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Abstract
Introduction—Epidemiological studies have shown that moderate alcohol drinkers have a lower
death rate for all causes. Alcohol drinking has also been associated with reduced risk of non-
Hodgkin lymphoma (NHL). Here, we examined the role of alcohol consumption on NHL survival
by type of alcohol consumed and NHL subtype.

Methods—A cohort of 575 female NHL incident cases diagnosed during 1996–2000 in
Connecticut was followed-up for a median of 7.75 years. Demographic, clinical, and lifestyle
information was collected at diagnosis. Survival analyses were conducted with Kaplan-Meier
methods, and hazard ratios (HR) were estimated from Cox Proportional Hazards models.

Results—Compared to never drinkers, wine drinkers experienced better overall survival (75%
vs. 69% five-year survival rates, p-value for log-rank test=0.030) and better disease free survival
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(70% vs. 67% five-year disease-free survival rates, p-value for log-rank test=0.049). Analysis by
NHL subtype shows that the favorable effect of wine consumption was mainly seen for patients
diagnosed with diffuse large B-cell lymphoma (DLBCL) (wine drinkers for more than 25 years vs.
never drinkers: HR=0.36, 95% CI 0.14–0.94 for overall survival; HR=0.38, 95% CI 0.16–0.94 for
disease-free survival), and the adverse effect of liquor consumption was also observed among
DLBCL patients (liquor drinkers vs. never drinkers: HR=2.49, 95% CI 1.26–4.93 for disease-free
survival).

Conclusions—Our results suggest a moderate relationship between pre-diagnostic alcohol
consumption and NHL survival, particularly for DLBCL. The results need to be replicated in
larger studies.

Implications for cancer survivors—Pre-diagnostic behaviors might impact the prognosis and
survival of NHL patients.
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Introduction
Epidemiological studies have consistently shown that moderate alcohol drinkers have a
lower death rate for all causes, particularly for cardiovascular disease [1–3]. The role of
alcohol consumption in cancer is more complicated: it is an established risk factor for oral
cavity cancer, esophagus cancer and liver cancer [4–7], while a recent pooled analysis of
nine case-control studies [8] and the major prospective studies [9–12] identified an
association of alcohol consumption and reduced risk of non-Hodgkin lymphoma (NHL).
The underlying mechanism of carcinogenesis is complex and not clear [13]. On one hand,
alcohol produces carcinogenic metabolites and inactivates tumor suppressor genes [14]; on
the other hand, there is also evidence indicating that light to moderate alcohol intake
improves immunocompetence [13], and wine contains antioxidants and might reduce
inflammation and improve endothelial function [1].

Data is sparse about whether alcohol drinking influences NHL prognosis and survival. To
our knowledge, only two studies in Italy investigated the issue, and both reported a lower
survival rate among NHL patients who were drinkers [15,16]. Neither of them examined the
relationship by beverage type, however. Here, we investigated the role of alcohol
consumption on NHL survival by type of alcohol consumed and NHL subtype.

Materials and methods
Study population

The study population has been described elsewhere [17,18]. In brief, a total of 1,122
potential female NHL cases aged between 21 and 84 years were identified through the Yale
Comprehensive Cancer Center’s Rapid Case Ascertainment Shared Resource (RCA), a
component of the Connecticut Tumor Registry (CTR), between 1996 and 2000. Among
those cases, 167 died before they could be interviewed and 123 were excluded because of
doctor refusal, previous diagnosis of cancer, or inability to speak English. Out of 832
eligible cases, 601 gave written consent and completed an in-person interview. Pathology
slides or tissue blocks were obtained from the hospitals where the cases had been diagnosed.
The specimens were reviewed by two independent study pathologists. All NHL cases were
classified according to the World Health Organization (WHO) classification system [19,20].
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Vital status for these NHL cases was abstracted at the CTR in 2008. Other follow-up
information was also abstracted, including date of death, most recent follow-up date, type
and date of treatments, dates of relapse and/or secondary cancer, B-symptoms and tumor
stage. Of the 601 cases, 13 were not able to be identified in the CTR system and 13 were
found to have a cancer history prior to diagnosis of NHL, yielding 575 NHL patients in the
final analysis. Of these, 182 had diffuse large B-cell lymphoma (DLBCL); 133 had follicular
lymphoma (FL); 63 had chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/
SLL); 39 had marginal zone B-cell lymphoma (MZBL); and 42 had T/NK-cell lymphoma
(T-cell).

