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Abstract

Background: There has been a concern that blood donations can increase the
risk of hematological malignancies. We investigated if blood donations
increase the risk of developing hematological malignancies, specifically acute
lymphoblastic leukemia, acute myeloid leukemia (AML), chronic lymphocytic
leukemia (CLL), chronic myeloid leukemia, Hodgkin lymphoma, and mye-
loma, as well other non-Hodgkin lymphoma.

Study Design and Methods: In total, the study included 1,021,433 Swedish
blood donors, with 19.5 million person-years of follow-up. Two sets of analysis
were performed. In the first cohort analysis, standardized incidence ratios
(SIRs) were calculated, comparing the incidence of the different types of hema-
tological cancers in blood donors to that of the general population. In the sec-
ond analysis, a nested case-control study was conducted, investigating the
association between number of donations and the risk of each type of
malignancy.

Results: Apart from a modestly elevated risk of CLL (SIR, 1.07; 95% confi-
dence interval [CI], 1.01-1.15) and a modestly decreased risk of AML (SIR,
0.85; 95% CI, 0.77-0.83), the risk of hematological malignancies did not differ
between blood donors and the general population. In the nested case-control
study there were no convincing associations between number of prior whole
blood donations and site-specific malignancy risk.

Conclusions: There was no convincing evidence of an increased risk in any
hematological malignancy when interpreting the results from both series of
analyses.

1 | INTRODUCTION

Blood donors are selected for their good health, and
unsurprisingly, studies on blood donor health have
shown that donors have an overall decreased risk of can-
cer compared to the general population.’ In particular,
associations have been found between whole blood
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donations with a decreased risk for iron-dependent
malignancies such as cancer of the lung, liver, colon,
stomach, and esophagus,”® which could perhaps be
explained by relative iron deficiency due to frequent
phlebotomy.

However, a study published in 1990 investigating the
risk of cancer in 37 795 blood donors reported that while
blood donors have lower risk for cancers overall, this was
not observed for hematological malignancies.” This was
reproduced in an observational cohort study with data up
to 2002 in Sweden and Denmark." A more recent study
published in 2013 on blood donors in the United States
reported an overall increased incidence of cancer in blood
donors, including hematological malignancies; however,
this was speculated to be the result of increased detection in
the donor population.® Still, given the lack of recent large-
scale studies, there is persistent concern that blood dona-
tions may increase the risk of hematological malignancies.

Using data from the Swedish part of the newly
updated Scandinavian Donations and Transfusions data-
base (SCANDATS3-S) (reference to concurrently submitted
SCANDAT3-S manuscript), we conducted a nationwide
cohort study and nested case—control study to study the
risk of hematological malignancies. In addition, we also
characterized the patterns of hemoglobin concentration
before diagnosis of a hematological malignancy.

2 | METHODS

2.1 | Setting and data sources

In Sweden, blood banks and blood collection centers are
part of the public health care system. Donors are non-
remunerated and are required to have a hemoglobin con-
centration of at least 125 and 135 g/L for men and
women, respectively. Whole blood donations are limited
to four times and three times per year for men and
women, respectively. Oral iron supplementation is rou-
tinely supplied to active donors.

Analyses were based on the Swedish portion of
SCANDAT3-S (reference to concurrently submitted
SCANDAT3-S manuscript). In brief, the database con-
tains all electronically available data on blood donors,
blood donations, blood transfusions and transfused
patients, with the earliest data going back to the late
1960s. Using national registration numbers, assigned to
all Swedish inhabitants, the database has been linked
with a range of health outcomes registers, including the
Swedish Cancer Register and Registers of the Swedish
Total Population, to allow identification of individuals
with hematological cancers and migration status as well
as date of death throughout the study period.’

2.2 | Study population, study design, and
statistical analyses

From SCANDAT3-S, we extracted information on all
whole blood donations between 1980 and 2017. Donors
were followed from the date of their first whole blood
donation until the date of first diagnosis of any hemato-
logical malignancy, death, emigration, or December
31, 2017, whichever occurred first. Diagnosis of hemato-
logical malignancy was ascertained from the Swedish
Cancer Register, which were coded using revisions 8 and
10 of the International Classification of Diseases. Hema-
tological malignancies were divided into six groups: acute
lymphoblastic leukemia (ALL), acute myeloid leukemia
(AML), chronic lymphocytic leukemia (CLL), chronic
myeloid leukemia (CML), Hodgkin lymphoma, multiple
myeloma, and other non-Hodgkin lymphoma. For more
details on classification, see Table S1.

