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ABSTRACT
Introduction. Waldenström macroglobulinemia/lymphoplasmacytic
lymphoma (WM) is a rare lymphoma affecting older patients. Its
management largely relies on small phase II trials and it is
unclear how their results translate into clinical practice in the
community.
Method. We evaluated changes in the presentation, management, and survival among 2,666 Medicare beneficiaries diagnosed with WM between 1994 and 2011, using Medicare
claims linked to Surveillance, Epidemiology and End Results data.
Results. Prevalence of transfusions, anemia, thrombocytopenia, and neuropathy at diagnosis significantly increased over
time, whereas the use of plasmapheresis was low (2.5%) and
stable. The proportion of patients starting chemotherapy
within 1 year of WM diagnosis increased from 39% in 1994% to
62% in 2011 (p , .0001).Treatments based on classic alkylators
and purine analogs predominated in the 1990s, but were

quickly replaced by rituximab-containing regimens after 2000.
Rituximab monotherapy has been prescribed for .50% of
patients since 2004, and combination chemoimmunotherapy
for a further 30%. Most patients initiating multiagent regimens
in 2012–2013 received rituximab with bortezomib or bendamustine. These changes were accompanied by significant
improvements in overall and WM-related survival, but also by a
significant increase in cost of chemotherapy. Mean Medicare
payments for chemotherapy drugs accrued in the first year of
treatment rose from $9,464 in 1994–2000 to $29,490 after
2008.
Conclusion. Hematologists have rapidly adopted innovative,
expensive therapies for WM before completion of randomized
trials.This underscoresthe need to assess comparative value of
such therapies in rare malignancies through a combination of
clinical and observational data. The Oncologist 2016;21:1–10

Implications for Practice: Most older patients with Waldenström macroglobulinemia currently treated in the U.S. receive
rituximab as monotherapy or in combination with bortezomib or bendamustine. Newly designed trials should consider control
arms aligned with this prevalent real-life standard. Compared with the 1990s, patients diagnosed according to current criteria are
more likely to have anemia or neuropathy, or to receive early chemotherapy, but only 2.5% require plasmapheresis at diagnosis.The
incremental clinical value of newly introduced agents needs to be assessed through a combination of clinical and health services
research, taking into consideration their associated survival benefits, toxicities, and associated costs of care.

INTRODUCTION
Waldenström macroglobulinemia (WM) was first described
in 1944 by the Swedish hematologist Jan Waldenström, who
characterized it as a myeloma-like disease with increased
serum g-globulin, anemia, coagulopathy, and a lymphoplasmacytic infiltrate in the bone marrow [1]. This rare disorder, accounting for less than 2% of lymphoid malignancies,
was recognized as a systemic B-cell lymphoma, in which malignant cells produce monoclonal IgM paraprotein, leading
to unique clinical complications. Plasmapheresis became the

first successful therapy for WM-related hyperviscosity syndrome manifesting with hemostatic, pulmonary, neurologic and
ocular dysfunction, and the procedure remains an important
treatment modality for severe cases [2, 3]. Systemic therapy for
WM was then developed through case series, single-arm
clinical trials, and randomized studies often pooling various
indolent B-cell histologies [3, 4].
Research on the epidemiology of WM has been hampered
by evolving diagnostic definitions. Most lymphoplasmacytic
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Figure 1. Selection of the analytic cohort from the SEER-Medicare
data.
Abbreviations: COD, certificate of death; LPL, lymphoplasmacytic lymphoma; SEER, Surveillance, Epidemiology, and End
Results; WM, Waldenström macroglobulinemia.

have complete Medicare claims from at least 1 year before
diagnosis, until death or censoring, thus excluding enrollees in
managed care plans whose records were not available.The last
available year of SEER data (for WM diagnosis) was 2011, but
Medicare claims were available until December 2013.

