
doi:10.1182/blood-2010-03-276683 
Prepublished online Jul 12, 2010;
2010 116: 2897-2907
 
 
 

 
Jorge J. Castillo, Samir Dalia and Sheila K. Pascual 
 

 non-Hodgkin lymphoma: a meta-analysis of observational studies
Association between red blood cell transfusions and development of

 http://bloodjournal.hematologylibrary.org/cgi/content/full/116/16/2897
Updated information and services can be found at: 

 (2992 articles)Clinical Trials and Observations �
 (543 articles)Lymphoid Neoplasia �

 (1015 articles)Free Research Articles �
 (206 articles)Transfusion Medicine �

 collections: BloodArticles on similar topics may be found in the following 

 http://bloodjournal.hematologylibrary.org/misc/rights.dtl#repub_requests
Information about reproducing this article in parts or in its entirety may be found online at: 

 http://bloodjournal.hematologylibrary.org/misc/rights.dtl#reprints
Information about ordering reprints may be found online at: 

 http://bloodjournal.hematologylibrary.org/subscriptions/index.dtl
Information about subscriptions and ASH membership may be found online at: 

. Hematology; all rights reservedCopyright 2007 by The American Society of 
200, Washington DC 20036.
semimonthly by the American Society of Hematology, 1900 M St, NW, Suite 
Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published
 
 
 
 

 For personal use only. at BROWN UNIV on November 23, 2010. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org/cgi/content/full/116/16/2897
http://bloodjournal.hematologylibrary.org/cgi/collection/transfusion_medicine
http://bloodjournal.hematologylibrary.org/cgi/collection/free_research_articles
http://bloodjournal.hematologylibrary.org/cgi/collection/lymphoid_neoplasia
http://bloodjournal.hematologylibrary.org/cgi/collection/clinical_trials_and_observations
http://bloodjournal.hematologylibrary.org/misc/rights.dtl#repub_requests
http://bloodjournal.hematologylibrary.org/misc/rights.dtl#reprints
http://bloodjournal.hematologylibrary.org/subscriptions/index.dtl
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl
http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


CLINICAL TRIALS AND OBSERVATIONS

Association between red blood cell transfusions and development of non-Hodgkin
lymphoma: a meta-analysis of observational studies
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The incidence of non-Hodgkin lymphoma
(NHL) has increased steadily for the past
few decades. Previous studies have sug-
gested an association between blood
transfusions and NHL. The main objec-
tive of this study was to evaluate this
relationship with a meta-analysis of obser-
vational studies. A literature search was
undertaken, looking for case-control and
cohort studies evaluating the risk of devel-
oping NHL in persons who received allo-
geneic blood transfusions; 14 studies

were included. Outcome was calculated
and reported as relative risk (RR). Hetero-
geneity was assessed with Cochrane Q
and I2 statistics. Dissemination bias was
evaluated by funnel plot visualization and
trim-and-fill analysis. Quality assessment
was performed with the Newcastle-
Ottawa scale. Our analysis showed a RR
of developing NHL of 1.05 (95% CI, 0.89-
1.25; P � .42) and 1.34 (95% CI, 1.15-1.55;
P < .01) in case-control and cohort stud-
ies, respectively. When pooling all stud-

ies, RR was 1.2 (95% CI, 1.07-1.35;
P < .01). In subset analysis, RR of chronic
lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL) was 1.66 (95% CI,
1.08-2.56; P � .02). The RR of NHL was
elevated in both men and women and in
persons receiving transfusions either be-
fore or after 1992. Blood transfusions
appear to increase the risk of developing
NHL; however, the risk of CLL/SLL ap-
pears higher than for other NHL sub-
types. (Blood. 2010;116(16):2897-2907)

Introduction

Non-Hodgkin lymphoma (NHL) is the seventh most common
cancer diagnosed in the United States, with approximately
66 000 new cases diagnosed in 2009.1 The incidence of NHL has
increased at a compound rate of 2% to 3% per year since the
mid-1970s, making NHL one of the fastest rising cancers in
incidence in the United States, second only to melanoma.1 Even
after accounting for an aging population, longer survival in patients
infected with HIV, or the increased prevalence of autoimmune
conditions, the reasons for the progressively increased incidence of
NHL are largely unexplained.

