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Following mastectomy, patients with
operable breast cancer underwent
postoperative irradiation of the chest
wall and regional lymph nodes. They
were then assigned at random to
receive no further therapy, ovarian
irradiation (2000 rads in 5 days) or
ovarian irradiation in the same dosage
plus prednisone, 7.5 mg daily. A total
of 705 patients received the randomly
assigned treatment and were followed
for up to 10 years. In premenopausal
patients who received ovarian irradiation
the recurrence of breast cancer was
delayed and survival prolonged, but
not significantly. In premenopausal
women aged 45 years or more ovarian
irradiation plus prednisone therapy
significantly delayed the recurrence of
breast cancer (P = 0.02) and prolonged
survival (P = 0.02); the survival
expectancy of these patients was
similar to that of the general population
of the same age from the third year
after the cancer operation. No value
was demonstrated for ovarian irradiation
with or without prednisone therapy
in postmenopausal patients.
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Des patientes porteuses d'un cancer
du sein operable requrent, A Ia suite
d'une mastectomie, de Ia radiotherapie
au niveau de Ia cage thoracique et
des ganglions regionaux. Elles furent
ensuite reparties au hazard. las unes
ne re9urent aucun autre traitement,
les autres re9urent une irradiation
des ovaires (2000 rads en 5 jours) ou
Ia mAine dose en plus de Ia prednisone
a 7.5 mg par jour. Un total de 705
patientes re.urent un traitement
assignA au hazard et furent suivies
durant une periode allant jusqu'a 10
ans. Chez les patientes premenopausees
qui re9urent l'irradiation des ovaires,
Ia recidive fut retardee et Ia survie
prolongee, mais pas de fa.on
significative. Chez les femmes pre-
menopausees ayant 45 ans ou plus
l'irradiation des ovaires avec de Ia
prednisone a produit un delai significatif
de recidive (P = 0.02) et une
prolongation de Ia survie (P = 0.02);
l'esperance de vie de ces patientes
Atait semblable a celle de Ia population
generale du mAine Age A partir de Ia
troisieme annee apres Ia mastectomie.
Aucune valeur n'a ete demontree
quant a l'irradiation des ovaires avec
ou sans prednisone chez les patientes
postmenopausees.

In 1889 Schinzinger1 suggested that
oophorectomy might be useful in
the primary treatment of patients
with breast cancer, and in 1896
Beatson2 demonstrated that bilateral
oophorectomy was of value in con-
trolling advanced breast cancer. In
1922 DeCourmelles3 reported the

first instances of destruction of the
ovaries by irradiation in patients
with breast cancer. In ensuing years
retrospective studies stimulated much
controversy about the value of pro-
phylactic ovarian ablation.4

Several prospective clinical trials
have been carried out to test the
value of prophylactic ovarian abla-
tion as part of the primary treatment
of breast cancer. In the Manchester
trial5 ovarian irradiation (450 rads
in one fraction) in premenopausal
patients with or without histologic
evidence of metastatic disease in the
axillary lymph nodes delayed the ap-
pearance of distant metastases (P =
0.04) but did not significantly in-
crease the 10-year survival rate (P =
0.07). In the Oslo trial6 ovarian irra-
diation (1000 rads in six daily frac-
tions) in premenopausal patients
with histologic evidence of metastatic
disease in the axillary nodes and
postmenopausal patients without such
evidence delayed the recurrence of
breast cancer and increased the 7-
year survival rate, but the differences
were small. The National Surgical
Adjuvant Breast Project7 produced
data suggesting that oophorectomy
did not significantly delay recurrence
or prolong life; the patients, who
were premenopausal and had or did
not have histologic evidence of meta-
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static disease in the axillary nodes,
were followed up for 3 to 5 years.

Nissen-Meyer8 reported that pro-
phylactic corticosteroid therapy and
ovarian ablation prolonged life in a
group of breast cancer patients of all
ages. He further reported that the
excretion of estrone in the urine of
postmenopausal patients was reduced
by the corticosteroid therapy. These
observations, together with the well
known, value of prednisone in the
treatment of recurrent breast cancer,
led to the test of prednisone therapy
reported in this paper.

