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ORIGINAL ARTICLE

A matched case-control study comparing features, treatment and outcomes
between patients with non-IgM lymphoplasmacytic lymphoma and
Waldenstr€om macroglobulinemia

Jorge J. Castilloa,b , Gilad Itchakia,c , Joshua N. Gustinea,d , Kirsten Meida, Catherine A. Flynna,
Maria G. Demosa, Maria L. Guerreraa, Cristina Jimeneza, Amanda Kofidesa, Xia Liua, Manit Munshia,
Nicholas Tsakmaklisa, Christopher J. Pattersona, Lian Xua, Guang Yanga , Zachary R. Huntera and
Steven P. Treona,b

aBing Center for Waldenstr€om Macroglobulinemia, Dana-Farber Cancer Institute, Boston, MA, USA; bDepartment of Medicine, Harvard
Medical School, Boston, MA, USA; cInstitute of Hematology, Davidoff Cancer Center, Rabin Medical Center, Petah-Tikva, Israel;
dDepartment of Medicine, Boston University School of Medicine, Boston, MA, USA

ABSTRACT
Cases of non-IgM lymphoplasmacytic lymphoma (LPL) are rare. We performed a case–control
study comparing features and outcomes of 31 non-IgM LPL cases and 93 Waldenstr€om macro-
globulinemia (WM) controls matched by age, sex, and year of diagnosis. Odds of MYD88 muta-
tions were lower (odds ratio (OR) 0.22, p¼ .05), and median time to treatment was shorter in
cases than in controls (4 vs. 32 months; p< .001). Odds of extramedullary disease were higher
(OR 4.20, p¼ .01), while odds of neuropathy (OR 0.22, p¼ .25), and hyperviscosity (OR 0.26,
p¼ .26) were lower in cases than in controls. Odds of using chemoimmunotherapy were higher
(OR 2.62, p¼ .11) while odds of using proteasome inhibitors (OR 0.35, p¼ .15) and BTK inhibitors
(OR 0.17, p¼ .21) were lower in cases than in controls. There were no differences in response
and overall survival (OS) between cases and controls. Despite clinicopathological differences,
response, and survival outcomes are similar between non-IgM LPL cases and WM controls.
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Introduction

Lymphoplasmacytic lymphoma (LPL) is a rare indo-
lent subtype of non-Hodgkin lymphoma. The esti-
mated incidence of LPL in the United States is
1500–2000 cases per year [1]. A serum monoclonal
IgM paraprotein is present in over 90–95% of
patients with LPL and constitutes the condition
widely known as Waldenstr€om macroglobulinemia
(WM) [2]. LPL cases secreting monoclonal immuno-
globulins other than IgM (non-IgM LPL) are exceed-
ingly rare. There are very few case series on
non-IgM LPL patients [3–6] and little is known about
the clinical characteristics and outcomes of patients
with non-IgM LPL.

We designed a matched case–control study to
evaluate the clinical and pathological characteristics of
non-IgM LPL cases in comparison with matched WM
controls. Additional metrics of interest include time to
first treatment, indications to treat, first-line treatment,
and response, as well as time to next treatment

(TTNT), survival after first-line treatment initiation
(SAFTI), and overall survival (OS).

Patients and methods

Cases and controls

We identified cases of non-IgM LPL from the records of
the Bing Center for Waldenstr€om Macroglobulinemia
(BCWM) at the Dana-Farber Cancer Institute (DFCI) in
Boston, MA, which were diagnosed and/or treated
between 2000 and 2018. We included cases with
pathologically confirmed diagnosis and complete sur-
vival data. Three WM controls per each non-IgM LPL
case were selected from the records of the BCWM and
were matched for age (±1 year), sex and year of diag-
nosis (±1 year). If more than three controls were
encountered in the records, three controls were
selected in a random fashion. All cases and controls
signed consent to have their data collected for research
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purposes. All bone marrow biopsy slides from cases
and controls were reviewed at DFCI.