Variables and Endpoints
PATIENTS AND METHODS
Data Source and Cohort Selection
This study used de-identified data from the SEER-Medicare
program and was approved by the local institutional review
board. The SEER-Medicare dataset links population-based
cancer registry (i.e., SEER) records from 18 geographic areas
currently covering approximately 28% of Americans, with
administrative claims on all covered health services rendered
to Medicare beneficiaries [23]. This linkage is successful for
93% of patients aged 65 years or older.The SEER-Medicare data
have been widely used for research in hematologic malignancies, although not so far in WM [24, 25].
We selected patients diagnosed with WM (International
Classification of Diseases in Oncology, Third Edition [ICD-O-3]
code 9761/3 [26]) or LPL (ICD-O-3 code 9671/3) at age 65 years
or older, between 1994 and 2011 (Fig. 1).The year 1994 marked
a consistent definition of WM/LPL in the Revised EuropeanAmerican Classification of Lymphoid Neoplasms [27]. Because
WM and LPL are considered manifestations of the same
pathology (distinguished mainly by the presence of circulating
IgM), with uncertain consistency of coding and with generally
similar clinical characteristics (supplemental online Table 1),
we use here the term WM to refer to both. We excluded cases
of stage I/II extranodal LPL, which were possibly misclassified
extranodal plasmacytomas, as well as fewer than 11 cases with
concurrent diffuse large B-cell or Burkitt lymphoma. Finally, as
a standard approach in SEER-Medicare studies, patients had to

The SEER registries provided clinical information on patients’
demographics, histology, primary site, and Ann Arbor stage. We
used dual coverage by Medicare and Medicaid as an indicator of
poverty because Medicaid (“state buy-in”) coinsurance is available specifically to low-income Medicare beneficiaries in the U.S.
[28, 29].We classified race/ethnicity as white non-Hispanic, white
Hispanic, black,or Asian/other.Othercovariates wereestablished
by analysis of inpatient and outpatient claims, using algorithms
discussed later in this report.The National Cancer Institute modificationoftheCharlson-Deyocomorbidityindexcountscomorbid
conditions known to affect mortality, which are present within
12 months before diagnosis (or treatment) [30]. Davidoff’s
disability indicator, constructed from medical services recorded
within the same time frame, is a validated measure of patient
self-reported poor performance status [31].
We constructed indicators of WM severity using relevant
Healthcare Common Procedure Coding System (HCPCS) and
International Classification of Diseases Ninth Edition (ICD-9)
codes. These were used as a substitute for the International
Prognostic Scoring System in WM (IPSSWM) [32] because its
direct laboratory components (hemoglobin level, #11.5 g/dL;
platelet count, #100 3 109/L; b2-microglobulin level, .3 mg/L;
and IgM level, .7 g/dL) were not available in the dataset. Instead,
we identified the use of transfusions, plasmapheresis, and
intravenous immunoglobulin (IVIG), as well as diagnoses of
anemia, autoimmune hemolytic anemia (AIHA), thrombocytopenia, neuropathy, or amyloidosis—the common clinical complications of WM.To increase specificity, diagnostic codes had to

OTncologist
he

©AlphaMed Press 2016

®

Downloaded from http://theoncologist.alphamedpress.org/ at Countway Library of Medicine on August 1, 2016

lymphomas (LPL) produce monoclonal IgM (rarely, IgG, IgA, or
none), which is also encountered in other types of lymphoma
or myeloma, and in the benign monoclonal gammopathy
of unknown significance (MGUS) [5]. In population-based
registries like the Surveillance, Epidemiology and End Results
(SEER) program, WM is inconsistently classified as a “miscellaneous malignancy,” whereas LPL is classified as a nonHodgkin lymphoma [6, 7]. Epidemiologic studies noted that
most WM cases occurred in male patients older than 70 years,
and that in the U.S., the disease was exceptionally rare among
black people [8, 9]. Subsequent research confirmed a familial
predisposition, as well as elevated risk for secondary malignancies in this disease [10, 11]. Recent studies suggested better
survival [12–14] but could not discern whether this was due
to earlier diagnosis (lead-time bias) or therapeutic advances. To
our knowledge, no reports described use of health services or
prevalence of WM-related complications using populationbased data. Important novel treatments for WM introduced
over the past 15 years included rituximab [15, 16], bortezomib
[17, 18], and chemoimmunotherapy combinations [19–21],
culminating with the approval of ibrutinib as the first agent
specifically indicated for WM by the U.S. Food and Drug
Administration in 2015 [22]. Those advances were chiefly
developed through small, single-arm trials while data about
WM management in the community have been lacking.
Our objective was to describe trends in baseline presentation,
use of systemic therapies, and survival outcomes among patients
diagnosed with WM/LPL in the U.S. over the past 20 years. We
hypothesized that novel treatments were adopted as a standard of care ahead of publication of phase III data, leading
to observable changes in both survival and costs of therapy.

