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Abstract

We performed a pooled analysis of data on atopic disease and
risk of non–Hodgkin lymphoma (NHL) from 13 case-control
studies, including 13,535 NHL cases and 16,388 controls. Self-
reported atopic diseases diagnosed 2 years or more before
NHL diagnosis (cases) or interview (controls) were analyzed.
Pooled odds ratios (OR) and 95% confidence intervals (95% CI)
were computed in two-stage random-effects or joint fixed-
effects models, and adjusted for age, sex, and study center.
When modeled individually, lifetime history of asthma, hay
fever, specific allergy (excluding hay fever, asthma, and
eczema), and food allergy were associated with a significant
reduction in NHL risk, and there was no association for
eczema. When each atopic condition was included in the same
model, reduced NHL risk was only associated with a history of
allergy (OR, 0.80; 95% CI, 0.68–0.94) and reduced B-cell NHL
risk was associated with history of hay fever (OR, 0.85; 95% CI,
0.77–0.95) and allergy (OR, 0.84; 95% CI, 0.76–0.93). Signifi-
cant reductions in B-cell NHL risk were also observed in

individuals who were likely to be truly or highly atopic—those
with hay fever, allergy, or asthma and at least one other atopic
condition over their lifetime. The inverse associations were
consistent for the diffuse large B-cell and follicular subtypes.
Eczema was positively associated with lymphomas of the skin;
misdiagnosis of lymphoma as eczema is likely, but progression
of eczema to cutaneous lymphoma cannot be excluded. This
pooled study shows evidence of a modest but consistent
reduction in the risk of B-cell NHL associated with atopy.
[Cancer Res 2009;69(16):6482–9]

Introduction

A causal explanation for most cases of non–Hodgkin lympho-
ma (NHL) remains elusive. Given the established positive
association between immune deficiency and NHL risk (1), and
the origin of NHL from cells of the immune system, it is plausible
that other forms of immune dysregulation, such as atopic disease,
are also related to lymphoma. Case-control study results have
been mixed (2–23), although recent studies predominantly have
found a reduced risk of NHL in association with a history of
atopy. In contrast, cohort studies, mostly of limited power and
with few detailed questions on atopy, have found no consistent
evidence of an association (24–33). Herein, we report results
from an international pooled analysis of case-control studies
that examined the history of self-reported atopic disease and risk
of NHL.
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Materials and Methods

Study population.We performed a pooled analysis of data from 13 case-

control studies identified through the InterLymph Consortium.31 Partici-
pating studies (Table 1) met the following eligibility criteria: cases diagnosed

with incident histologically confirmed NHL as adults (ages, 16–96 y),

collection of personal history of one or more atopic conditions, and

electronic data set available in March 2007. Due to variations in study
design between the six EpiLymph centers (Table 1), this study was treated

statistically as six separate studies, to allow for assessment of center-

specific effects and heterogeneity. Organ transplant recipients and
individuals with HIV infection, as well as hospital-based controls admitted

for atopic conditions (n = 39, 1.1%), were excluded.

Exposure assessment. All studies ascertained self-reported history of

atopy. Reports of atopic disease onset <2 y prior to NHL diagnosis (cases) or
interview (controls) were excluded. This was necessary because an effect of

increased medical surveillance in the period prior to case diagnosis could

not be ruled out, and it also partially reduced the possibility that subclinical

disease influenced exposure.
Given the recognized potential for misclassification of self-reported

history of atopic disease (34), we constructed variables to represent

participants who were likely to be truly atopic (35–37). These exposures

were atopic disease of long duration and multiple atopic conditions during
a lifetime (eczema was excluded post hoc). These were defined a priori, and

we hypothesized that they would be more strongly related to NHL risk.

Statistical analysis. Odds ratios (OR) and 95% confidence intervals (95%
CI) were computed from unconditional logistic regression models using a

two-stage random-effects model to estimate relative risk (hereafter called

‘‘risk’’) of NHL and a joint fixed-effects model to estimate risk by NHL

subtype (38). All WHO classification subtypes of NHL (39), except multiple
myeloma, were included in the analysis, as recommended for epidemiologic

analyses (40). All models were adjusted for the matching variables: age, sex,

and region/study center. We first examined NHL risk in association with the

history of each individual atopic condition. We next examined NHL risk
adjusted for the history of each of the other atopic conditions, and thus,

included only the 12 study centers that collected data on all four major

atopic conditions (asthma, hay fever, eczema, and specific allergy). Third, we
examined NHL risk in association with history of each individual condition

alone or with one or more other atopic conditions and included studies that

collected data on more than one atopic condition over a lifetime.

