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Translational Relevance:

Waldenstrom macroglobulinemia (WM) is a rare type of lymphoma, with no optimal
treatment. Although BTK and proteasome inhibitors have shown promising outcomes,
achieving deep remission remains challenging. This study presents the first
investigation into a time-limited regimen combining zanubrutinib, ixazomib, and
dexamethasone (ZID) for newly diagnosed symptomatic WM patients. The ZID
regimen offers promising deep remission rates and good tolerance, providing a

potential new therapeutic approach for this disease.
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Abstract

Purpose: Waldenstrom macroglobulinemia (WM) is a rare type of lymphoma, with
no optimal treatment. BTK inhibitor have shown promising outcomes, yet achieving
deep remission (VGPR or CR) remains challenging and time-limited therapy with
proteasome-inhibition has not been reported. We conducted a phase 2 clinical trial
(NCT04463953) to evaluate the efficacy and safety of combining zanubrutinib,
ixazomib and dexamethasone (ZID) in newly diagnosed WM patients.

Patients and Methods: 27 patients were enrolled in the study. Patients received ZID
induction therapy for up to six 28-days’ cycles, followed by consolidation therapy up
to total 24 cycles. The primary endpoint was the deep remission rate.

Results: Overall, 24 of 27 enrolled patients completed induction treatment. One
patient (4.2%) achieved CR. 10 patients (41.6%) achieved VGPR. The overall, major
and deep remission rates were 100%, 95.8% and 45.8%, respectively. The median
time to response was 2 months (range, 1-5). Five of 22 patients had CXCR4 mutation,
with no disparity in the deep remission between the patients with/without CXCR4
mutation (40% vs 50%, P=0.594). The median abnormal lymphocyte (7.6% vs 1.6%,
P =0.0019) and plasma cells (0.28% to 0.02%, P =0.0306) in bone marrow were
significantly reduced after treatment. With a median follow-up of 30.9 months (range,
15-42). The estimated median PFS and OS were 40 months (95% CI:35.5-44.5) and
not reached, respectively, with no difference in patients with/without CXCR4
mutations. The most common AE was hematological toxicity.

Conclusion: ZID regimen might offer deep remission and provided a time-limited

BTK:i therarpy in WM patients.

Trial Registration
The study has been registered at clinicalTrails.gov (NCT04463953)
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Introduction

Waldenstrom macroglobulinemia (WM) is a B-cell Non-Hodgkin lymphoma,
characterized by the infiltration of monoclonal B lymphocytes in the bone marrow,
accompanied by monoclonal IgM production.*? WM is associated with genetic
mutations observed in the MYD88 and CXCR4 genes.* MYD88-%*" mutation is an
important pathogenesis factor of WM, found in 95-97% of patients®, leading to the
recruitment of Bruton's tyrosine kinase (BTK) protein and activation of the
downstream NF-kB signaling pathway.* Over the last two decades, there has been
substantial growth in the treatment options for WM. Current guidelines recommend
BTK inhibitors (BTKi) such as zanubrutinib alone or ibrutinib combined with
rituximab, rituximab or proteasome inhibitor (P1)-based immunochemotherapy such
as bortezomib combined with rituximab and dexamethasone (BDR), bendamustine
and rituximab (BR), and rituximab combined with cyclophosphamide and
dexamethasone as the first-line treatment for WM. #*®*Moreover, BTKi have shown
high efficacy in treating WM, with an overall response rate of 90-100%°*°. However,
BTKi monotherapy results in a low rate of very good partial remission (VGPR)
(20%-30%), and few complete remission (CR) **? . In addition, it also has

8-2%P mutation®®. And

demonstrated lower efficacy in patients without the MYD8
CXCR4 mutations adversely impacted the response and survival outcomes of BTKi in
WM patients.* Furthermore, ibrutinib monotherapy also necessitates long-term drug
administration, posing challenges due to its high cost and propensity for developing
drug resistance and intolerable toxicities. Premature discontinuation of the medication

may also result in rapid IgM rebound. *>*°

Studies have demonstrated that the combination of ixazomib with rituximab and
dexamethasone (IRD) is effective in treating WM, with a overall response rate of 96%
and VGPR rate of 15%*’. However, the deep response rate (CR orVGPR) is 19%.

Moreover, the depth of response to IRD has been adversely affected by CXCR4
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mutations, in addition to prolonging the time to response and major response. *’

Co-administration of BTKi with ixazomib has been shown to enhance the
tumor-killing effect.® Compared to first-generation BTKi, zanubrutinib's enhanced
pharmacodynamic characteristics have resulted in sustained responses and better
tolerability. The minimal rate of discontinuation indicates a favorable safety profile,
making zanubrutinib well-suited for long-term use in combination with Pls.'
Moreover, zanubrutinib has achieved a high ORR and low AEs and is one of the
therapeutic agents recommended in the current NCCN guidelines. Despite the high
ORR for patients on different treatment regimens, the deep remission rate is still less

than 30%™.

