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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 Consortium. 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%Cl 0.65-0.83) but not women (OR=0.92;
95%Cl 0.83-1.03), Aheterogeneity=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 methodologic 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.

Keywords
transfusion; lymphoma; etiology; epidemiology; pooled analysis
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Introduction

The use of allogeneic blood transfusions increased dramatically after World War 11 until the
1970s, when concerns about transmitting infectious agents, including Hepatitis B and C and
human immunodeficiency virus (HIV) led to a decline in use [1]. Transmission of infectious
agents linked to NHL, along with the immunologic impacts of blood transfusions [2],
suggest this exposure could be a risk factor for NHL. In a 2010 meta-analysis of 9 case-
control and 5 cohort studies [3], blood transfusions were associated with an increased risk of
NHL (RR=1.20; 95% CI 1.07-1.35). Results were similar for transfusions given before or
after 1992 (a surrogate for increased viral screening and leukodepletion) 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; 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-analysis was limited by use of older
studies, exposure categories only available from publications, and inability to systematically
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
transfusion history with risk of NHL in the InterLymph Subtypes Project, focusing on
population characteristics (race/ethnicity, gender, geographic region, socioeconomic status
(SES), prevalence of exposure), study characteristics (population-based vs other; control
response rates), and potential confounding factors related to transfusion history.

Materials and Methods

Study population

Participating studies in this pooling project were all members of the InterLymph Consortium
(http://www.epi.grants.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 history; and availability of individual level data by December 31, 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 ascertainment systems and diagnoses were
confirmed using review of pathology reports or diagnostic slides by study pathologists. All
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but two studies (NCI-SEER and Italy multicenter studies) had centralized pathology review.
As previously reported [4], we grouped cases into NHL subtypes (including cases from the
Working Formulation) according 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 population registers, random digit dialing, neighborhood matching,
or from hospital or clinic patients. With the exception of the lowa/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 lowa/Minnesota study enrolled only men. Most
studies excluded individuals with a history of solid organ transplantation or HIVV/AIDS; if
not, they were excluded from this pooled analysis. 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
selfadministered or interviewer-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 diagnosis/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 product 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 malignancy in a
first degree relative; obesity based on body mass index, and defined as <30 versus >30
kg/mZ; cigarette smoking history, defined as never, former or current; alcohol use, defined as
never, former or current; history of rheumatoid 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 variables 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/ethnicity; 95% confidence intervals (CI) were calculated using
a normal approximation to the binomial distribution. To compare across studies, we
calculated prevalence of transfusion history adjusted for age and sex.

We used odds ratios (ORs) and 95% CI from unconditional 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 significance of each association was evaluated
by a likelihood ratio test, comparing models with and without the exposure of interest, with
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P-values <0.05 identifying potentially significant factors. We first assessed heterogeneity by
race/ethnicity and then by sex. We tested for heterogeneity by calculating 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
previously 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 analyses
were conducted using SAS software, version 9.2 (SAS Institute, Inc, Cary NC).

The pooled study population consisted of 10,805 cases and 14,026 controls. Cases compared
to controls were well-balanced 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 subtype 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 Figure 1). The age and
sex adjusted prevalence of transfusion among controls varied from 11.3% to 21.7% across
studies (Figure 1). There was no evident correlation between prevalence of transfusion and
study region (Figure 1) or hospital versus population-based study design (Supplementary
Figure 2). The age and sex adjusted prevalence of transfusion among controls was quite
similar across race/ethnicity groups by sex, with perhaps a lower prevalence among Asian
women (Supplementary Figure 3).

Transfusion history was inversely associated with risk of NHL for men (OR=0.75; 95% ClI
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 Figure 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
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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% difference 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, study center, SES, BMI, sun exposure, smoking and alcohol (Supplementary
Table 3). We had HCV serology on a subset of 1310 cases and 1889 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
(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 (Figure 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 history by sex are shown in a forest plot
(Figure 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 Mycosis Fungoides/Sezary Syndrome (OR=1.07). For women, a 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 history, 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 previously 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 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 sample 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
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by race/ethnicity. 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 characteristics of the transfusion and no data about the type of blood or indication for
transfusion.

