This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution
and sharing with colleagues.
Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.
In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information
regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:
http://www.elsevier.com/copyright

Author's personal copy
Cancer Epidemiology 36 (2012) 294–297

Contents lists available at SciVerse ScienceDirect

Cancer Epidemiology
The International Journal of Cancer Epidemiology, Detection, and Prevention
journal homepage: www.cancerepidemiology.net

Short communication

Family history of non-hematologic cancers among Waldenstrom
macroglobulinemia patients: A preliminary study
Rohit P. Ojha a,*, Christina A. Hanzis b, Zachary R. Hunter b, Sander Greenland c,d,
Tabatha N. Offutt-Powell e, Robert J. Manning b, Megan Lewicki b, Philip S. Brodsky b,
Leukothea Ioakimidis b, Christina K. Tripsas b, Christopher J. Patterson b, Patricia Sheehy b,
Karan P. Singh f, Steven P. Treon b,g
a

Division of Population Sciences, Dana-Farber Cancer Institute, 450 Brookline Avenue, SM 271, Boston, MA, USA
Bing Center for Waldenstrom’s Macroglobulinemia, Dana-Farber Cancer Institute, Boston, MA, USA
c
Department of Epidemiology, UCLA School of Public Health, Los Angeles, CA, USA
d
Department of Statistics, UCLA College of Letters and Science, Los Angeles, CA, USA
e
Department of Epidemiology, University of North Texas Health Science Center, School of Public Health, Fort Worth, TX, USA
f
Department of Biostatistics, University of North Texas Health Science Center, School of Public Health, Fort Worth, TX, USA
g
Harvard Medical School, Boston, MA, USA
b

A R T I C L E I N F O

A B S T R A C T

Article history:
Received 16 September 2011
Received in revised form 22 October 2011
Accepted 24 October 2011
Available online 17 November 2011