Enhancing the depth of response in patients with WM remains a pressing clinical
imperative. Moreover, there is a need to find a safer approach for the long-term use of
BTKi and to lessen the treatment duration and economic burden. This study aims to
investigate the treatment efficacy and safety profile of the zanubrutinib plus ixazomib
and dexamethasone (ZID) regimen in newly diagnosed patients with WM and explore

the deep response rate.

Patients and methods
Study design and participants
This single-center, phase 2 clinical trial included patients with newly diagnosed

symptomatic WM. Patients were eligible if they received a centrally confirmed

diagnosis of WM that required treatment according to the previously reported criteria®.

All patients were newly diagnosed, >18 years old, and met the recommendations for
treatment according to the Second International Workshop on WM. Additional
inclusion criteria were an Eastern Cooperative Oncology Group performance status
(ECOG-PS) of 0-2 and a life expectancy of >6 months. Patients with serious

complications, liver or renal lesions unrelated to lymphoma, or clinical nervous
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dysfunction were excluded. The representativeness of study participants showed in
the supplemental Table 1. Written informed consent was obtained from each subject

or each subject's guardian.

The trial complied with the ethical principles outlined in the Declaration of Helsinki
and the International Conference on Harmonization Good Clinical Practice Guidelines
and patients provided informed consent. The protocol was reviewed and approved by
our institutional review board (BDH-WMZ2020/04) and registered at
ClinicalTrials.gov (NCT04463953). This study protocol was designed in the
accordance with the SPIRIT guidelines and the results are reported following the
CONSORT recommendations for non-randomized interventional trials.

Procedures

In the induction phase, eligible patients received 6 courses of ZID treatment, and the
efficacy was evaluated after every 2 courses. ZID treatment consisted of zanubrutinib
160 mg twice daily, orally, ixazomib 4 mg on days 1, 8, and 15, and dexamethasone
20 mg on days 1, 8, and 15, one course of treatment was given every 4 weeks. If a
minimal response (MR) or above occurred, the original regimen was continued. If
there was no treatment response (disease stabilization or progression) after the initial
4 courses of treatment, the patient was withdrawn from this study. After 6 courses
they entered the maintenance phase, where zanubrutinib 160 mg was administered
orally twice a day during the whole treatment period and the ixazomib combined with
dexamethasone (ID) regimen was administered once every 3 months. Zanubrutinib
was stopped in the last month, and treatment ended with the ID regimen to prevent
IgM rebound.**Treatment would be stopped if maximum response was achieved
after the induction therapy or up to 24 months. The study protocol is shown in
supplemental Figure 1. The inclusion/exclusion criteria information showed in

supplemental Data 1.
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Efficacy and safety assessments were performed every cycle by laboratory assessment
and physical examination during induction and maintenance treatment. Bone marrow
biopsy (BMB) and flow cytometry was used to evaluate cellular components.
Minimal residual disease (MRD) was assessed using eight-color flow cytometry. An
MRD negative result was defined as a clonal malignant cell count of <10—4 (0.01%).
The antibody markers included CD3 (RRID:AB_10611584), CD5
(RRID:AB_2737986) , CD10 (RRID:AB_2737879), CD19 (RRID:AB_400151),
CD20 (RRID:AB_11153856), CD23 (RRID:AB_2740144), CD25
(RRID:AB_2034002), CD27 (RRID:AB_1645474), CD28 (RRID:AB_2744355),
CD38 (RRID:AB_2740093), CD56 (RRID:AB_1645578), CD79b
(RRID:AB_2739165), CD81 (RRID:AB_2739768), CD117 (RRID:AB_400563),
CD200 (RRID:AB_2738099), CD138 (RRID:AB_393889), FMC7
(RRID:AB_400174), Light chain kappa (RRID:AB_11180435) or Light chain lambda
(RRID:AB_10583336). MRD was detected at every 3 months during induction and
then every 6 months during treatment. 2°If a patient had extramedullary lesions, CT
scans were performed every 3 months during induction and every 6 months after
treatment. AEs were assessed according to the National Cancer Institute’s Common
Toxicity Criteria version 4.03. Genetic mutation analysis was detected by the target
sequencing. The target sequencing and droplet digital PCR (ddPCR) methods were
used to detect MYD88 “?**" mutations in patients. Mutation was detected by either
method was defined as mutation and target sequencing were used to detect CXCR4
mutations in patients.”*