Data gathering

Pertinent data were gathered retrospectively and
included pathological characteristics at diagnosis, clin-
ical characteristics at therapy initiation, presence of
extramedullary disease, MYD88 and CXCR4 mutational
status, time to first treatment initiation, therapy
administered, best response, TTNT, SAFTI, and OS.
Extramedullary disease was defined as lymphadenop-
athy �1.5 cm in diameter, splenomegaly �15 cm in
the largest axis and/or involvement of other extrano-
dal sites (e.g. pleura, kidney, etc.). Bone marrow
involvement was defined as the percentage of infiltra-
tion of the intertrabecular space by LPL. Responses for
WM controls and immunoglobulin secreting LPL cases
were defined per criteria from the sixth IWWM [7]. For
non-secretory LPL cases, as there are no standard cri-
teria, response was assessed by the percentage of
bone marrow involvement: progressive disease was
defined as >25% increase, stable disease as <25%
increase or decrease, minor response as �25% but
<50% decrease, partial response as �50% but <90%
decrease, very good partial response as �90% but no
complete resolution, and complete response as com-
plete resolution of bone marrow involvement. TTNT
was defined as the time between frontline treatment
initiation and second treatment initiation. SAFTI was
defined as the time between frontline treatment initi-
ation and death or last follow-up. OS was defined as
the time between WM diagnosis and death or last fol-
low-up. MYD88 and CXCR4 mutational status was
assessed using allele-specific polymerase chain reac-
tion (PCR) for MYD88 L265P and nonsense CXCR4
mutations. Frameshift CXCR4 mutations were assessed
by Sanger sequencing. MYD88 and CXCR4 mutational
detection techniques have been previously
reported [8–11].

Statistical analysis

Patients’ characteristics are presented using descriptive
statistics. We assessed categorical differences between
groups using the Fisher exact test (2-sided). The asso-
ciation measures are reported using odds ratio (OR)
with 95% confidence interval (CI). Time to first treat-
ment, TTNT, SAFTI, and OS curves were estimated
using the Kaplan–Meier method for incomplete obser-
vations. Differences on survival distributions between
cases and controls were assessed using the long-rank
test and Cox proportional-hazard regression models.

Survival outcomes are reported as hazard ratio (HR)
and 95% CI. p Values <.05 were considered statistically
significant. Calculations were obtained using STATA 15
(StataCorp, College Station, TX).

Results

Baseline characteristics

Thirty-one non-IgM LPL cases and 93WM controls
were included in the final analysis. In non-IgM LPL
cases, median age at diagnosis was 63 years (range
37–83 years), 12 cases (39%) were male, and 22 (58%)
were diagnosed after 1 January 2010. For WM con-
trols, median age at diagnosis was 63 years (range
37–84 years), 36 were male (39%), and 66 (58%) were
diagnosed after 1 January 2010. From the 31 non-IgM
LPL cases, 20 cases (65%) were IgG, 5 (16%) were IgA,
2 (6%) were light-chain (LC; 1 kappa and 1 lambda
restricted) and 4 (13%) were non-secretory (NS). Bone
marrow involvement was not different between non-
IgM LPL cases (median 60%, range 5–95%) and WM
controls (median 60%, range 5–95%). Flow cytometry
studies from bone marrow aspirate material showed
positive expression of CD20 and CD19 in 100% of
non-IgM LPL cases and WM controls. Among non-IgM
LPL cases, there was positive (subset and/or dim)
expression of CD5 in 4 cases (13%), and there was par-
tial positive expression of CD23 in 7 cases (29%).
There was positive expression of CD5 and CD23 in 14
(15%) and 18 (19%) WM controls, respectively. None
of the non-IgM LPL cases had a positive expression of
CD10, while eight (9%) WM controls had positive
expression of CD10. None of the 14 cases and 52 con-
trols tested expressed cyclin D1. There were no statis-
tically significant differences in rates of CD5, CD10,
CD23 and cyclin D1 expression between cases and
controls. The MYD88 L265P mutation was detected in
16 of 20 non-IgM LPL cases (80%) and in 88 of 93
(95%) of WM controls tested (OR 0.22, 95% CI
0.04–1.30; p¼ .05). CXCR4 mutations were detected in
5 of 20 non-IgM LPL cases (25%) and 35 of 93WM
controls (38%) tested (OR 0.55, 95% CI
0.14–1.79; p¼ 0.32).

