeted agents 
(ibrutinib + BCL2i APG-2575 [NCT04260217], zanubru-
tinib + BGB-11417 [NCT06547866], ibrutinib + CXCR4 
inhibitor mavorixafor [NCT04274738]), monoclonal anti-
bodies (ibrutinib + anti-CXCR4 monoclonal antibody 
ulocuplumab [NCT03225716]),proteasome inhibitors 
(ibrutinib + bortezomib + rituximab [NCT03620903], zanu-
brutinib + ixazomib [NCT04463953], ibrutinib + carfilzomib 
[NCT04263480]). The discrepancy in the availability of 
treatments across different geographical areas represents a 
significant obstacle to the utilization of the obinutuzumab—
idelalisib combination. Indeed, apart from BTKi, few drugs 
have been approved by the FDA or the EMA in recent years. 
It is therefore important to continue developing options with 
different mechanisms of action in clinical trials. Idelalisib is 
a first-generation PI3K inhibitor that has demonstrated effi-
cacy in patients with R/R WM, although this is accompanied 
by significant toxicities. The development of next-generation 
agents with more targeted activity and a reduced delayed 
onset of action may offer an alternative solution.

To the best of our knowledge, only one prospective study 
to date has investigated the impact of TP53 mutations in 
WM patients treated with continuous targeted agents. The 
phase 3 ASPEN trial compared zanubrutinib and ibrutinib 
[15]. Samples were available for 98 and 92 patients treated 
with zanubrutinib and ibrutinib, respectively. A TP53 
mutation was detected in 24.8% of cases in population 
comprising both treatment-naive and relapsed patients. A 
significantly lower major response rate was observed in the 
TP53-mutated population for patients treated with ibrutinib 
(63.6% vs 85.7%; p = 0.04) but not for those treated with 
zanubrutinib (80.8% vs 81.9%; p = 0.978). Additionally, a 
longer PFS was noted for those treated with zanubrutinib 
although it did not reach statistical significance (not reached 
vs 44.2 months; HR, 0.66; p = 0.37, respectively). In the pre-
sent trial, TP53-mutated patients exhibited a shorter median 
OS of 53.5 months versus not reached and a lower 5-year OS 

of 45.5% (95% CI, 23.8 to 86.8) versus 82.3% (95% CI, 70.3 
to 96.2), p = 0.005. The present data set does not allow for 
the demonstration of an impact of TP53 mutations on PFS, 
which considers the first relapse. TP53 mutations remain 
a negative prognostic marker which has an impact on OS, 
which takes into account subsequent relapses. As with ICT 
[16], these data indicate that deficiencies in TP53 lead to an 
unfavorable prognosis in WM patients treated with targeted 
therapies.

Conclusion

A longer follow-up period allows our prospective study to 
demonstrate, for the first time, the impact of TP53 muta-
tions in patients treated with a fixed-duration, chemo-free 
regimen, which leads to a significantly shorter OS in TP53-
mutated patients. In contrast to what is observed with ibru-
tinib, CXCR4 mutations did not affect PFS or OS. Never-
theless, given the potential efficacy of this class of agents, 
next-generation PI3K inhibitors in combination with obi-
nutuzumab may limit the toxicity issues observed in this 
phase II trial and may prove an effective treatment option, 
particularly in WM patients who have previously undergone 
treatment with both BTKi and BCL2 inhibitors.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00277-​024-​06076-1.
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