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The treatment of breast cancer has gone through several 
cycles. For a long time, the essence of all curative re- 
search was local control and the major thrust was to 
attempt to achieve this with radical surgery and radio- 
therapy. The apogee of this period was the super-radical 
mastectomy. A second cycle began with the use of long- 
term "adjuvant" systemic therapy. At the height of this 
cycle, when the promise seemed brightest, it appeared 
that systemic control would totally overwhelm the de- 
bate about local control. We now appear to be in a third 
cycle, where both local control and systemic control are 
important aspects of the debate on curative therapy. The 
local control emphasis has now switched to how little 
needs to be done to achieve this end. The object is to 
accomplish local control with maximal cosmesis, and 
the biological questions this raises are fundamental to 
the whole classic approach of surgical ontology. Sys- 
temic therapy is still highly important in the clinical re- 
search arena, but the less impressive results in post- 
menopausal women have made it evident that local con- 
trol will still be critical. In addition, this finding has 
brought hormonal factors back into prominence, which, 
when combined with the new hormone receptor data, 
has made this area one of the most exciting for future 
research. 

Breast cancer is a disease in which the data from 
clinical research studies are continuously impinging on 
the current state of the therapeutic art. A wave of enthu- 
siasm for the potential of chemotherapy to significantly 
diminish the relapse rates after surgery and to recipro- 
cally improve the survival of women with this dread 
tumor has just passed. Breast cancer was considered to 
be the best model for testing the basic hypothesis of the 
combined modality approach derived predominantly 
from rodent tumor studies. 

Further follow-up on the reported adjuvant studies 
has now taken place. While these studies are still posi- 
tive, they are no longer as dramatically positive as the 
early actuarial projections had led many to hope they 
would be. Despite the cautions expressed by the authors, 

the early data were greeted by a wave of publicity that 
assumed a dramatic breakthrough in therapy had 
clearly been established. The enthusiasm has now been 
dampened by the reality of the current analysis, and for 
some a dour pessimism has taken over, which may be as 
inappropriate as was the early great enthusiasm. We are 
still in an era of relatively short follow-up for a disease 
as chronic as breast cancer, and a large amount of data 
has still to be collected and analyzed. The purpose of 
this paper is to review the position at this moment in the 
continuum of studies of this disease with systemic thera- 
peutic approaches. 

In 1972, the National Cancer Institute launched a 
large-scale controlled trial of the use of chemotherapy as 
an adjuvant to surgery in women in whom cancer had 
already spread. This study was carried out by the Na- 
tional Surgical Adjuvant Breast Project (NSABP), 
headed by Dr. Bernard Fisher. Half the women were 
given L-phenylalanine mustard (L-PAM) after radical 
mastectomy and half were given a placebo [13]. Treat- 
ment failures occurred in 22% of 108 patients receiving 
placebo and in 9.3% of 103 women given L-phenylala- 
nine mustard. This difference was statistically significant 
only for premenopausal women. 

A follow-up of the NSABP data has shown that at 
24 months of follow-up the percentage of treatment fail- 
ures overall is 31.4% in 169 placebo patients and 23.5% 
in 179 L-PAM patients, the P value being only 0.06. 
When the data are broken down by menopausal status 
the picture is as follows: 

Number of % Treatment P value 
patients failure 

Age < 49 
Placebo 60 36.7 0.06 
L-PAM 59 22.0 - 
Age > 50 
Placebo 109 28.4 0.28 
L-PAM 120 24.2 - 
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The only situation in which L-PAM shows a statistically 
significant superiority over placebo is with premenopau- 
sal patients with one to three positive nodes, where the 
failure rate is 25.8% with placebo in 31 patients as 
against 6.3% with L-PAM in 32 patients, with an aver- 
age follow-up of 25-27 months (P = 0.04) [14]. 

What is clearly evident at this time is that therapeu- 
tic regimens may affect various subsets of patients dif- 
ferently. It will be essential to design studies so that ade- 
quate numbers of patients will be collected who are pre- 
menopausal, postmenopausal, have one to three positive 
nodes or four and more nodes, and are either estrogen 
receptor-positive or -negative. Analysis of each of these 
subsets will be essential, along with their potential inter- 
action. Since there appears to be some variation in the 
rate of occurrence of treatment failure or mortality 
among subgroups, the time for determination of effec- 
tiveness may differ for various subsets. As Fisher has 
pointed out, the determination of effectiveness at the 
same time for the entire population or for each subgroup 
may therefore be misleading. 