Within the past decades, significant progress has been made
to produce safer blood products. Not surprisingly, with the
improvement on blood safety and handling and the availability
of relatively large donor pools, the rate of transfusion of blood
components has also increased. In 2006, 13.2 million units of
allogeneic red blood cells (RBCs) were transfused in the United
States alone.2 Because of their immunologic effects, RBC
transfusions might be associated with the development or
progression of malignancies.

Several epidemiologic studies have evaluated the relationship
between the transfusion of allogeneic RBC concentrates and the
development of NHL with conflicting results. Because this ques-
tion is unlikely to be answered by randomized controlled trials, the
main objective of our study was to evaluate the potential relation-
ship between RBC transfusion and the development of NHL with a
meta-analysis of observational studies.

Methods

Literature search

Two authors (J.J.C. and S.D.) independently performed a computer-based
literature search with PubMed/MEDLINE and the Cochrane Database of
Systematic Reviews through December 2009. The initial PubMed search
with the term “non-Hodgkin lymphoma” generated 30 370 returns. The
term “blood transfusion” generated 66 472 returns. When both search terms
were combined, 166 returns were obtained. The titles and abstracts of the
selected articles were examined. Full-text articles were retrieved; if a paper
was selected for inclusion, the bibliographic references were scrutinized to
look for additional studies. A similar strategy was used to search the
Cochrane database, which did not generate any unique returns.

Inclusion and exclusion criteria

An article was deemed relevant to our study if the article reported original
data in English and originated from epidemiologic observational studies,
either case-control or cohort, that reported an association between alloge-
neic RBC transfusions and the development of NHL. Because of a different
physiopathology, studies on Hodgkin lymphoma or multiple myeloma were
not included. Studies that evaluated autologous RBC transfusions and
nonpublished studies available only in abstract form were also excluded.
Any discrepancies between the 2 reviewers on inclusion or exclusion of a
study were resolved through consensus in all cases. If there were multiple
publications from the same study, only the most recent was selected, using
the older publications only to clarify methodology or main characteristics of
the studied population, if necessary.
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Data extraction

The data extraction was performed independently by 2 reviewers (J.J.C. and
S.D.) and included author, year of publication, country of origin, sample
size, inclusion and exclusion criteria, method of ascertainment of RBC
transfusion, and method of diagnosis of NHL. For case-control studies, we
extracted years of inclusion and the source and definition of cases and
controls, the outcome measured with 95% confidence intervals (CIs), and
the variables used for adjustment. For cohort studies, we extracted the
source of the cohort, years of follow-up, the source of the expected
incidence of NHL, the outcome measured with 95% CIs, and the variables
used for adjustment. Any discrepancies between reviewers were addressed
by a joint reevaluation of the original article. For missing information,
attempts were made to contact the authors of the original studies. The
characteristics and quality of the studies included in this meta-analysis, as
well as their outcomes, will be presented in accordance to the checklist
proposed by the Meta-analysis Of Observational Studies group.3

Quality assessment

The quality of each study was assessed independently by 2 reviewers
(S.K.P. and J.J.C.) with the Newcastle-Ottawa Scale (NOS). The NOS uses
2 different tools for case-control and cohort studies and consists of
3 parameters of quality: selection, comparability, and exposure/outcome
assessment. The NOS assigns a maximum of 4 points for selection, a
maximum of 2 points for comparability, and a maximum of 3 points for
exposure/outcome. Therefore, 9 points is the highest score, reflecting the
highest quality. Any discrepancies between reviewers were addressed by a
joint reevaluation of the original article.