Management of Waldenström Macroglobulinemia
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Statistical Analysis
We evaluated proportions using the chi-square test, and
trends by log-binomial regression (log-g for costs). OS was
calculated using the Kaplan-Meier method, and cumulative
incidence function for specific events was calculated using
the competing-risk approach [38].We also fitted proportional
hazard survival models, using Geskus’ method for competingrisk models [39]. The proportional hazard assumption was
evaluated using Schoenfeld residuals, introducing timevarying terms when necessary. We additionally analyzed
the trend in OS by a more sensitive “period survival” method,
in which a 3-year OS estimate was calculated for specific 2year calendar intervals, using only time-at-risk from patients
entering each period [40]. Costs were adjusted for inflation
to 2013 dollars using the U.S. Consumer Price Index, and
calculated from complete claim histories of patients observed until death, subject to weighting by inverse probability
of censoring [41]. All analyses were conducted using SAS
version 9.4 (SAS Institute Inc., Cary, NC, http://www.sas.com)
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Table 1. Characteristics of patients with Waldenström macroglobulinemia in the SEER-Medicare database, 1994–2011
Variable

N (%)

Patients
Age at diagnosis, median (IQR) (years)
Sex
Women
Men
Race/ethnicity
White non-Hispanic
White Hispanic
Black
Asian/Other
Histology code in the registry
Lymphoplasmacytic lymphoma
Waldenström macroglobulinemia
Comorbidity index
0
1
$2
Poor functional status indicator
Medicaid (poverty) indicator
Complications at diagnosisa
Blood transfusion
Plasmapheresis
Anemia
AIHA
Thrombocytopenia
Neuropathy
Chemotherapy ever administered
Chemotherapy within 1 year from diagnosis
Complications before chemotherapy (n 5 1,746)b
Blood transfusion
Plasmapheresis
Anemia
AIHA
Thrombocytopenia
Neuropathy

2,666 (100)
78 (73–83)
1,141 (42.8)
1,525 (57.2)
2,414 (90.5)
85 (3.2)
76 (2.9)
91 (3.4)
1,154 (43.3)
1,512 (56.7)
2,028 (76.1)
364 (13.7)
274 (10.2)
141 (5.3)
229 (8.6)
173 (6.5)
66 (2.5)
1,263 (47.4)
69 (2.6)
201 (7.5)
143 (5.4)
1,744 (65.4)
1,336 (50.1)
279 (16.0)
85 (4.9)
1,190 (68.2)
71 (4.1)
208 (11.9)
161 (9.2)

a

Prevalence based on Medicare claims from 1 year before to 30 days after
diagnosis.
Prevalence based on Medicare claims from 1 year before diagnosis until
the start of chemotherapy.
Abbreviations: AIHA, autoimmune hemolytic anemia; IQR, interquartile
range.

b

and Stata/MP version 14.1 (StataCorp LP, College Station, TX,
http://www.stata.com), reporting 95% confidence intervals
(CIs), and with significance level of p , .05.

