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Abstract

Objectives The aim of this work is to investigate the

association between transfusion history and cancer mor-

tality in a prospective follow-up study.

Methods We conducted a prospective cohort study in four

areas of Akita Prefecture, Japan, in 10,451 individuals

(4,401 men and 6,050 women, aged 40–79 years) without

history of cancer. The subjects were followed until 31

December 2003 and the number of deaths from cancer was

recorded.

Results After mean follow-up of 12.76 years (140,259

person–years), 520 individuals (333 men and 187 women)

died of cancer. History of blood transfusion before 1990

was mildly but significantly associated with overall cancer

mortality (hazard ratio = 1.75, 95% confidence interval:

1.32–2.18) and nonliver cancer mortality (HR = 1.68, 95%

CI: 1.25–2.26). This significant association remained

unchanged after excluding deaths that occurred within

5 years of baseline for overall cancer mortality

(HR = 1.47, 95% CI: 1.04–2.09) and for nonliver cancer

mortality (HR = 1.43, 95% CI: 1.00–2.04). The significant

association for nonliver cancer mortality was confirmed in

subjects with no smoking history and/or alcohol

consumption (HR = 2.01, 95% CI: 1.35–3.00). Site-spe-

cific analysis showed a possible association between

transfusion history and death from pancreatic cancer.

Conclusions History of blood transfusion before 1990

was found to be associated with increased risk for cancer

mortality and was independent of liver diseases. The

mechanism of the association between blood transfusion

and cancer mortality warrants further research.
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Introduction

Although allogeneic blood transfusion is an established

mode of therapy, it has several recognized risks. In this

study, we aimed to test the hypothesis of a long-term

biological influence of past transfusion on overall cancer

mortality. Although many epidemiological studies have

suggested that allogeneic blood transfusion is associated

with increased risk for postoperative cancer recurrence [1–

12], few studies have investigated the association between

transfusion history and cancer mortality. One preliminary

study has suggested that past transfusion might increase the

risk for overall cancer mortality [13]. Therefore, further

studies are needed to confirm this association, with

adjustment for related lifestyle factors or past medical

histories that might confound the association between

cancer mortality and transfusion history.

We conducted a 14-year follow-up cohort study of

middle-aged and elderly general population in Japan using

self-report questionnaires on transfusion history and other

factors that might confound analysis of the association

between transfusion history and cancer mortality.
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Materials and methods

Study cohort

The cohort was established in four areas (areas A–D) in

Akita Prefecture as part of the Japan Collaborative Cohort

Study for evaluation of Cancer Risk (JACC study), which

was ongoing for 14 years (from 1990 to 2003); the details

of the study have been described in more detail elsewhere

[14, 15]. In brief, a total of 11,631 individuals (4,865 men

and 6,766 women, aged 40–79 years) in the four areas

participated in municipal health screening examinations

between 1988 and 1991, which were conducted in accor-

dance with Japan’s law on health services for elderly

people. All of the participants completed a self-adminis-

tered questionnaire. The cohort study was set up in

accordance with the ethical standards of the Helsinki

Declaration, and the protocol and the data usage for this

research was approved by the Research Ethics Committee

of Kyoto University.

Follow-up

Date and cause of death were confirmed biannually, with

the permission of the Director-General of the Prime Min-

ister’s Office (Ministry of Public Management, Home

Affairs, Post, and Telecommunications). The date of

moving away from the study area was also annually veri-

fied by the investigator in each area by reviewing the

population register sheets of the cohort members. The time

of follow-up for each subject was calculated from the day

of enrollment in the study to the day of death from cancer

or any other cause, the time of moving away from the study

area or the end of 2003, whichever occurred first. By the

end of 2003, 14.2% (944 men and 621 women) of the

participants had died and 3.4% (131 men and 241 women)

were lost to follow-up because they had moved away from

the study areas.