The chromosome karyotypes and interphase FISH analysis was performed on bone
marrow samples at diagnosis. Bone marrow cells were cultured for 24 hours (h)
without immunostimulatory factor. The FISH probe panel included the loci
centromere 12 (CEP12), 13q14.3 (LSI D13S25/RB-1), 17p13 (LSI TP53), 1122 (LSI
ATM) and 6q21(MYB).
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Endpoints and assessments

The primary endpoint was the deep response rate (>VGPR rate) after 6 courses of the
ZID regimen. The key secondary endpoints were safety, objective response rate
(ORR), major response rate (MRR), CR, VGPR, partial response (PR), and minimal
response (MR). Responses were based on modified consensus criteria from the sixth
International Workshop on WM.'># The response criteria are shown in the
supplementary materials (Supplemental Table 2). Patients who obtained VGPR or
CR were classified as a deep response. The overall response was defined as the
proportion of patients who achieved a minor response, PR, VGPR, or CR. A major
response was defined as the proportion of patients with a PR, VGPR, or CR. The
response assessments were based on an intent to treat analysis and all the 24 patients
who received treatment were included. The IgM rebound was defined as a 25%
increase in serum IgM level, with an absolute increase of at least 500 mg/dL,
following discontinuation of zanubrutinib.

Other endpoints included progression-free survival (PFS), duration of response
(DOR), and overall survival (OS). PFS was the time from the treatment until disease
progression (except only IgM elevation) or death from any cause. IgM rebound
related to therapy will not be considered as progressive disease’. DOR was the time
from the initial qualifying response, including minor response, PR, VGPR, and CR,
until progression (except only IgM elevation) or death. OS was the time from
treatment to death due to any cause. Patients who were lost to follow-up or still alive
at the end of the study were censored at the last known date alive.

The safety endpoints were the incidence and severity of hematological and
non-hematological AEs. The incidence, outcome, and severity of AEs were assessed,
including AEs of interest (AEISs).

Immune tumour microenvironment
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Flow cytometry (FCM) was used to conduct a multiparametric analysis of the
lymphocyte subsets of the patients to analyze the changes in the immune
microenvironment before and after ZID treatment. The data acquisition and
subsequent analysis were performed on BD FACSCanto™  gsystem
(RRID:SCR _018056) and FACSDiva™ software (RRID:SCR_000055), respectively.
Statistical analysis

Studies have shown that the VGPR rate of the IRD regimen for the treatment of newly

diagnosed WM is 15%.This study hypothesizes that the ZID regimen has a 15%-20%

higher VGPR rate than that of the ixazomib-based regimen, reaching 45% or above. If
VGPR rate > 45%, this study estimated that an interim test (Group Sequential test)
required a total sample size of 57 patients to achieve a false positive rate of 0=0.05, a
false negative rate of =0.2 and a superiority difference of 15% higher than the
historical. Including a 10% dropout rate in each group, 63 patients were required. An
interim analysis was conducted number of patients reached 32.

However, during the early stages of enrollment, China was still experiencing the
effects of COVID-19, which led to logistical challenges and slowed the recruitment
process. Additonally, since ixazomib was not covered by health insurance,
participants faced increased financial burdens. Lastly, considering that the patients'
deep remission rate is high but they cannot discontinue the drug safely with high IgM
rebound, we terminated the recruitment early. Eventually, 27 patients were enrolled.
We used the Kaplan-Meier method to estimate the survival curves for PFS, DOR, and
OS and used a log-rank test to assess the potential differences between groups. The
hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated using the Cox
proportional hazards regression model with a two-sided level of 0.05. Descriptive
statistics was used to summarize the data of the efficacy and safety analysis.

All statistical tests were two-sided, and P values less than 0.05 were considered to be

statistically significant. Statistical analyses were performed using the Statistical

10

G20z Yol 1| uo sasn ybingspid Jo Ausianiun Aq ypd-061€-+2-199/1.90¥SSE/06YE-YZ-HOD ZEF0-8L0L/8SL L°01/10P/pd-8]oiE/S.180UBDUIY/BI0"S|eUINOlIoEE//:dRY WOl papeojumo]



244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269

Package for the Social Sciences version 25.0 (IBM Corporation, Armonk, NY, USA,
RRID:SCR_002865), GraphPad Prism version 7.0 (GraphPad Software, Inc., San
Diego, CA, USA, RRID:SCR_002798), and R version 4.0.5.

