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Abstract

Purpose: Proteasome inhibition is of proven efficacy in
patients with Waldenstrom macroglobulinemia (WM). However,
WM remains incurable with standard treatments. Novel agents,
safe and effective, are needed.

Patients and Methods: We designed a prospective phase II
study evaluating the combination of ixazomib, dexamethasone,
and rituximab (IDR) as primary therapy in symptomatic patients
with WM. Protocol therapy consisted of oral ixazomib, 4 mg, with
intravenous or oral dexamethasone, 20 mg, on days 1, 8, and 15
every 4 weeks for induction cycles 1 and 2, and in combination
with intravenous rituximab, 375 mg/m?, on day 1, every 4 weeks
for cycles 3 to 6. Maintenance therapy followed 8 weeks later with
IDR given every 8 weeks for 6 cycles.

Introduction

Waldenstrom macroglobulinemia (WM) is a rare lymphoma
characterized by the accumulation of IgM-secreting lymphoplas-
macytic cells in the bone marrow (BM) and other organs along
with the presence of the MYD88 L265P mutation in over 90% of
patients (1). As WM remains incurable with standard treatment
regimens, there is an ongoing need for effective and safe agents for
these patients.

Proteasome inhibitors are effective agents for the primary
treatment of WM (2-5). However, toxicity remains of impor-
tance. Treatment-related neuropathy is common with bortezo-
mib and has led to premature treatment discontinuation (2, 4).
Carfilzomib has associated with hyperlipasemia, hypogamma-
globulinemia, and cardiomyopathy (5). In addition, the
frequent i.v. or subcutaneous administration of these agents
might prove to be inconvenient when compared with an
orally administered agent.

Ixazomib is an oral proteasome inhibitor with low incidence
of neuropathy that is active in multiple myeloma, but has not
been previously evaluated in WM. We hypothesized that
the combination of ixazomib, dexamethasone, and rituximab
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Results: Twenty-six patients were enrolled. All patients had the
MYD88 L265P mutation, and 15 patients (58%) had a CXCR4
mutation. The median time to response was 8 weeks, which
was longer (12 weeks) in WM patients with CXCR4 mutations
(P = 0.03). The overall response rate was 96%, and the major
response rate was 77%. With a median follow-up of 22 months,
the median progression-free survival was not reached. Grade >2
adverse events reported in >1 patient included infusion-related
reactions (19%), rash (8%), and insomnia (8%).

Conclusions: IDR offers a highly effective and well tolerated,
neuropathy-sparing regimen for primary therapy in patients
with WM. This trial is registered at www.clinicaltrials.gov under
ID NCT02400437. Clin Cancer Res; 24(14); 3247-52. ©2018 AACR.

(IDR) would have a high efficacy rate and low toxicity as
primary therapy in WM.

Patients and Methods

This was a prospective, investigator-initiated phase II study that
enrolled patients at the Dana-Farber Cancer Institute. The study
registered under Clinicaltrials.gov ID NCT02400437. The Insti-
tutional Review Board of the Harvard/Dana-Farber Cancer Center
granted study approval. The study was conducted in accordance
with the Declaration of Helsinki. Written informed consent was
obtained in all participants prior to treatment initiation. Ixazomib
was supplied by Takeda Pharmaceuticals. Rituximab and dexa-
methasone were obtained commercially.

Eligible participants had a clinicopathologic diagnosis of
WM (6), were previously untreated, and met criteria for treatment
initiation according to second International Workshop for WM
guidelines (7). Other inclusion criteria were Eastern Cooperative
Oncology Group performance status 0-2, neutrophil count
>1.0 K/uL, platelet count >75 K/uL, total bilirubin <1.5 times
the upper limit of normal (ULN), alanine and aspartate
aminotransferase <3 times the ULN, and creatinine clearance
>30 mL/min. Selected exclusion criteria were pregnant or lactat-
ing women, central nervous system involvement, HIV, hepatitis B
or hepatitis C infection, or known gastrointestinal condition that
could interfere with swallowing or absorption of ixazomib.