Data synthesis and analysis

The primary outcome measured was relative risk (RR) and 95% confidence
interval (95% CI) of developing NHL in patients who have received RBC
transfusions. To measure the outcome, we have used 2 different models; the
Mantel-Haenszel or fixed-effects model and the DerSimonian-Laird or
random-effects model (REM). The REM accounts for heterogeneity
between studies, which is expected in an analysis of this nature. All analyses
were reported with the use of the REM, unless otherwise noted. Subset
analyses were performed by sex, lymphoma subtype, and year of transfu-
sion. We assessed for heterogeneity with the use of 2 methods, the Cochrane
Q statistic, which gave a qualitative value and was considered statistically
significant for heterogeneity if a P value of less than .1 was obtained, and
the I2 statistic, which gives a quantitative measurement; I2 values higher
than 50% were considered a reflection of severe heterogeneity. Publication
bias was also addressed in 2 ways, by direct observation of funnel plots
representing RR by sample size, and by the use of the trim-and-fill method,
which estimated and adjusted for the potential effect that nonpublished
studies might have on the measured outcome. All calculations and graphs
were obtained with MIX Version 1.7,4 which is a free statistical software for
meta-analysis that has been validated against STATA (Stata Corporation)
and Comprehensive Meta-Analysis (Biostat Inc).

Results

Search results

The results of our search strategy are summarized in Figure 1. A
total of 166 articles was identified during our initial search from
which 150 were ineligible because they were written in a language
other than English, they were reviews or case reports, or they did
not pertain to either RBC transfusions or NHL. Sixteen articles
were selected for full-text retrieval, and, after reviewing their
reference lists, 3 additional articles were deemed potentially
relevant. After a detailed evaluation of the 19 articles, 5 were
rejected because they were duplicated or did not pertain to NHL

incidence or the use of RBC transfusions. Finally, 9 case-control5-13

and 5 cohort studies14-18 were included in our analysis.

Characteristics of the case-control studies

The main characteristics of the published case-control studies that
evaluated the association between RBC transfusions and NHL are
shown in Table 1. Studies were published between 1996 and 2008.
Six studies originated from the United States7-10,12,13 and 3 studies
from Europe.5,6,11 A total of 5904 cases and 10 107 controls were
included in this meta-analysis. There was a male predominance of
64% and 63% in cases and controls, respectively. Most of the
studies did not show a statistically significant association between
RBC transfusions and NHL, with exception of one study.6 Expo-
sure to transfusion was assessed by medical records in 3 stud-
ies,5,9,11 by interviews in 4 studies,8,10,12,13 and by mailed question-
naires in 2 studies.6,7 Five studies assessed the diagnosis of NHL
from medical records6,7,9,11,13 and 4 studies from an independent
pathology review.5,8,10,12

Characteristics of the cohort studies

The main characteristics of the published cohort studies that
evaluated the association between RBC transfusions and NHL are
shown in Table 2. Studies were published between 1993 and 2009.
Three studies originated from Europe14,17,18 and 2 from the United
States.15,16 A total of 3883 cases in a cohort of 1 134 089 persons
were included in this meta-analysis. Most of the studies showed a
statistically significant increased risk of NHL with transfusions,
with the exception of one study.18 The exposure to transfusions was
assessed by registry data in 3 studies14,17,18 and by mailed question-
naire in 2.15,16 The diagnosis of NHL was assessed through national
or regional registries in all studies.

Quality assessment results

The quality assessment of all the published studies that evaluated
the association between RBC transfusions and NHL are shown in
Table 3.

With regard to the case-control studies, 100% of the studies
were of high quality (ie, NOS score higher than 6). The most

Figure 1. Search results.
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common selection bias was the lack of independent pathologic
assessment of NHL cases (55%). In terms of comparability bias, all
the studies included adequate matching or adjustments (eg, age and
sex). The most common exposure bias was the lack of reporting of
nonresponse rates (67%).

In the cohort studies, 80% of the studies were of high quality;
one study had a NOS score of 6. In terms of selection bias, 100% of
the studies met all the high-quality criteria. The most common
comparability bias was the lack of reporting of adjustments (40%).
The most common outcome bias was the lack of reporting of
persons lost to follow-up (60%).