Characteristics at treatment initiation

At the time of this report, 22 (71%) non-IgM LPL cases
and 45 (48%) WM controls have started therapy. The
median time from diagnosis to treatment initiation for
non-IgM LPL cases was 4 months (95% CI
1–11 months) and for WM controls was 32 months
(95% CI 22-not reached). The odds for treatment
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initiation was three times higher for non-IgM LPL
cases than for WM controls (OR 3.10, 95% CI
1.85–5.20; p< .001; Figure 1(A)). At treatment initi-
ation, non-IgM LPL cases had median serum IgG and
serum IgA levels at the time of treatment initiation
was 3,967mg/dl (range, 804–8006mg/dl) and
1980mg/dl (range, 1020–6210mg/dl), respectively.
Median hemoglobin level was 11.3 g/dl (range
7.7–14.7 g/dl) and median platelet count was 224 K/ul
(range, 109–411 K/ul). At treatment initiation, WM con-
trols had median serum IgM level of 4231mg/dl
(range 211–6123mg/dl), median hemoglobin level of
10.9 g/dl (range 6.8–14.5 g/dl) and median platelet
count 196 K/ul (95–405 K/ul). There were no detect-
able differences in hemoglobin level or platelet count
between non-IgM cases and WM control.

Indications to treat in both non-IgM LPL cases and
WM controls are shown in Table 1. The most common
indications to treat in both non-IgM LPL cases and
WM controls were symptomatic anemia and extrame-
dullary disease. The odds of symptomatic

extramedullary disease were statistically higher in
cases than in controls (55% vs. 22%; p¼ .01). The odds
of neuropathy and symptomatic hyperviscosity were
lower in non-IgM LPL cases than in WM controls, but
the differences were not statistically significant. The
non-IgM LPL case with neuropathy was non-secretory
(later on suspected to be unrelated to underlying LPL)

Figure 1. Estimated Kaplan–Meier curves for (A) time from diagnosis to first treatment initiation; (B) time from first treatment to
second treatment initiation; (C) overall survival probability; and (D) survival after first line treatment initiation in 31 non-IgM LPL
cases and 93WM matched controls.

Table 1. Indications to treat in non-IgM LPL cases and WM
controls at the time of treatment initiation.

Non-IgM LPL
(n¼ 22)

WM
(n¼ 45) OR (95% CI) p

Symptomatic anemia 11 (50%) 25 (55%) 0.80 (0.25–2.51) .80
Extramedullary disease 12 (55%) 10 (22%) 4.20 (1.23–14.4) .01
Lymphadenopathy 7 (32%) 6 (13%) 3.03 (0.73–12.7) .10
Splenomegaly 3 (14%) 3 (7%) 2.21 (0.27–17.8) .39
Other extranodal sites� 7 (32%) 5 (11%) 3.73 (1.07–13.0) .04

Neuropathy 1 (5%) 8 (18%) 0.22 (0.00–1.87) .25
Hyperviscosity 1 (5%) 7 (16%) 0.26 (0.01–2.28) .26

LPL: lymphoplasmacytic lymphoma; OR: odds ratio; CI: confidence inter-
val; WM: Waldenstr€om macroglobulinemia.�Other sites of extranodal involvement included kidney (n¼ 2 non-IgM
LPL, n¼ 3WM), pleural effusion (n¼ 1 non-IgM LPL; n¼ 2WM), duode-
num (n¼ 2 non-IgM LPL), cardiac (n¼ 1 non-IgM LPL) and bone (n¼ 1
non-IgM LPL).
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and the case with hyperviscosity was an IgA LPL case
with serum IgA level at 4000mg/dl. There was no dif-
ference in the odds of symptomatic anemia between
cases and controls.

Frontline treatment, response rate, and time to
next treatment

The regimens used for frontline treatment of non-IgM
LPL cases and WM controls as well as the categorical
response rates to these regimens are shown in
Table 2. The odds of using chemoimmunotherapy and
single agent rituximab were higher in non-IgM LPL
cases than in WM controls, although the differences
were not statistically significant. The odds of using
proteasome inhibitors and BTK inhibitors were statis-
tically lower in non-IgM LPL cases than in WM con-
trols, with a trend toward statistical significance on
the use of BTK inhibitors. As previously reported, the
one non-IgM LPL case treated with ibrutinib carried
MYD88 L265P but CXCR4 mutations were not detected
[12]. There were no differences in categorical
responses to frontline therapy between cases and con-
trols. Also, there were no differences in categorical
responses based on each individual treatment regimen
(data not shown). Fifteen non-IgM LPL cases and
30WM controls have received a second treatment. The
median TTNT for non-IgM LPL cases was 57 months
(95% CI 12–153 months) and for WM controls was
70 months (95% CI 48–92 months), with an HR of
second treatment initiation of 1.21 (95% CI 0.63–2.30;
p¼ .57) for cases when compared with controls
(Figure 1(B)).