RESULTS
A majority of 2,666 WM patients were male and white nonHispanic (Table 1). Nine percent had records of monoclonal paraproteinemia within the year before (but excluding
60 days immediately preceding) the WM diagnosis. Anemia
was the most prevalent complication at diagnosis and before
©AlphaMed Press 2016
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appear at least twice, more than 30 days apart, on nonlaboratory
claims, as previously described in the context of Medicare claimsbased health services research [24, 30].We confirmed that those
indicators replicated survival stratification similar to IPSSWM
(supplemental online Fig. 1). We studied prevalence of the
indicators in periods defined as “atdiagnosis” (from 1 year before
to 30 days after WM diagnosis), or “before chemotherapy” (from
1 year before diagnosis to the start of chemotherapy).
First-line chemotherapy regimens were determined from
claims for specific drugs administered within the first 60 days of
therapy [33, 34].We classified regimens as follows: (a) alkylator
based (containing cyclophosphamide or chlorambucil, with or
without other agents); (b) purine analog based (containing
fludarabine, cladribine, or pentostatin, with or without other
agents), with or without rituximab; (c) rituximab monotherapy; (d) regimens containing any bortezomib or bendamustine; and (e) others. Regimens containing both purine analog
and alkylator (mainly fludarabine-cyclophosphamide) were
included in the purine analog-based group. Regimens could
not be classified if treatment was identified only by generic
HCPCS/ICD-9 codes for chemotherapy administration; for
example, if it was entirely inpatient. Oral chlorambucil was only
captured through such generic codes, except for 248 patients
continuously enrolled in Medicare Part D plans since diagnosis,
for whom records of filled prescriptions were available.
Overall survival (OS) was calculated from diagnosis until
death or administrative censoring on December 31, 2013.
Because WM is an indolent disorder affecting older patients
who experience a substantial risk for death from other causes,
we analyzed the outcomes accounting for those competing
risks [35, 36]. Cause of death (derived from death certificates)
was available for events until December 31, 2012, so further
events were censored. We also calculated mean Medicare
payments for the care of WM patients from diagnosis until
death, within 1 year from diagnosis, or from treatment initiation. Although Medicare payments do not capture entire costs
of care (they exclude copayments, coinsurance, out-of-pocket
expenses, as well as prescription costs), they represent an
essential burden on the national health care system, and can
illustrate trends or differences in total costs [37].
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Table 2. Trends in the prevalence of indicators of Waldenström macroglobulinemia severity
% by range of yearsa
Indicator

2001–2004

2005–2008

2009–2013

p valueb

3.6
2.7
44.0
3.2
5.9
4.0
,1.0
,1.0

5.8
2.1
45.6
2.3
7.2
4.4
,1.0
,1.0

8.5
2.1
50.9
2.4
7.7
6.6
,1.0
,1.0

8.0
3.1
49.1
2.6
9.7
6.7
,1.0
,2.0

,.0001
.88
.0067
.44
.0034
.024
.91
.42

14.9
3.5
65.1
4.8
11.1
4.2
,2.0
,2.0

14.8
5.9
69.0
4.1
11.3
8.2
,2.0
,2.0

16.6
4.6
68.9
3.7
9.8
10.0
,2.0
,1.0

17.2
5.0
68.4
4.0
15.3
12.3
,2.0
,2.0

.30
.94
.39
.32
.037
.0008
.84
.51

a

Year of diagnosis (1994–2011) for prevalence at diagnosis, or year of first treatment (1994–2013) for prevalence before chemotherapy.
p for a linearized yearly trend in a log-binomial model.
c
Exact values suppressed for patient confidentiality, according to the National Cancer Institute policy.
Abbreviations: AIHA, autoimmune hemolytic anemia; IVIG, intravenous immunoglobulin.
b

chemotherapy. Other complications were present in ,8% of
patients at diagnosis, and the percentages of all roughlydoubled
bythe time ofstarting chemotherapy.The prevalence of IVIG use
or amyloidosis was ,1% at diagnosis and 1.1% at the time of
treatment initiation. During the entire period of observation
(until death or censoring), 35% of patients ever underwent a
transfusion, 8% had undergone plasmapheresis, 4% received
IVIG, and the following was recorded: 86%, anemia; 6%, AIHA;
31%,thrombocytopenia;22%, neuropathy;and 3%, amyloidosis.
Eighty-two percent of cases designated as LPL had stage IV
disease, and essentially all cases coded as WM were diagnosed
from blood or bone marrow. Otherwise, the LPL/WM groups
differed in the proportions of men, race/ethnicities, plasmapheresis atdiagnosis, andtype ofinitial chemotherapy, but not in
othercharacteristics oroutcomes (supplemental online Table 1).