The study was approved by the Human Investigation Committee at Yale University and the
Connecticut Department of Public Health.

Exposure assessment
Through in-person interviews, a standardized, structured questionnaire was used to obtain
demographic information, history of alcohol consumption and other known or suspected risk
factors for NHL [18]. Women were first asked whether they had ever consumed at least 12
drinks a year of each type of alcohol. If they had, they were further asked to provide
information on the age they first drank, the duration and intensity of consumption, and
whether they stopped drinking. One drink was considered to be one 12-ounce can or bottle
of beer, one 4-ounce glass of wine or one shot of liquor. Additional information on age,
education, race, history of cigarette smoking, family history of cancer and other factors was
also obtained during the interview.

Each type of alcohol, never/ever drinking, age first drank, intensity (g of ethanol per month),
duration (years) of consumption, and the total lifetime consumption (kg of ethanol) were
considered. Women who reported consumption of less than 12 drinks a year over their
lifetime were classified as never drinkers. The average monthly consumption was calculated
by multiplying the average number of days per month a subject reported consumption of the
type of alcohol by the average number of drinks consumed on those days. This value was
then multiplied by the ethanol content of alcohol types (13.2 g of ethanol per can or bottle of
beer, 10.8 g of ethanol per 4-ounce glass of wine, and 15.1 g of ethanol per shot of liquor) to
determine the intensity of wine consumption [10]. Finally, lifetime consumption (kg) was
calculated by multiplying the intensity and duration. Continuous variables, including age at
initiation, intensity, duration of consumption and total lifetime consumption were
dichotomized a priori based on the median of drinkers.

Self-reported consumption of beer, wine and liquor were combined to estimate the overall
impact of alcohol consumption. Never drinkers were used as the reference group in analysis.
The age at initiation of drinking was defined as the youngest reported age a subject began
drinking beer, wine or liquor. The duration of drinking was defined as the period of time
during which subjects consumed any type of alcohol. The intensity of alcohol consumption
(g of ethanol per month) and the lifetime estimate of ethanol consumption (kg of ethanol)
were calculated by summing the contribution of each type of alcohol. As for each alcohol
type, continuous variables were dichotomized a priori based on the median of the study
subjects.

Statistical analysis
Survival analysis was conducted for both overall survival (OS) and disease-free survival
(DFS). In OS analysis, deaths were events and alive was censoring. In DFS analysis, deaths,
relapses and occurrences of secondary cancer were events and otherwise were censorings.

Han et al. Page 3

J Cancer Surviv. Author manuscript; available in PMC 2011 July 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Univariate analysis was performed by comparing the Kaplan-Meier curves. Log-rank
statistics were computed to evaluate the difference in survival. Cox proportional hazards
(PH) model was used in multivariate analysis to compute adjusted hazard ratios (HR), and
95% confidence intervals (CI) were estimated. Age at diagnosis (<=45, 46–55, 56–65, 66–
75 and >=76), education (high school or less, some college, and college graduate or more),
stage (I, II, III, IV, and unknown), B-symptom presence (yes, no, unknown), initial
treatment (none, radiation only, chemotherapy-based regimen, and other) and smoking
(never, ever) were treated as confounding variables and adjusted. For analysis of never/ever
drinking, age at initiation, intensity, duration and lifetime consumption by type of alcohol
(beer, wine or liquor), the same consumption variables of the other two types were also
adjusted. Adjustment for race did not result in material changes for the observed
associations and thus race was not included in the final model. Adjusted OS and DFS rates
from Cox models were calculated using the corrected group prognosis method [21,22] and
adjusted survival curves were plotted. Statistical analysis was performed using SAS, version
9.1 (SAS Institute, Cary, NC).