Survival analysis

With a median follow-up time of 56 months (95% CI
34–92 months) and 55 months (95% CI 34–92 months),
there were 4 (13%) and 8 (9%) deaths in non-IgM LPL
cases and WM controls, respectively. The 5- and 10-
year OS rates for non-IgM LPL cases were 90% (95% CI
65–98%) and 82% (95% CI 52–94%), respectively. The
5- and 10-year OS rates for WM controls were 96%
(95% CI 85–99%) and 86% (95% CI 68–94%), respect-
ively (Figure 1(C)), with an HR for OS of 1.45 (95% CI
0.43–4.94; p¼ .55) for cases when compared with
controls.

The 5- and 10-year SAFTI rates for non-IgM LPL
cases were 90% (95% CI 65–98%) and 81% (95% CI
50–94%), respectively. The 5- and 10-year SAFTI rates
for WM controls were 94% (95% CI 81–98%) and 82%
(95% CI 63–92%), respectively (Figure 1(D)), with an
HR for SAFTI of 1.37 (95% CI 0.41–4.67; p¼ .61) for
cases when compared with controls.

Discussion

We carried a retrospective case–control study to better
understand the clinical features, diagnosis, pathology,
indications to treat, treatment modalities, response to
therapy as well as PFS, SAFTI and OS in patients with
non-IgM LPL, and compared these characteristics and
outcomes with patients with WM. To maximize the
quality of our observations and minimize confounding,
we included consecutive non-IgM LPL cases and
matched them with WM controls selected from the
same database by age at diagnosis, sex and year of
diagnosis. Also, both cases and controls were patho-
logically confirmed.

Our study shows that in non-IgM LPL patients, IgG
is the most common subtype, followed by IgA, non-
secretory, and light chain LPL. These findings are con-
sistent with prior reports [4,5]. Pathologically, the
expression of CD19 and CD20 is universally positive
and the proportion of cases expressing CD5, CD10,
CD23 appears similar to WM. None of the cases or
controls tested expressed cyclin D1. The odds of har-
boring MYD88 L265P and CXCR4 mutations were lower
in non-IgM LPL cases than in WM controls. There was
a statistical trend for MYD88 but there was no statis-
tical significance for CXCR4 mutations. Our study sup-
ports the prevalence and relevance of MYD88 and
CXCR4 mutations in non-IgM LPL, which can have
diagnostic implications. In patients with a non-IgM
paraprotein, multiple myeloma would be the most
prevalent underlying malignancy. The presence of
MYD88 and/or CXCR4 mutations in a patient with a

Table 2. Frontline treatment and response to therapy in non-
IgM LPL cases and WM controls at the time of treatment
initiation.

Non-IgM LPL
(n¼ 22)

WM
(n¼ 45) OR (95% CI) p

Frontline treatment
Chemoimmunotherapy 13 (59%) 16 (36%) 2.62 (0.82–8.54) .11
Proteasome inhibitors 3 (14%) 14 (31%) 0.35 (0.06–1.51) .15
BTK inhibitors 1 (4%) 10 (22%) 0.17 (0.00–1.35) .09
Single agent rituximab 4 (18%) 3 (7%) 3.04 (0.45–22.5) .21
Other agents� 1 (4%) 2 (4%) 1.02 (0.02–20.7) 1.00

Response to frontline
CR/VGPR 4 (18%) 10 (22%) 0.78 (0.16–3.21) 1.00
PR 11 (50%) 24 (53%) 0.88 (0.28–2.75) 1.00
MR 4 (18%) 7 (16%) 1.21 (0.23–5.48) 1.00
SD/PD 3 (14%) 4 (9%) 1.62 (0.21–10.5) .68

