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Association between transfusion of whole blood and
recurrence of cancer

NEIL BLUMBERG, JOANNA M HEAL, PAUL MURPHY, MUKESH M AGARWAL,
CHRISTY CHUANG

Abstract

Transfusion affects the immune response to renal transplanta-
tion and may be associated with recurrence of various human
neoplasms. Data from patients with colonic, rectal, cervical, and
prostate tumours showed an association between transfusion of
any amount ofwhole blood or larger amounts of red blood cells at
the time of surgery and later recurrence of cancer. Recipients of
one unit of whole blood had a significantly higher incidence of
recurrence (45%) than recipients of a single unit ofred cells (12%)
(p=0-03). Recipients of two units of whole blood also had a
higher rate of recurrence (52%) than those receiving two units of
red cells (23%) (p=0-03). Recipients of any amount of whole
blood had similar recurrence rates (38-52%). Recipients of four
or more units of red blood cells had a higher rate of recurrence
(55%) than those receiving three or fewer units of red blood cells
(20%) (p=0005). Mortality due to cancer in patients receiving
three or fewer units of red blood cells (2%) was similar to that in
patients who did not have transfusions (7%) and significantly
lower than that observed in patients receiving three or fewer units
of whole blood (20%) (p=0O003). A proportional hazards risk
analysis showed that transfusion ofany whole blood or more than
three units of red blood cells was significantly associated with
earlier recurrence and death due to cancer.
These data support an association between transfusion and

recurrence of cancer. They also suggest that some factor present
in greater amounts in whole blood, such as plasma, may
contribute to the increased risk of recurrence in patients who
have undergone transfusion. Until the questions raised by
retrospective studies of cancer recurrence and transfusion can be
answered by prospective interventional trials with washed red
blood cells, red blood cells should be transfused to patients with
cancer in preference to whole blood when clinically feasible.

Introduction

A growing body of data shows that blood transfusions have
immunological effects on patients and experimental animals beyond
those of alloimmunisation to blood cell antigens. 1-3 The best
characterised clinical consequence is that of improved renal allo-
graft survival in transfused patients compared with that in those not
receiving homologous blood. These findings have led to studies on
whether transfusion at the time of cancer surgery might be
associated with immunological modulation of the patient and
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unfavourable rates of tumour recurrence. The first study showing
such an adverse relation was that of Burrows and Tartter on patients
with colonic cancer,4 which has been followed by numerous studies
documenting associations between perioperative transfusion and
poorer outcome in patients with cancers of the colon and rectum, 6
lung,7" breast,9 and cervix," as well as soft tissue sarcomas." Some
studies have failed to find such associations or have found small
differences that are not significant.'2 18 Furthermore, almost all
studies have been retrospective reviews of medical records, subject
to many biases, raising the possibility that the reported associations
are due to unfavourable prognostic factors that are in turn linked to
the likelihood of transfusion. 2

The failure of some studies to confirm an association between
tumour recurrence and transfusion may be due to local factors of
cancer biology'9 or treatment strategies or to the absence of a causal
relation. Because transfusion practices vary greatly between
clinicians and hospitals we hypothesised that differences in the kind
of blood components transfused might have some bearing on the
findings in different studies. Our own study of recurring colorectal
tumours found a dramatic association between tumour recurrence
and transfusion. A dose-response relation between number of
transfusions and tumour recurrence, however, could not be dis-
cerned. This was surprising if an immunological mechanism
analogous to that seen in renal allograft survival exists. A dose-
response relation between the number of transfusions and renal
allograft survival has been clearly shown.' Thus we analysed our
data on patients who had undergone transfusion who had cancer of
the colon, rectum, cervix,' and prostate to see if differences in the
amount and kind of transfusions were associated with varying
recurrence and death rates.

Patients and methods
The methods used to collect data on patients with cervical and prostate

cancer were identical with those reported in our retrospective study ofcolonic
and rectal tumours.I In brief, the names and identifying numbers ofhospital
patients seen between 1970 and 1982 with these diagnoses were retrieved
from a computerised database and the medical record reviewed, collecting a
variety of demographic, clinical, and treatment data. Transfusion data were
also confirmed from blood bank records. Patients were included in the study if
they had undergone surgery at our institution, had a documented follow up
of at least six months, had no evidence of metastatic disease at diagnosis, and
had an unambiguous history of transfusion and diagnosis of cancer. We
designated patients as being in the transfusion groups if the transfusions
occurred within one month before or after surgery. Patients receiving
transfusions at other times were not included in this analysis. A multivariate
analysis, including proportional hazards risk model, has been published for
data on colorectal cancer,5 described in abstract for data on cervical cancers
and is in preparation for data on prostate cancer. The results for colonic,
rectal, and cervical cancer suggested that transfusion was significantly
associated with recurrence of cancer or death due to the tumour, or both,
even after adjustment for clinical stage, anaemia at diagnosis, duration of
surgery, patient's age, and so on.

