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Introduction 

H.-J. Senn 

Adjuvant Chemotherapy (ACT) of breast cancer has now emerged 
as one of the controversial su):>jects in clinical and also experimental 
oncology. 
Driven by growing frustration about stagnating cure rates in breast 
cancer [1,4] and stimulated by elegant demonstration of highly 
curative effects of adjuvant systemic therapy in animal models [6, 11] 
and in several childhood neoplasias [15], researchers introduced 
ACT to the primary treatment of breast cancer with great hope some 
15 years ago. After a first wave of isolated "historic" trials with 
generally limited but in one case remarkable success [5, 9], a second 
generation of ACT studies was initiated by NSABP investigators and 
oncology centers in Europe [2, 6, 13]. These trials were well 
conducted statistically and diagnostically, and all in the early 1970s 
included a surgical control arm. 
Early and intermediate beneficial effects on relapse-free survival 
(RFS) after 2-3 years median observation time then prompted a 
whole series of ACT studies in breast cancer. These "third-gener­
ation" studies usually regarded some positive influence of ACT as a 
given fact, dropping surgical control regimens and comparing 
different ACT regimens, hopefully in a prospective, randomized way 

1984 

Fig. 1. The mushrooming of adjuvant studies in 
breast cancer 
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[reviews in 3, 14]. The "mushrooming" of ACT studies in breast 
cancer during the last 10 and especially 5 years is demonstrated in 
Fig. 1, and it gets really cumbersome even for the insider to keep on 
top of the multitude of sometimes conflicting data. 
Since early optimistic therapeutic expectations [8] were met only in 
part [2,6, 14], more or less scientifically qualified critique arose 
against the present concept of ACT in breast cancer, sometimes even 
questioning the experimental basis of this therapeutic approach in 
man [7, 10, 12]. Benefical effects of ACT in human breast cancer 
could - with a few exeptions - be seen only in certain patient 
subpopulations, which, moreover, varied from study to study with 
different ACT regimens. The interpretation of results became 
increasingly difficult and their long-expected translation into clinical 
practice nearly impossible [3, 14]. As a consequence of this 
unforeseen complication of the clinical research in ACT of breast 
cancer, there is growing confusion among investigators, physicians, 
and surgeons and also among the public. It is interesting to see (at 
least in the German-speaking world) that the same public media 
which 6-8 years ago critized the medical research community 
heavily for "unethically withholding new curative treatment from 
women after mastectomy for breast cancer" now condemn cancer 
researchers for their "unethical and unnecessary exposing of patients 
to unsuccessful and harmful drugs". 
It seemed therefore most appropriate to again bring leading 
specialists and spokesmen from major study groups and centers 
together for an international working conference, which we called 
the "Second International Conference on Adjuvant Chemotherapy 
in Breast Cancer". We are fully aware of the fact that there are many 
such meetings going on all over the world, and we have many times 
participated in them as moderators and speakers. However, although 
some outstanding experts are usually involved, we felt the definite 
need to gather them all together and to organize a complete and 
critical discussion of the present merits and limitations of ACT in 
operable breast cancer in the light of nearly 20 years experience. We 
have done so in the place where 10 years ago the first Swiss adjuvant 
breast cancer trial (the OSAKO trial 06/74) was initiated. In 
addition, 6 years have passed since in March 1978 we gathered 
around 60 oncologists from eight leading groups and centers at the 
skiing resort of Wildhaus near St. Gallen to discuss evolving 
problems of ACT in breast cancer. Important years have now gone 
by, and over 20 groups are engaged worldwide in currently more 
than 40 trials. For this reason we welcomed for this second working 
conference more than 250 medical oncologists, surgeons, gynecolo· 
gists, pathologists, and basic researchers to present and discuss theil 
most recent data. It is our hope that the proceedings of this unique 
conference on a critical topic in present-day oncology will constitute 
a helpful basis in the search for more appropriate curative treatment 
in breast cancer, the most prevalent type of cancer in the female 
population. 
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Scientific Basis of Adjuvant Chemotherapy in Breast Cancer 

The Preclinical Scientific Basis for Adjuvant Chemotherapy 
in Breast Cancer 

D. P. Griswold Jr., W. R. Laster Jr., M. W. Trader, and D. J. Dykes 

Southern Research Institute, 2000 Ninth Avenue, South, P.O. Box 55305, 
Birmingham, AL 35255-5305, USA 

The relatively slow and limited regression of solid tumor masses following and during 
chemotherapy initially led many to believe, because of the long duration of treatment 
implied to be necessary by these slow regressions, that chemotherapeutic cure of a solid 
tumor was impractical if not impossible. However, with the later realization that solid 
tumor mass reduction grossly underestimates the fraction of a tumor cell population killed 
by chemotherapy [6], it became evident that chemotherapy may be more effective than had 
been anticipated. Furthermore, it has been well documented that curability is inversely 
proportional to the size of the tumor cell population [4]. Thus, it was anticipated that tumor 
debulking followed by chemotherapy, aimed at destruction of surviving tumor stem cells, 
would lead to cure for a significant fraction of appropriately staged breast cancer patients. 
The first clinical trials, however, were disappointing [3]. 

A few years later, some again believed that carcinoma of the breast would be the first 
curable solid tumor of major importance. That optimism was based on knowledge that the 
primary tumor is in a surgically accessible site, that improving diagnostic procedures 
offered the possibility of early detection, that a significant portion of the tumors is 
responsive to relatively nontoxic hormonal therapy or ablation, and that, importantly, 
from the chemotherapists' viewpoint, at least a half-dozen first-line chemotherapeutic 
agents had been shown to be effective against these cancers. This optimism was also 
supported by increasing successes that resulted from (a) chemotherapy of other 
malignancies, e.g., Hodgkin's disease and acute lymphatic leukemia in children, (b) 
experimental adjuvant chemotherapy studies in solid tumor model systems in animals [4, 
10, 13], and (c) adjuvant chemotherapy trials in other human neoplasms [2, 7]. Certainly, 
some success has been realized in the adjuvant therapy of breast cancer, both in 
relapse-free survival (RFS) time and overall survival [1]. Nevertheless, progress has not 
been as rapid or as great as was anticipated several years ago. In spite of improved RFS, 
recurrence of metastatic and local lesions remains a critical problem, and cure has become 
an elusive goal. 
Cure may require reduction of the total body burden of tumor cells to less than one since it 
has been shown that fatal cancer of several histological types and in several animal species 
can be established from a single cancer cell [12]. By implication, metastasis and recurrences 
may also result from the survival or translocation of a single cell. If that is true, how can 
therapy be planned to destroy all viable tumor stem cells? What are the obstacles that stand 
in that path? 

Recent Results in Cancer Research. Vol. 96 
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2 D. P. Griswold et al. 

Several obstacles to improved therapeutic results have been identified. Two of the most 
critical are diagnostic limitations that preclude the identification and follow-up of 
micrometatases and the relatively poor basis for selection of the chemotherapeutic agent( s) 
for initial treatment - thus the continuing interest in the development and application of 
assays for the determination of the drug sensitivity of individual patients' tumors. Other 
identifiable obstacles may be broadly classified into three areas: (a) difficulties in disease 
staging, (b) inability to adequately quantitate viable, clonogenic tumor cell population size 
before or after treatment, and (c) pharmacologic limitations that encompass a variety of 
problems. 

Staging 

Levitt [8] recently noted that "a large number of clinically unsuspected metastases may 
account for our inability to adequately stage disease ... " Similarly, the possible inclusion 
of patients with no metastases in groups to be treated may further cloud the interpretation 
of the results of that adjuvant treatment. It has been well documented with a number of 
metastasizing animal tumors that there is a direct relationship between time from primary 
tumor implant and the existence and extent of metastatic disease [4]. Unfortunately, as the 
percentage ofthose animals with metastasis approaches 100%, the fraction of animals with 
metastatic tumor burden that is beyond the curative potential of currently available 
adjuvant therapy has also increased [5). On the other hand, when staging is adjusted to 
include animals at lower risk for metastasis, the variance of existence of metastatic disease 
increases. Thus, "cure" as measure of the success of treatment becomes less meaningful. In 
the latter circumstance, cure would be a function of the percentage of low-risk animals (or 
patients) included in the adjuvant therapy group. 

Quantitation 

There has been recent criticism, partly for ethical reasons, of use of the measurement RFS 
in adjuvant therapy trials [15). Perhaps that criticism is partly justified (but for a different 
reason) in that this parameter, as well as others that are used clinically and preclinically, 
does not provide an accurate measure of clonogenic tumor cell populations that survive 
adjuvant treatment. In fact, quantitative problems begin with patient selection and disease 
staging for adjuvant therapy. The success of adjuvant therapy of micrometastatic disease 
may also be misjudged on the basis of such commonly used parameters. In a typical 
experimental surgical adjuvant chemotherapy trial in which metastatic disease was staged 
to include some animals with minimal disease, one would typically expect to see an 
increased cure rate, above that provided by surgery alone, in those instances where the 
adjuvant treatment provided a marked increase in median survival time or RFS. Often 
there is a direct correlation between increased median survival time and cure rate, and this 
has been well documented (see [9] for a review of this subject). There are also instances 
where increased median survival time is not accompanied by any change in cure rate 
(Fig. 1). A number of factors may account for this, some of which are well 
recognized. 
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Fig. 1. Response of SC implanted colon tumor 26 to surgery with and without cis-DDPt + 
cyclophosphamide treatment. Tumors were 400-1,000 Mg at the time of surgical removal. 
(Reproduced with permission of Raven Press) 

Some Reasons for Increased RFS with Little or No Overall Benefit 

The existence of a metastatic tumor burden of sufficient size that it is beyond the reach of 
therapeutic curability is one factor accounting for increased RFS with little or no overall 
benefit; this is demonstrated in Fig. 2. The B16 melanoma is a very refractory tumor, and 
tumors of 107 cells or greater are rarely eradicated regardless of drug or treatment 
schedule. Both tumor growth delay and increased survival time may occur without cure. 
Also in Fig. 2 may be seen the difficulty of attempting to directly estimate the net tumor cell 
kill from commonly used endpoints, such as increased survival time or tumor growth delay. 
In this example, those parameters are similar for each of the three treatment schedules 
used, yet the net fraction of each of the tumor cell populations that was killed is markedly 
different. 
Relatively limited antitumor activity of most drugs is not unusual [11]. The therapeutic 
indices (TI) and LD90/LDlO ratios at the optimal treatment schedule for each of 12 agents 
that were used to treat intraperitoneally (ip) implanted L12l0 leukemia are listed in 
Table 1. The median TI value is 3.2 and the median LD901LDlO ratio is 2.0. Using these 
median values, a plot (Fig. 3) was made showing the composite dosage-mortality curve in 
relationship to the minimal effective dose and the nonlethal dosage range in which a 
minimal (40% increase life span) antitumor effect can be seen. The narrow range of drug 
dosage over which an antitumor effect can be achieved without unacceptable host toxicity is 
readily apparent. 
The mutation of tumor cells leading to the overgrowth of a drug-resistant subpopulation is 
another factor that will limit the applicability of an otherwise effective drug treatment 
regimen [5]. This obstacle, however, can be overcome by the proper choice and mix of 
drugs to which the tumor cells are not likely to be cross-resistant. Table 2 shows the 
drug-sensitivity profiles for drug-sensitive and -resistant lines of P388 leukemia and three 
commonly used anticancer drugs. These data clearly show that each tumor line selected for 
resistance to one of the three drugs retains its sensitivity to the other two. A combination 
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Tax. cant. 
T-C (days) % ILS Sur •. (%) 

300mg/kg'1 17t3.3 39 85 
100 mg/kg 19 tl.2 40 97 
Q40·4 

30mg/kg 15t3.5 38 70 
QO·9 
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After initiation of RX (days) 

D. P. Griswold et al. 

Fig. 2. Idealized response of SC implanted 
B16 melanoma to cyclophosphamide when 
used in three different treatment regimens; 
based on three or more experiments per 
treatment schedule 

Table 1. Therapeutic indices (TI)a from optimal drug treatment of 
mice with 105 L1210 cells, IP and LDgo/LDIO ratios from dosage-mor­
tality studies in non-tumor-bearing BDF1 (C57BLl6 x DBA/2) mice 
(reproduced with permission of Raven Press) 

TI LD901LDlOratios 

5-Fluorouracil 5.6 1.1 
Methotrexate 3.5 6.8 
Ara-C > 2.8 2.0 
Cyclophosphamide 3.0 2.1 
MeCCNU 10.5 2.4 
BCNU 8.0 2.0 
CCNU 3.2 2.1 
Mitomycin-C 2.0 1.7 
Melphalan 5.8 2.0 
DTIC 3.1 2.4 
Hexamethylmelamine < 1.0 1.7 
Adriamycin 1.0 1.7 

Median 3.2 2.0 

aTI 
LDlO (mg/kg) 

Minimum effective dose (ILS40 - mg/kg) 
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Fig. 3. Dosage-mortality curve from data in 
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Table 2. Logw change in the body burden of drug-sensitive and 
drug-resistant leukemia P388 stem cell populations by drug treatment at 
:S; LDw doses 

Cyclophosphamide BCNU L-PAM 

P388/0 -7 -7 -7 
P388/Cyclophosphamide -1 -7 -7 
P388/BCNU -6 -1 -6 
P388/L-PAM -7 -7 -1 

Table 3. Response of advanced IP-implanted P388 leukemia to 
simultaneous combination treatment with cyclophosphamide, BCNU, 
and melphalan (L-PAM) 

Drug (IP) Optimal dosage Tumor-free 
(mg/kg) survivors 

Cyclophosphamide 250 OlIO 
BCNU 25 OlIO 
L-PAM 20 OlIO 

Cyclophosphamide 138 

} BCNU 15 18120 
L-PAM 8 

Cyclophosphamide 110 

} BCNU 12 19/20 
L-PAM 6.4 

Cyclophosphamide 91 

} BCNU 10 15/20 
L-PAM 5.3 

A single dose of each agent was given singly or in combination on day 5 
after tumor implant when the tumor cell population was estimated to be 
about 2.8 x 108 cells 

1.0 

RELATIVE DOSAGE 

5 

10.0 
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chemotherapy trial was undertaken to determine the effect of this three-drug combination 
on the potential curability of a large body burden (2.8 X 108 cells at start of treatment) of 
P388 leukemia. Partial results are shown in Table 3. When given singly, cyclophosphamide 
reduced the tumor cell population by about 8 loglo units but was not curative. Similarly, 
BCNU reduced the cell population by about 7 10gi0 units but was not curative. Treatment 
with L-PAM (melphalan) only held this large tumor cell population static. Previous data 
have shown that large populations of P388 leukemia contain some cells resistant to BeNU 
and some resistant to cyclophosphamide, but that those cells retain their sensitivity to 
L-PAM. It is probable that the therapeutic synergism observed in this trial resulted from 
use of drugs to which these cells are not cross-resistant. 
Other factors that appear to be obstacles to curability include anatomic and pharmacologic 
barriers that preclude the attainment of minimal effective drug concentrations for a 
sufficient time to effect cell kill. Alternatively, resting cells (Go or long residence times in 
G 1), which characteristically may be found in solid tumors, may not be killed by certain 
antimetabolites or may have sufficient time to repair after exposure to highly reactive 
agents [14]. These possibilities are less well understood and documented than is specific 
biochemical resistance. 
In conclusion, some pertinent observations may be summarized as follows: 

1. Cure is inversely proportional to tumor burden, but the relationship is not always 
linear. 

2. The random nature of metastasis assures that staging will tend to include patients 
without metastatic disease in low-risk groups or patients in high-risk groups with a 
metastatic burden beyond the curative potential of the drugs used. 

3. Parameters commonly used for the measurement of the effects of treatment may not 
accurately determine the net tumor cell reduction achieved. 

4. Good initial response to treatment, e.g., increased RFS, without overall benefit may 
result from: 
a) Tumor burden being too great or limited drug cytotoxicity 
b) Selection and overgrowth of drug-resitant tumor cells 
c) Pharmacologic- andlor population-kinetic barriers 

5. Further improvement in adjuvant chemotherapy may require high-dose, combination 
drug therapy tailored for the individual (based on pharmacologic determinations), in 
addition to improved diagnostic and drug selection technology. 

Acknowledgements. Previously unpublished results reported herein were carried out under 
contract NOl-CM-97309, Drug Evaluation Branch, Division of Cancer Treatment, 
National Cancer Institute, National Institutes of Health, Bethesda, MD 20205. 
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Introductiou 

It is possible to trace over the course of this century two main developmental pathways 
associated with the therapy of women with operable breast cancer. One charts the results 
from laboratory and clinical investigations which have permitted formulation, testing, and 
acceptance of an alternative biological hypothesis to replace the Halsted theory which is 
based on anatomical principles. That paradigmatic change accounts for the revolution in 
the local-regional management of the disease. The second developmental pathway 
associated with the therapy of breast cancer is that related to the use of systemic 
chemotherapy. It orginated from an awareness that only by distant disease control could 
there be an improvement in outcome for breast cancer patients. Acceptance of this concept 
has resulted in a major change in breast cancer research and treatment. It has led to the 
implementation of clinical trials to evaluate the efficacy of different systemic treatment 
regimens employed as adjuncts to operation. The first clinical trial of adjuvant therapy for 
breast cancer was begun in 1958 and within the past decade such controlled studies have 
proliferated at a furious pace. It seems appropriate to pause and reflect upon what has 
provided the basis for past and present efforts and to comment upon these considerations 
which might be employed for future efforts. 

The Basis for the First Generation of Adjuvant Therapy Trials 

The historical background that provided the basis for the first generation of clinical trials of 
adjuvant therapy is worthy of more than casual consideration. The earliest study of tumor 
cells in the blood was performed in 1869 by Ashworth [1], who found the cells in a patient 
with malignant skin tumors. Excluding a few sporadic case reports of abnormal cells in the 
blood of patients with tumors, little interest in tumor cells in the blood was entertained. In 
1955 Fisher and Turnbull [2] reported the presence of tumor cells in the blood of cancer 
patients, and a surge of interest took place. 

* Refer to papers in References for listing of NSABP investigators and institutions contributing to 
these studies 

Recent Results in Cancer Research. Vol. 96 
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In the few years following these studies, many investigators found tumor cells in the 
peripheral blood of patients with operable and advanced lesions, in hepatic vein blood, in 
the blood of patients with all types of neoplasms, and in the blood of children with cancer. 
Of special interest are the studies that demonstrated the presence of cancer cells in the 
blood during pelvic and rectal examinations, uterine curettage, transurethral resection, 
while cleaning the skin over a tumor prior to operation, and during the operation itself 
[3]. 
It was believed that tumor cells dislodged during operation were a prime factor in the 
failure to cure, despite meticulous surgical skill, and that if such hematogenous circulating 
tumor cells were destroyed, improved results would follow. With reports of favorable 
effects of chemotherapeutic agents on the destruction of disseminated tumor cells in 
experimental animals [4], a rationale for embarking upon clinical trials of adjuvant therapy 
was established. At that time it was considered that chemotherapy cell kill was related to 
zero order kinetics. 
Further support for the use of systemic therapy was obtained from the early investigations 
of Shapiro and Fugmann [5] who worked with a mammary adenocarcinoma. They noted 
that although surgical removal of tumors or the use of 6-mercaptopurine failed to "cure" 
animals with tumors, the combination of the two resulted in a 57% "cure" rate. 
Armed with this information there was reason for hypothesizing that the use of adjuvant 
chemotherapy would lower recurrence and improve the survival of breast cancer patients. 
Consequently, in 1957, representatives of 23 institutions in the United States, under the 
auspices of the National Institutes of Health, Cancer Chemotherapy National Service 
Center, adopted a common protocol to determine the efficacy of administering 
chemotherapy in conjunction with curative cancer surgery to decrease recurrence and 
extend survival of patients with breast cancer. It was anticipated that such a therapeutic 
regimen could destroy the tumor cells dislodged into the blood and lymph during surgical 
manipulation. The effort became known as the National Surgical Adjuvant Breast Project 
(NSABP). This title has since been used to identify the cooperative group in the United 
States that for 25 years has carried out clinical trials to evaluate a variety of treatment 
modalities in the management of patients with primary breast cancer. 
The results of that first effort demonstrated both a decrease in recurrence and an 
improvement in survival in one subgroup of patients [6]. The observation in retrospect is of 
historic importance in that it was the first demonstration that the natural history of breast 
cancer could be perturbed by the use of adjuvant chemotherapy. It also indicated that there 
was a difference in patient subset response to a therapy, a prediction of future findings. 
Disappointment with the overall results, however, led to the conclusion that the hypothesis 
had not been confirmed. Subsequent events revealed that the hypothesis was still valid, but 
that the premise upon which the first testing was based was inappropriate. It became 
appreciated that the killing of surgically disseminated tumor cells was probably less 
important than was the response of existing micrometastases to cytotoxic agents. 
In general, the 1960s were nonproductive. They produced virtually no substantive clinical 
information which demonstrated that adjuvant chemotherapy was or was not" of benefit for 
adult solid tumors. Advanced disease was the arena for the use of chemotherapy. It was in 
that forum that evidence accumulated which indicated that the use of multiple agents 
produced a greater remission rate than did single drugs. From that information a rationale 
was evolving which was to influence future trials of adjuvant chemotherapy. At the same 
time there was considerable research activity going on which was able to have significant 
consequences. 
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The Basis for a Second Generation of Adjuvant Therapy Trials 

It became apparent that the original hypotheses upon which adjuvant chemotherapy was 
based were inadequate. Cells disseminated at the time of surgery are less important than 
the micrometastases already established. In the 1960s new concepts were formulated, 
which led to a second generation of chemotherapy trials. Following is an overview of those 
principles, which are primarily related to tumor cell kinetics, and which for the most part, 
still provide the biological basis for the use of adjuvant chemotherapy. 
Mendelsohn [7], then Skipper and Schabel [8, 9] defined the concept of a growth fraction in 
tumor cell populations. They hypothesized that tumors are made up of three cell 
compartments. 

1. Compartment A consists of proliferating clonogenic cells undergoing active anabolism. 
Cells in compartment A help to increase total cell number in a tumor population. Tumor 
growth occurs when proliferating cells in the compartment exceed cell loss. Cell 
cycle-specific chemotherapeutic agents destroy cells in this compartment. 

2. Compartment B is composed of a population of nonproliferative cells not engaged in 
active anabolism. These cells do not contribute to population growth but are in 
equilibrium with cells in compartment A, and they retain their potential for 
proliferation. Although sensitive to cell cycle-nonspecific agents to some extent, they 
are more resistant to cytostatic manipulation. For cell cycle-specific agents to effectively 
control tumor growth, cells in compartment A must be depleted. Transformation of 
noncycling cells in compartment B to proliferating cells in compartment A results. These 
cells then become vulnerable to chemotherapeutic agents. 

3. Compartment C is composed of permanently nonproliferating, nonclonogenic cells, 
which do not contribute to tumor growth, only to tumor volume, and consequently seem 
to be less clinically significant. 

The growth fraction of a tumor has been defined as the ratio of proliferating to 
nonproliferating cells: A/(B + C). The greater the growth fraction, the more sensitive a cell 
population is to chemotherapy. The growth fraction of a given population of cells in a 
growing solid tumor is neither constant nor related to total tumor volume. The changing 
growth rate of tumor cells fits the Gompertz equation, which described exponential tumor 
growth that is exponentially inhibited. With increasing tumor volume, tumor growth 
fraction progressively decreases, and the tumor doubling time increases, resulting in a loss 
of sensitivity to chemotherapy. Micrometastases, with a population of ::; 106 cells, have 
been shown to approach exponential log-phase (non-Gompertzian) growth. Micrometas­
tasis cells are more sensitive to chemotherapy than are those of their more crowded 
counterparts in large primary tumors. 
The killing of cells by chemotherapeutic agents follows first-order kinetics: regardless of 
size, a constant proportion of the total tumor cell population remaining is killed following 
each administration of a constant quantity of drug. First-order kinetics apply only to those 
populations that grow exponentially with constant growth fractions and tumor doubling 
times (i.e., micrometastases as opposed to large-volume primary tumors). 
Another factor that determines the responsiveness of a tumor population to chemotherapy 
is the variation of cell-cycle time or the degree of synchronization of cell cycles. Cells that 
cycle at similar velocities (synchronized) have the greatest sensitivity to chemotherapy. 
Conversely, the more heterogeneously synchronized the population, the less likely it is to 
respond effectively to chemotherapy. The reduction of the tumor cell population by 
surgical removal or radiation of a primary tumor may affect the growth fraction and 
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synchronization of cells in micrometastases so profoundly that they become more sensitive 
to chemotherapy. 
Endpoints utilized in clinical trials to test the effectiveness of chemotherapy against either 
late or early disease may fail to reflect important events occurring at the cellular level. A 
50% regression of a measurable tumor mass resulting from administration of a 
chemotherapeutic agent may be associated with a 99.99% reduction in clonogenic cells. In 
early disease, administration of drugs as adjuvants may be associated with overall results (a 
disease-free interval or survival). Although not as dramatic, the results may be of greater 
biological importance. 
Skipper [9] estimated that about 75% of women with stage II breast cancers, who harbor 
between 106 and 107 residual cells following primary tumor removal, could benefit from 
single-agent therapy. Thus, based on kinetic studies and data derived from animal tumor 
models, the logical starting point for evaluating the worth of adjuvant chemotherapy in 
breast cancer is implementation of clinical trials utilizing single agents. After determining 
the effectiveness of single agents, multiple agents can then be evaluated. 
Following is a summary of information regarding tumor-cell kinetics, which provided a 
rational basis in the early 1970s for planning meaningful protocols of adjuvant 
chemotherapy and led us to adopt our clinical-trial strategy. 

1. Growth fractions and doubling times of primary tumors may differ from those in 
micrometastases. Consequently, responsiveness to chemotherapy may differ. 

2. The magnitude of response of a primary tumor in the plateau of Gompertzian growth 
need not reflect the response of micrometastases in exponential growth. 

3. First-order kinetics relative to the cell kill by cytocidal agents apply to those cells with 
constant growth fractions in exponential growth (i.e., micrometastases of :::; 106 

cells) . 
4. The degree of synchronization of cell-cycle times of a primary tumor and those of its 

micrometastases may differ. On this basis, primary tumor and its micrometastases may 
respond to cyclical chemotherapy differently. 

5. Ablation of a primary tumor with resultant decrease in total tumor cell population may 
alter the growth characteristics of residual micrometastases. A decrease in tumor-dou­
bling time may result. Such changes may enhance the sensitivity of micrometasases to 
chemotherapy. 

6. Micrometastases approaching exponential-growth kinetics could be sensitive to 
single-agent chemotherapy. Consequently, there exists the rationale for first evaluating 
the effect of single agents as adjuvants. 

We were in accord with Skipper that "it would be foolhardy to expect to hit upon the best 
drug(s) and best regimens in the first, second or third clinical trials designed and carried 
out. Hopefully, such trials could be planned in a manner so that we learn and improve 
design and end-results in a stepwise fashion" [10]. While the prevailing concept at the time 
was that increasing numbers of chemotherapeutic agents would directly increase 
therapeutic response, our premise was that since the residual tumor burden would be 
variable, and it had been suggested by Skipper that tumor cell populations between 106 and 
107 cells could be amenable to single-agent chemotherapy, it was possible that subsets of 
patients could be as responsive to single agents as to combinations of drugs. An awakening 
awareness of the phenomenon of tumor "heterogeneity" also suggested to us the possibility 
that there might be a variable response to a therapeutic regimen by different patient 
subsets. There then arose new premises for the use of adjuvant chemotherapy. 
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Testing During the 1970s 

The next decade saw the vigorous testing of the adjuvant chemotherapy hypothesis by 
means of numerous clinical trials [review, 11]. The results of those studies have been under 
constant scrutiny and review and have been the subject of continuous comparison. Even 
prior to the establishment of its worth, adjuvant chemotherapy became the paradigm for 
the treatment of micrometastatic disease. It is now appropriate to decide whether evidence 
has accumulated which lends support to the hypothesis that adjuvant chemotherapy is of 
value and whether new data have arisen which would modify the prevailing hypothesis or 
establish new premises for future testing. It is also appropriate to consider whether there is 
evidence that a new paradigm for the treatment of systemic disease is in the 
making. 
Information from all of the major trials indicates that the natural history of breast cancer 
has been altered. There is justification to conclude that the original hypothesis has been 
confirmed - but only partially so. The results from a clinical point of view may be 
disappointing since no "penicillin effect" has been observed. When one considers the 
empiricism employed in those trials, however, any positive result at all seems remarkable. 
In none was there a preliminary determination of optimal drug dose. The scheduling, 
length of administration, decisions concerning drug-dose reduction and escalation were 
arbitrary. Consequently, the results obtained may reflect the application of less than 
optimal methodology. 
Some of the findings in the plethora of data appear to have a particular biological 
importance. It is clearly apparent that there is a heterogeneous response to a particular 
chemotherapeutic regimen. Some subsets of patients are benefited to a greater or lesser 
degree than others or not at all. This disparate therapeutic response is concordant with 
evidence characterizing the biological heterogeneity between and within tumors [12]. 
A major premise upon which the trials of the 1970s were based was that increasing the 
number of agents in combination would increase the effectiveness of the therapy. It is our 
opinion that this thesis has not been entirely borne out by the findings. In some subsets of 
patients one or two drugs have been as effective as three or five. In others two, three, or 
five agents have produced similar results, while in others any number used in combination 
have failed to demonstrate an effect. 

Recent Considerations for a New Generation of Adjuvant Therapy Trials 

Trials carried out in the last decade are almost passe. While they were being conducted, 
new laboratory and clinical research provided information which modifies old premises and 
gives rise to new ones. 

Concerning Tumor Receptors 

Findings relative to the estrogen receptor (ER) and progesterone receptor (PR) content of 
tumors have added a new dimension to breast-cancer biology. Receptor values are of 
prognostic importance not only in untreated patients but in adjuvant therapy-treated 
patients as well. Our own studies indicate that the heterogeneity of response to adjuvant 
therapy is not only related to the number of positive nodes, age, and tumor characteristics 
but is also influenced by tumor ER and PR [13]. 
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It is our opinion that for the more effective use of receptor information in a next generation 
of trials it is necessary to determine whether disparate levels of ER in tumors are due to 
changes in the proportion of cells expressing the receptor or to variation in the amount of 
receptor in the cell population with ER. To answer that question and others relative to ER 
it is necessary to determine the receptor in single, intact viable cells. For several years we 
have been incubating suspensions of mouse or human mammary tumor cells with a ligand 
consisting of a fluorescein moiety coupled to position 17 of estrone (17-FE) [14]. Cells 
binding ligand demonstrate fluorescence. The proportion of cells in human breast cancers 
varied in our series from 3% to 58%. Moreover, the location of the fluorescence was not 
the same in all ER-positive tumor cells, further indicating the heterogeneity of the cell 
population. This methodology makes it possible to evaluate host influences on tumor-cell 
ER as well as to relate ER to other cellular activities such as DNA synthesis. It should be a 
goal of laboratory research to develop methodology capable of determining individual 
cellular production of, for example, markers, enzymes, CEA, etc., in human tumors rather 
than estimating those values in the tumor as a whole. 