Outcome results

In the case-control studies, the RR of developing NHL after RBC
transfusions was 1.05 (95% CI, 0.89-1.25; P � .42; Figure 2). The
funnel plot and the trim-and-fill analysis did not show evidence of
dissemination bias. In the cohort studies, the RR of developing
NHL was 1.34 (95% CI, 1.15-1.55; P � .01; Figure 2). On
evaluation of the funnel plot, a slight asymmetry was observed
which favored the association between transfusions and NHL. The
trim-and-fill analysis showed 2 imputed studies, which would have
not changed our results significantly (RR, 1.29; 95% CI, 1.11-1.5).
When combining all the studies, the RR of developing NHL was
1.2 (95% CI, 1.07-1.35; P � .01; Figure 2). The visual evaluation
of the funnel plot and the trim-and-fill analysis did not show
evidence of dissemination bias.

Subset analyses

Sex. Five studies7,9,12,16,17 reported outcomes in female partici-
pants. When evaluating the risk of developing NHL in female
participants, the RR was 1.26 (95% CI, 1.09-1.45; P � .01; Figure
3 top). The trim-and-fill analysis showed 2 imputed studies, which
would have not affected our results (RR, 1.33; 95% CI, 1.15-1.53).
Four studies evaluated outcomes in men.9,13,16,17 The RR of NHL in
male participants was 1.19 (95% CI, 1.03-1.38; P � .02; Figure 3
bottom). The trim-and-fill analysis showed 2 imputed studies,
which would have not affected our results (RR, 1.26; 95% CI
1.1-1.44).

Lymphoma subtypes. Five studies reported outcomes in
association with chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL).6-8,12,16 The RR of developing CLL/SLL
was 1.66 (95% CI,1.08-2.56; P � .02; Figure 4 top). Six studies
reported outcomes associated with the development of follicular
lymphoma.6-8,12,15,16 The RR of developing follicular lymphoma
was 1.02 (95% CI, 0.67-1.55; P � .94; Figure 4 center). Five
studies reported risks of developing diffuse large B-cell lymphoma
in patients receiving RBC transfusions.7,8,12,15,16 The RR of develop-
ing diffuse large B-cell lymphoma was 1.06 (95% CI, 0.86-1.3;
P � .6; Figure 4 bottom).

Year of transfusion. Nine studies reported a risk of developing
NHL in patients who received transfusions from 1957 to
19915,8-10,13-15,17,18 and 5 studies reported on patients who received
transfusions from 1992 onward.6,7,12,16,17 When pooling the studies
on patients who received transfusions before and after 1992, the
RR of NHL was 1.24 (95% CI, 1.11-1.38; P � .001) and 1.3 (95%
CI, 1.12-1.51; P � .001), respectively (Figure 5).

Transfusion latency. Six studies reported the RR of develop-
ing NHL according to the time elapsed since the RBC transfu-
sion5-8,15,17; however, the studies reported the time from transfu-
sions in dissimilar lapses of time, not allowing a formal meta-
analysis. One study excluded NHL cases 3 months after transfu-
sion,11 2 studies excluded NHL cases 6 months after transfusion,9,17

6 studies excluded cases presenting within 1 year of transfu-
sions,5-8,12,13 one study excluded the first 2 years,16 and another
study excluded the first 3 years of follow-up.10 Two studies did not
exclude NHL cases within a specific lapse of time after transfu-
sions.14,15 However, Cerhan et al15 reported that 91% of the cases
had transfusions more than 5 years before the diagnosis of NHL.

Number and type of transfusions. Four studies reported
separate RRs according to the number of transfusions received.5,8-10

However, the categories were not similar and did not permit a
formal meta-analysis. The type of transfusions (ie, RBC concen-
trate vs whole blood) were reported by a minority of studies,5,17 not
allowing further analysis. However, in those studies in which the
type of transfusion was reported, more than 90% were RBC
concentrate transfusions.