All patients who had undergone transfusions received either red blood
cells or whole blood or some combination of these components. A few
received fresh frozen plasma (13/216) or platelet concentrate transfusions
(1/216). As initial analysis of the data suggested that recurrence was
associated with transfusion of whole blood we grouped the patients into
those who had received only red cells and those who had received at least one
unit of whole blood. Patients who received only red cells and fresh frozen
plasma or platelets or both, but no whole blood, were grouped with the
patients receiving whole blood.
A total of 216 patients who underwent transfusion were analysed, of

whom 120 had colonic or rectal cancer, 62 cervical cancer, and 34 prostate
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cancer. The 257 patients who did not have transfusions comprised 68 with
colorectal cancer, 61 with cervical cancer, and 128 with prostate cancer. The
numbers of recurrences and deaths for the colorectal, cervical, and prostate
groups were, respectively (54, 20), (16, 8), (19, 6) for the transfusion group
and (6,3), (18,5), (44, 11) for the control group. The proportion of the
transfusion group who had recurrences or died because of cancer was
significantly higher than that of the control group, except those with cervical
cancer. The trends for recurrence and death reported by kind and amount of
blood transfused were similar for each tumour. A breakdown of the data by
tumour is available from the authors.

We initially thought that whole blood transfusions might be associated
with a greater risk of recurrence and death due to cancer than red blood cell
transfusions. Table I shows data for incidence of recurrence and mortality
for all of the cancer patients who had had transfusions. The data are stratified
according to whether whole blood or red blood cells were given and the
number of transfusions received. Differences in incidence of recurrence and
mortality due to cancer observed among patients receiving one or two units
of whole blood and those receiving the corresponding number of red blood

TABLE I-Recurrence rates and mortality by kind and amount of blood components received (n=216)

Recurrence rates Mortality

Whole blood Red blood Whole blood Red blood
Units (No (%)) (No (%)) Probability* (No (%)) (No (%)) Probability*

1 10/22 (45) 2117 (12) 0-03 4122 (18) 0117 0 09
2 15/29 (52) 6/26 (23) 0-03 7/29 (24) 1/26 (4) 0-03
3 9/24(38) 2/7(29) 0-52 4/24(17) 0/7 0 34

>3 34/71 (48) 11120(55) 0-38 15/71 (21) 3/20(15) 0 40

*p Values are for comparisons of whole blood to red cells by Fisher's exact test20; results for x2 were similar.

TABLE iI-Recurrence and mortality by kind and amount of blood components received

No of Recurrences Deaths
patients (No (%)) Probability* (No (%)) Probability*

No transfusions 257 68 (26) 19 (7)
<3 unitsofredcells 50 10 (20) 0-22 1 (2) 0-13
<3 units ofwhole blood 75 34 (45) 0-002 15 (20) 0-003
>4 units of red cells 20 11 (55) 0 009 3 (15) 0-20
>4unitsofwholeblood 71 34(48) 0-0006 15 (21) 0 002

*p Values are for comparisons against the control group. Both x2 and Fisher's exact test were employed giving identical
results.20 The values for Fisher's exact test are shown.