Hypothesis for the Use of Perioperative Therapy 

Peri operative therapy provides another example of how laboratory and clinical research 
interacts. Several different biological premises provide justification for considering the use 
of perioperative chemotherapy. One relates to the effect which removal of a primary tumor 
has on the growth kinetics of metastases. Our studies have demonstrated that within 24 
hours following removal of a primary C3H mammary tumor there is an increase in the 
labelling index (LI) of a distant tumor focus which persists for between 7 and 10 days [15]. 
There is also a decrease in tumor doubling time and a measurable increase in tumor size 
which becomes apparent about a week following tumor removal. The tumor growth is 
probably a result of the conversion of noncycling cells in Go phase into proliferating cells; 
cells which should be more vulnerable to cytostatic agents. The rapidity of the onset of the 
kinetic changes and their relatively short duration provides a suitable rationale for the use 
of chemotherapy as soon as possible following tumor removal. Investigations carried out by 
us in an animal model have, indeed, indicated that chemotherapy had a more favorable 
effect when given on the day of tumor removal than 3 days later when the LI of metastases 
were at a peak and it was least effective when given at a time when the LI had returned to 
the preoperative level [16]. The greatest benefit occurred when the chemotherapy was 
given prior to operation. Use at that time completely prevented the increase in LI, more 
effectively suppressed tumor growth, and prolonged survival to a greater extent than was 
noted under any other circumstance. This suggests that for more effective control of 
metastases chemotherapy had best be employed before or at the time of primary tumor 
removal. Aside from the therapeutic ramifications of the findings, their biological import 
requires assessment. Elucidation of the mechanism whereby removal of a primary tumor 
exerts its effect on metastases is worthy of investigation. What mediates such a 
phenomenon and what characterizes the cells that respond to the stimulus? It hardly needs 
pointing out that the kinetic changes observed by us and by others [17, 18] in animal models 
provide no assurance that a similar phenomenon takes place following removal in the 
human or even that the temporal pattern of the kinetic changes in the animal and in the 
patient (should they occur) are similar. 
Of interest are our laboratory investigations which show that a change in the porportion of 
cells containing a certain marker may be associated with a change in the proportion of cells 
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demonstrating other markers. We have noted that the increase in 3HTdR-labeled cells is 
accompanied by a decrease in those demonstrating ER. 
Another justification for perioperative therapy is based upon the contention of Goldie and 
Coldman, that as a tumor-cell population increases there is an ever-expanding number of 
drug-resistant phenotypic variants which become more difficult to eradicate [19]. In that 
concept "every minute counts." Consequently, combinations of non-cross-resistant drugs 
should be administered when a tumor population contains as few cells as possible. The 
Goldie somatic mutation theory seems to provide an alternative and independent 
explanation to that evoking cell kinetic principles as the basis for drug resistance. The two 
are not, however, mutually exclusive. With the growth of a tumor not only are the absolute 
numbers of resistant cells increased but so is the percentage of resistant cells in the total cell 
population. The latter is presumed to occur because resistant phenotypes not only multiply 
as a result of their own intrinsic growth rates but as a consequence of the addition of new 
mutations from the pool of nonresistant (sensitive) cells [20]. Following tumor removal, as 
a consequence of the enhanced proliferation of cells, it becomes more likely that the 
number of resistant phenotypes will increase in the metastatic population. Thus, 
appropriate peri operative therapy should not only destroy cells made more sensitive by 
their kinetic alteration but at the same time, by preventing cell proliferation, prevent an 
increase of resistant cells. 
A third justification for the use of perioperative therapy relates to repeated observations 
that surgical manipulations result in "showers" of circulating tumor cells. It has been 
reported that the presence of such cells is not related to patient outcome [21- 23]. 
Examination of the studies providing evidence for such a conclusion, however, reveals that 
they were "no contests" and could not have determined what the consequences of finding 
circulating cells might be. Insufficient patients with too short a follow-up time were 
inappropriately analyzed. Most important, outcome was related to the presence or absence 
of circulating tumor cells without regard for other variables which could have influenced 
prognosis. 
Findings from two clinical trials employing perioperative chemotherapy have provided 
evidence to indicate that there may be a benefit from such therapy. Our own [6], employing 
thiotepa on the day of surgery and for 2 successive days thereafter, demonstrated an 
improvement in both disease-free survival and survival in some patients - the first 
evidence indicating the worth of adjuvant chemotherapy. A Scandinavian trial [24] in 
which cyclophosphamide was administered for 6 consecutive days starting on the day of 
operation also indicated an advantage. It cannot be too emphatically stated, however, that 
neither of those trials provide evidence that perioperative therapy is any better than the 
same therapy given at a later time. Neither trial had the proper control group to answer that 
question, i.e., a group of similar patients treated precisely the same way but at an interval 
following operation. 
Since such therapy is apt to neutralize only events which are transient, i.e., cells 
disseminated and kinetic alterations occurring during the peri operative period, it may be 
conjectured as to how much more beneficial such treatment will be than that which is 
conventionally given a few weeks to a month following operation. Is that "lead time" apt to 
significantly alter an outcome which is more likely determined by events prior to 
operation? In that regard, one may contemplate many of the suppositions of the Goldie 
hypothesis which does not, to my knowledge, have its basis in findings from in vivo 
experimental systems but, rather, has been derived from computer modeling. How can that 
concept relate to breast cancer metastases if they possess a relatively small growth fraction 
or do not grow at a constant rate? If gene amplification is a mechanism leading to 
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resistance, earlier use of drugs may result in the more rapid emergence of resistant cells. 
Despite these speculations, a trial of perioperative therapy is likely to provide more 
definitive biological information relative to human neoplasms than will additional in vitro 
and in vivo models. If it is revealed from a study that has truly been a contest (a proper 
evaluation) that there is no benefit to the use of perioperative therapy, then it may be 
concluded that the biological consequences of primary tumor removal or of circulating 
tumor cells released at the time of operation are not likely to be of clinical significance and 
that further research in that aspect of metastasis should be diminished or redirected. 

Concerning New Kinetic Considerations 

As was recently noted, the rationale which governed the design of adjuvant chemotherapy 
protocols to date assumes that micrometastases grow according to Gompertzian kinetics. A 
further assumption presumes that micrometastatic foci are more sensitive to chemotherapy 
by the virtue of their more-rapid growth rates. Moreover, it was hypothesized that small 
tumors which approximate exponential growth are more likely to undergo mutations than 
larger tumors which are growing more slowly. A further principle upon which the first 
generation of adjuvant clinical trials was based assumed that chemotherapeutic agents act 
by killing a constant proportion of cells rather than a constant number. As a consequence of 
this "log kill hypothesis," the use of repetitive prolonged therapy was instituted. It was 
conjectured that optimal kill requires maximum dosage of the agents employed and that 
combinations of therapeutically non-cross-resistant agents would be superior to drugs used 
alone. It would seem that many of those kinetic considerations have been inadequate to 
predict the clinical behavior of breast cancer and to supply guidelines for using currently 
available chemotherapeutic agents with greater effectiveness. 
Recently, Speer, Retsky, and associates (personal communication) reevaluated the 
Gompertz equation as a valid representation of human breast cancer growth by employing 
computer-simulated models. They observed that if the popularly accepted parameters for 
log kill are introduced into the Gompertz equation, the time required for a tumor to grow 
from one cell to a volume large enough for clinical detection would be far too short 
(approximately 4 months) in one such model. Even if a range of parametric values were 
substituted into the Gompertzian equation, none of the curves generated would result in 
the growth of a tumor from one cell to clinical detection in a time in excess of 1 year. It 
seems that the Gompertz equation does not describe the growth pattern of clinical breast 
cancer. Thus, the Goldie and Coldman hypothesis which assumes that tumor growth 
simulates bacteria in their exponential growth phase may not be substantiated by this 
model. Based on these observations, Speer et al. have devised a stochastic numerical model 
which simulates breast-cancer growth as observed in the clinical setting. The model 
proposes that Gompertzian kinetics are relevant but that from time to time and in a random 
fashion there occurs a spontaneous change in the growth rate so that the overall growth 
pattern of a tumor occurs in a stepwise fashion. According to this model the average time 
for the tumor burden to increase from one cell to clinical detection is in the range of 8 years. 
The model proposed that resistance to chemotherapy in patients with resected breast 
cancer may be due to cells in Go rather than to other mechanisms of resistance including the 
development of mutations. The consideration that tumors might grow in "spurts" instead 
of in a steady progression has resulted in an alternative hypothesis which simulates natural 
history data in breast cancer. The model has enabled the simulation of a population of 
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individuals with breast cancer possessing behavioral characteristics that encompass a broad 
spectrum of the disease with all its heterogenous aspects. 
Whether one employs a stochastic or deterministic kinetic model to simulate breast cancer 
growth, it appears evident that there is a longer lag period between the origin and clinical 
appearance of a tumor than could be explained by the simplistic application of 
Gompertzian kinetics. Thus, some of the more modern kinetic models of breast cancer 
suggest that there are periods in the life history of a tumor in which no growth is 
evident. 
If a major cause of resistance to chemotherapy is indeed due to large numbers of cells in the 
Go state, there must exist a number of time periods when a metastasis is not changing in 
size. If this is the case, adjuvant chemotherapy regimens based on the simpler growth 
kinetic theories might be predictably inadequate. The use of a low-dose continuous 
regimen would be effective only during growth spurts and would result in nothing more 
than the induction of toxicity during plateau phases. 
Whether the described model can or cannot survive the criticisms of other kinetic and 
mathematical "modelers" is not as important as the fact that it proposes a possible 
explanation for the inordinately long intervals observed between primary-tumor removal 
and the detection of metastases. That phenomenon may be related to the possibility that 
micrometastases do indeed grow in "spurts." 

Comment 

This overview has attempted to indicate that there has been and must continue to be a 
biological rationale for the conduct of clinical trials using adjuvant chemotherapy. The 
firmer the laboratory and clinical research findings, which provide the basis for the trial, 
the more likely that major gains will be made. 
We continue to consider our clinical trials of adjuvant therapy to be research endeavors of 
the highest order. Chemotherapeutic agents or combinations of agents employed in such 
trials may be considered to be "probes" to identify subpopulations whose metastases have 
cells with common or differing biological properties. Such therapeutic probes cull from a 
population of heterogeneous tumors, responders and nonresponders, and provide 
direction for further investigation to determine why there is a difference in response 
between and within subgroups. 
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The title of this contribution is not meant to imply that cancer chemotherapy is generally 
ineffective; rather, we intend to discuss some of the mechanisms, at the molecular and 
cellular level, that are obstacles to effective treatment of malignant tumors and leukemias 
with chemical agents. Basically we remain confronted with the fact that no form of 
cytocidal chemical treatment can at present be targeted exclusively to the malignant cells 
contained within the large number of normal cells in the organism (~ 109 malignant cells in 
1 g of tumor tissue vs ~ 5 X 1013 normal cells, in the adult). This limits the applicable dose 
of a cytotoxic agent to a level compatible with the survival of sufficient numbers of (stem) 
cells of the most critical normal-cell systems (hemopoietic and immune system, intestinal 
epithelia). A much more favorable situation would, of course, arise if agents were to 
become available that would interact specifically with proliferation-competent cells of a 
malignant tumor, but not with any of the critical normal cells. This is presently not the case, 
although cytotoxic monoclonal antibodies (Mab) , or Mab coupled to cytocidal agents, 
which are directed against cell-surface components of particular types of tumor or leukemic 
cells are becoming available (see [48a, 103]). With appropriately chosen antitumor cell 
surface Mab, cytotoxic damage to normal cells may be restricted to cell subpopulations 
sharing the respective cell-surface antigens (usually cell type- and differentiation 
stage-specific determinants) with the malignant cells. Coelimination of such cross-reacting 
normal-cell subpopulations may be tolerable provided they do not represent irreplaceable 
stem cells of critical cell lineages. However, even if tumor cell-specific agents such as cell 
surface-directed Mab were generally available, there would remain the problem of 
reaching all of the malignant cells via systemic application, i.e., of achieving a sufficiently 
high concentration of the cytocidal agent in their microenvironment. In contrast to the cells 
in normal tissues, the accessibility of tumor cells via the capillary system and by diffusion is 
often poor, particularly in tumors of larger size. The differences in tumor vs normal tissue 
architecture and vascularization constitute one of the obstacles to effective cancer 
chemotherapy. 

Tumor Heterogeneity 

Cellular heterogeneity, both inter- and intratumoral, has become a catchword often 
referred to in relation to the limitations of cancer therapy [21, 39, 41-43, 62, 63, 67, 68]. 
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However, this general term needs more precise definition. Although malignant tumors and 
leukemias in most cases derive from one single clone of cells [26, 69], there is clear evidence 
that by the time of detection and treatment of malignant disease the population of 
malignant cells is usually composed of multiple cell subpopulations differing with regard to 
many of the phenotypic properties that we have learned to recognize. This cellular diversity 
apparently results from a pronounced "plasticity" of malignant phenotypes as compared 
with the stable phenotypes of normal cells, i.e., a remarkable capacity for adaptation to 
changing microenvironmental conditions, reminiscent to a certain extent of the properties 
of cells at early stages of development and differentiation [46, 48, 99]. Malignant cells 
generally have an abnormal nuclear DNA content (see [4]), and a decreased genetic 
stability is thus widely assumed to be responsible for their phenotypic variability [62]. 
However, epigenetic changes and altered regulatory mechanisms may also play an 
important role. Before considering more precisely some of their properties in relation to 
cancer chemotherapy, we must acknowledge that, with few exceptions (see, e.g., [4, 29, 
89]), our information on phenotypically differing cell sub populations in tumors comes from 
analyses of cultured cell lines established from primary or metastatic tumors. However, 
given both the different microenvironmental conditions in cell culture and the frequent 
generation of phenotypic variants in malignant cell populations, such in vitro analyses 
hardly provide a faithful picture of the relative proportions and properties of cell 
subpopulations within individual tumors. Indeed, the biological behavior of malignant 
tumors (and their drug sensitivity) in vivo may be influenced to a significant extent by cell 
subpopulation interactions of different kinds (e.g., via short-range humoral factors or 
direct cell-cell contacts) which are unlikely to operate in the same way under cell culture 
conditions [43, 66, 67]. 
Besides the well-established inter- and intratumoral genotypic variability in terms of 
aneuploidy and karyotype abnormalities [79, 81, 113], heterogeneity of malignant cell 
populations has been observed with respect to a large variety of phenotypic properties. 
These include the morphological appearance of tumor cells (in cell culture and in tissues); 
their biochemical properties; their cell-surface receptors (e.g., for lectins) and hormone 
receptors; their immunogenicity and ability to escape the humoral and cellular immune 
reactions of the host; their tumorigenicity (in terms of the number of cells required to 
produce a tumor upon reimplantation into either isogeneic or immune-deficient or 
immune-suppressed hosts); their capacity to invade adjacent normal tissues and to 
metastasize; their capacity to communicate via intercellular communication channels (gap 
junctions); to synthesize specialized products (e.g., growth factors, pigment); and to 
respond to various differentiation stimuli (see, e.g., [11,21,45,50, 84, 96]), the latter 
aspect being of particular interest as a basis for an alternative (or combined modality) 
approach to the use of cytocidal agents in cancer therapy. A very important obstacle to the 
successful clinical management of malignant disease is the large inter- and intra tumor 
variability with respect to the relative sensitivity or resistance of malignant cell populations 
to cytocidal agents, including the development (selection for) drug-resistant cell 
subpopulations in the course of therapy (see, e.g., [42,90]). From the recognition of this 
unfortunate situation stems the current trend towards the application of (more or less 
empirically designed) combinations chemotherapy as well as of combination of different 
treatment modalities [14, 31, 33, 34, 63, 68]. We shall briefly discuss three aspects oftumor 
cell heterogeneity that are of particular importance in relation to cancer chemotherapy, 
namely (a) the proliferative characteristics of malignant cell systems, (b) drug resistance on 
the basis of DNA (gene) amplification, and (c) the capacity of malignant cells for enzymatic 
repair of DNA structurally modified by chemotherapeutic agents. 
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Proliferative Parameters Relevant to Cancer Chemotherapy 

The importance for chemotherapy of the proliferative characteristics of malignant tumors 
and leukemias, and of their variability, derives from the fact that most of the cytocidal 
agents presently used are more effective against proliferating cells (P-cells) than 
nonproliferating cells (Q-cells; see [5, 22, 23, 70-72, 93, 101]). Agents preferentially 
directed against P-ce11s usually interfere with molecular processes associated with 
particular phases of the cell cycle, i.e., Gb S (DNA replication), G2 or M (mitosis). These 
agents are, therefore, often termed cell cycle phase-specific, referring to the selective drug 
sensitivity exhibited by the target cells during a defined cell cycle-phase (not necessarily) 
identical with tqe cell cycle phase during which cell death subsequently occurs. A number 
of agents are antimetabolites, i.e., inhibitors of specific pathways of nucleic acid or protein 
synthesis (e.g., methotrexate (MTX), a potent inhibitor of dihydrofolate reductase 
(DHFR); [3, 8]) others (e.g., alkylating agents) bind to cellular DNA, thereby causing 
various types of structural DNA alterations (see, e.g., [16, 55, 74, 108]). 
Several of the proliferative characteristics of malignant cell systems complicate successful 
chemotherapy [23, 70-72, 93,101]' (a) Proliferating tumor cells proceed through the cell 
cycle asynchronously, i.e., cells in all phases of the cell cycle will be present when a cell 
cycle phase-specific drug is administered. (b) The distributions of intermit otic times of the 
P-ce11s in malignant tumors are generally broad, with large inter- and intratumor variations 
(including differences between primary tumors and individual metastases). (c) The size of 
the proliferative fraction (number of P-cellsltotal cell number) in malignant tumors is 
variable, but often surprisingly low « 50% ), while (d) the overall rate of cell loss (by cell 
death, exfolation, etc.) is usually surprisingly high (sometimes> 90% of the increase in cell 
number due to cell division is compensated by cell loss; note that in a normal, 
nonexpanding "steady state" cell system this value is 100%). No conclusive information is 
available regarding the relative rates of cell loss from the P-compartments vs the 
Q-compartments of malignant cell populations. (e) Although most of the Q-cells in tumors 
(but not necessarily in leukemias) are considered to have left the P-compartment due to 
nutrient deprivation (insufficient vascularization of the tumor tissue), other mechanisms 
(e.g., cell differentiation) may also be important determinants for the P ----"> Q transition. 
Therefore, the reversibility of the Q-state (i.e., the probability of resuming a proliferative 
state), both in response to an improved nutritive situation and/or due to other as yet 
undefined control mechanisms, and the life expectancy of Q-tumor cells, remain important 
issues to be studied in more detail. It has been established, however, that Q-cells in tumors 
can be "recruited" into the cell cycle following chemotherapy [44, 52, 101]. Like the cells in 
the P-compartment, the Q-ce1l subpopulation thus recruited into cycle contains so-called 
clonogenic cells (i.e., cells capable of clonal proliferation; "tumor stem cells"), the fraction 
of which is again subjected to considerable intertumor variations. Tumor cells with a 
clonogenic potential (which are also responsible for the growth of metastases) must be the 
prime target of cancer therapy; yet these cells may be temporarily hidden in the 
Q-compartment and thus less accessible to cytocidal drugs. 

Drug Resistance on the Basis of DNA (Gene) Amplification 

The presence of drug-resistant cell subpopulations in malignant tumors, and their selective 
growth, or development, in the course of chemotherapy, are often responsible for ultimate 
therapeutic failure and thus represent one of the most serious problems associated with 
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cancer therapy (see, e.g., [39,42,63,68,90]). For the most part in tumors of experimental 
animals and in cell culture systems, variant cells have been found whose increased drug 
resistance is due respectively, to (a) impaired drug uptake or increased outward drug 
transport (see, e.g., [17, 27, 38, 86, 92]); (b) increased intracellular enzymatic drug 
inactivation (see, e.g., [14, 94]); (c) reduced or lacking expression of drug-activating 
enzymes [12]; (d) structurally altered target enzymes with reduced affinity to the respective 
drugs [20, 25, 35, 36, 40, 49]; or (e) an elevated cellular concentration of target enzymes 
(increased rate of enzyme synthesis, e.g., due to amplification of the genes coding for the 
respective enzymes [2, 3, 7, 9,15,30,37,47,53,64,82,83,95,104]; and (f) an increased 
cellular capacity for DNA repair (see below). 
Of the various molecular mechanisms that can render malignant cells drug resistant, the 
overproduction of target enzymes for specific inhibitors via amplification of the 
corresponding cellular genes deserves particular attention. Since the original work by 
Schimke and his group [3, 82, 83] who demonstrated that MTX-resistant cultured mouse 
cells contained an increased number of DHFR gene copies and exhibited a marked 
overproduction of DHFR, many studies - mainly on malignant human and rodent cell 
lines cultured in the presence of the respective enzyme inhibitors - have shown 
amplification of genes (with flanking DNA sequences of varying lengths) coding for 
different enzymes (e.g., DHFR; adenosine deaminase; glutamine synthetase; asparagine 
synthetase; and the multifunctional CAD protein, a polypeptide containing the enzymes 
carbamyl phosphate synthetase, aspartase transcarbamylase, and dihydroorotase [104]). 
The degree of enzyme overproduction can be very high (up to 104-fold); similarly copy 
numbers of the order of 102-103 have been observed for the corresponding amplified genes 
in extreme cases (see [30]). In many instances, amplified DNA sequences can be 
recognized microscopically in chromosome preparations, in the form of "double minute" 
chromosomes (DMs), extended homogeneously staining regions (HSRs), or abnormally 
banding regions [9, 10, 105]. However, neither the precise molecular mechanisms leading 
to the amplification of DNA sequences in eukaryotic cells are presently well-understood 
(although various models have been advanced [28, 78, 83, 97, 102, 111]), nor is there a 
definitive answer to the question of whether the selective pressure of a given agent (or a 
combination of agents) on the target cell population leads to a selective growth advantage 
for cells with previously amplified DNA sequences, or rather amplification is a direct 
consequence of drug interactions with the cells. 
In spite ofthe strong suggestive evidence cited above, and although amplification obviously 
occurs in human malignant cells (see, e.g., [9,30,83]), it also remains undecided whether 
DNA amplification does indeed represent a major mechanism underlying the acquisition of 
drug resistance in human tumors. Barsoum and Varshavsky [6] have recently shown that 
the incidence of colony-forming, MTX-resistant, mouse 3T6 cells varies considerably 
depending on the conditions of selection, and can be greatly enhanced by certain 
physiological factors (e.g., insulin or epidermal growth factor), by a phorbol ester tumor 
promoter, and by transient cytotoxic treatment (which increases the probability of 
disproportionate DNA replication). On the basis of these data, which may be highly 
relevant to cancer chemotherapy, it appears possible that the development of drug 
resistance is also a function of the cellular microenvironment in the tumor tissue, and that 
the probability of the development of drug-resistant malignant cell subpopulations might 
be reduced by altering these conditions. 
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Capacity of Malignant Cells for Enzymatic Repair of DNA Structurally Modified 
by Chemotherapeutic Agents 

By virtue of the interaction of their reactive metabolites with target-cell DNA, many 
DNA-reactive anticancer drugs cause DNA damage by specific alterations of DNA 
structure. These alterations may be toxic and lead to cell death. 
Alternatively they may be mutagenic or, for example, interfere with the patterns of mRNA 
processing and DNA methylation, or cause inappropriate rearrangements at the level of 
genes and chromosomes, or disproportionate DNA replication leading to DNA 
amplification (see, e.g., [32, 55, 77, 88, 108]). The reaction products of a variety of 
chemical agents with DNA, notably of the alkylating N-nitroso compounds (see, e.g., [74, 
88]), have been well characterized; however, in many other cases detailed structural 
analyses of the DNA adducts are still lacking. It may be predicted that all chemically 
induced structural alterations persisting in cellular DNA constitute potentially lethal 
damage, although the relative importance of different types of DNA lesions in terms of 
causing cell death is still a matter of discussion (see, e.g., [58, 85]). Error-free enzymatic 
repair of potentially lethal DNA damage caused both by DNA-reactive chemical agents 
(see, e.g., [32, 59]) or by ionizing radiation (see, e.g., [109]), is obviously an important 
cellular determinant in relation of the efficacy of cancer tlierapy. Malignant cells exhibiting 
low DNA repair capacity will accumulate more DNA damage, and be subjected to a higher 
mutation rate (in part lethal mutations, in part mutations leading to the establishment of 
phenotypically variant cell subpopulations, possibly including variants with increased 
repair capacity), while a high capability to repair potentially lethal DNA lesions will render 
malignant cells more resistant to the cytocidal effects of DNA-reactive agents. Not 
surprising in view of the large variety of structural alterations of DNA effected by different 
types of chemicals, the complex enzymology of DNA repair is still far from being fully 
understood. However, in the case of the repair of DNA damage caused by alkylating 
N-nitroso compounds, more precise information on the mechanisms and enzymes involved 
has become available during the past years (see, e.g., [59, 74]). These analyses are now 
being facilitated, and carried to the level of individual cells, by the development of 
high-affinity Mab specifically directed against defined DNA adducts [1, 76]. 
Is there evidence for inter- and intra tumor variability with regard to the capacity of 
malignant cells to repair chemically modified DNA? As might be predicted, the available 
experimental data indicate that cellular DNA repair capacity is indeed part of the large 
spectrum of phenotypic properties that can vary in cancer cells. The repair of one of the 
best-studied DNA alkylation products, 06-alkyldeoxyguanosine (06-alkyldGuo; see, e.g., 
[59,74]), may serve as a case in point. Formation of this mono adduct appears, for example, 
to precede the appearance of DNA interstrand cross-links in cells exposed to 
chloroethylnitrosourea [24, 98, 114]. 06-alkyldGuo is enzymatically removed from the 
DNA of normal rodent and human cells at different rates; most rapidly by hepatocytes, 
most slowly, if at all, by brain cells (see, e.g., [65, 74, 75]). We would expect this cell 
type-dependent capability to remove 06-alkyldGuo to be reflected by similar intertumor 
variations, if the respective "06-alkyldGuo repair-phenotypes" of the normal cells of 
origin were retained in the cells through the multistep process of malignant transforma­
tion and remain stably expressed in the tumor cells. Note, however, that neither the 
range of variation of DNA repair capacity for different types of DNA adducts is well­
established for the individual cells of normal tissues, nor has this range been sufficiently 
well defined with respect to interindividual variability within human populations [56, 
61, 87, 100]. 



Molecular and Cellular Mechanisms Underlying Ineffective Cancer Chemotherapy 23 

100 
<: z 

A 
r- f- - B 

-o ~ 

Et 
~ ::> 

r- -
r-r- --z 

"0 -
<IJ w 
> Q; 50 
0 
E -
<IJ -;;; 
a: .c 

-
-

r- - r-

--
I--

l-
<9 II) 

w -c;; I 
<.0 
0 0 

IO CD Ol ~ _ Ill .. .. - M 
U U UU uu u uuu 
CD.., <Xl - ... III co - - -.... .... ........ .... .... .... »> 
m m mm mmm .... z Cl II f h d a c b • 

BT- Series V- Series BT 3 Ca- Subc lones 

Fig. lA, B. Cellular capacity for enzymatic removal from DNA of the alkylation product 
06-ethyldeoxyguanosine (06_ EtdGuo), from malignant neuroectodermal cell lines induced by in vivo 
exposure of fetal BDIX-rat brain cells to N-ethyl-N-nitrosourea (EtNU). A Abscissa: Cloned cell 
lines BTlCa, Bt3Ca, BT4Ca, BT6C1a, and GVICla; and cell lines BT5Cl, BT8C (passage 39 and 56, 
respectively) , TVl C, and NVI C. Ordinate: Percentage of 0 6-EtdGuo removed from DNA at 5 h after 
a 20 min-incubation of near-confluent cells with EtNU (100 flg/ml), resulting in an "initial" 
0 6-EtdGuo/deoxyguanosine molar ratio in DNA of - 8 x 10-6 (= 100%). B Abscissa: Subclones 
(a-h) of cell line BT3Ca (see A). Ordinate: As in A 

Furthermore , the stable expression of DNA repair enzymes in tumor cells appears unlikely 
in view of the general instability of malignant phenotypes. 
Regarding the rate of enzymatic removal of 06-alkyldGuo from cellular DNA, 
considerable differences have indeed been observed between a number of malignant cell 
lines in culture, including cell lines derived from human tumors [18, 19, 85 , 91,110,112, 
114], and in primary human tumor cells [110], ranging from the absence of measurable 
repair activity (Mer- phenotype [18]) to various degrees of repair proficiency. Tumor cells 
are thus apparently capable of repairing chemically induced DNA lesions to varying 
degrees. Interestingly , we have recently found [47a] that a panel of malignant 
neuroectodermal rat cell lines (BT- and V-lines [57 , 73]; see. Fig. 1A) remove the 
alkylation product 06-ethyldeoxyguanosine (06-EtdGuo) from their DNA very efficiently, 
in fact in all cases more efficiently than rat liver (the normal rat tissue with the highest 
capacity for enzymatic removal of 0 6-alkyldGuo from DNA) . These malignant 
neuroectodermal cell lines originate from fetal (18th day of prenatal development) 
BDIX-rat brain cells and have either undergone tumorigenic conversion in cell culture after 
exposure to the alkylating N-nitroso carcinogen N-ethyl-N-nitrosourea (EtNU) in vivo 
(BT-lines) or are derived from neural tumors that developed in vivo after prenatal 
EtNU-exposure of BDIX-rats (V-lines). Both pre- and postnatal brain cells are , however , 
deficient with regard to the enzymatic removal of 0 6-alkyldGuo from DNA [60, 73]. It 
appears , therefore , that in this cell system malignant transformation (or some as yet 
undefined stage of the process of malignant transformation preceding the ultimate 
development of tumorigenic phenotypes) is associated with the activation of 06-alkyldGuo 
repair. Since these 06-alkyldGuo repair-proficient neuroectodermal tumor cells were 
maintained and analyzed in cell culture , it should , however , also be investigated whether 
the expression of DNA repair enzymes may be modified by the continuous cultivation of 
(malignant) cells on plastic surfaces . The same studies on the capacity for 06-EtdGuo 
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repair of the malignant neuroectodermal BT- and V-rat cell lines have also provided 
information on the stability of the "06-EtdGuo repair-phenotype" of these cells [47a]. 
Subcloning in semisolid agar medium of one of the repair-proficient clonal BT-lines 
(BT3Ca) resulted in a panel of eight subclones which, upon reanalysis, again exhibited 
varying rates of 06-EtdGuo removal from DNA (see Fig. lB). This rapid diversification of 
cellular 06-EtdGuo repair capacities in the course of the cell generations required for 
subcloning indicates instability of the 06-alkyldGuo repair phenotype. This observation 
supports the assumption that malignant cell subpopulations varying with respect to DNA 
repair capacity may continuously develop in the course of tumor growth and 
progression. 
E. coli (and other bacteria) respond to multiple exposures to low doses of alkylating agents 
with an increased expression of DNA repair enzymes ("adaptive response'~ [13]). This, in 
tum, leads to an increased resistance to subsequent high doses of these agents in terms of 
cell killing and mutagenesis. Could a similar "adaptive resistance" ensue after repeated 
application of chemotherapeutic drugs in cancer patients? In this respect it is of interest 
that the induction of an "adaptive response" has recently been reported for some 
transformed mammalian cell lines [51, 80], including rat hepatoma cells [59]. It remains to 
be seen whether this phenomenon is of general importance in relation to the chemotherapy 
of human cancer. 