Because of the ambiguous results
of these trials the following study
was carried out to test the hypothesis
that prophylactic ovarian irradiation,
with or without prednisone, would
not only delay the recurrence of
breast cancer but also prolong the
life of patients with operable carci-
noma of the breast.

Methods

Patient selection and
initial management

From 1965 to 1972, patients aged
35 to 70 years who were referred to
the Princess Margaret Hospital, To-
ronto within 10 days to 3 months
after an operation for carcinoma of
the breast (clinical stage I, II or
operable III, according to the tu-
mour-nodes-metastases classification
of the International Union against
Cancer9) were considered for the
trial.

Patients were excluded for the fol-
lowing reasons: poor general health;
previous or concurrent neoplasm
(other than treated squamous or
basal cell carcinoma); previous
oophorectomy; prior antineoplastic
chemical or hormonal therapy; con-
traindication to prednisone therapy
(peptic ulcer, diabetes mellitus,
chronic infection, mental illness,
etc.); lack of consent from the re-
ferring doctor, the patient or the
spouse; probable lack of availability
for follow-up; and pregnancy within
1 year of the operation.
Any operation that removed the

known local disease was acceptable.
The most common procedure was

mastectomy plus axillary dissection.
Pathologic specimens were reviewed
by one of us (T.C.B.); the findings
will be reported separately.

Following clinical assessment and
exclusion of metastatic disease, urine
was collected for 24 hours from all
patients less than 60 years of age for
steroid hormone analysis and corre-
lation of the results with the response
to treatment. These observations will
also be reported separately.

All patients then received post-
operative irradiation (with cobalt-60;
distance from source to skin, 80 cm)
to the chest wall and regional lymph
nodes, including the ipsilateral in-
ternal mammary chain. All fields
were treated on alternate days except
the internal mammary area, which
was treated daily. The total dose of
radiation, 4000 rads, was delivered
in 16 treatment sessions during a 3-
week period.

A llocation to experimental groups

The patients were then assigned at
random to one of three regimens: no
further treatment; ovarian irradiation;
or, for women aged 45 years or more,
ovarian irradiation and prednisone
therapy. Patients less than 45 years
old were not given prednisone be-
cause of concern that it might induce
glucocorticoid toxic effects. Patients
were stratified by age (less than 45 or
45 or older) and menstrual status.
Patients were considered premeno-
pausal if their last menses had oc-
curred within 6 months of the oper-
ation. Patients who had had a hys-
terectomy but not an oophorectomy
were considered premenopausal up to
the age of 50 years. Stratification by
axillary node status was not done,
but this factor was considered in the
analyses.

Further treatment

Ovarian irradiation was carried out
with a cobalt-60 unit. The distance
from skin to source was 80 cm, and
15 x 10-cm opposing fields were
centred 2 cm above the upper edge
of the symphysis pubis and in the
midline. For 5 days 400 rads was
given daily to the midplane (coronal)
of the pelvis.

Prednisone was given orally in a

dose of 2.5 mg three times daily. If
side effects developed the dose was
reduced, and if they were severe the
drug was discontinued. In patients
without recurrence of breast cancer,
clinicians had the option of discon-
tinuing prednisone after 5 years.
We advised against the use of

other hormones or drugs that could
theoretically affect the growth of
residual tumour.
No restriction was placed on man-

agement after recurrence of the di-
sease.

Follow-up

Patients were evaluated every 3
months for the first 2 years, every 6
months for the next 3 years and then
once a year. When recurrence or
death was reported by the attending
clinician the hospital chart and ro-
entgenograms were reviewed by two
of us (J.W.M. and J.L.H.) and stan-
dardized criteria for establishing the
existence and date of recurrence or
death were applied. Recurrence was
considered to exist and was dated if
there was histologic proof or progres-
sive physical or roentgenographic
evidence, but not if there were only
symptoms or hematologic or bio-
chemical data. Periods of freedom
from recurrence and survival were
determined from the date of the oper-
ation.