In 1973, Bonadonna, at the National Cancer Insti- 
tute of Milan, began a study indentical with Fisher's, 
except that the chemotherapy was CMF (cytoxan, 
methotrexate, 5-FU), which had been found to be supe- 
rior to L-PAM in advanced disease studies [2]. In only 
5.3% of 207 women who received the CMF was there 
recurrence of cancer by the time of the first report, as 
opposed to 24% of 179 women who had surgery only. 
At the time of this first report, the patients in the study 
had been followed for an average of only 14 months. 

In the most recent analysis of these data, which was 
made 3 years after mastectomy, the total failure time 
distribution was 45.7% in control patients, compared 
with 26.3% in women given CMF P < 0.0001 [3]. New 
disease manifestations were higher in the subgroup with 
four or more nodes (64.9% vs. 41.5%) than in the one 
with one to three nodes (37.9% vs. 19.1%). After 12 
months of analysis, however, there was no difference in 
the recurrence rate for postmenopausal women. At 3 
years, the failure rate in postmenopausal women was 
40.1% in controls, as against 36.2% in the CMF group. 
When the control group is analyzed it is seen that pre- 
menopausal patients show a higher incidence of early 
recurrence than postmenopausal patients. In the CMF- 
treated women, the failure distribution was not different 
in the pre- and postmenopausal groups. 

At the recently held American Society of Clinical 
Oncology meetings in Washington, D.C., Bonadonna 
gave a further update with four years of follow-up, with 
no essential difference in results. The data for postmeno- 
pausal women were still negative [4]. 

One possible explanation for this difference between 
pre- and postmenopausal patients is that in premeno- 
pausal patients there is a combination of a hormonalty 
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mediated cell kill and a cytotoxic cell kill, as 80% of the 
premenopausal patients treated with CMF developed 
amenorrhea, in some cases permanent and in others 
transient. Chemotherapy appears to effect a medical 
oophorectomy. 

The potential importance of the hormonal effect in 
adjuvant studies can be seen in a study from Toronto 
reported by Meaken [19]. From 1965 to 1972, following 
mastectomy, premenopausal and postmenopausal pa- 
tients aged 35-70 years, with or without histologically 
positive axillary nodes, received irradiation to the chest 
wall and regional nodal areas. They were then random- 
ized to receive no further treatment, ovarian irradiation 
to a dose of 2,000 rad in 5 days, or (if 45 years or more) 
ovarian irradiation at the same dosage plus prednisone, 
7.5 mg daily for up to 5 years. Patients entered in the 
study have been followed up for up to 10 years. Seven 
hundred seventy-nine patients were randomized into the 
study, 712 being eligible. 

In the premenopausal patients aged less than 45 who 
were in clinical stage II or III, there was a persistent 
delay in recurrence for those given ovarian irradiation as 
against no treatment, but it never reached statistical sig- 
nificance (P --- 0.21). In premenopausal patients age 45 or 
more, radiation to the ovaries plus prednisone delayed 
recurrence significantly compared with no treatment 
(P = 0.01). No differences in time before recurrence or 
survival were observed for postmenopausal patients. 

The trial of prophylactic ovarian irradiation with 
and without prednisone from the Princess Margaret 
Hospital has important implications. The only benefit 
was observed in premenopausal patients aged 45 and 
over. It is interesting that in the CMF study the major 
impact on ovarian function was in the younger pre- 
menopausal group, and there is suggestive, but not con- 
elusive, evidence that this group had the most benefit. 
The positive results in the Toronto study on women over 
40 were also seen only after 3 years of follow-up. This is 
in direct contrast to the CMF and L-PAM data, where 
the benefit was seen initially. A late benefit could be 
explained by the therapy only working in patients with a 
small residual tumor cell burden or in a subset of slow- 
growing tumors. In either case, one would expect late 
relapses in these groups. It is important to emphasize 
that in the Toronto trial, the only variable that confers 
benefit is the addition of prednisone. This casts some 
doubt on the precise therapeutic role of ovarian abla- 
tion. Possible mechanisms of action of the prednisone 
could be: (1) adrenal cortical suppression; (2) an effect 
on prolactin produced by this suppression; (3) a direct 
effect on the pituitary; (4) an immunological effect, and 
(5) a direct antitumor effect. If adrenal cortical suppres- 
sion is the important action, aminoglutetharnide might 
be a superior way to achieve it, although high doses of 
prednisone must be given with this drug. 
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There have been several studies indicating that pro- 
phylactic oophorectomy can delay time to recurrence. 
Cole, in 1970 [10], reported on a prospective random- 
ized trial of adjuvant X-ray castration in premenopausal 
and postmenopausal women. The hormonal ablation 
group showed a significantly prolonged recurrence-free 
interval compared with the control during the inital four 
years. In terms of 5-year survival, no benefit was ob- 
served. Nissen-Meyer [23] has also reported on a trial 
with adjuvant X-ray castration, which revealed benefit 
not only in the recurrence-free rate but also in the 4-year 
survival rate for the hormonal therapy. 