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 history, this included only four [5-8] of the 13 studies reported here. We were
unable to assess confounding by indication, 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 confounders) 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
publication, a large population-based case-control study nested in the SEER-Medicare
cohort (all subjects age 65 years and older) reported that blood transfusion (obtained from
linked records) was positively associated with risk of NHL (OR=1.17; 95% CI 1.12-1.23)
and was specifically elevated for DLBCL, MZL, CLL, LPL and TCL, but not FL [18].
However, except for LPL and MZL the strongest ORs were observed for the shortest latency
(<2 years), suggesting the effect was due to reverse causality, consistent with results of other
studies [8, 19, 20]. The SEER-Medicare study also reported stronger ORs for the association
of transfusion with NHL risk for transfusions given for Gl bleeding and unspecified 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 confounding 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
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recipients’ risk of CLL was affected by post-donation CLL in the donor (i.e., that the donor
presumably had the precursor monoclonal B-cell lymphocytosis at time of donation) [23].

In summary, in a large, pooled analysis of 13 case-control studies we observed an
unexpected inverse association 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank the following individuals for their substantial contributions to this project: Aaron D. Norman, Dennis P.
Robinson, and Priya Ramar (Mayo Clinic College of Medicine) for their work at the InterLymph Data Coordinating
Center in organizing, collating, harmonizing, and documenting of the data from the participating studies in the
InterLymph Consortium. We thank Sondra Buehler for editorial assistance.

Funding British Columbia study: Canadian Institutes for Health Research (CIHR), Canadian Cancer Society, and
Michael Smith Foundation for Health Research; Engela study: Association pour la recherché contre le Cancer,
Institut National du Cancer, Fondation de France, Fondation contre la Leucémie, Agence nationale de sécurité
sanitaire de I’alimentation, de I’environnement et du travail (ANSES); EpiLymph: European Commission (QLK4-
CT-2000-00422 and FOOD-CT-2006-023103), Spanish Ministry of Health (CIBERESP, P111/01810, RCESP
C03/09, RTICESP C03/10, and RTIC RD06/0020/0095), Rio Hortega (CM13/00232), Agencia de Gestié d’Ajuts
Universitaris i de Recerca—Generalitat de Catalunya (Catalonian Government, 2009SGR1026), National Institutes
of Health (contract NO1-CO-12400), Italian Ministry of Education, University and Research (PRIN 2007 prot.
2007WEJLZB, PRIN 2009 prot. 20092ZELR2), Italian Association for Cancer Research (IG grant 11855/2011),
Federal Office for Radiation Protection (StSch4261 and StSch4420), José Carreras Leukemia Foundation (DJCLS-
R04/08), German Federal Ministry for Education and Research (BMBF-01-EO-1303), Health Research Board,
Ireland and Cancer Research Ireland, and Czech Republic MH CZ - DRO (MMCI, 00209805); lowa-Minnesota
study: Intramural Research Program of the National Cancer Institute/National Institutes of Health; Aviano-Naples
(Italy) study: Italian Association for Cancer Research (AIRC); Los Angeles study: National Cancer Institute/
National Institutes of Health (RO1 CA50850); Mayo Clinic study: National Cancer Institute/National Institutes of
Health (RO1 CA92153 and P50 CA97274), Lymphoma Research Foundation (164738), and the Henry J. Predolin
Foundation; NCI-SEER study: Intramural Research Program of the National Cancer Institute/National Institutes of
Health and Public Health Service (contracts NO1-PC-65064, N01-PC-67008, N01-PC-67009, N01-PC-67010, and
NO02-PC-71105); Nebraska study: American Institute for Cancer Research (99B083) and the National Cancer
Institute (CA94770 and CA100555); Australian study: National Health and Medical Research Council, Australia
(Grant number: 990920), the Cancer Council NSW, Australia, University of Sydney Faculty of Medicine; UCSF
study : National Cancer Institute (R01 CA45614, R03 CA89745, R01 CA087014); UK study: Bloodwise (UK); and
Yale study: National Cancer Institute/National Institutes of Health (CA62006 and CA165923).