Treatment protocol consisted of ixazomib 4 mg orally on days
1, 8, and 15, dexamethasone 20 mg p.o. on days 1, 8, and 15, and
rituximab 375 mg/m? i.v. on day 1 (IDR), which were adminis-
tered for six 4-week cycles (induction) followed by six 8-week
cycles (maintenance) for a total of 12 cycles. Patients received
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Translational Relevance

Based on the results of this prospective phase II study, the
combination of ixazomib, dexamethasone, and rituximab
(IDR) is safe and effective as primary therapy for patients with
symptomatic Waldenstrom macroglobulinemia (WM). With
regard to safety, the toxicity profile of IDR appears benign,
in comparison with bortezomib or carfilzomib-based
combinations, with a low rate of mild neuropathy. In addi-
tion, IDR provides the convenience of an orally administered
medication, ixazomib, in addition to one of the most com-
monly used medications in WM, rituximab, improving the
response rate in these patients. Of interest for future research is
the potential adverse effect of CXCR4 mutations in time to
response to IDR in WM patients. In conclusion, IDR is an easy-
to-use and easy-to-tolerate regimen that has the potential to
become a leading option in the primary treatment of patients
with symptomatic WM.

maintenance if they had at least a minor response or derived
clinical benefit from induction. Rituximab was held for the first
two cycles of therapy to minimize risk of IgM flare. Rituximab was
administered after ixazomib and dexamethasone. Herpes zoster
prophylaxis and proton pump inhibitors or H2 blockers were
administered throughout IDR therapy. Prophylactic use of plas-
mapheresis and hold on rituximab administration for patients
with serum IgM level of >4,000 mg/dL prior to the administration
of rituximab was recommended. Adverse events were graded
according to the Common Terminology Criteria for Adverse
Events, version 4.03 (8).

Baseline studies consisted of complete blood counts, compre-
hensive metabolic panel, serum IgM and beta-2-microglobulin
levels, serum protein electrophoresis, BM biopsy and aspiration,
and CT scans of the chest, abdomen, and pelvis. Efficacy and
toxicity were assessed on the first day of each cycle starting at cycle
2, and thereafter off therapy every 12 weeks. At interphase and end
of maintenance, BM biopsy and aspiration and CT scans of the
chest, abdomen, and pelvis, if extramedullary disease was present
at baseline, were required.

An allele-specific PCR assay was used for determination of
MYD88 L265P using DNA isolated from CD19-selected BM cells
as previously described (1, 9). CXCR4 mutation status was deter-
mined by Sanger sequencing of CD19-selected BM cells as pre-
viously described (10).

The primary objective of the study was determination of very
good partial response (VGPR) or better. Secondary objectives were
determination of overall response rate (ORR), progression-free
survival (PFS), as well as safety and tolerability of IDR. Sample size
was predicated on an expected VGPR or better of 40% and a
minimal acceptable VGPR rate of 18% based on assumptions
derived from previous published experience with proteasome
inhibitors. Response determinations were made using consensus
criteria adapted from the third International Workshop on WM
(11). Time to progression was defined as time between initiation
of therapy and date of progression, death, or last follow-up. The
Kaplan-Meier method was used to estimate survival curves, which
were compared using the log-rank test. The Wilcoxon rank-sum
test was used for analysis of continuous variables. P values < 0.05
were considered statistically significant. All graphics and calcula-
tions were obtained using STATA (StataCorp LP).
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Table 1. Baseline characteristics of 26 patients who received protocol therapy
Characteristics Median or number Range or %

Age at WM diagnosis (years) 62.5 46-81
Age at enrollment (years) 65 46-82
Male sex 21/26 81%
Serum IgM (mg/dL) 4,528 653-7,650
Serum IgA (mg/dL) 61.5 8-140
Serum 19G (mg/dL) 609 160-4,677
Hemoglobin (g/dL) 10.2 6.9-13.2
Platelet count (K/uL) 211.5 77-420
Beta-2-microglobulin (mg/L) 4.0 1.8-10.8
Low IPSSWM score 5/26 19%
Intermediate IPSSWM score 11/26 42%