In 1969, Nevinny et al. [22] reported on a trial of 
adjuvant oophorectomy. These authors also reported 
that the recurrence-free rate was prolonged. In the study 
of Ravdin et al. [25], the 18-month recurrence rate in 
the oophorectomy group with four or more positive 
nodes was only two-thirds that in the placebo group. 
The 5-year survival rate showed no difference, however, 
although the recurrence-free rate advantage was main- 
tained for 3 years. These studies all give evidence that 
ovarian ablation can delay the onset of recurrence in 
women who have probable microscopically dissemi- 
nated disease by up to 4 years, if not longer. 

Rose and Davis have studied the hormonal impact 
of adjuvant chemotherapy [26]. In patients receiving ei- 
ther adjuvant L-PAM or a four-drug combination of 
CMF plus vincristine they observed that levels of circu- 
lating estrogens, follicle-stimulating hormones, and lu- 
teinizing hormones were affected in premenopausal 
women. In addition, they saw a significant decrease in 
plasma prolactin response following thyrotropic releas- 
ing hormone stimulation [11]. 

It appears that across-the-board use of prophylactic 
castration will not be of benefit to an overall group. The 
hormone receptor study may offer a new dimension on 
the subject. It might turn out that prophylactic oophor- 
ectomy would be beneficial for a subset of premeno- 
pausal women with positive assays for estrogen-binding 
protein. 

Knight et al. [16] have reported on the prognostic 
importance of the estrogen receptor assay in 145 women 
who underwent modified or radical mastectomy for po- 
tentially curable breast cancer. The dextran-coated 
charcoal assay was used, with results of greater than 10 
fmol 1 mg cytosol protein being considered positive. 
They found a statistically significant increase in the inci- 
dence of early recurrence in those patients with E R -  
primary tumors with a median follow-up time of 16-18 
months. This was found to be true regardless of age or 
lymph node status. 

In a more recent report by Knight et al. [17], with a 
median follow-up of 20 months, recurrences were docu- 
mented in 37% of E R - ,  as against 15% of ER+, 
women (P < 0.01). Deaths have occurred in 20% of 
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E R -  and 6% of ER+ (P < 0.01). Of the patients with 
axillary node involvement, 10/29 E R -  and 5/54 ER+ 
have died of breast cancer (35% vs, 11%, P < 0.05). 
The estrogen receptor assay was a potent prognostic 
variable for both pre- and postmenopausal patients. 

Meyer and Bauer [20] have reported that primary 
breast tumors with a high growth fraction, as repre- 
sented by a high thymidine labeling index, are more sub- 
ject to early recurrence and more likely to respond to 
chemotherapy [18]. In the study of Knight et al. it was 
seen that ER-- tumors with associated early recurrence 
were more common in premenopausal patients than in 
postmenopausal patients. This might help explain why 
adjuvant chemotherapy is more effective in premeno- 
pausal women than in postmenopausal. 

At the University of Arizona, a study has been 
started to evaluate adriamycin and cyclophosphamide 
either with or without postoperative radiation as an ad- 
juvant to surgery for women with stage II breast cancer. 
To date, relapses have occurred in 2 of 36 patients with 
one to three positive axillary nodes and in 0/27 with four 
or more involved nodes, with a median follow-up of only 
18 months. In addition, 8/24 patients with stage III 
breast cancer treated in a similar fashion have relapsed 
during a median observation period of 22 months after 
surgery [28]. 

Another regimen being used in adjuvant study is the 
FAC regimen of the M.D. Anderson Hospital, which 
consists of 5-FU 400 mg/m z IV on days 1 and 8, adria- 
mycin 40 mg/m z on day 1, and cyclophosphamide 400 
mg/m z on 1 [7]. This regimen, combined with Con- 
naught BCG, has been administered to 190 women with 
stage II and III breast cancer after surgery and post- 
operative radiation. In 131 patients who have been fol- 
lowed for more than one year, 17 relapses have been 
observed. When compared with a historical control 
group of 151 patients the results appear superior, but 
follow-up is still not long enough for a definitive conclu- 
sion. 