Reasons for transfusions. Six studies reported the actual
reasons for the administered transfusions. One study reported that
83% of the transfusions were given in surgical settings.6 Another
study reported that 80% of the transfusions were given for
nonmedical conditions; most of the remaining transfusions were
given for gastrointestinal bleeding and only 30% were for anemia.7

A third study reported that 5% of the transfusions were for anemia,
but most was for obstetrical and surgical indications.12 Cerhan et
al15 reported that 92% of the transfusions were given for postsurgi-
cal blood loss or other causes of bleeding. One study reported that
trauma, surgery, and gastrointestinal bleeding accounted for 15% to
33% of the indications for transfusion.17 Finally, one study reported
that most of the transfusions were given because of hemolytic
disease of the newborn.18

Discussion

Several conditions have been associated with an increased risk of
developing NHL, such as autoimmune diseases, chronic bacterial
and viral infections, and congenital and acquired immunodefi-
ciency states. Diabetes mellitus and pesticides have also been
implicated in the cause of NHL.19,20 The common ground is that
disease states or environmental conditions associated with immune

Table 3. Quality assessment according to the Newcastle-Ottawa
scale

Author Year Selection Comparability Outcome Exposure Total

Cohort studies

Blomberg14 1993 4 1 2 — 7

Memon18 1994 4 0 2 — 6

Cerhan15 2001 4 2 2 — 8

Hjalgrim17 2007 4 2 3 — 9

Erber16 2009 4 2 3 — 9

Average 4 1.4 2.4 — 7.8

Case-control

studies

Brandt6 1996 3 2 — 2 7

Adami5 1997 4 2 — 3 9

Nelson10 1998 4 2 — 2 8

Maguire-

Boston9 1999 3 2 — 3 8

Tavani11 1999 3 2 — 2 7

Chow8 2002 4 2 — 2 8

Zhu13 2003 3 2 — 2 7

Zhang12 2004 4 2 — 2 8

Cerhan7 2008 3 2 — 3 8

Average 3.4 2 — 2.3 7.7
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dysregulation may lead to the development of NHL. Allogeneic
RBC transfusions are immunogenic and can provide a similar
environmental challenge. Furthermore, improved collecting tech-
niques and processing of blood components have led to a decrease
in the rate of disease transmission, originating a more widespread
acceptance of blood products, increasing the use of allogeneic RBC
transfusions.21,22

Our study shows a statistical association between blood transfu-
sions and the development of NHL. But, although cohort studies
showed a statistically significant association with the development
of NHL, the case-control studies alone did not. The disparity may
be attributed to study-specific factors, including small sample size,
failure to take into account confounding variables, and recall bias.
Subgroup analyses showed that the risk of NHL in both men and
women receiving blood transfusions was increased. These findings
suggest that there is no association between sex, receiving a blood
transfusion, and developing NHL. In the subgroup analysis for
different subtypes of NHL, there is a stronger association between
having a blood transfusion and developing CLL/SLL. This finding

is hypothesis generating and deserves further attention. There could
be a true association between transfusions and CLL/SLL or the
patients may not have had the condition diagnosed before receiving
a blood transfusion because CLL/SLL can present indolently,
without B symptoms or apparent lymphadenopathy, and a mildly
abnormal leukocyte count. Finally, the risk of developing NHL was
similar in persons who received a transfusion before and after
1992. This finding probably reflects the immunomodulating effects
of transfusions despite the advent of leukodepletion and viral
screening.

Blood transfusions have been associated to immunologically
mediated events, such as hemolytic transfusion reactions and
transfusion-related graft-versus-host disease. The immunomodula-
tion caused by blood transfusion is probably related to suppression
of the function of T and natural killer cells,23,24 a process that can
potentially increase the risk of developing a malignancy. Animal
models have shown that allogeneic blood transfusions can have
cancer-promoting effects and were associated with increase in

Figure 2. Risk estimates of the relative risk of developing NHL for persons who received allogeneic RBC transfusions, by study design.
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tumor size and development of metastasis in mice with malig-
nancy.25,26 Although the immunomodulating effects of transfusions
are due to leukocyte-mediated actions related to the expression of
human leukocyte antigens, the contributions from plasma, addition
solutions, plasticizers, or erythrocytes contained within the blood
bag have not been adequately evaluated.27,28 Interestingly, autolo-
gous transfusions have induced lesser degrees of immunosuppres-
sion than allogeneic transfusions in patients with gastric cancer.29

However, several studies have theorized that there may be an
undiscovered viral or molecular vector that can potentially transmit
through a blood transfusion.7,9,15,18

