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If a segmental pancreatic graft can be shown to prevent the
progression of diabetic microangiopathy in the retinas and kid-
neys, this therapeutic approach could be of major value to
insulin-dependent diabetics. Further segmental pancreatic
allografts will be managed as described.

We are grateful to Dr Quatto de Palo, who referred the patient, and
our medical, nursing, and technical colleagues who contributed to his
care. We thank Dr S Thiru, department of pathology, for fig 1, and
Mrs M Thorburn, department of medical photography, for fig 2.

Requests for reprints should be addressed to: Professor R Y Calne,
Department of Surgery, Addenbrooke's Hospital, Hills Road,
Cambridge CB2 2QQ.
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Should adjuvant chemotherapy be withheld from any
patient with operable breast cancer?

An analysis of strategies based on tumour size

ALLAN 0 LANGLANDS, SHEILA M GORE, GILLIAN M KERR

Abstract

We examined the clinical course of operable breast
cancer and looked at what effect tumour size had on the
probability of death from the disease. We analysed data
from 1936 patients who were classified as having inter-
national stage I and II disease: decision theory was used
to show a technique for determining the best strategy
for adjuvant chemotherapy in the overall management
of breast cancer.
To evaluate this approach further, studies need to be

designed to yield numerical values for the total mor-
bidity of treatment on a scale from 0 to 100-the concept
of utility loss-where 100 represents the maximum
utility loss in patients in the early stages of disease. Such
studies would contribute more to determining the best
overall management of such patients than the current
proliferation of clinical trials that are designed to
evaluate either different combinations of adjuvant drugs
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or the effect of known combinations in selected sub-
groups of patients.

Introduction

In the design of the early clinical trials to evaluate the use of
adjuvant chemotherapy in operable breast cancer it was justi-
fiable to select for inclusion those patients in whom there was a
relatively high probability of metastatic disease developing.
Almost without exception these trials have relied on the histo-
logical staging of the axillary nodes to do this.

In many centres this approach has been adopted as a treat-
ment strategy for the management of cases of operable breast
cancer; chemotherapy has been given to those with histologi-
cally positive nodes and withheld from those with histologically
negative nodes. Despite the benefits shown for adjuvant chemo-
therapy in the setting of a clinical trial, this strategy is not
necessarily the best one for the overall management of patients
with breast cancer. For, when a decision is made to restrict
treatment to a proportion of patients, evaluation of that decision
requires that the doctor takes account not only of the benefits
of treatment but also of the morbidity experienced to achieve
those benefits. The latter must include the morbidity and
mortality from untreated disease experienced by those patients
from whom treatment is withheld.
We examined such a selective policy-one based on tumour

size instead of node histology. We determined whether there
was a subgroup with such a good prognosis that the morbidity
of adjuvant chemotherapy would outweigh its advantages.
Tumour size is only one of several clinical factors that could
serve as a discriminant for the use of adjuvant chemotherapy
and is used here to illustrate a possible approach in decision-
making in the clinical management of patients with breast
cancer.
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Patients and methods

Between 1954 and 1964, 3878 patients with breast cancer were
seen in the Department of Radiotherapy, Edinburgh. A detailed
analysis of this group of patients has already been published.' We
report here on the 1936 patients in that study who had operable
disease-that is, international stage I or II operable disease. These
patients had been treated by simple mastectomy and radiotherapy
after operation and none had received adjuvant therapy. Table I
shows according to tumour size the numbers of deaths from breast
cancer within 10 years of primary treatment, where those numbers
are derived as the total numbers of deaths less those deaths that are
expected anyway on the basis of the Scottish national population.
The analysis has been restricted to deaths within 10 years of primary
treatment since all patients in the original study were followed up for
10 years, and there is no evidence that tumour size has an effect on
survival beyond 10 years, Langlands et al' having shown that there-
after there is a steady annual mortality of approximately 500 of sur-
vivors.
Only a tiny proportion of patients with breast cancer die from the

effects of uncontrolled local disease without metastatic disease also
contributing to their death. It is therefore reasonable in the decision
analysis that follows to regard the numbers of deaths from breast
cancer (as shown in table I) as a minimum estimate of the numbers of
patients who had micrometastatic disease at the time of primary
surgery and who stood to benefit from adjuvant chemotherapy and
would be at a disadvantage if that treatment was withheld. Obviously,
some patients who died from natural causes also had micrometastatic
disease and deaths from breast cancer continue to occur after 10 years.
Thus these estimates for the presence of micrometastatic disease are
minimum figures.