The M.D. Anderson study differs from many other 
studies in that stage III cases were included if considered 
operable. This included patients with skin ulceration or 
fixation to deep muscle. Inflammatory breast cancer 
was no t  included. Most patients received postoperative 
radiation. A total of 131 patients were treated with adju- 
vant FAC-BCG from January 1974 to October 1976. 
Radiation therapy was usually started within two weeks 
of mastectomy and completed within five weeks. Radia- 
tion doses and ports are not given in the paper. Che- 
moimmunotherapy was started within 2-3  weeks of 
completion of radiation. The historical control group 
contained all patients who were operated on between 
January 1972 and December 1973 with stage II and III 
disease and at least one involved node at the time of 
surgery. This applied to 151 patients. 
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At the time of the last literature report, the control 
group had a median follow-up of 31 months, as com- 
pared to a 13-month median for the treated group. This 
longer follow-up in the control group is a sine qua non 
of most historically controlled studies. This is one rea- 
son why the treated test group appears to be doing bet- 
ter, as early actuarial analysis seems to be on the opti- 
mistic side when compared with the data when all pa- 
tients have actually been followed up for longer peri- 
ods. 

When the distribution of patient characteristics pos- 
sibly related to prognosis was examined the two groups 
were not evenly matched. The control group had a sig- 
nificantly higher percentage of patients aged 50 years 
and over, both pre- or postmenopausal, and of patients 
with primaries larger than 5 cm and stage III disease. 
Therefore, some imbalances favored the control group 
and others the FAC-BCG group. 

At this time relapse-free survival favors the FAC- 
BCG group. Ninty-one percent of the FAC-BCG pa- 
tients are disease-free (median follow-up 13 months), as 
against 69% in the control group with longer follow-up. 
Differences between control and FAC-BCG groups in 
disease-free survival were not statistically significant for 
those with primary tumors of less than 3 cm or with one 
to three involved nodes. 

The Mayo Clinic [1] is currently conducting a three- 
arm adjuvant study to compare radical or modified radi- 
cal mastectomy plus L-PAM, CFP (cyclophosphamide, 
5-fluorouracil, prednisone), or postoperative radiother- 
apy plus CFP. The preliminary results show that re- 
lapse-free survival is shorter for premenopausal women 
treated with CFP + radiation rather than L-PAM. No 
difference is seen in postmenopausal women. This study 
is of interest because it controls for postoperative radia- 
tion and the fields of radiation include the internal mam- 
mary chain. Since the chemotherapy includes predni- 
sone, there is one arm of treatment that hits the contro- 
versial internal mammary chain with radiation and com- 
bines the adrenal suppressing effect of prednisone with 
chemotherapy, which may be acting upon ovarian func- 
tion. 

One of the neglected areas of research has been the 
psychosocial impact of adjuvant chemotherapy for 
breast cancer. The UCLA group has attempted to study 
this and has posed the question as to whether the delay 
in recurrence and/or increase in survival compensate for 
the toxicity, inconvenience, and expense of adjuvant 
drug treatment [21]. They interviewed 50 patients re- 
ceiving chemoimmunotherapy with CMF plus BCG 
and/or cells. The patients had been treated for an aver- 
age of 11 months and none had developed evidence of 
recurrent disease. The interviews lasted 30 rain with a 
standard format, and the impact of adjuvant chemother- 
apy on five areas was explored. These were marital fam- 
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ily relationships, sexual relationships, financial situation, 
general activity, and paid job and/or housework. 

In 24% of cases, disruption of marital family rela- 
tionships was claimed as a result of the treatment, but 
the exact opposite was claimed in an equal number. In 
17% sexual activity was markedly diminished, and this 
was not improved in any cases. The largest impact was 
on financial burden, where 54% reported that this was a 
significant problem. This expense ranged from $ 2,500 to 
$13,800 per year. Of those with paid jobs, 60% lost 10 
days per year secondary to the therapy and 45% left 
work, took less responsibility, and passed up promo- 
tions. Fatigue was reported by 96%, nausea by 88%, 
and anxiety by 62%. In 38% activities had to be given 
up and 60% reported that the adjuvant chemotherapy 
was a major disruptive factor in their lives. Despite this, 
60% claimed they were glad to have participated and 
75% that they would tell a friend to participate. 

Discussion 

Adjuvant breast cancer trials have many variables that 
can affect comparability. These include selection, strati- 
fications, design, treatment, and analysis. 