We performed two separate analyses to investigate
the risk of hematological cancer after blood donation.
First, we computed standardized incidence ratios (SIRs)
comparing the incidence of hematological malignancies
in the donor cohort to that of the background population.
SIRs were computed as the ratio of the observed to
expected number of cancers, where the latter was calcu-
lated by multiplying the age-, sex-, and calendar year-
specific cancer incidence in the general population with
the corresponding person-time at risk in the donor
cohort. Confidence limits for the SIRs were constructed
with use of an exact method."”

Second, to investigate the association between num-
ber of whole blood donations and risk of hematological
malignancy, we performed a nested case-control study.
We used the same case definitions as for the SIR calcula-
tions and selected up to 10 controls for each case. Con-
trols were selected using incidence-density sampling,
matching on sex, geographical region of first donation,
age at first donation (+ 2.5 years), as well as date of first
donation (+ 1 year).'" Time since first donation was used
as the time scale.

Relative risks of each hematological malignancy, in
relation to total number of prior whole blood donations,
expressed as odds ratios, were computed with conditional
logistic regression accounting for the matched sets. In
addition to number of prior whole blood donations (cate-
gorized as 1-5, 6-10, 11-25, 26-50, or >50 donations), the
models incorporated an interaction term between sex and
age at first donation, as well as a categorical term for
country of birth (Sweden, northern Europe, rest of
Europe, or outside of Europe).

Recognizing that early signs of a hematological
malignancy—including a reduced hemoglobin concentra-
tion—might influence donors’ propensity to donate



o TRANSFUSION L=
ALL AML CLL CML
150
-
-____-——-1—’—\’ R e = P ¥ — - \\ :_:’_::_:.:——'.'l/*-
140 - ~ | } \
3 \ '
' \ \
130 \
5 ‘
§ 120
5 1 1 1 1 1 1
g Hodgkin Lymphoma Myeloma Other NHL -10 -8 -6 -4 -2 0
Q
g 150
Qo
2 o | — — -
E 140 — E— e —— t
f ~, ) Controls e
Cases f——
130
120
0 8 6 4 2 0 8 6 4 2 0 4 8 & 4 2 0
Years before diagnosis of case
FIGURE 1 Depicts the average hemoglobin concentration (g/L) in cases and controls for the different types of investigated
hematological malignancies, as a function of time before diagnosis of case [Color figure can be viewed at wileyonlinelibrary.com]
blood, we first characterized the patterns of changing = TABLE 1 Characteristics of donor cohort
hemoglqbln cc?ncentratlon in l?oth cases and contr.ols Number of donors —
before diagnosis of the case. This was done by modeling
the hemoglobin concentration, recorded for each blood Female sex, n (%) 480043 (47.0)
donation as a function of time to diagnosis of the case, Age at first donation, n (%)
using a mixed-effects model with time until diagnosis 18-30y 513 660 (50.3)
modeled as a restricted cubic spline (with knots at —3000, 31-40y 249 731 (24.4)
—1000,. —730, —365,‘ —180 days befqre diag.nosis of the 4150y 171 773 (16.8)
case)., 1r}dlcator varle‘lble for ‘case:-s, 1nt(?ract19n between 5165y ] 82)
the indicator and time until diagnosis, with random 12 5
intercepts for the individual as well as the for each mat- 65y 8 ©02)
ched set of cases and controls. Median (IQR) 299 (23.0-40.1)
This analysis demonstrated considerable hetero- Duration of follow-up, n (%)
geneity between the different types of malignancies <5 years 126 485 12.4)
(Figure 1), where the hemoglobin began to decline as 5-9 years 137 999 (13.5)
ez.lrly as 3 to 4 years before the malignancy was finally 10-19 years 269 754 (26.4)
diagnosed. We therefore ran all analyses both overall and
. >20 years 487 195 47.7)
with a 3-year latency. .
All statistical analyses and data handling were Median (IQR) 19.4 (9.7-27.6)
conducted with computer software (SAS version 9.4, Year of first donation, n (%)
(SAS Institute). The study was approved by the regional 1980-1989 277 593 (27.2)
ethics committee in Stockholm, Sweden (2018/167-31, 1990-1999 320 501 (31.4)
2019-02636). 2000-2009 242 469 23.7)
2010-2017 180 870 17.7)

