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Abstract
We examined whether smoking prior to non-Hodgkin lymphoma (NHL) diagnosis was associated
with overall survival (OS) and conducted a meta-analysis to assess the evidence relating pre-
diagnosis cigarette smoking with OS. Among 523 NHL patients, worse OS was suggested for
greater pre-diagnostic smoking habits when compared to never smokers. In the meta-analysis (n=5
patient populations), inferior OS was observed for greater number of cigarettes smoked per day,
years of cigarette smoking, and pack-years of cigarette smoking. The inferior survival was more
pronounced for follicular than for diffuse large B-cell lymphoma. Pre-diagnosis cigarette smoking
may adversely impact the survival of NHL patients.
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INTRODUCTION
Non-Hodgkin lymphoma (NHL) is the seventh most commonly diagnosed cancer among
men and women in the U.S., with an estimated 70,000 new cases and 19,000 deaths
occurring annually (American Cancer Society, 2012).
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Patient age at the time of diagnosis and clinical factors comprising the International
Prognostic Index and Follicular Lymphoma Prognostic Index are well-established indicators
of lymphoma prognosis. However, few lifestyle factors have been shown to influence
overall survival (OS) in patients with NHL. Emerging evidence suggests that pre-diagnosis
cigarette smoking may increase the risk of death in NHL patients by approximately 60%–
90%, although discrepancies for specific smoking measures have been reported (Battaglioli
et al, 2006; Talamini et al, 2008; Geyer et al, 2010). In addition, several studies (Battaglioli
et al, 2006; Geyer et al, 2010) had limited ability to control for clinical indicators of
lymphoma prognosis and initial treatment.

We examined whether pre-diagnosis cigarette smoking was associated with OS in two
population-based cohorts of NHL patients and whether the associations were influenced by
statistical adjustment for clinical prognostic factors and initial treatment. We also conducted
a meta-analysis, which incorporated the results of the present study with those of Battaglioli
et al, (2006), Talamini et al, (2008) and Geyer et al, (2010), to assess the overall evidence
relating pre-diagnosis cigarette smoking with survival in NHL patients.

MATERIALS AND METHODS
Study population

We performed a pooled analysis of two cohorts of NHL patients initially participating in
population-based case-control studies conducted in Nebraska using similar protocols (Study
I, 1983–86; Study II, 1999–2002) (Zahm et al, 1990; Chiu et al, 2005). Patients with NHL
residing in the 66 counties of eastern Nebraska at the time of diagnosis were identified
through the Nebraska Lymphoma Registry and Tissue Bank. Participation rates were 87%
(Study I, n=385) and 74% (Study II, n=387). All patients were subsequently followed
through active patient follow-up supplemented by data linkages to the Nebraska state death
certificate files. Follow-up was complete for 219 (99%) patients in Study I and 361 (95%)
patients in Study II. We also excluded patients who died within six months of the date of
diagnosis (n=14) because their prognostic characteristics at baseline might differ from
others. After exclusion, 523 patients were available for the present analysis. Detailed
treatment and clinical prognostic data were available for 122 (56%) patients from Study I
and 226 (63%) patients from Study II. All diagnoses were classified according to the World
Health Organization (WHO) classification of NHL (Jaffe et al 2001). The study protocols
were approved by the Institutional Review Board of the University of Nebraska Medical
Center.

Assessment of cigarette smoking
Information on tobacco use prior to lymphoma diagnosis was collected using a structured
telephone interview (Study I) and a self-administered questionnaire (Study II). To
comprehensively assess the association between cigarette smoking and OS, we evaluated
five measures of cigarette smoking: smoking status (never, former, current); smoking
duration (years of cigarette smoking); smoking intensity (number of cigarettes smoked per
day); a composite measure of smoking intensity and duration (pack-years of smoking); and
years since quitting cigarette smoking.

Statistical analysis
Proportional hazards models were used to calculate hazard ratios (HRs) and 95% confidence
intervals (CIs) for all-cause mortality. Pooled HRs were first calculated from study-specific
risk estimates using a random-effects model. Given the similarity in the patient populations,
and that no appreciable heterogeneity in the study outcomes was detected (Q test p > 0.23; I2

< 26.8%), the cohorts were combined into an aggregated dataset. Subgroup analyses
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included stratification by sex and age at diagnosis (<60 years, ≥60 years), as well as analysis
restricted to patients with detailed clinical prognostic data and those diagnosed with
follicular lymphoma (FL) or diffuse large B-cell lymphoma (DLBCL). For continuous
variable models, potential non-linear relations were first examined using restricted cubic
splines.

For the meta-analysis, a systematic search of the PubMed database was conducted for
studies published between 1 January 1966 and 31 August 2012 (Supplemental Figure 1). A
search of SCOPUS and ISI Web of Knowledge did not produce additional relevant studies.
Citations from relevant studies were searched for additional publications. The data
extraction was carried out independently by two reviewers using a standardized form. The
extractions were concordant. The summary risk estimates were calculated using a random-
effects model (DerSimonian and Laird, 1986). Heterogeneity was tested using the Cochran
Q test (DerSimonian and Laird, 1986; Cochran, 1954) and described by the I2 statistic
(Higgins and Thompson, 2002). Small-study effects were assessed graphically by funnel
plots of effect sizes plotted against the precision of the estimates and by Egger’s linear
regression test (Egger et al, 1997). The “trim and fill” method (Duval and Tweedie, 2000)
was used as a sensitivity analysis when potential small-study effects were detected. Data
analyses were performed using SAS 9.2 statistical software (SAS Institute Inc., Cary, NC,
USA) and STATA version 12.1 (Stata Corp., College Station, Texas, USA). A p-value of
0.10 was chosen for the Q test and Egger’s linear regression test given the low power to
detect heterogeneity and publication bias when pooling a small number of studies. All other
tests were two-sided with p < 0.05 considered statistically significant unless otherwise noted