Abbreviations

BMI Body mass Index

DLBCL Diffuse large B-cell lymphoma
FL Follicular lymphoma

HIV Human immunodeficiency virus
NHL Non-Hodgkin lymphoma

Cancer Causes Control. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cerhan et al.

References

1.

Page 9

NHW Non-Hispanic whites
SES Socioeconomic status
TCL T-cell lymphoma

Surgenor DM, Schnitzer SS: The nation’s blood resource: a summary report (NIH publication no.
85-2028). Bethesda, MD: National Institutes of Health; 1985.

. Yazdanbakhsh K, Bao W, Zhong H (2011) Immunoregulatory effects of stored red blood cells.

Hematology Am Soc Hematol Educ Program 2011:466-469. doi: 10.1182/asheducation-2011.1.466
[PubMed: 22160075]

. Castillo JJ, Dalia S, Pascual SK (2010) Association between red blood cell transfusions and

development of non-Hodgkin lymphoma: a meta-analysis of observational studies. Blood 116(16):
2897-2907. doi: 10.1182/blood-2010-03-276683 [PubMed: 20625008]

. Morton LM, Sampson JN, Cerhan JR, Turner JJ, Vajdic CM, Wang SS, Smedby KE, de Sanjose S,

Monnereau A, Benavente Y et al. (2014) Rationale and design of the International Lymphoma
Epidemiology Consortium (InterLymph) non-Hodgkin Lymphoma Subtypes Project. J Natl Cancer
Inst Monogr 2014(48):1-14. doi: 10.1093/jncimonographs/Igu005 [PubMed: 25174022]

. Zhang Y, Holford TR, Leaderer B, Boyle P, Zahm SH, Owens PH, Morton LM, Zhang B, Zou K,

Flynn S et al. (2004) Blood transfusion and risk of non-Hodgkin’s lymphoma in Connecticut
women. Am J Epidemiol 160(4):325-330. doi: 10.1093/aje/kwh233 [PubMed: 15286017]

. Cerhan JR, Engels EA, Cozen W, Davis S, Severson RK, Morton LM, Gridley G, Hartge P, Linet M

(2008) Blood transfusion, anesthesia, surgery and risk of non-Hodgkin lymphoma in a population-
based case-control study. Int J Cancer 123(4):888-894. doi: 10.1002/ijc.23561 [PubMed: 18506687]

. Nelson RA, Levine AM, Bernstein L (1998) Blood transfusions and the risk of intermediate- or

high-grade non-Hodgkin’s lymphoma. J Natl Cancer Inst 90(22):1742-1743. [PubMed: 9827530]

. Chow EJ, Holly EA (2002) Blood transfusions as a risk factor for non-Hodgkin’s lymphoma in the

San Francisco Bay Area: a population-based study. Am J Epidemiol 155(8):725-731. [PubMed:
11943690]

. Morton LM, Slager SL, Cerhan JR, Wang SS, Vajdic CM, Skibola CF, Bracci PM, de Sanjose S,

Smedby KE, Chiu BC et al. (2014) Etiologic heterogeneity among non-Hodgkin lymphoma
subtypes: the InterLymph Non-Hodgkin Lymphoma Subtypes Project. J Natl Cancer Inst Monogr
2014(48):130-144. doi: 10.1093/jncimonographs/Igu013 [PubMed: 25174034]

10. Cerhan JR, Kricker A, Paltiel O, Flowers CR, Wang SS, Monnereau A, Blair A, Dal Maso L, Kane

EV, Nieters A et al. (2014) Medical history, lifestyle, family history, and occupational risk factors
for diffuse large B-cell lymphoma: the InterLymph Non-Hodgkin Lymphoma Subtypes Project. J
Natl Cancer Inst Monogr 2014(48):15-25. doi: 10.1093/jncimonographs/Igu010 [PubMed:
25174023]

