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Abstract

Purpose The strong association between t(14;18)
translocation and follicular lymphoma (FL) is well known.
However, the determinants of this chromosomal aberration
and their role in t(14;18) associated FL remain to be
established.
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Methods t(14;18) frequency within the B cell lymphoma
2 major breakpoint region was determined for 135 incident
FL cases and 251 healthy controls as part of a nested case—
control study within the European Prospective Investiga-
tion into Cancer cohort. Quantitative real-time PCR was
performed in DNA extracted from blood samples taken at
recruitment. The relationship between prevalence and fre-
quency of the translocation with baseline anthropometric,
lifestyle, and dietary factors in cases and controls was
determined. Unconditional logistic regression was used to
explore whether the risk of FL associated with these factors
differed in t(14;18)" as compared to t(14;18)™ cases.
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Results Among incident FL cases, educational level (y*
p =0.021) and height (3> p = 0.025) were positively
associated with t(14;18) prevalence, and cases with high
frequencies [t(14;18)"F] were significantly taller (r test
p value = 0.006). These findings were not replicated in the
control population, although there were a number of sig-
nificant associations with dietary variables. Further analyses
revealed that height was a significant risk factor for
t(14;18)" FL [OR 6.31 (95 % CI 2.11, 18.9) in the tallest
versus the shortest quartile], but not t(14;18)™ cases.

Conclusions These findings suggest a potential role for
lifestyle factors in the prevalence and frequency of the
t(14;18) translocation. The observation that the etiology of FL.
may differ by t(14;18) status, particularly with regard to
height, supports the subdivision of FL by translocation status.

Keywords Follicular lymphoma - Translocation -
t(14;18) - Height

Introduction

Follicular lymphoma (FL) constitutes the second most com-
mon non-Hodgkin lymphoma (NHL) subtype, accounting for
roughly 20 % of NHL cases in Europe [1]. FL is a lymphoma
of follicle center B cells characterized by the t(14;18)
(q32;921) translocation [2]. t(14;18) juxtaposes the B cell
leukemia/lymphoma 2 (BCL2) proto-oncogene on chromo-
some 18g21 near to the immunoglobulin heavy chain (IGH)
locus on chromosome 14q32. This rearrangement subjects
BCL2 to the control of the IGH locus enhancers leading to
overexpression of the BCL?2 protein, which inhibits apoptosis,
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thereby increasing cell survival and uncontrolled cell prolif-
eration in the germinal centers [3]. t(14;18) probably consti-
tutes the initiating lesion of FL and is believed to trigger the
multistep oncogenic cascade leading to malignant disease [3].
The association between the t(14;18) chromosomal aberration
and FL has long been known, with 90 % of FL cases positive
for the translocation [commonly defined as a frequency >1 cell
bearing the translocation per 1,000,000 circulating lympho-
cytes (=1 x 10_6)]. However, the translocation is also present
at very low frequencies in the blood of ~50 % of “healthy”
individuals [4-6], with some studies reporting prevalence as
high as 70 % in certain groups [7]. While the presence of
t(14;18) clones alone thus cannot constitute a biomarker of FLL
risk, we have recently demonstrated that t(14;18) frequency in
the blood is associated with the risk of FL development [8].
This previous study, nested within the European Prospective
Investigation into Cancer (EPIC), was the first to define a high-
frequency threshold [this is denoted by t(14;18)" and refers to
a circulating frequency >1 x 107*], above which the risk of
FL was increased by more than 23-fold. We were able to
demonstrate that this biomarker was effective in risk prediction
up to 15 years before diagnosis and to replicate these findings
in an independent cohort.

However, the causes of the initiation and proliferation of
these premalignant t(14;18)" cells remain largely
unknown. The varying prevalence and frequency of
t(14;18)* lymphocytes in healthy individuals [9] suggests a
role for environmental factors [10]. Age, smoking, UV
radiation, and exposure to certain pesticides and dioxins
have all been implicated, but the data remain inconclusive
[6, 7,9, 11-13]. In this study, we exploited the detailed
lifestyle and dietary data available from EPIC to search for
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variables associated with the prevalence and frequency of
the t(14;18) translocation and to investigate whether they
differed in subjects who remained healthy compared to
those who went on to develop FL.