Questionnaire

At baseline, all participants completed self-administered

questionnaires containing the following items: sex, age,

birth date, medical history (transfusion, liver diseases,

external injury that required hospitalization, and abdominal

surgery), smoking status, alcohol consumption, and history

of pregnancy. Medical histories and history of pregnancy

were inquired about, using a yes/no question regarding

whether the participant had a particular medical or preg-

nancy history. For example, for transfusion history, par-

ticipants were asked, ‘‘Have you ever been treated with

blood transfusion by the time of this survey?’’ For alcohol

consumption, individuals chose their status from three

categories: those who had never consumed alcohol, current

drinkers or ex-drinkers. For smoking status, individuals

chose from three categories: those who had never smoked,

current smokers or ex-smokers. Those with unmarked or

missing data in the questionnaire were not used in the

analyses.

Data retrieval and analysis

We restricted the present analysis to include only those

participants who provided information about their age, sex,

and transfusion history, and who did not have history of

cancer. Of the 11,631 participants, those with history of

cancer (n = 638) and those with missing questionnaire

data about their age, sex or transfusion history (n = 759)

were not used in this analysis. A total of 1,180 individuals

were excluded, and our final dataset comprised data from

10,451 individuals (4,401 men and 6,050 women, aged 40–

79 years). For deceased subjects, cause of death was

recorded from death certificates and coded according to the

International Classification of Diseases and Related Health

Problems (ICD) tenth revision for deaths occurred after

1995, or the ninth version for deaths that occurred between

baseline and 1994; the latter were then recoded according

to the tenth revision. Deaths due to malignant neoplasms

were coded as 140–208 according to the ICD ninth revision

(for deaths between baseline and 1994) and as C00-C97

according to the tenth revision (for deaths after 1995).

Statistical analysis

The Cox proportional-hazards model was used to calculate

the age-adjusted and multivariate hazard ratio (HR) of

history of blood transfusion for cancer mortality, along

with the 95% confidence interval (CI). The risk of cancer

mortality in patients with liver disease was also estimated.

All calculations were performed using SAS version 8.2

software (SAS Inc., Cary, NC, USA). Differences at

P \ 0.05 were considered statistically significant.

The multivariate HR of transfusion history for cancer

mortality was estimated after adjusting for baseline age,

sex, and typical risk factors of total cancer mortality

(smoking status and alcohol consumption), and history of

external injury, abdominal surgery, liver disease, and

pregnancy, which were factors related to transfusion, or

factors showing a significant association in age-adjusted

univariate analysis.

Results

During average follow-up of 12.76 years (140,259 person–

years), a total of 520 individuals (333 men and 187 women)
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died of cancer: 26 (15 men and 11 women) from liver

cancer and 494 (318 men and 176 women) from nonliver

cancer. Baseline characteristics are presented in Table 1.

The prevalence of external injury (41.0%), abdominal

surgery (73.7%), and liver disease (8.2%) among subjects

with history of blood transfusion was more than twice that

of those without history of transfusion (17.6%, 29.6%, and

2.9%, respectively) (P \ 0.001, v2 test). On the other hand,

there was no significant difference in smoking status or

alcohol intake between those with and those without

history of blood transfusion.

Table 2 shows the age-adjusted HRs for cancer mor-

tality for the sex-specific and sex-stratified analyses. Gen-

erally, history of blood transfusion was significantly

associated with increased risk of cancer death, regardless of

whether death was associated with liver cancer or nonliver

cancer. Smoking status was also significantly associated

with increased risk of cancer death. Current smoking and

ex-smoking statuses were, respectively, associated with

cancer mortality, for overall cancer and nonliver cancer.

History of liver disease was significantly associated with

increased risk for liver cancer mortality, although this

association was not confirmed for mortality due to other

cancers. In women, ex-drinking habit and history of

external injury were also significantly associated with

increased risk of cancer mortality. History of abdominal

surgery and pregnancy were not significantly associated

with cancer mortality.