Results
Demographic characteristics for 575 NHL cases are presented in Table 1. A majority of
these patients (60%) had stage I or II diseases and 6% had B-symptoms. The most common
initial therapy was a chemotherapy-based regimen (52%), followed by observation (34%)
and radiation only (12%). During the follow-up, 253 women died, 13 women had only
recurrence of NHL, 69 women had only secondary cancer, and 5 women had both
recurrence of NHL and secondary cancer. The mean was 6.82 years (SD=3.25, range: 0.33–
11.79) for OS and 6.53 years (SD=3.31, range: 0.04–11.79) for DFS.

In univariate analysis, when comparing OS and DFS between drinkers of different alcohol
types and never drinkers, significant difference was only identified between wine drinkers
and never drinkers (5-year OS 0.75 vs. 0.69, 10-year OS 0.62 vs. 0.49, log-rank test p-
value=0.030; 5-year DFS 0.70 vs. 0.67, 10-year DFS 0.57 vs. 0.45, log-rank test p-
value=0.049). Univariate analysis by NHL subtype showed that this favorable effect of wine
drinking was mainly seen in DLBCL patients with borderline significant p-values in log-
rank tests (0.057 for OS and 0.082 for DFS).

Table 2 presents HRs from multivariate survival analyses for NHL overall. Compared to
never drinkers, women who drank less than 4 cans or bottles of beer per month before
diagnosis had an significantly decreased risk of death (HR= 0.40, 95% CI: 0.18–0.89) and a
significantly decreased risk of relapse, secondary cancer or death (HR=0.37, 95% CI: 0.17–
0.79).

Table 3 shows HRs from multivariate survival analyses of the two most common NHL
subtypes: DLBCL and FL. Compared to never drinkers, wine drinkers had decreased risks
while liquor drinkers had increased risks of negative outcomes for DLBCL patients. In
addition, an earlier initiation age, a higher intensity, a longer duration, and more lifetime
consumption of wine drinking are associated with more reduced risks; an earlier initiation
age, higher intensity, and more lifetime consumption of liquor drinking are associated with
more increased risks. Particularly, DLBCL patients who drank wine more than 25 years had
a significantly reduced risk of death (HR=0.36, 95% CI: 0.14–0.94) and a significantly
reduced risk of relapse, secondary cancer, or death (HR=0.38, 95% CI: 0.16–0.94); DLBCL
patients who started drinking liquor before 21 years old had a significantly increased risk of
death (HR=2.81, 95% CI: 1.05–7.49) and a significantly increased risk of relapse, secondary
cancer, or death (HR=3.17, 95% CI: 1.29–7.80). No significant results were found for FL,
although the majority of the HRs associated with beer drinking and wine drinking were
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greater than 1, suggesting an adverse effect of beer drinking and wine drinking for FL
survival.

No significant results were found for CLL/SLL, MZBL or T-cell lymphoma given the small
number of cases (data not shown).

Adjusted OS and DFS curves from Cox PH models for DLBCL patients were plotted in Fig.
1.

Discussion
Our follow-up study of 575 female NHL patients suggests that pre-diagnostic alcohol
consumption might affect the prognosis and survival of NHL patients, and the impact varies
by NHL subtype and type of alcohol consumed. Wine drinking appeared to favor NHL
prognosis and survival, particularly for DLBCL, the most common NHL subtype. Light
consumption of beer showed benefit for NHL overall while no effect was observed when
different NHL subtypes were analyzed separately. Liquor drinking was associated with an
increased risk of negative outcomes in DLBCL patients, such as relapse, occurrence of
secondary cancer, and death. The findings warrant replication in other studies.

