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Abstract

Purpose To conduct a pooled analysis assessing the association of blood transfusion with risk of non-Hodgkin lymphoma
(NHL).

Methods We used harmonized data from 13 case—control studies (10,805 cases, 14,026 controls) in the InterLymph Consor-
tium. Odds ratios (OR) and 95% confidence intervals (CI) were calculated using unconditional logistic regression, adjusted
for study design variables.

Results Among non-Hispanic whites (NHW), history of any transfusion was inversely associated with NHL risk for men
(OR 0.74; 95% CI 0.65-0.83) but not women (OR 0.92; 95% CI 0.83-1.03), Ppeqerogencity = 0-014. Transfusion history was
not associated with risk in other racial/ethnic groups. There was no trend with the number of transfusions, time since first
transfusion, age at first transfusion, or decade of first transfusion, and further adjustment for socioeconomic status, body mass
index, smoking, alcohol use, and HCV seropositivity did not alter the results. Associations for NHW men were stronger in
hospital-based (OR 0.56; 95% CI 0.45-0.70) but still apparent in population-based (OR 0.84; 95% CI 0.72-0.98) studies.
Conclusions In the setting of a literature reporting mainly null and some positive associations, and the lack of a clear meth-
odologic explanation for our inverse association restricted to NHW men, the current body of evidence suggests that there is
no association of blood transfusion with risk of NHL.
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Abbreviations Introduction

BMI Body mass index

DLBCL Diffuse large B-cell lymphoma The use of allogeneic blood transfusions increased dramati-
FL Follicular lymphoma cally after World War II until the 1970s, when concerns
HIV Human immunodeficiency virus about transmitting infectious agents, including Hepatitis B
NHL non-Hodgkin lymphoma and C and human immunodeficiency virus (HIV) led to a
NHW non-Hispanic whites decline in use [1]. Transmission of infectious agents linked
SES Socioeconomic status to NHL, along with the immunologic impacts of blood trans-
TCL T-cell lymphoma fusions [2], suggest this exposure could be a risk factor for

NHL. In a 2010 meta-analysis of nine case—control and five

cohort studies [3], blood transfusions were associated with
Electronic supplementary material The online version of this an increased risk of NHL (RR 1.20; 95% CI 1.07-1.35).
article (https://doi.org/10.1007/s10552-019-01188-w) contains Results were similar for transfusions given before or after
supplementary material, which is available to authorized users. 1992 (a surrogate for increased viral screening and leukode-
pletion) and by gender. Heterogeneity was observed by study
design, with an association observed only in cohort (RR
1.34; 95% CI 1.15-1.55) but not case—control (OR 1.05;
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95% CI 0.89-1.25) studies. In a subset of the studies with
NHL subtype data, transfusion history was associated with
CLL/SLL but not DLBCL or FL. However, the meta-analy-
sis was limited by use of older studies, exposure categories
only available from publications, and inability to systemati-
cally assess for potential confounding factors or subgroup-
specific associations. Most importantly there was a lack of
systematic assessment of NHL subtypes and limited power
to assess NHL subtype-specific associations.

History of blood transfusion was recently evaluated as
part of the InterLymph NHL Subtypes Project [4], using
individual-level harmonized data from 13 case—control
studies, of which four US studies [5—-8] were included in
the prior meta-analysis [3]. In the Subtypes Project, history
of blood transfusion before 1990 was inversely associated
with risk of NHL overall (OR 0.76; 95% CI 0.67-0.87) but
with evidence for heterogeneity by NHL subtype (p=0.013)
[9]. In subtype-specific adjusted models, the NHL subtypes
showing statistically significant inverse associations were
DLBCL (OR 0.69; 95% CI 0.57-0.83) [10], FL (OR 0.78;
95% CI 0.68-0.89) [11], and CLL/SLL (OR 0.69; 95% CI
0.66-0.94) [12]. To better understand these unexpected
results, we conducted a more detailed analysis of transfu-
sion history with risk of NHL in the InterLymph Subtypes
Project, focusing on population characteristics (race/ethnic-
ity, gender, geographic region, socioeconomic status (SES),
prevalence of exposure), study characteristics (population-
based vs other; control response rates), and potential con-
founding factors related to transfusion history.