RESULTS
Pooled analysis of cigarette smoking and the risk of all-cause mortality

The patient cohorts were similar with respect to sex, education level, presence of B-
symptom, and stage at diagnosis (Supplemental Table 1). Compared to never smokers, there
was suggestive poorer OS for current smokers, as well as for patients in the highest category
of cigarettes smoked per day, smoking duration, and pack-years of smoking (Table I).
Findings were similar when examined as continuous variables or when estimated by
random-effects models (data not shown). Among former smokers, a greater interval from
quitting cigarette smoking to diagnosis was associated with better OS (HR=0.87 [0.80–
0.93], ptrend=0.0001, per 5 years of quitting cigarette smoking) (Supplemental Figure 2).
Adjustment for stage, B-symptoms, or initial treatment did not materially impact the
associations nor were the results found to differ by sex or age (data not shown). Worse
prognosis for pre-diagnosis smoking was suggested for FL than for DLBCL patients
(Supplemental Table 2). Among former smokers, a greater interval from quitting smoking to
diagnosis was associated with better OS among FL, but not DLBCL patients (data not
shown).

Meta-analysis
Three previous studies reporting on the association between pre-diagnosis cigarette smoking
and OS in patients with NHL were identified (Battaglioli et al, 2006; Talamini et al, 2008;
Geyer et al, 2010). The OS was worse for patients smoking the greatest number of
cigarettes/day, years of cigarette smoking, and pack-years of cigarette smoking when
compared to never smokers or patients in the lowest tertile of exposure (Figure 1). No
appreciable heterogeneity in the study outcomes was detected (p > 0.18; I2 < 38.6%), nor
was there evidence of small-study effects for any measure of smoking intensity or duration
(p > 0.63). For smoking status, potential small-study effects were detected and re-analysis of
the association using the “trim and fill” method imputed two potentially missing studies and
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produced an adjusted summary HR of 1.07 (0.93–1.25). In analyses restricted to FL and
DLBCL patients (Supplemental Figure 3), the inferior OS was more pronounced for FL
patients.

DISCUSSION
In our patient cohorts, worse OS was suggested for those reporting current smoking at
diagnosis, or greater cumulative exposure to cigarette smoking prior to NHL diagnosis,
when compared to never smokers. Among former smokers, a greater interval from smoking
cessation to diagnosis was associated with better OS. In a meta-analysis, incorporating our
findings with those of previously published reports, worse OS was observed for NHL
patients who reported greater smoking habits prior to lymphoma diagnosis. The inferior
survival associated with smoking was most pronounced for pack-years of cigarette smoking
and for FL patients.

Our finding of worse OS associated with cigarette smoking prior to NHL diagnosis is
consistent with previous reports (Battaglioli et al, 2006; Talamini et al, 2008; Geyer et al,
2010). In the meta-analysis, the inferior OS was most pronounced for pack-years of
smoking. This suggests that cumulative exposure to cigarette smoke may have a greater
impact on OS than intensity or duration alone. Interestingly, after accounting for potentially
missing studies, OS did not differ from unity for smoking status. However, this measure
does not account for cumulative exposure and the summary estimate was driven largely by
the results for the Italian patients for whom the intensity of smoking may have differed from
those in the USA.

Of note, we found that cigarette smoking adversely impacted the OS of FL patients to a
greater extent than DLBCL patients. Smoking has been associated with a higher frequency
of the chromosomal translocation t(14;18) that occurs commonly in FL and is associated
with BCL2 overexpression and inhibited apoptosis. Smoking may also contribute to the
creation of a microenvironment that promotes tumour growth and it has been shown that the
microenvironment plays an important role in FL prognosis (Dave et al, 2004). Although our
subtype-specific analyses were hampered by small numbers, our findings suggest that the
association between smoking and prognosis may differ for disease subtypes.

Strengths of the current study include the confirmation of NHL diagnoses by an expert
hematopathologist, the relatively long patient follow-up, and the assessment of the overall
evidence relating pre-diagnosis cigarette smoking with OS in NHL patients. Limitations
include the inability to examine associations for cigarette smoking occurring after diagnosis
or lymphoma-specific survival, limited control for the potential confounding effects of co-
morbid conditions or health behaviours associated with both smoking and OS. While
generally considered a valid measure, smoking was self-reported and may result in a modest
underestimation of smoking habits as compared to biological assessment (Gorber et al,
2009).

In conclusion, our results provide further support for the hypothesis that cigarette smoking
prior to a diagnosis of NHL adversely impacts OS. Future studies should assess the impact
of smoking habits after lymphoma diagnosis and whether pre-diagnosis smoking adversely
influences tumour molecular characteristics related to prognosis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Forest plot for the random-effects meta-analysis examining the associations between pre-
diagnosis cigarette smoking and all-cause mortality. The black squares and horizontal lines
represent the study-specific hazard ratios and 95% confidence intervals (CIs) for all-cause
mortality. The size of the square is relative to the weight contributed to the summary
estimate (inversely proportional to the variance). The diamonds represent the summary
estimates and associated 95% CIs. The Q and I2 and statistics were used to assess
heterogeneity in the study outcomes. The hazard ratios for the number of cigarettes smoked
per day, years of cigarette smoking, and pack-years of cigarette smoking contrast patients in
the highest tertile of exposure to those in the lowest, or to never smokers. The hazard ratios
for smoking status contrast current smokers at diagnosis to never smokers.
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ES, effect size
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