Heterogeneity among study centers was assessed using Cochran’s Q
statistic and I2 statistic (41). In the presence of significant heterogeneity

(P < 0.10), forest plots were used to identify outlying studies and sensitivity

analyses were performed with and without the outlying studies; no

individual study was consistently identified as outlying. Due to a
predominance of study participants of Caucasian origin, stratification by

race was not meaningful. Restriction to Caucasians gave similar results. All

statistical tests were two-sided and assumed an a-error level of 0.05.
Analyses were performed using the STATA software version 10.0 (Stata

Corporation).

The pooled analyses were approved by the University of New South

Wales Human Research Ethics Committee.

Results

The sex distribution for the pooled cases (n = 13,535) and
controls (n = 16,388) was similar (Table 2). However, compared
with controls, cases were more likely to be older (P < 0.0001),
of lower socioeconomic status (P < 0.0001), and of mixed race
(P = 0.001) and less likely to be black (P = 0.006), although race was
specified for fewer than 50% of participants (Table 2).
There was no statistically significant heterogeneity among

studies for asthma (P = 0.70, I2 = 0%) or hay fever (P = 0.15, I2 =
28%), but there was for eczema (P = 0.03, I2 = 46%; Fig. 1). For

allergies to specific substances, between-study heterogeneity was
also evident for the summary measure of ‘‘any specific allergy’’
(P < 0.001, I2 = 63%; Fig. 1), allergy to one or more foods (P < 0.001,
I2 = 77%), animals (P = 0.06, I2 = 53%), and plants (P = 0.01,
I2 = 72%). Stratification by study design features, including
questionnaire and data collection format, doctor-diagnosed versus
self-identified atopic disease, source of controls, response rates,
and control exposure prevalence did not reveal any systematic or
statistically significant differences between strata in the pooled
estimates for any of the atopic conditions (data not shown). Hence,
all studies were retained in the pooled analyses. Reassuringly, as
described below, exclusion of outlying studies did not alter the
significance of the pooled risk estimates.
Considering only studies that ascertained the history of all four

major atopic diseases, 767 (69%) controls with asthma also
reported another atopic condition; 52% also had hay fever, 19%
had eczema, and 43% had a specific allergy. Of controls with
hay fever, 1,556 (57%) also reported another atopic condition
(21% asthma, 16% eczema, and 45% specific allergy). Of controls
with eczema, 333 (51%) also reported another atopic condition
(23% asthma, 30% hay fever, and 34% specific allergy), whereas
1,434 (57%) of controls with a specific allergy also reported another
atopic condition (19% asthma, 47% hay fever, and 15% eczema).
Asthma. A history of asthma was associated with a significant

10% reduction in risk of NHL (Fig. 1). In the 12 studies that
collected data on all four atopic conditions, the OR was not
significant after adjustment for history of the other atopic
conditions (Table 3). NHL risk was not attenuated in those who
only experienced asthma (Table 4), and a significant reduction in
NHL risk, as well as B-cell NHL risk, was observed in individuals
with asthma and at least one other atopic condition during their
lifetime (Table 4). After adjustment for history of other atopic
conditions, the OR was 1.08 (95% CI, 0.73–1.58) for those with
asthma for up to 5 years, 0.80 (95% CI, 0.51–1.27) for 6 to 10 years,
and 0.80 (95% CI, 0.56–1.13) for >10 years.
Hay fever. Risk of NHL was reduced by 18% in participants with

a history of hay fever (Fig. 1), but the reduction in risk was not
significant in a model that adjusted for history of the other atopic
conditions (Table 3). History of hay fever was significantly inversely
associated with risk of B-cell NHL, diffuse large B-cell (DLBCL), and
follicular NHL after adjustment by history of the other atopic
conditions (Table 3). NHL risk was reduced in those who only
experienced hay fever, and a significant reduction in risk of all NHL,
B-cell NHL, DLBCL, and follicular NHL was observed in those with
hay fever and one or more other atopic conditions during their
lifetime (Table 4). After adjustment by history of other atopic
conditions, the OR was 1.31 (95% CI, 0.86–2.00) for those with hay
fever for up to 5 years, 1.48 (95% CI, 0.96–2.28) for 6 to 10 years, and
0.78 (95% CI, 0.63–0.97) for >10 years.
Eczema. Risk of NHL was not associated with a history of