Materials and methods
Study population

Participating studies in this pooling project were all mem-
bers of the InterLymph Consortium (http://www.epi.grant
s.cancer.gov/InterLymph) that met the following criteria:
case—control design with incident cases of NHL diagnosed
age 16 years or older; collection of data on transfusion his-
tory; and availability of individual-level data by 31 Decem-
ber 2011. A total of 13 case—control studies (Table 1) were
included [4]. The sites comprising EpiLymph and NCI-
SEER were analyzed individually to allow for assessment
of center-specific effects and heterogeneity.

Case patients were identified through rapid case ascer-
tainment systems and diagnoses were confirmed using
review of pathology reports or diagnostic slides by study
pathologists. All but two studies (NCI-SEER and Italy mul-
ticenter studies) had centralized pathology review. As pre-
viously reported [4], we grouped cases into NHL subtypes
(including cases from the Working Formulation) according
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to the WHO Classification [13, 14] using guidelines from the
InterLymph Pathology Working Group [15, 16].

Controls were frequency matched on age, sex, and other
design characteristics, and were randomly selected from pop-
ulation registers, random digit dialing, neighborhood match-
ing, or from hospital or clinic patients. With the exception
of the Jowa/Minnesota study, which used proxy respondents
for deceased cases, all other studies were restricted to living
cases. The Yale study enrolled only women and the Iowa/
Minnesota study enrolled only men. Most studies excluded
individuals with a history of solid organ transplantation or
HIV/AIDS; if not, they were excluded from this pooled anal-
ysis. All contributing studies were approved by local ethics
committees, and all participants provided informed consent.

Risk factor assessment and harmonization

Each study collected risk factor data using a standardized
questionnaire that was either self-administered or inter-
viewer-administered (in-person or by telephone). Each
study contributed de-identified, individual-level data for
study design variables, NHL subtype, transfusion history,
and potential confounding factors including medical history,
family history of hematologic malignancy, and lifestyle.
Data harmonization was conducted at the InterLymph Data
Coordinating Center, as previously described [4].

History of blood transfusion included history of any
blood transfusion occurring 1 or more years prior to diag-
nosis/interview, number of transfusion events, and age and
year of first transfusion. Too few studies had indication for
blood transfusion or type and quantity of blood/blood prod-
uct transfused to use in this analysis.

Potential confounding factors available from four or
more studies included education/SES, categorized as low,
medium, and high; family history of any hematologic malig-
nancy in a first degree relative; obesity based on body mass
index, and defined as <30 versus > 30 kg/m?; cigarette
smoking history, defined as never, former or current; alcohol
use, defined as never, former or current; history of rheuma-
toid arthritis; history of hay fever; lifetime recreational sun
exposure, defined as quartiles of recreational sun exposure in
hours/week; and serum antibodies to hepatitis C virus based
on third-generation ELISA [17]. Full details on these vari-
ables and their harmonization are available elsewhere [4].

Statistical analysis

We used descriptive statistics to estimate the prevalence of
transfusion history among controls by age, sex, and race/eth-
nicity; 95% confidence intervals (CI) were calculated using a
normal approximation to the binomial distribution. To com-
pare across studies, we calculated prevalence of transfusion
history adjusted for age and sex.
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Table 1 Characteristics of case—control studies included in the pooled analysis

Study name

Location

Years

Age range Design

Pathology clas-
sification

Cases

Controls

Participa-
tion rate
(%)

n Partici-
pation
rate (%)

British Columbia

Engela

EpiLymph-Czech
Republic
EpiLymph-France

EpiLymph-Ger-
many

EpiLymph-Ireland

EpiLymph-Italy
EpiLymph-Spain
Iowa-Minnesota
Italy

Los Angeles
Mayo Clinic

NCI-SEER

Nebraska
New South Wales

UCSF

Vancouver,
Victoria, Brit-
ish Columbia
(Canada)

Bordeaux, Brest,
Caen, Lille,
Nantes, Tou-
louse (France)

Single center in
Czech Republic

Amiens, Dijon,
Montpellier

Ludwigshafen/
Upper Palati-
nate, Heidel-
berg/Rhine-
Neckar County,
Wurzburg/
Lower Franco-
nia, Hamburg,
Bielefeld,
Munich