Conclusions 

The phenotypic heterogeneity of cell subpopulations and individual cells in malignant cell 
systems, and the plasticity of malignant phenotypes (Le., the extraordinary capability of 
cancer cells for adaptation to changing microenvironmental conditions), represent major 
problems for chemotherapy with cytotoxic drugs. Major obstacles to successful 
chemotherapy are the lack of drug specificity for malignant cells vs critical normal (stem) 
cells, the differential accessibility of tumor cells for drugs administered systemically, the 
variable proliferative characteristics of tumor cell populations, the selection for (or 
development of) drug-resistant tumor cell subpopulations in the course of chemotherapy, 
and the differential capacity of cancer cells for DNA repair. It appears difficult to 
overcome these problems completely with current chemotherapeutic approaches, although 
progress may be expected from further optimization of therapeutic procedures in certain 
areas. 
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It has only been since the late 1940s that chemotherapy emerged as part of the therapeutic 
armamentarium for treating patients with disseminated breast cancer. Recently, however, 
the role of chemotherapeutic agents in prolonging life and disease-free interval in patients 
with breast cancer has come to be questioned. 
All of us who are interested in the medical and biological problems of mammary carcinoma 
have one clearly stated goal: to eliminate the disease. To eliminate cancer! To do so would, 
of course, eliminate the need for chemotherapy and chemotherapists. I would like to 
discuss some strategies to hasten that day. 
Human breast cancer, as a patient-care and biological problem can, for convenience, be 
thought of as having five phases: prevention, detection, diagnosis, treatment, and 
rehabilitation. Over the past 100 years, our attention has been focused on treatment, 
diagnosis and, more recently, rehabilitation. 
Of these, treatment has occupied center stage since the turn of the century, with surgery the 
leading and most commonly employed modality to be supplemented by and complemented 
with radiotherapy and chemotherapy in certain defined situations. The arguments as to 
what is most appropriate in which situation need not concern us here. 
As survival and morbidity data accumulated, the need for precision in diagnosis stimulated 
many studies, and at present there is reason to believe that diagnostic credibility among 
pathologists is quite good, and further reason to suggest that subclassification beyond 
invasive carcinoma is appropriate and necessary in the statistical analysis of large series [3]. 
Having the carcinoma subclassified [3] is significant in deciding on treatment of a 
patient. 
Rehabilitation received its impetus beginning in the 1950s, in part due to the Reach to 
Recovery Program of the American Cancer Society - now a worldwide program. 
It is my contention that treatment, diagnosis, and rehabilitation have been, at this time, 
fully exploited but do remain as areas where improvement can be made when further 
scientific breakthroughs have occurred. 
That leaves detection and prevention as the two possible areas for aggressive study. 
Advances in X-ray technology have made breast cancer screening not only possible, but 
safe. In 1973, the American Cancer Society and the National Cancer Institute (US) 
initiated a breast cancer detection and demonstration project (BCDDP), stimulated by the 
results of the breast study of the health Insurance Plan of New York. The BCDDP was 
conceived of as demonstrating to both the American public and American physicians that 
screening for breast carcinoma was feasible. The incidence of breast cancer in the United 
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Table 1. Subclassification of breast carcinomas (modified from Baker [1], Table 16) 

Lymph nodes N oninfiltrating Infiltrating Other Total 
carcinoma carcinoma infiltrating 

< 1 cm carcinomas 

+ 15 53 631 699 
422 268 1,376 2,066 

U nknownJunreported 345 50 397 792 
Total 782 371 2,404 3,557 

States is 75/100,000 population, with a death rate of 24/100,000 population. The data for 
Switzerland are almost identical making it a common disease and a serious disease for 
women and physicians of both countries [6]. The details of the project have been the 
subject of other reports [2]. Briefly, 280,000 women aged 35-74 were to have a history 
taken and a physical examination, be taught breast selfexamination, have X-ray studies 
done of their breasts, have recommendations made for further investigation based on these 
studies, and, be followed up. A quality-control program for pathology (PQCP) was 
established and began to function in 1978. Although a 5-year summary report of the 
BCDDP has appeared [1], review of the pathology material for precise classification 
continues. Follow-up data have not yet been reported even though, as noted, the program 
began in 1973. 
There were 4,443 breast carcinoma recorded at the Data Management Center as of 
September 1981 (3,557 carcinomas were detected by the BCDDP and 886 were detected 
outside the project). Carcinomas were detected in 1,082 (32%) women who had not 
reached the age of 50. Of the cancers detected, 782 were noninfiltrating (in situ carcinoma); 
371 were infiltrating and measured less than 1 cm in diameter. The rest were infiltrating 
carcinomas equal to or greater than 1 cm in diameter, or their size was not 
recorded. 
Physical examination alone was able to detect only 8.7% (308 of 3,557) of the carcinomas, 
while mammography alone or in combination with physical examination was able to detect 
88.9%. 
The patients were treated at many hospitals and by various procedures. Nodal status is 
known for 2,765 of the breast carcinoma patients; 576 patients did not have nodes 
examined, and there is no information on 216. Of all the BCDDP-detected carcinomas 
whose lymph node status is known, 2,066 (75%) had negative lymph nodes (see Table 1). 
This is a number much smaller than that usually seen in unscreened populations [4]. Of 
significance is the fact that 53 of 321 (16.5%) invasive carcinomas of less than 1 cm in 
diameter have positive axillary lymph nodes. Only 631 of 2,007 (31.4%) carcinomas, all 
larger than 1 cm in diameter and for which information about the states of lymph nodes is 
known, had positive lymph nodes. 
Cody et al. [3] reported a series of 544 patients who were operated on, not as a result of a 
screening procedure (as near as I can determine), and 41 % of them had axillary lymph 
node metastasis. The data presented do not allow correlation with size. 
The PQCP has material available on almost 500 of the 782 BCDDP patients with in situ 
carcinomas. To date, all cases of in situ carcinoma with lymph node metastasis are 
intraductal carcinoma. No case of in situ lobular carcinoma has lymph node metasta­
sis. 
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My purpose is to establish the fact that screening can detect mammary carcinoma at a stage 
when the disease is localized and more amenable to simpler therapeutic strategies. 
Although I have focused on data from the American studies, similar data are available 
from other screening projects; what is lacking, to date, is significant follow-up 
information. 
If we were to focus detection strategies on high-risk populations, would there be further 
improvement? Probably not! This also has implications for prevention. 
In 1959, the American Cancer Society began a large-scale prospective study on cancer 
incidence. Seidman and associates [5] have recently published an analysis of these data as 
they apply to breast carcinoma. Participation was restricted to persons 30 years or older 
who lived in a household in which at least one person 45 or older was also involved in the 
study. Follow-up information was available on 98% of the study population of 365,812 
white women out of a total population of 571,716) over a 12-year period. These women 
developed 3,130 new cases of breast carcinoma during the 6-year study period. Of the risk 
factors believed to be operative in breast cancer patients, the following ten were subjected 
to review: 

1. History of breast cancer in mother and/or sister. 
2. History of breast surgery for a benign condition. 
3. Being Jewish. 
4. Menopause at age 50 or older. 
5. Menarche before age 12. 
6. Never married. 
7. First live birth at age 30 or nUlliparity. 
8. College degree. 
9. Daily alcohol consumption. 
10. A relative weight index of 110 or more. 

The absence of these 10 risk factors. 

"When we considered the risk factors alone or in combination, they explained only 21 % of 
the breast cancer risk among women aged 30-54 and 29% among women aged 55-84" [5]. 
Only 21 %-29% of all subsequent mammary carcinomas could be attributed to these risk 
factors! The obverse is both depressing and significant for everyday practice: It is that risk 
factors for mammary carcinoma, as we know them today, will not explain the occurrence of 
71 %-79% of all breast carcinomas; i.e., 71 %-79% of mammary carcinomas occurring in 
American white women are associated with no known risk factors! It is clear that although 
strategies for prevention are both desperately needed and appropriate, known risk factors 
will not serve to readily identify a high-risk population. The physician treating female 
patients will still have to assume that the presence of breasts is a necessary and sufficient 
risk factor and examine and further study the patient. Screening remains our most effective 
and productive strategy for the successful eradication of breast carcinoma. 

Available data lead to the following conclusions: 
1. Breast carcinoma is a very common disease in women. 
2. Incidence and mortality of breast carcinoma remain high in the United States and 

Switzerland. 
3. Our common goal is the elimination of the disease. 
4. To achieve this goal, strategies will have to be directed at detection. 
5. Mammography remains the most readily available means of detection at the present 

time. 
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6. Breast selfexamination, although far cheaper and easier to utilize as a detection 
strategy, remains to be proven as effective. 

7. Chemotherapists should join with other physicians and direct their efforts at effectively 
screening all adult women for breast cancer. 
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Introduction 

The prognostic factors in women with primary breast cancer are numerous [32]. In most 
reports published over the past 20 years they were assessed on retrospective evaluation of 
series whose staging, treatment and follow-up were often not homogeneous. However, in 
recent years prospective randomized clinical trials undertaken in patients with resectable 
breast cancer provided the opportunity to reassess the adequacy of given prognostic 
subgroups. In particular, through the analysis of large case series, the National Surgical 
Adjuvant Breast Project (NSABP) has contributed more than any other research group in 
systematically assessing and comparing the value of different prognostic variables 
[12-18]. 
In this report we briefly review and discuss the prognostic discriminants which may be 
utilized in the selection of women for adjuvant chemotherapy (Table 1). 

Axillary Node Metastases 

Number of Positive Nodes 

Numerous reports have emphasized that in resectable breast cancer the probability of 
distant relapse and mortality is related to the pathological status of axillary lymph nodes, 
and the degree of nodal involvement remains the predominant indicator of patient outcome 
(Table 2). 
More recently, the NSABP [12] and the Milan [7] groups have stressed the need for further 
subdivision of women with> 3 positive nodes, an observation made a few years ago by the 
M.D. Anderson group [9]. Figure 1 shows the probability of relapse-free survival (RFS) 
and of total survival at 9 years after mastectomy related to the degree of nodal involvement 
of 845 women enrolled in the first two Milan randomized adjuvant programs [7]. 
Irrespective of primary treatment (surgery alone or surgery plus eMF [cyclophosphamide 
+ methotrexate + 5-fluorouracil] 12 or 6 cycles), there was little difference between 
patients having one, two, or three positive nodes. In contrast, women with 4-10 nodes 
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Table 1. Main discriminants to be consid­
ered for adjuvant chemotherapy 

• Axillary nodal metastases 
1-3 vs > 4 vs > 10 nodes 

Micro- vs macrometastases 

411 In the absence of nodal metastases: 
Receptor status 
Histologic grade 
Tumor necrosis 
Vascular invasion 
Labeling index 

411 Stage III (T3b-T4) 
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Table 2. Influence of axillary lymph node involvement 
on recurrence of breast cancer after primary surgery 

Nodal status Relapse rate (%) 

18 3 years 5 years 10 years 
months 

All patients 18 35 42 51 
Negative 5 15 20 25 
1-3 positive 16 40 52 66 
2: 4 positive 44 65 75 85 

100 (845 CASES) 
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>10 lH 

9 Years b 9 Years 

Fig. la, b. Nine-year results as function of number of axillary nodes. a relapse-free survival; 
b overall survival 

fared significantly better compared with those having more than 10 nodes infiltrated (P = 

0.02 for RFS and P = 0.03 for survival). It is important to mention that in the Milan series, 
where clinical T2a primaries were predominant (72%) compared with T1a (13%) and T3a 
(15%), women having 1-3 positive nodes accounted for 65% of all patients with axillary 
involvement, 4-10 for 27%, and > 10 for 8%. 
The NSABP group has recently reported a similar, but more detailed, analysis on 505 
women participating in one or the other of two prospective randomized clinical trials coded 
as B-04 and B-05 [12]. The 5-year results, related to nodal subgroups, showed findings 
similar to those reported by the Milan group relative to the subset with 1-3 involved nodes. 
Furthermore, while little difference existed in RFS between women with four, five, or six 
positive nodes, greater numbers of involved nodes were associated with a progressively 
worse prognosis. Whereas patients having four nodes involved had a 40% RFS, only 16% 
of those with ::s 13 positive nodes were free of disease at 5 years. The findings related to 
overall survival were concordant with those observed for RFS, i.e., subdivision of the> 3 
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positive node subgroup indicated an increasing mortality with increasing numbers of 
involved axillary nodes. All findings were similar between the two major age groups, i.e., 
::::;: 49 and ~ 50 years of age. 
The above-mentioned results from two independent research institutions reaffirm the 
effectiveness of the conventional nodal grouping of patients into negative, 1-3, and> 3 
positive nodes but indicate that for higher prognostic precision there is need for further 
subdivision of those with> 3 positive nodes. Combining all women with> 3 positive nodes 
into a single group may provide misleading information also about the relative merit of 
given adjuvant regimens. Most adjuvant results are inversely related to the number of 
involved axillary nodes, and none of the drug combinations tested so far were reported to 
substantially improve the RFS in women with> 10 positive nodes [7]. For this reason, 
failure to ensure proper balance relative to nodal groups and subgroups between two 
treatment regimens in a given randomized study "may result in ineffective therapies 
appearing effective and effectual therapies being judged worthless" [12]. The risk would be 
even greater when comparing the value of identical or different treatments administered in 
various institutions that appear to have utilized putatively similar patient populations. 

Micro- vs Macrometastases 

Since, as previously mentioned, little difference in RFS and survival existed between 
patients having one, two, or three positive axillary nodes, it appears worthwhile to 
correlate prognosis with nodal micro- vs macrometastases. Nodal micrometastases are 
designated as neoplastic infiltrations < 2 mm in diameter. They account for ::::;: 10% of the 
cases with positive nodes and are significantly more frequent with primary cancers < 2 cm 
in diameter and with patients in whom only 1-3 axillary nodes are involved. It is worth 
recalling that minute "occult" micrometastases may be detected in up to 25% of patients 
with invasive pathological stage-I breast carcinoma by serial sectioning of lymph nodes 
[17]. 
The initial observations [2, 22] were based on rather small series of patients; they often 
failed to take tumor size into consideration, and the follow-up period was less than 10 
years. The studies concluded that prognosis was less favorable in women with 
macrometastases than in those with negative nodes or micrometastases, regardless of the 
tumor size or the number of involved lymph nodes or the length of follow-up period. In 
particular, the NSABP group [17] reported that there was no significant 4-year survival 
difference between patients with micrometastases (21 cases) and those without nodal 
metastases (N - ) although both groups exhibited significantly longer survival than patients 
with macrometastases. However, the RFS of women with micro- or macrometastases was 
not statistically different and inferior to that of N - women. The authors emphasized that 
prognosis was more directly related to the number of positive nodes than to the size of 
metastases. In fact, within each of the subgroups having 1-3 and> 3 positive nodes the 
RFS was similar for patients with micro- and macrometastases, while patients with 1-3 
nodes and metastases ~ 2 mm exhibited significantly greater treatment failure rates than 
those with N - but less than those with> 3 involved nodes. A similar trend was observed in 
women with metastases < 2 mm. The NSABP group also identified a very small subset of 
patients with micrometastases measuring::::;: 1.3 mm, whose RFS and survival rates were 
similar to those of N - patients. 
The more recent series of Memorial Hospital [30] included 147 women with single axillary 
lymph node metastasis who were followed up for ~ 10 years. In the entire series, there was 
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Fig. 2a, b. Six-year results as function of absence (N-) and presence (N+) of positive axillary nodes 
(micro- vs macrometastasis). a Relapse-free survival; b overall survival 

Table 3. Micro- vs macrometastases in T\ breast cancer (lO-year results) 
(Courtesy of U. Veronesi) 

Nodal status No. of RFS Survival 
patients (%) (%) 

N- 520 80.1 85.8 
N+ micro 32 90.9 91.8 
N+ macro 68 72.3 82.7 

a significantly higher recurrence rate between the group with single macrometastases (30 of 
77 cases, or 39%) compared with the group having single micrometastases (17 of 70, or 
24%). A major prognostic differerence emerged after stratification by tumor size. In Tl 
tumors the 12-year RFS of patients with either micro- or macrometastasis were nearly 
identical, and significantly worse than for those patients with N-. On the other hand, 
among T2 women, those with single micro metastases or N- had RFS curves that did not 
differ significantly throughout the course of the follow-up period, and both groups had an 
outcome significantly better than that observed for patients with macrometastases. 
Figure 2 shows the RFS and total survival curves of 68 women with a single micro- (13 
cases) and macrometastasis (55 cases) enrolled as controls in the first Milan adjuvant trial. 
Most patients had T2 primary breast cancer. The 6-year RFS was superimposable between 
the two metastatic nodal groups. The figure also includes, for comparison, the curve of 464 
patients without pathological nodal metastases for whom the incidence of T2 lesions was 
comparable to that of N+ patients, i.e., about 70%. The comparative findings clearly 
indicate that N - women have a more favorable prognosis than women with a single 
micrometastasis. In our Tl series, including 701 patients randomized between Halsted's 
radical mastectomy and a breast-saving procedure [35], a single micrometastasis was 
observed in 32% of women with one positive lymph node. Patients with micrometastases 
exhibited the best lO-year RFS and survival slightly superior to that for N - women 
(Table 3). However, it should be stressed that all women with micrometastases and most 
with macrometastases in this series received postoperative adjuvant chemotherapy with 
eMF. The lO-year results reported by Gest et al. [21] on 35 patients with Tl tumors 
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confirmed that prognosis was significantly affected by the presence of one micrometastatic 
lymph node as compared with the absence of invasion, but it was not statistically different 
from that observed in the group with macrometastases. 

Other Pathological Features 

Within major nodal subgroups, some histopathological features further adversely influence 
prognosis. For instance, the NSABP group [18] has noticed in a multivariate analysis that in 
women with > 3 involved nodes, tumor necrosis, tumor size (~4 cm vs :0:::: 2 cm), 
infiltrating ductal type without specific features (NOS), and histological grade were 
significantly related to treatment failure. In contrast, none of the above-mentioned 
characteristics was significant in the subset having 1-3 involved nodes. Blood vessel 
invasion and ~ 2 positive nodes were found by Weigand et al. [36] to exhibit a 70% 
recurrence by 2 years. However, blood vessel and lymphatic invasion were not observed to 
represent significant discriminants by the NSABP group [18]. 
In patients with positive axillary nodes, the estrogen receptor (ER) status was found to 
correlate negatively with morphological features which are associated with the degree of 
differentiation, i.e., histological and nuclear grade, and with the extent of necrosis, 
elastosis, and lymphoid cell infiltration into the tumor [16]. In particular, a highly 
significant relationship between receptor status and histological grade was observed 
[33]. 

Absence of Nodal Metastases 

In the absence of pathological involvement of axillary lymph nodes the prognostic variables 
affecting treatment failure in patients subjected to local-regional therapy are probably 
numerous, but their relative merits are not yet well defined. Therefore, the prognostic 
discriminants to be utilized in the selection of high-risk groups for adjuvant chemotherapy 
remain, in part, controversial. 

Receptor Status 

The prognostic importance of ER status has been evaluated by a number of investigators. 
Table 4 summarizes the essential results observed in representative series. They are often 
difficult to compare, particularly as far as subgroups are concerned, because of differences 
in the size and characteristics of patient samples, receptor determination, and cutoff point, 
as well as differences in the follow-up times. However, a common denominator is 
represented by the authors' conclusion that women with ER-positive tumors exhibited RFS 
and survival rates which were significantly superior to those with ER negative tumors. An 
example of such retrospective study is reproduced in Fig. 3, which displays the 5-year 
results of 464 women with N - tumors treated in Milan with primary surgery alone. In other 
words, Hormone-dependent tumors have a better prognosis than their hormone-inde­
pendent counterparts. 
More recently, the prognostic value of progesterone receptor (PgR), the end product of 
estrogen action, was also evaluated in patients with resectable breast cancer. In an adjuvant 
study, which was essentially negative from the therapeutic point of view, involving 318 
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Fig. 3. Five-year results as function of estrogen receptor 
status in 'node negative patients 
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Table 4. Relapse-free survival related to ER + vs ER - tumors (adapted 
and updated from Bonadonna and Valagussa [6]" 

Reference Stage Patients Significant 
(n) difference 

Knight 1-II 145 Yes 
Allegra I - II 292 Yes 
Cooke I - II 144 Yes 
Maynard I - II 232 Yes 
Ryden II 378 Yes 
Harland I - II 655 No 
Valagussa 464 Yes (pre) 
Crowe 510 Yes (post) 

a Details of references cited in Bonadonna and Valagussa [6] 
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women with stage-II and treated with low dose CMF ± tamoxifen ± BCG [10], both ER 
and PgR were significant predictors of the 5-year RFS. However, when both receptors 
were analyzed together in multivariate models, PgR was more significant than ER for 
predicting time to recurrence. The findings were directly related to PgR levels, and the 
highest RFS was observed in women with ER+ and PgR+ tumors. The authors concluded 
that only the number of positive nodes and the presence of PgR significantly predicted 
longer RFS. The above-mentioned result, that PgR assay in primary breast cancer 
improves the prognostic value attributed to ER content, was supported by the findings of 
the Milan Cancer Institute in N - patients [4], as well as by the NSABP group [13] and Saez 
et al. in France [31]. However, the Guy's Hospital group [33] failed to detect any significant 
difference in the 5-year RFS of stages I and II between ER + and ER - tumors or PgR + 
and PgR - tumors, although there was a trend to longer RFS for ER + and PgR +. Survival 
in receptor-positive tumors was significantly longer in ER + than ER - tumors and when 
both ER + and PgR + tumors were compared with ER - and PgR - tumors. The conclusion 
was that steroid receptors significantly affected total survival but not RFS. 

Pathological Features 

Besides nodal status, a number of histopathological features were also recently 
reconsidered in the attempt to rank the prognostic significance of various discriminants in 
women without nodal involvement. 
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Table 5. Pathological features which adversely influence prognosis in 
node-negative breast cancer 

NSABP [18] 
(266 cases) 

Tumor necrosis 
Histological grade 
Germinal center predominance 
Tumor size (> 4 em vs ,;;; 2 em) 

Johns Hopkins [3] 
(74 cases) 

Extensive necrosis 
Nuclear grade 
Germinal center hyperplasia 
Age ,;;; 40 years 

Table 5 lists the characteristics significantly related to the treatment failure of 266 N­
women studied by the NSABP group [18] and of 74 women with N - and ER - tumors 
analyzed by the Johns Hopkins Hospital [3]. In the NSABP series, all four characteristics 
had a somewhat independent adverse effect upon treatment. As previously mentioned, 
ER - status was significantly associated with a high incidence of three or more unfavorable 
histological features [16]. However, other clinical and pathological characteristics such as 
age, lymphatic and blood vessel invasion, cell reaction to tumor, absent or mild elastosis, 
and the NOS tumor type were not found by contingency-table analysis to be significantly 
related to treatment failure. The investigators at Johns Hopkins Hospital [3] found 
significant correlations between 2-year recurrence and extensive necrosis, anaplastic tumor 
nuclear morphology, diffuse hyperplasia of axillary nodes, and age,;;;; 40 years. With 
stepwise discriminant analysis, the single feature which best correlated with recurrence was 
tumor necrosis. The above-mentioned research groups failed to confirm that the presence 
of sinus histiocytosis had a significant correlation with treatment failure. 
During the past few years, increasing attention has been paid by pathologists to the possible 
significance of lymphatic vessels invasion by neoplastic tissue in resectable breast cancer. 
The NSABP [15] reported that 33% of 1,000 cases exhibited unequivocal intralymphatic 
invasion within the dominant mass and 22% questionable invasion, regardless of 
concurrent nodal invasion. The finding was considered prognostically unfavorable in view 
of its strong association with other ominous events (nodal metastases, large size of 
primaries, high histological grading, etc.). A report on two small groups [24, 25] of selected 
patients with N - invasive and predominantly ductal carcinomas showed that tumor emboli 
in intramammary lymphatic vessels were fairly constant (8% -9%) and carried a high risk 
of early recurrence in distant sites. The negative influence on RFS of endolymphatic tumor 
emboli was recently confirmed by some American and British investigators [5, 29] as well 
as by our own institute [27] and, in the absence of nodal involvement, it appears to be the 
most valuable histopathological indicator of poor prognosis. However, it should be recalled 
that the recent reports of NSABP [18] and of Johns Hopkins Hospital [3] have failed to 
observe that both lymphatic and blood vessel invasion represented significant discriminants 
in their group of patients. 
Blood vessel invasion in resectable carcinoma of the breast has been reported to vary from 
5% to more than 40%, and its association with an unfavorable prognosis has always been 
stressed [27]. The recent analysis by Weigand et a1. [36] of 175 cases has indicated that the 
presence of blood vessel invasion was highly associated with early disease recurrence only 
in patients with more than two positive nodes. In contrast, women with blood vessel 
invasion but one or no involved nodes experienced recurrence at a rate not significantly 
different from those without blood vessel invasion. 
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Kinetic Features 

Kinetic characteristics of breast cancers have been studied more than those of any other 
human neoplasm. However, trends or significant correlations between the kinetic and the 
clinical and pathological features have been proposed and subsequently contradicted by 
different, and also by the same authors, using standardized techniques. The heterogeneity 
of breast cancer probably accounts for the controversial results. Recently, the Milan group 
[20] has studied the thymidine-3H labelling index (LI) in 541 women with primary breast 
cancer. The only significant correlation between LI and the 4-year RFS was observed in 145 
N- premenopausal women (low LI 100%, high LI 32.6%). In other words, the 
proliferative activity of the primary tumor appears to be a potentially useful indicator of 
biological aggressiveness in a given subset with no involved axillary nodes. 

Tumor Size 

Clinical measurements are obviously not superimposable on those of the surgical specimen. 
In general, clinicians have a tendency to overestimate the size of small tumors and to 
underestimate the size of large tumors. The difference between clinical and pathological 
dimensions of primary breast neoplasms is probably the main reason for some controversial 
results found in the literature regarding tumor sizes and recurrence rates. In general, tumor 
size has always been correlated with RFS and total survival particularly because tumor size 
influences the likelihood of nodal involvement, which in turn influences curability by 
surgery [12]. 
A direct relation of tumor size to 5- and lO-year RFS was found for carcinomas without 
axillary node metastases [19, 29]. Figure 4 shows the RFS and survival of 464 women with 
N- and 845 women with N+ treated in Milan. The results essentially confirmed the 
prognostic importance of the size of primary tumor for N + patients, while correlation was 
of borderline significance for N - patients. 
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Fig. 4a, b. Results as function of pathological dimension of primary tumor. a Relapse-free survival; b 
overall survival 
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Biological Tumor Markers 

The past decade has seen an explosion of biological and clincial interest in tumor markers 
[11]. Initially, the measurement of urinary or blood marker levels was viewed as the 
clinicians' panacea to the earlier diagnosis and monitoring of a variety of neoplasms. 
"Further studies, fortunately, resulted in a more rational approach to their use and the 
realization, at least as far as human mammary cancer is concerned, that their clinical role is 
limited" [8]. We will summarize some of the recent advances in establishing biological 
markers for breast cancer and their usefulness in the detection of recurrence in high-risk 
groups. 
Table 6 lists the biochemical markers that have been correlated with the presence of breast 
cancer. Considering that the ideal marker [1] must be (a) sensitive enough to detect a very 
small tumor cell burden, (b) specific for breast cancer, and (c) easy and economical, we 
have to admit that work in the last decade has failed to provide realistic prognostic indexes. 
Therefore, none of the markers listed can today be utilized on a routine basis to identify 
high-risk subsets for adjuvant chemotherapy. However, two recent studies [23, 28] have 
reemphasized the potential usefulness of positive immunohistochemical staining for 
CEA. 
The use of monoclonal antibodies as probes in the search for breast cancer antigens is 
producing a gamut of new findings that are changing our understanding of this field. The 
recent paper of Redding et al. [26] is an example of a new phase in the development of 
monoclonal antibody technology. The investigators used an immunocytochemical method 
to screen smears obtained at the time of primary surgery from multiple bone marrow sites 
in 110 patients with breast cancer. While no other techniques, including conventionally 
stained smears, had revealed metastases, the use of an antibody probe to the epithelial 
membrane antigen (EMA), a breast cell surface component, allowed detection of bone 
marrow tumor cells in a total of 31 (28%) patients. Furthermore, 83% of patients with 
conventional unfavorable prognostic variables showed micrometastases, compared with 
11 % of patients classified in a good prognosis category. Of particular importance was the 
presence of micrometastases in 24% of node-negative patients, since this finding correlates 
very well with the 10-year recurrence rate for N- women [34]. 

Table 6. Biochemical tumor markers for breast cancer 

Tumor-derived 
Breast tissue protein (casein, lactalbumin) 
Oncofetal protein (carcinoembryonic antigen, ferritin, isoferritins) 
Hormones (calcitonin, human chorionic gonadotropin) 
Enzymes (yGT, AF) 
Receptors (ER, PR) 
Cell turnover products (urinary polyamines) 
Immune response markers 

Tumor-associated 
Plasma proteins 
Hydroxyproline 
Miscellaneous (TPA, etc.) 
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Conclusion 

The prognostic findings we have briefly reviewed indicate that a number of concomitant 
variables affect the prognosis of a highly heterogeneous disease such as breast cancer. 
Theoretically, they should all be taken into consideration in the selection of candidates for 
adjuvant therapy. However, from the practical point of view, for women with resectable 
tumors and for these in whom axillary node dissection or sampling has been performed, 
nodal' status remains the predominant indicator for adjuvant chemotherapy. 
In the presence of histologically positive nodes, regardless of their number and the extent 
of primary tumor, the RFS is invariably inferior to that of a comparable series of patients 
with absence of nodal involvement. The coexistence of other histopathological features 
such as tumor anaplasia, necrosis, or vascular invasion may further reinforce the need for 
an effective systemic treatment. Present data on single micrometastatic involvement and on 
positive estrogen and progesterone receptors are still too scanty or preliminary to separate 
out from the node-positive group a favorable prognostic subset of patients who can be 
spared adjuvant chemotherapy. It is quite possible that the systematic reevaluation of 
ongoing prospective series will allow a more precise reassessment of subsets for whom 
adjuvant chemotherapy may not be required. Recent studies emphasize the need for 
subdivision of patients with> 3 involved nodes into at least two subsets, i.e., 4-10 and 
> 10 nodes. This latter group, which accounts for about 10% of women with positive 
nodes, carries a very poor prognosis, and to our knowledge it has not been shown to be 
consistently or substantially affected by current adjuvant regimens. For these reasons, 
prospective randomized trials should properly balance this nodal subset for which new 
forms of drug therapy should be tested. 
In node-negative women, many unfavorable prognostic variables were evaluated to explain 
the 20% - 25% recurrence rate at 10 years following local-regional treatment alone. 
Unfortunately, in this patient group there is as yet no easily reproducible predominant 
indicator of treatment failure. However, two prognostic factors appear most consistent and 
applicable in clinical practice: the absence of both estrogen and progesterone receptors 
and/or the presence of intralymphatic tumor emboli. If confirmed on a larger series of 
patients, the detection of bone marrow infiltration using monoclonal antibodies [26] will 
certainly represent a new avenue for better assessing prognosis and selecting patients for 
adjuvant chemotherapy. 
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Review: Scientific Basis of Adjuvant Chemotherapy 
in Breast Cancer 

D. P. Griswold 
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Birmingham, AL 35255-5305/USA 

This group of papers centers on preclinical and clinical observations, their impact on recent 
achievements in adjuvant chemotherapy, and conceptual changes that may further alter the 
course of breast cancer. The overtone ranges from pessimism to guarded optimism with a 
general feeling that progress, at least for the time being, has plateaued. Nevertheless, 
several observations critical to further progress in disease detection and management are 
brought to light. 
Through the Breast Cancer Detection and Demonstration Project and the Pathology 
Quality Control Project more than 19,000 cases have been reviewed in the past decade. 
Several critical findings have resulted from these studies, two of the most important being 
that the detection of in situ carcinoma has improved about twofold and the lymph 
node-negative patient group is approaching 90%. These diagnostic improvements are 
expected to have a favorable effect on the outcome of treatment, an effect that remains to 
be realized. The need for early diagnosis, stressed by all of the contributors, correlates with 
earlier preclinical observations in that there it an inverse relationship between tumor 
burden and cure, and with more recent observations in that there is a direct relationship 
between the size of a tumor-cell population and the presence of specifically drug-resistant 
tumor cells. 
Although there is a strong correlation between early detection and the use of 
mammography, self-diagnosis has had a disappointingly small effect; the reasons for this 
are not entirely clear. Similarly, identification of risk factors associated with breast cancer 
has not been markedly productive: age remains the most meaningful factor. 
The identification and use of prognostic factors require further improvement, particularly 
for purposes of staging subgroups; this is substantiated by preclinical studies demonstrating 
the random nature of metastasis, as well as by the retrospective study of clinical surgical 
control arms. It is noted that where axillary-node metastasis was clinically absent, little 
difference in relapse-free survival was discerned between patients with one, two, or three 
positive nodes. Similarly, there is little difference in benefit between negative-node 
patients and those who are node positive but with micrometastases, the latter defined as 
being < 2 mm. Although nodal status is an important prognostic factor, albeit with certain 
limitations, tumor size is far less significant, except in negative-node patients. Improved 
response is associated with a positive estrogen receptor and estrogen/progesterone receptor 
status and, in some cases, with blood vessel invasion and vascularity. Clearly, it would be of 
great help if patient subgroups could be identified on the basis of narrower ranges of the 
extent of metastatic tumor burden. If it is indeed true that "cure" is presently limited by 
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tumor burden, then it is imperative that those patients beyond likely hope of curability by 
adjuvant therapy be excluded from the patient population whose probability of cure by 
currently available means is reasonable. This is not meant to imply that any patient should 
be denied treatment. It is simply that better definition of subgroups will provide a better 
basis for staging, improved interpretation of results, and perhaps different treatment 
strategies for each subgroup. 
This leads to another problem area identified that has to do with the imprecise quantitative 
techniques which are available for the measurement of residual disease. This becomes 
increasingly important as a growing percentage of patients with minimal disease become 
available for adjuvant therapy. In such cases, not only can the metastatic burden at the 
onset of treatment not be accurately defined, but treatment success, if any, cannot be 
followed progressively. Commonly used parameters such as relapse-free survival or time to 
treatment failure may misleadingly suggest improvement when there will ultimately be no 
overall benefit. It has long been known that tumor volume changes often correlate poorly 
with the net tumor cell kill achieved with radiation or chemotherapy. Unfortunately, the 
endpoints used clinically and often pre clinically for determination of treatment efficacy are 
based on changes in volume or mass. The quantitative assays that are sometimes used in 
animal models for determination of the number of clonogenic tumor cells surviving 
treatment cannot be used in man. Neither are biochemical markers available that have the 
precision necessary to make such estimates. 
It is suggested that some of the hypotheses, related to tumor growth and response to 
treatment, developed during the 1960s and may not have been tested adequately later in a 
clinical situation, and that more recently developed concepts may require clinical 
evaluation. For example, do differences, even if subtle, in the manner of tumor growth 
affect the design and results of adjuvant therapy regimens? Which model best describes 
tumor growth: Gompertzian, Norton-Simon, Speer-Retsky, or others? Has peri operative 
chemotherapy been adequately evaluated? Should the Goldie-Coldman hypothesis (every 
minute counts) be subjected to controlled clinical trial? These and other conceptual 
questions have drawn considerable discussion, but no firm answers. 
A number of obstacles to further progress with adjuvant chemotherapy have been defined. 
These include the presence in some patients of a metastatic burden beyond the curative 
potential of currently available drugs, recognizing the narrow range from minimal effective 
dose to maximum tolerated dose; the selection and overgrowth of drug-resistant tumor 
cells; and pharmacological and/or population kinetic barriers. The latter may be related to 
a variety of cellular and molecular phenomena, including tumor architecture and 
vascularity, phenotypic plasticity, and heterogeneity, not only in growth kinetics but in 
terms of drug uptake, activation and inactivation, and cellular repair. Some of these 
obstacles may be overcome by further refinement of presently available techniques; others 
will obviously require the development of new and/or improved methodology. 
This section is intended to serve as an nptdate on breast cancer adjuvant chemotherapy 
with regard to the application of concepts put to test in preclinical and clinical trial. It is 
obvious that some concepts have not been properly evaluated, while with others the trial 
results may require reanalysis. Certainly, several problem areas remain - e.g., prognostic 
factors, quantitative measures, and therapeutic strategies aimed at breaking the cure 
barrier. Improvement in any of these areas offers hope for further progress with adjuvant 
chemotherapy. 
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Introduction 

Adjuvant chemotherapy for 1 year after mastectomy has for some years now been the 
standard treatment for breast cancer in many centers. The results have perhaps not been 
quite as good as many hoped some 5 years ago. In addition, it has become increasingly clear 
that the side effects of intense chemotherapy may seriously impair the quality of life during 
the year of administration. 
Clinical trials are now being performed to ascertain whether the duration of adjuvant 
chemotherapy may be reduced without losing too much of the effect. We report here the 
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contribution of the Scandinavian Adjuvant Chemotherapy Study Group to the solution of 
the problem of the optimal duration of adjuvant chemotherapy, approaching the problem 
from the other end. Study 1 started January 1965, with the aim of assessing the 
effectiveness, side effects, and risk of a single, short adjuvant course. Study 2 started March 
1977 and was a cost-benefit analysis of the results of prolonging the adjuvant chemotherapy 
from 1 week to 1 year. 