11. Linet MS, Vajdic CM, Morton LM, de Roos AJ, Skibola CF, Boffetta P, Cerhan JR, Flowers CR,

de Sanjose S, Monnereau A et al. (2014) Medical history, lifestyle, family history, and
occupational risk factors for follicular lymphoma: the InterLymph Non-Hodgkin Lymphoma
Subtypes Project. J Natl Cancer Inst Monogr 2014(48):26—40. doi: 10.1093/jncimonographs/
Igu006 [PubMed: 25174024]

12. Slager SL, Benavente Y, Blair A, Vermeulen R, Cerhan JR, Costantini AS, Monnereau A, Nieters

A, Clavel J, Call TG et al. (2014) Medical history, lifestyle, family history, and occupational risk
factors for chronic lymphocytic leukemia/small lymphocytic lymphoma: the InterLymph Non-
Hodgkin Lymphoma Subtypes Project. J Natl Cancer Inst Monogr 2014(48):41-51. doi: 10.1093/
jncimonographs/Igu001 [PubMed: 25174025]

13. Jaffe ES, Harris NL, Stein H, Vardiman JW: World Health Organization Classification of Tumours:

Pathology and Genetics of Tumours of Haematopoietic and Lymphoid Tissues. Lyon, France:
IARC Press; 2001.

Cancer Causes Control. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cerhan et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 10

Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J, Vardiman JW: WHO
Classification of Tumours of the Haematopoietic and Lymphoid Tissues In: World Health
Organization Classification of Tumours. edn. Edited by Bosman FT, Jaffe ES, Lakhani SR, Ohgaki
H. Lyon, France: IARC Press; 2008.

Morton LM, Turner JJ, Cerhan JR, Linet MS, Treseler PA, Clarke CA, Jack A, Cozen W, Maynadie
M, Spinelli JJ et al. (2007) Proposed classification of lymphoid neoplasms for epidemiologic
research from the Pathology Working Group of the International Lymphoma Epidemiology
Consortium (InterLymph). Blood 110(2):695-708. doi:10.1182/blood-2006-11-051672 [PubMed:
17389762]

Turner JJ, Morton LM, Linet MS, Clarke CA, Kadin ME, Vajdic CM, Monnereau A, Maynadie M,
Chiu BC, Marcos-Gragera R et al. (2010) InterLymph hierarchical classification of lymphoid
neoplasms for epidemiologic research based on the WHO classification (2008): update and future
directions. Blood 116(20):90-98. doi: 10.1182/blood-2010-06-289561 [PubMed: 20699439]

de Sanjose S, Benavente Y, Vajdic CM, Engels EA, Morton LM, Bracci PM, Spinelli JJ, Zheng T,
Zhang Y, Franceschi S et al. (2008) Hepatitis C and non-Hodgkin lymphoma among 4784 cases
and 6269 controls from the International Lymphoma Epidemiology Consortium. Clin
Gastroenterol Hepatol 6(4):451-458. doi:10.1016/j.cgh.2008.02.011 [PubMed: 18387498]
Chang CM, Quinlan SC, Warren JL, Engels EA (2010) Blood transfusions and the subsequent risk
of hematologic malignancies. Transfusion (Paris) 50(10):2249-2257. doi: 10.1111/j.
1537-2995.2010.02692.x

Hjalgrim H, Edgren G, Rostgaard K, Reilly M, Tran TN, Titlestad KE, Shanwell A, Jersild C,
Adami J, Wikman A et al. (2007) Cancer incidence in blood transfusion recipients. J Natl Cancer
Inst 99(24):1864-1874. doi: 10.1093/jnci/djm248 [PubMed: 18073377]

Cerhan JR, Wallace RB, Dick F, Kemp J, Parker AS, Zheng W, Sellers TA, Folsom AR (2001)
Blood transfusion and risk of non-Hodgkin lymphoma subtypes and chronic lymphocytic
leukemia. Cancer Epidemiol Biomarkers Prev 10:361-368. [PubMed: 11319177]

Yang TO, Cairns BJ, Reeves GK, Green J, Beral V (2017) Cancer risk among 21st century blood
transfusion recipients. Ann Oncol 28(2):393-399. doi: 10.1093/annonc/mdw555 [PubMed:
28426101]