LPL: lymphoplasmacytic lymphoma; OR: odds ratio; CI: confidence inter-
val; BTK: Bruton tyrosine kinase; CR: complete response; VGPR: very good
partial response; PR: partial response; MR: minor response; SD: stable dis-
ease; PD: progressive disease; WM: Waldenstr€om macroglobulinemia.�Other agents include immunomodulating agents (n¼ 1 non-IgM LPL,
n¼ 1WM) and everolimus (n¼ 1WM).
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non-IgM paraprotein would strongly support a diagno-
sis of LPL over multiple myeloma, as MYD88 or CXCR4
mutations have not been detected in multiple mye-
loma [13–15]. The rates of MYD88 and CXCR4 muta-
tions are higher than previously reported, which might
be in part due to the additional selection of CD19-
positive cells prior to PCR and Sanger sequencing per-
formed in our research laboratory. We had previously
shown that cell selection in bone marrow aspirate
samples increases the sensitivity of MYD88 and CXCR4
mutation detection, when compared with non-
selected samples [16].

With regard to treatment initiation, there was a sig-
nificantly shorter median time to first treatment in
non-IgM LPL cases when compared with WM controls.
It is possible that despite our efforts for appropriately
matching cases and controls, selection bias could have
been introduced. However, the median time to treat-
ment of 4 months seen in non-IgM LPL cases is similar
to the previously reported 6 months in a recent Italian
study [5]. In that same study, the time to treatment in
WM patients was 71 months. Additionally, in a recent
study on asymptomatic WM patients, the median time
to frontline treatment initiation was 3.9 years [17],
which is marginally longer than the 32 months pre-
sented here. Overall, the mounting evidence supports
non-IgM LPL patients having a shorter time to treat-
ment initiation from diagnosis than WM patients. This
difference could be in part explained by the lower
rates of MYD88 L265P mutations seen in non-IgM LPL
cases, as MYD88 wild type mutational status was asso-
ciated with shorter time to treatment initiation in a
recent study from our group [17].

There were differences on the indications to treat
between non-IgM LPL cases and WM controls. Non-
IgM LPL cases appeared to have statistically significant
higher odds of extramedullary disease than WM con-
trols. This finding is consistent across the few case ser-
ies reported to date [3–6], arguing against selection
bias. It is therefore likely that the higher rate of extra-
medullary disease on cases than in controls could be
explained by a distinct underlying pathophysiology.
Also, there were lower rates of neuropathy and symp-
tomatic hyperviscosity in non-IgM LPL cases than in
WM controls, which is consistent with a prior report
[3]. These differences, in our opinion, are more likely
related to the physicochemical properties of IgM.
Peripheral neuropathy tends to affect 20–25% of
patients with WM and is typically demyelinating, distal,
sensory, bilateral, and slowly progressing [18]. A pro-
portion of WM patients with IgM-mediated peripheral
neuropathy have anti-myelin associated glycoprotein

(MAG) antibodies, which are an important patho-
physiological factor in the development of neur-
opathy. Anti-MAG antibodies have not been
associated with IgG or IgA paraproteins. Symptomatic
hyperviscosity occurs in 10–15% of WM patients and
seems to have a non-linear relation with serum IgM
levels [19]. The higher rates of hyperviscosity in WM
than in non-IgM LPL can be explained by the molecu-
lar weight of the secreted immunoglobulins. The
molecular weight of IgM at 900 kilodaltons is higher
than that of IgG (150 kilodaltons) or IgA (178 kilodal-
tons) [20], therefore higher serum levels of IgG or IgA
than IgM would be needed to promote an increase in
serum viscosity.

There were detectable differences on the frontline
treatment regimens used between non-IgM LPL cases
and WM controls. It is important to note that the
treatment of non-IgM LPL is not standardized and,
given the limited data available, the treatment of non-
IgM LPL should mimic the treatment of WM, as recom-
mended by the National Comprehensive Cancer
Network [21]. There were higher odds of using alkylat-
ing agents and lower odds of using proteasome inhib-
itors and BTK inhibitors in cases than in controls. This
difference could be associated with the clinical presen-
tation of non-IgM LPL cases with higher rates of extra-
medullary disease, such as lymphadenopathy and
organomegaly, which could be perceived as
“lymphomatous.” It is possible than, in this scenario,
practitioners would favor alkylating agents over tar-
geted agents, although additional research is needed
to clarify this point. We also must acknowledge that
the treatment for non-IgM LPL and WM has evolved
over the last decades and this could have introduced
bias in our analysis, and, therefore, our results should
be taken with caution. The response rates to frontline
treatment and the median TTNT did not seem to stat-
istically differ between cases and controls. There were
no detectable differences on median follow-up, SAFTI
and OS times between non-IgM LPL cases and WM
controls. Also, there were no detectable differences on
5- and 10-year SAFTI and OS rates between cases and
controls. We had previously reported durable response
to single agent ibrutinib in a heavily pretreated
patient with non-IgM LPL who carried the MYD88
L265P mutation and did not carry a CXCR4 mutation
[12]. One could advocate for the use of BTK inhibitors
as well as MYD88 and CXCR4 mutational testing in
non-IgM LPL patients.