Six hospitals on
the East Coast
of the Republic
of Ireland

Sardinia
Barcelona, Tor-

tosa, Reus and
Madrid

Towa and Min-
nesota (USA)

Aviano and
Naples, Italy

Los Angeles,
California

Minnesota, Iowa,
Wisconsin

Detroit, Michi-
gan; lowa;
Los Angeles,
California; Seat-
tle, Washington
(USA)
Nebraska (USA)

New South
Wales, Austral-
ian Capital
Territory (Aus-
tralia)

San Francisco,

California
(USA)

2000-2004

2000-2004

2001-2003

2000-2003

1999-2002

2001-2003

1998-2004

1998-2004

1981-1983

1999-2002

1989-1992

2002-2008

1998-2001

1999-2002
2000-2001

1988-1995

20-82

18-76

18-80

18-80

18-80

18-80

18-80

18-80

30-97

18-84

17-79

18+

20-70

20-75
20-74

21-74

Population-based

Hospital-based

Hospital-based
Hospital-based

Population-based

Hospital-based

Population-based
Hospital-based
Population-based
Hospital-based
Population-based
Clinic-based

Population-based

Population-based

Population-based

Population-based

WHO/ICD-0O-3

WHO/ICD-0O-3

WHO
WHO

WHO

WHO

WHO
WHO

Working Formu-
lation

WHO
Working Formu-
lation

WHO

WHO/ICD-0-2

WHO
WHO/ICD-0-3

Working Formu-
lation

833

567

181

215

518

136

183

439

866

225

378

1,128

1,321

386
694

1,302

79

93

90

91

88

90

93

82

87

97

45

69

76

74
85

72

848 46

722 97

304 60

276 74

710 44

208 75

336 66

631 96

1,245 81

504 91

378 69

1,319 69

1,057 52

533 77
694 61

2,402 78
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Table 1 (continued)

Study name Location Years Age range Design Pathology clas- Cases Controls
sification — —
n Participa- n Partici-
tion rate pation
(%) rate (%)
United Kingdom  Yorkshire, Lan- 1998-2003 16-69 Population-based ICD-O-3 833 70 1,142 69
cashire, South
Lakeland and
parts of South-
west England
Yale Connecticut 1995-2001 21-84 Population-based REAL 600 72 717 47-69
(USA)
Total 10,805 14,026

We used odds ratios (ORs) and 95% CI from uncondi-
tional logistic regression models to estimate the association
of transfusion history with NHL risk. Basic models were
adjusted for age, sex, and study center. The statistical sig-
nificance of each association was evaluated by a likelihood
ratio test, comparing models with and without the expo-
sure of interest, with p values < 0.05 identifying potentially
significant factors. We first assessed heterogeneity by race/
ethnicity and then by sex. We tested for heterogeneity by cal-
culating the Wald statistic for the interaction term between
each exposure and stratification variable. We also used meta-
analysis and forest plots to further evaluate heterogeneity by
study characteristics. To evaluate confounding, we compared
basic models with models including additional factors pre-
viously suggested as NHL risk factors that were available
in at least four of the studies. Finally, for analyses of NHL
subtypes, we used polytomous logistic regression. All analy-
ses were conducted using SAS software, version 9.2 (SAS
Institute, Inc, Cary NC).

Results

The pooled study population consisted of 10,805 cases and
14,026 controls. Cases compared to controls were well-bal-
anced on sex, age at diagnosis/recruitment, race/ethnicity,
and education/SES (Supplementary Table 1). The median
age of cases was 60 years (range 18-97) and of controls
was 59 years (range 16-97). The most common NHL sub-
type was diffuse large B-cell lymphoma (DLBCL) (30.2%)
followed by follicular lymphoma (FL 23.5%), while T-cell
lymphomas were uncommon (TCL 5.5%); 0.8% of the cases
did not have a subtype classification.

Among controls, the prevalence of ever having had a
blood transfusion increased with age and was higher for
women (18%) than men (13%) (Supplementary Fig. 1). The
age- and sex-adjusted prevalence of transfusion among con-
trols varied from 11.3 to 21.7% across studies (Fig. 1). There
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was no evident correlation between prevalence of transfu-
sion and study region (Fig. 1) or hospital versus population-
based study design (Supplementary Fig. 2). The age- and
sex-adjusted prevalence of transfusion among controls was
quite similar across race/ethnicity groups by sex, with per-
haps a lower prevalence among Asian women (Supplemen-
tary Fig. 3).