High IPSSWM score 10/26 38%
Adenopathy 14/26 54%
Splenomegaly 3/26 12%

BM involvement (%) 55% 5-95%
MYD88 L265P mutation 26/26 100%
CXCR4 mutation 15/26 58%

Results

Between May 2015 and May 2016, 26 patients were enrolled
and received protocol therapy. One patient was enrolled but did
not receive protocol therapy, as the patient was diagnosed with
transformation to diffuse large B-cell lymphoma during screen-
ing. Baseline characteristics of 26 participants are shown in Table
1. Reasons for treatment initiation included anemia (n = 13),
hyperviscosity (n = 8), fatigue (n = 4), neuropathy (n = 2),
splenomegaly (n = 1), pancytopenia (n = 1), and pleural effu-
sions (n = 1). All patients have completed protocol therapy.
Median number of cycles received was 12 (range, 4-12). Twen-
ty-one patients (81%) completed the 12 planned cycles of ther-
apy. All patients had the MYD88 L265P mutation, and 15 (58%)
had a CXCR4 mutation.

Atbest response, median serum IgM level decreased from 4,528
to 1,188.5 mg/dL (range, 69-5,500 mg/dL), median hemoglobin
increased from 10.2 to 13.7 g/dL (range, 9.8-16.5 g/dl),
and median BM involvement decreased from 55% to 6% (range,
0%-70%). P value < 0.001 for all comparisons. Serum IgM and
hemoglobin levels during active therapy are shown in Fig. 1A. At
end of induction, serum IgM level was 2,279 mg/dL (range, 287-
5,820 mg/dL; P < 0.001 compared with baseline), hemoglobin
level was 12.7 g/dL (range, 10.4-14.6 g/dL; P < 0.001 compared
with baseline), and BM involvement was 15% (range, 0-76%;
P<0.001 compared with baseline). At end of maintenance, serum
IgM level was 1,010 mg/dL (76-5,715 mg/dL; P<0.001 compared
with baseline and with end of induction), hemoglobin level was
13.2 g/dL (range, 9.2-15.7 g/dL; P < 0.001 compared with
baseline and with end of induction), and BM involvement was
5% (0%-70%; P < 0.001 compared with baseline and P = 0.1
compared with end of induction). Median time to response (TTR)
was 8 weeks, which was longer in CXCR4-mutated (MUT)
patients at 12 weeks versus 8 weeks in CXCR4 wild-type (WT)
patients (log-rank P = 0.03). Using consensus response criteria,
VGPR was 15%, partial response (PR) was 62%, and minor
response (MR) was 19%, with major response rate (PR or better)
of 77% and ORR (MR or better) of 96%. No complete responses
were observed. Rates of VGPR, PR, and MR/stable disease (SD) in
CXCR4 MUT and CXCR4 WT patients were 7%, 67%, and 27%,
and 27%, 55%, and 18% (P = 0.35).

Fourteen patients (54%) had lymphadenopathy (at least 1
lymph node>1.5 cmin largest diameter per CT scans) at treatment
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Figure 1.

Impact of ixazomib, dexamethasone, and rituximab therapy on (A) serum
IgM and (B) hemoglobin levels. The thick line represents the median, and the
thin lines represent the interquartile range. C, induction cycle; Inter,
interphase; M, maintenance cycle; EOT, end of treatment.

initiation. At end of induction, 8 patients had decreased and 3 had
stable lymphadenopathy and 3 were not assessed. At end of
treatment, 4 patients had resolved, 4 had decreased, 1 had stable,
and 1 had increased lymphadenopathy and 4 were not assessed.
Three patients presented with splenomegaly (spleen size at
least 15 cm per CT scans). At end of induction, 2 had decrease
and 1 had stable splenomegaly. At end of treatment, 1 had
resolved, 1 had increase, and 1 had stable splenomegaly. Two
patients had neuropathy at treatment initiation. At end of treat-
ment, 1 had near resolution of neuropathic symptoms and 1
had stable neuropathy.