Summary 

In study 1 Cyclophosphamide 5 mg/kg/day i.v. for six days, one single course, was given to 
559 patients, with 577 randomized controls. Followup up to 181/2 years. A longlasting crude 
survival benefit was observed. The difference was 49 deaths (P < 0.02) in 1980, in 1983 
reduced to 40, as the number of deaths unrelated to breast cancer increased. 
In 1,026 cases randomization and start of chemotherapy immediately after mastectomy. 
Effect of the immediate course was a highly significant relapse benefit, increasing to 12.8% 
after 17 years. 
In 110 cases randomization and start of chemotherapy was 2-4 weeks delayed. No effect of 
the delayed cOurse was seen. 
In study 2 one short multidrug course was given immediately after mastectomy to all 1,025 
patients. One half of the 345 histologic node positive patients were randomized to continue 
with CMF for one year. Effect of the prolonged treatment was an increase of the 
relapsefree rate with 16% after 21/2 years, but this difference was reduced to 6% after 
6 years. These results are preliminary. 
Side effects of the single short courses were almost negligible, side effects of the one-year 
treatment severe. 

Material and Methods 

Study 1. A total of 1,136 routine patients were treated by mastectomy and postoperative 
local radiotherapy. They were randomized into a chemotherapy group (559 cases) and a 
control group (577 cases). The chemotherapy group received cyclophosphamide i. v. 5 
mg/kg/day for 6 days. In 10 surgical clinics the patients were randomized by telephone from 
the operating theater, and the chemotherapy course started immediately. In one 
radiotherapy institute the patients arrived 2-4 weeks after surgery and were randomized 
after arrival. Here the chemotherapy course started 21 days (mean) after mastectomy. 
Detailed description of the case material and the methods used in study 1 may be found in a 
previous paper [1]. 

Study 2. All routine patients received a single, short chemotherapy course immediately 
after mastectomy. In light of the general development in cancer chemotherapy between 
1965 and 1977 we changed our monodrug course to a multidrug course. 
The 680 node-negative patients received no more adjuvant chemotherapy. 
The 345 histologically node-positive patients were randomized into a control group and a 
group supposed to continue with adjuvant chemotherapy for 1 year. These latter patients 
were strongly encouraged to continue the treatment, but were told that it was a clinical trial 
and that if they considered the side effects intolerable, they could stop at any time. 
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Table 2. Chemotherapy schedules in study 2 

Drug 

Cyclophosphamide 
Vincristine 
5-FU 
Methotrexate 

Single, short 
perioperative course 

Day 0 

500 
1 

750 

Day 7 

500 

50 

R. Nissen-Meyer et al. 

CMF course 

Day 1 

500 

750 
50 

Day 8 

500 

750 
50 

The single course after mastectomy was cyclophosphamide, 5-fluorouracil (5-FU), and 
vincristine immediately after mastectomy, and cyclophosphamide, methotrexate, and 
vincristine 7 days later. The long-term chemotherapy, which was offered to half of the 
node-positive patients, was cyclophosphamide, methotrexate, and 5-FU (eMF) on days 1 
and 8 in each 4-week cycle, for 12 cycles. The doses shown in Table 2 are for a patient of 
70 kg, and are the maximum we gave. If the patient weights less than 70 kg, the doses are 
reduced accordingly. All drugs are given intravenously. 
Half the patients in study 2 were also randomized to receive immunotherapy with 
Corynebacterium parvum, given subcutaneously around the mastectomy scar. This 
treatment has shown no effect on the overall results so far, and will not be published until 
we have a reasonable number of patients followed up for 5 years in the various 
subgroups. 

Results 

Table 3 shows the total number of deaths reported in study 1 by March 1980 [2], and by 
August 1983. In 1980 there was a significant difference of 49 deaths in favor of the 
cyclophosphamide group. This difference was reduced by 1983 to 40, which is not 
significant at the 5% level. 
The median age at mastectomy was 55 years. The follow-up is not until death or for a 
median time of 13 years. A large proportion of the patients have reached a very advanced 
age, and there are many deaths from causes unrelated to breast cancer. In the 
cyclophosphamide group 61 patients died from specified causes without any indication of 
residual breast cancer tissue; in the control group the corresponding figure was 55. 
Figure 1 shows the proportion of relapse-free patients at the 10 clinics using a single 
immediate cyclophosphamide course. The difference in favour of the 507 treatment cases 
was small in the beginning, highly significant after 4 years, and remained at a level of about 
12 % for at least 17 years thereafter. 
By means of retrospective stratification according to lymph node status and menopausal 
status the same effect was found in all strata. 
Figure 2 shows the proportion of relapse-free patients at the clinic with the delayed 
randomization. For the sake of comparision the curves from the 10 clinics with the 
immediate course are plotted again. At no point is there any significant difference between 
the two curves from the clinic with the delayed course; they both follow closely the control 
curve from the 10 clinics with the immediate course. The chance fluctuations must 
necessarily be greater in the much smaller groups (52 vs 58). 
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Table 3. Total number of deaths reported in study 

March 1980 

August 1983 

Fig. 1. Effect of the short 
immediate cyclophosphamide 
course in study 1 

Fig. 2. Comparison of the 
immediate and the delayed 
short course in study 1 
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Figure 3 shows the node-negative cases in both studies. The results in study 2 seem to be 
slightly better than the results in the experimental group of study 1. 
Figure 4 shows the node-positive cases in both studies. The performance of the control 
group in study 2 seems to be slightly better than the experimental group in study 1. The 
effect of prolonging adjuvant chemotherapy from 1 week to 1 year is reflected in the 
difference between the two randomized groups of study 2 - rather, this is the effect of our 
intention to continue chemotherapy for 1 year. A clear decision by the patient to terminate 
the treatment earlier had to be respected (see Side Effects). 
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Fig. 3. Comparison of the short multidrug course. and the short cyclophosphamide course in 
node-negative cases 
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Fig. 4. Comparison of the prolonged CMF treatment and the single, short courses in node-positive 
cases 

During the first few years after mastectomy the difference between the group with 
long-term treatment and the two groups with one single course increased to 16%, but after 
6 years it was reduced to 6%. 

Side Effects 

The immediate side effects of the short cyclophosphamide course were reported in detail in 
a previous paper [1]. It may be concluded that they were very moderate and, above all, of 
short duration. They were easy to palliate since the patients during the treatment period 
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Table 4. Second malignant disease observed in study 1 (excluding carcinoma 
basocellulare and new primary tumors in the second breast) 

Leukemia/lymphoma 
Gynecological cancer 
Gastrointestinal cancer 
Other neoplasms 

Total 

Control group 

4 
6 
6 
6 

22 

Cyclophosphamide group 

1 
3 
8 
5 

17 
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were still in hospital after the mastectomy. They did not affect the recovery after surgery or 
the wound healing, and radiotherapy to lymph node regions could start as usual 4-6 days 
after mastecomy. 
With more than 550 cases in each of the two randomized groups and up to 18 years 
follow-up, we may now evaluate the potential risk of a carcinogenic effect. As seen from 
Table 4, there is no indication that the single, short cyclophosphamide course carries such a 
risk. 
The short multi drug course has been as easily tolerated as the short cyclophosphamide 
course. It has now been used in 1,025 cases, and has caused no problems. 
The side effects from the long-term i.v. eMF treatment, however, have been a major 
problem, for the patients and for us. Only 63/173 (36%) of the patients managed to 
complete this treatment with at least 90% of the scheduled dose. The side effects were 
considered mild in 14, moderate in 19, and severe in 30 patients. In the rest of the patients 
the dose had to be reduced due to the side effects, 38% received 50%-90% of the 
scheduled dose, 20% less than 50%. Nine patients (5%) refused to start the eMF 
treatment they were allotted to. 
Nausea and vomiting tended to increase in severity with increasing number of courses, and 
could continue for a whole week after each injection. A reduction of the doses usually had 
little effect on this pattern of side effects, when it was first established. As a consequence of 
this, 68/164 (41 % ) eventually insisted that the eMF treatment should be terminated, after a 
median of 14 injections (7 courses). 

Discussion and Conclusions 

With one single, short chemotherapy course given immediately after mastectomy we have 
observed a highly significant benefit in relapse-free rates, increasing to 12.8% by 17 years 
after mastectomy. We have also observed a significant, long-lasting crude survival benefit 
(although the increasing number of deaths due to old age now tends to obscure this 
benefit). 
This pattern cannot be explained only by a delaying influence on the course of the disease; 
the effect observed must be due to an increased cure rate. 
There was no major difference in results between the short cyclophosphamide course and 
the short multi drug course, but this was not a randomized comparison. However, the 
observations may indicate that the new multi drug course was at least as effective as the old 
mono drug course, and it was at least as easily tolerated. 
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The comparison of the effects obtained in the clinic with the delayed course and the 10 
clinics with the immediate course indicates that by 2-4 weeks after mastectomy the optimal 
time for start of adjuvant chemotherapy may have passed. 
The immediate side effects of the short, single chemotherapy courses were almost 
negligible, and we found no indication of late complications. The number of second 
malignancies was not higher in the cyclophosphamide gorup than' in the randomized control 
group, and represents only the general tendency for patients surviving one cancer to 
develop another malignant disease. 
On the other hand, the side effects from the long-term chemotherapy were very distressing, 
and it was not possible to persuade more than 59% of the patients to continue treatment for 
a whole year. The first few courses were usually not so bad, but nausea and vomiting 
tended to increase with time, and severely impaired the quality of life. The patients 
insisting that the treatment should be terminated did so after a median of 7 courses. 
The learned aversion to cytotoxic drugs must necessarily have a negative influence upon 
the chance of successful treatment of recurrent disease later. 
Our observation time in study 2 is still too short to evaluate the possible risk of second 
malignancies due to long-term chemotherapy. 
It is also too early to obtain a reliable evaluation of the beneficial effects of our attempt to 
prolong chemotherapy from 1 week to 1 year. We have observed an additional relapse-free 
rate of up to 16% during the first 21/2 years after mastectomy, but this difference seems to 
be reduced considerably during the next 2-4 years. If this trend is supported when a larger 
number of cases have been followed up for a sufficient time, it will mean that the prolonged 
treatment mainly adds a disease-delaying effect to the effect on the ultimate cure rate which 
we have obtained with the first short course. 
We may conclude that one short, immediate chemotherapy course may be recommended 
to all patients after mastectomy. But we are still in doubt regarding the 1-year treatment. 
Many more trials are needed to define the optimal duration of adjuvant chemotherapy for 
the various prognostic groups, taking into account benefit, side effects, and risk. 
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Introduction 

Since 1972 the National Surgical Adjuvant Breast and Bowel Project (NSABP) has 
initiated nine major trials to determine the value of adjuvant therapy in the management of 
patients with primary breast cancer (Table 1). Seven of the trials involved patients with one 
or more histologically positive axillary nodes and the other two employed negative-node 
patients. 
More than 6,000 patients who were entered into the various protocols met the same specific 
criteria of eligibility. Beginning with Protocol B-09, but excluding B-l0, estrogen and 
progesterone receptor analyses of the tumor were required. All patients were treated at 
NSABP member institutions in the United States and Canada. The rationale for the first 
three trials using adjuvant chemotherapy (ACT) related to the kinetic principles 
promulgated by Skipper and Schabel which suggested that certain patients might benefit 
from the use of a single chemotherapeutic agent and that others would require more 
complex regimens. Thus, those studies were planned to be carried out in a stepwise 
sequential manner in order to identify subsets of patients who were likely to respond to 
one, two, or three chemotherapeutic agents. It was recognized at the time that the first 
protocol was initiated that L-PAM (P) given as a single drug did not represent the most 
effective regimen in advanced disease and the superiority of combination chemotherapy in 
that setting was suggested. Despite that consideration, the initial trial compared 
single-agent P with a placebo with the intention of providing the preliminary framework 
upon which the efficacy of more complex therapeutic regimens could be implemented. At 
the time of protocol commencement, it was neither anticipated nor believed that P would 
represent the ideal in adjuvant therapy; on the contrary, it was hoped that the results 
obtained with P would be improved upon by subsequent regimens with the resultant 
characterization of patient subsets likely to benefit from two or three chemotherapy agents. 
In the initial investigation, (B-05) one-half of the patients received P and the other half 
were administered a placebo. The P was given on 5 successive days of a 6-week cycle. This 
study as well as all subsequent NSABP adjuvant therapy protocols for stage II disease 

\ 

required that the therapy be given for 2 years. 
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these studies 
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Table 1. NSABP protocols evaluating systemic therapy 

Protocol Nodal Randomization # Patients Average time 
status randomized on study 

Begun Terminated (6409) (months)" 

05 Placebo + 9-22-72 2-5-75 380 114 
vs P (103-133) 

07 P vs PF + 2-5-75 5-15-76 741 95 
(88-106) 

08 PF vs PMF + 4-12-76 4-29-77 737 82 
(76-89) 

09 PF vs PFT + 1-1-77 5-16-80 1,891 58 
(40-81) 

10 PF vs PF + CP + 5-1-77 5-31-81 265 58 
(30-76) 

11 PF vs PAP + 6-1-81 Open 623 
(ER and/or PR neg.) 

12 PFT vs P AFT + 6-1-81 Open 949 
(ER and/or PR pos.) 

13 Untreated vs M ~ F Open 227 
(ER neg.) 

14 Placebo vs T 1-4-82 Open 596 
(ER pos.) 

"As of 3-31-84 

Following demonstration of early benefit from the single agent [1], and in keeping with our 
original strategy to proceed in stepwise fashion with protocols employing increasing 
numbers of drugs, a second study (B-07) which compared P with P + 5-fluorouracil (5-FU) 
(PF) was carried out. Next, the effect of three-drug therapy - PF + methotrexate (MTX) 
(PMF) - was compared with findings obtained with PF (Protocol B-08). When early 
findings indicated that the two-drug combination (PF) might be beneficial in more subsets 
of patients than the single agent [2, 3] and results were not yet available regarding the 
effectiveness of the three drugs, two additional studies were implemented. One (Protocol 
B-09) had as its objective the determination of whether the addition of tamoxifen (T) to PF 
would enhance disease-free survival and survival. The other (Protocol B-lO) was carried 
out to determine whether the addition to PF of the nonspecific stimulating agent, C. 
parvum (CP), was more beneficial than PF alone. 
With failure to observe that the addition of MTX enhanced the effectiveness ofPF, two 
additional studies were conducted. They were carried out to determine the value of the 
addition of adriamycin to PF (B-ll) or to PFT (B-12). As a result of early findings in B-09 
[4, 5] indicating that the outcome of patients receiving T with PF was related both to age 
and to estrogen and progesterone receptor (ER and PR) content of the tumor, those 
discriminants were used to assign patients to the two trials (B-ll and B-12) (Table 2). With 
evidence indicating that node-negative, ER- patients have a high rate of recurrence, 
Protocol B-13 was designed to determine the worth of the sequential use ofMTX and 5-FU 
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Table 2. Assignment of node-positive patients to protocols 
B-11 or B-12 

Age ER level PR level (fmol) 
0-9 10+ 

Up to 49 0-9 B-11 B-11 
10+ B-11 B-12 

50-59 0-9 B-11 B-12 
10+ B-11 B-12 

60-70 0-9 B-12 B-12 
10+ B-12 B-12 

(M ~ F). Node-negative patients with ER + tumors were recipients of either T or placebo 
in Protocol B-14. This report presents the more significant findings from those protocols 
which have progressed for a sufficient time to provide meaningful data. 

Results 

Effectiveness of the Single Agent L-PAM (P) 

With the exception of a prior NSABP thiotepa study begun in 1958 [6], the early findings of 
Protocol B-05 provided the first evidence that adjuvant chemotherapy could alter the 
natural history of breast cancer. It also indicated that premenopausal and postmenopausal 
patients were affected differently by chemotherapy. It was the first study to emphasize the 
need for evaluating patients according to age and nodal status. The early findings gave a 
clue (unappreciated at the time) that patients 50 years old and older with one to three 
positive nodes were likely to be less responsive to chemotherapy than those with four or 
more positive nodes. The original report in 1975 [7] observed that all patients who received 
L-PAM survived disease free significantly longer than those receiving placebo (P = 0.02). 
Both premenopausal and postmenopausal women showed beneficial results. The benefit 
noted in premenopausal women in the early findings was maintained, whereas the benefit 
in older women was lost after 2 years. 
The findings originally reported 'continue to be maintained after 10 years. Patients :s 49 
years have a significantly better disease-free survival (DFS) (P = 0.02) and survival (S) 
(P = 0.05) than do patients receiving placebo. The effect, as previously noted is primarily due 
to the effect of P on patients :s 49 years with 1-3 positive nodes (Fig. 1). 
In that group after 10 years there is a 36% reduction in treatment failure (TF) and a 44% 
reduction in mortality. 

Effectiveness of the L-PAM plus 5-FU Combination (PF) 

Early on, patients receiving PF therapy had a significant advantage over those receiving P 
alone. It was consistently superior in patients under 50 years of age but the major 
differences in results were in those 2: 50 years. In the latter group those having more than 
three positive nodes demonstrated a significant improvement in both DFS and S. When the 
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Fig. 1. Placebo vs L-PAM: DFS and S in patients :S 49 years with 1-3 positive nodes 
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Fig. 2 (left). DFS following L-PAM + 5-FU in patients ::= 50 years with ::= 4 positive nodes 

Fig. 3 (right). S following L-PAM + 5-FU in patients ::= 50 years with ::= 4 positive nodes 

findings with PF in this group were compared not only with those of the L-PAM group in 
Protocol B-07, but with those of the L-PAM group in Protocol B-05, as well as with placebo 
patients in Protocol B-05 and untreated radical mastectomy patients in Protocol B-04, the 
effect of PF therapy on DFS (Fig. 2) and S (Fig. 3) during the first 4 postoperative years 
became even more evident. 
Repetitive analyses carried out at approximately 6-month intervals (in compliance with 
funding requirements) provide insight into the onset, duration, and magnitude of 
difference between the two therapies. The data set analyzed 43 months from the onset of 
the trial, for example, indicated that there was a significant improvement in DFS (P = 0.01) 
and that subsequent analyses during the next several years continued to demonstrate that 
advantage (Table 3). Between the second and fourth years there was a reduction of 
between 30% and 40% in treatment failure. During the next 2 years the DFS advantage 
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Table 3. B-07: Patients;::: 50 years with;::: 4 positive nodes - disease-free survival at various times 
after operation 

Data set Life-table probability (%) Treatment-failure 
(months from onset reduction 
of trial)' Years P PF P (%) 

97 patients 91 patients Value 

31 2 66 71 0.5 15 
37 2 63 71 0.1 21 
43 2 63 74 0.01 30 
47 2 63 74 0.01 30 
53 3 41 66 0.005 42 
59 4 33 56 0.01 34 
65 4 33 57 0.01 36 
71 5 31 40 0.03 13 
77 5 29 38 0.03 13 
83 5 28 40 0.03 17 
89 6 26 33 0.04 9 
96 6 26 33 0.04 9 

103 7 24 30 0.2 8 

• Patient accrual 2-5-75 to 5-15-76 

Table 4. B-07: Patients ;::: 50 years with ;::: 4 positive nodes - survival at various times after 
operation 

Data set Life-table probability (%) Mortality 
(months from onset reduction 
of trial)" Years P PF P (%) 

97 patients 91 patients Value 

31 2 88 82 0.3 0 
37 2 82 86 0.3 22 
43 2 75 85 0.1 40 
47 2 86 86 0.1 0 
53 3 69 82 0.04 42 
59 4 55 76 0.04 47 
65 4 58 74 0.05 38 
71 5 47 68 0.02 40 
77 5 46 65 0.02 37 
83 5 47 66 0.01 36 
89 6 35 53 0.01 28 
96 6 35 53 0.02 28 

103 7 34 46 0.1 18 

• Patient accrual 2-5-75 to 5-15-76 

persisted but gradually lessened so that by the seventh year it was no longer significant. A 
survival advantage for those receiving PF made its appearance in the third and fourth 
postoperative years and continued to be significant for at least 6 years (Table 4). Five years 
after operation there was about a 40% reduction in mortality. 
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Table 5. B-09: Comparison of PE with PFT without regard for receptor status - disease-free survival 
and survival at 4 years 

Study group Life-table DES (%) Treatment- Life-table S (%) Mortality 
failure reduction 

PF PFT P reduction PE PFT P (%) 
(%) 

All patients 53 59 0.004 13 74 75 0.08 4 
:::; 49 years 57 54 0.6 0 74 70 0.07 0 

1-3 + 69 66 0.8 0 83 82 0.2 0 
<==4+ 42 40 0.5 0 64 57 0.1 0 

<== 50 years 49 63 0.001 27 75 78 0.2 12 
1-3 + 66 72 0.2 18 66 72 0.2 18 
<==4+ 35 54 < 0.001 29 65 72 0.04 20 

Effectiveness of the Three-Drug Combination; 
L-PAM plus 5-FU plus Methotrexate (PMF) 

The final of this trilogy of protocols compared PF with PMF. Patients followed for as long 
as 6 years when considered overall, according to age, or to age and nodal status fail to 
demonstrate that PMF is superior to PF. Findings relative to both DFS and S support that 
conclusion. At no time in the follow-up was there evidence of a favorable effect with PMF. 
The failure of the three-drug combination to achieve a benefit over two drugs challenges 
the popular belief that the efficacy of a chemotherapeutic regimen is directly porportional 
to the number of agents employed. 

Effectiveness of Tamoxifen Added to L-PAM + 5-FU (PFT) 

The antitumor effect of tamoxifen (termed T), a synthetic nonsteroid compound having 
antiestrogenic activity, in patients with metastatic breast cancer suggested its possible value 
in women with primary disease. Consequently, a trial was undertaken to determine 
whether the addition of T to PF would enhance DFS. 
When a comparison was made between PF- and PFT-treated patients without regard for 
tumor ER or PR, life-table analyses of information from nearly 2,000 patients indicated a 
significant decrease (P = 0.004) in DFS and to a lesser extent in S (P = 0.08) (Table 5). 
These differences were due to findings in patients;::: 50 years with;::: 4 positive nodes [4]. In 
that group, a significant survival differences exists (P = 0.04) at the present time. Previous 
analyses [5] have shown that outcome is related to tumor receptor status and age. Such 
findings are best exemplified by noting the effect of PFT in patients ;::: 50 years with 
increasing levels of tumor ER (Fig. 4) or PR (Fig. 5). 

NSABP Protocol Comparisons 

Since the sequential series of NSABP protocols utilized common eligibility criteria and 
were similar in all respects except in the therapy employed, it is of interest to compare the 
outcome of patients in the various protocols. The following exemplifies findings from such 
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Fig_ 6. S in chemotherapy regimens vs untreated controls: adjusted for number of positive nodes , age, 
nuclear grade, and clinical tumor size 

comparisons. The survival of all patients receiving the various chemotherapy regimens was 
compared with the survival of patients in two NSABP untreated control groups (Fig. 6). 
First the treatment groups were compared with each of the controls just as was observed 
and it was found that while there was no significant difference between the two controls (all 
P values, 2-tailed) the survival of those treated was consistently and more significantly 
different from the untreated radical mastectomy patients of B-04 than from the placebo 
patients of B-05. Each of the treatment groups was then compared only after adjustment of 
the group to the control employed. The adjustment was made relative to the number of 
positive nodes, age, nuclear grade, and clinical tumor size. It was then observed that those 
receiving two- and three-drug chemotherapy had a significant difference in survival when 
compared with either of the controls . When S of patients::::: 50 years was examined after 
making appropriate adjustments it was evident that for at least 5 years there was a survival 
benefit from the chemotherapy (Fig. 7). When the survival was related to nuclear grade, 
each of the chemotherapy regimens employed demonstrated a striking benefit when 
tumors were nuclear-grade poor (Fig. 8). 
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Comment and Summary 

The brief overview of NSABP findings demonstrates that we have achieved a benefit with 
the use of adjuvant chemotherapy. The natural history of breast cancer has been favorably 
altered. The heterogeneity of response to therapy in various patient subsets continues to 
attest to the biological complexity of the disease. In all NSABP regimens evaluated, 
differences in therapeutic response have been found to relate to such variables as number 
of positive axillary nodes, age, ER and PR content of tumors, and a variety of histological 
tumor characteristics. Of particular pertinence in that regard are our findings indicating 
that chemotherapeutic responsiveness is related to tumor differentiation. We have 
previously demonstrated [8] that those tumors with poor histologic grade (grade three) - a 
marker of differentiation - had a more favorable response to the regimens employed by us 
than did those with tumors considered to be histologic grade one and two. The present 
findings indicate, as might be expected, that those with poor nuclear grade (grade one) 
responded to chemotherapy to a greater degree than did those with a better nuclear 
grade. 
The reported findings continue to substantiate the first findings reported in 1975 which 
indicated that L-PAM markedly benefited patients ::5 49 years, particularly those with 1-3 
positive nodes. After 10 years they demonstrate that there is a significant benefit in both 
DFS and S in that subset of patients. 
Our results from two protocols (B-07 and B-09) clearly show an advantage in both DFS and 
S for those patients;:::: 50 years of age. They fail to support the contention that there is no 
value for adjuvant therapy in postmenopausal patients. Women in that age group with;:::: 4 
positive nodes who received PF had a prolonged reduction in treatment failure and in 
mortality when compared with those receiving L-PAM. An even better outcome was 
observed in those ;:::: 50 years with 1-3 and ;:::: 4 positive nodes when T was given in 
combination with PF. In that subgroup patients whose tumors had increasing levels of ER 
an<;llor PR benefited the most from PFT. 
It may be concluded from our findings and those of others that benefit has been achieved 
through the use of adjuvant chemotherapy. It is less clear which regimen of therapy is 
superior and should be used to the exclusion of others. The maximally effective regimen 
has not yet been defined. Consequently, since such therapy continues to be "evolving" it 
remains "experimental". The assumption that three- or five-drug combinations have 
produced significantly better results than those achieved with the two-drug regimen, PF, as 
employed by the NSABP, is challenged. The use of adjuvant therapy for the management 
of patients with histologically negative regional lymph nodes is difficult to justify unless it is 
carried out within the framework of a controlled clinical trial. 
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Introduction 

We present here an uptdated report on the treatment results achieved with adjuvant CMF 
chemotherapy in two controlled studies at the Milan Cancer Institute. Readers are referred 
to some of our previous publications [1, 3, 7, 14] for details concerning patient selection, 
dose schedules, immediate toxic effects. and follow-up studies. For the purpose of this 
report, suffice it to recall that: (a) the first study (control vs 12 cycles of CMF) was 
undertaken to test the efficacy of combination chemotherapy on micrometastatic disease; 
(b) the aim of the second study (CMF 12 cycles vs 6 cycles) was to identify the optimal 
treatment duration; (c) both patient selection and drug treatment were uniform throughout 
the two adjuvant programs. Table 1 shows that the treatment arms were properly balanced 
for two of the major prognostic factors, such as size of primary tumor (T) and extent of 
axillary node involvement (N), thus ensuring adequate comparability. 
As far as statistical evaluation was concerned, relapse-free survival (RFS) and total survival 
rates were plotted using the product-limit method. Probabilities represent comparison of 
the entire plots and were calculated using the log-rank test and values of signifi­
cance [12]. 

RFS and Survival: Overall Results 

RFS and total survival rates for both series of patients are reported in Figs 1 and 2. At 
9 years from mastectomy, the difference in RFS between control and CMF remains 

Table 1. Main patient characteristics in the two CMF adjuvant trials 

Group n Pathologic extent Lymph nodes 

Tla T2a T3a 1 1-3 4-10 > 10 
(%) (%) (%) (%) (%) (%) (%) 

Control 179 53 45 2 38 70 25 5 
CMF 12A 207 50 47 3 30 68 23 9 
CMF 12B 243 49 48 3 29 62 30 8 
CMF 6 216 47 51 2 28 61 30 9 
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Fig. 1 (left). First CMF program (control vs CMF); 9-year results 

Fig. 2 (right), Second CMF program (CMF 12 vs 6 cycles); 7-year results 

statistically significant in favor of the chemotherapy group (31.6% vs 43.2%, P < 0.001). 
While there was a progressive decline over time in both curves, there was little difference in 
the comparative proportion of patients continuously disease-free at each interval. This 
would suggest that the percent difference of women benefiting from mastectomy alone vs 
mastectomy + eMF was already evident by the 3rd year, and the time of clinical 
manifestation of relapse was probably related only to the growth characteristics of 
micrometastases. Treatments applied at relapse were comparable between control and 
eMF groups [5], and included combination chemotherapy in 76% of patients subjected to 
surgery alone (eMF 84%, equivalent polydrug regimens 26% ). Eventually, most relapsing 
women were subjected before their death to practically all forms of cytotoxic and hormonal 
treatments. The survival difference in Fig. 1 for the entire series showed only a trend in 
favor of eMF vs control (58.9% vs 47.9%, P = 0.14). It is important to emphasize that the 
median survival from first relapse was the same for control (30 months) and treated (28 
months) groups, indicating that the observed survival difference between control and eMF 
was due to the effect of adjuvant chemotherapy and not to the treatments applied after 
relapse. 
Figure 2 displays the comparative RFS and survival curves between women subjected to 12 
vs 6 cycles of adjuvant eMF. Although at 7 years there was no significant difference 
between the two treatment groups, the trend was in favor of patients receiving 6 treatment 
cycles (RFS: 12 eMF 46.2% vs 6 eMF 59.4%, P = 0.14). The above-reported findings 
confirmed that the maximum tumor cell kill by drugs occurred during the first few cycles, 
while treatment failure was a consequence of progressive growth of specifically and 
permanently resistant neoplastic cells. Other investigators have observed the lack of 
significant therapeutic advantage by prolonged treatment with the same drug combination 
[10, 13,15]. 

