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non-Hodgkin lymphoma: a meta-analysis of 24 observational studies
Jorge J. Castillo1 & Samir Dalia2
1Division of Hematology and Oncology, The Warren Alpert Medical School of Brown University, The Miriam Hospital,

Leuk Lymphoma Downloaded from informahealthcare.com by University Of Pittsburgh on 09/04/12
For personal use only.

Providence, RI, USA and 2Division of Hematology and Oncology, Moﬃtt Cancer Center and Research Institute, Tampa, FL, USA

and follicular lymphoma (FL) has been suggested in a few
case-control studies [8,17–19].
The main objective of this study was to evaluate the
association, if any, between smoking and incidence of NHL
using a meta-analysis of prospective cohort studies. A secondary objective was to evaluate the association between
smoking and specific NHL subtypes such as FL, diffuse
large B-cell lymphoma (DLBCL), chronic lymphocytic
leukemia/small lymphocytic lymphoma (CLL/SLL) and T-cell
lymphoma (TCL).

Abstract
Previous studies have evaluated the association between
cigarette smoking and incidence of non-Hodgkin lymphoma
(NHL) with inconclusive results. Our main objective was to
evaluate this relationship using a meta-analysis of observational
studies. A literature search was undertaken through October
2011 looking for pertinent studies. Seven prospective cohort
and 17 case–control studies were included in this meta-analysis.
Outcomes were calculated using the random-effects model and
are reported as odds ratio (OR). Meta-regression was used to
evaluate the dose–response of intensity and duration of smoking
in NHL incidence. Our study found an OR of 1.40 (95% confidence
interval [CI] 1.14–1.73; p ⴝ 0.001) in current female smokers seen
only in case–control studies. No increased odds of NHL was seen
in men. There was no association between smoking and the most
common NHL subtypes, with the exception of a statistical trend
toward a higher incidence of T-cell lymphoma. In conclusion,
there appears to be an increase in the odds of NHL in current
female smokers.

Methods
Literature search
The two authors independently performed a literature
search using PubMed and the Cochrane Database of
Systematic Reviews from 1 January 1950 to 31 October
2011. The keywords used were “(smoking OR tobacco OR
cigarette) AND lymphoma.” Additionally, a PubMed search
using “(smoking OR tobacco OR cigarette) AND (incidence
OR risk) AND cancer” was performed limiting our results to
“Titles.” The titles and abstracts of the resulting articles were
examined, and after excluding non-related articles, full-text
articles were retrieved. If a paper was selected for inclusion,
the references were scrutinized to search for additional
studies.

Keywords: Smoking, non-Hodgkin lymphoma, meta-analysis,
meta-regression

Introduction
The age-adjusted incidence rate of non-Hodgkin lymphoma
(NHL) in the United States has progressively increased from
11 cases per 100 000 person-years in 1975 to 20 cases per 100
000 person-years in 1995 [1]. Although the incidence rate of
NHL has stabilized somewhat in the last 10 years, potential
causes for such a pattern in incidence rates remain unclear,
and cannot be completely explained by the increased incidence of autoimmune conditions or the human immunodeficiency virus (HIV) pandemic [2–5].
Several infectious, genetic and/or environmental factors
play a distinct role in the incidence patterns of NHL [6,7]. The
association between cigarette smoking and NHL has been
evaluated in numerous retrospective studies with conflicting
results [8–17]. Furthermore, a relationship between smoking

Inclusion and exclusion criteria
An article was deemed relevant to our study if it originated
from prospective cohort or case–control studies and reported
original data, regardless of its language, on the association
between cigarette smoking and the development of NHL.
Cross-sectional studies, case reports and reviews were
excluded. Any discrepancies between the authors on inclusion or exclusion of a study were resolved by joint reevaluation of the manuscript. If there were multiple publications
from the same study, the most relevant was selected, using
the other publications to clarify methodology or characteristics of the population.
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Data extraction

Leuk Lymphoma Downloaded from informahealthcare.com by University Of Pittsburgh on 09/04/12
For personal use only.

The data extraction was performed independently by the two
authors and included author, year of publication, country
of origin, sample size, method of ascertainment of smoking, method of diagnosis of NHL, source of the exposed and
non-exposed cohorts, source of cases and controls, years
of follow-up, source of the expected incidence of NHL, the
outcome measured with 95% confidence interval (CI), the
variables used for matching and adjustment, and intensity
(in number of cigarettes per day) and duration of smoking
(in number of years). Intensity and duration of smoking
were also gathered by NHL subtype, whenever possible. Any
discrepancies between reviewers were addressed by a joint
reevaluation of the original article.