eczema (Fig. 1) and excluding the single potential outlying study
responsible for the between-study heterogeneity did not materially
alter the pooled risk (OR, 1.03; 95% CI, 0.89–1.19; Phet = 0.10,
I2 = 35%). A history of eczema was also not associated with NHL
risk after adjustment for history of the other atopic conditions
(Table 3), either alone or with a history of one or more other atopic
diseases (Table 4). A history of eczema and at least one other
condition was inversely associated with risk of DLBCL (Table 4); no
other B-cell subtypes were associated with eczema (Tables 3 and 4).
The ORs from the model adjusted for history of other atopic
conditions were 1.11 (95% CI, 0.82–1.50) for individuals with31 http://www.epi.grants.cancer.gov/InterLymph
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Table 1. Characteristics of case-control studies participating in the pooled analysis of history of atopic disease and risk of NHL

Study

acronym

Location Year Age (y) Matching

variables

Cases Controls Source of controls

n Rate* (%) n Rate* (%)

Avi-N Aviano; Napoli,

Italy

1999–2002 18–84 None 225 97 501 91 Patients admitted to hospital

for nonneoplastic,

nonimmunologic
conditions

BC British Columbia,

Canada

2000–2003 20–80 Age, sex, region 828 79 845 46 Random selection from

client registry of

Ministry of Health
Connecticut

(16)

Connecticut,

USA

1995–2001 21–84 Age 597 72 716 47–69 <65 y, RDD; z65 y, random

selection from Centers

for Medicare and

Medicaid Services
EpiLymph

(17, 21)

Czech Republic 2001–2003 19–82 Age, sex, region 199 90 199 60 Patients admitted to hospital

for infectious, parasitic,

mental, nervous,

circulatory, digestive,
endocrine, metabolic,

and respiratory conditions

France 2000–2003 18–82 Age, sex, region 217 91 252 74
Ireland 1998–2004 19–85 Age, sex, center 144 90 207 75

Spain 1998–2003 17–96 Age, sex, region 435 82 623 96

Germany 1999–2002 18–82 Age, sex, region 518 87 518 44 Random selection from

population registries
Italy (Sardinia) 1998–2004 25–81 Age, sex, region 219 93 336 66

Italy (11) Turin; Novara; Forli;

Vercelli; Varese;

Verona; Florence;
Siena; Latina;

Ragusa; Imperia

1990–1993 20–74 Age, sex, region 1,640 82 1,771 74 Random selection

from demographic or

National Health
Service files

Mayo Minnesota, Iowa,
and Wisconsin,

USA

2002–2005 20–87 Age, sex, region 500 65 499 69 Patients attending
a prescheduled

general medical exam

NCI-SEER

(22)

Detroit; Iowa;

Los Angeles;
Seattle, USA

1998–2001 20–74 Age, sex, region, race 1,316 76 1,055 52 <65 y, RDD; z65 y,

random selection
from Centers for

Medicare and Medicaid

Services

Nebraska Nebraska, USA 1999–2002 20–75 Age, sex 386 74 535 78 RDD
Northern

Italy (12)

Aviano; Milan,

Italy

1983–1992 17–85 None 429 >97 1,149 >97 Patients admitted for

nonneoplastic,

nonimmunologic conditions
in hospitals in which cases

were diagnosed

NSW

(18)

New South Wales,

Australian Capital
Territory, Australia

2000–2001 20–74 Age, sex, region 694 85 694 61 Random selection from

electoral rolls

SCALE

(23)

Denmark; Sweden 1999–2002 18–74 Age, sex, country 3,055 81 3,187 71 Random selection from

population registries

UCSF
(10, 15, 20)

San Francisco,
CA, USA

1988–1993 21–74 Age, sex, region 1,305 72 2,404 78 <65 y, RDD; z65 y, random
selection from Centers

for Medicare and

Medicaid Services

UK Parts of north
and southwest

England

1998–2003 16–69 Age, sex, region 828 75 897 71 Random selection from
general practice lists

NOTE: The number of participants may differ from the published report because of the selection criteria for this analysis.
Abbreviation: RDD, random digit dialing.

