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Our findings fail to show with any certainty whether viruses
play a part in the pathogenesis of acute otitis media. An ap-
preciable rise in titre to antibodies against a respiratory virus
was found in 15 (25%0) of the 60 patients tested: four had re-
ceived antibiotics alone and 11 myringotomy alone or in
combination. Pathogenic bacteria were isolated from the middle
ear in six of these 11 patients.

Complications developed in few cases. The two patients with
mastoiditis, who also were identified easily, responded well to
amoxycillin. Regardless of the type of treatment, the incidence
of mastoiditis has decreased greatly over the past few decades;
before 1946 the incidence in patients with otitis was 10-44%;
in 1954 Rudberg could still report an incidence of 170'.9 The
use of antibiotics in all cases of otitis cannot be the cause of
this considerable decrease; if it were the decrease would have
been less pronounced in the Netherlands, where myringotomy
without an antibiotic has been the common treatment. Moreover,
mastoiditis would have developed in more patients during our
trial. In the Netherlands antibiotics are likely to be used when
otitis takes an unsatisfactory course despite myringotomy. Our
patients with a severe course or with persistent discharge after
14 days may have included patients susceptible to mastoiditis
in whom antibiotics prevented this complication. Thus anti-
biotic treatment in this selective group may have contributed
to a reduction in the incidence of mastoiditis; this does not,
however, explain the difference in incidence between the 1940s
and the past decade. The conclusion therefore seems justified
that both the decrease in the incidence of mastoiditis and the
surprisingly favourable course of acute otitis media treated
with nose drops and analgesics alone can be explained by
changes in the clinical features of this condition.

In conclusion, treatment of acute otitis media in children
can be limited to nose drops and analgesics for the first three
to four days. An antibiotic, preferably a penicillin, can be given
in the severe cases (still ill after three to four days with per-
sistent high temperature or severe pain, or both) and to patients

who do not clinically appear to be ill but still have discharge
of the ear after two weeks. Should this treatment not lead to
clinical improvement within a few days, further antibiotic
treatment should be determined on the basis of a culture.
Parents must be instructed to return to the general practitioner
if the clinical course is unsatisfactory. If this decision cannot be
left to the parents the general practitioner should make a further
visit obligatory.
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particular, M A M Boormans, M Th M Cottaar, H Dunk, F J H M
de Groot, P C G Haenen, J Hilbink, L H M Marres, B Schrader, P P
Taminiau, and W Wouts, who acted as liaison officers. We also thank
Professor F J A Huygen, Institute for General Practitioners, Uni-
versity of Nijmegen; Professor F Sturmans, departments of social
medical science, universities of Nijmegen and Maastricht; and
Professor W Kuypers, ear, nose, and throat department, Nijmegen
University Hospital, for their encouragement; and our colleagues
Dr H Festen and Dr J J W Roovers for their selfless help.
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Relation between recurrence of cancer of the colon and
blood transfusion

NEIL BLUMBERG, MUKESH M AGARWAL, CHRISTY CHUANG

Abstract

Data suggest that blood transfusion can cause immuno-
suppression. The incidence of recurrence of tumours was
examined retrospectively in patients who had undergone
potentially curative operations for cancer of the colon
during 1970-81. Tumours recurred in six of 68 patients
(9%) who had not been given transfusions and in 56 of
129 patients (43%) who had (p <0 0001). Transfusion was
also found to be significantly associated with the time to
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recurrence after adjustment for other baseline prognostic
factors (p <0 05).

Perioperative transfusion may be a significant risk
factor in the prognosis of cancer of the colon. Whether
this association is causal is unknown.