One of our main findings is that pre-diagnostic wine consumption was associated with a
better survival among NHL patients; particularly, a reduced risk of death, relapse and
secondary cancer occurrence was observed among DLBCL patients. Extensive laboratory
studies have shown that the polyphenolic constituents rich in grapes, which are abundant in
wine, such as flavonoids and resveratrol, could block carcinogenesis and inhibit the growth
of tumors in animals or cell culture [23]. These polyphenols have been well demonstrated to
have anti-oxidative [24,25] and anti-inflammatory [25,26] effects; emerging evidence
showed that they also exhibited additional biological properties and could interfere with
multistage tumor onset and tumor growth, such as preventing DNA alteration by inhibition
of phase I enzymes, induction of phase II enzymes, stimulation of DNA repair [27],
inhibiting cell proliferation by cell cycle arrest [28–31], modulating growth-related signal
transduction pathways through altering expression of protein kinases [32–35], and activating
apoptosis [28,29,36–38]. Besides the anti-cancer effects, the polyphenols [39–42] or
moderate wine drinking [11,43–45] has been shown inversely associated with the risk of
cardiovascular diseases (CVD), the No. 1 killer in the U.S. and to which cancer survivors are
especially prone [46], which may also contribute to the better OS and DFS we observed
among wine drinkers. The medical history of CVD was not collected at diagnosis or during
the follow-up in our study. However, efforts were made by looking at cause of death. There
were 11 deaths from CVD out of 224 non-wine drinkers (5%) compared with 10 deaths from
CVD out of 260 wine-drinkers (4%).

Another possible explanation of our observation of wine’s favorable effect and liquor’s
adverse effect on NHL patients’ prognosis and survival is that moderate wine drinking is
associated with a higher socio-economic status and lifestyle leading to a healthier diet, while
liquor drinking may indicate the opposite. In our population, wine drinkers had a higher
average consumption of vegetables and fruit (3.86 vs. 3.74 medium servings per day) but a
higher consumption of saturated fat (27.67 vs. 26.95 gm per day) than never drinkers, and
liquor drinkers had a lower average consumption of vegetables and fruit (3.64 vs. 3.74
medium servings per day) and a higher consumption of saturated fat (28.28 vs. 26.95 gm per
day) than never drinkers, but the differences were not statistically significant. Besides
adjusting for clinical factors and education as a measure of socio-economic status, attempts
were also made to control potential confounding by other nutritional factors such as total
energy intake, intake of protein, fat, carbohydrates, vegetables and fruits, and body mass
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index, all of which did not result in material changes of the observed associations and thus
were not included in the final models. However, we could not eliminate the possibility that
the residual confounding may contribute to the observed associations.

Two studies conducted in Italy examined the relationship between alcohol consumption and
survival in NHL patients [15,16], and both found that drinkers had a poor survival and a
higher risk of death than non-drinkers. By taking types of alcohol consumed into
consideration, our study added information to the previous studies: our study shows that
NHL survival varies by alcohol type and that the favorable effect was mainly seen in wine-
drinkers and detrimental effects were mainly seen in liquor-drinkers. Unlike those two
studies, we did not observe poor survival or higher risk of death among drinkers of alcohol
overall; this discrepancy could be due to the different study populations. Compared to the
Italian studies’ populations, our study population has a significant lower proportion of
drinkers (61% vs. 79%) [15] and lower levels of alcohol consumption (median intensity 0.5
vs. 4 drinks per day; median duration 30 vs. 40 years; median lifetime consumption 34.5 vs.
295 kg ethanol) [15,16]. A U- or J-shape relationship has been well established between
alcohol consumption and other health outcomes, and could exist for NHL survival as well. A
possible explanation for the discrepancy is that the consumption level of our study
population might lie before while the Italian studies were far beyond the bottom of the U- or
J-shape curve. The discrepancy could also be due to gender differences: our study included
only females, while the other studies included both genders—638 men and 495 women in
one study [15] and 154 men and 114 women in the other [16]—neither of those studies
stratified their analyses by gender.