Methods
Study population

A nested case—control study was conducted in a population
drawn from the EPIC cohort [14]. This multicenter
prospective cohort, following over half a million healthy
participants from middle age onwards, was initiated in 1990
and now includes ten European countries: Denmark,
France, Germany, Greece, Italy, the Netherlands, Norway,
Spain, Sweden, and the UK. Full details can be found in
[15]. In brief, a self-completed questionnaire was used to
collect information on lifestyle, occupation, and environ-
mental factors. Anthropometric variables were measured
using standardized methods and quality control checks for
between- and within-observer variability. Height was
measured to the nearest 0.1, 0.5, or 1.0 cm dependent on
study center, and weight to the nearest 0.1 kg, without shoes
[16]. At baseline, diet over the previous 12 months was
assessed using validated country-specific dietary question-
naires based on a common core-protocol. Questionnaires
were self-administered in all countries with the exception of
Greece, Spain, and the Italian center of Ragusa. In France,
Greece, Germany, Italy, the Netherlands, and Spain, indi-
vidual average portions were assessed quantitatively,
whereas semiquantitative food-frequency questionnaires
with the same standard portions were assigned to all sub-
jects in Denmark, the UK, Norway, and Umea (Sweden). In
Malmo (Sweden), a combination of these methods was
employed. A standardized nutrient database was used to
estimate energy, alcohol, and nutrient intake. In addition to
the baseline questionnaires, standardized computer-based
24-h dietary recall measurements were collected from a
random sample of participants (8 %) in order to calibrate
measurements across the centers [17-19].

3 Department of Perioperative and Surgical Sciences, Umea

University, Umea, Sweden

3% Department of Radiation Sciences, Head Regional Cancer

Center North, Umea University, Umea, Sweden

35 Section for Epidemiology, Department of Public Health,

Aarhus University, Aarhus, Denmark

36 Danish Cancer Society Research Center, Copenhagen,

Denmark

37 International Agency for Research on Cancer (IARC-WHO),

69372 Lyon, France

Ascertainment of cancer incidence is ongoing and
obtained through population cancer registries, health
insurance programs, or through periodic personal contact,
dependent on the center. Participants for this study were
selected from the EPIC cohort among those who had an
archived cryopreserved buffy coat sample collected at
enrollment. Eligible cases were those with incident FL
(International Classification of Diseases for Oncology—
3rd Edition: 9690/3, 9691/3, 9695/3, 9698/3), and controls
were matched 1:2 by study center (and therefore country),
age (£1 year), sex, and blood collection date (£45 days).
Eligible controls were those who fulfilled the matching
criteria and who were alive and cancer free at the time of
diagnosis in the corresponding case. FL cases (n = 4) and
controls (n = 17) with poor quality or non-amplifiable
DNA were excluded.

Assessment of t(14;18) prevalence and frequency

Blood samples were extracted in the centers at recruitment,
and buffy coat was stored in 0.5-ml plastic straws in liquid
nitrogen containers at —196 °C. Measurement of t(14;18)
frequency within the BCL2 major breakpoint region (MBR)
was reported previously [8]. Briefly, quantitative real-time
PCR (Q-PCR) was performed in triplicate on DNA
extracted from buffy coats. The absolute frequency was
calculated using the standard curve method and normalized
to the total number of cells in the samples. Prevalence
[t(14:18)"] was defined as more than one cell bearing the
translocation per 1,000,000 circulating lymphocytes
(>1 x 107°). Frequency was defined as the number of
circulating t(14;18) copies per 1,000,000 circulating
lymphocytes.

Statistical analysis

Baseline differences between the control and incident FL
cases were assessed using the Student’s ¢ test and the Chi-
squared test for continuous and categorical variables,
respectively. The Wilcoxon rank-sum test was used to
assess differences in median translocation frequency.