*Participation rate.
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eczema for up to 5 years, 0.88 (95% CI, 0.56–1.38) for 6 to 10 years,
and 0.88 (95% CI, 0.68–1.13) for >10 years.
Eczema was associated with a significant 2-fold increased risk of

T-cell NHL (Tables 3 and 4), due to an excess risk of mycoses
fungoides/Sézary syndrome [MF/SS; number (n) of exposed cases =
26; OR, 2.62; 95% CI, 1.64–4.17] and the peripheral T-cell subtype
angioimmunoblastic lymphoma (n = 6; OR, 2.60; 95% CI, 1.02–6.62).
Risk of primary cutaneous CD30-positive T-cell lymphoma was
nonsignificantly elevated (n = 4; OR, 2.56; 95% CI, 0.66–9.99).
Although the estimates in association with duration of eczema were
imprecise, the greatest excess risk of MF/SS was observed in those
with a 6-year to 10-year history of eczema (n = 3; OR, 5.51; 95% CI,
1.55–19.56,); the OR for a duration of <5 years was 1.63 (95% CI, 0.38–
7.05; n = 2) and for a duration of >10 yearswas 3.15 (95%CI, 1.26–7.85;
n = 6). Eczema also was associated with an increased risk of
overall NHL that originated in the skin (OR, 2.09; 95% CI, 1.19–3.69),
but not at the nonskin sites (OR, 1.00; 95% CI, 0.81–1.23).
Any specific allergy. A history of one or more specific allergies

was associated with a significant 20% reduction in NHL risk (Fig. 1).
In a sensitivity analysis excluding the two outlying studies
responsible for the between-study heterogeneity, the pooled OR
was slightly weakened (OR, 0.88; 95% CI, 0.81–0.95; Phet = 0.73, I2 =
0%). In the 12 studies that collected data on all four atopic
conditions, NHL risk was significantly reduced in individuals with a
history of allergy when adjusted for lifetime history of other atopic
conditions (Table 3). Significant inverse associations were also

observed for B-cell NHL and DLBCL (Table 3). NHL risk was
significantly reduced in those who experienced allergy alone, as well
as those who experienced allergy and at least one other atopic
condition (Table 4). This association was significant for B-cell NHL,
DLBCL, and follicular NHL. The ORs obtained from the model
adjusted for history of other atopic conditions were 1.38 (95% CI,
0.68–2.79) for those with allergy for up to 5 years, 1.67 (95% CI, 0.44–
6.28) for 6 to 10 years, and 0.76 (95% CI, 0.45–1.29) for >10 years.
Food allergy was the only specific allergy significantly associated

with overall NHL risk. Risk of NHL was reduced by 25% (Fig. 1), and
removing the three studies responsible for the between-study
heterogeneity had a negligible effect on the pooled estimate
(OR, 0.81; 95% CI, 0.70–0.94). NHL risk remained significantly reduced
(OR, 0.60; 95% CI, 0.40–0.91) after adjustment for lifetime history of
other atopic conditions. An inverse association was also observed for
B-cell NHL (OR, 0.65; 95% CI, 0.55–0.77), DLBCL (OR, 0.67; 95% CI,
0.52–0.86), and follicular lymphomas (OR, 0.62; 95% CI, 0.47–0.80).
The fully adjusted pooled ORs for all NHL were 1.05 (95% CI,

0.81–1.38) for history of animal allergy, 1.33 (95% CI, 0.57–3.10) for
plant allergy, 0.91 (95% CI, 0.67–1.23) for insect allergy, and 0.93
(95% CI, 0.80–1.07) for ‘‘other allergy’’ (data not shown in tables).
Other than a reduced risk of marginal zone lymphoma associated
with a history of ‘‘other allergy’’ (OR, 0.56; 95% CI, 0.35–0.90), there
were no significant subtype associations for these exposures.
Multiple atopic conditions. A history of any one atopic

condition (asthma, hay fever, or any specific allergy) was associated

Table 2. Demographic and tumor characteristics of the pooled study participants

Demographics NHL cases (%) Controls (%) Tumor characteristics NHL cases (%)

Pooled total 13,535 16,388 Pooled total 13,535

Sex B-cell NHL 11,208 (82.8)

Men 7,329 (54.1) 8,844 (54.0) Follicular lymphoma 2,842 (21.0)
Women 6,206 (45.9) 7,544 (46.0) DLBCL 3,820 (28.2)