Transfusion history was inversely associated with risk
of NHL for men (OR 0.75; 95% CI 0.67-0.84) but not
women (OR 0.94; 95% CI 0.85-1.04), and this difference
was statistically significant (p =0.014). These associations
were largely driven by non-Hispanic whites (Supplementary
Table 2 and Supplementary Fig. 4), as the other racial/ethnic
groups showed highly variable and imprecise associations,
mainly driven by small sample sizes. Based on these results,
the remaining analyses are restricted to this group and are
stratified by sex.

For non-Hispanic white men, the inverse association of
transfusion with NHL risk was slightly stronger for one (OR
0.70; 95% CI 0.60-0.81) than for two or more (OR 0.81;
95% CI 0.65-1.00) transfusions compared to no transfusions
(Table 2). No dose-response effects were observed for time
since first transfusion, age at first transfusion, or decade of
first transfusion. For non-Hispanic white women, having had
any transfusion was weakly associated with NHL risk (OR
0.92; 95% CI 0.83-1.03), although an inverse association
was observed for two or more transfusions (OR 0.76; 95%
CI 0.36-0.92) compared to no transfusions. No consistent
associations were observed with time since first transfusion,
age at first transfusion, or decade of first transfusion

The prevalence of transfusion history among controls
for selected NHL risk factors among controls is shown in
Table 3. Overall, only SES, never smoking (for men), and
recreational sun exposure showed greater than 5% differ-
ence in prevalence of transfusion history between exposure
categories. Adjustment for each of these factors in the basic
model did not alter the associations reported in Table 2 (data
not shown), nor did simultaneous adjustment for age, gender,
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Fig. 1 Prevalence of blood
transfusion in the control group

Prevalence (%)

by region and study, adjusted
for age at enrollment and sex

Aust
ralia

New South Wales

British Columbia

UCSF-1

NCI-SEER-Seattle

NCI-SEER-Los Angeles

Los Angeles-1

Nebraska

N. America

Mayo Clinic —

NCI-SEER-lowa —

lowa/Minnesota

NCI-SEER-Detroit

Yale

EpiLymph-Spain

EpiLymph-Italy

S. Europe

Aviano-Naples

United Kingdom

EpiLymph-ireland

EpiLymph-Germany

EpiLymph-France

N. & W. Europe

Engela

EpiLymph-Czech Republic

study center, SES, BMI, sun exposure, smoking, and alcohol
(Supplementary Table 3). We had HCV serology on a subset
of 1,310 cases and 1,889 controls, and a positive serology
was more common in controls with a transfusion history
than those with no history for both men (5.0% vs. 3.2%)
and women (6.0% vs. 2.7%). Adjustment for HCV serology
attenuated the weak inverse transfusion association towards
the null for women (OR 1.02; 95% CI 0.67-1.55) but did not
alter the association for men (OR 0.69; 95% CI 0.48-0.99).

Results for the association of transfusion with NHL risk
varied by study design. For men, the pooled risk estimates
were stronger for hospital-based studies (OR 0.56; 95% CI
0.45-0.70) relative to population-based studies (OR 0.84;
95% CI 0.72—-0.98). In contrast, for women, the transfusion
and NHL association was nearly identical for hospital-based

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%

(OR 0.91; 95% CI 0.75-1.10) and population-based (OR
0.93; 95% CI 0.82-1.06) studies.

We next explored whether results differed by study region
(Fig. 2). For men, the inverse association was strongest for
studies from southern Europe (OR 0.53; 95% CI 0.36-0.79),
intermediate for Northern Europe (OR 0.62; 95% CI
0.49-0.79), and weakest but still evident for North America
(OR 0.83; 95% CI 0.71-0.98). For women, there was little
heterogeneity by study region.