To identify variables that may be involved in the etiol-
ogy of the translocation, three outcomes were considered:
t(14;18)* as a binary variable, t(14;18) frequency as a
continuous variable, and t(14;18)HF, the previously defined
biomarker threshold indicating a greatly increased risk of
FL. This was a binary variable categorized as a frequency
greater than 1 x 10™* and was associated with a 23-fold
higher risk of FL [8]. Individuals below this frequency
were considered to have a low frequency [denoted as
t(14;18)LF]. The following variables available from the
EPIC cohort were considered as possible determinants of
these outcomes: age (years), sex, measured height (cm),

@ Springer
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Table 1 Demographic and

clinical characteristics of EPIC Demographic and clinical characteristics Controls Cases p value
incident FL cases and controls N 251 135

Age at blood draw in years, mean (range) 54.4 (26.8-77.7)  53.3 (26.7-77.2) 0.237

Sex—no (%)
Male 88 (35.1) 52 (38.5) 0.500
Female 163 (64.9) 83 (61.5)

Calendar years of enrollment 1992-1998 1992-1998

Country
Germany 13 (5.4) 17 (12.0) 0.154
Greece 9 (3.7 4 (2.8)
Ttaly 54 (22.2) 23 (16.2)
Norway 13 (5.4) 5(3.5)
Spain 27 (11.1) 15 (10.6)
Sweden? 33 (13.2) 35 (24.7)
The Netherlands 46 (18.9) 19 (13.4)
UK 49 (20.2) 24 (16.9)

t(14;18) characteristics
Prevalence (%) 73 (29.2) 80 (59.3) <0.001*
Range (x107°) 1-456 1-21, 295.4
Mean frequency (x107%) 7 993.1 <0.001*
Mean frequency in t(14;18)" samples (x107° 21.6 1,658.8 0.0011%*
Median frequency (x107%) 1 2 <0.001*
Median frequency in t(14;18)" samples (x 107% 2 38 <0.001%*
Prevalence of samples above 107 (%) 4 (1.6) 29 (22.0) <0.001*

* Significant difference at the 95 % CI

# In the study [8] which forms the basis of this current work, these Swedish cases were included in the
validation dataset, as they are additionally participants in the Northern Sweden Health and Disease study

measured weight (kg), computed body mass index (BMI)
(kg/mz), country of residence, smoking status (never, for-
mer, current), Cambridge physical activity index (inactive,
moderately inactive, moderately active, active), highest
educational level achieved (as a proxy for socioeconomic
status; none, primary, technical/professional, secondary,
university), and 48 dietary variables measured by com-
puted mean daily intake. Age, height, weight, BMI, and the
dietary variables were considered as both continuous and
categorical variables. The continuous variables were cate-
gorized into ordered quartiles based on the distribution of
exposure in the total population. The only exception was
BMI, which was based on the WHO defined categories
[normal (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?),
obese (>30 kg/mz)]. Three participants who had a BMI
between 18.3 and 18.5 were grouped together with par-
ticipants of normal weight for the purposes of these
analyses.

For the binary outcomes [t(14;18)" and t(14;18)HF], the
Chi-squared and Student’s 7 tests were used to explore
categorical and continuous explanatory variables, respec-
tively. Analyses of translocation frequency as a continuous
variable were conducted in t(14;18)" individuals only.

@ Springer

Kruskal-Wallis nonparametric ANOVA and Spearman’s
rank correlation were used to assess correlation with fre-
quency for categorical and continuous explanatory vari-
ables, respectively. Stepwise analyses including all
variables in the same model were then run to determine
which variables retained significance when all other vari-
ables were taken into account. Analyses were performed in
incident FL cases [those participants who went on to
develop FL (n = 135)] and in controls (those who
remained healthy until the end of follow-up, n = 251), and
the findings were compared.

Variables which retained statistical significance in the
stepwise models were then explored further. Unconditional
logistic regression adjusting for the matching factors (age,
sex, and country) and using all controls as reference was
used to determine whether the risk associated with expo-
sure differed between the t(14;18)", t(14;18) ", t(14;18)"",
and t(14;18)LF cases. Unconditional analyses were used to
maximize the included population and therefore the power,
as after the exclusion of participants with insufficient DNA
quantity or quality matching was lost for a number of
cases. Tests for trend were performed using the Wald test
statistic based on the continuous quartiles. A log-linear
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Table 2 t(14;18) frequency and prevalence by lifestyle and anthropometric variables
Variable Controls Incident FL cases
n Prevalence Median Mean Prevalence n Prevalence  Median Mean Prevalence
t(14;18)* frequency frequency t(14;18)"F t(14;18)* frequency frequency t(14;18)"F
n (%) within all within all n (%) n (%) within all within all n (%)