In conclusion, our study supports that non-IgM LPL
patients present with similar features (though with
lower odds of neuropathy and hyperviscosity) than

1392 J. J. CASTILLO ET AL.



WM patients and should be treated in a similar fashion
and that deep and durable responses are to be
expected. Finally, the survival rates in non-IgM LPL
patients did not appear different than WM counter-
parts. We believe our findings add to the existing
body of literature on non-IgM LPL providing practi-
tioners with insights that could guide diagnostic
approaches, treatment decisions and prognostic dis-
cussion with patients affected by this rare condition
and their family members.

Acknowledgments

Portions of this research have been presented at the 60th
American Society of Hematology Meeting in San Diego, CA,
in December 2018.

Disclosure statement

JJC has received honoraria and/or research funds from
Abbvie, Beigene, Janssen, Millennium, Pharmacyclics and TG
Therapeutics. SPT has received research funding and/or con-
sulting fees from Pharmacyclics and Janssen. All other
authors have no conflicts of interest to disclose.

Author contributions

JJC designed the study and performed the analysis. JJC, GI
and JNG gathered patients’ data. MGD, MLG, AKo, CJ, XL,
MM, NT, CJP, LX, GY and ZRH performed molecular testing
in patients’ samples. JJC, CAF and SPT took care of patients.
JJC and JNG drafted the manuscript. All authors critically
reviewed and approved the final manuscript.

Funding

Dr. Castillo would like to acknowledge the support of the
WMR fund.

ORCID

Jorge J. Castillo http://orcid.org/0000-0001-9490-7532
Gilad Itchaki http://orcid.org/0000-0002-9064-8139
Joshua N. Gustine http://orcid.org/0000-0001-6717-7669
Guang Yang http://orcid.org/0000-0003-3049-4200
Zachary R. Hunter http://orcid.org/0000-0002-1689-1691
Steven P. Treon http://orcid.org/0000-0001-6393-6154

References

[1] Sekhar J, Sanfilippo K, Zhang Q, et al. Waldenstrom
macroglobulinemia: a surveillance, epidemiology, and
end results database review from 1988 to 2005. Leuk
Lymphoma. 2012;53(8):1625–1626.

[2] Swerdlow SH, Cook, JR, Sohani AR, et al.
Lymphoplasmacytic lymphoma. In: Swerdlow SH,

editor. WHO classification of tumours of hematopoi-
etic and lymphoid tissues. Lyon, France: IARC; 2017.
p. 232–235.

[3] Cao X, Medeiros LJ, Xia Y, et al. Clinicopathologic
features and outcomes of lymphoplasmacytic lymph-
oma patients with monoclonal IgG or IgA parapro-
tein expression. Leuk Lymphoma. 2016;57(5):
1104–1113.

[4] King RL, Gonsalves WI, Ansell SM, et al.
Lymphoplasmacytic lymphoma with a non-IgM para-
protein shows clinical and pathologic heterogeneity
and may harbor MYD88 L265P mutations. Am J Clin
Pathol. 2016;145(6):843–851.

[5] Varettoni M, Boveri E, Zibellini S, et al. Clinical and
molecular characteristics of lymphoplasmacytic
lymphoma not associated with an IgM monoclonal
protein: a multicentric study of the Rete Ematologica
Lombarda (REL) network. Am J Hematol. 2019;94(11):
1193–1199.

[6] Kang J, Hong JY, Suh C. Clinical features and sur-
vival outcomes of patients with lymphoplasmacytic
lymphoma, including non-IgM type, in Korea: a
single-center experience. Blood Res. 2018;53(3):
189–197.

[7] Owen RG, Kyle RA, Stone MJ, et al. Response assess-
ment in Waldenstrom macroglobulinaemia: update
from the VIth International Workshop. Br J Haematol.
2013;160(2):171–176.