NHL subtype-specific associations with transfusion his-
tory by sex are shown in a forest plot (Fig. 3). For men,
there were statistically significant inverse associations with
follicular lymphoma, DLBCL, and CLL/SLL, and ORs were
less than 1 for all of the other subtypes except for Myco-
sis Fungoides/Sezary Syndrome (OR 1.07). For women, a
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Table 2 Association of blood transfusion with risk of NHL for whites by sex

Transfusion exposure ~ Men Women
Controls Cases OR* 95% CI Controls Cases OR* 95% CI
n % n % n % n %

History of blood transfusion
No 5473 869 4,111 894 1.00 Reference 4205 80.8 3,307 814 1.00 Reference
Yes 824 13.1 488 10.6 0.74 0.65 0.83 997 19.2 754 186 0.92 0.83 1.03
Missing 1,123 925 150 122

Number of blood transfusions
One 540 8.6 303 6.6 0.70 0.60 0.81 675 13.0 544 134 1.01 0.89 1.14
Two or more 241 39 157 34 0.81 0.65 1.00 301 5.8 196 48 0.76 0.63 0.92
Missing 1,166 953 171 136

Years from 1st transfusion to date of diagnosis/interview
1-4 years 130 2.1 76 1.7 076 0.57 1.02 96 1.8 65 1.6 086 0.62 1.18
5-9 years 131 2.1 81 1.8 0.75 0.56 1.00 100 1.9 70 1.7 0.88 0.65 1.21
10-20 years 217 34 142 31 0.82 0.66 1.02 182 35 137 34 095 0.76 1.20
21-39 years 237 3.8 119 26 0.64 051 0.81 410 7.9 328 8.1 097 0383 1.14
40+ years 109 1.7 70 1.5 073 054 1.00 209 4.0 154 38 0.86 0.69 1.07
Missing 1,123 925 150 122

Age at 1st transfusion (years)
<20 141 22 97 2.1 091 0.70 1.19 135 2.6 103 25 096 0.74 1.25
21-30 140 2.2 65 14 061 045 0.82 273 52 249 6.1 1.13 0.95 1.36
31-40 109 1.7 62 1.3 071 0.51 0.97 222 4.3 143 35 078 0.63 0.97
41-50 127 2.0 66 14 0.68 0.50 0.92 150 2.9 117 29 094 073 1.20
51-60 134 2.1 91 20 079 0.60 1.05 99 1.9 58 14 070 0.50 0.97
> 60 173 2.7 107 23 072 0.56 0.93 118 2.3 84 2.1 0.84 0.63 1.13
Missing 1,123 925 150 122

Era of first transfusion
<1970 210 34 113 25 077 0.61 0.98 358 7.1 267 6.8 094 0.79 1.11
1970s 141 2.3 56 1.2 058 042 0.79 167 33 152 39 1.18 094 1.48
1980s 186 3.0 114 25 085 0.67 1.09 168 33 109 28 0.86 0.67 1.10
1990+ 190 3.1 107 24 0.66 0.52 0.84 155 3.1 106 27 092 0.71 1.19
Missing 1,220 1,023 299 242

20R (odds ratio) and 95% CI (confidence intervals), adjusted for age at diagnosis/interview and study center

statistically significant inverse association with follicular
lymphoma, and suggestive inverse associations with CLL/
SLL and PTCL were observed. In contrast, several subtypes
showed suggestive elevations in risk with transfusion his-
tory, but none of the results were statistically significant.

Discussion

In this pooled analysis of 13 studies, which provided over
10,000 cases and 14,000 controls, which expands on previ-
ously published InterLymph results, we found an inverse
association of self-reported blood transfusion history with
risk of NHL that was confined to non-Hispanic white men,
and was specific to follicular lymphoma, DLBCL, and
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CLL/SLL. These results were not confounded by lifestyle
factors or HCV seropositivity, nor were they explained
by era of first transfusion, geographic region of the study,
hospital versus population-based study design, or control
response rates.

Strengths of this pooled analysis included the large sam-
ple size with studies from multiple geographic regions,
systematic evaluation of NHL subtype, harmonized data on
transfusion and potential confounders, careful assessment of
confounding, and some, albeit limited, data by race/ethnic-
ity. The major limitations are the potential bias arising from
the use of the case—control study design, lack of validation
of self-reported transfusion history, limited data on char-
acteristics of the transfusion, and no data about the type of
blood or indication for transfusion.
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Table 3 Prevalence of selected