Background: Little is known about the epidemiology and etiology of Waldenstrom macroglobulinemia
(WM). Despite several studies of the relation between family history and B-cell disorders and WM,
family history of non-hematologic cancers has not been systematically investigated. We thus examined
associations of family history of breast, colorectal, lung, ovarian, and prostate cancers with WM.
Methods: All probands aged 20–79 years with bone marrow biopsy-conﬁrmed diagnosis of WM between
May 1, 1999 and January 1, 2010 at the Bing Center for Waldenstrom Macroglobulinemia were eligible
for inclusion in our analysis. We reviewed medical records for eligible probands to determine family
history of cancer (deﬁned as a cancer diagnosis for 1 ﬁrst-degree relative(s) of the proband). Using
expected values constructed from the United States National Health Interview Survey, we estimated ageand race-standardized rate ratios (RRs) for family history of breast, colorectal, lung, ovarian, and prostate
cancers by WM subtype.
Results: Family history of prostate cancer had the largest overall rate ratio (RR = 1.4, 95% conﬁdence
limits [CL]: 1.1, 1.7), and among sporadic cases, family history of prostate and breast cancer had the
largest rate ratios (prostate: RR = 1.3, 95% CL: 1.1, 1.7; breast: RR = 1.3, 95% CL: 1.2, 1.6).
Conclusion: Our study suggests that it may be worthwhile to pursue these associations in a case–control
study with uniform selection and data collection for cases and controls, and at least some record-based
information on family history.
ß 2011 Elsevier Ltd. All rights reserved.
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1. Introduction
Waldenstrom Macroglobulinemia (WM) is a distinct subtype of
B-cell non-Hodgkin lymphoma predominantly diagnosed among
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older adults. WM patients typically present with symptoms related
to bone marrow inﬁltration of lymphoplasmacytic cells and
manifestation of an immunoglobulin M (IgM) monoclonal gammopathy, but a sizable proportion of patients may be asymptomatic [1]. Although the proportion of undiagnosed cases is unknown,
the estimated annual incidence rate of WM after age 65 in the
United States is 3.7/100,000 [2], with a similar incidence rate in
England [3]. Nonetheless, age, sex, and race are currently the only
established risk factors [4].
Studies of familial aggregation have long been used for
generating hypotheses regarding shared genetic and environmental factors [5,6]. Previous studies suggest that genetic and
environmental risk factors for B-cell disorders may also be risk
factors for WM [7–9], but additional hypothesis sources are
needed. We thus examined potential associations of WM with
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family history of non-hematologic malignancies overall and by
WM subtypes.
2. Patients and methods
2.1. Study population
We used data from consecutive WM probands evaluated at the
Bing Center for Waldenstrom’s Macroglobulinemia located at DanaFarber Cancer Institute. This study population comprises referrals
for the evaluation and management of WM. To improve comparability between these cases and the National Health Interview Survey
(NHIS) data used to ascertain exposure prevalence among controls
[10], we restricted probands to be aged 20–79 years with bone
marrow biopsy-conﬁrmed diagnosis of WM between May 1, 1999
and January 1, 2010. The study was approved by the Dana-Farber
Cancer Institute/Harvard Cancer Center Institutional Review Board.
2.2. Data collection and variables
Family histories of cancers were ascertained by self-report
during intake interviews by healthcare professionals who inquired
whether ﬁrst-degree blood relatives (biologic parents, siblings, or
children) of the proband ever had cancer and, if so, the type. This
information was recorded in medical records for each proband as
part of standard clinical procedures for newly diagnosed WM
patients. We reviewed medical records for eligible probands to
determine family histories of hematologic, breast, colorectal, lung,
ovarian, and prostate cancers. Family history of cancer was deﬁned
as a cancer diagnosis for 1 ﬁrst-degree relative(s) of the proband;
we had insufﬁcient data to explore other deﬁnitions. Age at
diagnosis of the primary cancer was not available for relatives.
Data regarding family history of cancer were used to classify
probands according to WM subtypes: (1) familial WM: 1 relative
diagnosed with WM or a related B-cell disorder (multiple
myeloma, Burkitt lymphoma, diffuse large B-cell lymphoma,
follicular lymphoma, mucosa-associated lymphoid tissue [MALT]
lymphoma, monoclonal gammopathy of undetermined signiﬁcance [MGUS], chronic lymphocytic leukemia, or hairy cell
leukemia); and (2) sporadic WM: no relative diagnosed with
WM or related B-cell disorders. Medical records were also
reviewed for the proband to collect data regarding age at diagnosis
of WM, gender, and self-reported race (White, Black, or Other).
2.3. Data analysis
Our analysis involved comparing the age- and race-standardized exposure prevalence (family history of cancer) in a series of
WM cases (overall and by WM subtype) to the exposure prevalence
ascertained in the NHIS [10]. The NHIS is an annual health survey of
the civilian noninstitutionalized United States population [10]. The
2000 NHIS included a Cancer Control Module in which participants
were asked whether ﬁrst-degree blood relatives ever had cancer
and, if so, the type [10]. This approach allowed us to circumvent
resource constraints on obtaining individual-level exposure data
for a sample of the source population but still evaluate associations
between family history of cancer and WM within a case–control
framework [11, Ch. 8]. Brieﬂy, if the exposure prevalence (p) in the
source population for the cases is known and M cases are available
for study, then E = pM is the expected number of cases exposed
under the null hypothesis of no association of exposure with
selection or disease. Therefore, if A of the M cases are exposed, the
rate ratio (RR) estimator is:
RR ¼

A= p
A=ðM  AÞ
¼
ðM  AÞ=ð1  pÞ E=ðM  EÞ

295

The age- and race-speciﬁc prevalence (p) of family history of
breast, colorectal, lung, ovarian, and prostate cancers in the general
US population was determined from published estimates [10].
Conﬁdence limits (CL) for the rate ratio were calculated as RRexp
(1.96V) where V is the ln(RR) variance estimate 1/A + 1/(M  A).
This formula ignores sampling variability in E which, in the present
setting, is much smaller than the variability in A. Gender was omitted
from adjustment because it is effectively randomized at conception,
making it unrelated to family history and thus incapable of
confounding [11, Ch. 9, 12].
2.4. Sensitivity analysis
We explored the potential impact of misclassiﬁcation of selfreported family history of prostate and breast cancers between
cases and the general population in a sensitivity analysis using
initial values suggested by published estimates of sensitivity (Se)
and false-positive rate (Fp = 1  speciﬁcity) for self-reported
family history of cancer among lymphoma probands [12]. Adjusted
case numbers were computed from:
A¼