Trends in Baseline Characteristics
Median age (p 5 .14), proportions of men (p 5 .68), and of races/
ethnicities (p5 .51)did notsignificantlychangebetween 1994and
2011. In contrast, the proportion of patients receiving transfusions
(p , .0001), with recorded anemia (p 5 .007), thrombocytopenia
(p 5 .003), or neuropathy (p 5 .024) at diagnosis significantly
increased, while the rates of plasmapheresis, IVIG use, AIHA, or
amyloidosis did not (Table 2). There was no significant change in
the proportion of patients requiring transfusion, plasmapheresis,
or IVIG by the time ofstarting chemotherapy, and only prevalences
of thrombocytopenia and neuropathy increased.

Treatment Administration
Within 1 year of diagnosis, 50% (95% CI, 48–52) of WM patients
started chemotherapy, while 10% (95% CI, 9–11) died without

treatment (Fig. 2A).These estimates were 63% (95% CI, 61–65)
and 21% (95% CI, 20–23), respectively, at 5 years, with 16% of
patients surviving without any treatment. The 5-year risk for
death without treatment significantly decreased from 30%
before 2001% to 17% after 2005 (p , .001), whereas the
proportion receiving active chemotherapy increased from
55% to 67%, respectively (p , .001; supplemental online
Fig. 2). Median time to from diagnosis to chemotherapy was
9 months (95% CI, 8–11), decreasing from 25 months in
1994–2000 to 4 months in 2009–2013 (p , .0001). The
proportion of patients starting chemotherapy within 1 year
of diagnosis accordingly increased from 39% in 1994 to 62%
in 2011 (p , .001; Fig. 2B).
Over the entire period of the study, the most common
chemotherapy regimen was single-agent rituximab (45%),
followed by purine analogs without rituximab (15%), alkylators
with rituximab (11%), purine analogs with rituximab (10%),
alkylating agents without rituximab (9%), bortezomib (4%, of
which 78% was with rituximab), and bendamustine (2%,
of which 88% was with rituximab). Additional breakdown of
regimens is provided in supplemental online Table 2.
The use of rituximab rapidly increased after 1999 (Fig. 3A).
By 2003, more than half of patients were receiving the
monoclonal antibody as a single agent, and nearly a third
received it in combination with chemotherapy. The use of
purine analogs and alkylators alone, predominating in the
1990s, declined to ,10% after 2008. Although the absolute
numbers of patients treated with bortezomib (n 5 51) or
bendamustine (n 5 24) were low, these 2 agents surpassed all
other classic cytotoxic drugs in 2012/2013 data. Among
patients with complete records of oral prescriptions, only 7%
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At diagnosis (years) (N 5 2,666)
Transfusion
Plasmapheresis
Anemia
AIHA
Thrombocytopenia
Neuropathy
Amyloidosisc
IVIG usec
Before chemotherapy (n 5 1,746)
Transfusion
Plasmapheresis
Anemia
AIHA
Thrombocytopenia
Neuropathy
Amyloidosisc
IVIG usec

1994–2000
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Figure 3. Upfront chemotherapy regimens administered to patients with Waldenström macroglobulinemia. Data in bar graphs are
stratified by year of treatment (A), mean cumulative Medicare payments for care accrued within 1 year of diagnosis (B), or within 1 year of
starting chemotherapy (C), in the context of increasing rituximab use. Range bars indicate SE; p values are for linearized yearly trends in
log-g models for costs.
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Figure 2. Administration of first-line chemotherapy in Waldenström macroglobulinemia. (A): Cumulative incidence of starting
chemotherapy or death without treatment. (B): Trend in the proportion of patients starting chemotherapy within 1 year of diagnosis.
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received single-agent chlorambucil, and 2% received singleagent fludarabine—treatments compared in the most recent
published phase III trial in WM [42]. In a multivariable model
fitted for patients treated in 2000–2013 (n 5 1,226;
supplemental online Table 3), administration of single-agent
rituximab was associated with increasing age, female sex,
treatment .1 year from diagnosis, and presence of neuropathy or AIHA. After adjustment for patient- and disease-related
factors, a significant physician-level preference was evident,
accounting for 29% of residual variation in treatment selection.