Introduction

Recent clinical and laboratory data obtained in animals agree
with the hypothesis that homologous blood transfusion decreases
immune responsiveness.' Animal and human recipients of renal
transplants have a lower incidence of rejection of the graft
if they have previously received blood transfusion.2 3 Growth of
tumours in animals that have received transfusions may be more
rapid than in those that have not.4 5 Preliminary data indicate that
patients with cancer of the colon who receive blood transfusions
have an increased incidence of recurrence of cancer.6 We per-
formed a retrospective analysis of transfusions and recurrence
in patients with surgically curable cancer of the colon to confirm
or refute this initial report.
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Patients and methods

We retrieved from our hospital's computerised data base the names
of all patients discharged with diagnoses of colorectal cancer during
1970-81. From the patient's medical records information was obtained
on sex, age, date of operation, duration ofoperation, location of tumour,
packed cell volume on admission to hospital, duration of follow up,
use of chemotherapy or irradiation, and recurrence of tumour or
death. Operations were performed by many operators, including
supervised doctors in training. Information on the history of trans-
fusions and Dukes's stage was obtained from the medical records and
confirmed by examination of blood bank records and pathology re-
cords, respectively. Lesions confined to mucosa were considered to be
Dukes's stage A; into but not through the muscularis Bl; through the
muscularis B,; and with regional lymph node metastasis C1 or C2,
depending on whether the colon wall was penetrated. We omitted from
the study 466 patients who were operated on elsewhere (377 patients,
81%/), who were followed up for less than six months after their
operation (28, 6%), who had distant metastases at the time of opera-
tion (42, 9%), or whose records of transfusions were not available.
Patients were considered to have had transfusions if they had received
any blood product within one month before or after their operation.
Duration of operation was defined as the time from induction of
anaesthesia to surgical closure as detailed in the anaesthetist's notes.
The duration of follow up was defined as the interval in days between
operation and the last progress note in the medical record or the date
of recurrence or death if this occurred. Patients who died of cancer of
the colon within the initial six months' follow up were included in our
analysis. A total of 197 patients met the criteria for entry to the study.

STATISTICAL ANALYSIS

We used X2 statistics to compare the incidence of recurrence in
various groups defined by the variables that were studied. Yates's
correction for continuity was applied when analysing two by two
tables.7 Preliminary results suggested that recurrence was associated
with receipt of blood transfusions. The extent of this association,
however, was roughly the same regardless of the number of units
transfused. Thus the transfusion variable was recorded into two cate-
gories-that is, transfusion given or not given. Similarly, duration of
operation was regrouped into duration of less than or equal to two
hours and greater than two hours. The patient's age was initially
categorised into five intervals-that is, < 40, 41-50, 51-60, 61-69, and
>71. Packed cell volume on admission to hospital was used to divide
patients into four groups: men with packed cell volume <0-41, men
with packed cell volume >041, women with packed cell volume
< 0-38, and women with packed cell volume > 0-38. As our data span-
ned over 10 years we included in our analyses an additional binary
variable, year of operation, which indicated whether a patient had the
operation before or after 1975. The inclusion of this variable was to
adjust for possible differences in the practice of giving blood trans-
fusions.
Age, duration of operation, Dukes's stage, location of tumour,

packed cell volume group by sex, and year of operation were included
in a multivariate stepwise logistic regression analysis to identify prog-
nostic factors that would be likely to lead to a patient having to receive
a blood transfusion. Kaplan-Meier's product limit estimates for time
to recurrence were computed for patients who had received trans-
fusions and those who had not.9 Finally, all baseline factors, other than
transfusion state, were included in an analysis of time to recurrence,
using a proportional hazards model.10 Non-significant factors were
excluded from the model, leaving only significant ones for time to
recurrence. Transfusion state was then added to the proportional
hazards model obtained to see whether the change in the log likelihood
after including transfusion state was significant. By entering infor-
mation on transfusions last we could measure the impact of blood
transfusion on recurrence after adjustment for other factors. We thus
obtained an estimate of the effect on recurrence attributable to blood
transfusion state.