TABLE I-Calculated number of deaths from breast cancer from among 1936
patients with international stage I and stage II disease, distributed according
to tumour size

At 10 years Deaths from breast
cancer

Tumour No of Alive Dead (observed-expected)*
size patients (n)
(cm) No / No

< 2 543 302 241 44-4 156-7 28-9
2-3 654 284 370 56-6 270 2 41 3
3-4 462 174 288 62-3 222 1 48-1
4-5 277 83 194 70-0 156 5 56-5
All 1936 843 1093 56-5 805 5 41-6

*Calculation of expected deaths has been described by Langlands ct al.'
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to tumour size have been made to permit the analysis of four strategies
for the overall management of breast cancer.

Strategy 1-Chemotherapy is given to every patient regardless of
tumour size.

Strategy 2-No patient is given chemotherapy.
Strategy 3-Chemotherapy is given to those with tumours 3-5 cm

in diameter-that is, chemotherapy is withheld from those with the
smallest tumours (< 2 cm).

Strategy 4-Chemotherapy is given to those with tumours of
4 or 5 cm in diameter-that is, chemotherapy is withheld from those
with tumours 2 or 3 cm in diameter.
The method for calculating the expected loss of utility with each

treatment strategy is set out in fig 1 for strategy 3 and a utility loss of
20. Fig 2 shows the results of such calculations for the four treatment
strategies when the utility loss (U) associated with adjuvant chemo-
therapy takes values up to 50; a summary is given in table III. The
strategy with the least average loss per case is the most desirable.

In this analysis strategy 2 of giving no chemotherapy is ruled out
(see fig 2) because it is dominated by strategy 4, for which the average
loss per case is lower for all values (U) up to 50. In other words, the
morbidity from even a partially effective treatment would need to be
substantial (at least greater than 50) to suggest that no adjuvant
treatment is preferable.

TABLE It-Calculation of the probabilities of the presence or absence of micro-
metastatic disease according to tumour size

Tumour Conditional probability
size Relative of micrometastases

(cm) frequency Present Absent

< 2 0-280 0-289 0-711
3-5 0-720 0-466 0 534

<3 0 618 0 357 0-643
4-5 0-382 0-512 0-488

Strategy Give chemotherapy to those with
tumours 3-5cm

Tumour size Micrometastases Utility loss

Present 100 a 8 09

p- 0289

DECISION ANALYSIS

The evaluation of strategies for giving or withholding chemo-
therapy requires that quantitative values for the morbidity of treat-
ment are set against any benefits in survival that may accrue. One way

of doing this is by introducing the concept of utility loss.2 Thus no

advantage exists for the patient who has to receive treatment for
breast cancer although it is the correct treatment. All patients suffer
a utility loss composed of treatment mortality and morbidity, the risk
of treatment being unnecessary or ineffective, financial loss, and dis-
ruption of social and business life. Utility loss is maximum (100) when
no treatment is given but disease is present. It is least (0) when, in
the ideal situation, treatment is withheld and disease is not present.
To illustrate, we have analysed various strategies in which the loss

of utility associated with adjuvant chemotherapy has been assigned
values from 10 to 50. We have made two assumptions to simplify this
example-namely, that the loss of utility is equal for those who receive
chemotherapy, irrespective of whether metastatic disease is present
or not, and, secondly, that the probability of chemotherapy being
effective is independent of tumour size at presentation.

Results

Table II gives the probabilities of micrometastases conditional on

tumour size. These probabilities are needed for calculating the ex-

pected or average utility loss associated with different strategies. The
probability that micrometastases were present is taken to be the same

as the probability of death from breast cancer within 10 years of
primary treatment. Two different subdivisions of the data according

International stagea
breast cancer

p = 0 534

0 * 0

20 - * 6 71

20 *.. 7 69

Calculated loss tor 22 5
this strategy

FIG 1-Diagrammatic representation of the calculations required to yield
the average utility loss for the strategy considered.

TABLE III-Calculated comparative
management considered in the text

utility losses for the four strategies of

Utility
Strategies

loss 1 2 3 4

10 10 41-6 15-3 25-9
15 15 41-6 18-9 27-8
20 20 41-6 22-5 29-7
25 25 41-6 26-1 31-6
30 30 41-6 29-7 33-5
35 35 41-6 33-3 35-4
40 40 41-6 36-9 37-3
45 45 41-6 40 5 39-2
50 50 41-6 44-1 41-1
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Strategy 1-that is, giving chemotherapy to everyone, irrespective
of tumour size-breaks even with strategy 3 (to restrict chemotherapy-
to patients with tumours larger than 2 cm) when the utility loss (U)
from adjuvant chemotherapy is 28-9. This is illustrated in fig 2 and
derives from solving for U the equation:

U=0 280 x(100 x0-289+0 x0711)+0 720U.

Similarly, the break-even point when strategies 1 and 4 are compared
occurs when the utility loss is equal to 35-7.