Costs of Management
Estimated mean total Medicare payments for the care of a WM
patient accrued within 15 years from diagnosis were $163,432.
In the subgroup of patients who received chemotherapy at
some point during the follow-up period, these costs were nearly
twice as high ($193,150) compared with those who never
received chemotherapy ($106,705; p , .0001). Mean costs
accrued within 1 year of diagnosis increased from $38,179 in
1994–2000 to $48,199 in 2009–2011 (p , .0001; Fig. 3B). This
increase was restricted to patients who started chemotherapy
during the first year from diagnosis (p 5 .034), and was absent
among those observed without treatment (p 5 .69). Similarly, a
surge in cumulative payments within 1 year of starting therapy

was evident (p 5 .0005; Fig. 3C), for which the cost of
antineoplastic drugs was largely responsible, tripling from
$9,463 before 2001 to $29,490 after 2008. Consequently, the
proportion of expenditures covering the cost of drugs increased
from 20% to 47%, respectively. This shift occurred immediately
after 2000 and coincided with widespread rituximab use.

Survival and End-of-Life Care
With median follow-up of 5.4 years, median OS was 4.6 years
(95% CI, 4.4–4.9), and 5-year OS estimate was 47% (95% CI,
45–49; Fig. 4A).The risk for dying of a competing event (30% at
5 years; 95% CI, 28–32) was higher than the risk for dying from
WM (23%; 95% CI, 22–25; Fig. 4B). In a multivariable model,
advanced age, male sex, poverty and poor baseline health,
transfusion or plasmapheresis at diagnosis, presence of anemia
(but not AIHA), or amyloidosis were associated with worse OS
(Table 3). Adjusting for those factors, survival of WM patients
significantly improved between 1994 and 2000 and later
epochs, which was also evident in the period survival analysis
(Fig. 4C). In competing-risk models, improvement over time
occurred both for WM-related and for other causes of death
(supplemental online Table 4). For patients initiating rituximabcontaining therapy in 2004–2013, median survival from the first
treatment was 5.8 years (95% CI, 5.0–6.5).
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Figure 4. Plots of overall survival, period survival, and cumulative incidence of death. (A): Overall survival. (B): Stacked cumulative
incidence of death from Waldenström macroglobulinemia or from competing causes. (C): Period survival, which illustrates the probability
of 3-year survival using time-at-risk confined to a specific calendar period.
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Table 3. Factors associated with overall survival in a multivariable model (N 5 2,666)
Variable

95% confidence interval

Reference
1.32
1.73
2.94

(1.10–1.60)
(1.45–2.07)
(2.48–3.48)

Reference
0.83

(0.75–0.91)

Reference
1.03
1.13
0.85
1.68

(0.79–1.34)
(0.85–1.49)
(0.65–1.11)
(1.41–1.99)

p value
,.0001

.0002

.51

,.0001
.32

Reference
1.10
1.09
0.89
0.81
0.85

(0.95–1.26)
(0.93–1.28)
(0.70–1.14)
(0.72–0.90)
(0.76–0.94)

1.43
1.37
1.96
0.93
1.03
1.16
1.10
2.00

(1.18–1.74)
(1.02–1.85)
(1.69–2.29)
(0.90–0.96)
(0.78–1.37)
(0.97–1.39)
(0.89–1.36)
(1.17–3.43)

.37
.0002
.003
.0002
.038
,.0001
.83
.09
.38
.012
,.0001

Reference
0.77
0.68
0.51

(0.68–0.86)
(0.60–0.77)
(0.42–0.60)

a

Based on Medicare claims within 1 year before diagnosis.
Based on Medicare claims from 1 year before to 30 days after diagnosis.
Introduced because of nonproportional hazard.
Abbreviation: AIHA, autoimmune hemolytic anemia.
b
c