STATISTICAL ANALYSIS

The methods detailed in our previous paper on colonic and rectal cancer
were used.5 We used x2 statistics to compare the transfusion and control
groups with respect to the various prognostic factors.20 We also used such
statistics to compare the incidence of recurrence or death in the various
groups defined by the variables under study. These latter analyses were
followed by statistical techniques that allow adjustment for differences in
prognostic factors. The prognostic factors studied included age, date of
surgery, duration of surgery, packed cell volume on admission, kind and
amount of blood components received, type of cancer, and stage of cancer.
To analyse this last factor for patients with different types of cancer we
devised an improvised classification for statistical analysis. "Early stage"
included patients with cervical cancers of stages 0 and IA, colorectal cancers
of stage A, and prostate cancers of stages Al and A2. "Intermediate stage"
included patients with cervical cancer stages of IB, IIA, and IIB, colorectal
and prostate cancer stages B1 and B2. "Advanced stage" included patients
with cervical cancer stages IIIA and IIIB, colorectal cancer stages C1 and C2,
and prostate cancer stage C. We appreciated that this process could not yield
precise data on the effect of stage on recurrence of cancer but wished to
incorporate broadly representative information on stage in our study of
prognostic factors that might be associated with transfusion and cancer
recurrence. A multivariate stepwise logistic regression analysis was per-
formed to determine which of the above prognostic factors were associated
with whole blood transfusion.
When fitting proportional hazards models to time to recurrence and

survival time we first included as predictors all the previously prognostic
factors but not the kind and amount of blood components transfused.22 The
non-significant factors were excluded, and kind and amount of blood
components were then added to the proportional hazards model to see if the
change in the log likelihood after adding data on transfusion was significant.
By entering information on transfusion last we could measure the impact of
kind and amount of blood components transfused on time to recurrence and
survival time after adjustment for other factors. We thus obtained an
estimate of the effect on recurrence and death attributable to the type and
amount ofblood transfused. Kaplan-Meier's product limit method was used
to estimate the unadjusted distributions of time to recurrence and survival
times.23

cell units were significant. For those patients receiving three or more units of
red cells the incidence of recurrence was not significantly different from that
seen in any of the whole blood groups, regardless of number of whole blood
units transfused.

Because of the observed trend toward a progressively lower incidence of
recurrence and death among patients receiving three or fewer units of red
cells, the data were further grouped into those receiving three or fewer units
of red cells or whole blood and those receiving more than three. These data
are shown in table II, along with the data on the control group. The
recurrence and mortality of the control group and those receiving three or
fewer units ofred cells were not significantly different. These rates, however,
were significantly lower than the recurrence and mortality in the patients
receiving any amount of whole blood and those receiving more than three
units of red cells. As the groupings of patients in this table are based on an
initial analysis of variations in the data the p values given may exaggerate the
significance of the results. They are given only as rough indicators of the
magnitude of differences in the incidence of events in the groups.
A multivariate stepwise logistic regression analysis showed that three

prognostic factors were significantly associated with transfusion of any
amount of whole blood or more than three units of red blood cells: surgery
before 1975 (regression coefficient 1-0209), packed cell volume on admission
of 41 or more (0-6117) or less than 38 (0 0048), and both early (0 2060) and
advanced (0-3377) clinical stages of disease. Thus prognostic categories that
might be expected to be related to time to recurrence and survival time were
associated in a variable manner with transfusion ofwhole blood or more than
three units of red blood cells. Such transfusions were significantly associated
with both clinically favourable (packed cell volume 41 or more, early clinical
stage) and unfavourable (packed cell volume less than 38, advanced clinical
stage) prognostic factors.

Proportional hazards models were constructed for time to recurrence and
survival time, intially omitting the variables of kind and amount of blood
components transfused. Age was positively associated with earlier recur-
rence (regression coefficient 0-013) but not with decreased survival time.
Early clinical stage and packed cell volume of 38-40 were negatively
associated with earlier recurrence (regression coefficients of -0-5954
and -0-7635 respectively) but not significantly associated with shortened
survival time. Packed cell volume of less than 38 and duration of surgery of
one hour or less and two to three hours were significantly associated with
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Curves of interval to recurrence in patients receiving transfus
of whole blood or >4 units of red blood cells, and in patiei
blood cell transfusions. The terminal horizontal segments
last observed recurrence to time of last censored observation
the 50 patients receiving <3 units of red blood cells and sil
receiving ans whole blood or >4 units of red blood cells
followed with no further recurrences. These curves are si
p=0 058 by Breslow; p=0 026 by Mantel-Cox); curves fc
show longer survival for those receiving <3 red blood cell ti
shown; p=0 02, p=0 04).

shorter survival times. Thus only one category significar
transfusion of whole blood or more than three units
(packed cell volume less than 38) was significantly associa
survival in the proportional hazards model. It was
associated with earlier recurrence. Conversely, a cat
associated with transfusion of whole blood or more thar
blood cells (early clinical stage) was negatively assoc
recurrence.