At time of this report, median follow-up time was 22 months
[95% confidence interval (CI), 19-26 months], and 7 patients
(27%) had progressed. Median PFS has not been reached
(Fig. 2A). Age > 65 years, hemoglobin level < 11.5 g/dL,
platelet count < 100 k/uL, B2M level > 3 g/L, serum IgM level >
7,000 mg/dL, presence of lymphadenopathy, BM involvement >
50%, CXCR4 mutational status, and International Prognostic
Scoring System for WM (IPSSWM) score were not associated with
better or worse PFS (data not shown). Categorical response
assessment was associated with PFS. Patients achieving MR/SD
had a median PFS of 22 months (95% CI, 14-not reached),
whereas the median PFS was not reached in patients achieving
PR and VGPR (P = 0.02; Fig. 2B). There was no progression on
patients who achieved VGPR and no deaths during the follow-up
period. From 7 patients who progressed, 3 had necessitated
therapy. Two patients enrolled in a clinical trial and 1 patient
received bendamustine and rituximab. All patients have
responded to next therapy.

www.aacrjournals.org
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Figure 2.
Impact of ixazomib, dexamethasone, and rituximab therapy on PFS for
(A) the entire cohort, and (B) according to categorical response.

Two patients did not complete induction therapy. One due to
grade 3 peripheral neuropathy (PN) due to worsening diabetic
neuropathy, and one due to lack of clinical benefit, although the
patient was in a minor response. At the end of study, 3 additional
patients came off study. One due to grade 3 pneumonia and sepsis
and 2 due to suboptimal response. A complete list of adverse
events at least possibly related to study treatment is shown
in Table 2. Most common adverse events (grades 1 and 2)
included infusion reactions (n = 10), nausea (n = 9), insomnia
(n = 7), and rash (n = 7). Grade 3 adverse events included
neuropathy (n = 1), pneumonia (n = 1), and sepsis (n = 1).
No grade 4 adverse events were reported.

Three patients developed rituximab intolerance (severe infu-
sion reactions) while on treatment protocol at 3.5, 4, and
8 months, and rituximab had to be stopped but continued
ixazomib and dexamethasone. All 3 patients had disease
progression within 24 months of starting protocol therapy.
An IgM flare (increase in serum IgM of at least 25%) was seen
in 2 patients after receiving rituximab on cycle 3. Both patients
were asymptomatic from the flare and did not need plasmaphe-
resis. Serum IgM stabilized and later went back to baseline in
both cases. The median IgG level decreased from 609 mg/dL
(range, 160-4,677 mg/dL) to 409 mg/dL (range, 113-822 mg/dL;
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Table 2. Adverse events possibly, probably, or definitely associated with protocol therapy; number of events (%)