. Men
risk factors by sex and blood

Women

transfusion status among

Never transfused

Ever transfused Never transfused Ever transfused

controls

n % n % n % n %

Socioeconomic status

Low 3,342 35.0 524 40.1 2,977 39.7 799 45.7

Medium 2,945 30.9 404 30.9 2,410 322 588 33.7

High 3,257 34.1 379 29.0 2,100 28.0 359 20.5
Family history of hematologic malignancy

No 8,162 93.9 1129 94.2 6,214 92.5 1,442 914

Yes 532 6.1 70 5.8 504 7.5 136 8.6
Body mass index (BMI)

<30 kg/m? 6,674 83.2 858 80.8 5,530 83.4 1,244 80.2

> 30 kg/m? 1,348 16.8 204 19.2 1,100 16.6 307 19.8
Smoking

Never 2,905 352 316 28.6 3,625 552 834 54.5

Former 3,407 41.2 561 50.9 1,761 26.8 451 29.5

Current 1,948 23.6 226 20.5 1,185 18.0 246 16.1
Alcohol

Never 802 16.5 114 17.3 1,659 40.2 451 43.0

Former 460 94 88 134 393 9.5 106 10.1

Current 3,606 74.1 456 69.3 2,074 50.3 493 47.0
Recreational sun exposure

Quartile 1-2 2,104 44.5 238 38.6 2,865 64.2 688 68.9

Quartile 34 2,626 55.5 378 61.4 1,600 35.8 311 31.1
Rheumatoid arthritis

No 8,801 97.0 1150 93.0 6,774 94.9 1,514 91.4

Yes 275 3.0 87 7.0 358 5.0 142 8.6
Hay fever

No 4,791 79.7 703 82.9 4,087 78.0 924 76.3

Yes 1,218 20.3 145 17.1 1,151 22.0 287 23.7
HCV Serology

Negative 3,688 96.8 491 95.0 2,527 97.3 513 94.0

Positive 120 32 26 5.0 70 2.7 33 6.0

The inverse association among men was unexpected,
and it is uncertain if the association is due to bias. In the
Castillo et al. meta-analysis, risk estimates were similar for
men (RR 1.19; 95% CI 1.03-1.38) and women (RR 1.26;
95% CI 1.09-1.45). Era of transfusion overlaps the cohort
studies that have reported a positive association. While the
case—control studies in the Castillo et al. meta-analysis [3]
showed no evidence of an association with transfusion his-
tory, this included only four [5—8] of the 13 studies reported
here. We were unable to assess confounding by indica-
tion, although it is unclear what type of medical indication
would generate an inverse association. It is not clear that
confounding by other NHL risk factors (or unknown con-
founders) is an explanation, as we found little evidence for
this, and negative confounding would be needed to generate
an inverse association. Recall bias is always a concern in

case—control studies, but to generate an inverse association,
controls would need to systematically over-report (or cases
under-report) transfusion history, a situation for which we
have no supportive evidence. Finally, selection bias, through
differential participation or source of cases and controls,
might be an explanation, and we did see a stronger inverse
association among hospital versus population-based studies,
with the hospital-based control group perhaps enriched for
prior exposure to blood transfusions. Yet none of these are
particularly compelling explanations and our findings could
be a false-positive result.

As discussed above, the five cohort studies in the Castillo
et al. meta-analysis [3] were associated with an increased
risk of NHL (RR 1.34; 95% CI 1.15-1.55). Since that pub-
lication, a large population-based case—control study nested
in the SEER-Medicare cohort (all subjects age 65 years

@ Springer



Cancer Causes & Control (2019) 30:889-900

896

4

uor3a1 orydes30o3 Aq (q) uswom pue (8) udw AIym druedstH-uou 10J THN [[€ JO JSH YIm (19AU JOAJ) UOISNJSURI) POO[q JO uUonedosse ay) jo joid 1sa10q ¢ *bi4

2

Gr'0=""d ‘%0 =2l
¥50=d
(82°1L ‘29°0) 68°0
(zz'L'9v'0) G270
(L0'z°8€°0) 68°0
(192°69°0) €'}

L0 =" ‘%T6er = ¢l
680=d
(5Z'1L ‘z8'0) LO'L
(¥8'L '88°0) LT'L
(€671 °1€0) 820
(861 °26°0) G660
(L6T°TL0)9gL
(L1'e'8L0) LG
(£6'0°0¥°0) 290