t(14;18)* t(14;18)* t(14;18) " t(14;18)"

individuals  individuals individuals  individuals

(x107%) (x107%) (x107%) (x107%)
Total 251 73 (29.2) 2.0 21.6 4 (1.6) 135 80 (59.3) 38.0 1,658.8 29 (22.0)
Age (years)
25-45 32 5(15.6) 6.0 34.1 1@3.1) 21 13 (61.9) 17.6 1,733.7 4 (3.0
45-55 103 31 (30.1) 53 19.4 1 (1.0) 59 35 (59.3) 41.0 2,300.0 14 (10.4)
55-65 87 27 (314) 2.0 28.2 2 (2.3) 44 27 (61.4) 214 986.1 8 (5.9
65+ 29 10 (34.5) 2.0 4.5 0 (0) 11 5(45.5) 338.0 344.5 322
Sex
Males 88 23 (26.4) 2.0 13.6 1(1.5) 52 33 (63.5) 41.0 1,899.2 15 (28.9)
Females 163 50 (30.7) 2.6 25.3 3 (1.8) 83 36 (56.6) 14.5 1,486.3 14 (17.5)
BMI
Underweight 2 0(0) - - - 1 0 - - -
Normal 113 31 (27.4) 5.0 30.6 3.7 71 42 (59.2) 14.0 1,020.7 14 (19.7)
Overweight 93 29 (31.2) 2.0 10.2 0 (0) 48 27 (56.3) 76.6 2,435.4 12 (25.0)
Obese 43 13 (30.2) 6.0 25.6 123) 14 10 (71.4) 13.1 1,896.1 2 (14.3)
Unknown 0 - - - - 1 1(100) 4,475.9 4,475.9 1 (100.0)
Height
144-159.9 cm 70 15 (21.4) 2.0 8.4 0 (0) 25 9(36.0)* 14.0 677.6 1 (4.6)
160-165 cm 63 23 (36.5) 4.2 45.0 4 (4.8) 33 18 (54.6)* 35.0 1,821.0 6 (18.2)
165.5-1729 cm 56 21 (38.2) 2.0 8.4 0 (0) 32 20 (62.5)* 314 1,951.6 7 (21.9)
173-189.3 cm 62 14 (22.6) 2.3 17.3 1 (1.6) 44 32 (72.7)* 410 1,541.8 14 (31.8)
Unknown 0 - - - - 1 1(100.0) 44759 4,475.9 1 (100.0)
Weight
41.2-62.1 kg 67 19 (28.4) 4.2 16.4 1 (1.5) 29 12 (41.4) 94.8 153.8 5(19.2)
62.4-70.1 kg 60 16 (26.7) 2 42.6 2 (3.3) 36 23 (63.9) 12 1,626.9 5(13.9)
70.2-79.5 kg 61 16 (26.3) 9 13.71 0 (0) 35 21 (60.0) 38.5 1,357.3 8 (22.9)
79.7-125.4 kg 63 22 (35.5) 2 16.6 1(1.6) 33 22 (66.7) 54.7 1,711.7 9 (27.3)
Unknown 0 - - - - 2 2(100) 12,885.7 12,885.7 2 (100)
Smoking status
Never 127 40 (31.5) 3.1 18.5 1(0.8) 64 34 (53.1) 14 454.6 10 (15.6)
Former 71 19 (26.8) 2 19.1 1(1.4) 40 27 (67.5) 41 2,354.6 11 (27.5)
Current 49 14 (28.6) 5.6 34 2 (4.1) 30 19 (6.3) 73 2,761.3 8 (26.7)
Unknown 4 0.0 - - 0 (0.0) 1 0(0.0) - - 0 (0.0)
Educational level
None 11 109.1) 13 13 0 (0.0) 7 1(0143)* 58 58 0 (0.0)
Primary 78 22 (28.2) 2.3 26.6 1(1.3) 41 21 (51.2)* 38 1,939.1 9 (22.0)
Tech/Prof 54 17 (31.5) 2 5.1 0 (0.0) 33 20 (60.6)* 17.6 1,629.2 7 (21.9)
Secondary 43 12 (27.9) 4.7 27.6 12.3) 20 15 (75.00* 17.7 1,802.4 4 (22.2)
University 48 17 (35.4) 6.3 28.1 2 (4.2) 27 20 (74.1)*  39.7 1,609.8 9 (33.3)
Not specified 17 4 (23.5) 3.5 21.5 0 (0.0) 7 3429 2.5 25.8 0 (0.0)
Activity level
Inactive 55 16 (29.1) 6.5 40 1(1.8) 32 17 (53.1) 17.7 1,132.3 4 (12.5)
Mod. inactive 67 21 (31.3) 32 14.5 1(1.5) 41 22 (53.7) 28 2,731.5 6 (14.6)
Mod. active 69 16 (23.2) 2 9.5 0 (0.0) 35 24 (68.6) 110 1,094.1 12 (34.3)
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Table 2 continued