Quality assessment
The quality of each study was assessed independently by two
reviewers using the Newcastle–Ottawa Scale (NOS) [20]. The
NOS consists of three parameters of quality: selection, comparability, and outcome (cohort studies) or exposure (case–control studies). The NOS assigns a maximum of four points
for selection, a maximum of two points for comparability,
and a maximum of three points for exposure or outcome.
Any discrepancies between reviewers were addressed by a
joint reevaluation of the original article.

Data synthesis and analysis
Because the risk of NHL is low, the relative risk in prospective
cohort studies mathematically approximates the odds ratio
(OR), therefore permitting the combination of case–control
and cohort studies. The primary outcome was calculated as
the maximally adjusted OR with 95% CI of developing NHL
in cigarette smokers. Never smokers were used as the reference group in all calculations. To measure the outcome, we
used the random-effects model, which accounts for heterogeneity between and within studies [21]. We assessed for
heterogeneity using the I2 index [22]; I2 values of 25%, 50%
and 75% represent mild, moderate and severe heterogeneity, respectively. Publication bias was assessed using the
trim-and-fill method [23], which assumes that the effect
sizes of all the studies are distributed normally around the
center of a funnel plot; if asymmetry is found, it adjusts for
the potential effect that non-published (imputed) studies might have had on the measured outcome. Subset
analyses were performed by smoking status (ever, current
and former), study design (case–control and prospective
cohort) and NHL subtypes (DLBCL, FL, CLL/SLL and TCL).
Regression analyses were used to assess the dose–response
relationship between intensity and duration of smoking
(as continuous variables) and incidence of NHL. The value
assigned to each category was the mid-point for closed
categories. For open categories, we assumed a maximum
of 60 cigarettes per day for intensity, 50 years for duration
of smoking and 100 pack-years for cumulative smoking.
All calculations and graphs were obtained using Comprehensive Meta-Analysis (Biostat, Englewood, NJ). Data are
presented in accordance with the checklist proposed by the
Meta-analysis of Observational Studies in Epidemiology
group [24].

Results
Search results
A total of 753 articles were identified using the “lymphoma”
search, and 1027 using the “cancer” search. Seven prospective cohort [25–31] and 17 case–control studies [8,12–16,32–
42] were selected for our meta-analysis. Our search strategy
is shown in Figure 1.

Characteristics of the prospective cohort studies
The main characteristics of the prospective cohort studies
are shown in Table I. Studies were published between 1998
and 2011. Five studies originated from the USA [26,27,29–31],
one from Sweden [25], and one was a European multinational study [28]. A total of 6461 cases (2795 in non-smokers
and 3666 in smokers) of NHL were identified in a total cohort
of 1 765 643 individuals. All the studies were of high quality
(NOS ⬎ 7). The most common bias was ascertainment of
exposure; all the studies assessed smoking habits by selfadministered questionnaires.

Characteristics of the case–control studies
The main characteristics of the case–control studies are shown
in Table II. The studies were published between 1988 and
2010. Eleven studies originated from Europe [8,13,15,16,32–
34,36,38,39,41], four from America [35,37,40,42], one from
Japan [12], and one was a multinational study including
centers from Europe and the USA [14]. A total of 19 111 cases
and 31 939 controls were included. Nine studies were of
acceptable quality (NOS ⬍ 7) and nine were of high quality
(NOS 7–9).

Outcome results
The OR of NHL for ever-smokers was 1.05 (95% CI 1.01–1.10;
p ⫽ 0.02). There was minimal heterogeneity (22%), but seven
imputed studies were identified to the left of the mean,
resulting in an adjusted OR of 1.02 (95% CI 0.98–1.07). There
was an increased OR of NHL in current female smokers seen
in case–control studies (OR 1.40, 95% CI 1.14–1.73, p ⫽ 0.001;
Figure 2) but not in prospective cohort studies. Otherwise,
no other associations were seen according to study design,
sex or smoking status. Complete outcome results are shown
in Table III.

Dose–response analysis
Intensity of smoking
To optimize the available data, we categorized smoking
intensity in three groups, ⬍ 20, 20–40 and ⬎ 40 cigarettes
per day. There was no dose-dependent association between
incidence of NHL and number of cigarettes smoked per day,
and meta-regression did not show a linear association between
NHL incidence and number of cigarettes. No associations were
found when separately evaluating study design or sex.