Twenty-seven percent of patients who died had enrolled in
hospice before death, without difference between those whose
cause of death was ascribed to WM or not (p 5 .43). The use of
hospice services markedly increased over time, from ,5%
among cases who died before 2005 to .50% among those who
died after 2009. Among patients who used hospice services,
median time from WM diagnosis to hospice enrollment was 4.0
years (95%CI, 3.6–4.5),which was longer for those who received
chemotherapy (median, 4.5 years) than those who were never
treated (median, 2.8 years). Median survival from the date of
hospice enrollment was only 17 days (95% CI, 13–23).
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DISCUSSION
To our knowledge, we have conducted the first populationbased analysis of health services, costs, and outcomes in WM,
providing a contemporary appraisal of its management in the
U.S. community. Our study focused on older people in the U.S.,
and specifically on fee-for-service Medicare beneficiaries, who
are representative of the WM population at large, considering
the demographic profile in this disease. We found the
prevalence of baseline indicators of WM severity, including
use of transfusions and rate of early chemotherapy initiation,
to have significantly increased over the years. Despite that,
©AlphaMed Press 2016
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Age at diagnosis (years)
65–69
70–74
75–79
$80
Sex
Men
Women
Race/ethnicity
White non-Hispanic
White Hispanic
Black
Asian/other
Medicaid (poverty) indicator
Indicators of baseline healtha
Comorbidity index:
0
1
$2
Disability indicatora
Cancer screeninga
Any vaccinationa
WM complications at diagnosisb
Transfusion
Plasmapheresis
Anemia
Time-varying termc
AIHA
Thrombocytopenia
Neuropathy
Amyloidosis
Year of diagnosis
1994–2000
2001–2004
2005–2008
2009–2011