On multivariate analysis, the significant association

between cancer mortality and history of transfusion

remained unchanged (Table 3). We also tested this asso-

ciation after excluding deaths in the first 5 years (totally

511 cases were excluded, including 120 cancer deaths),

because such deaths might have resulted from unidentified

factors that engendered a spurious association between

transfusion and cancer mortality risk. Even after excluding

deaths in the first 5 years, the significant association

remained unchanged; the HR (95% CI) was 1.47 (1.04–

2.09) for overall cancer mortality and 1.43 (1.00–2.04) for

nonliver cancer mortality. Furthermore, we confirmed the

significant associations between history of transfusion and

risk for cancer mortality in subjects with no history of

smoking and/or drinking; the HR (95% CI) was 2.04 (1.39–

3.00) for overall cancer mortality and 2.01 (1.35–3.00) for

nonliver cancer mortality.

Based on the site-specific analysis, we found a signifi-

cant association between transfusion history and mortality

due to cancer in the stomach, liver, and pancreas. After

excluding deaths in the first 5 years, there remained sig-

nificant associations for cancer in liver (HR = 1.75, 95%

CI: 1.32–2.33) and pancreas (3.20, 1.02–10.07).

Discussion

We found that history of blood transfusion before 1990 was

mildly but significantly associated with elevated cancer

mortality risk among middle-aged and elderly general

Table 1 Demographic and clinical data of the study cohort

History of transfusion

Yes (n = 972) No (n = 9,479)

Age

Mean (SD), years 56.7 (9.5) 58.1 (9.3)

n (%) n (%)

Area

A 221 (22.7) 1,826 (19.3)

B 247 (25.4) 1,834 (19.3)

C 202 (20.8) 2,827 (29.8)

D 302 (31.1) 2,992 (31.6)

Number

Men 352 (36.2) 4,049 (42.7)

Women 620 (63.8) 5,430 (57.3)

Smoking status

Never 555 (57.1) 5,433 (57.3)

Smoker 183 (18.8) 2,086 (22.0)

Ex-smoker 103 (10.6) 726 (7.7)

Unknown 131 (13.5) 1,234 (13.0)

Alcohol intake

Never 433 (44.5) 4,246 (44.8)

Drinker 396 (40.7) 4,278 (45.1)

Ex-drinker 64 (6.6) 287 (3.0)

Unknown 79 (8.1) 667 (7.0)

History of external injury

Yes 399 (41.0) 1,673 (17.7)

No 495 (50.9) 7,497 (79.1)

Unknown 78 (8.0) 308 (3.2)

History of abdominal surgery

Yes 716 (73.7) 2,805 (29.6)

No 229 (23.6) 6,588 (69.5)

Unknown 27 (2.8) 85 (0.9)

History of liver disease

Yes 80 (8.2) 272 (2.9)

No 821 (84.5) 8,777 (92.6)

Unknown 71 (7.3) 429 (4.5)

History of pregnancya

Yes 565 (98.8) 5,055 (99.3)

No 7 (1.2) 37 (0.7)

People with history of cancer before participation in the cohort were

excluded from this analysis

SD standard derivation
a Females only
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Table 2 Age-adjusted analysis for factors associated with cancer mortality: all cancers, nonliver cancers, and liver cancers

Men Women All

n HR (95% CI) P value n HR (95% CI) P value HR (95% CI) P value

Cancer (all)

Smoking status

Never 61 1.00 147 1.00 1.00

Smoker 194 2.01 (1.51–2.69) \0.0001 8 1.75 (0.86–3.57) 0.12 1.97 (1.51–2.57) \0.0001

Ex-smoker 71 1.43 (1.09–1.89) 0.0107 2 1.61 (0.33–7.74) 0.55 1.44 (1.10–1.89) 0.0089

Alcohol intake

Never 59 1.00 124 1.00 1.00

Drinker 243 0.77 (0.52–1.13) 0.18 49 0.60 (0.28–1.26) 0.18 0.74 (0.53–1.05) 0.0888

Ex-drinker 29 1.16 (0.75–1.82) 0.51 8 2.23 (1.09–4.56) 0.0279 1.36 (0.92–2.02) 0.12