Duration of smoking
We categorized duration of smoking in five groups, ⬍ 10, 10–
19, 20–29, 30–39 and ⱖ 40 years. The only positive association
was found in the group who had smoked for 20–29 years with
OR of NHL at 1.09 (95% CI 1.02–1.16; p⫽0.007). Meta-regression
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Figure 1. Search results.

showed a linear relationship between years of smoking and
NHL incidence with a relative OR (rOR) of 1.003 for each year
of smoking (p ⫽ 0.001). However, no associations were found
when evaluating study design or sex separately.

Number of pack-years
Smokers were separated into three groups, ⬍ 25, 25–50 and
⬎ 50 pack-years of smoking. The only positive association
was in the group who had smoked ⬎ 50 pack-years (OR 1.13,
95% CI 1.03–1.23; p ⫽ 0.006). Meta-regression showed a
linear relationship between NHL incidence and number of
pack-years with a rOR of 1.001 for each pack-year of smoking (p ⬍ 0.001). However, no associations were found when
separately evaluating study design or sex.

NHL subtypes
When evaluating smoking status and the most common
subtypes of NHL, we found no evidence that being an ever,
former or current smoker increases the odds of developing
FL, DLBCL or CLL/SLL. There was a statistical trend, however, toward a higher OR of TCL in smokers. Ever, former and
current smokers had an OR of TCL of 1.23 (95% CI 1.00–1.52;
p ⫽ 0.05), 1.18 (95% CI 0.98–1.42; p ⫽ 0.08) and 1.20 (95% CI
0.98–1.46; p ⫽ 0.07), respectively (Figure 3).

A subset analysis evaluating the OR of FL incidence by sex
in case–control studies showed an OR of FL of 1.33 (95% CI
1.07–1.66; p ⫽ 0.01) in former female smokers. We found no
evidence of increased odds of FL in women who were ever
or current smokers, or in men. We were not able to perform
meta-analyses on other NHL subtypes according to sex due
to insufficient data.

Discussion
Clinically, biologically and molecularly, NHL is a heterogeneous disease, and it is likely that distinct NHL subtypes
have distinct risk factors [6]. In fact, several factors have been
associated with the development of NHL, such as infectious
agents, autoimmune conditions, immunodeficient states,
and environmental and iatrogenic exposures [7,43]. Cigarette
smoking has been associated with higher rates of incidence
of and mortality by a variety of cancers [44]. The association
between cigarette smoking and the incidence of NHL has
been addressed in multiple studies with contradicting results,
hence our attempt to pool data from observational studies to
evaluate this potential relationship.
We have conducted a large meta-analysis to evaluate the
potential relationship between cigarette smoking and NHL.

Country

Sweden

United States

Europe

United States

United States

Fernberg (2006)

Lim (2007)

Nieters (2008)

Troy (2010)

Lu (2011)

Median follow-up
(period)
Lymphoma assessment

California Teachers’ Study

European Prospective
Investigation into Cancer
and Nutrition
NCI Prostate, Lung,
Colorectal and Ovarian
Cancer Screening Trial

Construction Industry
Organization for Working
Environment Safety and
Health
NIH-AARP Diet and Health
study

11 years (1995–2007) Annual linkage with
the California Cancer
Registry

9 years (1992–2005) Health insurance records,
cancer and pathology
registries
9 years (1993–2001) Medical record review at
screening center, state
vital statistics and the
National Death Index

5 years (1995–2000) Cancer Registry data and
National Death Index

19 years (1971–1992) Swedish Cancer Registry
and Cause of Death
Registry

11 years (1964–1991) Northern California
Cancer Center,
Kaiser Permanente
cancer registry and
hospitalization file
Iowa Women’s Health Study 11 years (1986–1996) State Health Registry of
Iowa’s Cancer Registry
and National Death
Index

Kaiser Permanente Medical
Care Program

Source of cohort

Mailed, selfadministered
or telephoneadministered
questionnaires
Self-administered
questionnaire

Questionnaire

Questionnaire

Self-administered
questionnaire

Mailed questionnaire

Questionnaire

Smoking assessment

AARP, American Association of Retired Persons; BMI, body mass index; NCI, National Cancer Institute; NIH, National Institutes of Health; NR, not reported.

United States

Parker (2000)

Herrinton (1998) United States

Author (year)

Table I. Characteristics of seven cohort studies evaluating the association between smoking and non-Hodgkin lymphoma.