Data availability

Data are available from the corresponding author on reasonable request. We
encourage researchers interested in data sharing and collaboration to contact the
corresponding author. Data are not publicly available to protect patient privacy.
Results

Patient characteristics

Between July 2020 and August 2022, 27 patients were assessed for eligibility, of
which three patients were excluded from this study. One due to cerebral hemorrhage,
and 2 withdrew for personal reasons. Eventually, 24 patients completed the induction
therapy and were included in the analysis (supplemental Figure 2). The baseline
characteristics are presented in Table 1. The median age was 62 years (range: 32-73),
with 9 patients (37.5%) being 65 years of age or older. The median baseline
hemoglobin level was 87 g/L (range: 68-127), and the median baseline IgM was 41.9
g/L (range: 6.4-125). The proportion of patients in the low, intermediate, and
high-risk International Prognostic Scoring System for WM (ISSWM) group was
16.7%, 58.3%, and 25%, respectively. A total of 23 patients (95.8%) had MYD88
L265Pmutation. Genetic mutation analysis by target sequencing was conducted on
22/24 patients. The most prevalent mutations were MYD88 “**"(100%), CXCR4
(22.7%), KMT2D (13.6%), IGLL5 (13.6%). Five patients had CXCR5 mutation.
Three of the five patients had CXCR4 p.S338* mutation, one patient had CXCR4
p.S341Pfs*25 mutation and one had CXCR4 p.T318Nfs*26 mutation. Of the 24
patients, 21 underwent successful IGHV mutation detection, revealing that 19 patients

had IGHV mutation (90.5%) using 2% difference from the geamline as the cutoff. The

11
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most common IGHV fragments were IGHV3-23 (35%), followed by IGHV3-30 (10%)
(supplemental Figure 3A-B).

All patients had chromosome karyotype detected and 8 patients had abnormal
karyotype. Most patients had chromosomal deletions or amplifications. The most
common chromosomal deletions were sex chromosome deletions and 6q-. The results
of chromosome karyotype were showed in the supplemental Table 3. All the patients
had FISH detected and 7 patients had 6q deletion (29.2%).

Response

All 24 patients completed the induction phase, with the median duration of the ZID
regimen being 16.0 months (range: 6.0-24.0). After treatment, 1 patient (4.2%)
achieved CR, 10 patients (41.6%) achieved VGPR, 12 patients (50%) attained PR,
and 1 patient attained MR (4.2%). The MRR was 95.8% (95%CI: 87.2-104.5), with a
deep response rate (VGPR or CR) of 45.8% (95%Cl: 24.3-67.3). Notably, among the
5 patients with CXCR4 mutation, 3 (60%) achieved PR and 2 (40%) achieved VGPR.
The deep response rate in patients with CXCR4 mutation compared to those without
was 40% vs 50% (P=0.594), respectively (Figure 1).

The median time to response (TTR) was 2 months (range: 1-6), median time to best
response (TTBR) was 5 months (range: 1-15), and the median time to VGPR
(TTVGPR) was 6 months (range: 2-14). In patients with CXCR4 mutation, the median
TTR, time to MRR (TTMR) and TTBR were 2 months (range: 1-3), 2 months (range
1-5) and 4 months (range: 1-5) respectively, which was similar to those without this
mutation [TTR 2 months (range:1-6) , P=0.533; TTMR 2 months (range 1-11),
P=0.512; TTBR 5 months (range 2-15), P=0.207]. Two patients with CXCR4
mutation achieved VGPR and the TTVGPR were 5 and 8 months, respectively. In
patients without CXCR4 mutation, the TTVGPR were 5 months (range 2-15), which

was also comparable to those with CXCR4 (P=0.774).
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The factor that was associated with deep response rate was serum IgM level <70 g/L
(P=0.009). No other evaluated factors were associated with deeper remission (P> 0.05
for all variables), such as age > 65 years, B2M level > 3 g/L, hemoglobin level < 115
g/L, platelet<100x10%/L, with B symptom, presence of hepatomegaly, splenomegaly
or lymphadenopathy, elevated LDH, MYD88, and CXCR4 mutational status,
cytogenetic abnormality, International Prognostic Scoring System for WM (IPSSWM)
score, revised IPSSWM score (supplemental Table 4).

Tumor burden and Minimal residual disease

Overall, at best response, the median serum IgM level decreased from 41.9 (range:
6.4-125) g/L to 4.3 (range: 0.93-86.0) mg/dL and the median hemoglobin level
increased from 87 (range: 68-127) g/L to 142 (range: 91-175) g/L (P<0-001) (Figure
2A-B). Seven patients had lymph node enlargement. The lymph node response rate
was 100%, and the median SPD dropped from 10.6 to 6.04 cm? (P=0.0119, Figure
2C). Of note, 51.7% of patients had a decrease in SPD of 50% or more.