Edgren G, Hjalgrim H, Reilly M, Tran TN, Rostgaard K, Shanwell A, Titlestad K, Adami J,
Wikman A, Jersild C et al. (2007) Risk of cancer after blood transfusion from donors with
subclinical cancer: a retrospective cohort study. Lancet 369(9574):1724-1730. doi: 10.1016/
S0140-6736(07)60779-X [PubMed: 17512857]

Hjalgrim H, Rostgaard K, Vasan SK, Ullum H, Erikstrup C, Pedersen OB, Nielsen KR, Titlestad
KE, Melbye M, Nyren O et al. (2015) No evidence of transmission of chronic lymphocytic
leukemia through blood transfusion. Blood 126(17):2059-2061. doi: 10.1182/
blood-2015-03-632844 [PubMed: 26302757]

Cancer Causes Control. Author manuscript; available in PMC 2020 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Cerhan et al.

Page 11

Prevalence (%)

New South Wales

Aust
ralia

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

|

s—

0.0%

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

Figure 1.

Prevalence of blood transfusion in the control group by region and study, adjusted for age at

enrollment and sex
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(A) Men
Region Cases Controls
NORTH AMERICA
BRITISH COLUMBIA 352 334
IOWA/MINNESOTA 154 354
LOS ANGELES 125 146
MAYO CLINIC 538 592
NCI-DETROIT 138 59
NCI-IOWA 179 134
NCI-LA 109 75
NCI-SEATTLE 152 138
NEBRASKA 203 268
UCSF 555 1245
OVERALL 2505 3345
NORTHERN EUROPE
ENGELA 330 413
EPI-CZECH REPUBLIC 91 160
EPI-FRANCE 110 121
EPI-GERMANY 257 372
EPI-IRELAND 76 115
UNITED KINGDOM 413 600
OVERALL 1277 1781
SOUTHERN EUROPE
AVIANO-NAPLES 120 338
EPI-ITALY 106 177
EPI-SPAIN 240 311
OVERALL 466 826
Figure 2.

Odds Ratio Estimates
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P=0025
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0.89 (0.53, 1.51)
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P =0.0001
12 = 34.78%, Pyet = 0.18
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0.49(0.19, 1.23)

0.55 (0.32, 0.93)

0.53 (0.36, 0.79)
P=0.0018

12 = 0%, Prer = 0.97

2

(B) Women

Region Cases Controls

NORTH AMERICA
BRITISH COLUMBIA 259 301
LOS ANGELES 120 136
MAYO CLINIC 389 522
NCI-DETROIT 114 86
NCI-IOWA 170 134
NCI-LA 87 62
NCI-SEATTLE 131 131
NEBRASKA 163 236
UCSF 447 663
YALE 556 655
OVERALL 2436 2926

NORTHERN EUROPE

ENGELA 207 263
EPI-CZECH REPUBLIC 74 131
EPI-FRANCE 88 127
EPI-GERMANY 220 308
EPI-IRELAND 49 81
UNITED KINGDOM 381 500
OVERALL 1019 1410

SOUTHERN EUROPE

AVIANO-NAPLES 104 161
EPI-ITALY 76 167
EPI-SPAIN 183 291
OVERALL 363 609

Page 12

Forest plot of the association of blood transfusion (ever, never) with risk of all NHL for non-
Hispanic white men (A) and women (B) by geographic region
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Figure 3.
Forest plot of the association of blood transfusion (ever, never) with risk of NHL subtypes

for white men (A) and women (B)
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Table 2.
Association of blood transfusion with risk of NHL for whites by sex
Men Women
Controls Cases Controls Cases

Transfusion exposure N % N % ORrR* 95% ClI N % N % ORrR* 95% ClI

History of blood

transfusion
No 5473 86.9% 4111 89.4% 1.00 reference 4205 80.8% 3307 81.4% 1.00 reference
Yes 824 13.1% 488 106% 0.74 065 083 997 192% 754 186% 092 0.83 1.03
Missing 1123 925 150 122

Number of blood

transfusions
One 540 8.6% 303 6.6% 070 060 081 675 13.0% 544 134% 101 089 114
Two or more 241 3.9% 157 34% 081 065 100 301 5.8% 196 48% 076 0.63 0.92
Missing 1166 953 171 136