Results Related to Menopausal and Nodal Subsets 

Due to considerable tumor cell heterogeneity, the term breast cancer involves a mosaic of 
prognostic factors. Using the overall findings may often provide misleading information 
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regarding prognosis and the worth of given treatment since it may obscure subsets 
benefiting from therapy. Thus, particularly in the evaluation and comparison of adjuvant 
treatments, analysis by subsets assumes critical importance. For instance, recent 
observations [6, 9] have strongly indicated the need to accurately quantify the degree of 
nodal involvement (e.g., in the group having> 3 nodes positive) "to avoid a situation 
where ineffective therapies appear useful and effective therapies are judged worth­
less" [9]. 
Figure 3 shows the comparative RFS of the first eMF study related to menopausal status. 
The findings confirmed our previous observations [2, 3, 7, 14]. Although a multivariate 
analysis [11] failed to show that menopausal status per se represented a significant variable 
between control groups, the impact of 12 eMF cycles, as given, was different in pre­
compared with postmenopausal women. In premenopausal women given eMF total 
survival was significantly improved over control (65.9% vs 42.8%, P = 0.02) indicating that 
a marked improvement in RFS can be translated into a prolonged total survival advantage 
(Fig. 4). 
Figure 5 compares RFS related to menopause between 12 and 6 cycles of eMF. The trend 
in favor of 6 cycles remains evident in both menopausal groups. Furthermore, this 
relatively short-term treatment yielded, at 7 years, superior results in postmenopausal 
women when findings were compared with those achieved after the first eMF 
treatment. 
Figures 6-9 illustrate the results relative to nodal involvment. Briefly, it appears evident 
that: (a) the same drug regimen exhibited superior results in the presence oflimited axillary 
node involvement; (b) in the postmenopausal subset with 1-3 positive nodes, the second 
eMF program yielded a superior RFS compared with the first eMF program, probably 
because in the former a smaller percentage of patients received dose reductions; (c) 6 
cycles of eMF maintained their superiority compared with 12 cycles, particularly in the 
RFS of premenopausal women with 4-10 involved nodes. As for premenopausal women 
with higher nodal involvement, there were only 4 patients in the control group with> 10 
nodes and all showed new disease manifestations within 6 months of mastectomy. 
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Fig. 10. Second eMF program; results as a 
function of estrogen receptor status 

Similarly, 10 of 11 and 14 of 17 women given 12 CMF cycles (first and second program, 
respectively) showed relapse within 9 and 7 years. By contrast, only 9 of 18 patients treated 
with 6 cycles of CMF showed new disease manifestations within 7 years. The small number 
of patients in each subset, however, prevents a meaningful comparison. 

Results Related to Estrogen Receptors 

As mentioned in a previous publication [14], estrogen receptor (ER) status was determined 
only in 56% of patients enrolled in the second CMF adjuvant study. Figure 10 confirms our 
previous observation. In fact, there was no difference in RFS between women with ER + 
and ER- tumors while ER+ tumor exhibited a significantly superior 7-year survival (P = 

0.04) compared to ER - tumors. 

Results Related to Dose Levels 

Table 2 updates our previous findings [2, 4] and reiterates the importance of administering 
full or nearly full drug doses. The efficacy of full- vs low-dose regimen was recently 
confirmed by Cavalli et a1. [8] through a prospective randomized study in advanced breast 
cancer. It is important to point out that dose-response effect does not apply in the usual 
sense after treatment has selected a cell sub line that is resistant to the chemotherapy being 
employed. In fact, the treatment may continue to kill the sensitive tumor cells at the same 
rate, but this is of little clinical consequence after the resistant cells comprise the vast 
majority of neoplastic population. Therefore, one may anticipate a dose-response effect in 
the early part of therapy, while over a long period of treatment (e.g., 2 years), when 
compared with RFS or survival the relationship may be a confusing one. 

Second Neoplasms 

Table 3 reports the observed second neoplasms in the four treatment groups. A detailed 
analysis of this topic including our own data, is discussed elsewhere in this book (by 
Holdener and co-workers). For the purpose of this paper, suffice it to state that available 
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Table 2. Nine-year results as function of dose levels 

Relapse-free survival 
(%) 

Level I 61.2 
Level II 41.6 
Level III 38.0 
Control 31.6 

Significance 
Level I vs control < 0.0002 
Level I vs II 0.02 
Level I vs III 0.02 

Table 3. Frequency of second neoplasms 
other than contralateral breast cancer 

n % 

Control 4 2.2a 
CMF 12 A 6 2.9a 
CMF 12 B 4 1.6b 
CMF 6 2 0.9b 

a At 9 years 
bAt 7 years 

Total survival 
(%) 

70.6 
54.2 
48.8 
47.9 

0.02 
0.06 

< 0.05 

71 

results confirmed the absence of increased incidence of second neoplasms in the 
eMF-treated women compared with control women. In particular, no acute or chronic 
leukemia was observed. Obviously, a longer period of follow-up is required to properly 
assess the incidence of drug-induced canerogenesis. 

Conclusions 

The interpretation of our eMF adjuvant programs can be synthesized as follows: 

1. eMF exhibited prolonged antitumor effect on a fraction of patients with microme­
tastases. Although it remains too early to determine cure rate, for none of the survival 
curves has yet reached a plateau, the consistent and prolonged clinical benefit achieved 
in given subsets is undeniaole. 

2. The efficacy of adjuvant treatment was consistently related to the number of positive 
nodes as well as to dose levels of eMF. As far as menopause was concerned, significant 
RFS and survival rates were observed in premenopausal and not in postmenopausal 
women. However, considering the results of both adjuvant programs, we do not have 
sufficient evidence to state that benefit from eMF chemotherapy, as given, was limited 
to premenopausal patients. 

3. Six cycles of eMF achieved similar, if not better, results than 12 cycles. Although we are 
unable, at present, to explain the almost constant trend in favor of 6 cycles of 
chemotherapy, our findings, as well as those of other investigators [10, 13, 15], imply 
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that the maximum cell kill of sensitive tumor cells occurs within the first few treatment 
cycles. 

4. Immediate and early toxicity related to CMF administration were acceptable, and 
patients also benefited psychologically from reduction of adjuvant therapy to 6 
cycles. 

5. Our adjuvant results confirm the heterogeneity of breast cancer and indicate the 
impropriety of always using overall findings rather than subsets. 

6. The benefit from salvage chemotherapy in un selected consecutive patients with 
recurrent breast cancer was limited and did not influence total survival. 

7. In high-risk groups, combined modality treatment is a correct new strategy. What may 
be considered a limited success should be translated into the total number of high-risk 
women who, today, can remain continuously disease-free fro 5 or more years following 
adjuvant treatments of relatively short duration. Therefore, drug combinations (such as 
6 cycles of CMF) tested successfully and safely through randomized studies can have a 
judiciously wide application in women who may benefit from such therapy. The main 
goal of adjuvant therapy for breast cancer is to maximize RFS. To this end much 
remains to be elucidated in terms of optimal drug combinations, intervals, and 
treatment duration through more complex and pharmacologically correct drug 
regimens. 
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Introduction 

The hypothesis that chemotherapy may be more effective when there is only a slight tumor 
burden has led to its use after mastectomy in patients at high risk of recurrence. The 
preliminary results of a trial of melphalan (L-P AM) as adjuvant therapy carried out by the 
National Surgical Adjuvant Breast Project (NSABP) [1], suggested that melphalan therapy 
could significantly prolong postoperative relapse-free survival (RFS). Because of the 
importance of these findings we decided, in March 1975, to repeat the trial at the breast 
unit at Guy's Hospital. Results from the Istituto Nationale Tumori in Milan on the use of a 
combination of cyclophosphamide, methotrexate, and t1uorouracil (eMF) in patients with 
involved axillary nodes after mastectomy [2] suggested that postoperative RFS could be 
prolonged by chemotherapy. These findings led to the establishment, in March 1976, of a 
three-armed trial in the University Hospital of South Manchester comparing no adjuvant 
treatment, melphalan, and eMF. Because of the similarity of protocols and interests at 
Guy's Hospital and in Manchester, we decided in 1979 to amalgamate the trials. We now 
report the results of the combined randomised trial comparing adjuvant melphalan, 
adjuvant eMF, and no adjuvant therapy. 

Patients and Methods 

In each centre patients with operable breast cancer (TO-3; NO, 1; MO) were treated by 
total mastectomy and complete axillary clearance. Preoperative staging was clinical and 
confirmed after chest radiography, biochemical screening, and isotopic bone scan. All 
axillary lymph nodes found were examined histologically (mean ± SD nodes examined: 
melphalan study, 26.4 ± 9.4 per patient; eMF study, 23.6 ± 10.2 per patient). Patients 
aged less than 75 years (Guy's) or 70 years (Manchester) with involved axillary lymph 
nodes were allocated randomly either to no additional treatment or to melphalan. Patients 
aged less than 70 years were allocated randomly either to no additional treatment or to 
eMF. No patient received postoperative radiotherapy. Recruitment to the melphalan 
study was from March 1975 to September 1979 at Guy's (258 patients) and from March 
1976 to November 1979 at Manchester (112 patients). Recruitment to the eMF study was 
from March 1976 to December 1981 in Manchester (186 patients) and from October 1979 to 
October 1983 at Guy's (141 patients). From October 1979 to May 1981 premenopausal 
patients only were entered at Guy's. 

Recent Results in Cancer Research. Vol. 96 
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Melphalan was given by mouth at a dose of 6 mg/m2 (max. 10 mg) daily for 5 days every 6 
weeks for 16 cycles. Cyclophosphamide was given by mouth at a dose of 80 mg/m2 on days 
1-14 of each cycle, methotrexate was given i.v. at a dose of 32 mg/m2 on day 1 and day 8 of 
each cycle, and fluorouracil was given i.v. at a dose of 480 mg/m2 on day 1 and day 8 of each 
cycle. Chemotherapy was started usually within 2 weeks of mastectomy and repeated every 
28 days for 12 cycles. Full doses were given provided the total WBC count was> 4 X 109/1 
(Guy's) or> 3.5 x 109/1 (Manchester) and the platelet count was> 100 x 109/1 (Guy's) or 
> 125 x 109/1 (Manchester). For patients with grade 1 haematological toxicity [WEC count 
2-3.9 x 109/1 (Guy's) or 2.5-3.5 x 109/1 (Manchester); platelets 70-99.9 x 109/1 (Gy's), 
100-125 x 109/1 (Manchester)], the dose of melphalan was reduced to half. For grade 2 
haematological toxicity [WBC count> 1.9 x 109/1 (Guy's) or < 2.5 x 109/1 (Manchester); 
platelets < 70 x 109/1 (Guy's) or < 100 x 109/1 (Manchester)], the drug was omitted until 
haematological toxicity fell to grade 1 and treatment was resumed with half doses. A 
similar dosage reduction schedule was used for the CMF study using Manchester 
criteria. 
Follow-up included physical examination on day 1 of each treatment cycle and at precisely 
the same time in controls. WBC and platelet counts were made on day 1 and day 8 in the 
CMF study of each treatment cycle in patients randomised to receive adjuvant 
chemotherapy. For the first 2 years after mastectomy, biochemical screening and chest 
radiography were carried out every 3 months and isotopic bone scans were made every 6 
months. Thereafter, follow-up was every 3 months by physical examination only with other 
investigations repeated as indicated. From 5 years onwards follow-up was annual. 
The trial was assessed by postoperative RFS, overall survival, pattern of recurrent disease, 
and toxicity due to treatment. RFS was taken as the time from date of mastectomy to date 
of first relapse as defined by Hayward et al. [3]. Disease status was assessed annually by 
external review (Dr J. W. Meakin) and last verified in October 1983: RFS and overall 
survival are analysed by the log-rank method [4]. 
Oestrogen and progesterone receptors were measured by the dextran-coated charcoal 
technique and Scatchard analysis as previously described [5, 6]. Oestrogen receptors were 
taken to be present if > 5 fmol/mg of cytosol protein was detected and progesterone 
receptors were taken to be present if ~ 15 fmol/mg of cytosol protein was detected (~ 5 in 
melphalan study). The results of a study reporting the effects of CMF on psychological 
function in patients in this trial and the results of the melphalan study have already been 
published [7, 8]. 

Results 

The characteristics of the combined Manchester and Guy's patients are shown in Table 1. 
There were no significant differences in these characteristics between treatment and 
control groups for the melphalan study or the CMF study. In the CMF study there are 
proportionately more premenopausal patients because from October 1979 to May 1981 
premenopausal patients only were admitted to the trial at Guy's. 

Relapse Free Survival 

Melphalan Study 

In the melphalan study there were no significant differences in RFS for the treatment and 
control groups for all patients or within the strata of nodal and menopausal status. A 
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Table 1. Characteristics of patients in the three treatment groups 

Age (years) Controls CMF Controls Melphalan 
n = 162 n = 165 n = 183 n = 187 

<40 18 21 16 17 
40-49 52 51 56 53 
50-59 62 63 61 56 
~60 30 30 50 61 

Menopausal status 
Premenopausal 87 81 77 79 
Postmenopausal 75 84 106 108 

Axillary nodes involved 
~3 100 99 115 109 
~4 62 66 68 78 

Tumour stage 
TO 0 0 2 8 
T1 26 34 37 40 
T2 99 96 108 117 
T3 24 30 34 20 
Paget's disease 4 2 0 0 
NK 9 3 2 2 

Histology 
Ductal carcinoma 134 139 165 167 
Lobular carcinoma 22 16 8 7 
Other 6 10 10 13 

Oestrogen receptor content" 

<5 42 36 59 56 
~5 93 102 113 108 
NK 27 27 11 23 

Progesterone receptor content" 

< 15 70 72 112 96 
~ 15 64 69 56b 63b 

NK 28 24 14 28 

a In fmolfmg cytosol protein 
b ~ 5 fmol/mg cytosol protein 

comparison of the treatment and control groups is shown in Fig. la. Patients in the 
melphalan group had a marginally (5%-10%) better RFS, but the difference from the 
controls was not significant (P = 0.11). 
Recurrence rates were compared for subsets of the pooled data. Premenopausal women 
treated with melphalan had a slightly greater RFS than premenopausal controls, but again 
the difference was not significant (P = 0.14). In postmenopausal women, the RFS curves 
were almost identical (P = 0.39). Melphalan-treated patients with 1-3 nodes involved had 
a 10% increase in RFS from 4 years after mastectomy, but the difference from the control 
experience was not significant (P = 0.08). In patients with heavy nodal involvement there 
was again no appreciable benefit from melphalan (P = 0.33). 
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Fig. 1. a Postoperative RFS for all patients: melphalan vs control. b Postoperative RFS for all 
patients: CMF vs control 

Fisher et al. found, when their original series of patients was followed up, that the most 
striking benefit from adjuvant therapy with melphalan was obtained in premenopausal 
women with 1-3 nodes involved. When we examined recurrence rates in this particular 
subset there was no significant difference in RFS between the treated and the control 
groups (P = 0.26). 
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eMF Study 

A comparison of the treatment and control groups is shown in Fig. lb. Patients treated with 
eMF had a longer RFS than controls (P = 0.005); at the 3rd year of follow-up this 
difference was 17.4%. Premenopausal women treated with eMF also had a significantly 
longer RFS (P = 0.02; Fig. 2a) but the difference for postmenopausal women was not 
significant (P = 0.13; Fig. 2b). The groups of eMF-treated patients with 1-3 and ~ 4 
involved axillary nodes had a significantly greater RFS than did controls (P = 0.04 and 0.02 
respectively; Figs. 3a and 3b). 

Site of Relapse 

There was a close similarity in the distribution of recurrence sites, both of first recurrence 
and of all recurrences (Table 2), in the control and melphalan-treatment groups. These 
results do not support the suggestion that melphalan has specific action against any 
particular site of recurrence. However, for first recurrences, there was a significant 
reduction in locoregional relapses in the eMF-treated group (P = 0.007; 21 % control vs 
9% eMF-treated) but no difference in the proportion of patients with distant relapse (17% 
control vs 16% eMF-treated). When all sites of relapse were considered (i.e., not only first 
relapse) there were significantly more skin and lymphatic relapses in the controls than in 
the eMF-treated group (P = 0.02 and 0.04, respectively) but no differences in distant sites 
such as bone, lung, and liver (Table 2). 

Table 2. Sites of first recurrence and of all recurrences (first + subsequent) 

Numbers of patients (%) 

Controls CMF Controls Melphalan 
n = 162 n = 165 n = 183 n = 187 

Sites of first relapse 
Locoregional 34 (21) 15 (9) 49 (27) 33 (18) 
Distant 27 (17) 26 (16) 41 (22) 42 (22) 
Locoregional + distant 1 (1) 0 (0) 4 (2) 5 (3) 

Total 62 (38) 41 (25) 94 (51) 80 (43) 

Sites of all relapses 
Contralateral breast 9 (6) 5 (3) 21 (11) 15 (8) 
Skin 27 (16) 12 (7) 28 (15) 26 (14) 
Lymphatics 19 (12) 8 (5) 34 (19) 15 (8) 
Bone 25 (15) 23 (14) 36 (20) 26 (14) 
Lung/pleura 15 (9) 14 (8) 21 (11) 24 (13) 
Liver 6 (4) 8 (5) 27 (15) 19 (10) 
Brain 5 (3) (1) 11 (6) 5 (3) 
Other 4 (2)a 3 (2)a 16 (9)1' 8 (4)b 

a Includes meninges (3), pericardium (1), eye (1), appendix (1), pancreas (1) 
h Includes ascites (15), dura (2), mesentery (2), ovary (1), kidney (1), adrenal (1), gall bladder (1) 
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Survival 

Adjuvant melphalan had no appreciable effect on survival (Fig. 4a); indeed, the trend was 
for better survival in the control group as after 5 years 34% of the treated and 31 % of the 
control patients had died. Adjuvant eMF also had no appreciable effect on survival 
(Fig. 4b); after 3 years, 16% of the treated and 21 % of the control patients had died. There 
was no survival advantage in any subgroup when these were analysed separately. 
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Fig. 5. Postoperative RFS for eMF-treated premenopausal patients with amenorrhoea (1) and 
without amenorrhoea (2) compared with premenopausal controls (3) 

Amenorrhoea 

The occurrence of amenorrhoea was studied, since an effect of chemotherapy on ovarian 
function may influence the prognosis in breast cancer. Twenty-four of 78 (31%) 
premenopausal patients treated with melphalan and 45 of 87 (52%) premenopausal 
patients treated with eMF developed amenorrhoea. In the melphalan study there was a 
trend in favour of a longer RFS in the group that developed amenorrhoea, but this did not 
reach statistical significance (P = 0.17). Similarly, in the eMF-treated premenopausal 
patients, those with amenorrhoea had a longer DFS (disease-free survival) than treated 
patients without amenorrhoea (P = 0.13): when the amenorrhoeic treated group were 
compared with untreated premenopausal controls there was a significant difference in DFI 
(disease-free interval) (P = 0.02; Fig. 5). 

Receptor Status 

The RFS was analysed for eMF and controls according to oestrogen and progesterone 
status of the primary tumour. Patients with progesterone receptor-positive tumours treated 
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with eMF had a significantly longer RFS than controls; seven of 69 eMF-treated patients 
recurred, whereas 22 of 64 controls recurred (P = 0.002; Fig. 6). There were no significant 
differences in RFS between treated patients and controls in the groups with oestrogen 
receptor-positive, oestrogen receptor-negative, or progesterone receptor-negative 
tumours. The RFS in favour of eMF progesterone receptor-positive patients was 
significant for the premenopausal patients (P = 0.02), but although there was a trend in 
favor of eMF-treated postmenopausal patients this was not significant (P = 0.14). There 
were no differences in survival between treated and control patients for any receptor 
subgroup. 

Toxicity 

The subjective and haematological toxicity of melphalan and eMF are outlined in Table 3. 
Subjective toxicity from melphalan was almost exclusively nausea and vomiting and 
developed on one or more occasions in 25 % of treated patients. Predictably eMF was more 
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Table 3. Toxicity attributable to CMF and melphalan 

N ausealvomiting 
Alopecia 
Conjunctivitis 
Stomatitis 
Diarrhoea 
Cystitis 

WBC (x 109)/1) 

Manchester 
<3.5 
<2.5 

Guy's 
<4 
<2 

Platelets (x 109/1) 

< 125 < 100 
< 100 < 70 

CMF Melphalan 

Number of patients (%)a 

(n = 165) 

136 (82) 
107 (65) 
51 (31) 
53 (32) 
37 (22) 
10 (6) 

103 (62) 
13 (8) 

11 (7) 
6 (4) 

(n = 187) 

47 (25) 
4 (2) 
o 
o 
o 
o 

41 (22) 
33 (17) 

25 (13) 
7 (4) 

a In whom the toxic effect was observed on one or more occasions 

A. Howell et al. 

toxic, with 82% nausea and vomiting and 65% partial alopecia. Other side effects were less 
common but troublesome in a significant minority of patients. 
Depression of the WBC count below 3.5-4 x 109/1 was seen more often in CMF-treated 
patients, but there were proportionately more melphalan patients with counts below 2 x 
10911. Melphalan was more likely to cause thrombocytopenia. In order to estimate the 
long-term effect of adjuvant chemotherapy upon the bone marrow, 14 patients (2 
melphalan and 12 CMF) consented to bone marrow examination 5-36 months after 
completion of chemotherapy. Cells were grown in vitro to detect the number of 
granulocyte-macrophage colony-forming cells and these were compared to the number of 
fibroblast colony forming units from patients and controls undergoing thoracotomy or 
orthopaedic operations. Although the fibroblast colony-forming unit numbers did not 
differ between adjuvant treated and control marrows (Fig. 7), the number of granulo­
cyte-macrophage colony-forming cells was reduced below normal in 11 of 14 patients who 
had had adjuvant chemotherapy (Fig. 7). 
The psychological morbidity of melphalan and CMF was estimated in a subgroup of 59 
patients. Trained interviewers conducted the present-state examination shortly after 
surgery and 3, 12, and 18 months later. Of the 26 patients treated with CMF, 20 
experienced an anxiety state, compared with 4 of the 15 given melphalan and 9 of the 18 
control subjects. Depressive illness occurred more often in the CMF group (20 patients) 
than in the melphalan group (5 patients) or control group (9 patients; Table 4). 

Dose 

In the melphalan study 45 (24%) patients received ~ 90% of the planned dose and 142 
(76%) received < 90% of the planned dose. There was a trend towards a longer DFI in 
patients who received lower doses (P = 0.07). 
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Fig. 7. a Bone-marrow fibroblast colony-forming units (CFU-F) in controls compared with patients 
after adjuvant chemotherapy. b Bone marrow granulocyte-macrophage colony-forming cells 
(GM-CFC) in controls compared with patients after adjuvant chemotherapy (0 post-melphalan; 
• post-CMF) 

In the CMF study, 37 (24%) patients received;:;' 85% of the planned dose, 47 (31%) 
received 65%-84% and 69 (45%) received < 65%. There was a trend in favour of a longer 
RFS for patients, who received the highest doses, but this was not statistically significant 
(P = 0.19; Fig. 8). The median number of cycles ofCMF given per patient was 11.6 and the 
mean was 9.4. 

Second Malignancies 

In the melphalan study second malignancies other than breast cancer were observed in 
three patients in the control group (one carcinoma of appendix, one lung cancer, one 
ovarian cancer) and in two patients receiving melphalan (one rectal carcinoma, one 
pancreatic carcinoma). In the CMF study second malignancies were observed in two 
patients in the control group (one melanoma, one ovary) and in three patients receiving 
CMF (one acute myeloid leukaemia, two ovary). 
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Table 4. Presence or absence of psychiatric morbidity judged to require treatment in patients with 
breast cancer 

Treatment group 

Mastectomy alone 
Mastectomy and melphalan 
Mastectomy and CMF 

Anxiety' 

+ (%) 

9 (50) 9 
4 (27) 11 

20 (77) 6 

Depressionb 

+ (%) 

9 (32) 19 
5 (33) 10 

20 (77) 6 

Sexual Overall 
problemsc morbidityd 
+ (%) - + (%) 

5 (50) 5 9 (50) 9 
3 (38) 5 5 (33) 10 

14 (70) 6 21 (81) 5 

Significance of difference between numbers of patients showing morbidity and numbers of patients 
not showing morbidity at: 
• t- = 10.1, df = 2, P < 0.01 
b t- = 8.0, df = 2, P < 0.02 
c t- = 4.4, df = 2, NS 
d t- = 9.9, df = 2, P < 0.01 
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The preliminary results of the NSABP trial in the USA suggested a significant prolongation 
of postoperative RFS with the use of adjuvant melphalan therapy in premenopausal 
patients and those with 1-3 involved axillary lymph nodes [1]. Although our trial reaffirms 
a trend towards a lower number of recurrences and longer postoperative RFS in all 
subgroups, particularly premenopausal patients and those with 1-3 nodes involved, in no 
case was this significant. 
Our failure to confirm any of the original results of Fisher et al. [1] to find significant 
differences in any of the retrospective subgroup analyses raises a fundamental point as far 
as trials of adjuvant chemotherapy are concerned. With currently available treatments for 
breast cancer, large beneficial effects would not be expected but, in a common disease such 
as this, even a modest effect from a readily practicable treatment which reduces the 
mortality from this cause would be of substantial medical importance. Such an effect 
would, however, be extremely difficult to detect reliably in trials on only a few hundred 
patients, such as our own and previous studies, particularly when subset analyses are done. 
Consequently, one would expect that different trials of the same treatments might yield 
apparently different answers. Joint examination of our results and those of the NSABP 
does not necessarily indicate that melphalan works better in their hands than in ours, but 
rather that the overall evidence from the two studies suggests a slight difference in RFS but 
little difference in overall survival. 
The preliminary results of the Milan trial demonstrated a significant improvement in RFS 
for patients treated with CMF compared with controls [2]. The improvement was seen 
initially in premenopausal and postmenopausal patients and in those with 1-3 and 
also 4+ nodes involved. The advantage in the postmenopausal group later disappeared, 
but after 8 years there remains an overall advantage in RFS for CMF-treated patients 
confined to premenopausal patients and those with 1-3 nodes involved [8]. Our results 
evolved in a similar manner to those from Milan. At an early stage there was a highly 
significant advantage in RFS for CMF-treated patients overall and for all subgroups [9]. 
Subsequently, although there is an overall treatment advantage it is no longer 
significant in the postmenopausal group of patients. The median follow-up period in our 
study is 33 months. It remains to be seen whether differences in RFS continue to be sig­
nificant after a longer period of follow-up. At present it appears that CMF significantly 
delays relapse. 
Both melphalan and CMF tended to reduce the number of first relapses in locoregional 
sites but had no effect upon distant relapses. A similar trend was seen when the sites of first 
and subsequent relapses were assessed. This contrasts with the Milan experience where a 
reduction in distant relapses was also found. 
There was no difference in overall survival between the control group patients receiving 
adjuvant melphalan or adjuvant CMF. This is true for the pre- and postmenopausal groups 
of patients. In the Milan study there was no difference in overall survival for the whole 
group though premenopausal patients treated with CMF have consistently had a 
significantly improved survival compared with controls [2, 8]. Although RFS may give a 

'preliminary indication of the results of adjuvant chemotherapy, the true efficacy of such 
treatment must ultimately be measured in terms of survival. It is possible that adjuvant 
chemotherapy compromises the effective use of chemotherapy for subsequent advanced 
disease, since the advantage of an increased RFS is lost when we look at survival. This 
study, therefore, fails to confirm the survival adavantage for premenopausal CMF-treated 
patients seen in the Milan trial. 
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In this study, CMF delays relapse in premenopausal women only. It is possible that this 
effect is produced by a chemical castration, since patients who developed CMF-induced 
amenorrhoea had a significantly longer RFS compared with controls, whereas RFS in those 
without amenorrhoea did not differ significantly from the controls. A trend towards longer 
DFS in patients with CMF-induced amenorrhoea was also seen in the Milan trial. In 
addition, when the relationship of RFS to receptor status was considered, CMF was found 
to delay relapse in the subgroup of premenopausal patients whose primary tumour 
contained measurable progesterone receptors: a group that would be expected to have a 
high probability of response to hormone therapy if they developed recurrent disease. 
However, the number of patients in each subgroup according to receptor status is small, and 
these findings must be treated with caution. 
The protocol dose of CMF was reduced to 80% of the Milan dose because this was 
approximately what was administered in later cycles in that study [2]. However, despite this 
initial reduction, further reductions were necessary, mainly because of haematological 
toxicity. In contradistinction to the Milan study, improvement in RFS was not related to 
the dose of CMF administered [10]. In the melphalan study, reported here, there was a 
trend for patients who had dosage reduction to have longer RFS. It is of interest that a 
significant dose-response effect was not seen when the Milan group used 6 cycles of CMF 
[11]. A positive dose-response effect, if found, must be treated with caution in 
retrospective analyses, since compliant patients may be the ones able to tolerate high doses 
and may have longer DFS for reasons other than response to chemotherapy. It is known 
that patients on full-dose placebo live longer than those who require placebo dosage 
reduction. 
The psychological, physical, and haematological toxicity of CMF was considerable [7]. 
More than half the patients had marked anxiety or depression, virtually all had some 
degree of physical toxicity and mild bone marrow depression was common. The 
development of acute myeloid leukaemia in a CMF-treated patient so early in the follow-up 
period (3 years) may have been purely coincidental, but it is of interest that the majority of 
patients tested had evidence of subclinical bone marrow depression as judged by normal or 
near-normal peripheral blood counts in association with reduced bone marrow colo­
ny-forming units 5-36 months after the completion of CMF treatment [12]. Long-term 
follow-up of all patients in adjuvant trials is mandatory. 
The benefit of CMF to a limited proportion of treated patients must be weighed against the 
harm and inconvenience to those who would otherwise have been cured by operation alone 
and also to those whose tumours were not actually affected by the drugs used. If adjuvant 
chemotherapy results in a pronounced increase in the cure rate of breast cancer, then this 
toxicity is justifiable. However, our early results indicate a need for caution before 
advocating the widespread use of CMF as an adjuvant treatment for breast cancer. 
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Introduction 

Since medium- to long-term survival expectancy, and thus mortality, for patients with 
operable breast cancer have remained essentially unchanged during the past 40-50 years in 
most countries, increasing numbers of clinical adjuvant studies have emerged during the 
past decade (reviewed in [3, 16]), prompted particularly by early optimistic reports from 
the NSABP and Milan groups [1, 5]. Most such investigations included only node-positive 
(N+) patients. We, however, felt the need to also incorporate (on a stratified basis) 
histologically node-negative (N -) women for the following three reasons: (1) our 
observation of a lower regional relapse-free survival (RFS) and overall survival (OAS) in 
N- patients [14] than is usually cited in the literature; (2) our assumption that N- patients 
with truly "minimal postoperative tumor cell burden" would constitute an ideal and 
completely curable population to test the present concept of adjuvant systemic 
chemotherapy, since to date at least 25%-30% of N- patients present recurrent, mostly 
incurable disease within 8-10 years of mastectomy; (3) our choice of a well-tolerated 
adjuvant regimen without the potential of hair-loss or significant gastrointestinal upset. 
Immunostimulation with bacillus Calmette-Guerin (BCG) was added to the chemotherapy 
(leukeran, methotrexate, fluorouracil - CMF) based on earlier claims that this treatment 
would "counter-balance" immunodepressive effects of cytotoxic treatment and potentially 
prolong RFS and/or ~AS. 
The present paper reports 8-year results (median duration of follow-up) of our study, 
OSAKO 06/74, which accepted its first patients exactly 10 years ago. 