121 246 (1 323 140)

142 982 (1 201 074)

418 482 (3 567 410)

473 984 (2 060 611)

335 612 (6 804 539)

37 336 (380 231)

252 836 (NR)

626

1264

1304

1381

1309

200

674

Total cohort (total Number
person-years)
of cases
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Adjustments

8

8

8

9

7

7

NOS

Age, race, alcohol intake 8

Age, sex, race/ethnicity,
education

Age, sex, ethnicity,
alcohol intake, BMI,
height, physical
activity
Age, sex, educational
level, center

Age, marital status,
residence, alcohol
and red meat intake,
history of blood
transfusion, diabetes
Age and BMI

Age, sex, year of
examination
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Italy

Europe

Germany

France

France

Japan

Talamini (2005)

Besson (2006)

Nieters (2006)

Casey (2007)

Monnereau
(2008)

Kanda (2009)

Aichi Cancer Center Hospital,
Nagoya (782)

Bordeaux, Brest, Caen, Lille,
Nantes, Toulouse (399)

Three regions in France (298)

Hospitalized patients from six
regions (710)

Spain, Germany, France, Italy,
Ireland, Czech republic (1742)

International Lymphoma
Epidemiology Consortium
(6594)
Scandinavian Lymphoma
Etiology
study (3055)
Hospital admissions in
Pordenone and Naples (255)

Three hospitals in Lyon (180)

Kansas, Iowa, Minnesota,
Nebraska (1177)
Instituto Nacional de Oncologia
of Montevideo (163)

HCV, hepatitis C virus; NOS, Newcastle–Ottawa Scale; NR, not reported.

Denmark,
Sweden

France

Schollkopf
(2005)

United States

Freedman
(1998)
Fabbro-Peray
(2001)

United States,
Europe

Uruguay

De Stefani
(1998)

Morton (2005)

United States

Zahm (1997)

France

Hospitals in LanguedocRousillon (445)

Canada

Siemiatycki
(1995)

Besson (2003)

Eight cancer registries (1193)

Sweden

Hardell (1994)

Regional Cancer Registry,
University Hospital, Linkoping
(93)
Department of Oncology in
Umea (105)
All hospitals in Montreal (212)

Sweden

Persson (1993)

Hospital admissions in
Yorkshire (437)

Source of cases (number)

United
Kingdom

Country

Cartwright
(1988)

Author (year)

Hospital-based (3484)

Hospital-based (701)

Hospital-based (276)

1988–2005

2000–2004

2000–2003

1999–2002

1998–2004

1999–2002

Hospital-based (504)
Hospital and
population-based
(2465)
Population-based (710)

1999–2002

1990–2004

1999–2001

1992–1995

1984–1988

1988–1995

1983–1986

1979–1985

1974–1978

1975–1984

1979–1984

Period

Population-based,
except Northern Italy
(8892)
Population-based (3187)

Hospital-based (360)

Population-based (1025)

Population-based (1903)

Hospital-based (163)

Population-based (3625)

Population-based (533)

Population-based (355)

Population-based (204)

Hospital-based (724)

Source of controls
(number)

Medical records
(NR pathological
confirmation)
Medical records
(20% pathological
conformation)
Medical records
(10% pathological
confirmation)
Pathology reports
(20% pathological
confirmation)
Pathology reports
(NR pathological
confirmation)
Medical records
(NR pathological
confirmation)

100% pathological
confirmation

100% pathological
confirmation
Medical records
(NR pathological
confirmation)
100% pathological
confirmation
Medical records
(NR pathological
conformation)
Medical records
(89% pathological
confirmation)
100% pathological
confirmation

100% pathological
confirmation
100% pathological
confirmation

Medical records
(NR pathological
confirmation)
100% pathological
confirmation

Lymphoma assessment

Table II. Characteristics of 17 case–control studies evaluating the association between smoking and non-Hodgkin lymphoma.

Personal interview

Personal interview

Personal interview

Personal interview

Questionnaire

Personal interview

Mailed questionnaire
and personal
interview
Telephone interview

Questionnaire

Personal interviews

Telephone interview

Personal interview

Personal interview
and mailed
questionnaire
Personal interview

Telephone interview

Mailed questionnaire

Personal interview

Smoking assessment
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Age, sex, alcohol intake

Age, sex,
socioeconomic level,
center
Age, sex, center,
residence

Age, sex, center,
education, place of
birth, HCV
Age, sex, residence,
educational level,
alcohol intake
Age, sex, study region

Age, sex, country

Age, sex, race, study
center

Age, sex, residence,
welfare support

Age, sex, urban setting,
education level

Age, sex, residence,
beer and salted meat
intake
Age, residence

Age, sex, race, region

Age, sex, residence,
vital status
Age

Age, other exposures

Age, sex, region

Matching and
adjustments

6

6

6

7

6

6

8

8

6

7

8

6

8

6

7

7

6

NOS
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Figure 2. Forest plots of association between smoking and incidence of non-Hodgkin lymphoma in women (case–control studies), according to
smoking status.