Adding to the proportional hazards models the bina
amount of whole blood transfusion (including those re
three units of red cells) versus three or fewer units
transfusions increased the log likelihood of both
(p=0047) and shortened survival (p=0 029). The relay
recurrence for those receiving any whole blood or more
red blood cells was 2 041 (95% confidence interval=
the relative risk of shortened survival was 9-324 (95% co
1-260, 68 990).
Kaplan-Meier's product limit estimates for unadjusted

and survival time were calculated for patients who recei
any whole blood or more than three units of red blood cell
received three or fewer units of red cells. These es
calculated for those receiving any whole blood versus those
blood cells, those receiving three or fewer units of whole
receiving three or fewer units of red blood cells, and the
than three units of whole blood versus those receiving m
of red blood cells.

Data on patients without recurrence or who did not
treated as censored. As expected, the most striking differ
the unadjusted time to recurrence or death was seen whei
any whole blood or more than three units of red blood cc
with those receiving three or fewer units of red blood cell
these curves for time to recurrence. Virtually iden
calculated when the data were analysed by clinical stage, t
not significant. The only other comparison that achieved
p=0 05 level was that of survival time for patients receii
units of whole blood versus those receiving three or fewei
cells. The patients receiving three or fewer transfusions
survived for longer periods than those receiving three or
of whole blood (p=0 047 by Mantel-Cox). The compa
transfusion groups for time to recurrence showed the sam
achieve significance (Breslow p=0 15; Mantel-Cox p=00

Discussion

Our data indicate that the association between
recurrence of cancer in some patients may be causa
to be a distinct relation between the kind and a
component transfused and the subsequent incider

and death. Owing to the need to divide our data into discrete
categories, the numbers of patients analysed is small and required
pooling of data from three separate retrospective studies of
transfusion and cancer recurrence. Although the biology and causes
of tumour recurrence for these diseases are no doubt variable and
multifactorial, the trends for recurrence and death associated with

Whole blood blood transfusions were virtually identical for each type of tumour.
* Red cells Furthermore, multivariate analysis suggested that the transfusion

of any amount of whole blood or larger numbers of red blood cell
concentrates is independently associated with earlier recurrence and
death due to cancer. The data do not support the assertion that this
relation is entirely due to whole blood transfusions being associated

-a with other prognostic factors such as advanced clinical stage,
advanced age, longer duration of surgery, or anaemia at the time of

4000 5000 diagnosis. Although transfusions of any amount of whole blood ormore than three units of red blood cells were more likely in patients
treated before 1975, those with early and advanced clinical stages,

3ion with any amount and those with a packed cell volume of less than 38 and 41 or more,
nts receiving <3 red none of these latter individual categories were significant predictors
represent time from
L. This includes 26of of both time to recurrence and survival time when entered into
x of the 166 patients proportional hazards models. In contrast, transfusion of any whole
s all of whom were blood or more than three units of red blood cells was significantly
.gnificantly different associated with both earlier recurrence and death owing to cancer in
or survival time also
ransfusions (data not the proportional hazards risk analysis.

In our clinical experience the decision to use whole blood rather
than red cells is largely a matter of habit or conviction on the part of
the surgeon or anaesthetist or availability from the blood bank. We

itly associated with know of no evidence to suggest that choice of blood component
of red blood cells might be related to surgical skill, clinical stage, etc. This would be
ited with shortened especially true, we believe, for transfusions of one or two units of
s not significantly blood. Our data suggest that previous studies might usefully be re-
:egory significantly examined to see what kinds of blood components were given as well
three units of red as the amount transfused.46 9" Variations in blood componentciated with earlier therapy practice may in part account for the different conclusions

drawn in previous studies of transfusion and cancer recurrence.iry variable of any I
ceiving more than If, in certain patients, the relation between transfusion and cancer
of red blood cell recurrence is causal, the mechanisms implicated are obscure. Red
earlier recurrence blood cells and whole blood differ primarily in the amount ofplasma
itive risk of earlier transfused. Red blood cells contain perhaps 50-60 ml of plasma
than three units of and anticoagulant preservative solution, whole blood contains
1-012, 4 115) and 250-300 ml, or five to six times as much. When platelet rich plasma
confidence interval= is made before preparing red blood cells the red blood cells may