Toxicity type Any grade Grade 1 Grade 2 Grade 3 Grade 4
Bloating 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Blood in stool 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Chills 4 (15.4%) 4 (15.4%) 0 (0%) 0 (0%) 0 (0%)
Constipation 2 (7.7%) 1(3.8%) 1(3.8%) 0 (0%) 0 (0%)
Diarrhea 5 (19.2%) 5 (19.2%) 0 (0%) 0 (0%) 0 (0%)
Dizziness 4 (15.4%) 4 (15.4%) 0 (0%) 0 (0%) 0 (0%)
Dysgeusia 4 (15.4%) 4 (15.4%) 0 (0%) 0 (0%) 0 (0%)
Dyspepsia 3 (1.5%) 2 (7.7%) 1(3.8%) 0 (0%) 0 (0%)
Edema 5 (19.2%) 4 (15.4%) 1(3.8%) 0 (0%) 0 (0%)
Epistaxis 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Fatigue 2 (7.7%) 2 (7.7%) 0 (0%) 0 (0%) 0 (0%)
Fever 4 (15.4%) 3 (11.5%) 1(3.8%) 0 (0%) 0 (0%)
Flushing 2(7.7%) 2 (7.7%) 0 (0%) 0 (0%) 0 (0%)
Hiccups 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Hyperglycemia 5 (19.2%) 4 (15.4%) 1(3.8%) 0 (0%) 0 (0%)
Infusion-related reaction 10 (38.5%) 5 (19.2%) 5 (19.2%) 0 (0%) 0 (0%)
Insomnia 7 (26.9%) 5 (19.2%) 2 (7.7%) 0 (0%) 0 (0%)
Joint pain 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Laryngitis 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Malaise 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Muscle cramps 2(7.7%) 2 (7.7%) 0 (0%) 0 (0%) 0 (0%)
Muscle soreness 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Muscle weakness 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Nausea 9 (34.6%) 9 (34.6%) 0 (0%) 0 (0%) 0 (0%)
Neuropathy 6 (23.1%) 5 (19.2%) 0 (0%) 1(3.8%) 0 (0%)
Palpitations 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Pneumonia 1(3.8%) 0 (0%) 0 (0%) 1(3.8%) 0 (0%)
Pruritus 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Rash 7 (26.9%) 5 (19.2%) 2 (7.7%) 0 (0%) 0 (0%)
Restless legs 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Sepsis 1(3.8%) 0 (0%) 0 (0%) 1(3.8%) 0 (0%)
Sinus tachycardia 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Sinusitis 1(3.8%) 0 (0%) 1(3.8%) 0 (0%) 0 (0%)
Sore throat 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Stomach pain 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)
Vomiting 4 (15.4%) 3 (1.5%) 1(3.8%) 0 (0%) 0 (0%)
Weight gain 1(3.8%) 1(3.8%) 0 (0%) 0 (0%) 0 (0%)

P=0.02). Two patients necessitated i.v.immunoglobulin replace-
ment due to recurrent respiratory infections. Both patients had
serum IgG level of less than 200 mg/dL. The median IgA level
decreased from 62 mg/dL (range, 8-140 mg/dL) to 33 mg/dL
(range, 7-109 mg/dL; P < 0.001).

Discussion

Ixazomib is an oral proteasome inhibitor, fully approved by
the FDA for the treatment of patients with multiple myeloma.
As a single agent, ixazomib has shown to be safe in patients with
multiple myeloma. In a phase I study evaluating ixazomib
administered twice weekly to patients with relapsed and/or
refractory multiple myeloma, the rate of PN was 12% with
manageable anemia, thrombocytopenia, nausea, and rash (12).
A similar adverse event profile was reported in a phase I study
evaluating weekly ixazomib as a single agent in patients with
relapsed and/or refractory multiple myeloma, with a grade 1
neuropathy rate of 20% (13).

Proteasome inhibitors have previously shown high efficacy as
primary therapy for patients with WM, however with toxicity. A
prospective study on the combination of bortezomib, dexameth-
asone, and rituximab (BDR) in which bortezomib was adminis-
tered intravenously twice a week reported a median TTR of
1.4 months, ORR of 96%, VGPR or better of 35%, and median
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PFS of 5.5 years (4, 14). However, 60% of patients had to
discontinue therapy due to PN. Another study evaluated BDR
with bortezomib administered intravenously twice a week
for the first cycle and weekly from cycles 2 to 5 (2, 15). ORR was
85%, VGPR or better was 10%, and median PFS was 3.6 years.
PN occurred in 46% of patients with neuropathic pain in 20%.
A study evaluating carfilzomib, rituximab, and dexamethasone
reported median TTR of 2.1 months, ORR of 87%, VGPR of 36%,
median PFS of 3.8 years, and PN rate of 20% (5, 16). Despite
efficacy, grade 4 neutropenia, and grade 3 anemia, hyperglycemia,
hyperlipasemia, and cardiomyopathy (in 1 patient) were
reported.