We found a mild increase in the odds of NHL in current
female smokers of 40%. There was no association between
smoking and NHL in male smokers. We also found a 9%
increased odds of NHL only in individuals smoking for 20–29
years, and of 13% only in individuals who had smoked ⬎ 50
pack-years. Hence, the dose–response analyses with regard
to intensity, duration and cumulative smoking were not
internally consistent. Meta-regression analysis did not show
a linear association between incidence of NHL and number of cigarettes smoked per day and, although statistically

significant, there did not seem to be a clinically important
dose-dependent relationship with number of years or packyears of smoking.
Similarly, there was no association between smoking
status, duration or intensity and NHL subtypes, with the
exception of former female smokers, in whom the odds of FL
were increased at 43% when compared to non-smokers. The
reasons why only former but not current or ever female smokers would have increased odds of developing FL are unclear.
Also, in meta-regression analyses, a minimal increase in the
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Table III. Meta-analyses of the incidence of NHL by smoking status, study design and sex.
Smoking status
Ever smokers

Former smokers
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Current smokers

Study type

OR (95% CI)

p-Value

I2

No. of imputed
studies

Adjusted OR
(95% CI)

All studies
Cohort
Men
Women
Case–control
Men
Women
All studies
Cohort
Men
Women
Case–control
Men
Women
All studies
Cohort
Men
Women
Case–control
Men
Women

1.05 (1.01–1.10)
1.01 (0.95–1.08)
1.00 (0.86–1.16)
0.98 (0.63–1.53)
1.01 (0.95–1.08)
1.04 (0.93–1.17)
1.21 (1.06–1.37)
1.01 (0.97–1.05)
1.00 (0.93–1.08)
1.01 (0.85–1.21)
1.12 (0.72–1.74)
1.02 (0.96–1.07)
0.98 (0.89–1.08)
1.14 (0.94–1.37)
1.06 (1.01–1.11)
1.01 (0.94–1.08)
1.00 (0.87–1.15)
0.98 (0.67–1.42)
1.09 (1.02–1.16)
1.15 (0.97–1.37)
1.40 (1.14–1.73)

0.02
0.70
0.99
0.92
0.70
0.47
0.004
0.67
0.93
0.91
0.62
0.55
0.68
0.19
0.03
0.79
1.00
0.91
0.01
0.11
0.001

22%
11%
0%
47%
11%
32%
8%
0%
27%
0%
4%
0%
0%
8%
11%
0%
0
0%
16%
43%
0%

7 (left)
2 (left)
0
0
2 (left)
1 (left)
0
2 (left)
4 (left)
0
0
0
0
1 (right)
5 (left)
2 (left)
0
0
2 (left)
2 (left)
2 (left)

1.02 (0.98–1.07)
1.00 (0.93–1.07)
1.00 (0.86–1.16)
0.98 (0.63–1.53)
0.99 (0.93–1.07)
1.03 (0.91–1.17)
1.21 (1.06–1.37)
1.01 (0.97–1.05)
0.93 (0.85–1.02)
1.01 (0.85–1.21)
1.12 (0.72–1.74)
1.02 (0.96–1.07)
0.98 (0.89–1.08)
1.20 (0.99–1.46)
1.02 (0.97–1.08)
0.99 (0.91–1.07)
1.00 (0.87–1.15)
0.98 (0.67–1.42)
1.08 (1.00–1.16)
1.09 (0.90–1.31)
1.34 (1.09–1.64)

CI, confidence interval; NHL, non-Hodgkin lymphoma; OR, odds ratio.

odds of DLBCL was observed with a higher number of years
and pack-years of smoking. However, this was not confirmed
when evaluating the same data in a categorical manner. Of
interest is the statistical trend toward an increased risk of
TCL found in smokers. This is a novel finding that needs
further evaluation.
Overall, our study shows a statistical increase in the
odds of developing NHL in ever and current female smokers. Beyond these findings, no additional meaningful association was found arguing in favor of a relationship between
smoking and NHL. These results are in contrast with the
findings from a recent meta-analysis from our group, which
evaluated the relationship between cigarette smoking and
Hodgkin lymphoma (HL) [45]. In that study, current smokers had a higher risk of developing HL than never smokers.
Furthermore, there was a direct linear relationship between
duration, intensity and cumulative smoking and a higher
risk of HL.
Of interest is the relationship found between smoking
and NHL in case–control studies, which was not consistent
with the results from prospective cohort studies. Both statistical designs have their own strengths and weaknesses.
Case–control studies suffer from exposure ascertainment
(recall) bias, and a cause–effect relationship cannot be
established. Prospective cohort studies are generally considered of higher quality than case–control studies; however,
adequate follow-up is needed to guarantee that the outcome
can be reliably measured. In our study, some of the cohort
studies included had a relatively short follow-up of ⬍ 10
years [27,28,30], which could have underestimated the association of smoking with indolent NHL subtypes, such as FL.
Additionally, case–control studies included a three-times
larger number of cases than prospective cohort studies,
providing a higher statistical power. Hence, the moderately
increased incidence of NHL found in smokers is most likely
a real association.