Patients and Study Design 

Between 1974 and 1977, a total of 254 patients with stages TI- 3a, NO-I, Mo operable breast 
cancer have been randomized to either surgery alone (modified radical mastectomy 
without adjuvant radiotherapy) or the same type of surgery + 6 cycles of oral LMF, 
followed by monthly skin scarifications with Glaxo-strain BCG up to relapse or 2 years. 
The details of study design, patient selection, and follow-up program have been reported 
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Table 1. Distribution of prognostic factors of 240 evaluable patients in adjuvant study OSAKO 06174 
(only general nodal status [N-, N+J was stratified prior to randomization in both treatments) 

(Sub)group All patients Surgical controls Surgery and LMF/BCG 

N- and N+ (all) 240 123 117 
N- 122 65 57 
N+ 118 58 60 
N+ (1-3) 80 38 42 
N+ (~ 4) 38 20 18 
T l - 2a 218 112 106 
T3a 22 11 11 
Pre- and perimenopausal 126 63 63 
Postmenopausal 114 60 54 

Median age at surgery (years) 55.3 56.7 53.0 

several times before [12-15]. No hormone receptor data were available during the years of 
patient accrual. 
At the time of the 8-year analysis in January 1984, 240 of 254 randomized patients (= 94% ) 
were fully evaluable. The two treatment groups were well balanced, regarding known risk 
factors (excluding hormone receptors) as shown in Table 1. 

Results at 8 Years Mediau Follow-up 

Eight-year results will be presented graphically for RFS and OAS in the whole patient 
population (N - and N + ) as well as in the most important menopausal and nodal subgroups 
(N-, N+). Note that in contrast to the basic nodal status (N-, N+), menopausal status 
and nodal substatus were not stratified prior to randomization for surgery alone or surgery 
+ LMF/BCG, thus limiting statistical conclusions and cross-study comparisons in these 
patient subgroups. 
Figure la, b demonstrates a clear-cut distinction in RFS as well as OAS between our N­
and N + global study-patient population (both treatment regimens combined). This 
statistically highly evident difference is not seen by comparing pre- and postmenopausal 
women in our combined N+/N- study population (Fig.2a, b). In this respect 
"premenopausal" patients included also perimenopausal women (up to 5 years after last 
menses or 55 years of age). 
Figure 3a shows a prolonged and still significant increase of RFS for patients treated with 
LMF/BCG. This advantage no longer transforms into a significantly elevated OAS at 
8 years (Fig. 3b), while it did up to the 7th year [14, 15]. 
This trend may however change significance again as follow-up goes on, since to date only 
half of the patients have reached the 8-year follow-up. 
Figure 4a, b discloses significantly better RFS and borderline significantly higher OAS of 
postmenopausal patients, treated with LMF/BCG compared with the entire patient 
population. The gains of + 14% in RFS and of + 11 % in OAS are remarkable. 
Figure 5a shows the evolution of the difference in RFS in both treatment groups of N­
patients. Following an impressive divergence of the curves in favor of LMF/BCG-treated 
patients during the first 4 years, this difference vanished at 5-6 years. The difference in 
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Fig. la, b. Prognostic influence of initial nodal status in OSAKO Study 06174, all patients and both 
treatment arms combined. a Relapse-free survival; b overall survival 

RFS for LMF/BCG (68.4%) and surgical controls (62.1%) is far from significant (P = 

0.28). Interestingly enough, the ~AS gain for N- patients with LMF/BCG continues, 
although there is a tendency towards merging of the curves at 8 years (84.2% vs 69.2%, P = 

0.07). The median annual patient death rate of 3.2% in surgical controls has been reduced 
to 1.7% in LMF/BCG-treated patients. 
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Fig. 2a, b. Missing prognostic influence of menopausal status at surgery in OSAKO-Study 06/74. 
a Relapse-free survival; b overall survival 

In N+ patients, showing no benefit with LMF + BCG during the first 3 years, a persistent 
and rather increasing difference in RFS in favor of the LMF/BCG-treated women was 
emerging after the fourth year as demonstrated in Fig. 6a (40.0% vs 22.4%, P = 0.05). 
However, this late benefit in RFS at no time translated into increased OAS, with a median 
annual death rate of 6.3% in both treatments arms (Fig. 6b). All favorable effects of LMF 
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Fig. 3a, b. Results of LMF + BeG in OSAKa-Study 06/74, all patients. a Relapse-free survival; 
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+ BeG in node-positive patients were seen in women with 1-3 positive axillary nodes. 
Virtually no differences between the two treatment regimens were observed for RFS and 
OAS in highest-risk women with four or more positive nodes (P = 0.94 for RFS and 0.98 
for ~AS). 
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Fig. 4a, b. Results of LMF + BCG in OSAKO-Study 06/74, all postmenopausal patients. 
a Relapse-free survival; b overall survival 

There was a strong indication in N - (concerning OAS) as well as N + patients (regarding 
RFS), that postmenopausal benefited more than premenopausal women from LMF + 
BeG. But we resist presenting these data in detail, due to the small patient numbers in 
these nonstratified subgroups. 
Figure 7 gives at least suggestive evidence that full total dose (greater than 90% ) during the 
6 cycles of LMF positively affected OAS (74% vs 60%, P = 0.08). However, the two 
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Fig. Sa, b. Results of LMF + BeG in OSAKO-Study 06174, all node-negative patients. a Relapse­
free survival; b overall survival 

groups of treatment intensity are very imbalanced numerically, with 75% of patients 
completing 6 cycles of oral LMF with total drug doses of ;:: 90% (due to excellent drug 
tolerance) [14]. 
Immediate toxicity due to LMF + BCG was low, compared with other adjuvant regimens 
such as CMF, CMFVP, or adriamycin-containing combinations. There was usually mild GI 
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upset (in 28% of patients), but no hair-loss [12, 14]. No indication of late toxicity was 
observed up to 8 years, especially no increase of second tumors [8]. Two cases of acute 
leukemia (one combined with a colorectal carcinoma) were observed in the surgical control 
arm, but none in patients treated with LMF + BeG. 
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Discussion 

As observed since the third year, patients treated with (oral) LMF + BCG continue to 
exhibit a marginal gain in RFS up to 8 years postmastectomy (medium follow-up). Due to a 
series of (partly nonneoplastic) late deaths in the LMF + BCG arm during the last year of 
observation, this RFS difference no longer expresses itself in an OAS gain, as observed up 
to the seventh year of follow-up. However, this might statistically change again in the 
future, since only half of the patients are presently at risk at 8 years and the survival curve 
of LMF + BCG-treated women has been constantly superior to the surgical controls since 
the fourth observation year. It should be kept in mind (also by some zealous critiques [11]), 
that the sequential statistical analysis of a clinical study is a dynamic process and not a final, 
irreversible verdict - at least as long as relapse or survival curves continue to separate and 
do not start to "criss-cross," as is the case for example, for OAS in our N + patient 
subgroup (Fig.6b). 
The nominal gain of + 10% RFS and of +7% OAS for LMF/BCG in the whole patient 
population at 8 years is not impressive. It is, however, a constant feature of our trial, that 
preferentially postmenopausal women seem to profit from adjuvant LMF + BCG. This is 
in contradiction to two studies with L-PAM and CMF [2,6], but is not at all unique. At least 
five current breast cancer trials show postmenopausal women benefiting from adjuvant 
chemo(hormono)therapy either to the same extent or even more than younger patients [3, 
13, 16]. The discordance of therapeutic effect when making a cross-study comparison 
between the results reported for the Milan CMF trial and our LMFIBCG-OSAKO program 
does not constitute a scientific basis for drawing final conclusions about "inefficiency" of 
CMF in postmenopausal women and of (oral) LMF in premenopausal women [2, 15]. This 
can be ascertained only by making direct randomized comparisons of therapeutic effect and 
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toxicity of CMF vs LMF in both menopausal patient subgroups, as is currently being done 
for N+(1-3) women (SAKK-Study 27/82). 
Node-negative patients, treated with LMF + BCG experienced an impressive RFS 
increase during the first 4 years of observation. However, at 5 years of median follow-up, 
there was a strange accumulation of late relapses among LMF + BCG patients and a partial 
merging of the hitherto clearly separating curves. Whether this late drop in RFS features a 
biologic lesson on the limitations of our present concept of adjuvant chemotherapy, 
remains an open question. Regarding the moderate, nominal percentage gain in RFS (and 
OAS) through use of present adjuvant systemic therapy, the concept of late, repeated 
adjuvant consolidation treatments should be scientifically explored in advanced disease, as 
proposed by Plotkin and Wangh [10]. 
Interestingly enough, there has remained an OAS advantage for LMF/BCG-treated N­
patients since the third study year (Fig. 4b), possibly now disappearing at 8 years. Since 
there are equal and few death due to causes other than breast cancer, bne must conclude, 
that relapsing N - women with LMF + BCG pretreatment fare better and finally live 
longer than relapsing N - surgical-control patients. A detailed analysis of subsequent 
treatments and course of disease in all relapsing patients is presently in progress. No 
significant difference as to the distribution in site of first relapse was detected between N­
patients with or without LMF + BCG adjuvant therapy. 
Node-positive LMF + BCG patients continue to demonstrate a moderate, but still 
significant RFS gain, as reported since the fifth year of observation [14]. If analyzed in 
menopausal subgroups, this gain is nearly exclusively expressed in postmenopausal N+ 
women. Due to small patient numbers and nonstratification of menopausal status prior to 
randomization, we hesitate to attach too much importance to this menopausal subgroup 
discordance, as pointed out earlier. Despite the marginal gain in RFS, no OAS benefit was 
observed for N + women, treated with LMF + BCG (Fig. 6b), indicating that the course of 
relapsing disease in N + patients is not altered by prior LMF + BCG as seems to be ~he case 
in N- women. As seen in other CMF and L-PAM-type studies [3,12] all favorable effects 
of LMF + BCG in N+ patients were obtained in those with 1-3 positive axillary nodes, 
with virtually no effect on RFS and OAS in highest-risk women with N + ~ 4. 
There is strong disagreement among various groups and investigators as to the correlation 
of adjuvant drug doses received and prognosis. While Bonadonna et al. repeatedly 
demonstrated a statistically significant influence of ~ 85% CMF on RFS and OAS after 5 
and now 9 years of follow-up [2], Fisher and NSABP investigators using various analytical 
methods [6] are not able to find such a correlation. In our OSAKO 06174 study there is at 
least suggestive evidence that full dose (:::::; 90%) of LMF for 6 cycles positively affected 
OAS at 8 years. Again, one must caution against overinterpretation of data, since these 
comparisons are retrospective and have never been answered in a prospective study. 
However, dose remains a critical factor in cancer chemotherapy [7]. 
It is extremly difficult to assess the potential impact of the nonspecific influence of 
prolonged BCG skin scarifications in our adjuvant regime, since we lack randomized 
comparisons with either LMF p.o. or BCG alone. However, in a subsequent Swiss national 
study (SAKK27178), comparing 6 vs 18 cycles ofLMFp.o. without BCG, RFS and OAS of 
both regimens were slightly, but not statistically, worse than those of LMF + BCG-treated 
women in our OSAKO-study [9, 14]. This renders either a "positive" or "negative" 
influence of BCG rather unlikely. The same conclusion is reached by the Houston group, 
using adjuvant FAC + BCG [4]. 
There was no indication of any adverse long-term toxicity of LMF + BCG in our study 
population after a median follow-up of 8 years, especially no increase of second neoplasia 
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and of acute leukemia. This is in agreement with many other studies and will be dealt with 
elsewhere this book. It emphasizes that increased late toxicity data from other diseases and 
treatment schedules (such as, e.g., chemoradiotherapy of Hodgkin's disease) cannot 
simply be extended to intermittent adjuvant chemotherapy of other types of neopla­
sia. 

Conclusion 

On the basis of our present 8-year study data on 240 patients, we tentatively conclude: 
(1) LMF + BeG as given in our trial significantly increases RFS in the whole patient 
population as well as in N + women, especially those who are postmenopausal. (2) LMF + 
BeG marginally increases OAS in all postmenopausal patients and in N - women, possibly 
also in all those receiving ~ 90% of LMF. (3) The benefit for postmenopausal patients is a 
constant feature of this trial and cannot be explained by drug-dose calculations. (4) The 
moderate RFS gain for N+ patients does not transform into increased OAS, while the 
opposite seems to be the case for N- women. The differential behavior of relapsing N­
and N+ patients is as yet unexplained. It looks, however, as if OAS gain for N- patients 
could be fading after 7 years. (5) The nominal percentage gain of most-benefited subgroups 
(+18% RFS in N+ women, +15% OAS in N- patients) compares well with other 
"positive" adjuvant studies, although overall clinical gain is moderate and less than 
expected. (6) Subjective and objective toxicity of LMF x 6 p.o. (+ BeG) was well 
acceptable, and even at 8 years there is no evidence of an increase in second tumors in the 
adjuvant therapy arm. 
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Ludwig Breast Cancer Trial LBCS III: 
Chemo- and Endocrine Adjuvant Treatment 
in Postmenopausal Patients 

R. D. Gelber* 

Ludwig Institut fur Krebsforschung, Inselspital, 3010 Bern, Switzerland 

Introduction 

In 1978 the Ludwig Breast Cancer Study (LBCS) Group initiated four complementary 
randomized controlled clinical trials to evaluate adjuvant therapy in both pre- and 
postmenopausal patients with operable breast cancer and axillary lymph node involve­
ment. The trial in postmenopausal patients 65 years old or younger (LBCS III), in which 
the combination of endocrine therapy with multiple cytotoxic chemotherapy was compared 
with endocrine therapy alone and with no adjuvant treatment after mastectomy, is the 
subject of this report (Fig. 1). 

Materials and Methods 

Postmenopausal women, defined by menstrual history or by endocrine testing, who were 
65 years of age or less and who had histologically confirmed, noninflammatory, unilateral 
breast carcinoma with axillary lymph node metastases, were considered for eligibility in the 
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study. Treatment of the primary tumor was by total mastectomy and axillary clearance for 
disease staged according to the International TNM Classification as TlA or T lB, T2A or T2B, 
T3A, No or Nl (but with histologically proven axillary node metastasis); Mo. A chest 
radiograph and bone scan (with X-rays of "hot spots," if applicable) were required for 
exclusion of detectable metastatic disease. A peripheral WBC count of ~ 4,000/mm3, a 
platelet count of ~ 100,000/mm3, creatinine of < 130 /Aillol/l, bilirubin < 20 flmol/l, and 
SOOT of < 60 IV were also required. 
The combination of chemotherapy and endocrine therapy [cyclophosphamide, metho­
trexate, 5-fluorouracil, prednisone, and tamoxifen; CMFp + T (the use of the abbreviation 
p-rather than P-highlights the use of low-dose prednisone)] was compared with treatment 
by endocrine therapy (prednisone and tamoxifen; p + T), and with no adjuvant treatment, 
in 463 patients. 
From July 1, 1978 to August 31, 1981, stratification by participating clinic (see 
Appendix A), and randomization of patients were done centrally by the Study 
Coordination Center. 
Treatment was started within 6 weeks of surgery and continued through twelve 28-day 
cycles of chemoendocrine therapy or 12 months of endocrine therapy alone. Dosage was 
modified as follows: a full dose of CMF was administered to patients with WBC 
~ 4,000/mm3 and platelet count ~ 100,000/mm3. Fifty percent dose was given to those with 
WBC 2,500-3,999/mm3 and and/or platelet count ~ 50,000/mm3 but below 100,000/mm3. 
CMF was not administered if blood counts were below these levels. Criteria were also 
established for prospective dosage modification due to extreme hematological toxicity, 
mucositis, and cystitis. 
The participating laboratories adopted standardized methods for estrogen receptor (ER) 
and progesterone receptor assays of primary tumor following individual laboratory 
assessment of standards provided by the coordinating laboratory. ER results of ~ 10 
fmol/mg cytosol protein were considered positive and values below this as negative. ER 
results were available for 51 % of the patients. 
Clinical, hematological, and biochemical assessment of each patient was required every 3 
months for 2 years and thereafter every 6 months until death. Chest X-rays and bone scans 
were required every 6 months. After 2 years a bone scan was required once yearly. All 

Table 1. Patient entry and characteristics 

CMFp+T p+T Observation Total 

No. randomized patients 171 164 168 503 

No. evaluable patients 
(% of total 154 (90%) 153 (93%) 156 (93%) 463 (92%) 

Median age 60 59 59 59 
(range) (45-65) (45-65) (40-65) (40-65) 

Nodal status 
N+ 1-3 58% 54% 56% 56% 
N+ 4 42% 46% 44% 44% 

ER status 
ER+ 38% 29% 34% 33% 
ER- 12% 20% 21% 18% 
ER unknown 50% 51% 45% 49% 
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study records (on-study, treatment, toxicity, and recurrence) were reviewed centrally by 
the study coordinator. In addition, there was central data management review of all records 
during the course of the study. The time of relapse was defined as the time when recurrent 
disease was confirmed or was suspected and later confirmed. A total of 503 patients were 
randomized and 463 (92%) were evaluable for this report. Reasons for ineligibility and 
inevaluabilitywere: refusal oftreatment and follow-up (n = 5), primary stage T3A, (n = 5), 
randomization to the wrong study based on menopausal status or age (n = 8), previous or 
concurrent malignancy other than basal cell carcinoma of the skin or cervical carcinoma in 
situ (n = 5), inadequate surgery (n = 2), node-negative (n = 2), and inadequate renal 
function (n = 3). Ten additional patients entered from a noncompliant clinic were excluded 
from analysis on a decision made in November 1981. 
Table 1 summarizes the distribution of relevant patient characteristics for each therapy. 
The treatment groups were also well balanced for type of surgical procedure, tumor size, 
histological tumor type, and grade as determined by a central pathology review in 96% of 
evaluable cases. 

Statistical Methods 

This analysis utilized data available on all eligible patients as of October 1, 1983, with a 
median follow-up of 36 months. For the analysis of disease-free survival (DFS) , failure was 
defined as any recurrence, appearance of a second primary malignancy, or death, 
whichever occurred first. 
The Kaplan-Meier method [1] was used to estimate survival distributions for DFS and 
overall survival. The log-rank procedure [2] was utilized to assess the statistical significance 
of treatment differences between these survival distributions. Times were measured from 
the date of randomization. Tests of significance for treatment effects were carried out 
adjusting for prognostic factors (nodal status and ER status), using the Cox proportional 
hazard regression model [3]. 
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treatment. Patients who relapsed, 
developed second malignancies, or 
died without recurrence were 
considered as failures. Log-rank tests 
yielded P = 0.0001 for the three 
treatment comparisions, P = 0.0001 
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DFS was significantly increased for women who received CMFp + T as compared with 
those who received endocrine therapy (P = 0.02) or no adjuvant treatment (observation) 
after mastectomy (P < 0.0001). The estimated DFS curves are presented in Fig. 2. As 
shown in Table 2, DFS was longer for patients with ER + tumors who received CMFp + T 
(P = 0.01) or p + T (P = 0.03) than for the observation group. There was virtually no 
difference in DFS between patients with ER + tumors who received CMFp + T and those 
who received p + T (P = 0.86). 

Table 2. Three-year DFS and overall survival 

CMFp+T p+T Observation P 

DFS 
All Patients 67 ± 4 56 ± 4 39 ± 4 0.0001 

Nodal status 
N+ 1-3 76 ± 5 68 ± 5 49 ± 6 0.0008 
N+ 4 56 ± 7 43 ± 6 27 ± 6 0.0014 

ER status 
ER+" 70 ± 6 68 ± 7 43 ± 7 0.02 
ER-b 58 ± 15 35 ± 9 35 ± 9 0.12 
ER unknown 66 ± 6 58 ± 6 39 ± 6 0.0002 

Overall survival 75 ± 4 71 ± 4 79 ± 4 0.76 

Values derived using Kaplan-Meier method. For DFS, failure is defined as recurrence, second 
primary, or death, whichever occurred first 
" ER+: CMFp + T vs obs., P = 0.01; CMFp + T vs P + T, P = 0.86; p + T vs obs., P = 0.03 
b ER-: CMFp + T vs obs., P = 0.11; CMFp + T vs P + T, P = 0.03; p + T vs obs., P = 0.54 

Table 3. Site of first failure by treatment regimen 

Total patients 
Total failures 

First evidence of failure 

Mastectomy scar alone" 
Contralateral breast alone 
Other regional or local/regional without distant 
Distant or distant + other sites 
Second primary (not breast) 
Death without recurrence 

Figures in parentheses are deaths 

CMFp +T 

154 
48 (33) 

4 (2) 
1 
6 (1) 

27 (20) 
2 (2) 
8 

p+T Observation 

153 156 
66 (38) 93 (36) 

14 (7) 23 (4) 
1 1 

10 (6) 18 (3) 
37 (21) 48 (27) 

1 (1) 2 (1) 
3 1 

a Twenty of these patients (two CMFp + T, p + T, nine obs.) subsequently developed systemic 
failure 
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Table 4. Incidence of toxicity by treatment regimen (%) 

Side effect 

Leukopeniaa 

Thrombocytopeniaa 

Nausea, vomiting, xerostomia, anorexia, 
epigastric pain 
Diarrhea 
Stomatitis, mucositis 
Conjunctivitis, keratitis 
Skin toxicity (rash) 
Alopecia (complete/incomplete) 
Hepatotoxicity 
Cystitis 
Thrombosis, thrombophlebitis, embolism 
Cushingoid, weight gain, edema 
Hot flashes, vaginal bleeding 
Hyperglycemia 
Neurological, depression, euphoria, etc. 
Infection 
Hemorrhage 

Reported worst degree 

CMFp + T 

Mild/mod 

76 
40 
77 

19 
28 
13 
3 

26/43 
1 

18 
6 

21 
9 

10 
15 
3 

7a 

Severe 

4 
7 
9 

a.7 
4 
1 
0.7 

0.7 
4 
a.7 
a.7 

3 
0.7 

22 

a Mild/moderate: WEC 3,999-1,OaO/mm3; platelets 99,999-50,aaO/mm3 
Severe: WBC < 1,000/mm3; plateles < 50,OaO/mm3 
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p+T 

Mild/mod Severe 

6 
3 

10 

1 

0.7 
5 

3 
17 
9 
4 
5 
3 

43 

0.7 
a.7 

a.7 

3 
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Analysis of sites of first failure showed a reduced number of all types of relapse (local, 
regional, and distant) in the CMFp + T group as compared with the p + T and mastectomy 
alone groups (Table 3). 
There are no significant differences in overall survival between treatment groups at this 
point in the study (Table 2, Fig. 3). 

Toxic Effects 

The frequency of severe hematological and nonhematological toxic effects (excluding 
alopecia) in patients who received CMFp + T (22%) was higher than the same grade of 
complications observed in patients who had p + T alone (4%; P < 0.0001) (Table 4). No 
fatalities were definitely attributable to treatment. Twelve patients died without 
recurrence, six of them within the first year. 

Discussion 

With a median follow-up of 36 months, our randomized controlled study showed a 
significant increase in DFS using a combination of chemoendocrine therapy given after 
mastectomy in postmenopausal patients aged::::; 65 years with histologically proven axillary 
lymph node metastases. This treatment advantage was noted for CMFp + T when 
compared with p + T or with mastectomy alone (Fig. 2, Table 2). Estimated failure rates at 
3 years were 33%, 44% (P = 0.02), and 61 % (P < 0.0001), respectively. 
The advantage of CMFp + T compared with mastectomy alone was consistently apparent 
within all major prognostic subgroups including those relating to ER status (Table 2). 
While CMFp + T may be superior to p + T for patients with ER - tumors, the outcome for 
these two treatments was virtually identical for patients with ER+ tumors. The 
chemoendocrine regimen continued to show significant superiority in an analysis 
controlling for prognostic factors. 
The marked reduction in the number of relapses following adjuvant treatment might have 
been expected to reduce the mortality rate in the treated population. However, to date, no 
difference in survival has been observed. This notable absence of survival advantage might 
be due either to insufficient duration of follow-up or to the different patterns of rei"apse 
after adjuvant therapy compared with relapses in patients without adjuvant therapy. 
In the Milan study [4], in which CMF was compared with mastectomy alone, the estimated 
3-year relapse-free survival (RFS) rates for postmenopausal patients did not differ 
significantly (64% with CMF and 60% with mastectomy alone). In our study DFS rather 
than RFS was used as a measure of treatment outcome to avoid unduly optimistic 
interpretation of early results. For purposes of comparability, the 3-year RFS probabilities 
in our study were as follows: 72% CMFp + T, 59% P + T, 40% observation. The marked 
difference in the natural histories of patients in the control groups in the Ludwig and Milan 
trials emphasizes the value of including a concurrent randomized control group in clinical 
trials designed to compare adjuvant treatments for breast cancer. This will continue to be 
true as long as the magnitude of expected treatment differences remains in the 10%-20% 
range observed to date. 
Although no overall survival benefit has been demonstrated, the advantage of the CMFp 
+ T regimen must be measured in terms of control of disease in local and regional as well as 
distant sites. 
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Introduction 

Adjuvant chemotherapy of postmenopausal axillary node-positive women with breast 
carcinoma in 1977 suggested a disease-free survival benefit but no overall survival benefit 
with cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) [1]. In advanced disease 
the subsequently reported results with CMF + prednisone (CMFP) were superior to CMF 
[2] and the addition of tamoxifen to a chemotherapy regimen appeared to enhance 
effectiveness [3]. Accordingly, in 1977 the Eastern Cooperative Oncology Group (ECOG) 
designed an adjuvant trial for axillary node-positive postmenopausal patients to compare 
observation with 1 year of postoperative therapy with CMFP of CMFP + tamoxifen 
(CMFPT). The current results from this trial are presented. 

Methods 

Women < 66 years of age and with a histopathologic diagnosis of breast carcinoma 
confined to the breast and ipsilateral axillary nodes were considered for study. Eligibility 
details were similar to those of a previous trial [4] except that an estrogen receptor (ER) 
analysis and a negative bone scan were required. Randomization was performed and 
treatment initiated within 10 weeks of radical or modified radical mastectomy. No 
additional systemic antitumor therapy or radiotherapy was allowed. Postmenopausal status 
was defined as no menses within the 12 months prior to diagnosis or age 2: 52 years in the 
case of prior hysterectomy. Absence of systemic disease was demonstrated by normal liver 
and renal function tests and chest X-ray, history, and physical examination in addition to 
the bone scan. Surgically free margins - as judged by the original pathologist and by a 
central pathology review - were required. 
Randomization was by permuted blocks within strata designed by a central office for North 
American patients. Patients were stratified by axillary nodal status, 1-3 and 2: 4 nodes 
involved, and ER status, negative or positive (2: 10 fm/mg cytosol protein was defined as 
positive). 
Treatment assignments were (1) no adjuvant therapy, (2) CMFP, and (3) CMFPT. 

* For the Eastern Cooperative Oncology Group 
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Chemotherapy was repeated every 28 days for a total of 12 cycles beginning 2-10 weeks 
postoperatively. The drug schedules for each cycle were cyclophosphamide 100 mg/m2 

orally days 1 through 14, methotrexate 40 mg/m2 i.v. days 1 and 8, S-fluorouracil600 mg/m2 

i.v. days 1 and 8, prednisone 40 mg/m2 orally days 1 through 14, and tamoxifen 10 mg orally 
twice daily throughout each treatment cycle. The lesser of the ideal and actual body weights 
was used for dosage calculations. Standard toxicity-related dosage modifications were 
used. Hematologic toxicity led to a CMF reduction of SO% for WBC 2,SOO-4,000/mm3 or 
platelets 7S,000-100,000/mm3. A delay of day 1 therapy for up to 2 weeks was allowed to 
enable full dosage administration. If the WBC was < 2,SOO/mm3 or the platelets were 
< 7S,000/mm3 on day 1, therapy was delayed; if on day 8, CMF was omitted. The protocol 
allowed a 2S% reduction in CMF dosage in subsequent cycles if WBC count fell to 
< 2,000/mm3 or the platelet count to < 7S,000/mm3. 
Follow-up consisted of history, physical examination, and blood chemistry values every 3 
months, chest X-rays every 6 months, bone scans at 6 and 12 months and then yearly, and 
mammograms yearly. Toxicity was assessed using standard ECOG criteria [S]. Relapse was 
based upon "acceptable evidence" as defined elsewhere [6]. 
The method of Kaplan and Meier [7] was used to estimate time to relapse and survival from 
the date of randomization. The crude relationships of treatment or other patient 
characteristics with time to relapse or survival were analyzed using the log-rank test [8]. A 
proportional hazards model [9] was used to analyze these relationships while adjusting 
simultaneously for other patient characteristics. Associations of endpoints having ordered 
categories with treatment were evaluated using an exact test [10]. The associations of 
relpase sites with treatment were evaluated using Fisher's exact test [11]. All P values are 
based on two-sided alternatives and are considered "significant" if ::;: O.OS. 

Results 

There were 26S patients randomized between March 1978 and July 1981. There were 
insufficient data for evaluation of nine cases, and 32 cases were ineligible. The major 
analysis was performed upon the remaining 224 cases although the results of separate 
analyses including all randomized cases were similar. Table 1 lists selected patient 
characteristics. The regimens were well balanced with respect to these and other variables. 
Minor imbalances were controlled for in the analyses. The median follow-up is 44 months, 
with 48% having relapsed and 22% having died. 
The overall comparisons of time to relapse (TTR) revealed a significant advantage for 
systemic therapy in year 1 (P < 0.001), but this had diminished by years 3 and 4 (P = 0.09) 
(Fig. 1). A similar benefit from systemic therapy was observed in all subgroups during the 
first year. Survival was not different for any treatment approach (Fig. 2). TTR was 
significantly better for patients with 1-3 nodes involved compared with> 3 nodes involved 
(P = 0.04), tumor size < 3 cm compared with 2: 3 cm (P = 0.003) and for ER+ compared 
with ER- patients (P = 0.04). This latter difference was significant only for the 
observation group (P = 0.001). There was a significant ER and treatment interaction, 
demonstrating no treatment difference among ER + patients but a significant advantage for 
treatment in ER- patients (P = 0.006) (Table 2, Fig. 3). Within these subgroups only the 
TTR advantage of 1-3 node-positive and ER + disease extended to survival (P = 0.02 and 
0.004, respectively). 
There were no difference between the regimens with respect to sites of first recurrence 
(Table 3). The majority of the first recurrences were distant metastases. 
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Table 1. Patient characteristics 

Characteristic 

Nodes examineda 
Nodes positivea 
Tumor size (cm)a 
Age (years)a 
Days surgery to Rxa 
% ER+ 

a Median 

100 
8 

... 
---

6· 
>-
~ 

...J 4 .... 
CD 
< 
CD 
0 
a:: 2 
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10- 1 
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MONTHS 

Observation CMFP 

14 14 
3 4 
2.8 3.0 

57 58 
35 

61 63 

" 

40 50 60 
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-- CMFP 36 37 73 36.5 --- CMFPT 42 27 69 UNDEF - - OBS 38 44 82 36.0 
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CMFPT Total 

18 15 
3 3 
2.5 2.8 

57 57 
34 35 
65 63 

Fig. 1. Time to relapse for all evaluable patients on each regimen; P = 0.09 
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Fig. 2. Survival for all evaluable patients on each regimen 
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Table 2. ER and treatment interaction 

ER status Disease free at 4 years (%) 

Negative 

Positive 

Observation 

16 

54 

CMFP 

41 

45 

Table 3. Sites of first recurrence by treatment regimen 

Observation CMFP 

Local only 12 10 
Regional only 6 4 
Local + regional 1 1 
Distant only 29 30 
Local + distant 5 4 
Regional + distant 1 
Local + regional + distant 

Local ± regional only 20 15 
Distant ± locaVregional 34 36 

CMFPT 

53 

55 

CMFPT 

7 
4 

26 
1 

12 
28 

113 

Total 

10 
5 
1 

29 
4 
0.4 

16 
32 

Local refers to the area bounded by the sternal midline, clavicle, posterior lateral edge of the 
latissimus dorsi and costal margin; regional includes the internal mammary, supraclavicular, and 
axillary area; all other sites are considered distant. Included are 44 relapses on observation, 37 on 
CMFP, and 27 on CMFPT. Values are percentages of evaluable patients 

100 
8 , , 
6 "' >-..... 