Other treatment options for primary therapy in WM include
bendamustine and rituximab and the recently approved oral
Bruton tyrosine kinase inhibitor ibrutinib. Both treatment regi-
mens are highly efficacious with fast responses, ORR of over 90%,
and prolonged PFS (17-19). In terms of safety, however, bend-
amustine has been associated with a small risk of secondary
myeloid malignancies and myelodysplasia (20), which should
be taken into account, especially in younger patients with WM.
Ibrutinib also carries a distinct toxicity profile with increased
risk of bleeding and atrial fibrillation (17, 19). Furthermore,
ibrutinib therapy is indefinite, and besides cost, which is on itself
significant, also lack of compliance can affect efficacy, as recent
studies have shown that dose intensity lower than 97% associates
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with shorter PES in WM patients (21). Finally, CXCR4 MUT
patients have slower, more superficial and shorter responses to
ibrutinib (22).

It is important to note that 3 patients treated with IDR devel-
oped intolerance to rituximab. Rituximab intolerance has
previously been described in WM patients with an incidence of
7%, a rate that appears higher than the rates of rituximab intol-
erance reported in patients with chronic lymphocytic leukemia
and follicular lymphoma treated with rituximab-containing regi-
mens (23). In clinical practice, rituximab can be substituted by
ofatumumab. However, in the present study, no substitutions
were allowed and patients continued with therapy without ritux-
imab. The three patients who developed rituximab intolerance
had disease progression within 24 months of therapy initiation.
Our study also shows that depth of response associates with PFS
duration as patients who achieved MR/SD reached a median
PFS of 22 months, but the median PFS was not reached in patients
who achieved PR or VGPR to IDR. Furthermore, none of the
patients who achieved VGPR have yet progressed.

Our study is not without limitations, which include a rela-
tively small sample size, a follow-up time just short of 2 years,
and an overrepresentation of patients with CXCR4 mutations.
Given the rarity of the disease, study cohorts of a few dozens of
patients are rather the norm in WM. It is important to note that
the median PFS was not yet reached at 2 years, which compares
favorably with published data in bortezomib- and carfilzomib-
based regimens. The excess of patients with CXCR4 could be
due to patient selection. CXCR4-mutated patients appeared
more resistant to IDR, which could have negatively affected
response outcomes; the VGPR rates in CXCR4 MUT and WT
were 7% and 27%, respectively. This is the first study showing
that CXCR4 mutations can have a negative impact in TTR and
depth of response in WM patients. In addition, proteasome
inhibitors have modest activity against extramedullary disease.
Our results are consistent with previously reported data on
bortezomib and carfilzomib (4, 5). Finally, of 5 patients that
came off study, 3 were for lack of clinical benefit, 1 for grade 3
diabetic neuropathy, and 1 due to grade 3 infection. The latter
two were considered at least possibly related to therapy, but
there were other potential contributors.

With a VGPR rate of 15%, the study did not meet its primary
objective of VGPR rate of 40% or better. However, the median
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TTR was 2 months, ORR was 96%, and median PFS was not
reached at 2 years of follow-up. Patients also had improve-
ments in lymphadenopathy and splenomegaly. IDR also
appears well tolerated with no reported grade 4 adverse events
and a rate of grade 1 PN of 20%, which was similar to
previously published studies in multiple myeloma. Additional
benefits of ixazomib therapy include the convenience of oral
intake and potential ease of combination with existing avail-
able agents. Considering the response rate and excellent toxicity
profile of IDR, we believe IDR represents another treatment
option for the primary therapy of patients with WM.

Disclosure of Potential Conflicts of Interest
J.J. Castillo reports receiving commercial research grants from Takeda.
No potential conflicts of interest were disclosed by the other authors.

Authors' Contributions

Conception and design: J.J. Castillo, S.P. Treon

Development of methodology: J.J. Castillo, S.P. Treon

Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): JJ. Castillo, K. Meid, J.N. Gustine, P. Severns,
Z.R. Hunter, G. Yang, S.P. Treon

Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): J.J. Castillo, K. Meid, J.N. Gustine, S.P. Treon
Writing, review, and/or revision of the manuscript: J.J. Castillo, K. Meid,
S.P. Treon

Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): J.J. Castillo, K. Meid, J.N. Gustine, L. Xu
Study supervision: J.J. Castillo, K. Meid

Other (provided clinical care to patients): T. Dubeau

Acknowledgments

Portions of this research were presented at the 58" Annual Meeting of the
American Society of Hematology in San Diego, CA, at the 9" International
Workshop for Waldenstrom Macroglobulinemia in Amsterdam, the Nether-
lands, and the 59" Annual Meeting of the American Society of Hematology in
Atlanta, GA. Dr. J.J. Castillo acknowledges the support of the WMR fund.