Selection is one obvious critical factor. The staging 
systems used for selection in trials have not always been 
comparable. The majority of patients chosen for study 
have been operable, by conventional criteria, with posi- 
tive nodes detectable by pathological examination. In 
terms of the UICC staging, this would include a mixture 
of stage II and III lesions. It would be helpful if all 
studies would use the TNM system and report selection 
with TNM terminology, since just saying stage II or III 
can be misleading. Stage I is generally not included, al- 
though it is in the Princess Margaret trial [19]. There 
does not appear to be a strong rationale for including 
stage I disease in adjuvant drug trials, although the 
prognostic impact of being E R -  may change the view 
for that stage I subset. 

In past trials, the local control therapy to which drug 
has been added has been relatively stable. It has con- 
sisted primarily of radical or modified radical mastec- 
tomy. It is generally considered that there is little prog- 
nostic difference, in terms of metastatic or local failure, 
between these two surgical procedures. The main vari- 
able in the local control baseline therapy has been post- 
operative radiation. Some studies, e.g., the Mayo Clinic 
study [1], have used this as a variable for randomiza- 
tion. Some studies, such as the NSABP and Milan pro- 
tocols, have excluded it entirely. Many protocols in the 
United States allow it at the discretion of the investiga- 
tor. These trials either stratify for radiation prior to ran- 
domization or do so in the ultimate analysis. Since 
Sternsjward [27] and Holland have stated that postoper- 
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ative radiation may increase metastatic failure due to 
immunosuppression, this may be dangerous. The radia- 
tion fields chosen may also be an important variable. 
Since the study by Host [15], many radiotherapists have 
begun to discuss the importance of treating the internal 
mammary nodes adequately, and this variable should be 
controlled for. 

Future studies will be complicated by the various 
approaches to local control that are gaining in popular- 
ity. These include total mastectomy + radiation, seg- 
mental resection + radiation, and excisional biopsy plus 
radiation with an implant boost. If the local control ther- 
apy becomes more heterogeneous, as appears likely, it 
will greatly complicate the comparability analysis be- 
tween studies. 

Stratification is another aspect of adjuvant studies 
that must not be neglected. If a prognostic variable be- 
comes potent enough, stratification for that variable ex- 
tends to the design of separate studies based on that 
variable. This situation now obtains for menopausal sta- 
tus, and is beginning to be true for estrogen receptor site 
positivity in some groups. Where once a single study 
could be designed for a set of patients, we may now 
require four separate protocols for the same set. This 
will demand a greater input of patients if answers are to 
be obtained in a reasonable time frame. 

Other prognostic variables that require stratification 
include: (1) degree of lymph node involvement; (2) clini- 
cal stage (tumor size); (3) possible pathologic factors, 
such as tumor necrosis. If local control therapy is not 
homogeneous that should be stratified for as well. 

The drug treatments to be chosen have implicit vari- 
ables, which are too numerous to enumerate except in 
superficial detail. There are six active drug classes to 
chose from, such as the alkylating agents (cyclophos- 
phamide, phenylalanine mustard, thio-Tepa etc.), fluo- 
rinated pyrimidines, antifoles, vinca alkaloids, cortico- 
steroids, and anthracyclines (adriamycin) [8]. The drug 
combinations that can be derived are many. The basis 
for choice up to the present has been activity in ad- 
vanced disease. This is made difficult by the fact that 
there is no established combination derived from the six 
active drug classes that is clearly superior to many oth- 
ers reported in the literature [6, 9]. Significant variables 
would include the following: (1) adriamycin, yes or no; 
(2) corticosteroid, yes or no; (3) alkylating agent, yes or 
no. The regimens currently under adjuvant test reflect 
their variables: They include L-PAM, CMF, CFP, adria- 
mycin and cytoxan, FAC, CMFP, L-PAM + 5-FU, and 
CMFVP. The common denominator in all combinations 
is an alkylating agent, either cyclophosphamide or L- 
PAM. There are few data that definitively indicate a 
choice between cyclophosphamide or L-PAM. Cyclo- 
phosphamide is more extensively studied in advanced 
disease, and has a platelet-sparing effect that makes it 
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attractive for combination. On the other hand, it causes 
cystitis and alopecia, which can be disturbing. L-PAM 
can be more myelosuppressive and has a greater clinical 
history of carcinogenesis to put on the negative side of 
the ledger. It is unfortunate that a comparison between 
these two alkylating agents was not made earlier. The 
data from multiple myeloma indicate they are not totally 
cross-resistant, and few today would hold with the con- 
cept that an alkylating agent is an alkylating agent, is an 
alkylating agent . . . .  