Results

Recurrence or death due to recurrence was seen during follow up
in six of 68 patients (9%) who had not received a transfusion and in
56 of 129 patients (43%) who had (p<O-0001). Estimates of the distri-
butions of the time to recurrence were computed for patients who had
received transfusions and those who had not using Kaplan-Meier's

product limit method and treating information from patients without
recurrence as censored data (figure). Death with recurrence was ob-
served in 22 of the 129 patients who had received transfusions (17 0 )
and in three of the 68 who had not (4 O ) (p < 0 025). Among the patients
who had received transfusions no significant association was found
between incidence of recurrence and the number of transfusions re-
ceived.
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Curves of interval to recurrence in patients with surgically resectable
colorectal cancer, 129 ofwhom had received transfusions and 68 ofwhom had
not. Curves are truncated as only five patients who had received transfusions
and 13 who had not remained at risk after last observed recurrence. Last
censoring occurred at 11 6 years in those who had received transfusions and
9 7 years in those who had not.

Packed cell volume on admission was known in 179 of the 197
patients and was significantly associated with transfusion. Of the 114
patients who had had a transfusion, 86 (75°o) had packed cell volumes
on admission that were less than 0-41 compared with 24 of 65 (370)
who had not had a transfusion (p < 0-005). Despite the relations be-
tween incidence of recurrence and transfusion and between transfusion
and packed cell volume on admission there was no discernible associa-
tion between packed cell volume on admission and incidence of
recurrence.

Patients who had not received transfusions were less likely to have
received chemotherapy or irradiation or both than those who had had
transfusions (seven of 68 patients (100o) v 29 of 126 (23%)) (p < 0-05).
In most of these instances treatment was palliative after recurrence had
occurred. The proportion of patients with tumours of Dukes's stage C 2

was higher among those who had received a tranfusion than those who
had not (48 of 129 (37 o) v 14 of 68 (210%)). When controlled for
Dukes's stage the difference in incidence of recurrence seen with
regard to transfusion state was maintained (table I). Results for stages

TABLE I-Relation between Dukes's stage and recurrence (figures are numbers of
patients in whom cancer recurred/total in group)

Dukes's stage

A, B1, B2 C2
Received transfusions 33/81 (41 0o) 26/48 (54°,0) p=0-19
No transfusions 4/54 (7°o) 2/14 (14°o) p=078

p<OOO01 p<O002

p Values determined by x2 statistics for 2 x 2 tables using Yates's correction.

A, B1, and B, were combined as the incidence of recurrence for these
three stages had been found to be similar in an earlier analysis of
patients in this study.
The proportion of patients with tumours of the rectum or right colon

was higher among patients who had had transfusions (72 out of 113
(640//)) than among those who had not (18 out of 64 (280 )). When only
patients with tumours of the left colon were considered the difference
in incidence of recurrence between patients who had had transfusions
and those who had not was significant (p <00005) (table II). In-
formation on the location of the tumour was unobtainable or ambi-
guous for 20 patients.
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The incidence of recurrence was found to be significantly higher in
patients whose operations lasted two hours or more (p < 0 05). When
controlled for transfusion state, however, the difference in incidence of
recurrence with respect to duration of operation was no longer ap-
parent (table III).

TABLE iI-Relation between incidence of recurrence and location of tumour
(figures are numbers of patients in whom cancer recurredltotal in group)

Location of tumour

Right colon Left colon Rectum

Received transfusions 17/42 (40%) 17/41 (41%O) 17/30 (57%0)
No transfusions 2/14 (14°,,) 3/46 (6-5%O) 1/4 (25°o)

p=014 p<00005 p=051

p Values determined by x2 statistics for 2 x 2 tables using Yates's correction.

TABLE III-Relation between incidence of recurrence and
duration of operation (figures are numbers of patients in whom
cancer recurredltotal in group)

Duration of operation (hours)

<2 v>2

Received transfusions 11/24 (450O) 40/89 (45%)
No transfusions 2/28 (70) 4/36 (11%)

p<0-005 p<0 001

p Values determined by X' statistics for 2 x 2 tables using Yates's
correction.