Statistical methods

The two-sided Wilcoxon test'0 was
used to determine the significance of
differences in periods of freedom
from recurrence and survival. All the
graphs were prepared with the use of
an actuarial life-table method. The
chi-square test with Yates's correc-
tion was used elsewhere, as indicated.

Results

Of the 779 patients allocated at
random to further treatment 23 were
found to be ineligible according to the
protocol and their data were omitted
from all analyses. An additional 51
patients who were eligible for further
treatment did not receive the ran-
domly assigned treatment; their data
are discussed in the section on "pro-
tocol violations". The following data
relate to the remaining 705 patients
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Table I-Characteristics of premenopausal
patients with breast cancer less than 45 years
old

Treatment*
Variable NT R
Total group (no.) 73 77
Ineligible for further treatment
according to protocol (no.) 3 2

Eligible but did not receive the
randomly assigned treatment
(no.) 0 8
Total evaluable group (no.) 70 67

Mastectomy with axillary
dissection (%) 93 90

Mastectomy without axillary
dissection (%) 7 9

Partial mastectomy (%) 0 1
Clinical stage (%)

34 42
II 30 24
III 20 33
Not known 16 1

Axillary lymph nodes known to
be involved (%)
Any number 83 91
One to three 53 58
Four or more 29 30

Median age (yr) 42 41
*After removal of known local disease and
irradiation of the chest wall and regional
lymph nodes, patients received, by random
allocation, no further treatment (NT),
ovarian irradiation (R) or ovarian irradiation
and prednisone (R + P).

I I I I

B.
67

70
64

56

37
68

61 *. 10

40 16

0 2 3 4 5 6 7 8 9 10p p .

0 2 3
Yearsaftersurgery

FIG. 1-Recurrence-free (A) and

years

old. After removal of known local

received

either no further treatment (NT;

Num-

ber of patients followed to

0.13

and 0.19

right.



The slope of the survival curve
with ovarian irradiation and pred-
nisone therapy closely approximated
the normal survival curve for this age
group from about the third year after
the operation. This indicates that a
proportion of the patients treated in
this manner have a normal survival
expectancy.

A ii premenopausal patients

When the data on the recurrence-
free period for the groups receiving
no further treatment or ovarian irra-
diation were combined the difference

between the resulting curves was
found to be significant (P = 0.04),
which indicated that ovarian irradia-
tion alone had value in delaying re-
currence. However, when the data on
survival for the same two groups
were combined the difference be-
tween the resulting curves was found
not to be significant (P = 0.13),
which indicated that ovarian irradia-
tion did not prolong survival.

Postmenopausal patients

The salient clinical features of this
group are presented in Table III. The

three treatment groups were similar
with respect to type of operation,
clinical stage, axillary node involve-
ment and age.

The recurrence-free and survival
curves for this group of patients,
shown in Figs. 3A and 3B respect-
ively, indicate that ovarian irradiation
with or without prednisone therapy
did not significantly affect the recur-
rence-free interval or survival. Sep-
arate analysis of the data for patients
with involved axillary lymph nodes
produced similar results, as did sep-
arate analysis of the data for patients
less than or more than 5 years from
the menopause.

Survival of groups receiving
no further treatment

The differences in the survival
curves for these groups can probably
be accounted for by differences in
the status of the axillary lymph nodes.
When this is considered the data ap-
proximate to those expected from the
findings of Fisher and colleagues.11

Protocol violations

Data for patients who were eligible
for further treatment but did not re-
ceive the randomly assigned 'treat-
ment were subsequently included in

I I I I 1.
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Table Il-Characteristics of premenopausal patients with breast cancer aged 45 years or more

Treatment

Variable NT R R+P

Total group (no.) 66 78 80
Ineligible for further treatment according to protocol (no.) 0 3 2
Eligible but did not receive the randomly assigned treatment (no.) 2 4 5

Total evaluable group (no.) 64 71 73
Mastectomy with axillary dissection (%) 95 90 95
Mastectomy without axillary dissection (%) 5 10 5
Partial mastectomy (%) 0 0 0
Clinical stage (%)