Age (y)* CLL/SLL/PLL/MCL 2,261 (16.7)

16–20 25 (0.2) 56 (0.4) Marginal zone lymphoma 784 (5.8)
20–29 381 (2.8) 838 (5.1) Burkitt’s lymphoma 108 (0.8)

30–39 924 (6.8) 1,596 (9.7) Lymphoplasmacytic lymphoma 300 (2.2)

40–49 1,823 (13.5) 2,381 (14.5) Hairy cell leukemia 118 (0.9)

50–59 3,472 (25.7) 3,719 (22.7) Precursor B cell 26 (0.2)
60–69 4,313 (31.9) 4,753 (29.0) B cell not otherwise specified 949 (7.0)

70–79 2,448 (18.1) 2,878 (17.6) T-cell NHL 766 (5.7)

80–96 147 (1.1) 167 (1.0) MF/SS 254 (1.9)

Median (range) 60 (17–89) 58 (16–96) Peripheral T cell 399 (2.9)
Education/SES

c
Adult T-cell leukemia/lymphoma 2 (0.0)

Low 5,216 (38.5) 5,770 (35.2) NK/T-cell lymphoma nasal type/aggressive NK-cell leukemia 20 (0.1)

Medium 4,643 (34.3) 5,867 (35.8) T-cell large granular lymphocytic leukemia 7 (0.1)

High 3,566 (26.4) 4,651 (28.4) T-cell prolymphocytic leukemia 7 (0.1)
Unknown/other 110 (0.8) 100 (0.6) Precursor T cell 29 (0.2)

Race
b

T cell not otherwise specified 48 (0.4)

White 5,672 (42.0) 6,757 (41.2) NHL not otherwise specified 1,561 (11.5)
Black 202 (1.5) 327 (2.0) Precursor not otherwise specified 57 (0.4)

Other/mixed 539 (4.0) 558 (3.4) Not otherwise specified 1,504 (11.1)

Missing 7,083 (52.5) 9,746 (53.4)

Abbreviation: SES, socioeconomic status.

*The inclusion of Hodgkin lymphoma cases and frequency-matched controls in several studies led to an imbalance in the age distribution.
cEducation/SES groups was based on the tertile distribution of years of education (10 studies) or socioeconomic status levels obtained from census data

(two studies) in controls.
bRace was generally not recorded in the European studies.
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with a significant reduction in NHL risk (OR, 0.87; 95% CI, 0.82–0.93).
Risk was further reduced for any two (OR, 0.81; 95% CI, 0.70–0.94) or
all three of these conditions (OR, 0.58; 95% CI, 0.42–0.78), and the
trend with increasing number of conditions was significant
(P trend < 0.0001). When restricted to B-cell NHL, the results were
very similar (data not shown). Among those with a history of all three
conditions, risks for DLBCL, follicular, and chronic lymphocytic
leukemia (CLL)/small lymphocytic lymphoma (SLL)/prolympho-
cytic lymphoma (PLL)/mantle cell lymphoma (MCL) lymphomas
were reduced by 47% to 51% (data not shown). There were no cases
of MCL with a history of three atopic conditions.

Discussion

In this large-scale, international pooled analysis, a personal
history of atopy at any time of life was associated with a small
reduction in NHL risk. History of a specific allergy, food allergy in
particular, independently predicted risk of NHL, and history of a
specific allergy or hay fever independently predicted the risk of B-cell
NHL. Asthma was inversely associated with overall and B-cell NHL

risk in individuals who reported at least one other atopic condition.
The observed inverse associations were consistent for the DLBCL
and follicular subtypes. The specificity of the effect for B-cell lympho-
mas and the strengthening of the effect with exposure histories that
were less likely to be misreported, such as individuals with multiple
atopic diseases, support an effect of atopy on risk of NHL.
Case-control studies of NHL risk in relation to personal history

of asthma, hay fever, and specific allergies that were not included in
these pooled analyses have shown varied results, and none adjusted
for history of other atopic diseases (2–9, 13, 14, 19). Of these 11
studies, three reported a significant increased risk of NHL, two with
eczema (3, 5) and one with hives (13); whereas three reported a
significant decreased risk of NHL, two with eczema (8, 13) and one
with asthma (19). The eight cohort studies reported similarly mixed
findings, although many were null (24–31). Three reported a
significant increased risk, one with hives (25), one with any specific
allergy (26), and one with childhood eczema (30), whereas one
reported a significant decreased risk of NHL with asthma (28).
Across all studies, there was no pattern to the direction of the null
findings.