History of external injury

No 256 1.00 140 1.00 1.00

Yes 72 0.87 (0.67–1.13) 0.3 49 1.42 (1.02–1.96) 0.0369 1.04 (0.85–1.27) 0.72

History of abdominal surgery

No 250 1.00 113 1.00 1.00

Yes 90 1.08 (0.85–1.37) 0.55 82 1.09 (0.82–1.45) 0.55 1.08 (0.90–1.30) 0.41

History of liver disease

No 308 1.00 177 1.00 1.00

Yes 17 1.28 (0.79–2.09) 0.32 8 1.47 (0.72–2.99) 0.29 1.34 (0.89–2.00) 0.16

History of blood transfusion

No 296 1.00 153 1.00 1.00

Yes 37 1.33 (0.94–1.87) 0.11 34 1.91 (1.32–2.77) 0.0007 1.55 (1.20–1.99) 0.0006

History of pregnancy

No 5 1.00

Yes 169 0.42 (0.17–1.02) 0.0562

Cancer (nonliver)

Smoking status

Never 58 1.00 137 1.00 1.00

Smoker 185 2.02 (1.50–2.71) \0.0001 8 1.88 (0.92–3.84) 0.0827 2.00 (1.52–2.62) \0.0001

Ex-smoker 68 1.44 (1.08–1.91) 0.0116 2 1.61 (0.33–7.74) 0.55 1.44 (1.09–1.90) 0.0096

Alcohol intake

Never 58 1.00 116 1.00 1.00

Drinker 233 0.86 (0.56–1.30) 0.46 48 0.67 (0.30–1.48) 0.32 0.83 (0.57–1.20) 0.31

Ex-drinker 25 1.02 (0.64–1.63) 0.95 7 2.09 (0.98–4.49) 0.0575 1.21 (0.80–1.82) 0.37

History of external injury

No 249 1.00 133 1.00 1.00

Yes 64 0.80 (0.60–1.05) 0.1 45 1.37 (0.97–1.92) 0.0711 0.97 (0.78–1.20) 0.77

History of abdominal surgery

No 239 1.00 108 1.00 1.00

Yes 86 1.08 (0.84–1.38) 0.56 74 1.03 (0.77–1.39) 0.85 1.06 (0.87–1.28) 0.57

History of liver disease

No 297 1.00 168 1.00 1.00

Yes 13 1.02 (0.58–1.77) 0.96 6 1.16 (0.52–2.63) 0.72 1.06 (0.67–1.68) 0.81

History of blood transfusion

No 286 1.00 144 1.00 1.00

Yes 32 1.19 (0.82–1.71) 0.36 32 1.91 (1.30–2.80) 0.0009 1.46 (1.12–1.90) 0.005
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population in Japan who had no history of cancer. These

significant associations were maintained even after

excluding deaths in the first 5 years, and in subjects who

reported no history of smoking and/or drinking.

Site-specific analysis showed a significant association

between transfusion history and death from pancreatic

cancer. Pancreatic cancer has an extremely low survival

rate [16] and is the fifth leading cause of cancer death in

Japan [17]. Its incidence and mortality have increased

markedly over the past four decades in Japan [18]. Nev-

ertheless, few epidemiological studies have been conducted

to identify the environmental/genetic risk factors that

contribute to the development of pancreatic cancer, and its

etiology remains unclear. Consistent evidence of an asso-

ciation with pancreatic cancer mortality has so far been

limited to cigarette smoking [19]. The association between

transfusion history and pancreatic cancer in this study

needs to be assessed in future studies containing a larger

number of cases.