The median tumor cell percentage of BM by FCM decreased from 7.8 % (range:
0.6-60.1) to 1.9 % (0-9.3) (P=0.0008). The median tumor cell percentage of BM by
bone marrow biopsy (BMB) decreased from 50% (range: 5-90) to 5% (range: 0-60),
P<0.0001(Figure 2D-E). Cellular components analysis revealed that the ZID regimen
could eliminate abnormal lymphocytes as well as abnormal plasma cells in the bone
marrow. By FCM, the median abnormal lymphocyte reduced from 7.6% (range:
0.5-60.1) to 1.6% (range: 0-9.25) (P =0.0019), and the median abnormal plasma cells
were reduced from 0.28% (range: 0-1.39) to 0.02% (0-0.54) (P =0.0306) (Figure 2F).
After treatment one patient achieved MRD negative.

For the patients with CXCR4 mutation, the tumor burden detected by FCM before
treatment was higher than that of the patients without CXCR4 mutation (43.2% vs
6.6%, P =0.0016). The tumor burden also decreased rapidly in the CXCR4 mutated

13
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patients. The median tumor cell of BM by FCM reduced from 43.2% (range: 3.4-60.1)
to 3.3% (range: 0.2-9.3) (P=0.0515).

Immune tumour microenvironment

Peripheral blood lymphocyte subsets were tested in 21 of 24 patients. The level of
IgM was positively associated with the percentage of NK cells (R=0.54, P=0.0096)
and negatively associated with the percentage of CD3+ T cells (R=-0.49, P=0.021)
and CD4+ helper T cells (R=-0.63 P=0.0023) (Figure 3A-C). There was no
significant correlation between the proportion of IgM and CD8+ cytotoxic T cells
(P=0.21), Treg cells (P=0.76) (supplemental Figure 4A-B). Patients who achieved a
deep response rate had a higher proportion of CD3+ T cells (P=0.0317)
(supplemental Figure 4C) and CD4+ helper T cells. The Median proportion of CD4
was 46.5% in the patients who achieved deep remission which was significantyly
higher than the patients without deep remission. (46.5% vs 30%, P=0.0039) (Figure
3D). Other lymphocyte subsets such as CD8+ cytotoxic T cells, NK cells, and Treg
had no significant difference in the response rate (supplemental Figure 4D-F).
Patients achieved partial restoration of immune function, had a significant increase in
the proportion of CD4 helper T cells (median CD4 helper T cell before treatment vs
after treatment: 39% vs 48%, P=0.0115), CD8 cytotoxic T cells (median CD8
cytotoxic T cell before treatment vs after treatment: 18% vs 25%, P=0.0252) (Figure
3E-F). Other TME cells also recovered immune function after treatment, but the
difference was not statistically significant (supplemental Figure 4G-1).

Survival

With a median follow-up of 30.9 months (range: 15.0-40.5), five patients progressed,
and the estimated median PFS was 40.0 months (95% ClI: 35.5-44.5) (Figure 4A).
Only one patient who achieved deep remission progressed. The estimated median PFS
for patients who achieved deep remission was not reached (NR), which was slightly

higher than those without deep remission (NR vs. 37.0 months, respectively, 95% CI
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28.1-45.8, P=0.283) (supplemental Figure 5A). No significant difference in OS was
observed between the two groups (supplemental Figure 5B). The factor associated
with better PFS was normal chromosome karyotype (P=0.014) . CXCR4 mutational
status, IPSSWM score, and revised IPSSWM score (P> 0.05 for all variables) were
not associated with adverse PFS (supplemental Table 5). Two patients died at the
time of follow-up (one because of COVID-19 infection at 30.5 months and another
due to pulmonary infection at 20 months). The median OS was NR (Figure 4B).
Importantly, the median PFS in patients with CXCR4 mutation was 32.1 months,
which was similar with that without this mutation (32.1 vs 40 months, P=0.554, HR
1.860, 95%CI: 0.123-28.02). Furthermore, no significant difference in OS was
observed between the two groups (CXCR4 mutation vs CXCR4 WT: 32.1 vs NR,
P=0.247, HR: 4.45, 95%CIl: 0.124-160.1) (Figure 4C-D).

Safety

The AEs are shown in Table 2. The most common hematological AEs were
neutropenia (33.3%), thrombocytopenia (29.2%), and leukopenia (16.7%). The most
common non-hematological AEs were insomnia (20.8%), fever (20.8%), rash (16.7%),
infection (16.7%), peripheral neuropathy (16.7%), and fatigue (16.7%). Grade 3 or
higher AEs included infection (12.5%), thrombocytopenia (8.3%), insomnia (4.2%),
hyperglycemia (4.2%), pruritus (4.2%), and hyperglycemia (4.2%). One patient was
hospitalized with appendicitis after stopping the drugs. Two patients had COVID-19
infection and one patient died after developing a COVID-19 infection at 30.5 months
of medication which was not related to treatment. All patients in this study had been
vaccinated. No patient had fungal infection. Ixazomib was reduced to 3 mg once a
week in 2 patients due to insomnia and the other 2 patients briefly discontinued
ixazomib due to thrombocytopenia. Three patients had reduced zanubrutinib dose due
to rash, the other 3 patients discontinued treatment due to grade 3-4 infection