Data from the Surveillance, Epidemiology, and End Results
program showed that in the 1970s and 1980s the overall age-

adjusted incidence of NHL had increased by 3% to 4% yearly.30

Since 1991 the incidence has leveled off to 0.4% per year in men
and 1.2% per year in women.31 With improvements in screening
and leukodepleting of blood occurring concurrently with the
stabilizing in the incidence of NHL, one would think that blood
transfusions before1991 might have lead to a higher incidence of
NHL. However, our study shows a similar risk of NHL when
transfusions were given either before or after 1992. This shows that
the leveling off of the incidence of NHL is probably due to factors
that are yet to be determined.

The following are interesting observations of our study. First,
patients who received transfusions because of anemia appear to
have a higher risk of developing NHL8,12,15,17; however, anemia

Figure 3. Risk estimates of the relative risk of developing NHL for persons who received allogeneic RBC transfusions, by sex.
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Figure 4. Risk estimates of the relative risk of developing NHL for persons who received allogeneic RBC transfusions, by lymphoma subtype. FL indicates follicular
lymphoma; and DLBCL, diffuse large B-cell lymphoma.
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could be an independent risk factor for NHL or may just have
represented an early sign of an indolent NHL. Because of the
limited data on the reason for which patients received blood

transfusions, it was impossible to determine a relationship between
the reason for which a blood transfusion was given and the risk of
developing NHL.

Figure 5. Risk estimates of the relative risk of developing NHL for persons who received allogeneic RBC transfusions, by year of transfusion.
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Second, many of the studies excluded NHL cases diagnosed
shortly after a blood transfusion, mainly to minimize the risk of the
transfusion being prompted by an undiagnosed NHL. Interestingly,
we could observe that there was an increased risk of developing
NHL in persons who received blood transfusions 3 to 6 months
before lymphoma diagnosis.11,17 However, some studies showed
that the risk of NHL remained elevated for several years after a
blood transfusion.15,17,18 Because the transfusion latency periods
were not subdivided in a standardized fashion, no further analysis
could be made to determine whether the time from blood transfu-
sion was related to developing NHL.

An aspect not evaluated by our study was the age of the RBC
concentrate used for transfusion. A recently published study
showed that RBCs stored for longer periods of time have throm-
botic or inflammatory effects.32 RBC components are stored with a
variety of solutions, which can potentially affect the aging process
of the RBCs.33 Among the most common solutions are CPD
(trisodium citrate, dextrose, and disodium phosphate) and acidic
additive solutions. However, most of the studies did not specify the
type of solution the RBC transfusions contained.

Our study has limitations that are based on the quality of the
published studies. First, although some studies used registry data to
confirm blood transfusion administration, many studies used
self-reporting questionnaires to assess if patients received a blood
transfusion. Patients with lymphoma might be more likely to recall
a transfusion. Furthermore, a platelet or plasma transfusion can
have been mistakenly reported as a blood transfusion. Second,
latency and reasons for transfusions were not clearly stated in all
studies. Similarly, in many of the studies, it could not be deter-
mined whether patients with a greater number of transfusions were
more likely to develop NHL. In addition, because it is difficult to
determine the exact time of a blood transfusion before the diagnosis
of NHL, blood transfusions may have been required secondary to a
developing NHL as opposed to other reasons. Finally, some but not
all the studies controlled for other potential confounding variables,
including congenital or acquired immunosuppression, HIV infec-
tion, and other autoimmune diseases.

Conclusion

Our analysis shows that there could be a mildly increased risk of
developing NHL in those patients who received allogeneic RBC
transfusions. The risk of NHL was elevated in men and women and
in persons who received transfusions before and after 1992. The
risk of developing CLL/SLL, however, was significantly higher
than for other NHL subtypes. Although the risk is minimal, given
the increasing number of blood transfusions administered every
year, the potential number of incident cases of NHL because of
allogeneic RBC transfusions could be considered nonnegligible. A
conservative approach should be used in determining the need of a
blood transfusion. Future studies should focus on the immunomodu-
lating effects of blood transfusions and their lymphomagenic
potential.
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