Although this investigation had some limitations, as

described below, two main possibilities should be con-

sidered if we assume that transfusion history per se leads

to an increase in cancer mortality. First, the oncogenic

potential of infectious agents transmitted by transfusion

is possible. For example, transfusion-transmitted hepatitis

virus infection may carry an increased risk for devel-

oping a wide range of tumors [20, 21]. Second, the white

blood cells and platelets in allogeneic blood transfusion

have been suggested to cause transfusion-related immu-

nomodulation (TRIM) [22, 23]. In Japan, until 1988,

blood transfusion was performed without filtration or

irradiation of white blood cells, or screening for bacterial

or viral infections. Whole blood or packed red blood

cells were used after matching the allogeneic antigens

[24].

In terms of the oncogenic potential of infectious agents,

previous studies have suggested that hepatitis C virus

(HCV) might have an oncogenic role in a wide range of

cancers [21]. Therefore, an association between history of

liver disease and cancer mortality might be an important

indicator of whether infectious agents are responsible for

the significant association between transfusion history and

cancer mortality, because blood transfusion is an important

transmission route for HCV in Japan [25, 26]. We found

that history of liver disease was associated with history of

transfusion, and was significantly associated with increased

risk for liver cancer mortality. On the other hand, overall

cancer and nonliver cancer mortality were not significantly

associated with history of liver disease, but were associated

with history of transfusion. This suggests that the increased

risk for overall cancer mortality was associated with phe-

nomena induced by pathogens other than infectious agents,

which occurs in liver disease.

In terms of the second possibility, TRIM might be

directly or indirectly associated with the incidence or

promotion of fatal cancer. Clinical and experimental results

have shown that allogeneic blood transfusion leads to

immunomodulation in the recipient [27–29]. There is epi-

demiological evidence that TRIM facilitates the recurrence

of malignancy or the occurrence of postoperative infections

[30–32], although an association with fatal cancer occur-

rence has not been demonstrated. This condition might be

similar to the phenomenon that high-dose immunosup-

pressive regimens, such as cyclosporine, in transplant

recipients lead to a higher frequency of cancer mortality

[33]. Therefore, further evidence of the immunosuppres-

sive effect of transfusion on cancer mortality is needed in

other populations.

The present study has several limitations. We could not

determine the incidence of diseases or other events that

Table 2 continued

Men Women All

n HR (95% CI) P value n HR (95% CI) P value HR (95% CI) P value

History of pregnancy

No 4 1.00

Yes 159 0.49 (0.18–1.33) 0.1615

Cancer (liver)

History of liver disease

No 11 1.00 9 1.00 1.00

Yes 4 8.27 (2.63–26.05) 0.0003 2 7.21 (1.55–33.51) 0.0117 7.93 (3.18–19.81) \0.0001

History of blood transfusion

No 10 1.00 9 1.00 1.00

Yes 5 5.41 (1.84–15.88) 0.0021 2 1.88 (0.41–8.70) 0.42 3.56 (1.49–8.50) 0.0042

People with history of cancer before participation in the cohort were excluded from this analysis

HR hazard ratio, CI confidence interval
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might have been related to cancer mortality following entry

to the study, and therefore it is possible that unrecognized

confounding factors might be related to the association

between history of transfusion and cancer mortality.

Another limitation is that this survey collected self-

reported transfusion history, which may have reduced the

objectivity of the study. It is also possible that some cancer

deaths were not recorded in the cohort, specifically those

who left their original communities to undergo long-term

hospitalization. These factors may have hindered accurate

calculation of the association between transfusion history

and cancer mortality. On the other hand, we could not use

background information on the transfusion procedure.

Therefore, the possibility of biased selection of persons

Table 3 Multivariate analyses for the association between history of transfusion or liver disease and cancer mortality: cancer (specific site), all

cancer, and nonliver cancer

History of transfusion History of liver disease

n Adjusted HR (95% CI) P value n Adjusted HR (95% CI) P value

Cancer (all)

All 71 1.75 (1.32–2.33) 0.0001 25 1.26 (0.83–1.91) 0.27

Men 37 1.47 (1.00–2.18) 0.0522 17 1.26 (0.76–2.09) 0.38

Women 34 2.18 (1.39–3.43) 0.0007 8 1.39 (0.67–2.84) 0.37

Cancer (nonliver)