The costs of publication of this article were defrayed in part by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received January 13, 2018; revised March 9, 2018; accepted April 10, 2018;
published first April 16, 2018.

neuropathy-sparing approach for treating Waldenstrom's macroglobuli-
nemia. Blood 2014;124:503-10.

6. Owen RG, Treon SP, Al-Katib A, Fonseca R, Greipp PR, McMaster ML, et al.
Clinicopathological definition of Waldenstrom's macroglobulinemia:
consensus panel recommendations from the Second International
Workshop on Waldenstrom's Macroglobulinemia. Semin Oncol 2003;30:
110-5.

7. Kyle RA, Treon SP, Alexanian R, Barlogie B, Bjorkholm M, Dhodapkar M,
et al. Prognostic markers and criteria to initiate therapy in Waldenstrom's
macroglobulinemia: consensus panel recommendations from the Second
International Workshop on Waldenstrom's Macroglobulinemia. Semin
Oncol 2003;30:116-20.

8. CTEP. Cancer Therapy Evaluation Program. Common Terminology
Criteria for Adverse Events (CTCAE) v4.0. [cited 2017 Dec 31]. Available
from: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/
ctc.htm#ctc_40.

9. Xu L, Hunter ZR, Yang G, Zhou Y, Cao Y, Liu X, et al. MYD88 L265P
in Waldenstrom macroglobulinemia, immunoglobulin M monoclonal

Clin Cancer Res; 24(14) July 15, 2018

Downloaded from clincancerres.aacrjournals.org on April 24, 2019. © 2018 American Association for Cancer Research.

3251


https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_40
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_40
http://clincancerres.aacrjournals.org/

Published OnlineFirst April 16, 2018; DOI: 10.1158/1078-0432.CCR-18-0152

Castillo et al.

10.

11.

12.

13.

14.

15.

16.

gammopathy, and other B-cell lymphoproliferative disorders using
conventional and quantitative allele-specific polymerase chain reaction.
Blood 2013;121:2051-8.

Hunter ZR, Xu L, Yang G, Zhou Y, Liu X, Cao Y, et al. The genomic
landscape of Waldenstrom macroglobulinemia is characterized by
highly recurring MYD88 and WHIM-like CXCR4 mutations, and small
somatic deletions associated with B-cell lymphomagenesis. Blood
2014;123:1637-46.

Kimby E, Treon SP, Anagnostopoulos A, Dimopoulos M, Garcia-Sanz R,
Gertz MA, et al. Update on recommendations for assessing response from
the Third International Workshop on Waldenstrom's Macroglobulinemia.
Clin Lymphoma Myeloma 2006;6:380-3.

Richardson PG, Baz R, Wang M, Jakubowiak AJ, Laubach JP, Harvey RD,
etal. Phase 1 study of twice-weekly ixazomib, an oral proteasome inhibitor,
in relapsed/refractory multiple myeloma patients. Blood 2014;124:
1038-46.

Kumar SK, Bensinger WI, Zimmerman TM, Reeder CB, Berenson JR, Berg D,
et al. Phase 1 study of weekly dosing with the investigational oral protea-
some inhibitor ixazomib in relapsed/refractory multiple myeloma. Blood
2014;124:1047-55.