Figure 1. Study-specific and pooled estimates for lifetime personal history of individual atopic diseases and risk of NHL in order of increasing atopic disease prevalence
in controls. Estimates of NHL risk restricted to individuals with a history of the atopic disease diagnosed at least 2 y prior to interview/NHL diagnosis, sorted by
atopic disease prevalence in controls. Individual study OR (filled diamonds ) and 95% CIs (horizontal bars ) or pooled (subtotal ) ORs and CIs (large open diamonds)
were computed using a two-stage random-effects model adjusted for age (5-y categories), sex, and study center with no history of the atopic disease in question
as reference category. Shaded boxes, the weight given to a particular study when estimating the summary OR. ‘‘Any specific allergy’’ was defined as one or more of
food allergy, animal allergy, plant allergy, insect allergy, or other allergy; ‘‘other allergy’’ includes allergies to dust, mold, cosmetics, household products, or ‘‘other’’
allergens; drug allergies were excluded.
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The predominance of null findings in cohort studies is not
unexpected given that most of these studies had limited power and
assessed risk only in relation to atopic disease history at any time
of life. Only two studies assessed risk in relation to history of
multiple atopic diseases (26, 31). One reported an OR of 0.94
(95% CI, 0.74–1.19) for a history of both asthma and hay fever (31);
that study, although well-powered, examined deaths from NHL
rather than incident NHL. The other study reported a nonsignif-
icant excess risk in association with a history of multiple allergies
based on 46 incident hematopoietic tumors (26, 31).
Atopic diseases are characterized by immediate hypersensitivity

reactions, initiated by the interaction of IgE antibodies (produced
by B cells) with foreign antigens (allergens), leading to a reaction
that involves the release of many inflammatory molecules,
cytokines, and chemokines (42). Our finding of a reduced risk of
B-cell but not T-cell NHL in persons with a history of atopic disease
is consistent with an inverse association between such immuno-
globulin-mediated immune allergic responses and NHL risk. The
heightened response to antigens manifested as atopy may also be
associated with a heightened response to cancer-specific or cancer-
associated antigens and thus with a reduced risk of NHL. Several
features of atopic responses have the potential to inhibit tumor cell
growth. IgE can enhance antibody-dependent cellular cytotoxicity,
antibody-dependent cellular phagocytosis, antigen presentation,
and mast cell responses (43). The high affinity of the Fc receptors
(including CD23) for IgE makes antibodies of the IgE subclass
effective at mediating antibody-dependent cellular cytotoxicity and
allows enhanced antigen presentation, potentially promoting the
generation of antitumor cytotoxic T cells (43, 44). Additionally,
eosinophils can mediate cellular cytotoxicity directly, and mast
cells produce a wide range of mediators that can exert direct
cytotoxic and growth-inhibitory effects on tumor cells (43, 45, 46).
Whereas atopy is associated with the production of antibodies of

the IgE subclass by B cells, some features of allergic responses,
including induced immunoregulatory mechanisms, may result in

the inhibition of B-cell activation. Such inhibition could decrease
the occurrence of lymphomagenic molecular lesions (chromosomal
translocation, oncogene mutation), which result from somatic
DNA-modifying events that occur in germinal cell B-cells after
activation, such as immunoglobulin class-switch recombination
and somatic hypermutation (47). In light of evidence that most B-
cell NHLs are of germinal cell or post-germinal cell origin (48), a role
for an allergy-associated decrease in such lymphomagenic molec-
ular lesions is possible. However, we did not have sufficient
biological data from a representative sample to test the hypothesis
that only those NHLs that had undergone somatic hypermutation
or class switching would be inversely associated with atopy.
The observed increased risk of cutaneous lymphoma (MF/SS)

associated with a history of eczema may be an artifact of early
misdiagnosis of some cutaneous lymphomas as eczema. Cutaneous
lymphomas are difficult to diagnose, both clinically and histopath-
ologically, but are thought to develop slowly over years to decades.
The typical duration of eczema prior to T-cell NHL diagnosis in our
pooled population was 6 to 10 years. MF/SS presents initially as
patches, plaques, and/or tumors, and some early skin lesions may
mimic eczema (49). Although there is no published evidence that
persistent eczema is a precursor to MF/SS, we are unable to
exclude this possibility.
A key strength of these pooled analyses is the large sample size,