....I 4 , 
CD 
< 
CD 
0 \ 
a:: 2 \ Q.. 

10- 1 
0 10 20 30 40 50 60 

MONTHS 

TREATMENT NED RLPS TOTAL MEDIAN 
CMFP 13 14 27 39.5 

- - - CMFPT 14 10 24 UNDEF 
- - OSS 7 25 32 19.8 

Fig. 3. Time to relapse for patients on each regimen with ER- tumors; P = 0.006 
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Table 4. Major side effects with CMFP and CMFPT (%) 

Events 

Nausea and emesis requiring support 
ClinicaUdocumented sepsis 
Neurologic ~ Rx modification 
WBC < 2,0001< 1,000/mm3 
Platelets < 50,000/mm3 
Thrombophlebitis peripheraUdeep vein 
Peripheral edema 
Cushingoid changes 
Musculoskeletal pain 
Weight gain> 20% 
Hot flashes 

" Overall, P = 0.01; deep vein only, P = 0.07 

CMFP 

4 
5/1 
6 

2217 
7 
114 

26 
22 
18 
12 
12 
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CMFPT 

6 
4/1 
7 

19/6 
7 
6113" 

25 
12 
23 
9 

18 

The side effects associated with the two systemic therapy regimens were compared. Table 4 
shows that the incidence of clinically significant events was similar for both regimens except 
that thrombotic events were significantly greater with the addition of tamoxifen. 

Discussion 

The present trial is similar to the Milan CMF vs observation trial in demonstrating a 
significant advantage of systemic chemotherapy only during the first 1-2 years [1]. As with 
the previous trial there is no survival advantage. However, the availability of ER analyses 
in the current trial enabled an evaluation of the impact of this variable upon and results. 
The observation group supports previous data [12, 13] demonstrating an advantage for 
patients with ER + tumors. The introduction of systemic therapy to patients with ER­
disease converted their TIR prognosis to that of ER + untreated patients resulting in a 
significant advantage at the present time. Further follow-up will be required to assess 
whether or not this advantage will extend to survival. 
The reason for this selective advantage in ER - patients is not known. It can be 
hypothesized that holding the ER + cohorts in G 1 by the hormonal agents results in a higher 
porportion of ER - cells entering the proliferative pool and being reduced by 
chemotherapy, resulting in a more prolonged TIR. This explanation would be consonant 
with the proposed lower proliferative activity of ER + cells [14] and the G1 block produced 
by hormonal agents [15, 16]. Further follow-up and attention to cell population changes 
will be needed to verify or refute this hypothesis. 
The present study supports other trials in showing the prognostic impact of nodal status [1, 
4,17], tumor size [1, 4,17], andERstatus [17,18] upon TIR, and nodal status [17] andER 
status [17, 18] upon survival. 
Side effects with CMFP and CMFPT were similar to those from previous studies of 
advanced disease, with the exception that the addition of tamoxifen to CMFP in these 
postmenopausal patients resulted in a higher incidence of thrombotic events. This has not 
been observed in premenopausal patients. Although thrombotic events must be considered 
when using the drug, it is possible that it was an artifact of multiple statistical 
analyses. 
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In summary, the present trial suggests an early advantage to systemic therapy in 
node-positive postmenopausal patients. The failure to sustain this advantage to survival 
suggests that the cell kill achieved is insufficient, although long-term survival differences 
could yet emerge. The apparant greater advantage of systemic therapy in ER- patients 
compared with ER + patients raises hypothetical possibilities that need to be addressed in 
future studies. 
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Introduction 

At the annual meeting of the Danish Surgical Society in December 1975, a task force was 
set up to nationally coordinate the new principles of systemic therapy of breast cancer. 
Over the following 2 years the structure of the Danish Breast Cancer Cooperative Group 
(DBCG) was organized and in 1977 the first clinical program, DBCG-77, was activated 
[1, 8]. This paper will briefly review the present status of this program. 

Clinical Study Design 

Surgery 

The primary surgical treatment is total mastectomy and partial axillary dissection [5]. 
Detailed surgical instructions are distributed to all 80 participating surgical depart­
ments. 

Pathology 

The examination of the pathological specimen has been standardized at the 28 participating 
departments of pathology. The microscopic examination includes evaluation of degree of 
anaplasia and tumor classification according to WHO [15], and evaluation of several other 
pathological factors. 

Receptor Studies 

Estrogen (ER) and progesterone (PgR) receptors are measured in a single laboratory 
according to the methods recommended by the EORTC [7]. Continuous quality-control 
studies of steroid receptor assay methods are performed in collaboration with other 
European laboratories in the EORTC [9]. 
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Patient Allocation 

Patients are allocated one of two groups: Group I includes patients with tumors 
peroperatively estimated to be ~ 5 cm in diameter and without histologically demonstrable 
invasion of skin or deep resection line and without demonstrable spread to axillary lymph 
nodes. Group II includes patients with tumors > 5 cm or with invasion of skin or deep 
resection line or with positive axillary lymph nodes. 

Postoperative Radiotherapy 

Patients in group I are not given postoperative radiotherapy. 
All group II patients receive postoperative radiotherapy to the supraclavicular and axillary 
lymph nodes and to the mastectomy area at a dose equivalent to 1,335 rets. The 
radiotherapy is administered by the five radium centers or by the eight radiological 
departments of major county hospitals. With the available capacity for various radiation 
qualities, about 80% of the patients receive high voltage treatment, while the remainder 
receive orthovoltage radiotherapy. The radiotherapy is standardized according to a 
protocol with description of field positions, field sizes, absorbed dose to target areas, and 
fractionation. 

Adjuvant Systemic Treatment 

Patients in group I (Table 1) are observed after operative treatment (protocol 
DBCG-77-1a). The follow-up of these patients is undertaken by 5 radium centers, 38 
surgical departments, and by 5 medical departments. 
Group II (Table 1) is divided into two s\lbgroups, with premenopausal and perimenopausal 
patients in one and postmenopausal patients in the other. A woman is defined as being 
postmenopausal when menostasia has persisted for at least 5 years. In the former subgroup 
the effect of adjuvant treatment for 1 year with levamisole or cyclophosphamide (C) alone 
or cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) is evaluated and compared 
with no adjuvant therapy (protocol DBCG-77-1b). In the postmenopausal subgroup the 

Table 1. DBCG-77 program: protocols 

Menopausal Adjuvant 
treatment 

Risk group Group Protocol 

Low risk Pre + post DBCG 77-la None 

~RT II High risk Pre DBCG 77-lb RT+L 
RT+C 
RT+ CMF 

ITRT II High risk Post DCCG 77-1c RT+L 
RT+T 
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effect of a I-year treatment with levamisole or tamoxifen is compared with no adjuvant 
therapy (protocol DBCG-77-1c). 
The dose of levamisole was 2.5 mg per kg body weight given for 2 consecutive days and 
repeated weekly. Each cycle of C consisted of 130 mg/m2 p.o. days 1-14, every 4 weeks for 
12 cycles. Each cycle of CMF consisted of C 80 mg/m2 p.o. days 1-14, M 30 mg/m2 i.v. days 
1 and 8, and F 500 mg/m2 i.v. days 1 and 8, every 4 weeks for 12 cycles. Tamoxifen was 
administered continuously at a daily dose of 10 mg x 3. 
The systemic treatment and follow-up of these group II patients has also been carried out at 
the five radium centers in collaboration with eight radiological departments and 14 medical 
departments in major county hospitals. 

Program of Clinical Examinations 

Physical examinations, laboratory tests, chest X-rays, and bone scintigraphy or bone 
X-rays were done before entry to the study and at regular intervals thereafter as described 
in detail elsewhere [1]. 
A patient may enter a protocol only if these examinations reveal no indications of 
disseminated disease. The diagnosis of recurrence is based on clinical and/or roentgen­
ological criteria and, if possible, is histologically verified. An abnormal bone scintigraphy 
must be verified roentgenologically to be diagnosed as bone metastases. The diagnosis of 
liver metastases requires palpable enlargement of the liver or a diagnosis by CT scanning or 
ultrasound scanning. 

Data Management 

All relevant data are registered in the DBCG secretariat, where they are checked, stored, 
processed, and analyzed by computer. 
In the present studies patient entry has been from August 1977 to November 1982. The 
results in the present report were evaluated as of November 1983. Life-table analysis has 
been performed on all data. The rates of recurrence given all derived from these analyses. 
The log-rank test was used to evaluate recurrence rates. Levels of significance are 
represented by P values for a two-tailed test. 

Results 

Quantitative Aspects 

Since 1978, the annual number of patients registered in DBCG has been close to 2,000. 
Two small counties did not participate. From the other counties this patient entry 
represents 99% of all new breast cancer cases. 
A total of 9,844 patients have been registered in the DBCG-77 program. Thirty-seven 
percent of the patients did not enter the protocols and, as can be seen in Table 2, this is due 
to accepted criteria of exclusion in 92% of cases. A detailed analysis of this subject will be 
given elsewhere in connection with presentation of the specific protocols. 
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Table 2. Criteria of exclusion in the DBCG-77 protocols (%) 

According to protocol 
Incorrect operation 
Medical contraindication 
Previous breast cancer 
Metastases 
Other malignant disease 
Bilateral breast cancer 
Patient refusal 

Total 
Other (errors) 

Protocol DBCG-77-Ja 

25 
29 
11 
10 
7 
6 
4 

92 
8 

H. T. Mouridsen et al. 

Protocol DBCG-77-1a has been entered by 3,125 patients. At 5 years, 31 % of the patients 
have experienced recurrent disease and 16% have died. Details of this protocol will be 
presented elsewhere. 

Protocol DBCG-77-Jb 

Adjuvant levamisole treatment increased the early rate of recurrence compared with the 
control group, and for this reason entry to the levamisole arm was stopped in December 
1979 [3]. These results have been confirmed by later follow-up [6]. 
In the following only the two chemotherapy arms and the control group will be 
considered. 
The groups consisted of: 155 patients randomized to the radiotherapy (RT) arm, 421 to the 
RT + C arm, and 422 to the RT + CMF arm. The number of patients in the control arm is 
smaller than in the two chemotherapy arms because accrual to the control arm was stopped 
in January 1981 when it became evident that the chemotherapy patients had a significantly 
better prognosis. The median time of observation is 39 months in the RT arm and 27 
months for the other two arms. It appears from Fig. 1 that RFS is significantly superior in 
the two groups receiving chemotherapy but that there is no RFS difference between the C 
and CMF groups. Seventy-six recurrences were observed in the RT arm, of which 6 were 
local. In the RT + C arm and the RT + CMF arm, 59 and 76 recurrences respectively were 
observed, of which 14 and 4 were local. To date, no significant difference is observed in 
survival (RT vs RT + C, P = 0.52 and RT vs RT + CMF, P = 0.09). 
The RFS data have also been analyzed in relation to the number of positive lymph nodes 
and tumor size. As shown in Table 3, the effectiveness of chemotherapy at 4 years is 
significant in all groups except for the patients with more than four positive lymph nodes 
treated with C. The efficacy of chemotherapy was most pronounced in tumors between 
3 and 5 cm in diameter (Table 4). 
Physician compliance with the protocol was excellent, with close agreement between 
intended doses, with or without dose reduction due to toxicity, and doses given. As 
described in detail elsewhere [4], hematological toxicity was more severe with C than with 
CMF. The average given doses were 59% for C and 61% for CMF. Ony 47% of CMF 
patients received more than 75% of the scheduled dose in all 12 cycles, compared with 38% 
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Table 3. DBCG-77-1b: RFS in relation to number of positive nodes 

Treatment Number of nodes 

0-3 2:4 

RT RT+C RT+ CMF RT 

n 138 309 290 47 
RFS% 58 80 73 35 

P values 

RT vs RT + C 0.0001 
RT vs RT + CMF 0.0010 

n, number of patients at entry; RFS%, 4-year life-table analysis 

Table 4. DBCG-77-1b: RFS in relation to tumor size 

Treatment Tumor size 

<3 cm 3-5 em 

RT RT+C RT+CMF RT RT+C RT+CMF 

n 41 100 103 103 223 223 
RFS% 73 84 82 41 73 63 

P values 

RT vs 0.09 0.0001 
RT+C 
RT vs 0.19 0.0010 
RT+ CMF 

n, number of patients at entry; RFS%, 4-year life-table analysis 

3 

RT+C 

106 
45 

0.08 
0.01 

>5 cm 

4 5 Years 

17 RT 
34 RT +C 
33 RT+CMF 

RT+CMF 

123 
45 

RT RT+C CT+CMF 

38 89 85 
40 52 55 

0.56 

0.11 
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Table 5. DBCG-77-1b: RFS in relation to drug dose 

Drug dose Treatment 

C CMF 

<75% >75% <75% >75% 

n 
RFS% 

P 

264 
77 

0.52 

91 
78 

247 
72 

0.62 

103 
68 

n, number of patients having completed 12 courses of chemotherapy; 
RFS%, 4-year life-table analysis 
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Fig. 2a, b. DBCG-77-1b: RFS in 
relation to occurrence of menostatia 
in patients having completed 12 
cycles of chemotherapy: a RT + 
C; b RT + CMF 
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of C patients. Using 75% of the scheduled dose as limit, no significant relationship was 
observed between RFS and dose level, neither with C nor with CMF (Table 5). 
The frequency of nausea and vomiting was greater with CMF than with C, whereas 
alopecia occurred more often with C [4]. 
The incidence of amenorrhea rose steadily during the adjuvant therapy until at 12 months it 
occurred in 85% of patients treated with C and 81 % of those treated with CMF. When RFS 
was analyzed in relationship to occurrence of menostasia, it appeared that RFS was 
significantly higher in patients with this symptom treated with C, while no such relation was 
observed in patients treated with CMF (Fig. 2). 

Protocol DBCG-77-1c 

Clinical Data 

After mastectomy and postoperative radiotherapy, 827 patients were randomized to 
treatment with tamoxifen (T) for 1 year (RT + T) and 820 were randomized to no further 
therapy (RT). Overall RFS is shown in Fig. 3. Only 70 patients have been at risk for 5 
years, and the median time of observation is 25 months. The RFS after 5 years of life-table 
analysis is 48% in the RT + T group and 40% in the control group. This difference is 
significant (P = 0.013). The numbers of both local and distant metastases are reduced by 
systemic treatment with tamoxifen. In the RT group 235 recurrences were observed, of 
which 21 were local. The corresponding figures in the RT + T arm were 172 and 15, 
respectively. For the overall survival analysis a total of 107 patients have been observed 
for 5 years. Survival is 58% in the RT group and 62% in the RT + T group 
(P = 0.65). 
The RFS has also been analyzed in relation to age. The greatest difference in RFS 
according to decade of age was observed in the youngest group of postmenopausal patients, 
aged 50-59 years (Table 6). The trend in favor of the tamoxifen-treated group is less 
apparent in the groups of patients 60-69 and 70-79 years of age and does not reach 
significance in either of these two groups. 

Fig. 3. DBCG-77-1c: overall RFS 
in patients aged 50-79 years 

RFS% 
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50 

p=0013 

RT + T 

RT 
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o 
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12 24 36 48 60 Months 

35 RT 
35 RT + T 
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Table 6. DBCG-77-1c: RFS in relation to age 

Treatment Age (years) 

50-59 60-69 

RT RT + T RT RT + T 

n 179 190 383 387 
RFS% 45 58 54 57 

P 0.05 0.06 

n, number of patients at entry; RFS%, 4-year life-table analysis 

Table 7. DBCG-77-1c: RFS in relation to anaplasia grade 

Treatment Anaplasia grade 

I II 

RT RT + T RT RT + T 

n 211 199 383 386 
RFS% 59 72 46 53 

P 0.0004 0.12 

n, number of patients at entry; RFS%, 4-year life-table analysis 
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50 
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70-79 

RT RT + T 

258 250 
45 51 

0.65 

III 

RT RT + T 

119 127 
39 36 

0.2 

211 17 RT 
199 15 RT+T 

Fig. 4. DBCG-77-1c: RFS in relation 
to anaplasia degree I 

The RFS in relation to degree of anaplasia is shown in Fig. 4 and Table 7. The rate of 
recurrence is lower in grade I and II tumors for patients treated with tamoxifen, although 
the difference is significant only for patients with grade I tumors (P = 0.0004). 
Approximately 96% of the 410 patients with grade I tumors are ER +, and the difference in 
rate of recurrence in this group of patients is 13% at 4 years. 
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Table 8. DBCG-77-1c: RFS in relation to number of positive 
nodes 

Treatment Number of nodes 

0-3 2:4 

RT RT + T RT RT + T 

n 584 602 236 224 
RFS% 60 62 23 39 

P 0.37 0.002 

n, number of patients at entry; RFS%, 4-year life-table analysis 

Fig. 5. DBCG-77-1c: RFS in ER+ (2: 10 
fmoUmg protein) tumors 
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A trend towards lower recurrence rates in patients treated with tamoxifen is seen in those 
with tumors < 5 cm. Approximately 50% of the patients have tumors between 3 and 5 cm, 
and the difference in RFS at 5 years is 11% in favor of the tamoxifen-treated patients 
(P = 0.06). 
There is no difference in rate of recurrence between the two treatment groups for patients 
with 0-3 positive lymph nodes (Table 8), but in the group of patients with 4 or more 
positive nodes the difference in RFS is highly significant. 

ER Data 

A subset of approximately 17% of the patients in this study had ER determinations 
performed between September 1, 1979 and November 1, 1983. The median time of 
observation is 16 and 21 months in ER- and ER+ patients, respectively. Regardless of 
treatment the RFS in the ER + group is 73% compared with 35% in the ER - group after 2 
years of life-table analysis (P = 0.0001). Fig. 5 compares the RFS for the ER+ patients 
only in the two treatment groups. There is a trend for a higher RFS in the 



126 

Table 9. DBCG-77-1c: RFS in relation to ER content 

Treatment 

n 
RFS% 

p 

ER content (fmoUmg protein) 

<10 

RT 

33 
32 

RT + T 

27 
40 

0.62 

10-100 

RT 

43 
72 

RT + T 

43 
61 

0.17 

n, number of patients at entry; RFS%, 4-year life-table analysis 

H. T. Mouridsen et al. 

> 100 

RT 

70 
65 

RT + T 

76 
87 

0.007 

tamoxifen-treated patients, but the difference is nqt significant after 3 years of analysis. 
The RFS data have also been analyzed in relation to the concentration of ER protein in the 
primary tumors (Table 9). It appears, that while the prognosis is significantly better for 
patients with ER concentrations above 10 fmol/mg cytosol protein, a beneficial effect of 
tamoxifen treatment tan only be demonstrated in patients with an ER content of more than 
100 fmol/mg cytosol protein, whereas patients with levels between 10 and 100 fmol/mg have 
the same rate of recurrence irrespective of treatment. 

Discussiou 

The present study has confirmed the ability of CMF to increase RFS in premenopausal, 
high-risk, primary breast cancer patients. A similar effectiveness was demonstrated with 
single-agent therapy with intermittent cyclophosphamide. A number of other studies have 
compared multiple-drug therapy with single-agent therapy using L-PAM. All of these 
studies (for review see [10]) demonstrated the superiority of the multiple-drug regimes. 
However, the only published major trial with adjuvant cyclophosphamide treatment, the 
Scandinavian trial [11], also demonstrated that cyclophosphamide is active, although 
duration of treatment was very short. 
Conflicting studies have been reported concerning drug dose and drug-induced toxicity 
related to RFS [10]. In agreement with the majority of these studies, no relation was 
observed in this study between drug dose and RFS. These retrospective analyses, however, 
may be invalidated by factors unrelated to the dose level as such, and prospective trials are 
needed for conclusive evidence concerning this relation. 
It has been argued that some of the effects of adjuvant therapy given to premenopausal 
patients might be attributed to drug-induced ovarian suppression [10]. In the present study 
a significant relation between occurrence of menostasia was observed in patients treated 
with C but not in those treated with CMF. So far, this observation cannot be explained, and 
it should be emphasized that the number of patients who did not experience menostasia, 
was small. 
The main objective of the DBCG-77-1c trial was to define the value of adjuvant 
antiestrogen treatment in postmenopausal patients with high-risk primary breast cancer. In 
agreement with our previous findings [14], this update confirms that systemic treatment 
with tamoxifen significantly increases the RFS. Furthermore, there is a tendency toward an 
increased overall survival and there appears to be an equal reduction in the number of both 
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local and distant metastases. The increase in RFS is significant in women less than 70 years 
of age, in patients with four or more positive lymph nodes, and in patients with grade-I 
tumors. 
ER+ patients have a significantly better prognosis regardless of treatment when a cut-off 
limit of 10 fmol/mg cytosol protein is used. In the present study, this cut-off limit seems of 
little value in predicting the effect of antiestrogen treatment. However, a cut-off level of 
100 fmollmg cytosol protein identifies a subgroup of patients in whom tamoxifen treatment 
has a substantial impact on the RFS. 
Other adjuvant trials have evaluated the therapeutic effect of adjuvant tamoxifen 
treatment in postmenopausal patients [2, 12, 13, 16]. The mean follow-up time in most of 
these studies is short, but the results generally indicate that tamoxifen treatment delays 
recurrence in certain subgroups of patients. However, longer observation periods and 
more thorough analysis of the relationship between ER status and the outcome of 
tamoxifen treatment are needed. 
The present studies have demonstrated that adjuvant systemic therapy in high-risk breast 
cancer patients is active in increasing the recurrence-free .survival. However, this applies 
only to some subgroups of patients. Furthermore, the period of observation is still too short 
to evaluate the effect of adjuvant therapy on survival. For these reasons the ultimate role of 
adjuvant systemic therapy is still poorly defined. 
The experience with DBCG, so far, has demonstrated the feasibility of conducting 
nationwide trials of adjuvant therapy in primary breast cancer. Such studies in nons elected 
patient populations in close cooperation with basic research programs can hopefully 
improve our. knowledge of the natural history and biology of the disease and thus improve 
the rationale for selection of patients for the various therapies possible. 
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Introduction 

In January 1974, the Medical Breast Service at M.D. Anderson Hospital began 
investigation of a combination of fluorouracil, doxorubicin (adriamycin), and cyclophos­
phamide (FAC) as adjuvant therapy for stage II and III breast cancer. Earlier results of 
these studies have been published [1-3]. Here the results ofthe initial study are presented, 
with the median follow-up of FAC-treated patients being 85 months. As this is the first 
adjuvant program utilizing FAC with such long-term follow-up, it seemed important to 
review the results of stage II and III patients so treated. 

Materials and Methods 

Between January 1974 and April 1927, 222 patients with stage II, III, and IV (according to 
DICC classification criteria; IV included T4 or N3 patients) breast cancer were treated with 
FAC chemotherapy. In this trial all patients also received nonspecific immunotherapy with 
bacillus Calmette-Guerin (BCG). The details of the chemotherapy program have been 

Table 1. Pretreatment characteristics of FAC and control group 

Characteristics FAC (%) 

Total no. of patients 222 

Stage 
II 153 (69) 
III, IV 69 (31) 

No. of involved nodes 
1- 3 73 (33) 
4-10 93 (42) 
>10 56 (25) 

Age (years) 
<50 111 (50) 
2: 50 111 (50) 

Control (%) p 

186 

117 (63) 
69 (37) 

0.24 

71 (38) 
63 (34) 0.25 
52 (28) 

63 (34) 
123 (66) 

< 0.01 

Recent Results in Cancer Research. Vol. 96 
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previously reported [1]. All patients had received prior surgery and most also had 
irradiation before starting FAC chemotherapy. In terms of disease-free interval and 
survival, the FAC-treated patients were compared with a historical control group which 
included 186 patients with stage II or III breast cancer treated at M.D. Anderson Hospital 
between 1971 and 1973. The control patients were treated with surgery and irradiation but 
did not receive systemic therapy following primary treatment of breast cancer. The 
pretreatment characteristics of the FAC and control patients are shown in Table 1. These 
two groups were comparable for number of involved nodes and stage of disease; there was 
a significantly higher proportion of patients in the control group who were postmeno­
pausal. When calculating hazard ratio according to known prognostic factors, however, 
there was a similarity between the control and the FAC-treated groups. The detailed 
description of the hazard ratio has been previously published [1]. The calculation is based 
on a regression model which incorporates three factors determined to be the most 
predictive of disease-free interval at the time of entry into study in 1974-1977: number of 
involved nodes, stage, and menopausal status. Statistical methods used for analysis of this 
study have been previously published [1]. 

Results 

Ninety-four patients in the FAC group have developed recurrent disease at the median 
follow-up of 85 months. The estimated fraction of patients free of disease at 85 months was 
approximately 55% for the entire FAC-treated group as compared with 35% for the 
control group (Table 2). The difference in the overall distribution was highly statistically 
significant (P < 0.01). Only four patients have relapsed between 60 and 85 months. The 
fraction of stage II patients free of disease was 66% for the FAC-treated group and 38% for 

Table 2. Disease-free survival 

Characteristics stage Estimated at 7 years (%) P (two-tailed) 

FAC Control 

All patients 55 35 <0.01 
II 66 38 <0.01 
III, IV 38 25 0.02 

Stage II 
Age (years) 

<50 69 28 < 0.Q1 
2: 50 61 41 0.02 

Nodes 
1-3 70 43 0.01 
4-10 68 40 < 0.01 
>10 48 22 0.17 

Stage III and IV 
Age (years) 

<50 33 18 0.02 
2: 50 40 25 0.09 
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Table 3. Survival 

Characteristics stage Estimated at 7 years (%) P (two-tailed) 

FAC Control 

All patients 66 48 <0.01 
II 75 54 <0.01 
III, IV 47 37 0.08 

Age (years) 
<50 72 51 <0.01 
~50 72 55 0.02 

the historical control group. Stage III and IV patients had similar disease-free survival 
intervals, but superior to those for the control patients (P = 0.02). There was no difference 
between the disease-free survival intervals of the FAC-treated stage III and IV patients by 
menopausal status (Table 2). 
Thirty-three percent of FAC-treated patients < 50 years of age remained disease-free as 
compared with 18% of controls; for patients 2:: 50 years of age these figures were 40% and 
25 %, respectively. 
Upon examination of prognostic factors for stage II disease, significant disease-free 
survival has been observed for both those FAC-treated patients 2:: 50 years and those < 50 
Table 2). Sixty-nine percent of stage II patients < 50 years of age treated with 
chemotherapy remained disease-free at 7 years, as opposed to 28% of control patients. 
This difference was highly significant (P < 0.01). Of patients 2:: 50 years, 61 % treated with 
FAC remained free of disease, as compared with 41 % of the control population (P = 0.02). 
Examination for number of lymph nodes involved revealed differences amongst patients, 
especially between those having 1-10 nodes and those with > 10 nodes involved with 
metastatic disease. Of those patients with 1-3 nodes and 4-10 nodes involved, 70% and 
68%, respectively, enjoyed disease-free survival at 7 years, as opposed to 43% and 40% of 
the control patients; the difference between the FAC-treated patients and the control 
group was significant in both categories. When > 10 nodes were involved with stage II 
disease, the estimated proportion of patients remaining disease-free at 7 years fell to 48%, 
while the control population showed only 22% disease-free; because the numbers were 
small this difference was not significant in the two-tailed T-test. 
Seventy-five percent of stage II FAC-treated patients remained alive at 7 years as opposed 
to 54% of stage II control patients, while 47% of stage III and IV patients remained alive as 
compared with 37% of their controls (Table 3). It was interesting to note that 72% of 
patients in both age-groups (2:: 50 years and < 50 years) in the stage II FAC-treated patient 
category remained alive after 7 years, compared with 51 % and 55%, respectively, in the 
stage II control category (Table 3). 

Discussion 

The results of this study after long follow-up have demonstrated that doxorubicin 
combination therapy is associated with significant improvement in the disease-free survival 
and overall survival of high-risk patients with breast cancer. The effectiveness of the 
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chemotherapy is independent of menopausal status. There was no difference in the 
disease-free survival between patients with 1-3 metastatic nodes and 4-10 nodes. 
However, when stage II patients had> 10+ nodes, the disease-free survival interval 
decreased - when compared with the stage II control population with> 10+ nodes, these 
patients do not enjoy a significant disease-free survival advantage. Subsequent studies have 
failed to show any therapeutic advantage from the addition of irradiation and/or BeG 
therapy [4]. 
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Introduction 

In this paper we update the results of a series of clinical trials of chemotherapy and 
radiotherapy for patients with early stage breast cancer seen and treated at the University 
of Arizona Cancer Center between 1974 and 1984. Preliminary results have been presented 
at earlier conferences on the adjuvant therapy of cancer [1-7]. The basic chemotherapy 
employed in these adjuvant trials consisted of the two-drug combination of doxorubicin 
(adriamycin) and cyclophosphamide (AC) administered at 3-week intervals. These agents 
were picked for study because of their efficacy in treating patients with advanced breast 
cancer, the subsequent evidence of drug synergism from animal tumor systems, and for 
their ease of administration in an outpatient setting. This report includes data based on an 
analysis made in October, 1983. 

Patients and Methods 

The temporal sequence of the adjuvant trials carried out at the University of Arizona 
between 1974 and 1984 is shown in Table 1. Detailed information on methodology may be 
found elsewhere [1-7]. However, a brief description of patient eligibility is necessary to 
understand these trials. Patients were eligible for these studies if they had undergone 
radical or modified radical mastectomy and did not have a history of prior breast cancer or 

Table 1. Temporal sequence of Arizona early breast cancer trials 

Time Stage II 
(node-positive) 

1974 Pilot study: AC x 8 
1975 AC ± XRT 
1977 AC ± XRT 

1979 AC ± XRT 
1981-1984 1-3 + Nodes: AC/XRT/AC 

3 + Nodes: alternating regimens 

Stage I 
(node-negative) 

AC x 3 
AC x 3 T1No 
AC x 8 T2No 
AC x 3 
AC x 3 
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heart disease which would exclude them from treatment with doxorubicin. Treatment 
could be initiated within 4 months of mastectomy though with the majority of patients it 
was begun within 6 weeks of surgery. Staging included pretreatment chest radiographs, 
bone scans (with correlative radiographs of abnormal sites on scan), and routine laboratory 
work. Staging classification was based on pathologic assessment of tumor size and nodal 
status according to the TNM classification [8]. Patients with tumors greater than 5.0 cm 
(T3) were considered to have stage III breast cancer and were treated on other protocols 
not reported here. A brief description of each of these studies follow. 

Stage II (Node-Positive) 

Beginning in 1974 a pilot study was carried out employing eight courses of chemotherapy 
with AC administered at 3-week intervals. The dose of doxorubicin was 30 mg/m2 

administered intravenously on the first day followed by cyclophosphamide 150 mg/m2 

administered orally on days 3-6 (4 days total) for each course of therapy. As previously 
reported, 85% of patients were able to tolerate 85% or more of the planned drug dosages in 
this program [6]. In 1975, this trial was modified to examine the question of chemotherapy 
alone (AC) vs chemotherapy + radiotherapy (AC + RT). Radiotherapy was administered 
in a split course between the second and third courses of chemotherapy. In general, 
patients received comprehensive regional lymph node and chest wall irradiation to a dose 
of 5,000 rads. The majority of patients were randomized, but there were a group of patients 
who could not be randomized as they were unable to stay in Tucson for 5 weeks for 
radiotherapy. Randomized and nonrandomized patients are ,considered together in this 
analysis. In 1981, at the Third International Conference on Adjuvant Therapy of Cancer, 
we reported that there was a significant difference in relapse-free survival (RFS) for the 
patients receiving AC + RT compared with AC alone in the 1-3 node-positive group [6]. 
For that reason the study was modified in 1981 so that additional patients with stage II 
breast cancer and 1-3 positive nodes received combined therapy (AC + RT). This study 
design continues to the present time. 