A  Fpcases M
and
Secases  Fpcases

E¼

E  Fpcontrols M
Secontrols  Fpcontrols

where A* and E* are the original unadjusted numbers [11, Eq. 19–8].
3. Results
We identiﬁed 903 eligible probands but restricted the analysis
to the 864 WM probands aged 20–79 years who were diagnosed
with WM between May 1, 1999 and January 1, 2010, and had
complete data. Table 1 summarizes characteristics of the WM
probands. Brieﬂy, the median age of WM diagnosis in our study
population was 59 years (interquartile range = 52–65 years), 62%
were male (n = 538), 97% were White (n = 835), and 15% (n = 101)
of the 675 probands with detailed ethnicity information reported
an Ashkenazi–Jewish background. Our case series comprised 73%
sporadic WM cases (n = 631) and 27% familial WM cases (n = 233).
The prevalence of family history of non-hematologic cancers
ranged from 13% for breast to 2% for ovarian.
Table 2 summarizes rate ratio estimates for WM associated
with family history of cancer, which ranged from RR = 1.4 (95% CL:
1.1, 1.7) for prostate to RR = 0.75 (95% CL: 0.46, 1.2) for ovarian. The
estimates for sporadic cases were similar to the overall estimates.
Among familial WM cases, the estimates ranged from RR = 1.5 (95%
CL: 1.0, 2.2) for family history of prostate cancer to RR = 0.51 (95%
CL: 0.32, 0.84) for family history of lung cancer.
Table 3 summarizes the adjusted RR for values of the sensitivity
parameters, varied around the values reported by Chang et al. [12].
On average the adjustments did not notably inﬂuence estimates for
the association between family history of breast cancer and WM
regardless of whether nondifferential or differential misclassiﬁcation was assumed. The adjusted estimates for the association
between family history of prostate cancer and WM demonstrated
greater sensitivity to assumptions of differential than nondifferential misclassiﬁcation, and generally increased when the falsepositive rate was assumed to be equivalent between WM cases and
the NHIS population.
4. Discussion
We aimed to examine potential associations of WM with family
history of non-hematologic malignancies overall and by WM
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Table 1
Characteristics of 864 Waldenstrom Macroglobulinemia (WM) probands evaluated at the Bing Center for Waldenstrom’s Macroglobulinemia between May 1, 1999 and
January 1, 2010.
Characteristic
a

Age at WM diagnosis, median (IQR )
Male, n (%)
Race, n (%)
White
Black
Other
Family history of cancer, n (%)
Breast
Colorectal
Lung
Ovarian
Prostate
a
b

Familial WM (n = 233)

Sporadic WM (n = 631)

All WM cases (n = 864)

NHIS populationb

58 (51–63)
135 (58.0)

59 (52–66)
403 (63.9)

59.0 (52–65)
538 (62.3)

–

226 (97.0)
3 (1.3)
4 (1.7)

609 (96.5)
8 (1.3)
14 (2.2)

835 (96.6)
11 (1.3)
18 (2.1)

19
17
14
4
23

(8.2)
(7.3)
(6.0)
(1.7)
(9.9)

96
55
69
11
56

(15.2)
(8.7)
(10.9)
(1.7)
(8.9)

115
72
83
15
79

–
–
–
–
(%)
7.7
5.0
7.1
1.8
4.7

(13.3)
(8.3)
(9.6)
(1.7)
(9.1)

IQR: interquartile range.
Prevalence estimates (p) ascertained from National Health Interview Survey (NHIS) [10].

Table 2
Estimated rate ratios (RR) relating family history of non-hematologic cancers to Waldenstrom Macroglobulinemia (WM) by WM subtype.
Family history

Breast
Colorectal
Lung
Ovarian
Prostate
a
b
c

Familial WMa

Familial WM

Sporadic WM

Sporadic WM

Overall WM

Overall WM

A/Eb

RR (95% CLc)

A/E

RR (95% CL)

A/E

RR (95% CL)

19/27
17/19
14/26
4/5
23/16

0.67 (0.44, 1.0)
0.89 (0.57, 1.4)
0.51 (0.32, 0.84)
0.74 (0.28, 1.9)
1.5 (1.0, 2.2)

96/75
55/52
69/69
11/15
56/43

1.3 (1.2, 1.6)
1.1 (0.83, 1.4)
1.0 (0.81, 1.2)
0.75 (0.42, 1.3)
1.3 (1.0, 1.7)

115/103
72/71
83/95
15/20
79/59

1.1 (1.0, 1.3)
1.0 (0.82, 1.3)
0.86 (0.71, 1.0)
0.75 (0.46, 1.2)
1.4 (1.1, 1.7)

Familial WM deﬁned as family history of B-cell disorders.
A, number of exposed cases; M, total number of cases; E = Mp = expected number of exposed cases based on NHIS, RR = (A/p)/[(M  A)/(1  p)] = [A/(M  A)]/[E/(M  E)].
CL: conﬁdence limits.