There are several theoretical mechanisms, however, by
which cigarette smoke inhalation could lead to the development of NHL. Primarily, there is a direct carcinogenic effect
of substances found in cigarettes including benzene, which
can lead to the inhibition of apoptosis. In heavy smokers,
higher rates of t(14;18), a translocation seen in patients with
FL, have been reported [46]; this promotes up-regulation
of bcl-2, which in turn inhibits apoptosis [47]. Cigarette
smoking has also been associated with both an immunodeficiency state and decreased immune responsiveness at
the cellular level; B, natural killer (NK) and T-cell activity
seem decreased in smokers, which could decrease cellular
immune surveillance and lead to an oncogenic microenvironment [48,49]. Finally, cigarette smoking has been shown
to promote oxidative stress and inflammation [50]. Chronic
inflammatory states have also been shown to be associated
with NHL.
Our study has several strengths. First, the number of
cases of NHL included in this meta-analysis is large; hence,
the likelihood that the lack of association between smoking
and NHL is secondary to an underpowered sample size is
low. Second, most of the studies provided pertinent data to
enable subset analyses according to study design, smoking
status, sex and NHL subtype. Finally, the analyses of heterogeneity and publication bias showed minimal impact on our
results.
Our study, however, carries several limitations. First,
smoking habits were assessed mainly by means of selfadministered questionnaires and personal interviews, which
could have introduced exposure bias. However, in a recent
report from the National Health and Nutrition Examination
Survey [51], it was found that self-reported smoking habits
were reliable in ⬎ 99% of smokers surveyed. Second, longer
follow-up might have been necessary to start seeing the
actual effect of cigarette smoking on the development of
NHL in prospective cohorts. Finally, in a study of this nature,
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Figure 3. Forest plots of association between smoking and incidence of T-cell lymphoma, according to smoking status.

it is possible that the positive results found here were due to
statistical multiplicity and not a real association. To support
this statement is the fact that no significant dose–response
relationship was observed between incidence of NHL and
smoking duration or intensity.
In conclusion, based on the results of this meta-analysis of
observational studies, cigarette smoking was associated with
a small increase in the odds of developing NHL in female
smokers. Furthermore, we found a statistical trend toward
a higher incidence of TCL. Smoking cessation would impact
positively on the health of the general population and should
be advised globally.

Potential conflict of interest: Disclosure forms provided
by the authors are available with the full text of this article at
www.informahealthcare.com/lal.

References
[1] Surveillance, Epidemiology and End Results. 2011. Available from:
http://seer.cancer.gov
[2] Anderson LA, Gadalla S, Morton LM, et al. Population-based
study of autoimmune conditions and the risk of specific lymphoid
malignancies. Int J Cancer 2009;125:398–405.
[3] Ekstrom Smedby K, Vajdic CM, Falster M, et al. Autoimmune
disorders and risk of non-Hodgkin lymphoma subtypes: a pooled
analysis within the InterLymph Consortium. Blood 2008;111:4029–4038.

Leuk Lymphoma Downloaded from informahealthcare.com by University Of Pittsburgh on 09/04/12
For personal use only.