The inclusion of adriamycin raises the spectre of 
cardiac toxicity. The endomyocardial biopsy experience 
at Stanford [5] has shown that all patients who receive a 
total dose in excess of 200 mg/m 2 have pathologic 
changes. Radiation to the mediastinum can enhance this 
and if radiation to the internal mammary nodes is criti- 
cal, this could be an even more important factor. No- 
body can foretell what will be the long-term impact of 
subclinical anthracycline cardiac damage. Since ad- 
vanced disease studies do not show a dramatic advan- 
tage for adriamycin-containing combinations prudence 
might dicate avoiding this drug unless a compelling ra- 
tionale can be brought forth. 

Corticosteroids are still another variable. Some pro- 
tocols use them on intermittent schedules, other on a 
more continuous basis. Their value in combination ther- 
apy is not fully established and at best they may give a 
10%-15% higher response rate [6, 9]. They can have 
disturbing side effects. On the other hand, their adrenal- 
suppressing activity combined with the ovarian suppres- 
sion potential of cytotoxic drug treatment might add 
another important wrinkle to the interpretation of final 
results. 

Schedule is rarely given much emphasis in the design 
of adjuvant studies. A feature of most studies is the in- 
termittent use of drugs. The rationale for this rests 
mainly on fear of continuous immunosuppression and 
data indicating that intermittent dosing allows for recov- 
ery of immunosuppression between cycles. There are no 
established experimental systems that are felt to predict 
for optimal schedule in the adjuvant situation, and so 
most schedules are empirical derivations from what has 
been used in the advanced metastatic state. 

Duration is another unknown factor. The early adju- 
vant studies with thio-Tepa and 5-FU [12] used only a 
single course, as their rationale was to attack circulating 
tumor cells. The current hypothesis of attacking metas- 
tatic foci calls for longer treatment, based on the impli- 
cations of the cell kill hypothesis and the rodent trans- 
plantable tumor models. The major trials treat for 1 
year, 18 months, 2 years, or longer. The choice of dura- 
tion is strictly empirical. It is hard to understand why 
one course of thio-Tepa could exert a positive effect on 
premenopausal women with four or more positive nodes 
while phenylalanine mustard for 18 months did not. The 
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equation must also take in Nissen-Meyer's positive re- 
suits with one course of cyelophosphamide. It is easier 
to reconcile this contradiction by postulating a hormon- 
al effect for the drugs rather than a classic cell kill effect. 
Currently, Bonadonna is testing six against twelve 
courses of CMF for premenopausal patients, and this is 
the only trial that attempts to look at duration in any 
meaningful way. 

Intensity of therapy is still another variable worthy 
of debate. The cell kill hypothesis implies that with in- 
creasing doses of an effective regimen, greater percent- 
ages of cells will be killed and zero cells will be achieved 
more rapidly. In advanced disease, this has translated to 
drugs being given at their maximally tolerated dose and 
some level of toxicity being considered a sine qua non of 
an effective dose. In adjuvant trials, there has been con- 
cern that toxicity would be poorly tolerated by women 
and that any drug-related mortality would be unaccept- 
able in a potentially cured patient. Therefore, the dose 
levels chosen have tended to be somewhat lower than 
have been given in advanced disease. It may be that 
these lowered dose levels are not effective enough, in 
terms of cell kill, to give the desired cure. More intense 
therapy may need to be given. The mathematical model 
hypothesis of Norton and Simon [24] indicates that the 
most sensitive phase in the growth curve is not when the 
tumor cell burden is lowest but at the 37% growth point 
on the Gompertz curve. This indicates a need for late 
intensification in adjuvant trials or higher doses given 
initially, depending on what the residual tumor cell bur- 
den is postulated to be. In postmenopausal women, 
Bonadonna is testing a kind of late intensification in 
which the same total dose of drug is given in two groups 
but in one lower doses are used in the beginning and 
higher doses in the final cycles. Whether this is a true 
test of the Norton-Simon hypothesis and whether the 
entire hypothesis is ready for a clinical test is open to 
question. 

Design considerations are of extreme importance 
and center predominantly around the raging debate 
about prospectively randomized studies as against those 
with historical controls. This debate is too extensive to 
go into in this paper, but a few points are worth empha- 
sizing. Adjuvant chemotherapy in breast cancer, if gen- 
erally accepted, would constitute a major change in 
treatment policy, with resultant economic and psycho- 
social impact. It is clear from the data to date that a 
penicillin-like magic bullet effect is not likely. The bene- 
fits reported in premenopausal women are significant 
and of potential widespread benefit, but are not so dra- 
matic that the scientific security of a prospectively de- 
signed controlled trial can be foregone. The end point of 
these trials is not complete remission but relapse-free 
survival, and large numbers are required to account for 
all the variables. The disease is highly heterogeneous 
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and the possible sources of bias are many. The discov- 
ery of the estrogen receptor site is a good example of a 
new prognostic variable that has been found, and only 
randomization offers a reasonable possibility that such 
hidden variables might come out, even in two treatment 
groups. 