All 64 1.68 (1.25–2.26) 0.0007 19 1.00 (0.62–1.61) 0.99

Men 32 1.33 (0.87–2.02) 0.18 13 1.01 (0.56–1.81) 0.98

Women 32 2.20 (1.38–3.51) 0.0009 6 1.08 (0.47–2.45) 0.86

Cancer (specific site)

Lung

All 12 1.54 (0.78–3.06) 0.22 4 1.06 (0.39–2.91) 0.91

Men 7 1.12 (0.46–2.75) 0.8 3 1.09 (0.34–3.50) 0.88

Women 5 2.87 (0.90–9.14) 0.07 1 1.31 (0.17–10.18) 0.79

Stomach

All 13 1.99 (1.01–3.91) 0.0462 4 1.17 (0.42–3.23) 0.76

Men 7 1.35 (0.55–3.34) 0.51 3 0.78 (0.19–3.22) 0.73

Women 6 3.24 (0.91–11.52) 0.0698 1 2.32 (0.53–10.11) 0.26

Colorectum

All 6 1.27 (0.46–3.46) 0.65 1 0.68 (0.09–5.02) 0.71

Men 1 n/a n/a 1 2.40 (0.31–18.60) 0.4

Women 5 1.25 (0.34–4.59) 0.7334 0 n/a n/a

Liver

All 7 3.07 (1.14–8.31) 0.0269 6 6.57 (2.51–17.23) 0.0001

Men 5 3.94 (1.19–13.08) 0.025 4 5.45 (1.65–17.93) 0.0053

Women 2 2.15 (0.35–11.89) 0.4259 2 9.04 (1.80–45.40) 0.0075

Pancreas

All 7 3.34 (1.28–8.72) 0.014 0 n/a n/a

Men 4 4.10 (1.12–14.98) 0.0328 0 n/a n/a

Women 3 2.57 (0.63–10.60) 0.1905 0 n/a n/a

Other

All 26 1.47 (0.89–2.42) 0.13 9 1.26 (0.61–2.59) 0.53

Men 13 1.32 (0.67–2.57) 0.42 6 1.12 (0.45–2.77) 0.81

Women 13 1.70 (0.80–3.61) 0.16 3 1.58 (0.49–5.13) 0.45

Adjusted HR for cancer mortality was estimated after adjustment for age, sex, and typical risk factors for overall cancer mortality [smoking status

(never smokers, current smokers or ex-smokers) and alcohol consumption (never drinkers, current drinkers or ex–drinkers)], history of pregnancy

(yes or no), and other factors that may have been related to transfusion or that showed a significant association in the age-adjusted univariate

analysis (history of external injury, abdominal surgery, and liver disease). People with history of cancer before participation in the cohort were

excluded from this analysis. Each specific site of cancer was defined from ICD, tenth revision, as lung (C34), stomach (C16), colorectum (C18),

liver (C22), pancreas (C25)

n/a not applicable
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receiving blood transfusions cannot be ignored. Finally,

because this study contained relatively small numbers of

cancer mortality for each site, it is possible that statistical

errors may have had an adverse influence on the results.

In this study, we found that history of blood transfusion

prior to 1990 in middle-aged and elderly general popula-

tion in Japan was mildly but significantly associated with

cancer mortality, in terms of overall cancer and nonliver

cancer. The strength of our study was that we tested and

confirmed the association between transfusion history and

overall or site-specific cancer mortality, by conducting a

long-term follow-up cohort study. In addition, the signifi-

cant association remained even after adjusting for known

major cancer mortality factors such as alcohol intake and

smoking, and after excluding early deaths, which might

have been related to unidentified factors that may engender

a spurious association between transfusion history and

cancer mortality, and our results showed that this associ-

ation seemed to be independent from the oncogenic action

induced by infectious agents from transfusion. Since 1990,

the system and procedures used for transfusion in Japan

have evolved dramatically; therefore, we need to evaluate

whether current regimens have reduced the risk for major

disease such as cancer.
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