Years from 1st transfusion to date of

diagnosis/interview
1-4 years 130 2.1% 76 1.7% 076 057 1.02 96 1.8% 65 16% 086 062 118
5-9 years 131 2.1% 81 18% 075 056 1.00 100 1.9% 70 17% 088 065 121
10-20 years 217 3.4% 142 31% 082 066 102 182 3.5% 137 34% 095 076 1.20
21-39 years 237 3.8% 119 26% 064 051 081 410 7.9% 328 81% 097 083 114
40+ years 109 1.7% 70 15% 073 054 100 209 4.0% 154 38% 086 069 1.07
Missing 1123 925 150 122

Age at 1 st transfusion

(years)
<20 141 2.2% 97 21% 091 070 119 135 2.6% 103 25% 096 074 125
21-30 140 2.2% 65 14% 061 045 082 273 5.2% 249 6.1% 113 095 1.36
31-40 109 1.7% 62 13% 071 051 097 222 4.3% 143 35% 078 063 0.97
41-50 127 2.0% 66 14% 0.68 050 092 150 2.9% 117 29% 094 073 120
51-60 134 2.1% 91 20% 079 0.60 1.05 99 1.9% 58 14% 070 050 097
>60 173 2.7% 107 23% 072 056 093 118 2.3% 84 21% 084 063 1.13
Missing 1123 925 150 122

Era of first transfusion
<1970 210 3.4% 113 25% 077 061 098 358 7.1% 267 6.8% 094 079 111
1970s 141 2.3% 56 12% 058 042 079 167 3.3% 152 39% 118 094 148
1980s 186 30% 114 25% 085 067 1.09 168 33% 109 28% 086 067 110
1990+ 190 3.1% 107 24% 0.66 052 084 155 3.1% 106 27% 092 071 1.19
Missing 1220 1023 299 242

*
OR (odds ratio) and 95% CI (confidence intervals), adjusted for age at diagnosis/interview and study center.
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Table 3.

Prevalence of selected risk factors by sex and blood transfusion status among controls

Men

Never Transfused Ever Transfused

Never Transfused

Women

Ever Transfused

N % N % N % N %

Socioeconomic status

low 3342 35.0% 524 40.1% 2977 39.7% 799 45.7%

medium 2945 30.9% 404 30.9% 2410 32.2% 588 33.7%

high 3257 34.1% 379 29.0% 2100 28.0% 359 20.5%
Family history of hematologic malignancy

No 8162 93.9% 1129 94.2% 6214 92.5% 1442 91.4%

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

<30 kg/m? 6674 83.2% 858 80.8% 5530 83.4% 1244 80.2%

>30 kg/m? 1348 16.8% 204 19.2% 1100 16.6% 307 19.8%
Smoking

Never 2905 35.2% 316 28.6% 3625 55.2% 834 54.5%

Former 3407 41.2% 561 50.9% 1761 26.8% 451 29.5%

Current 1948 23.6% 226 20.5% 1185 18.0% 246 16.1%
Alcohol

Never 802 16.5% 114 17.3% 1659 40.2% 451 43.0%

Former 460 9.4% 88 13.4% 393 9.5% 106 10.1%

Current 3606 74.1% 456 69.3% 2074 50.3% 493 47.0%
Recreational sun exposure

Quartile 1-2 2104 44.5% 238 38.6% 2865 64.2% 688 68.9%

Quartile 3-4 2626 55.5% 378 61.4% 1600 35.8% 311 31.1%
Rheumatoid arthritis

No 8891 97.0% 1150 93.0% 6774 94.9% 1514 91.4%

Yes 275 3.0% 87 7.0% 358 5.00% 142 8.6%
Hay fever

No 4791 79.7% 703 82.9% 4087 78.0% 924 76.3%

Yes 1218 20.3% 145 17.1% 1151 22.0% 287 23.7%
HCV Serology

Negative 3688 96.8% 491 95.0% 2527 97.3% 513 94.0%

Positive 120 3.2% 26 5.0% 70 2.7% 33 6.0%
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