(COVID19, pulmonary infection or acute appendicitis). Dexamethasone was
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discontinued in one patient due to intolerable hyperglycemia. During the maintenance
phase, four patients did not proceed with the maintenance treatment. One patient
experienced disease progression after 17 months of medication and was subsequently
shifted to receive the BR regimen; One patient was withdrawn from the study after 8
months of medication due to intolerable itching; One patient died after developing a
COVID-19 infection at 30.5 months of medication; Lastly, one patient withdrew from
the study for personal reasons and declined further follow-up at the 12-month mark.
IgM rebound and disease progress after drug discontinuation

At follow-up, 14 patients completed their treatment regimen. Two of these patients
deviated from the cessation protocol, opting to persist with zanubrutinib therapy. The
remaining 12 patients terminated their treatment. The median duration from the
cessation of the drug to the last follow-up was 5 months (range: 1-16). A notable 75%
(9/12) of the patients experienced an IgM rebound, occurring at a median interval of 2
weeks (range 2-4 weeks). Among the 9 patients, three patients resumed zanubrutinib
by themself due to elevated IgM levels, in the absence of physician’s guidance. One
patient died from COVID-19 infection 6 months after the discontinuation. The other 5
patients continue to be monitored for IgM rebound, exhibiting no clinical symptoms,
over a median observation period of 6 months (range: 4-16). Among the 3 patients
who resumed the zanubrutinib treatment, 2 patients who achieved PR encountered
disease progression after 11 and 14 months, respectively, while 1 sustained VGPR.
Supplemental Table 6 shows the outcomes and disease status of patients who
completed the treatment. Supplemental Figure 6 showed the swim lane plots of

efficacy in patients treated with ZID.

Discussion
This was the first study to explore the time-limited treatment of BTKi zanubrutinib

combined regimen in newly diagnosed patients with WM. The study revealed that
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Z1D had a high deep remission of 45.8% (95% CI: 24.3%-67.3%) and good tolerance,
thereby achieving the study’s primary goal. Over a median period of 6 months,
patients who discontinued treatment showed no additional clinical symptoms apart
from 1gM rebound, underscoring that the ZID regimen is a optional choice for WM

patients who want time-limited BTKi therapy.

Clinical investigations have indicated that the deep response rates in patients with
WM undergoing treatment with either ibrutinib or zanubrutinib monotherapy, or in
combination with immunochemotherapy, remain suboptimal. Zanubrutinib has
achieved a high ORR and low AEs and is one of the therapeutic agents recommended
in the current NCCN guidelines. "2 However, the deep remission rate is still less than
30%. Our study showed that the ORR was 100%, which was similar to the IRD
regimen'” and zanubrutinib monotherapy®?, but, the patients' deep remission rate was
significantly improved and was substantially higher than the IRD and zanubrutinib

monotherapy regimens.

For patients with MYD88L265P and CXCR4 mutated, the ibrutnib monotherapy is not
effective. The ASPEN study showed that compared to ibrutinib, zanubrutinib further
improves the deep remission rate. Zanubrutinib also proved to be efficacious in
MYD88-%%*F and CXCR4 mutated patients. ** Our study reported that of the 5 patients
with CXCR4 mutation, 3 patients achieved PR and 2 patient achieved VGPR after
treatment of ZID regimen. The deep response rate in patients with CXCR4 mutation
was similar with the CXCR4 wide-type patients, proving that the ZID regimen
improved the efficacy of patients with CXCR4 and MYD88 mutations and that
patients regardless of mutation status can benefit from this treatment. In addition,
similar to IRD*" and zanubrutinib monotherapy™, ZID regimen can also achieve a
rapid response to treatment. The median time to response and best response in this