' 30 41

a)

20 /

3 '
A /,z'~~

10 /

,,'
10 20 30 40 50

Utility loss (U)

Strategy 1 Average loss= U

Strategy 2 Average loss= 41 6

Strategy 3 Average loss= 1OOxO 280x02B9-+UxO 720=809+0720U
Strategy 4 Average loss= lOOx0618 xO 357 +Ux 0 382=22 06+0 382U

FIG 2-Comparison of four strategies.

Discussion

An important dilemma in the management of patients with
breast cancer is whether adjuvant chemotherapy should be
offered to all patients, to patients with histologically negative
nodes whose primary tumour exceeds a certain size, or remain
restricted to those who have histologically positive nodes. It
is unlikely that the present series of clinical trials in breast
cancer will resolve this dilemma. Information on the quality of
life according to what treatment was given is seldom, if ever,
reported, and when reported it is not usually integrated into
the assessment of the results of treatment.
We have examined this problem from a theoretical viewpoint

using decision analysis applied to data that have been published
on the natural history of breast cancer. We analysed 1936
patients with operable disease, who, if treated today, would
be considered for adjuvant therapy. The probability of these
patients dying from breast cancer within 10 years of primary
treatment was high. Thus a substantial utility loss2 had to
occur before it was reasonable to withhold adjuvant therapy
altogether (strategy 2). A value of 28-9 for the utility loss
associated with adjuvant chemotherapy was the lowest that
allowed a selection to be made from the three strategies for
giving chemotherapy. At that value it was reasonable to exclude
patients with tumours < 2 cm in diameter. A value of 35-7 had
to be exceeded if patients with larger tumours-that is, at most
3 cm-were to be excluded.

This analysis lacks directly determined values for utility loss3
but considers instead a range of values. It is an example of an
approach to the problem of managing patients with breast
cancer and indicates a potentially useful line of research.

Methods for determining utility loss directly are given else-
where.3-4 One of these techniques is as follows.

Suppose that you have X+1 patients, one of whom has
micrometastases and the others X do not have. You can give
chemotherapy to all X +1 so the utility loss for the set of
X+ 1 patients is then (X + 1) x U. The other strategy would be
to withhold chemotherapy altogether, so there would be no
utility loss for those patients without micrometastases, but the
one patient with micrometastases then will have a maximum
utility loss of 100. The two strategies are equivalent in terms
of utility loss when 100= (X + 1) x U. So we ask the question:
How many patients X who have no micrometastases is the doctor
prepared to give chemotherapy to in order not to withhold
adjuvant chemotherapy from the one patient who has micro-
metastatic disease ? For instance, he might be prepared to give
three patients chemotherapy who do not actually need it so that
he did not miss the one patient who did need it. This type of
direct question is acceptable to doctors, and from the answer
the above equation can be solved for U.

Solving the equation for U gives U= 100/(1 +X). An inter-
pretation of the utility loss U is that it is the percentage
chance of micrometastasis being present before the doctor
would be prepared to give adjuvant chemotherapy. Thus, if
the doctor answered "one patient" (X= one patient) to the
original question then he is demanding that there be a 50%
chance of micrometastases being present before he would give
chemotherapy to all patients, because when X=1 he has a set
of two patients, one of whom has micrometastases. If he says he
will treat three patients who do not have micrometastases in
order to catch one that does, then he is demanding that the
chance of micrometastases is 25%, one out of four. Estimates
for X can be made from the reactions of doctors, patients, or
members of the public to descriptions of the disease, its investi-
gation, possible treatments and their morbidity and probable
outcomes, and by asking questions such as the above. Indeed,
when patients sign the standard form for consent to operation
after an explanation of possible treatments has been given, they
do so on the basis of a subconscious perception of relative
utility losses.
The development of treatment strategies in breast cancer

management has, up till now, relied almost exclusively on con-
trolled clinical trials. Translating the structure of these trials
into clinical practice-for example, giving adjuvant chemo-
therapy to patients with positive nodes-is not necessarily the
best policy for overall management.

Doctors must take account not only of the benefits shown in
clinical trials but of the morbidity created to achieve that benefit.
Studies that are designed to yield numerical values for that
morbidity would be more relevant to the management of breast
cancer today than the proliferation of clinical trials which
examine the effect of various combinations of adjuvant chemo-
therapy in selected subgroups.

We acknowledge the important contribution made by many
colleagues in maintaining the high standard of medical records in the
Department of Radiotherapy, Edinburgh, which made this study
possible.
We are particularly grateful to Dr Stuart Pocock of the Department

of Clinical Epidemiology and General Practice, Royal Free Hospital,
London, for much helpful advice during the preparation of this paper.
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