enabling the detection of weak to modest associations. Other
strengths include the examination of risk by NHL subtype, of
confounding, of influence by study design factors, and of risk in
subgroups of individuals who are likely to be truly atopic. However,
as the analyses by B-cell subtype were exploratory, the possibility of
chance associations due to multiple comparisons cannot be
excluded. The consistency of the findings for the major B-cell
types is nevertheless reassuring. In addition, this study modeled
risk adjusted for history of other atopic conditions, and this was
shown to be necessary to avoid confounded associations due to the
co-occurrence of atopic disease.

Table 3. The pooled relative risk of NHL for a personal history of individual atopic conditions, adjusted by history of other
atopic disease

Atopic disease,* OR (95% CI)
c

Asthma Hay fever Eczema Any specific allergy
b

All NHLx 0.97 (0.84–1.11) 0.89 (0.77–1.02) 1.04 (0.87–1.25) 0.80 (0.68–0.94)

B-cell NHLk 0.97 (0.85–1.12) 0.85 (0.77–0.95) 0.96 (0.85–1.10) 0.84 (0.76–0.93)

DLBCLk 0.92 (0.75–1.13) 0.84 (0.71–0.98) 0.86 (0.71–1.05) 0.78 (0.67–0.90)
Folliculark 0.97 (0.78–1.21) 0.78 (0.66–0.92) 1.02 (0.83–1.25) 0.93 (0.80–1.09)

CLL/SLL/PLL/MCLk 0.82 (0.60–1.11) 0.91 (0.71–1.16) 0.85 (0.65–1.13) 0.84 (0.68–1.05)

Marginal zonek 1.29 (0.94–1.75) 0.96 (0.74–1.26) 1.10 (0.81–1.50) 0.81 (0.63–1.04)
T-cell NHLk 0.99 (0.68–1.45) 1.08 (0.80–1.46) 1.92 (1.43–2.58) 0.78 (0.58–1.05)

NHL not otherwise specifiedk 0.93 (0.64–1.35) 0.96 (0.73–1.27) 1.41 (1.06–1.87) 0.69 (0.53–0.91)

*A history of the atopic disease diagnosed at least 2 y prior to interview/NHL diagnosis and restricted to the 12 study sites with data on all four atopic

diseases.
cOR and 95% CIs computed in models adjusted for age (5-y categories), sex, study center, each of the other atopic diseases, with no history of the atopic

disease in question as reference category.
bOne or more of food allergy, animal allergy, plant allergy, insect allergy, or other allergy wherein ‘‘other allergy’’ includes allergies to dust, mold,
cosmetics, household products, or ‘‘other’’ allergens (excluding drug allergies).
xComputed using a two-stage random-effects model.
kComputed using a joint fixed-effects model.
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A limitation common to case-control studies is the retrospective
collection of self-reported atopic histories with its inherent
potential for selection bias, misclassification, and recall bias. Seven
study centers had a large (>20%) differential in their case and
control participation rates. However, the pooled estimates were
unchanged when stratified by control participation rate or control
source (population versus hospital), arguing against a strong
contribution by selection bias. Furthermore, the magnitude and the
rank order of the control prevalence of different atopic conditions
were largely consistent with published population-based preva-
lence surveys (50, 51). Misclassification, which is not expected to be
differential, may have contributed to the modest and null
associations observed for some exposures. Self-reported hay fever,
with its typical seasonal and well-characterized symptoms, may be
more reliable than self-reported asthma but may still have been
misclassified with plant allergies. Misclassification was addressed
to some extent by analyzing risk in relation to duration and
multiplicity of atopic disease. Recall bias due to a consistently
greater underreporting of atopic conditions by cases compared
with controls cannot be excluded, particularly in light of the
reported abatement of atopic symptoms with the development of
hematopoietic neoplasms (2), especially for the less well-defined

conditions and for those with less severe symptoms. However,
structured questionnaires, many of which asked about specific
times over the life course and details of the type of allergy and use
of medications, would be expected to minimize this potential bias.
Furthermore, recall bias is less likely to explain the observed
associations with multiple atopic conditions. However, the
magnitude of the effect was weak to modest, and thus, we cannot
exclude the possibility that a moderately strong confounder
present in most of the pooled studies could account for the
association.
In summary, we found that atopic disease history is associated