TL0=""d ‘%0 =2
210=d
(€0°1L ‘82°0) 0670
(12’1 °'89°0) 1670
(1Z'1 '99°0) 68°0
(zz'L'sv0) v2°0
(¥6°0°92°0) 050
(ze'z'Lv0)8LL
(z9'L ‘'¥5°0) €60
(€21 '6€0) 820
(82°1'69°0) 1670
(£8'1 '6%°0) 96°0
(06'L '82°0) 2T’}

Sajews3 oey sppo

609
16C
LG1
191

oLyl
00S

80¢
LZL
LeL
€9¢

9Z6¢
G99
€99
9€¢
Leb
29
vel
98
[44°]
oth
10€

s|ojjuo) sssed

€9¢
€8l

volL

9eve
956
VA44
€9l
Lel
L8
0.1
1425
68¢
0cl
65¢

1IV™¥3N0
NIvdS-Id3
AIVLI-Id3
S3T1dVYN-ONVIAY

3d0dN3 NY3IHLNOS

TIV™¥3N0

INOQONIM a31INN
ANV13dI-1d3
ANVINY3O-1d3
JONVYH4-Id3
oI7gnd3d HO3Z0-1d3
V139ON3

3d0dN3 NY3IHLYON

TIV™3IN0
ERL/N

480N
VYXSVYHg3N
311L1vIS-ION
V1-ION
VMOI-ION
1104.1330-I0N
OINITO OAVIN
S3TIONY SO
VIGWNT0D HSILIbg

VOIYINY HLYON
uoibey

uswop (g)

4

Sl

160=""d ‘%0 =
8L000=d
(6270 ‘95°0) £5°0
(€60 '2€°0) 650
(€2'1 '6L°0) 670
(911 °2T0) 1S0

81°0="" ‘%8LYE =l
10000=4d
(6270 ‘6¥"0) 290
(2€71 'eG°0) G8°0
(60°L ‘02°0) 9¥°0
(1671 €6°0) 68°0
(€201 0)2€0
(9t'L ‘€£°0) 69°0
(08°0°82°0) 8%7°0

160 =" ‘%0 =l
Gz00=d
(8670 ‘12°0) €870
(121 '€9°0) 280
(01’1 '9€°0) €90
(8L'z's¥'0)2O'L
(991 ‘ze0)2L0
(2871 °16°0) 8670
(26'€09°0) €51
(oL ‘050020
(181 ‘5¥°0) 060
(L)L '€G°0) 280
(2z'105°0)82°0

S3jewns3 oley sppo

9z8
Le
L1
8€¢e

181
009
SLl
clLe
74"
091
1434

svee
1742
89¢
8¢l
74
el
69
¢69
ol
pGe
yee

sjojuo) sase)

997y
ove
901
ochk

Lzl

1434
9/
pAcr4
oLl
16
0ee

G0ST

GGG
€0¢
sl
601
6.1
8cl
8€g
143
Gl
41>

1Ivd3N0
NIVdS-Id3
ATvLI-Id3
S3TdVYN-ONVIAY
3d0dN3 NY3IHLNOS

1Ivd3N0
NOQONIM A31INN
ANVI13dI-1d3
ANVINYE3O-Id3
JONVYd-Id3
oI1and3d HO3Z0-1d3
V139ON3

3d40dN3 NY3HLYON

TIVHE3IN0
480N
YUSYHE3IN
31L1V3S-ION
V1-ION
YMOI-ION
110¥.130-ION
OINITO OAVIA
SITIONY SO
VLOS3INNIN/VMOI
VISWNT0D HSILIYg
VOIY3NY HLYON
uolbay

uay (v)