study were 2 months and 5 months.
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Recently, a phase Il study by Parrondo et al evaluated time-limited (24 cycles)
treatment with ibrutinib and ixazomib combination in WM. Though 28.5%
discontinued treatment due to toxicity, a clinically significant ORR and PFS of 76.2%
and 22.9 months were attained with no patient achieving a CR.?® In our study, all
patients completed the induction phase with a median duration of 16 months (range:
6-24) with a deep response rate of 45.8% (95% CI: 24.3-67.3). At a median follow-up
of 30.9 months, the median PFS of the ZID regimen in the present study was greater
than the ibrutinib and ixazomib combination at 40.0 months. The ASPEN'? study
reported a favourable PFS outcome in patients treated with continuous zanubrutinib.
Moreover, the INNOVATE? study reported a longer PFS in the ibrutinib-rituximab
cohort compared with the placebo-rituximab cohort**. Bendamustine combined with
rituximab was also a time-limited treatment in WM with a reported a longer disease
control period than rituximab combined with cyclophosphamide, doxorubicin,
vincristine, and prednisone with a PFS ranging from 65.0-69.5 months®?®. However
due to the smaller sample size and a shorter-follow-up period, cross-trial comparison
was not feasible.
TME is considered essential to maintain tumor cell growth and survival. Recent
study had shown a strong relationship between the lymphocyte subsets of TEM in
patients with waldenstrom and prognosis®’. And ibrutinib can modulated the
immunosuppressive microenvironment.?® This study also demonstrated that the
ZID regimen effectively reduces the tumor burden, removes IgM, and improves the
immune TME. Our analysis showed that immune TME dysfunction exists in WM
patients and is associated with IgM levels and deep response. Treated with ZID
regimen could significantly improve the immune TME function and increased the

deep remission.

IgM rebound is an important influence on ibrutinib discontinuation, with up to 40-70%

15,16 c

of patients experiencing IgM rebound after discontinuing ibrutinib therapy an
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potentiate 1gM-related morbidity, such as hyperviscosity, PN, etc.®® Studies on WM
patients treated with ibrutinib have reported the acute onset of symptomatic
hyperviscosity in 16% of patients with an IgM rebound.”® Commonly employed
treatments such as time-bound BR appear to provide longer disease control with
similar safety profiles while avoiding the risk of IgM rebound. Of note, in our study,
when combined with ixazomib and dexamethasone, 25% of patients did not exhibit
IgM rebound. For patients in the presence of IgM rebound, there were still no other

clinical symptoms at a median of 6 months of drug discontinuation.

Our study also explored the selection of personalized treatment for WM by
investigating the factors influencing the withdrawal time of patients upon drug
discontinuation with continuous follow-up. Doses of zanubrutinib and ixazomib
were reduced due to rash and insomnia, respectively, whereas, infection,
thrombocytopenia, and intolerable hyperglycemia were the primary causes of
discontinuation of zanubrutinib, ixazomib, and dexamethasone, respectively. The
maintenance treatment was discontinued in four patients due to disease progression,
intolerable itching, COVID-19 infection, and personal reasons (1 patient each).
These findings provide insight to deal with treatment discontinuation and to better
manage these patients in the future. When compared to zanubrutinib monotherapy or
IRD regimen, the ZID regimen provides a high depth of response rate with a limited

number of treatment cycles to achieve the study endpoint.

However, this study has some limitations. Our study included a small sample size
with a short duration follow-up and only a few patients had CXCR4 mutations.
Therefore, the results need to be warranted in studies with a larger sample size.
Secondly, This study encountered significant challenges in patient enroliment due to
its timing during the COVID-19 pandemic. Additonally, since ixazomib was not
covered by health insurance, participants faced increased financial burdens.
Moreover, a wide range of the 95% CI for the primary endpoint suggests uncertainty
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in the precision of the estimates, affecting the robustness of the study results. The
PFS observed in our study was shorter than expected with BR or continuous
zanubrutinib. Another limitation is the toxicity burden related to ixazomib and
dexamethasone, which could have adversely affected patient outcomes and
adherence. Lastly, the patients' deep remission rate is high but they cannot
discontinue the drug safely with high IgM rebound could be a reason for treatment
termination. These factors underscore the need for further investigation and caution

in drawing definitive conclusions from this study.

In conclusion, this study showed that ZID might be a good choice for patients who

want to receive time-limited BTKi therapy with high deep response and good safety.
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Figure 1. The response rate of patients. The response rate of the overall patients and the
patients with or without CXCR4 mutation

Figure 2. The changes in IgM, hemoglobin and bone marrow tumor load in
patients before and after treatment

A-B. (A) The change of IgM and (B) hemoglobin before and after treatment. (C) The change of
SPD before and after treatment. D-E. The malignant cells detected by (D) FCM and by (E) bone

marrow biopsy. (F) The percentage of tumor cells of baseline, after induction and at best response.

Hb: Hemoglobin; SPD: Maximum longest diameter of the tumor multiplied by the longest
diameter perpendicular to it. FCM: flow cytometry.

Figure 3. The relationship between Immune microenvironment and the
lymphocyte subsets

A-C. The relationship between the level of IgM and the percentage of (A) CD3, (B) CD4 and
(C)NK cells. (D) The percentage of CD4 in patients who achieved VGPR or not. E-F. The
percentage of (E) CD4 and (F) CD8 before and after treatment.