3 | RESULTS

We included a total of 1 021 433 blood donors. Baseline
characteristics are presented in Table 1. A total of
480 043 (47.0%) donors were female. The median age at

Abbreviation: IQR, interquartile range.

first donation was 29.9 years (interquartile range [IQR],
23.0-40.1) and the median length of follow-up was
19.4 years (IQR, 9.7-27.6).
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Table 2 presents the total number of observed and
expected events, together with corresponding SIRs. Over
a total of 19.5 million person-years, we observed 150 ALL
cases, 438 AML cases, 909 CLL cases, 232 CML cases,
397 Hodgkin lymphoma cases, 1051 myeloma cases, and
2772 other non-Hodgkin lymphoma cases. Compared to
the general population, this corresponded to SIRs of 1.06
(95% confidence interval [CI], 0.90-1.24) for ALL, 0.85
(95% CI, 0.77-0.93) for AML, 1.07 (95% CI, 1.01-1.15) for
CLL, 1.02 (95% CI, 0.89-1.16) for CML, 0.92 (95% CI,
0.83-1.01) for Hodgkin lymphoma, 1.03 (95% CI,
0.97-1.10) for myeloma, and 1.03 (95% CI, 0.99-1.07) for
other non-Hodgkin lymphoma. Estimates were largely
unchanged by implementing a 3-year latency.

Results from the nested case—control study are pres-
ented in Table 3. With the exception of a decreased risk
of myeloma in donors who had performed >50 whole
blood donations (odds ratio, 0.7; 95% CI, 0.5-0.9), we did
not find any evidence of any association between number

TABLE 2
Observed number

Outcome of events
ALL

Overall 150

With 3-year latency 134
AML

Overall 438

With 3-year latency 412
CLL

Overall 909

With 3-year latency 891
CML

Overall 232

With 3-year latency 204
Hodgkin lymphoma

Overall 397

With 3-year latency 324
Myeloma

Overall 1051

With 3-year latency 1015
Other non-Hodgkin lymphoma

Overall 2772

With 3-year latency 2647

of whole blood donations and risks of hematological
malignancies. Patterns were largely unaffected by the
introduction of a 3-year latency.

Figure 1 depicts the average hemoglobin concentrations
for cases and controls as a function of time before diagnosis
of the cases. For most hematological malignancies, hemoglo-
bin concentrations began to decrease at least 1 year before
the case was diagnosed, even in diseases with an acute pre-
sentation. Patients with AML exhibited the most dramatic
pattern, where hemoglobin concentration decreased almost
20 g/L in the final 2 years before diagnosis.

4 | DISCUSSION

In this large, population-based cohort study, sup-
plemented by a nested case—control study, we use robust
methods to demonstrate that there is no increased risk of
developing a hematological malignancy among whole

Standardized incidence ratios for hematological malignancies, comparing the donor cohort to the general population

Expected number Standardized incidence
of events ratio (95% CI)
141.6 1.06 (0.90-1.24)
124.3 1.08 (0.90-1.28)
514.6 0.85(0.77-0.93)
480.2 0.86 (0.78-0.95)
846.1 1.07 (1.01-1.15)
821.2 1.08 (1.01-1.16)
227.7 1.02 (0.89-1.16)
206.0 0.99 (0.86-1.14)
432.6 0.92 (0.83-1.01)
356.8 0.91 (0.81-1.01)
1015.9 1.03 (0.97-1.10)
980.3 1.04 (0.97-1.10)
2688.3 1.03 (0.99-1.07)
2550.1 1.04 (1.00-1.08)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; CLL, chronic lymphocytic leuke-
mia; CML, chronic myeloid leukemia. [Correction added on Sept 29, 2020, after first online publication: Alternative Table 2 with forest plot