pringer

Qs



Cancer Causes & Control (2019) 30:889-900 897

(A) Men
Subtype Cases Controls Odds Ratio Estimates
FL 987 6297 [ | 0.70 (0.56, 0.88)
DLBCL 1395 6297 [ | 0.72 (0.59, 0.87)
CLL/SLL 684 4292 | 0.67 (0.52, 0.87)
MCL 226 4214 L 0.81 (0.54, 1.22)
MZL 288 4538 n 0.78 (0.53, 1.14)
EMZL 130 3282 ] 0.77 (0.44, 1.33)
NMZL 33 2643 . 0.71 (0.24, 2.06)
SMZL 55 3206 . 0.95 (0.45, 2.01)
LPL/WM 111 3677 . 0.82 (0.47,1.42)
BL 88 5493 . 0.92 (0.47,1.79)
OTHER B-CELL 326 4680 ] 0.81 (0.58, 1.13)
PTCL 147 4538 ] 0.84 (0.49, 1.41)
MF/SS 91 4943 . 1.07 (0.60, 1.90)
OTHER T-CELL 34 2776 - 0.59 (0.17, 2.04)
NOS 208 5152 L] 0.86 (0.57, 1.31)
OVERALL 4585 6297 0 0.73 (0.65, 0.83)
P < 0.0001
12 = 0%, Phet = 0.96
[ T T 1
0 05 1 15 2
(B) Women
Subtype Cases Controls Odds Ratio Estimates
FL 1094 5202 | 0.77 (0.64, 0.92)
DLBCL 1301 5202 ] 0.95 (0.81, 1.12)
CLL/SLL 419 3892 | 0.79 (0.61, 1.03)
MCL 93 4086 ] 0.74 (0.42, 1.28)
MZL 336 4403 L] 1.29 (0.99, 1.69)
EMZL 175 3308 ] 1.20(0.84,1.72)
NMZL 36 2647 -+1.83 (0.91, 3.66) |
SMZL 57 2777 -+1.69(0.97, 2.95)
LPL/WM 80 3680 . 1.25(0.76, 2.07)
BL 48 3991 - 0.72 (0.32, 1.62)
OTHER B-CELL 234 3732 = 1.06 (0.76, 1.48)
PTCL 120 4392 = 0.60 (0.35, 1.03)
MF/SS 71 3980 » 1.47 (0.87, 2.49)
OTHER T-CELL 27 2632 i 1.09 (0.41, 2.88)
NOS 183 3782 = 1.19 (0.82, 1.72)
OVERALL 4006 5202 0 0.92 (0.83, 1.03)
P=0.14
I2 =52.80%, Pret = 0.024
I T T 1

0 05 1 15 2

Fig. 3 Forest plot of the association of blood transfusion (ever, never) with risk of NHL subtypes for white men (a) and women (b)

and older) reported that blood transfusion (obtained from  However, except for LPL and MZL the strongest ORs were
linked records) was positively associated with risk of NHL ~ observed for the shortest latency (< 2 years), suggesting the
(OR 1.17; 95% CI 1.12-1.23) and was specifically elevated  effect was due to reverse causality, consistent with results
for DLBCL, MZL, CLL, LPL, and TCL, but not FL [18]. of other studies [8, 19, 20]. The SEER-Medicare study also
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reported stronger ORs for the association of transfusion with
NHL risk for transfusions given for GI bleeding and unspeci-
fied anemia, relative to surgical procedures, which has been
reported in other studies [5, 6]. This raises concerns of either
reverse causality (lymphoma causing anemia) or confound-
ing by indication of medical conditions associated with both
risk of transfusion and NHL. In the Million Women Study
[21], history of blood transfusion after 2000 (modern era
of intense viral screening) was ascertained from electronic
hospital records. In that study, there was also an elevated
risk of NHL <5 years after transfusion (RR 4.69; 95%
CI 3.79-5.82). Interestingly, risk was also elevated more
than 5 years subsequent to transfusion (RR 2.63; 95% CI
1.45-4.78) and only slightly attenuated following adjustment
for smoking, alcohol use, and body mass index. Finally, in
a Scandinavian study that linked population, blood bank,
and health care registers, there was no evidence that blood
transfusions from donors who later developed cancer were
associated with risk of lymphoma [22] or that transfusion
recipients’ risk of CLL was affected by post-donation CLL
in the donor (i.e., that the donor presumably had the precur-
sor monoclonal B-cell lymphocytosis at time of donation)
[23].

In summary, in a large, pooled analysis of 13 case—con-
trol studies we observed an unexpected inverse associa-
tion of transfusion history with NHL risk, but restricted
to the subgroup of non-Hispanic white men and lacking
any dose-response. In the setting of a literature reporting
mainly null or positive associations, and the lack of a clear
methodologic explanation for our results, the current body
of evidence provides little support for a causal association
of transfusion history with risk of NHL.
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