Treon SP, Meid K, Gustine J, Patterson CJ, Matous JV, Ghobrial IM, et al.
Long-term outcome of a prospective study of bortezomib, dexamethasone
and rituximab (BDR) in previously untreated, symptomatic patients
with waldenstrom's macroglobulinemia. Blood 2015;126:1833.
Gavriatopoulou M, Garcia-Sanz R, Kastritis E, Morel P, Kyrtsonis MC,
Michalis E, et al. BDR in newly diagnosed patients with WM: final analysis
of a phase 2 study after a minimum follow-up of 6 years. Blood 2017;129:
456-459.

Meid K, Dubeau T, Severns P, Gustine J, Ghobrial IM, CastilloJJ, etal. Long-
term follow-up of a prospective clinical trial of carfilzomib, rituximab and

3252 Clin Cancer Res; 24(14) July 15, 2018

17.

18.

19.

20.

21.

22.

23.

dexamethasone (CaRD) in Waldenstrom's macroglobulinemia. Blood
2017;130:2772.

Dimopoulos MA, Trotman J, Tedeschi A, Matous JV, Macdonald D,
Tam C, et al. Ibrutinib for patients with rituximab-refractory
Waldenstrom's macroglobulinaemia (iNNOVATE): an open-label sub-
study of an international, multicentre, phase 3 trial. Lancet Oncol
2017;18:241-250.

Rummel MJ, Niederle N, Maschmeyer G, Banat GA, von Griinhagen U,
Losem C, et al. Bendamustine plus rituximab versus CHOP plus rituximab
as first-line treatment for patients with indolent and mantle-cell lympho-
mas: an open-label, multicentre, randomised, phase 3 non-inferiority trial.
Lancet 2013;381:1203-10.

Treon SP, Tripsas CK, Meid K, Warren D, Varma G, Green R, et al. Ibrutinib
in previously treated Waldenstrom's macroglobulinemia. N Engl J] Med
2015;372:1430-40.

Martin P, Chen Z, Cheson BD, Robinson KS, Williams M, Rajguru SA, et al.
Long-term outcomes, secondary malignancies and stem cell collection
following bendamustine in patients with previously treated non-Hodgkin
lymphoma. Br ] Haematol 2017;178:250-256.

Gustine J, Meid K, Dubeau T, Severns P, Treon SP, Castillo JJ. Impact of
ibrutinib dose intensity on patient outcomes in previously treated
waldenstrom macroglobulinemia. Blood 2017: Accepted ASH 2017
Abstract.

Treon SP, Meid K, Gustine J, Bantilan KS, Dubeau T, Severns P, et al. Long-
term follow-up of previously treated patients who received ibrutinib for
symptomatic waldenstrom's macroglobulinemia: update of pivotal clin-
ical trial. Blood 2017;130:2766.

Castillo JJ, Kanan S, Meid K, Manning R, Hunter ZR, Treon SP. Rituximab
intolerance in patients with Waldenstrom macroglobulinaemia.
Br ] Haematol 2016;174:645-8.

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on April 24, 2019. © 2018 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/

Published OnlineFirst April 16, 2018; DOI: 10.1158/1078-0432.CCR-18-0152

AAC_R American Association
for Cancer Research

Clinical Cancer Research

Prospective Clinical Trial of Ixazomib, Dexamethasone, and
Rituximab as Primary Therapy in Waldenstrom Macroglobulinemia

Jorge J. Castillo, Kirsten Meid, Joshua N. Gustine, et al.

Clin Cancer Res 2018;24:3247-3252. Published OnlineFirst April 16, 2018.

Updated version

Access the most recent version of this article at:
doi:10.1158/1078-0432.CCR-18-0152

Cited articles

Citing articles

This article cites 21 articles, 8 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/24/14/3247 .full#ref-list-1

This article has been cited by 2 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/24/14/3247 .full#related-urls

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/24/14/3247.

Click on "Request Permissions” which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on April 24, 2019. © 2018 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/lookup/doi/10.1158/1078-0432.CCR-18-0152
http://clincancerres.aacrjournals.org/content/24/14/3247.full#ref-list-1
http://clincancerres.aacrjournals.org/content/24/14/3247.full#related-urls
http://clincancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://clincancerres.aacrjournals.org/content/24/14/3247
http://clincancerres.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