47 49 52
II 19 21 18
III 26 26 26
Not known 8 4 4

Axillary lymph nodes known to be positive (%)
Any number 69 66 71
One to three 41 44 40
Four or more 25 21 26

Median age (yr) 48 48 47
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Table Ill-Characteristics of postmenopausal patients with breast cancer

Treatment
Variable NT R R+P
Total group (no.) 138 128 130
Ineligible for further treatment according to protocol (no.) 2 7 2
Eligible but did not receive the randomly assigned treatment

(no.) 0 9 16
Total evaluable group (no.) 136 112 112

Mastectomy with axillary dissection (%) 82 84 88
Mastectomy without axillary dissection (%) 18 15 11
Partial mastectomy (%) 0 1 1
Clinical stage (%)

46 54 42
II 17 20 17
III 32 22 34
Not known 5 4 7

Axillary lymph nodes known to be positive (%)
Any number 60 70 63
One to three 40 44 34
Four or more 17 23 29

Median age (yr) 57 57 58



Table IV-Estimated median survival after
first recurrence of breast cancer

Experimental group Survival (mo)

Premenopausal
<45 years old

NT 10
R 12

. 45 years old
NT 14
R 9
R+P 11

Postmenopausal
NT 23*
R 18
R+P 11*
= 0.01 for significance of difference

between actuarial curves from which median
survival was estimated.

tended 2000 rads in 5 days: 2 re-
ceived less than 1000 rads; 5, 1500
rads; 3, 1600 rads; 4, 1800 rads; and
1, 2400 rads. These variations were
distributed in such a way that no ef-
fect on recurrence or survival in the
entire group was likely.

Toxic effects were absent in 277
of the 435 patients receiving ovarian
irradiation. Of the remainder 87 com-
plained of flushing, 46 of transient
diarrhea, 25 of transient vague ab-
dominal discomfort, 15 of urinary
frequency and 3 of rectal bleeding
(1 had objective evidence of proc-
titis). Carcinoma of the ovary de-
veloped in one patient.

Return of menses after
ovarian irradiation

Menses recurred following ovarian
irradiation in 7% (5 of 67; median
age 39 years) of the patients less than
45 years of age and in 1% (2 of 144;
ages 45 and 48 years) of those over
this age. All patients with return of
menses had received the full 2000
rads to the ovaries in 5 days. Among
the 144 aged 45 or older 73, includ-
ing 1 of the 2 whose menses returned,
received prednisone.

Prednisone: dosage variation
and toxicity

Of the 73 premenopausal patients
aged 45 years or more who were as-
signed to receive ovarian irradiation
and prednisone 19 (26%) continued
to receive prednisone without recur-
rence of breast cancer and 17 (23%)
continued to receive prednisone until

recurrence or death occurred. In the
remaining 37 (51 %) prednisone was
discontinued prior to recurrence after
a median duration of therapy of ap-
proximately 4 years. In the last group
recurrence occurred in four patients;
prednisone had been discontinued
after 6 to 11 months of therapy in
two patients, after 36 to 47 months
in one patient; and after 48 to 59
months in one patient, and all of the
recurrences occurred 2 or more years
after prednisone therapy was stopped.

Of the 112 postmenopausal pa-
tients who were assigned to receive
ovarian irradiation and prednisone 20
(18%) continued to receive pred-
nisone without recurrence of breast
cancer and 41 (37%) continued to
receive prednisone until recurrence
or death occurred. In the remaining
51 (46%) prednisone was discon-
tinued prior to recurrence after a
median duration of therapy of ap-
proximately 2 years. In the last
group recurrence occurred in 17 pa-
tients; prednisone had been discon-
tinued within 2 years in 12, and re-
currence occurred within 2 years of
the end of prednisone therapy in 9
patients.

Toxic effects were absent in 117 of
185 patients receiving prednisone. Of
the remainder 23 complained of dys-
pepsia (1 had a peptic ulcer and 1
black stools), 21 noted facial fullness,
9 were thought to have some skeletal
demineralization, 7 gained weight, 6
had "fluid retention" (lymphedema of
the arm, ankle swelling or generalized
fullness of tissues), 5 noted ease of
bruising, 2 had elevated blood pres-
sure, 2 had anxiety and depression
and I was permanently dependent on
prednisone. In general the attending
staff felt that the degree of toxicity
of prednisone was acceptable, though
in some patients the toxic effects led
to discontinuance of the drug.