Variable Controls Incident FL cases
n Prevalence  Median Mean Prevalence n Prevalence  Median Mean Prevalence
t(14;18)*" frequency frequency t(14;18)"F t(14;18)* frequency frequency t(14;18)"F
n (%) within all within all n (%) n (%) within all within all n (%)
t(14;18)" t(14;18) " t(14;18) " t(14;18)"
individuals  individuals individuals  individuals
(x107%) (x107%) (x107%) (x107%)
Active 43 14 (32.6) 5.2 33 2 4.7 21 13 (61.9) 92 607.9 6 (28.6)
Missing 17 6 (35.3) 2 3.1 0 (0.0) 6 4 (66.7) 23.5 4,537.3 1(1.7)

HF high frequency of translocations (>10"%)

* Significant difference across strata at the 95 % CI. The Chi-squared test was used to assess difference in the proportion of individuals who were
positive for the translocation and the percentage who were above the high-frequency threshold. Kruskal-Wallis nonparametric ANOVA was used
to consider difference in translocation frequency between the groups. Where the variable was categorized as unknown, these individuals were

excluded from analysis

model was used to search for interactions between these
variables and the translocation in the risk of FL.

Results

A total of 386 participants were eligible for inclusion in this
study, including 135 incident cases of FL and 251 controls
who were free of cancer at the end of follow-up. Incident FL
diagnosis occurred between 2 months and 20 years (mean
4.6 years) after blood draw. Due to the exclusion of partic-
ipants with insufficient DNA, the 1:2 case—control matching
was lost for a number of cases; however, there were no sig-
nificant differences in age, gender, years of enrollment, or
country of residence between the included cases and controls
(Table 1). As reported previously [8], the participants who
went on to develop FL were significantly more likely to be
t(14;18)" and displayed significantly higher translocation
frequencies in the blood samples taken at recruitment. In
total, 22 % of incident FL cases displayed frequencies

>1 x 107* [t(14;18)"F] compared to only 2 % of controls
(p < 0.0001).

Tables 2 and 3 describe the relationship between
t(14;18)", translocation frequency and t(14;18)HF with
lifestyle, anthropometric, and dietary variables that were
considered potential determinants of these outcomes. In
Table 3, only those 10 dietary factors (of the 48 investi-
gated) with a significant p value in either cases (n = 1) or
controls (n = 9) are shown.

Among the incident FL cases, height (x* p = 0.025) and
educational level (5* p = 0.021) were both associated with
t(14;18) prevalence. t(14;18)"F cases reported a taller mean
height than non-t(14;18)"F cases (7 test p value = 0.006),
although there was no significant difference in the preva-
lence of high-frequency cases across the categories (i

@ Springer

p value = 0.08). Consumption of fruits (grams per day)
was associated with a lower frequency of the translocation
(Spearman’s p = 0.017).

In the control only population t(14;18)" individuals
reported lower daily consumption of calories (¢ test
p value = 0.0321), carbohydrates (p = 0.0142), cereals
(p = 0.0272), and starch (p = 0.0126) than t(14;18)"
individuals. However, starch consumption was associated
with an increased frequency among those who were posi-
tive for the translocation (Spearman’s p = 0.027), as was
consumption of cake products (p = 0.021). High-fre-
quency controls [t(14;18)"F] reported significantly lower
daily consumption of dietary fiber (p = 0.041), vitamin C
(p = 0.025), thiamine (p = 0.027), and folate (p = 0.040).