Smoking and NHL meta-analysis
[4] Engels EA, Biggar RJ, Hall HI, et al. Cancer risk in people infected
with human immunodeficiency virus in the United States. Int J Cancer
2008;123:187–194.
[5] Seaberg EC, Wiley D, Martinez-Maza O, et al. Cancer incidence in
the multicenter AIDS Cohort Study before and during the HAART era:
1984 to 2007. Cancer 2010;116:5507–5516.
[6] Morton LM, Wang SS, Cozen W, et al. Etiologic heterogeneity
among non-Hodgkin lymphoma subtypes. Blood 2008;112:5150–5160.
[7] Castillo JJ, Dalia S, Pascual SK. Association between red blood cell
transfusions and development of non-Hodgkin lymphoma: a metaanalysis of observational studies. Blood 2010;116:2897–2907.
[8] Besson H, Renaudier P, Merrill RM, et al. Smoking and nonHodgkin’s lymphoma: a case-control study in the Rhone-Alpes region
of France. Cancer Causes Control 2003;14:381–389.
[9] Bracci PM, Holly EA. Tobacco use and non-Hodgkin lymphoma:
results from a population-based case-control study in the San Francisco
Bay Area, California. Cancer Causes Control 2005;16:333–346.
[10] Chang CM, Schroeder JC, Olshan AF, et al. A case-control study
of tobacco use and other non-occupational risk factors for lymphoma
subtypes defined by t(14;18) translocations and bcl-2 expression.
Cancer Causes Control 2010;21:1147–1154.
[11] Chiu BC, Dave BJ, Blair A, et al. Cigarette smoking, familial
hematopoietic cancer, hair dye use, and risk of t(14;18)-defined subtypes
of non-Hodgkin’s lymphoma. Am J Epidemiol 2007;165:652–659.
[12] Kanda J, Matsuo K, Kawase T, et al. Association of alcohol intake
and smoking with malignant lymphoma risk in Japanese: a hospitalbased case-control study at Aichi Cancer Center. Cancer Epidemiol
Biomarkers Prev 2009;18:2436–2441.
[13] Monnereau A, Orsi L, Troussard X, et al. Cigarette smoking,
alcohol drinking, and risk of lymphoid neoplasms: results of a French
case-control study. Cancer Causes Control 2008;19:1147–1160.
[14] Morton LM, Hartge P, Holford TR, et al. Cigarette smoking
and risk of non-Hodgkin lymphoma: a pooled analysis from the
International Lymphoma Epidemiology Consortium (InterLymph).
Cancer Epidemiol Biomarkers Prev 2005;14:925–933.
[15] Nieters A, Deeg E, Becker N. Tobacco and alcohol consumption
and risk of lymphoma: results of a population-based case-control
study in Germany. Int J Cancer 2006;118:422–430.
[16] Schollkopf C, Smedby KE, Hjalgrim H, et al. Cigarette smoking
and risk of non-Hodgkin’s lymphoma—a population-based casecontrol study. Cancer Epidemiol Biomarkers Prev 2005;14:1791–1796.
[17] Stagnaro E, Tumino R, Parodi S, et al. Non-Hodgkin’s lymphoma
and type of tobacco smoke. Cancer Epidemiol Biomarkers Prev 2004;13:
431–437.
[18] Morton LM, Holford TR, Leaderer B, et al. Cigarette smoking and
risk of non-Hodgkin lymphoma subtypes among women. Br J Cancer
2003;89:2087–2092.
[19] Stagnaro E, Ramazzotti V, Crosignani P, et al. Smoking and
hematolymphopoietic malignancies. Cancer Causes Control 2001;12:
325–334.
[20] The Newcastle-Ottawa Scale (NOS) for assessing the quality of
nonrandomised studies in meta-analyses [website]. 2011. Available
from: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
[21] DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7:177–188.
[22] Higgins JP,Thompson SG. Quantifying heterogeneity in a
meta-analysis. Stat Med 2002;21:1539–1558.
[23] Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based
method of testing and adjusting for publication bias in meta-analysis.
Biometrics 2000;56:455–463.
[24] Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of
observational studies in epidemiology: a proposal for reporting. Metaanalysis Of Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000;283:2008–2012.
[25] Fernberg P, Odenbro A, Bellocco R, et al. Tobacco use, body mass
index and the risk of malignant lymphomas—a nationwide cohort
study in Sweden. Int J Cancer 2006;118:2298–2302.
[26] Herrinton LJ, Friedman GD. Cigarette smoking and risk of nonHodgkin’s lymphoma subtypes. Cancer Epidemiol Biomarkers Prev
1998;7:25–28.
[27] Lim U, Morton LM, Subar AF, et al. Alcohol, smoking, and body
size in relation to incident Hodgkin’s and non-Hodgkin’s lymphoma
risk. Am J Epidemiol 2007;166:697–708.