Another design consideration is what constitutes an 
appropriate control group in newly designed adjuvant 
studies. A clinical trial should be based on the data from 
earlier studies. It should compare the best standard 
treatment with something it is hoped will be superior. 
According to this criterion, the appropriate reference 
preparation for use in premenopausal women with one 
to three positive nodes is either L-PAM or CMF. With 
four or more nodes in premenopausal women, it is 
CMF. If one wanted to be difficult, one could also pro- 
pose that one perioperative course of thio-Tepa is also 
an appropriate control for this subset. In postmeno- 
pausal women, a surgery-only control seems more than 
appropriate, since L-PAM, CMF, and all other regimens 
have been shown to be of no benefit in this large sub- 
group. Trials with this control of surgery only have been 
started by the Eastern Cooperative Ontology Group (P. 
Carbone, personal communication). 

Analysis of the data is one more consideration of 
importance. The short-term analysis involves a compari- 
son of relapse-free survival against the acute toxicity 
cost. Relapse-free survival is reported according to ac- 
tuarial techniques. It is clear from both the L-PAM and 
CMF studies that the actuarial projection at a median 
follow-up time of around 18 months was not confirmed 
at a median follow-up time of 3 or 4 years. At any point 
in time, a projected actuarial curve can either stay the 
same or deteriorate. Each relapse, assuming no new en- 
tries, will cause the curve to fall. Consideration needs to 
be given to determining what is the earliest possible time 
an actuarial projection of relapse-free survival can be 
made with reasonable confidence in its prediction of the 
ultimate true outcome. 

The final analysis of adjuvant studies in breast can- 
cer will be a long-term proposition requiring 10 years or 
more of follow-up. The final end point will be survival. 
Survival will be complicated by the therapy given after 
relapse if it occurs. It is possible that adjuvant chemo- 
therapy could shorten survival after a relapse, because 
of refractoriness to secondary drug treatment. This pos- 
sibility demands that overall survival be looked at as the 
final point. A regimen that enhanced relapse-free sur- 
vival but not overall survival would be of some interest, 
but of much diminished overall value. The cost-benefit 
ratio in adjuvant trials demands that second tumors be 
analyzed as well as chronic toxicity. In patients treated 
with adjuvant adriamycin mortality due to cardiac fail- 
ure should be analyzed for in relation to a non-adriamy- 
tin-containing control group. An increase in second tu- 
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mors has been reported with long-term L-PAM in multi- 
ple myeloma and ovarian cancer, chlorambucil in breast 
cancer, and MOPP plus radiation in Hodgkin's disease. 
This is still another factor that can affect overall survival 
as compared to relapse-free survival. 

Conclusion 

Where should adjuvant chemotherapy be used routinely, 
if at all? 

I do not feel that adjuvant chemotherapy has been 
clearly established as having definitive value. Only two 
studies, with proper surgery-only control groups, have 
follow-up in excess of 3 or 4 years. At this moment the 
L-PAM study appears to show diminished recurrence 
rates for premenopausal women with one to three posi- 
tive nodes. The CMF study has similar results for all 
premenopausal women, regardless of the amount of 
nodal involvement. These results are positive and en- 
couraging, but a long way from establishing absolute 
value. At this moment there are no data to support the 
use of adjuvant chemotherapy routinely for post meno- 
pausal women; both L-PAM and CMF have had mini- 
mal impacts for this large subset of women. 

In the short term, the cost-benefit ration analysis for 
adjuvant chemotherapy studies in breast cancer will be 
relapse-free survival versus acute toxicity. According to 
short-term analysis criteria, adjuvant chemotherapy ap- 
pears to benefit premenopausal women with positive 
nodes. The long-term analysis will be overall survival 
against chronic toxicity. Chronic toxicity will include 
organ damage, e.g., adriamycin cardiac toxicity and the 
induction of second tumors. According to long-term 
analysis criteria, the value of adjuvant chemotherapy 
has not yet been established. Despite this, I think drugs 
should be given to premenopausal women with positive 
nodes, on the basis of the great likelihood that the short- 
term analysis will predict for the long-term analysis. I do 
have a strong feeling that the long-term analysis will give 
a result that is not as positive as the current short-term 
analysis indicates, albeit positive overall. 