be partially depleted of lymphocytes (perhaps by 40% in our[time to recurrence laboratories). Most of the red blood cells transfused to the patients
ved transfusions of
Is and for those who n our study were not depleted in lymphocytes (less than 20% of
estimates were also those who received transfusions we would estimate).
se receiving any red We think it likely that some substances in homologous plasma
blood versus those cause reduced immune function in patients with cancer given any
rose receiving more whole blood or larger numbers of red blood cells (that is, more than
cre than three units three units). Suggestions that human plasma contains substances

capable of causing immunosuppression in susceptible recipients
die of cancer were have been made by others,224-27 and we believe our data support this
ence in estimates of hypothesis. Similarly, in an animal model of blood transfusion and
ells were compared tumour recurrence plasma transfusion was the blood component
s.The figure shows associated with the highest incidence of tumour growth.20 It is,
tical curves were however, also possible that recipients of plasma receive larger doses
but the results were of known or unknown viral agents that are capable of modulating
significance at the patient immune response and altering the ultimate outcome of the

ving three or fewer interaction between residual cancer and host defences. We think
r units of red blood this less likely, but evidence ofinduction of immunological changes
s of red blood cells by even inactivated viruses has been reported in patients withfewer transfusions cancer. 29
rison of these twoie trend but did not Controlled interventional trials ofwashed red blood cells depleted
081). in plasma will be required to answer the questions raised by

retrospective studies of cancer recurrence and blood transfusion.
The practical implications of our data are that transfusions to
patients with cancer should be performed only when clinically
essential and that red blood cells should be used in preference to

transfusion and whole blood.L.L AO.L &AWAA "&&%

il. There appears
amount of blood
ice of recurrence
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Incidence of rhesus immunisation after genetic amniocentesis

ANN TABOR, DONALD JERNE, JOHANNES E BOCK

Abstract

Of655 Rh negative women without anti-D antibody in their serum
at genetic amniocentesis, 3161 delivered a' Rh, positive infant.
Prophylactic treatment with anti-D immunoglobulin was
not given at amniocentesis. The women were followed pros-
pectively, being given a screening test for antibody after amnio-
centesis, at delivery, and. six months later. Five of these 361
women yielded a positive test result due to antiD antibody. The
immunisation rate after genetic amniocentesis was no higher
than the spontaneous immunisation rate during pregnancy. Four
women who had two amniocenteses in the same pregnancy and
34 women who had -amniocentesis in two con'secutive preg-
nancies with Rh positive fetuses were n'bt immunised. Among six
women with anti-D antibody in their serum before amniocentesis
the titre of antibody increased in, three. Amniocentesis may have
worsened the. outcome of these pregnancies.
These results suggest that the rlisk of 'immunisation in Rh

negative womnen is small.
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Introduction

Amniocentesis has been associated with an increased incidence of
feto-m'aterna haemorrhage,' and fetal erythrocytes possess
imuogenic D antigens at this stage of pregnancy.' It remains to

be s'hown whether amniocentesis induces anti-D antibodies in
unsensitised Rh negative women. To protect the woman against this
risk the World Health Organisation has recommended that a small
dose of anti-D IgG be given at amniocentesis.' Giving this immuno-
globulin, which is capable of passing through the placenta of
a pregnant woman, could be associated with fetal morbidity
and certainly makes interpretation difficult for the serological
laboratory.
We attempted to evaluate whether prophylactic anti-D immuno-

globulin at amin-iocentesis should be introduced in east Dernmark,
where antena'tal prophylaxis is not administered.

Patients and methods
Fromi 1 January 1981 to, 31 December 1982, 4127 pregnant women who

were planning to give birth in- east Denmark had genetic- amniocentesis
performed at Rigshospitalet in Copenhagen. The study included 692 women
who on admission were reported to be Rh -negative; their indic'ations for
amniocentesis were maternal age (298 women (43%)), participation in a
randomised trial of genetic amniocentesis (166(24%)), Down's syndrome in
the family (104(15%)), and other reasons (124(18%)). Of these 692 women,
246 delivered a Rh negative child and 85 women were excluded for other
reasons (fig 1). We therefore studied 361 women, who~had a Rh positive
child. Table I -shows the pertinent clinical data on these women.-

All women on whom genetic amniocentesis wasperformed were followed
ujp with a questionnaire filled in by the hospital where delivery took place.
Besides stating, complcations occurring during pregnancy and delivery and
after birth the q'uestionnaire gave the rhesus state of the mother and child
and information on whether immunopropbiylaxis had been administered to
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