1919

[28] Nieters A, Rohrmann S, Becker N, et al. Smoking and lymphoma
risk in the European prospective investigation into cancer and nutrition.
Am J Epidemiol 2008;167:1081–1089.
[29] Parker AS, Cerhan JR, Dick F, et al. Smoking and risk of nonHodgkin lymphoma subtypes in a cohort of older women. Leuk
Lymphoma 2000;37:341–349.
[30] Troy JD, Hartge P, Weissfeld JL, et al. Associations between
anthropometry, cigarette smoking, alcohol consumption, and nonHodgkin lymphoma in the Prostate, Lung, Colorectal, and Ovarian
Cancer Screening Trial. Am J Epidemiol 2010;171:1270–1281.
[31] Lu Y, Wang SS, Reynolds P, et al. Cigarette smoking, passive
smoking, and non-Hodgkin lymphoma risk: evidence from the
California Teachers Study. Am J Epidemiol 2011;174:563–573.
[32] Besson H, Brennan P, Becker N, et al. Tobacco smoking, alcohol
drinking and non-Hodgkin’s lymphoma: a European multicenter casecontrol study (Epilymph). Int J Cancer 2006;119:901–908.
[33] Cartwright RA, McKinney PA, O’Brien C, et al. Non-Hodgkin’s
lymphoma: case control epidemiological study in Yorkshire. Leuk Res
1988;12:81–88.
[34] Casey R, Piazzon-Fevre K, Raverdy N, et al. Case-control study of
lymphoid neoplasm in three French areas: description, alcohol and
tobacco consumption. Eur J Cancer Prev 2007;16:142–150.
[35] De Stefani E, Fierro L, Barrios E, et al. Tobacco, alcohol, diet and
risk of non-Hodgkin’s lymphoma: a case-control study in Uruguay.
Leuk Res 1998;22:445–452.
[36] Fabbro-Peray P, Daures JP, Rossi JF. Environmental risk factors
for non-Hodgkin’s lymphoma: a population-based case-control study
in Languedoc-Roussillon, France. Cancer Causes Control 2001;12:
201–212.
[37] Freedman DS, Tolbert PE, Coates R, et al. Relation of cigarette
smoking to non-Hodgkin’s lymphoma among middle-aged men. Am
J Epidemiol 1998;148:833–841.
[38] Hardell L, Eriksson M,Degerman A. Exposure to phenoxyacetic
acids, chlorophenols, or organic solvents in relation to histopathology,
stage, and anatomical localization of non-Hodgkin’s lymphoma.
Cancer Res 1994;54:2386–2389.
[39] Persson B, Fredriksson M, Olsen K, et al. Some occupational
exposures as risk factors for malignant lymphomas. Cancer
1993;72:1773–1778.
[40] Siemiatycki J, Krewski D, Franco E, et al. Associations between
cigarette smoking and each of 21 types of cancer: a multi-site casecontrol study. Int J Epidemiol 1995;24:504–514.
[41] Talamini R, Polesel J, Montella M, et al. Smoking and nonHodgkin lymphoma: case-control study in Italy. Int J Cancer 2005;115:
606–610.
[42] Zahm SH, Weisenburger DD, Holmes FF, et al. Tobacco and nonHodgkin’s lymphoma: combined analysis of three case-control studies
(United States). Cancer Causes Control 1997;8:159–166.
[43] Bofetta P. I. Epidemiology of adult non-Hodgkin lymphoma. Ann
Oncol 2011;22(Suppl. 4):iv27–iv31.
[44] Viswanath K, Herbst RS, Land SR, et al. Tobacco and cancer: an
American Association for Cancer Research policy statement. Cancer
Res 2010;70:3419–3430.
[45] Castillo JJ, Dalia S, Shum H. Meta-analysis on the association
between cigarette smoking and incidence of Hodgkin lymphoma. J
Clin Oncol 2011;29:3900–3906.
[46] Bell DA, Liu Y, Cortopassi GA. Occurrence of bcl-2 oncogene
translocation with increased frequency in the peripheral blood of
heavy smokers. J Natl Cancer Inst 1995;87:223–224.
[47] Cleary ML, Smith SD, Sklar J. Cloning and structural analysis
of cDNAs for bcl-2 and a hybrid bcl-2/immunoglobulin transcript
resulting from the t(14;18) translocation. Cell 1986;47:19–28.
[48] Hogan AE, Corrigan MA, O’Reilly V, et al. Cigarette smoke alters
the invariant natural killer T cell function and may inhibit anti-tumor
responses. Clin Immunol 2011;140:229–235.
[49] Mehta H, Nazzal K, Sadikot RT. Cigarette smoking and innate
immunity. Inflamm Res 2008;57:497–503.
[50] van der Vaart H, Postma DS, Timens W, et al. Acute effects of
cigarette smoke on inflammation and oxidative stress: a review. Thorax
2004;59:713–721.
[51] Yeager DS, Krosnick JA. The validity of self-reported nicotine
product use in the 2001 - 2008 National Health and Nutrition
Examination Survey. Med Care 2010;48:1128–1132.