One strength of our study is that the alcohol consumption was analyzed thoroughly. We
analyzed not only whether drinking occurred or not, but also the initiation age, intensity,
duration, and life time consumption, and types of drinking. Given that the biological
mechanism of alcohol drinking on cancer survival is not clear, any of these indicators could
be relevant to the outcome of NHL survival. This thorough analysis allowed us to evaluate
each of the effects individually and separate the effects of different types of drinking. We
also conducted factor analysis and found four resulting factors. Among them, roughly
speaking, three correspond to beer, wine, and liquor drinking, respectively; and the other
factor corresponds to intensity of ethanol intake. Using the four factors (as opposed to the
original measurements) in the Cox models, we reached a similar conclusion: wine drinking
was significantly associated with DLBCL survival.

The second strength of our study is the utilization of CTR to obtain follow-up information.
According to the recently submitted SEER database (Nov 2007) [47], among those
microscopically confirmed female NHL patients diagnosed in 1996–2000 in CT and aged
21–84, 99.2% were actively followed by CTR through 12/31/2004. Through CTR, we
obtained the information on tumor stage, B-symptoms and initial treatment; by adjusting
them as confounders in our analysis, we were able to examine the independent effect of
alcohol consumption on NHL prognosis and survival. Another strength of our study is the
relatively large sample size, which provides power to detect differences among NHL
subtypes, especially for the most common subtype DLBCL.

A limitation of our study is that patients were interviewed only at entrance in the study, and
some subjects may have changed their drinking habits during follow-up. Therefore, our
observation reveals only the association between pre-diagnostic alcohol consumption and
NHL survival and cautions should be taken when explaining the relationship between post-
diagnostic alcohol consumption and NHL survival. Another limitation lies in the possible
incomplete information on relapse and secondary cancer occurrence abstracted from CTR,
especially among patients who were no longer CT residents, which could cause our measure
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of DFS longer than the true. However, this information bias is unlikely to be associated with
drinking habits, thus our observed associations on DFS may be biased towards the null due
to this non-differential misclassification.

In conclusion, our study shows that pre-diagnostic wine drinking may favor NHL prognosis
and survival, especially among DLBCL patients, while liquor might negatively affect
DLBCL prognosis and survival. The analyses for different histological subtypes suggest that
the effect of alcohol consumption on prognosis and survival might be different among NHL
subtypes. Our findings should be confirmed by other studies.
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FIGURE 1.
Adjusted overall and disease-free survival curves of DLBCL patients by wine-drinking and
liquor-drinking status.
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Table 1

Selected demographic characteristics of NHL cases, Connecticut, 1996–2000

Characteristic Number Percentage

Age at diagnosis

 <=45 70 12.17

 46–55 111 19.30

 56–65 121 21.04

 66–75 165 28.70

 >=76 108 18.78

Race

 White 547 95.13

 Black 18 3.13

 Other 10 1.74

Education

 High School or Less 246 42.78

 Some College 190 33.04

 College graduate or more 139 24.17

Family history

 None 125 21.74

 Any other cancer 442 76.87

 NHL 8 1.39
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Table 2

Hazard ratios associated with alcohol consumption among NHL patients

Deaths/Cases HR for OSa HR for DFSb

Alcohol

Never drinker 110/224 1 1

Ever drinker 143/351 0.90(0.70–1.17) 0.92(0.72–1.18)

 Initiation age <=21 74/207 0.82(0.61–1.12) 0.82(0.61–1.10)

 Initiation age > 21 69/144 1.01(0.74–1.39) 1.07(0.79–1.44)

 Intensity <=132 g/month 74/176 0.85(0.63–1.15) 0.87(0.65–1.16)