[8] Hunter ZR, Xu L, Yang G, et al. The genomic land-
scape of Waldenstrom macroglobulinemia is charac-
terized by highly recurring MYD88 and WHIM-like
CXCR4 mutations, and small somatic deletions associ-
ated with B-cell lymphomagenesis. Blood. 2014;
123(11):1637–1646.

[9] Treon SP, Xu L, Yang G, et al. MYD88 L265P somatic
mutation in Waldenstrom’s macroglobulinemia. N
Engl J Med. 2012;367(9):826–833.

[10] Xu L, Hunter ZR, Tsakmaklis N, et al. Clonal architec-
ture of CXCR4 WHIM-like mutations in Waldenstr€om
Macroglobulinaemia. Br J Haematol. 2016;172(5):
735–744.

[11] Xu L, Hunter ZR, Yang G, et al. MYD88 L265P in
Waldenstr€om macroglobulinemia, immunoglobulin M
monoclonal gammopathy, and other B-cell lympho-
proliferative disorders using conventional and quanti-
tative allele-specific polymerase chain reaction. Blood.
2013;121(11):2051–2058.

[12] Castillo JJ, Ghobrial IM, Treon SP. Response to ibruti-
nib in a patient with IgG lymphoplasmacytic lymph-
oma carrying the MYD88 L265P gene mutation. Leuk
Lymphoma. 2016;57(11):2699–2701.

[13] Jimenez C, Sebastian E, Chillon MC, et al. MYD88
L265P is a marker highly characteristic of, but not
restricted to, Waldenstrom’s macroglobulinemia.
Leukemia. 2013;27(8):1722–1728.

[14] Mori N, Ohwashi M, Yoshinaga K, et al. L265P muta-
tion of the MYD88 gene is frequent in Waldenstrom’s
macroglobulinemia and its absence in myeloma. PLoS
One. 2013;8(11):e80088.

[15] Treon SP, Gustine J, Xu L, et al. MYD88 wild-type
Waldenstrom macroglobulinaemia: differential

NON-IGM LPL VS. WM CASE–CONTROL STUDY 1393



diagnosis, risk of histological transformation, and
overall survival. Br J Haematol. 2018;180(3):374–380.

[16] Gustine J, Meid K, Xu L, et al. To select or not to
select? The role of B-cell selection in determining the
MYD88 mutation status in Waldenstrom
Macroglobulinaemia. Br J Haematol. 2017;176(5):
822–824.

[17] Bustoros M, Sklavenitis-Pistofidis R, Kapoor P, et al.
Progression risk stratification of asymptomatic
waldenstr€om macroglobulinemia. J Clin Oncol. 2019;
37(16):1403–1411.

[18] D’Sa S, Kersten MJ, Castillo JJ, et al. Investigation and
management of IgM and Waldenstrom-associated
peripheral neuropathies: recommendations from the

IWWM-8 consensus panel. Br J Haematol. 2017;176(5):
728–742.

[19] Gustine JN, Meid K, Dubeau T, et al. Serum IgM
level as predictor of symptomatic hyperviscosity in
patients with Waldenstrom macroglobulinaemia. Br J
Haematol. 2017;177(5):717–725.

[20] Roberts-Thomson PJ, Shepherd K. Molecular size het-
erogeneity of immunoglobulins in health and disease.
Clin Exp Immunol. 2008;79(3):328–334.

[21] NCCN Clinical Practice Guidelines in Oncology (NCCN
GuidelinesVR ). Version 1.2020. Waldenstr€om’s macro-
globulinemia/lymphoplasmacytic lymphoma. [cited
2020 Jan 5]. Available form: http://www.nccn.org/pro-
fessionals/physician_gls/pdf/waldenstroms.pdf

1394 J. J. CASTILLO ET AL.

http://www.nccn.org/professionals/physician_gls/pdf/waldenstroms.pdf
http://www.nccn.org/professionals/physician_gls/pdf/waldenstroms.pdf

	Abstract
	Introduction
	Patients and methods
	Cases and controls
	Data gathering
	Statistical analysis

	Results
	Baseline characteristics
	Characteristics at treatment initiation
	Frontline treatment, response rate, and time to next treatment
	Survival analysis

	Discussion
	Acknowledgments
	Disclosure statement
	Author contributions
	References