To evaluate which factors were significantly associated with receipt
of a transfusion a multivariate stepwise logistic regression, using blood
transfusion as a binary response variable and age, packed cell volume
group, Dukes's stage, location of tumour, year of operation, and
duration of operation as predictors, was performed. Only age, location
of tumour, duration of operation, and packed cell volume group were
significantly associated with blood transfusion after adjustment for
other factors (p < 0-05). These findings were consistent with the general
notion that older people, people undergoing longer operations, and
people with preoperative anaemia are more likely to receive blood
transfusion. Of the three sites of tumour, tumours in the rectum
were associated with the highest incidence of transfusion and in the
left colon with the lowest.
A proportional hazards model was fitted to time to recurrence, using

all the baseline factors as covariates. Transfusion state was not included
in the first set of these models. Tests based on differences in the log
likelihood were used to determine whether a particular baseline factor
was significant. Of the three locations of tumours, the rectum was
associated with the highest risk of recurrence. The two other signifi-
cant factors (at the 0 05 level) were age (< 70 or > 70) and duration of
operation (.< two hours or > two hours). Generally, older people and
people with operations that took longer had higher risks of recurrence.
When transfusion was added to the proportional hazards model as an
additional covariate the log likelihood was increased by 6-81. The test
statistic, derived as 2 x 6 81 and compared with a Z2 distribution with
one degree of freedom, gave p < 0-0001. The most significant factor
in the above model was the transfusion state. Under this model (with
transfusion state as a covariate) the rectum was still the site signifi-
cantly associated with the highest risk of recurrence. The association
between age, duration of operation, and transfusion state, however,
made these two baseline factors non-significant once transfusion state
was included in the model. The regression coefficients, however,
showed identical trends in the risk of recurrence as before. The adjusted
relative risk of recurrence by transfusion was 423 with 95%° confidence
limits of 1 71 and 10-48. This result was consistent with the hypothesis
that blood transfusion has a significant effect (p < 0 05) on recurrence
beyond that attributable to the baseline factors.

Discussion

Our findings confirmed the results of Burrows and Tartter.6
Within the constraints and limitations imposed by our retrospec-
tive method, blood transfusion was more closely associated with
recurrence of surgically resectable colorectal cancers than
previously identified prognostic factors such as Dukes's stage and
location of tumour.'1 Whether this association represents cause
and effect is unknown. Clearly, patients who have preoperative
anaemia, undergo long operations, or have rectal cancers are more
likely to receive transfusions than patients with more favourable
clinical circumstances. When taken individually or cumulatively,
however, factors such as Dukes's stage, packed cell volume on
admission to hospital, and duration of operation are insignificant
predictors of recurrence after adjustment is made for transfusion
state. It is possible that transfusion state is closely related to some
as yet unidentified prognostic factor or factors but is not itself
causally related to recurrence.
An incidental finding from the review of our patients' records

was that many transfusions were given for indications that were
not easily discernible. Many patients with normal preoperative
packed cell volumes received one or two units of blood during or
after their operation. Table IV shows the numbers of transfu-
sions received by each patient. We do not claim that transfusion

TABLE Iv-Number of transfusions given to patients

No of transfusions: 0 1 2 3 4 5 6 .7
No of patients*: 68 21 34 14 23 12 7 14

*Four patients received transfusions but the exact number of transfusions could not
be determined; they are excluded from the table.

is causally related to recurrence of tumours, merely that an
association exists and remains unexplained. If subsequent
investigations conclude that blood transfusion has deleterious
effects in patients with colorectal cancer, toleration of moderate
anaemia might result in fewer patients being given transfusions.

Some of this report was presented to the American Association of
Blood Banks, New York, 31 October 1983 and published in abstract
form (Transfusion 1983;23:421). This study was supported in part by
grants from the National Cancer Institute and the New York State
Department of Health AIDS Institute.
We thank Ms Carol Cole for secretarial help and Drs Joanna Heal,

John Bennett, and Dean Arvan for helpful discussion.
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