Figure 4. Kaplan-Meier curves of survival and response analyses

(A) The Kaplan-Meier curves of PFS as determined by investigator assessment. Shaded area
indicates 95% CI. (B) The Kaplan-Meier curves of OS. Shaded area indicates 95% CI. (C) PFS in
patients with CXCR4 mutation or CXCR4 wildtype. (D) OS in patients with CXCR4 mutation or
CXCR4 wildtype.
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Table 1. The Clinical characteristics of enrolled WM patients

Characteristic N =24
Age

Median (range), years 62 (32-73)

>65 years, n (%) 9 (37.5)
Gender

Male, n (%) 17 (70.8)
Lymphadenopathy >1.5 cm, n (%) 7(29.2)
Splenomegaly, n (%) 10 (41.7)

Serum IgM level
Median (range), g/L

41.9 (6.4-125.0)

>40 g/L, n (%) 13 (54.2)
L265P

MYD88 mutation, n (%) 23 (95.8)

CXCR4 mutation, n (%) 5(21.7)

Hemoglobin level
Median (range), g/L
<110, n (%)

Platelet count
Median (range), lOglL

87.0 (68.0-127.0)
19 (79.2)

164 (27-435)

<100, n (%) 5(20.8)
Serum B2-microglobulin

Median (range), mg/L 3.5 (2.0-15.8)

>3 mg/L, n (%) 15 (62.5)

Serum albumin
Median (range), g/L

35.8 (23.4-45.4)

<35¢/L, n (%) 9 (37.5)
With B symptom 5 (20.8)
ISSWM score
Low risk, n (%) 4 (16.7)
Intermediate risk, n (%) 14 (58.3)
High risk, n (%) 6 (25.0)

CXCR4, CXC-chemokine receptor 4; ISSWM, International Prognostic Scoring System for WM; MYD88,
myeloid differentiation primary response gene 88.
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Table 2. The adverse events of patients

Adverse events Any grade Grade 1 Grade 2 Grade 3 Grade 4
Blood and lymphatic
system disorders

Neutropenia 8 (33.3) 4 (16.7) 4 (16.7) 0 0
Thrombocytopenia 7(29.2) 2 (8.3) 3(12.5) 2 (8.3) 0
Leukopenia 4 (16.7) 3(12.5) 1(4.2) 0 0

Respiratory, thoracic, and
mediastinal disorders

Epistaxis 3(12.5) 2(8.3) 1(4.2) 0 0
Cough 3 (12.5) 2(8.3) 1(4.2) 0 0
Dyspnea 2(8.3) 1(4.2) 1(4.2) 0 0
Gingival bleeding 1(4.2) 1(4.2) 0 0 0

Gastrointestinal disorders

Stomach ache 2(8.3) 2 (8.3) 0 0 0
Diarrhea 2 (8.3) 2 (8.3) 0 0 0
Elevated 1(4.2) 1(4.2) 0 0 0
aminotransferase
Vomiting 1(4.2) 1(4.2) 0 0 0
Nausea 1(4.2) 1(4.2) 0 0 0
Anorexia 1(4.2) 1(4.2) 0 0 0
Dyspepsia 1(4.2) 1(4.2) 0 0 0

Vascular disorders

Hypertension 2 (8.3) 1(4.2) 1(4.2) 0 0

Arrhythmia 1(4.2) 1(4.2) 0 0 0
Infections and infestations

Fever 5 (20.8) 2(8.3) 3(12.5) 0 0

Infection 4 (16.7) 1(4.2) 0 1(4.2) 2 (8.3)

Herpes zoster 2(8.3) 1(4.2) 1(4.2) 0 0

Skin and subcutaneous
tissue disorders
Rash 4 (16.7) 2(8.3) 2(8.3) 0 0
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Pruritus
Bleeder
Nervous system disorders
Insomnia
Fatigue
Peripheral neuropathy
Paresthesia
Blur
Dizziness
Headaches
Metabolism
Hyperglycemia
Edema
Osteoporosis

3 (12.5)
3 (12.5)

5 (20.8)
4 (16.7)
4 (16.7)
3(12.5)
2 (8.3)
2 (8.3)
1(4.2)

3 (12.5)
2 (8.3)
1(4.2)

2(8.3)
3 (12.5)

1(4.2)
2(8.3)
3(12.5)
3(12.5)
2 (8.3)
2(8.3)
1(4.2)

1(4.2)
1(4.2)
1(4.2)

0
0

3(12.5)
2 (8.3)
1(4.2)
0

0
0
0

1(4.2)
1(4.2)

1(4.2)

1(4.2)

O O O O O o

1(4.2)

o O

O O O O O o o

o
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Figure 4
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