 Intensity > 132 g/month 69/175 0.97(0.71–1.33) 0.99(0.74–1.34)

 Duration <=30 years 67/176 1.12(0.81–1.55) 1.09(0.80–1.48)

 Duration >30 years 76/175 0.78(0.58–1.06) 0.82(0.62–1.10)

 Lifetime consumption <=34.49 kg 70/176 0.87(0.64–1.18) 0.90(0.68–1.21)

 Lifetime consumption >34.49 kg 73/175 0.95(0.70–1.29) 0.94(0.70–1.27)

Beer

Beer drinker 59/145 0.83(0.45–1.55) 0.76(0.41–1.40)

 Initiation age <=20 30/86 0.74(0.37–1.49) 0.70(0.36–1.37)

 Initiation age >20 29/59 0.79(0.38–1.66) 0.67(0.32–1.37)

 Intensity <=52.8 g (4 cans) /month 23/76 0.40(0.18–0.89) 0.37(0.17–0.79)

 Intensity >52.8 g (4 cans) /month 36/69 1.20(0.62–2.30) 1.09(0.57–2.07)

 Duration <=22 years 31/75 0.98(0.50–1.92) 0.85(0.44–1.65)

 Duration > 22 years 28/70 0.65(0.31–1.34) 0.64(0.32–1.28)

 Lifetime consumption <=11.40 kg 25/74 0.56(0.27–1.17) 0.47(0.23–0.98)

 Lifetime consumption > 11.40 kg 34/71 1.18(0.60–2.31) 1.08(0.56–2.07)

Wine

Wine drinker 96/260 0.88(0.59–1.30) 0.88(0.61–1.28)

 Initiation age <=25 48/149 0.79(0.50–1.24) 0.76(0.50–1.17)

 Initiation age >25 48/111 0.99(0.63–1.53) 1.03(0.68–1.56)

 Intensity <=64.8 g (6 glasses) /month 47/130 0.80(0.51–1.24) 0.84(0.55–1.27)

 Intensity >64.8 g (6 glasses) /month 49/130 0.96(0.61–1.52) 0.91(0.59–1.42)

 Duration <=25 years 50/132 1.18(0.75–1.87) 1.11(0.72–1.72)

 Duration > 25 years 46/128 0.72(0.47–1.12) 0.77(0.51–1.16)

 Lifetime consumption <=17.63 kg 42/129 0.86(0.55–1.35) 0.89(0.58–1.36)

 Lifetime consumption > 17.63 kg 54/131 0.90(0.58–1.40) 0.87(0.57–1.33)

Liquor

Liquor drinker 94/232 1.01(0.67–1.52) 1.12(0.76–1.66)

 Initiation age <=21 42/128 0.98(0.59–1.63) 0.97(0.60–1.56)

 Initiation age >21 52/104 1.06(0.68–1.64) 1.26(0.83–1.92)

 Intensity <=60.4 g (4 shots) /month 50/130 0.99(0.62–1.59) 0.99(0.63–1.57)

 Intensity >60.4 g (4 shots) /month 44/102 0.90(0.56–1.45) 1.08(0.69–1.69)

 Duration <=26 years 51/120 1.06(0.67–1.68) 1.22(0.79–1.87)

 Duration > 26 years 43/112 0.88(0.53–1.45) 0.94(0.58–1.51)
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Deaths/Cases HR for OSa HR for DFSb

 Lifetime consumption <=16.76 kg 42/116 1.06(0.66–1.70) 1.02(0.65–1.60)

 Lifetime consumption > 16.76 kg 52/116 0.94(0.59–1.49) 1.15(0.74–1.79)

Models adjusted for age, education, smoking, disease stage, B-symptom presence, initial treatment, and consumption of other alcohol types for
each type of alcohol.

a
Hazard ratios for risks of death.

b
Hazard ratios for risks of relapse, secondary cancer or death.
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