There was a high degree of correlation between the
lifestyle (online resource 1) and dietary (online resource 2)
variables. To account this correlation, stepwise regression
models were utilized to determine which variables retained
statistical significance. Under these analyses, additional
variables showed an association with translocation fre-
quency or prevalence (Table 4). These 19 variables were
therefore taken forward to determine whether they were
differentially associated with the risk of NHL according to
translocation status in the prediagnostic blood samples.

Association with disease status

Only three of these nineteen variables—height, educational
status, and cake consumption—showed a significant asso-
ciation with either t(14;18)~, t(14;18)", t(14;18)"F, or
t(14;18)"F FL. These results are presented in Table 5.
Additionally when all nineteen variables were entered into
the model simultaneously, these associations for height,
educational level, and cake consumption remained
consistent.
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Table 3 Dietary variables significantly (p < 0.05) associated with t(14;18) prevalence and frequency
Dietary nutrient Population  t(14;18) prevalence t(14;18) frequency High translocation frequency
Mean daily intake p value Spearman’s p  p value  Mean daily intake p value
t(14;18)"  t(14;18)" non-t(14;18)"™  t(14;18)""
Total calories (kcal)  Cases 2,091 2,068.5 0.857 —0.0221 0.856 2,091.4 2,070.1 0.889
Controls 2103.6 1907.7 0.032* 0.141 0.236 2049.8 1,833.7 0.513
Potatoes (g) Cases 86.8 97.9 0.462 0.2038 0.091 97.3 87 0.577
Controls 100.7 86.9 0.402 0.184 0.122 97.5 47.5 0.398
Vegetables (g) Cases 195.2 150.3 0.063 —0.0814 0.503 173.6 153.9 0.506
Controls 190.2 197.7 0.699 —0.185 0.12 194.1 93.7 0.147
Fruit, nuts, seeds (g)  Cases 242.8 230.2 0.699 —0.2837 0.017* 2472 192.1 0.164
Controls 237.6 261.7 0.313 —0.108 0.366 246.4 137.8 0.205
Cakes (g) Cases 59 444 0.139 0.0682 0.575 51.3 50.6 0.954
Controls 46.4 42.8 0.584 0.272 0.021* 449 72.3 0.25
Carbohydrates (g) Cases 235.7 238.2 0.877 —0.0429 0.725 2374 241.6 0.825
Controls 235.6 210.3 0.014* 0.197 0.097 228.8 189.5 0.293
Starch (g) Cases 127.8 134.7 0.573 0.0079 0.948 130.5 141.2 0.473
Controls 127.7 108.8 0.013* 0.261 0.027* 1225 104.7 0.517
Cereal (g) Cases 220.1 245.9 0.348 —0.0092 0.939 227.9 266.1 0.252
Controls 228 190.1 0.027%* 0.15 0.208 217.7 165.9 0.404
Dietary fiber (g) Cases 21.8 21.8 0.999 —0.0814 0.503 22 21.6 0.788
Controls 22.1 21.1 0.329 0.001 0.992 22 14.3 0.041*
Vitamin C (mg) Cases 117.7 113.1 0.696 —0.1092 0.368 117.6 107.4 0.481
Controls 120.8 131.5 0.21 —0.123 0.305 125.1 56.4 0.025*
Thiamine (B1) (mg)  Cases 1.29 1.2 0.262 —0.0455 0.708 1.28 1.16 0.248
Controls 1.29 1.21 0.358 0.029 0.809 1.27 0.66 0.027*
Folate (B9) (ng) Cases 292 275.2 0.328 —0.0613 0.614 286.5 271.2 0.461
Controls 296.4 285.7 0.491 —0.01 0.932 295.1 181.5 0.040*