was removed. |
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TABLE 3 Relative risk of hematological malignancy in relation to number of whole blood donations
Number of cases/ Number of whole blood donations
Outcome number of controls 1-5 6-10 11-25 26-50 >50
Odds ratio (95% CI)
ALL 150/1499
Overall 1.00 (ref)  0.8(0.5-1.3)  1.1(0.7-1.8)  12(0.6-2.1)  0.7(0.3-1.9)
With 3-year latency 1.00 (ref) 0.8 (0.4-1.3) 1.4 (0.9-2.2) 1.3 (0.7-2.5) 0.6 (0.2-2.1)
AML 438/4380
Overall 1.00 (ref)  1.3(1.0-.7) 11(0.8-14) 09(0.613)  1.3(0.822)
With 3-year latency 1.00 (ref)  1.3(1.0-1.8)  1.1(0.9-1.5)  0.9(0.6-1.3)  1.4(0.8-2.5)
CLL 909/9090
Overall 1.00 (ref)  1.1(0.9-1.3)  1.0(0.8-1.2)  1.0(0.8-1.3)  1.2(0.9-1.7)
With 3-year latency 1.00 (ref) 1.1 (0.9-1.4) 1.0 (0.8-1.2) 1.1 (0.8-1.3) 1.4 (1.0-1.9)
CML 232/2320
Overall 1.00 (ref)  0.9(0.6-1.4)  1.0(0.7-1.5)  1.4(09-22)  1.3(0.6-2.7)
With 3-year latency 1.00 (ref)  0.9(0.6-1.5)  1.1(0.7-1.7)  1.5(0.9-24)  1.1(0.4-2.9)
Hodgkin lymphoma 397/3970
Overall 1.00 (ref)  1.1(0.8-1.5)  09(0.7-1.2)  1.0(0.7-1.6) 1.8 (0.9-3.6)
With 3-year latency 1.00 (ref) 1.1 (0.8-1.5) 1.1 (0.8-1.5) 1.2 (0.7-2.0) 2.2 (0.9-5.0)
Myeloma 1051/10510
Overall 1.00 (ref)  0.9(0.7-1.1)  09(0.8-1.1)  09(0.7-1.1) 0.7 (0.5-0.9)
With 3-year latency 1.00 (ref)  0.9(0.7-1.1)  1.0(0.8-1.2)  0.9(0.7-1.1)  0.7(0.5-1.0)
Other non-Hodgkin lymphoma 2772/27715
Overall 1.00 (ref)  1.0(0.8-1.1)  1.0(0.9-1.1)  0.9(0.8-1.1)  1.0(0.8-1.2)
With 3-year latency 1.00 (ref) 0.9 (0.8-1.1) 1.0 (0.9-1.2) 1.0 (0.9-1.1) 0.9 (0.7-1.1)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; CLL, chronic lymphocytic leuke-

mia; CML, chronic myeloid leukemia.

blood donors compared to the general population and that
frequent donations do not increase risks. Moreover, we
also demonstrate that hemoglobin concentration begins to
decrease already in the presymptomatic period before a
diagnosis of hematological malignancy, even in malignan-
cies with acute presentations. This may represent the long
latency between developing a premalignant/symptomatic
clonal hematopoiesis to the development of overt disease
even in aggressive diseases.'

The only departures, from the otherwise inconspicu-
ous results, were a slightly decreased risk of AML and a
slightly increased risk of CLL, comparing the donor
cohort to the general population. Given that we found no
evidence of a dose-response association between the
number of donations and the risk of these malignancies,
we interpret these findings to be unlikely to represent
causal effects. Indeed, it seems more likely that the for-
mer is driven by residual confounding from comorbidities
(eg, prior chemotherapy or prior malignant disease,
which would preclude from blood donation) and that the

latter is driven by screening effects from repeated blood
testing and/or from comparatively higher health con-
sciousness in the donor population.

The strength of this study is its size and the generally high
quality of Swedish register data, resulting in high statistical
precision, negligible loss to follow-up, and high accuracy in
recorded diagnosis of hematological malignancies. The
SCANDATS3-S database contains all available computerized
data on blood donations, with more than 5 decades of follow-
up (of which we used data from a period of nearly 40 years),
making this study the most long-standing of its kind.

The study has several limitations. Foremost, frequent
blood donations essentially screen for a hematological
malignancy, as donor hemoglobin is controlled at the blood
collection center. Subclinical disease, presented as a modest
but persistent drop in hemoglobin, might result in an expe-
dited diagnosis of hematological disease. Furthermore, fre-
quent blood donors with undiagnosed hematological
disease might donate less frequently due to prodromal
symptoms. Both of these phenomena may weaken any
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dose-response relationship between blood donations and
subsequent hematological disease. Also, since there is a
limit on the frequency of whole blood donations per year
(a maximum of four times and three times per year for
men and women, respectively), we were not able to assess
potential effects of more frequent whole blood donations.
In conclusion, we found no convincing evidence of a
relationship between hematological malignancy and
blood donations. Given the consistency between the two
types of analyses, and the overall strengths of the data,
this should serve as comfort to both blood donors and
health care professionals involved in blood collection.
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