subtypes. Our design cannot separate factors related to incidence
from factors related to selection or information, a particular
limitation given the case series is a referral group using clinical
data whereas the controls are from population survey data. In
particular, the WM cases in our analysis were from a specialized
referral center and thus may not have histories representative of all
WM cases from the source population. Of note, about 40% of the
WM cases in our sample were asymptomatic, and the proportion of
asymptomatic cases among all WM cases is unknown. While this
problem may not have strongly biased our estimates, an additional

problem is that the NHIS data [10] used to ascertain population
prevalence of family history of cancers may not be representative
of the source population of our cases. Any discrepancy not
accounted for by our age-race adjustment would thus bias our
estimates. Unfortunately, we lack additional information to
evaluate this possible bias.
Another concern in our analysis is different exposure misclassiﬁcation rates for cases and the NHIS population serving as
controls. Recall bias in case–control studies is typically assumed to
be a consequence of higher exposure misclassiﬁcation among

Table 3
Rate ratios (RR) after adjustment for misclassiﬁcation of self-reported family history of breast and prostate cancers.
Scenario

Cases

NHIS population

Adjusted RR

Sensitivity

False-positive

Sensitivity

False-positive

Breast

1a
2b
3
4
5
6
7
8
9
10

1.00
0.73
0.85
0.73
0.73
0.85
0.73
0.73
0.85
0.73

0
0.01
0.01
0.01
0.05
0.05
0.05
0.05
0.05
0.05

1.00
0.72
0.72
0.85
0.72
0.72
0.85
0.72
0.72
0.85

0
0.01
0.01
0.01
0.05
0.05
0.05
0.01
0.01
0.01

1.1
1.1
1.0
1.4
1.2
1.0
1.5
0.77
0.64
0.93

Prostate

1a
2b
3
4
5
6
7
8
9
10

1.00
0.47
0.47
0.73
0.47
0.47
0.73
0.47
0.47
0.73

0
0.01
0.01
0.01
0.05
0.05
0.05
0.05
0.05
0.05

1.00
0.60
0.47
0.60
0.60
0.47
0.60
0.60
0.47
0.60

0
0.01
0.01
0.01
0.05
0.05
0.05
0.01
0.01
0.01

1.4
2.0
1.5
1.2
3.2
2.4
1.9
1.0
0.76
0.59

a
b

Assumes no misclassiﬁcation; equivalent to rate ratio estimated in study.
Adjustment based on published estimates of sensitivity and false-positive rate for self-reported family history of cancer among lymphoma probands [12].
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controls than cases, which could upward bias estimates. Nonetheless, a prior validation study [12] among lymphoma probands
noted that misclassiﬁcation of family history of cancer may be
higher among cases than controls, which could result in a
downward bias greater than that expected from nondifferential
recall [13]. Our sensitivity analysis based on the lymphoma
validation study reﬂected this ﬁnding, with generally stronger
magnitudes of association between family history of prostate
cancer and WM. Our sensitivity analysis is speculative, however,
being limited by differences in exposure measurement between
our study and the lymphoma study, and the fact that the
lymphoma data are themselves subject to error.
Although our estimates are subject to differential selection and
information effects, they suggest a modest association between
family history of prostate cancer and WM incidence, and a similar
association between family history of breast cancer and WM among
sporadic cases. We used the common deﬁnition of family history of
cancer (i.e. affected ﬁrst-degree relatives), but other deﬁnitions (e.g.
inclusion of affected 2nd degree relatives, young onset, etc. which
could not be explored with our data) might yield different
associations. The associations we observed appear to differ from
associations reported in an analysis that aggregated non-Hodgkin
lymphoma subtypes [14]. This discrepancy may provide additional
evidence for etiologic heterogeneity among non-Hodgkin lymphoma subtypes suggested in a previous study [15].
Positive population associations for family history of prostate
cancer and breast cancer with WM, particularly for probands with
sporadic WM, would suggest shared genetic or environmental risk
factors between breast and prostate cancer, and WM. For example,
BRCA mutations are well-known risk factors for breast cancer [16]
and have also been implicated in prostate cancer [17]. Recent
evidence also indicates that normal BRCA functioning is critical for
suppressing hematologic malignancies [18] and thus BRCA mutations may be relevant to WM. Therefore, we would encourage case–
control studies speciﬁcally designed to explore the relation of family
history of various cancers to WM which include uniform selection
criteria for cases and controls, and a validation component that
obtains measures of family history (e.g. reviews of medical records,
vital records, etc.) that are free of differential error. These
measurements can be used to generate improved estimates of
association between family history and WM [11, Ch. 19].
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