* Significant difference at the 95 % CI

Among incident FL cases who were positive for the
translocation, there was a more than sixfold increase in risk
of malignancy associated with being in the tallest quartile
[OR 6.31 (95 % CI 2.11, 18.9)] with evidence of a sig-
nificant trend (p trend = 0.001). This was also evident for
t(14;18)HF cases, with an increased risk observed in the
tallest compared to the shortest participants [OR 6.74
(95 % CI 1.69, 27.0, p trend = 0.007]. Conversely, inci-
dent t(14;18)~ cases showed no significant association with
height, and the risk estimates were decreased in the two
tallest quartiles. An increased level of formal education
was associated with a decreased risk of incident t(14;18)™
FL (p trend 0.029), but an increased (although nonsignifi-
cant) risk of t(14;18)" FL. There was little evidence that
the association between risk and cake consumption differed
according to translocation frequency. According to the log-
linear model, there was evidence of an interaction between
the translocation with height (p = 0.008) and with educa-
tional level (p = 0.030) in the risk of FL, but there was no

interaction with cake consumption (p = 0.534). Similarly,
there was an evidence of interaction between a high fre-
quency with height (p = 0.003), while for educational
level it was borderline significant (p = 0.061) and for cake
consumption nonsignificant (p = 0.163).

In all analyses, a significance level of 5 % was utilized;
however, it should be noted that if multiple testing were
accounted for, none of the reported associations would
retain significance.

Discussion

The identification of a committed precursor to FL devel-
opment linked to t(14;18) translocation frequency may
afford the possibility of translation into a clinically useful
predictive biomarker [8]. Yet the causes of this transloca-
tion and the factors which promote its clonal expansion
remain unknown. In this study, we explored lifestyle and
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;‘[i‘zgilgc‘z‘mz/eaz;a]zlllees Stt}:;t“jiest:med Outcome Population Variable® OR 95 % CI p value®
regression models for t(14;18) t(14;18) prevalence  Cases Height (cm) 106 (101, 1.11) 0.025
prevalence and frequency Educational status 162 (116,225 0004
Controls Veal (g) 1.04 (1.01, 1.08) 0.009
Vitamin B6 (mg) 0.11 (0.03, 0.42) 0.001
Vitamin C (mg) 1.01 (1.01, 1.02) 0.001
Beef (g) 1.02 (1.01, 1.04) 0.003
Pork (g) 0.97 (0.94, 1.00) 0.023
Thiamine (B1) (mg) 4.71 (1.07, 20.77) 0.041
Olive oil (g) 0.97 (0.95, 1.00) 0.027
Outcome Population ~ Variable® Beta coef. 95 % CI p value®
t(14;18) Cases Height (cm) —509.50 (—848.49, —170.51) 0.004
frequency Weight (kg) 659.06 (272.39, 1,045.73) 0.001
BMI —1,777.78 (—2,869.94, —685.61) 0.002
Sugar (g) —296.758 (—452.46, —141.06) <0.001
Meat (g) 21.06227 (7.78, 34.35) 0.002
Iron (mg) —288.8968  (—490.67, —87.12) 0.005
Carbohydrate (g) 295.7241 (140.99, 450.46) <0.001
Starch (g) —287.2917  (—439.21, —135.37) <0.001
Controls Cakes (g) 0.13 (0.03, 0.23) 0.009
Rabbit (g) 1.85 (0.97, 2.74) <0.001
Olive oil (g) —0.34 (—0.65, —0.04) 0.027
Polyunsaturated fats (g) —0.90 (—1.73, —0.07) 0.033

? Dietary variables are measured by computed mean daily intake

° All displayed variables are significant at the 95 % CI

dietary factors as possible initiators of the t(14;18)
translocation or its clonal expansion. Furthermore, we
considered whether the association between these factors
and disease risk differed according to the t(14;18) status of
the cases, in order to provide further inferences on this
novel predictive biomarker.

The prevalence of t(14;18)" individuals among the inci-
dent FL cases was 59 %, and the prevalence of t(14;18)HF
was 22 %, while among controls it was only 29 and 2 %,
respectively. A taller height and a higher level of formal
education [as a proxy for socioeconomic status (SES)] were
significantly associated with a greater prevalence of the
translocation in the cases, but not in controls. Similarly, an
inverse association with fruit consumption was evident only
among the cases. Taller cases also displayed significantly
increased frequencies of circulating translocated cells and
were more likely to be t(14;18)1F, Additionally, a large
number of dietary variables showed significant associations
for both prevalence and frequency among the controls. No
associations were common between the two populations, and
this remained true when a stepwise model was run to account
for potential correlation between the variables.