If chemotherapy is to be given routinely to premeno- 
pausal women, it should be CMF, especially for women 
with four or more positive nodes. No other drug regimen 
has been shown against a surgery-only control to dimin- 
ish recurrence rates with a reasonable follow-up time. 
The use of adriamycin-containing regimens should be 
discouraged for routine use, since the long-term cardiac 
toxicity risk has not been established. 

There is no indication for the use of chemotherapy 
routinely for node-negative women. There is also no in- 
dication for the routine use of immunotherapy either 
alone or with chemotherapy in any situation. 
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How should adjuvant chemotherapy research proceed? 

The essential aspect of adjuvant drug research in breast 
cancer has to be a recognition that the clinical experi- 
ment will be a long-term experiment requiring a signifi- 
cant number of patients to ensure comparability for the 
many critical variables. Stratification variables that 
should be taken account of include pathologic lymph 
node status, menopausal status, clinical stage, and es- 
trogen receptor status. The best-risk patient would ap- 
pear to be postmenopausal, in clinical stage I, lymph 
node-negative and ER+. The poorest prognosis appears 
to be that of a woman who is premenopausal and in 
clinical stage II, has more than four positive nodes, and 
is ER- .  Clinical studies should embrace large enough 
numbers to account for all these variables. 

Past experience has taught us that actuarial analysis 
with a median follow-up of 12-24 months can be mis- 
leading. While interim analysis of clinical trials are es- 
sential, although occasionally misleading, there should 
be a minimum time established before major publication 
is contemplated. This probably should be at least 3 
years. 

The use of historical controls should be approached 
with great caution. The discovery of the prognostic im- 
portance of the hormone receptors is an excellent exam- 
ple of how new variables can be discovered. It will be 
extremely difficult to compare any study group that in- 
cludes the ER data with any historical control group 
that does not. Where historical controls are used great 
caution should be used in interpretation of the P values. 
With proper randomization, a P value of 0.05 may well 
imply biological significance, but with historical controls 
it may be that even a P value of 0.001 does not imply 
biological significance. It should also be remembered 
that the historical control always has a longer follow-up 
time than the study group, and that in time more re- 
lapses and deaths can usually be expected. 

A very sticky problem is the definition of what con- 
stitutes a proper control group for postmenopausal 
women in adjuvant trials. In my opinion, a surgery-only 
control group is both appropriate and ethical. Studies 
that use either L-PAM or CMF as controls are using 
regimens not shown to be effective when compared with 
surgery only. Granted that relapse rates have not been 
increased by these regimen or survival shortened, there 
are still the factors of physical morbidity (acute tox- 
icity), psychosocial morbidity, and economic morbidity. 
Studies that use regimens other than L-PAM or CMF as 
'controls' are using regimens that have been proven nei- 
ther effective or safe. The use of prior surgery-only 
groups as 'historical controls' is of debatable value. 

Approaches that can be considered for trial include 
the following: 
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1. More  intensive use of  the six active drugs; a) 
Higher  doses; b) Late  intensification; c) Grea ter  number  
of  drugs; d) Longer  durat ion 

2. Drugs  plus hormones  
3. Drugs  plus immunotherapy  
4. Drugs  plus radiat ion 
5. New drugs 
6. Preoperat ive chemotherapy  
One of  the critical questions in the design of  proto-  

cols is what  level of  stratification to impose  for the de- 
velopment of  separate  protocols.  F o r  pathologic  stage II  
disease one could prepare  separate protocols  for the fol- 
lowing subjects:  

1. Premenopausa l  vs. pos tmenopausa l  
2. E R +  vs. E R -  
3. 1 - 3  +ve  nodes vs. 4 +ve nodes 
Several groups are now undertaking separate  studies 

for premenopausa l  and pos tmenopausa l  women,  with 
the impact  of  the prognost ic  value of  the E R  assay  and 
the possibil i ty that  this too m a y  have to be included as a 
protocol-separat ing variable. The possible complexities 
for protocol  design are outlined below in the following 
examples:  

II. 

III. 

IV. 

Premenopausal ER-  
j Chemotherapy A 

R 
Chemotherapy B 

Premenopausal ER+ 
/ C h e m o t h e r a p y  A 

R ~.--Oophorectomy 
" C h e m o t h e r a p y  + oophorectomy 

Postmenopausal ER-  

~ Chemotherapy A 

R - ' - C o n t r o l  (surgery only) 

Postmenopausal Er+ 
Tamoxifen 

R ~. .  --Chemotherapy A + tamoxifen 
Control 

Obviously  these are only some of  the possibilities for 
b road  arms to choose from, ignoring the variables of  
drug choice, schedule, duration,  intensity, etc. 
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