Hazard ratio
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despite concerns for the IgM flare reaction associated with the
monoclonal antibody [52]. Rituximab monotherapy remains
the most frequent treatment prescribed to over 50% of
patients, particularly those with neuropathy or AIHA, although
response rates (50%–66%) appear somewhat lower than in
trials combining rituximab with cyclophosphamide, fludarabine, or bortezomib (83%–96%) [16, 19, 20, 50, 53]. Those
frequently used combinations are consistent with successive
recommendations of the International Workshops on WM
[54]. The fact that more patients are receiving chemotherapy
and fewer die without treatment may reflect the favorable
toxicity profile of rituximab, facilitating its use in elderly
patients. Conversely, single-agent chlorambucil or fludarabine,
compared in the most recent phase III trial in WM, are no
longer in common use [42]. Bortezomib, despite phase II
experience dating back to 2007 [18, 55], has not been widely
embraced for upfront therapy, possibly considering its
neurotoxicity and cost. Future analyses can reveal to what
extent bortezomib and bendamustine, or even newer (and
costlier) approaches including carfilzomib or ibrutinib, will
replace classic cytotoxic agents [21, 22, 56]. Ibrutinib is the first
drug specifically approved in the U.S. for treatment of WM on
the basis of experience in 63 previously treated patients and
with response rate (of 90% in the published analysis) as
primary outcome [22]. Ultimately, several ongoing phase III
trials comparing chemoimmunotherapy with or without
bortezomib (NCT01788020), rituximab-bendamustine with
or without maintenance (NCT00877214), and ibrutinib with
rituximab monotherapy (NCT02165397) will provide higherlevel evidence of clinical efficacy and toxicity.
Our data suggest that the significant improvements in WM
survival over thepast15years canbeplausiblyattributedtobetter
care, including more efficacious systemic therapy. However, these
advances came with substantially increased costs of care, which
appear to be concentrated in chemotherapy-related expenditure,
as costs for patients who remained untreated did not change.The
rise in chemotherapy-related payments closely followed the
proportion of patients treated with rituximab. Imminent further
increase can be expected, considering replacement of older
cytotoxic agents with bortezomib and bendamustine, each of
which costs more than $5,000 per month of therapy. With
emphasis on the value of novel treatments, a concept that
encompasses not only clinical efficacy, but also toxicity in the realworld population and quality-of-life-adjusted costs of therapy,
analysis of observational population-based data can provide
insight unavailable from clinical trials or from traditional costeffectiveness models, particularly when studies are sponsored by
drug manufacturers [57]. One systematic review using such
models concluded a reasonable value of novel therapies in
hematologic malignancies, although not specifically in WM [58].
However, a reanalysis of the same data with different assumptions yielded opposite conclusions in many instances [59]. The
approach to comparing effectiveness of cancer therapy from
observational data is also still facing methodologic challenges [60,
61], and in this paper we focused on descriptive analyses.
The scope of questions answerable from the SEERMedicare data is limited by the fact that the registry does
not contain any actual laboratory results, response to therapy,
duration of remission, progression events, or direct assessments of patients’ symptoms and performance status. For our
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overall and WM-related mortality improved, which was paralleled by the expanding use of rituximab-based chemoimmunotherapy and by increasing costs of care.
Because our analysis relied on administrative claims, some
of the WM complications, like anemia or neuropathy, were
only identified if patients received related medical services.
The prevalence of those claims-based indicators was lower
than in clinicopathologic case series, which were largely based
on data from the 1990s and likely oversampled symptomatic
WM. In those series, hyperviscosity syndrome was reported in
8%–30% cases, cryoglobulinemia or neuropathy in 6%–20%,
anemia in 40%–60%, AIHA in 2%–4%, and amyloidosis in 2%
[43–47]. Up to 16% of patients required plasmapheresis, which
is much lower in our contemporary SEER-Medicare data (,3%,
and up to 8% when looking at the patients’ entire history). We
could not capture other features of WM, such as lymphadenopathy, splenomegaly, visual disturbances, coagulopathy,
constitutional symptoms, or laboratory values of IgM, hemoglobin, or b2-microglobulin levels. Somewhat surprisingly, we
found a trend for increase in the baseline prevalence of many
WM complications and for earlier application of chemotherapy.
Although changes in the overall prevalence of, for example,
neuropathy or anemia in the general population, as well as
changes in billing-related Medicare coding could affect some
trends, records of procedures (transfusions, plasmapheresis,
chemotherapy) are unlikely to be influenced by such changes.
The observed increase does not support the notion that
diagnostic patterns in WM shifted toward earlier, asymptomatic
phases of the disease, or that lead-time bias created spurious
survival gains [12, 13]. Conversely, many patients previously
presumed to have WM may now be designated as IgM MGUS in
the absence of typical histologic findings and clinical symptoms.
In the World Health Organization classification, the diagnosis
of WM requires demonstration of lymphoplasmacytic infiltrate
in the bone marrow, and this invasive diagnostic procedure
might be deferred in clinical practice for asymptomatic older
patients until progression. Improvements in systemic therapy
or in supportive care may thus be truly responsible for the
favorable survival trends when survival is calculated from the
WM diagnosis as reported to the cancer registry. This evolution
of diagnostic patterns and baseline presentations should be
considered when interpreting results of any studies comparing
current WM patients with historical control subjects. Our
results are corroborated by a recent report from the Greek
Myeloma Study Group, which described 408 symptomatic
WM patients treated between 1982 and 2013 [36].There was
an increased prevalence of neuropathy (2.5% before 2000
and 7.5% after), cytopenias (39% and 45%, respectively), and
a less favorable IPSSWM profile after 2000. Of patients treated
after 2000, 79% received rituximab, 20% received alkylators,
and 1% received purine analogs. OS was longer (8.8 years), and
the cumulative incidence of WM-related death was 21% at
5 years, with 8% risk for a competing event in this cohort
encompassing patients of all ages.
We demonstrated that U.S. clinicians rapidly adopted
rituximab for WM management on the basis of preliminary
data [15, 16, 48–50], even though a randomized trial showing
the beneficial use of rituximab in WM/LPL (in combination
with rarely used anthracycline-based chemotherapy) was
reported only in 2009 [51]. Moreover, such adoption took place
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hematologic malignancies like hairy cell leukemia or myelofibrosis, for which targeted therapies have recently emerged.
Further research based on observational data might provide
valuable evidence in settings where the pace of innovation
exceeds the capacity of clinical research infrastructure.
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