with a weak to moderate reduction in the risk of B-cell NHL. The
inverse association was consistent for specific allergies, hay fever,
and multiple atopic diseases, but was not observed for eczema or
for asthma independent of other atopic diseases. Investigation
of the genetic and environmental factors underlying atopy and
its apparent inverse association with NHL risk will inform our
understanding of the complex biological pathways that may be
involved. Large-scale cohort study data assessing a range of
measures of atopic phenotype throughout life, in addition to serial
assessment of specific IgE at least 10 years prior to NHL diagnosis,
are required to confirm these findings.

Table 4. The pooled relative risk of NHL for a personal history of individual atopic conditions, alone or in combination with at
least one other specified atopic disease

NHL subtype Atopic disease,* OR (95% CI)
c

Asthma OR (95% CI)
c

Hay fever OR (95% CI)
c

Only atopy With z1 other atopy Only atopy With z1 other atopy

All NHLx 0.99 (0.86–1.14) 0.86 (0.76–0.96) 0.88 (0.78–1.00) 0.78 (0.68–0.90)
B-cell NHLk 1.02 (0.88–1.18) 0.82 (0.73–0.93) 0.83 (0.76–0.92) 0.75 (0.69–0.83)

DLBCLk 0.99 (0.80–1.23) 0.83 (0.70–0.98) 0.81 (0.71–0.93) 0.69 (0.60–0.79)

Folliculark 0.94 (0.73–1.21) 0.77 (0.64–0.94) 0.86 (0.74–1.00) 0.77 (0.66–0.88)
CLL/SLL/PLL/MCLk 0.92 (0.70–1.20) 0.77 (0.60–0.98) 0.82 (0.68–0.98) 0.86 (0.70–1.05)

Marginal zonek 1.34 (0.97–1.99) 0.79 (0.56–1.13) 0.94 (0.71–1.25) 0.81 (0.61–1.08)

T-cell NHLk 1.00 (0.65–1.53) 1.19 (0.88–1.62) 0.85 (0.64–1.13) 0.91 (0.70–1.19)

NHL not otherwise specifiedk 0.86 (0.62–1.21) 0.85 (0.62–1.18) 0.95 (0.73–1.25) 0.80 (0.63–1.02)

Eczema OR (95% CI)
c

Any specific allergy
b

OR (95% CI)
c

Only atopy With z1 other atopy Only atopy With z1 other atopy

All NHLx 1.11 (0.87–1.41) 0.98 (0.84–1.15) 0.87 (0.79–0.96) 0.75 (0.63–0.89)

B-cell NHLk 1.02 (0.87–1.20) 0.93 (0.78–1.09) 0.90 (0.82–0.98) 0.74 (0.67–0.81)

DLBCLk 0.99 (0.78–1.25) 0.71 (0.55–0.92) 0.84 (0.73–0.96) 0.64 (0.55–0.73)
Folliculark 1.01 (0.78–1.31) 1.12 (0.88–1.42) 0.93 (0.80–1.08) 0.76 (0.66–0.88)

CLL/SLL/PLL/MCLk 0.88 (0.64–1.21) 0.95 (0.67–1.34) 0.89 (0.75–1.07) 0.87 (0.72–1.07)

Marginal zonek 1.00 (0.66–1.51) 1.12 (0.77–1.62) 1.00 (0.78–1.30) 0.89 (0.68–1.17)

T-cell NHLk 2.34 (1.67–3.29) 1.81 (1.26–2.61) 0.95 (0.73–1.25) 0.85 (0.64–1.12)

NHL not otherwise specifiedk 1.33 (0.96–1.85) 1.11 (0.73–1.69) 0.72 (0.56–0.91) 0.65 (0.51–0.83)

*A history of the atopic disease diagnosed at least 2 y before interview/NHL diagnosis.
cOR and 95% CI computed in models adjusted for age (5-y categories), sex, study center, each of the other atopic diseases, with no history of the atopic

disease in question as reference category.
bOne or more of food allergy, animal allergy, plant allergy, insect allergy, or other allergy wherein ‘‘other allergy’’ includes allergies to dust, mold,
cosmetics, household products, or ‘‘other’’ allergens (excluding drug allergies).
xComputed using two-stage random-effects model.
kComputed using joint fixed-effects model.
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