Lymphocyte counts

Some authors have claimed that the
absolute lymphocyte count in the pe-
ripheral blood predicts survival in
patients with breast cancer. For most
(712) of the patients in this study
leukocyte and differential counts
were done at the time of referral after
the operation, before routine irra-

diation or ovarian irradiation with or
without prednisone therapy. No cor-
relation could be demonstrated be-
tween the lymphocyte count and the
interval before recurrence.

Pattern of recurrence

The pattern of recurrence of both
local (within and without the irra-
diated area) and distant disease is
being analysed and the results will
be published separately.

Discussion

The data from this study are in
agreement with those from the Man-
chester5 and Oslo6 trials in demon-
strating some delay in recurrence of
breast cancer but no significant pro-
longation of survival with adjuvant
ovarian irradiation.

The lack of agreement with the
results of the National Surgical Ad-
juvant Breast Project,7 in which a
trial of prophylactic oophorectomy
was conducted, is possibly due to
chance or the fact that irradiation of
the ovaries may result in a different
physiologic state from that after sur-
gical oophorectomy. Further follow-
up data from the project may dem-
onstrate some value for surgical
oophorectomy, for in our study the
effect of ovarian ablation did not
become evident until after 3 to 5
years of follow-up.

However, our data indicate that
small doses of prednisone in addition
to ovarian irradiation produced a
significant delay in recurrence and
prolongation of survival in premeno-
pausal patients aged 45 years or
more. Furthermore, the survival of
this group was approaching the nor-
mal survival from about the third
year after the operation, though this
may have been due in part to the ex-
clusion from the trial of patients with
unfavourable diseases (e.g., diabetes
mellitus). However, in contrast was
the steady rate of death in the group
that received no further treatment;
these patients would not be expected
to achieve normal survival until 20
years after the operation, according
to the data of Brinkley and
Haybittle.'2

Whether the prednisone produced
its effect by suppressing the adrenal
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secretion of estrogen or by some other
mechanism is not known. Other pos-
sible mechanisms include a reduc-
tion in prolactin secretion (perhaps
mediated by reduced estrogen pro-
duction), immunologic factors and
direct antitumour effects. Again we
emphasize that the benefit of ovarian
irradiation with prednisone therapy
did not become definite until after 3
to 5 years of follow-up. It is not
evident from this trial how long pred-
nisone therapy should be continued;
a longer period of therapy might have
resulted in an even greater effect.
While the value of prednisone therapy
in addition to ovarian irradiation was
not tested in patients less than 45
years of age, it is not unreasonable to
expect that a similar effect would
have been achieved in this group.
One important feature of the data

from this study is that the combina-
tion of ovarian irradiation and pred-
nisone therapy was effective in pa-
tients with involved axillary lymph
nodes. The early data for adjuvant
therapy with melphalan'3 and with
a combination of cyclophosphamide,
methotrexate and 5-fluorouracil'4 sug-
gest degrees of benefit comparable
to those observed in this study. In-
deed, it may be that adjuvant cy-
totoxic chemotherapy produces some
or all of its benefit through a hor-
monal mechanism such as ovarian
suppression, particularly since the
principal value of these regimens is
observed only in premenopausal pa-
tients. Thus, it seems rational in fu-
ture studies to examine the role of
adjuvant hormonal therapy as a com-
plement or an alternative to adjuvant
cytotoxic chemotherapy.

We are indebted to the many surgeons
who agreed to the entry of their pa-
tients into this study, to Drs. A.J.
Phillips, A.H. Sellers and G. DeBoer
for their biostatistical help, to Drs. A.
Alaton and the late Dr. E. Kruyff for
their assistance in the initial clinical as-
sessment of the patients, and to the
clinical trial secretaries, who helped
monitor the study.
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