Among those variables associated with translocation
prevalence in controls, thiamine and folate both play a role

@ Springer

in the one-carbon metabolism and therefore impact epige-
netic pathways. Given the importance of epigenetic pro-
cesses in the regulation of genomic integrity and stability,
these associations might be worth further consideration.
The lack of association of these factors with prevalence
among cases could be explained by impaired epigenetic
signalling in the pathogenesis of some hematopoietic can-
cers, including FL [20-22].

A potential interpretation of the association between
height and translocations is based on the existing evidence
that both height and a higher SES have been associated
with an increased risk of NHL [23, 24]. In fact, in this
study the increased risk of NHL associated with height, in
agreement with a previous study of FL [25], was restricted
to the t(14;18)"-positive FL cases and was particularly
marked in the t(14;18)"F cases. In a smaller subset of this
population for whom the information was available, this
association was also found to be apparent for sitting height
(online resource 1). Sitting height has previously been
shown to be positively associated with indicators of both
higher childhood SES and delayed infection [26], the two
variables being strongly correlated. The increased risk of
FL may therefore be related to the altered th1/th2 response,
which is thought to be mediated by delayed exposure to
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infectious agents [27, 28]. Education status, as a proxy for
SES, also showed an inverse association with t(14;18)~ FL,
but a positive association with t(14;18)" FL, that was
robust to adjustment for height. We report evidence of a
potential interaction for both height and education level
with the t(14;18) translocation in the risk of FL.

Previous studies have observed that cases of NHL pos-
itive for the t(14;18) translocation might constitute a more
homogenous group of malignancies, including in etiologi-
cal terms, than NHL as a whole [29]. Taken together our
reported findings may add further support to this hypoth-
esis. However, in this study we did not replicate the pre-
viously reported differing associations between t(14;18)"
and t(14;18)~ FL related to milk and coffee consumption
or cigarette smoking [29-31]. The risk associated with
pesticide and PCB exposure, lifetime number of surgeries,
and a family history of hematopoietic cancer [25, 30, 32]
has also been observed to differ by t(14;18) status, but this
information was only available for a small proportion of
our cohort and so has not been included in these analyses.

Our study has a number of strengths. The study population
is from EPIC, a large well-characterized cohort with stringent
inbuilt quality control, calibration, and validation procedures.
The biomarker was measured in a blinded fashion using a
recognized and proven screening assay in the same laboratory
under the same conditions for all samples. A proportion of
participants were excluded on the basis of unavailable or poor
DNA quality DNA samples, but this is unlikely to be related to
translocation or disease status. Finally, the disease analyses
were adjusted for potential confounding factors which may be
related to t(14;18) frequency.

A potential limitation is that all analyses rely on a single
spot measurement from the same blood sample provided at
recruitment together with the questionnaire data. The ques-
tionnaire data therefore reflect the exposure at the time of
translocation assessment and may not be representative of
lifetime experience, making the determination of a temporal
pathway difficult. Further, we are reliant on self-reported
data. The nesting within EPIC raises issues of the general-
izability and external validity of the findings due to the
European Caucasian population and the related geographical
preferences and regulations. There was a high correlation
between the identified dietary variables such as fruit, veg-
etables and vitamin C, and potatoes and starch, but we
attempted to account for this using stepwise analyses.
Translocation status was determined based on the prediag-
nostic blood samples, rather than tissue biopsies taken at
diagnosis. However, we believe this approach is justified as
we have previously demonstrated that t(14;18)-positive
clones present in prediagnostic samples constituted bona fide
precursors which progressed to overt FL and that those cases
of FL associated with a high translocation frequency in
blood represent a distinct subset of cases [8].

@ Springer

In conclusion, this hypothesis generating study suggests
a potential role for lifestyle factors in the prevalence and
frequency of translocations and provides a number of
avenues that may be worthy of further exploration. Despite
the limitations discussed, the weight of these findings
additionally lends some support to the previously proposed
hypothesis that the etiology of FL may differ by t(14;18)
status.
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