Stage II (> 3 + Nodes) 

Between 1975 and 1981 patients with stage II breast cancer with more than three positive 
nodes were treated with AC or AC + RT as described above. Based upon the analysis 
presented in 1981 [6], the trial was modified to evaluate short-course, high-dose, 
intravenous alternating chemotherapy regimens as adjuvant therapy for this group of 
patients at high risk of recurrence. This program was based on animal data which suggested 
that early intensive treatment with potentially non-cross-resistant or alternating combi­
nations of drugs might be more effective than one combination of drugs given repeatedly in 
an effort to avoid the rapid acquisition of drug resistance which would occur in patients with 
a high residual occult tumor burden [9]. In addition, it was our belief that this type of 
chemotherapy program might be effective even if given over a short period oftime [10, 11]. 
Accordingly, we picked three drug regimens with the intention of giving each combination 
once. The three regimens were VAC (vincristine 1.0 mg/m2 Lv. day 1, doxorubicin 
40 mg/m2 i.v. day 1, and cyclophosphamide 750 mg/m2 i.v. day 1), CMF (cyclophospham­
ide 600 mg/m2 i.v. day 22, methotrexate 40 mg/m2 Lv. day 22, and 5-fluorouracil600 mg/m2 

i.v. day 22 - these are the doses currently used by the Milan group [12]), and 
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mitomycin-vinblastine (mitomycin C 10 mg/m2 i.v. day 43 and vinblastine 5 mg/m2 i.v. 
day 43 - this program was piloted in patients with advanced disease [13]). All drugs were 
given intravenously at 3-week intervals. Chemotherapy was completed in 6 weeks. Patients 
with node-positive stage III breast cancer (T3 > 5.0 cm) received the same chemotherapy 
followed by comprehensive regional lymph node and chest wall irradiation as previously 
described. This pilot program which was begun in September 1981, continues to the present 
time for patients with high-risk stage II breast cancer as well as those with stage III breast 
cancer. These results are preliminary and will not be discussed. 

Stage I (Node-Negative) 

Beginning in 1975, a pilot program was initiated for patients with pathologically negative 
axillary lymph nodes. Our initial plan was to administer three courses of chemotherapy 
with AC at 3-week intervals. Based upon an analysis in 1977, we modified the protocol so 
that patients with TINa breast cancer continued to receive three courses of AC, whereas 
patients with T2No breast cancer (primary tumor size 2.1 cm-5.0 cm) received eight 
courses of AC. In 1979, based upon another analysis [4], we decided to administer only 
three courses of AC to patients with both T1 and T2Na breast cancer. That policy continues 
to the present time. 

General Procedures 

Subsequent careful follow-up of all patients after therapy was carried out every 3 months 
for the first year and every 4-6 months thereafter. Relapse was confirmed radiographically 
or histologically whenever possible. RFS and overall survival have been calculated by 
standard techniques and comparisons using several statistical tests have been 
employed. 

Results 

All clinical trials have been updated through October 1983. The results are summarized in 
Table 2. 

Table 2. Results of Arizona adjuvant trials, 1974-1984 

Stage No. No. 
eligible evaluable" 

I (TJNo) 49 47 
II (T2No) 78 74 
II (1-3 + nodes) 166 144 
II (> 3 + nodes) 99 88 

a Evaluable = completed planned therapy 

No. 
relapses 

1 
9 

25 
48 

Median follow-flP 
(months) 

51 
40 
60 
60 
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Fig. 1 (left). Relapse-free survival of 144 evaluable patients with stage II breast cancer (1-3 positive 
nodes) according to treatment 

Fig. 2 (right). Survival of patients with stage II breast cancer (1-3 positive nodes) according to 
treatment 

Stage II (Node-Positive) 

Between 1974 and 1984, 265 eligible patients with stage II (node-positive) breast cancer 
were entered on these trials and 232 are presently fully evaluable (e.g., have completed all 
therapy). The median time of follow-up is 60 months. The primary comparison was 
between results with AC vs AC + RT. Of 144 evaluable patients with 1-3 positive nodes, 
87 received AC and 57 received AC + RT. RFS was compared for the two treatments as 
shown in Fig. 1. Although the difference favors AC + RT, this differences is of marginal 
statistical significance (P = 0.12). Moreover, overall survival of the two treatments is 
identical (Fig. 2). 
For patients with more than three 'positive lymph nodes, 48 relapses have occurred among 
88 evaluable patients at median time of follow-up of 60 months. Thirty-nine patients have 
received AC and 49 have received AC + RT. RFS for these patients is shown in Fig. 3. 
There is no difference in RFS or in overall survival according to treatment. 

Effect of Treatment Delay 

In March 1983, we performed an analysis to assess the impact of delay in the initation of 
adjuvant chemotherapy in stage II breast cancer [14]. According to our original protocol, 
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Fig. 3. Relapse-free survival of 88 evaluable 
patients with stage II breast cancer (> 3 
positive nodes) according to treatment 
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Table 3. Effect of delay on outcome in stage II breast cancer" 

No. at risk 

% Free of disease at 48 months 

1 - 3 positive nodes 
:5 4 weeks > 4 weeks 

48 

85% 

P = 0.02 

37 

59% 

20 40 

137 

60 80 100 120 

Months 

> 3 positive nodes 
:5 4 weeks > 4 weeks 

46 

46% 

P = 0.6 

38 

61% 

" Based on an analysis done in March 1983 (the numbers of patients differ slightly from those in 
Table 1) 

patients were eligible for this study if chemotherapy had been initiated within 4 months of 
surgery. For the majority of patients treatment was initiated within 6 weeks. For the 
purposes of this analysis we included patients who received AC alone if they had 1-3 
positive axillary nodes and either AC or AC + RT if they had more than three positive 
axillary lymph nodes. RFS curves were generated for groups of patients according to the 
week after surgery when chemotherapy with AC was initiated. The only clear-cut 
difference in RFS noted (for patients with 1-3 positive nodes) was between those treated 
within 4 weeks and those treated more than 4 weeks after surgery (Table 3). Of those 
women with 1-3 positive lymph nodes who had a delay of more than 4 weeks, only 59% 
were free of disease at 4 years, compared with 85% of those women who began treatment 
within 4 weeks (P = 0.02). For patients with more than three positive nodes there was no 
significant effect of delay and the overall recurrence rates were substantially higher than for 
women with 1-3 positive nodes irrespective of treatment or delay (see Fig. 2). 



138 s. E. Jones et aJ. 

Stage I and II (Node-Negative) 

One hundred and twenty-seven eligible patients have been entered on this trial and 
presently 121 are evaluable; ten relapses have occurred (Table 2). Among patients with 
TINa breast cancer only a single relapse has occurred in 47 evaluable patients with median 
follow-up of 51 months. Among patients with T2Na breast cancer, nine relapses have 
occurred in 74 patients with a median follow-up time of 40 months. 

Discussion 

In this paper we have updated our results of treatment of early breast cancer from prior 
reports [1-7]. The last published update was from the Third International Conference on 
Adjuvant Therapy of Cancer held in Tucson in 1981 and included data on node-positive as 
well as node-negative breast cancer [6, 7]. Our conclusions remain essentially unchanged 
from prior reports. AC is a well-tolerated and effective adjuvant chemotherapy program 
for women with operable breast cancer irrespective of menopausal status [6, 7]. We have 
consistently been able to administer full doses of chemotherapy (85% of planned doses) in 
over 80% of women, in contrast to the use of cyclophosphamide, methotrexate, and 
5-fluorouracil (CMF) which could be given in full doses in only 20% -40% of women [6, 7, 
12, 15]. Other investigators have reported that dose of chemotherapy is a significant 
prognostic factor affecting outcome with the best results observed in women who received 
full doses [15]. 
As we reported previously, the number of axillary lymph nodes involved by breast cancer is 
the single most important prognostic factor in affecting outcome with AC (Table 2) [6]. 
Among women with 1-3 involved lymph nodes, two additional factors appear to be 
important: treatment (AC or AC + RT) and delay in initiating chemotherapy. In 1981, we 
reported that RFS was significantly better for the 24 women with 1-3 positive nodes who 
received AC + RT than for the 63 patients who received AC alone (P < 0.05) [6]. 
However, the number of evaluable patients was small. At the present time 144 women are 
evaluable and the median follow-up is now 60 months. Although RFS is somewhat better 
for AC + RT than for AC (Fig. 1), the difference is of marginal significance (P = 0.12) and 
there is no difference in overall survival (Fig. 2). 
One of our initial objectives was to evaluate the effect of timing of chemotherapy after 
surgery. With the recent analysis (Table 3) it appears that beginning chemotherapy with 
AC within 4 weeks of surgery produces superior results compared with a delay of more than 
4 weeks in women with limited axillary node involvement (1-3 positive) [14]. Although 
this was a retrospective analysis, timing of chemotherapy as well as the dose of 
chemotherapy appear to be important determinants of outcome in adjuvant therapy. 
Among women with more than three positive lymph nodes, results with AC were no 
different than with AC + RT (Fig. 3) [6]. We would conclude that there is no demonstrable 
advantage to adding postoperative RT to adjuvant chemotherapy with AC. The major 
problem facing women with multiple involved axillary lymph nodes is a high relapse rate 
despite the use of adjuvant chemotherapy which has proven effective in women with less 
extensive node involvement (AC, CMF, etc.) [6, 12]. In our trial 48 (55%) of 88 women 
with more than three positive nodes have already relapsed (Table 2). Better treatments are 
needed for this group of women. Our current protocol evaluates the use of three potentially 
non-cross-resistant regimens (V AC, CMF, and mitomycin-vinblastine) as one test of the 
Goldie-Coldman hypothesis [9]. Our results are still too preliminary to assess. Various new 
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approaches (e.g., intensive perioperative chemotherapy) may prove necessary to improve 
the prognosis of women with advanced stage II breast cancer with extensive nodal 
involvement. 
In 1981, we reported on our pilot trial of AC in node-negative breast cancer [7]. Two 
relapses had occurred in 80 evaluable patients at a median follow-up of 37 months. At the 
present time 121 women are evaluable, with a median follow-up of 50 months for those with 
TINa and 40 months for those with T2Na breast cancer (Table 2). Only a singlerelapse has 
occurred in 47 women with TINa and nine relapses have occurred in 74 women with T2No 
cancer (which is considered stage II by the TNM criteria [8]). While there is no 
surgery-alone control group in our series, the data still suggest benefit, particularly in 
women with T j primary tumors. Similar observations have been made in several 
randomized trials involving node-negative cancer [10, 11, 16], and additional controlled 
randomized trials are now underway [17]. 
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Introduction 

In the past decade, many adjuvant chemotherapy trials in operable breast cancer have been 
conducted. The results of these trials have answered a number of questions, but have also 
raised new issues. Among other issues, results have suggested that relapse-free survival was 
dependent on the dose of cytotoxic drugs and the timing of initiation of chemotherapy [1, 
2]. Routine postoperative irradiation was shown to have a detrimental effect on the efficacy 
of adjuvant chemotherapy [2, 3]. At M.D. Anderson Hospital, since 1974, a combination 
of fluorouracil, doxorubicin (adriamycin), and cyclophosphamide (FAC) has been utilized 
following regional therapy in patients with operable breast cancer. In this paper the dose of 
cytotoxic drugs, timing of initiation of chemotherapy, and the role of routine postoperative 
irradiation are evaluated. 

Material and Methods 

Between January 1974 and April 1980, 460 patients with stage II or III breast cancer were 
treated with FAC adjuvant chemotherapy. The details ofthe chemotherapy regimens have 
been previously reported [4, 5]. The initial 222 patients also received nonspecific 
immunotherapy with bacillus Calmette-Guerin (BCG), and most had postoperative 
irradiation. The second protocol was initiated in 1977; this study included a randomization 
for BCG immunotherapy, and chemotherapy cycles were repeated at 3-week instead of 
4-week intervals. A randomization for routine postoperative irradiation was also included 
in the latter part of the second study. The data for all patients were updated through 
October 1983; the median follow-up was 85 months for the first study and 51 months for the 
second study. 
The FAC chemotherapy program consisted of 400 mg/m2 fluorouracil i.v. on day 1 and 
day 8,40 mg/m2 doxorubicin i.v. on day 1, and 400 mg/m2 cyclophosphamide i.v. on day 1 
of each 21- to 28-day cycle. When a total dose of 300 mg/m2 of doxorubicin was reached, a 
maintenance regimen which included fluorouracil, methotrexate, and cyclophosphamide 
was begun. The chemotherapy was continued for 2 years. For each patient the percent of 
protocol dose of FAC administered in cycles one, three, and six was tabulated and the 
length of disease-free survival (DFS) was compared according to drug dosage. DFS was 
also compared by degree of myelosuppression (as measured by nadir absolute 
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granulocyte/mm3) observed in these cycles of chemotherapy. One hundred and ninety-five 
patients were omitted from this analysis due to the lack of data regarding the 
myelosuppression. 
DFS of patients treated on the initial protocol was compared with that of the patients 
treated on the second protocol. There were no significant DFS differences in comparable 
patient population between the two studies. Therefore, for analysis of the relationship 
between DFS and timing of chemotherapy initiation, patients from both studies were 
combined. 
Patients were started on chemotherapy as soon as possible after being referred to our clinic. 
The effect of delay in the initiation of chemotherapy on DFS was evaluated between 
patients with similar characteristics. In addition, a regression model developed in a control 
group of patients and used in analyzing our initial FAC adjuvant therapy program was 
employed to determine comparable subgroups [6]. The model, which relates DFS to 
patients' characteristics, allowed simultaneous consideration of the three most important 
prognostic factors: number of involved nodes, stage of disease, and menopausal status. A 
hazard ratio indicating risk of recurrence was calculated for each patient, and patients with 
similar risk were compared. 
Randomization for routine postoperative irradiation was included in the second study 
beginning in May, 1978. Patients who had postoperative irradiation prior to coming to the 
institution were included in the radiation therapy subgroup, but were randomized for 
BCG. Seventy-five patients did not receive radiation therapy. DFS was compared between 
patients treated with or without postoperative irradiation. DFS was compared using a 
generalized Wilcoxon test in the case of two groups [7], the Breslow test in the case of 
three or more groups [8]. 

Results 

Dose of the Drugs 

Characteristics of patients according to FAC therapy dosage are shown in Table 1. There 
were differences in distribution of patient characteristics between those receiving full dose 
and reduced dose in both studies. To adjust for these differences, patients were grouped 
according to hazard ratios and data were analyzed in each study by hazard ratios. Patients 
with hazard ratio < 2 and 2:: 2 in the first study tended to have lower DFS with reduced 
dose, but none of the differences were statistically significant (Table 2). In the second 
study, there was no suggestive evidence of shortened DFS with a reduced dose in any of the 
subgroups. DFS was also analyzed according to the degree of myelosuppression observed 
in these cycles of chemotherapy. The pretreatment characteristics were similar in all three 
categories of patients grouped according to myelosuppression (Table 3). There was no 
significant relationship between length of DFS and extent of myelosuppression 
(Table 4). 

Timing of Initiation of Chemotherapy 

The median length of delay was 13 weeks (range 1-54 weeks). Patients treated with 
routine postoperative radiation had longer delays of chemotherapy; of 361 patients in this 
subgroup only 13% (47 patients) had chemotherapy started within 10 weeks of surgery. Of 
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Table 1. Characteristics of patients with and without FAC dose reduction 

Characteristics First study Second study 

No reduction Reduction No reduction Reduction 
n% n% n% n% 

Total 178 22 179 42 

Stage 
II 121 (68) 13 (59) 110 (62) 24 (57) 
III, IV 57 (32) 9 (41) 69 (38) 18 (43) 

No. of positive nodes 
1-3 62 (35) 5 (23) 51 (29) 15 (36) 
4-10 77 (43) 8 (36) 70 (39) 19 (45) 
>10 39 (22) 9 (41) 58 (32) 8 (19) 

Hazard ratio 
<0.5 22 (12) 2 (9) 18 (10) 6 (14) 
0.5-0.99 63 (35) 6 (27) 49 (27) 17 (40) 
1-1.99 53 (30) 7 (32) 54 (30) 10 (24) 
2:2 40 (22) 7 (32) 58 (32) 9 (21) 

Table 2. Disease-free survival by FAC dosea (cycles 1, 3, and 6) and hazard ratio 

n Estimated P (two-tailed) 
disease-free 
at 5 years (%) 

First study 

Hazard ratio < 2 
100 138 66 0.2 

:::; 80 15 47 

Hazard ratio 2: 2 
100 40 53 0.37 

:::; 80 7 28 

Second study 

Hazard ratio < 2 
100 121 46 0.12 

:::; 80 33 63 

Hazard ratio 2: 2 
100 58 37 0.44 

:::; 80 9 44 

a FAC doses given as percentages in left-hand column 

the 99 patients not treated with postoperative radiation, 81% (80 patients) had 
chemotherapy initiated within 10 weeks of surgery. The distributions of major prognostic 
characteristics of patients treated within 10 weeks, at 10-13 weeks, at 14-17 weeks, and at 
::::: 18 weeks were similar [9]. The DFS for four subgroups of patients according to length of 
delay is summarized in Table 5. There were no evident trends for earlier treatment being 
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Table 3. Patient characteristics according to myelosuppression. Low granulocyte count, cycles 1, 3, 
and 6 

Characteristics > 3,000 1,000-3,000 < 1,000 
n% n% n% 

Total granulocyte count 25 194 46 

Stage 
II 14 (56) 124 (64) 26 (57) 
III, IV 11 (44) 70 (36) 20 (43) 

No. of nodes involved 
1-3 4 (16) 69 (36) 18 (39) 
4-10 11 (44) 72 (37) 19 (41) 
> 10 10 (40) 53 (27) 9 (20) 

Table 4. Disease-free survival by myelosuppression in F AC-treated patients 
(cycles 1, 3, and 6) 

Lowest granulocyte/mm3 Both studies 

n Estimated disease-free p 

at 5 years (%) 

> 3,000 25 63 
1,000-3,000 194 55 
< 1,000 46 57 

0.92 

Unknown 195 49 

p 

0.53 

0.22 

associated with longer DFS. DFS at 5 years from initiation of chemotherapy was similar in 
the various subgroups. The data were analyzed in similar prognostic subgroups and DFS 
was compared according to delay from surgery to initiation of chemotherapy. There were 
no statistically significant differences in DFS within any subgroup, though for patients with 
stage III there were somewhat earlier recurrences among patients who did not receive 
chemotherapy until or later than 14 weeks following surgery. 
Another method employed classified patients into similar subgroups by estimating 
prognosis based on regression equation. Patients were then grouped according to prognosis 
and the relationship of delay of chemotherapy to the outcome was examined within these 
subgroups. These results are also summarized in Table 5. In three subgroups there was no 
evidence of significant differences in DFS according to the length of delays in the 
treatment. Among 124 patients with the worst prognosis (hazard ratio > 2) there were 
statistically significant differences in DFS according to the length of delay of chemo­
therapy'. However, there was not a consistent trend for shorter DFS as the delay of 
treatment increased. 

Irradiation 

The pretreatment characteristics of patients treated with or without postoperative radiation 
were similar [5]. DFS for patients treated with or without routine postoperative radiation 
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Table 5. Disease-free survival according to timing of initiation of chemotherapy 

Characteristics Delay n Recur- Estimated P 
(weeks) rences disease-free (Wilcoxon 

at 5 years (%) two-tailed test) 

Stage II 
1-3 nodes < 10 25 5 77 

10-13 38 13 64 0.37 
14-17 32 9 67 
2: 18 16 2 86 

> 3 nodes <10 50 19 59 
10-13 49 16 58 0.35 
14-17 51 25 47 
2: 18 29 13 48 

Stage III, IV < 10 52 31 36 
10-13 46 20 50 0.13 
14-17 47 31 34 
2: 18 25 16 38 

All patients <10 127 55 52 
10-13 133 49 59 0.22 
14-17 130 65 48 
2: 18 70 31 52 

Hazard ratio 
< 0.5 <10 14 3 77 

10-13 17 6 59 0.33 
14-17 16 5 59 
2: 18 8 0 100 

0.5-0.9 < 10 37 13 59 
10-13 40 15 58 0.92 
14-17 43 14 62 
2: 18 22 6 67 

1-1.9 < 10 35 12 62 
10-13 40 16 55 0.75 
14-17 39 21 48 
2: 18 23 13 35 

2: 2.0 < 10 41 27 25 
10-13 36 12 63 < 0.D1 
14-17 31 25 17 
2: 18 17 12 35 

was similar for groups of patients with stage II and those with stage III and IV disease. 
Survival was also similar in both subgroups treated with or without radiation (Table 6). 
Table 7 summarizes the sites of first recurrence for patients treated with or without 
radiation. The incidences of local or regional failure in the two groups were not 
significantly different. The incidence of second primary breast cancer also was similar in the 
two groups. 



146 

Table 6. Disease-free and overall survival by irradiation status 

Irradiation n Estimated P (two-tailed) 
disease-free 
at 5 years (%) 

All patients 
No 75 52 0.93 
Yes 163 41 

Stage II 
No 49 61 0.74 
Yes 94 44 

Stage III, IV 
No 26 38 0.65 
Yes 69 35 

Table 7. Site of first recurrence and irradiation 
status 

Site 

Local/regional 
Systemic 
eNS 
Opposite breast 

Discussiou 

Irradiation status 

No Yes 
n% n% 

10 (13) 
16 (21) 
4 (5) 
1 (1) 

11 (7) 
45 (28) 
5 (3) 
3 ,(2) 

Estimated alive 
at 5 years (%) 

70 
71 

72 
77 

62 
61 

A. U. Buzdar et al. 

P (two-tailed) 

0.90 

0.70 

0.84 

The first objective of this paper was to present our data on the effect of dose, timing, and 
irradiation on the length of DFS in patients treated with F AC chemotherapy. Too small a 
number of patients received chemotherapy at reduced dose in our study to draw any 
definite conclusions. In the first trial, where chemotherapy was administered at 4-week 
intervals, there was some suggestion that lower dose of drugs was associated with inferior 
DFS; in the second protocol, where chemotherapy was administered at 3-week intervals, 
there was no apparent trend for a lower dose of drugs administered to be associated with 
shorter DFS. It is possible that shorter DFS associated with lower dose observed in the first 
study could be related to the less frequent administration of drugs. However, the schedule 
of administration at 3 vs 4 weeks has not shown any substantial therapeutic benefit and DFS 
has been similar for the studies [10]. 
The second objective of this paper was to evaluate the timing of initiation of chemotherapy 
and its effect on DFS. In this analysis, as in our earlier analysis [9], there was not a clear 
correlation between the length of DFS and the length of delay in initiation of chemotherapy 
following surgery. This is in contrast to other studies which have suggested that longer 
delays markedly decrease the efficacy of adjuvant chemotherapy [1, 3]. 
DFS for patients treated with or without postoperative radiation was similar and use of 
routine postoperative irradiation did not decrease the effectiveness of chemotherapy as was 
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reported by earlier observation [1, 3]. The incidence of local failures was not significantly 
different between the two subgroups. 
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to Compare Outcome Among Several Trials 
of Adjuvant Chemotherapy for Stage II Breast Cancer 
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Introdnction 

Three international conferences on the adjuvant therapy of cancer have been held in 
Tucson since 1977. Reports on the results of adjuvant chemotherapy in operable breast 
cancer have been a major component of those meetings [1-3]. At the time of the second 
conference in 1979, a consensus among most investigators was that adjuvant chemotherapy 
reduced recurrence rates after surgery and probably also resulted in improved survival, 
although this was not consistent in all studies [2]. Because of the original reports of the 
NSABP and Milan trials [1-3], many second-generation adjuvant trials did not include a 
control group of patients who had undergone surgery alone, but instead compared different 
forms of adjuvant chemotherapy or chemotherapy + radiotherapy. Indeed, our own trial at 
the University of Arizona, initiated in 1974, looked at the question of chemotherapy alone 
or chemotherapy + radiotherapy as adjuvant treatments for patients with operable breast 
cancer [4]. Thus, by 1979, there were a large number of clinical trials which did not have an 
untreated control group for comparison. Many questions were raised: Does adjuvant 
treatment work in postmenopausal women? Are there differences in therapeutic efficacy 
between various treatment programs? These questions could not be answered directly 
because appropriate clinical trials did not exist or had just been established. Accordingly, 
we initiated a plan to acquire data on a large number of patients who had undergone 
primary surgery (± irradiation), which could be used to compare results of various 
adjuvant programs in matched populations of patients with known prognostic factors. This 
data set later became known as the "Natural History Data Base" or NHDB [5]. Moreover, 
modern statistical methodology would provide comparison of the results of treatment from 
different studies even if the initial important prognostic factors were not well balanced. The 
initial phase of this ambitious project was reported on in 1981 [5, 6]. Since that time, 
additional work has been accomplished and a considerably updated version of this was 
presented at the Fourth International Conference on Adjuvant Therapy of Cancer in 
Tucson in March 1984. This paper represents an interim report on the status of the NHDB 
and its comparison of various adjuvant trials. 

Methods 

A list of the five participating cancer centers or clinical oncology study groups and the 
cooperating investigators is shown in Table 1. We first agreed what clinical information on 
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Table 1. Participating institutions and investigators 

Institution 

National Cancer Institute, Milan, Italy 

Royal Marsden Hospital, Sutton, Surrey, England 

M.D. Anderson Hospital, Houston, Texas, USA 

University of Arizona, Tucson, Arizona, USA 

Southwest Oncology Group, San Antonio, Texas, USA 

Table 2. Known potential prognostic factors in the 
natural history data base (NHDB) and in the adjuvant 
treated patients 

NHDB 
Age 
Menopausal status 
Tumor location 
Size of tumor (pathologic assessment) 
Lymph node status (pathologic assessment) 
Type of surgery 
Postoperative radiotherapy 
Estrogen receptor status' 
Progesterone receptor status' 

Adjuvant therapy groups 
Same factors as above plus: 

Type of chemotherapy 
Dose of chemotherapy 
Duration of treatment 

• Not available for most cases 

149 

Investigators 

G. Bonadonna 
U. Veronesi 
P. Valagussa 

T. Powles 

A. Buzdar 
E. Montague 

S. Jones 
T. Moon 

S. Rivkin 

prognostic factors would most likely be available on all patients both in the NHDB and in 
the adjuvant-treated groups of patients. The prognostic factors and details about treatment 
collected on each patient are shown in Table 2. Estrogen receptor (ER) data were not 
available on most patients except for those treated recently. Data on additional 
node-negative cases with ER receptor status are also being added to the NHDB [7], as are 
data from M.D. Anderson [8]. A description of the methodology employed in constructing 
and analyzing the NHDB can be found elsewhere [5, 9]. 
Data on patients who received adjuvant chemotherapy (± radiotherapy) came from the 
following sources: (a) the Milan studies conducted from 1973-1978, which involved the 
postoperative administration of either 6 or 12 courses (months) of cyclophosphamide, 
methotrexate, and 5-fluorouracil (eMF) [10]; (b) the Southwest Oncology Group 
(SWOG) study, initiated in 1975 and closed to patient entry in 1978, which compared 
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2 years of melphalan (L-PAM) with the five drug program of cyclophosphamide, 
methotrexate, 5-fluorouracil, vincristine, and prednisone (CMFVP) given for 12 months 
after surgery [11]; (c) the Arizona study (1974-1984), which evaluated adriamycin and 
cyclophosphamide (AC) for 6 months (± radiotherapy) postoperatively [4]. More recently, 
investigators from M.D. Anderson Hospital have provided data from their trials of 
adjuvant chemotherapy with 5-fluorouracil, adriamycin, and cyclophosphamide (FAC) ± 
radiotherapy [8]. This data has not yet been fully analyzed. Outcomes for patients on the 
various series have been updated to 1983 for the Milan and Arizona studies, and to 1982 for 
the trial of the SWaG. 
Statistical methods employed in these analyses have been discussed elsewhere [5, 9, 
12-14]. Separate analyses of each treatment group as well as of all patients were carried 
out to identify important patient characteristics prognostic for relapse-free survival (RFS) 
and survival. RFS and survival comparisons between treatment groups simultaneously 
adjusted for multiple prognositc factors were carried out. 

Results 

Complete data on initial prognostic factors and subsequent clinical course are available on 
3,712 patients as shown in Table 3. Not all of this information is currently assimilated into 
the NHBD or into treated groups for analysis, but it will be completed before the end of 
1984. At present, full data in the NHDB consist of 835 patients with node-negative cancer 
and 1,014 patients with node-positive cancer with primary tumors:::; 5.0 cm. The single 

Table 3. Distribution of cases for NHDB and comparative analysis of clinical trials 

NHDB 

Milan NCI 
Additional cases with ER (to be added in 1984) 

Royal Marsden 

M.D. Anderson (to be added in 1984) 

Adjuvant-treated patients 

Milan NCI: 
CMF (6 or 12 courses) 

Southwest Oncology Group 
L-PAM 
CMFVP 

University of Arizona 
AC ± XRT 

M.D. Anderson 

Subtotals 

FAC ± XRT ± BCG (to be added in 1984) 
Subtotals 

Node-negative Node-positive 
(Tl or Tz No) (TJ or Tz N+) 

324 524 
413 

98 272 

218 
835 1,014 

645 

141 
314 

121 232 

410 
121 1,742 
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most important prognostic factor affecting outcome (e.g., RFS) was nodal status, as shown 
in Fig. 1, with tumor size being of secondary importance. We evaluated tumor size for 
patients with node-negative cancer and found three distinct patterns of RFS, all 
significantly different (P = 0.05) from each other (Fig. 1). Among 1,014 patients with 
stage II node-positive breast cancer, we evaluated the effect of nodal involvement by 
groups of two nodes (.i. e., 1 or 2 vs 3 or 4 vs 5 or 6 etc.). Three significantly different RFS 
curves were apparent (Fig. 1), with the curve for one or two positive nodes being 
considerably superior to those associated with more nodal involvement. 

Fig. 1. Relapse-free survival of 
835 patients with node-negative 
breast cancer according to primary 
tumor size and of 1,014 patients 
with node-positive breast cancer 
(primary size:::; 5.0 cm) according 
to the number of involved axillary 
lymph nodes. Data are derived 
from the NHDB and include 
information from the Milan, Royal 
Marsden, and M.D. Anderson 
cancer centers 

Fig. 2. Relapse-free survival of 
1,191 patients with stage II breast 
cancer treated with combination 
chemotherapy compared with 141 
treated with single agent 
chemotherapy (L-PAM) and 796 
who received no adjuvant 
chemotherapy after surgery 
(± irradiation). Data from 
M.D. Anderson Hospital are not 
included in this analysis but will 
be added later in 1984 
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In 1981 the NHDB consisted of data on 796 patients with stage II node-positive cancer [5]. 
The additional cases did not change the overall RFS of this group. The original 796 cases 
were used to compare the impact of adjuvant chemotherapy in groups of patients carefully 
adjusted for differences in important prognostic factors (e.g., number of involved lymph 
nodes). Data from FAC-treated patients have not yet been analyzed. As reported 
previously, the single agent L-P AM produced significantly less favorable RFS (and 
survival) than the five-drug CMFVP program [11]. Alll ofthe combination chemotherapy 
programs produced significant improvment in RFS compared with surgery (± radiother­
apy) alone in the NHDB. In Fig. 2, RFS of the entire group of 1,191 patients who received 
combination chemotherapy (CMF, AC, or CMFVP) is compared with the RFS of patients 
treated with L-PAM or surgery (± radiotherapy) (NHDB). 

Discussiou 

With the help of investigators around the world (Table 1), we have developed a NHDB 
involving a large number of patients who were well studied and followed at three major 
cancer centers (Milan, Royal Marsden, and M.D. Anderson). The most important pieces 
of prognostic information, with the exception of ER and PR status (Table 2) were available 
on all patients. Obviously, there are prognostic factors about which we have no information 
(e.g., histologic features such as vascular invasion, tumor necrosis, and biologic features 
such as labeling index). These have been reported individually as important factors [15, 
16]. This type of specialized laboratory information is also not available in the vast majority 
of randomized clinical trials. Furthermore, the possibility that these laboratory-derived 
prognostic factors may highly correlate with prognosis and thus substitute for more 
commonly available factors (e.g., nodal status or tumor size) has yet to be evaluated and 
confirmed by prospective studies in large numbers of patients. 
There has been considerable discussion about what prognostic factors should be used to 
select a group of patients with node-negative breast cancer for inclusion in trials of adjuvant 
chemotherapy [7, 17-19]. The most commonly mentioned factor is ER status [17] but this 
may not be available in all cases (e. g., small tumors). Our data in Fig. 1 suggest that a 
relatively simple factor (tumor size as measured by the pathologist) separates node-neg­
ative cancer into three distinct groups (all with significantly different RFS) and indeed very 
small primary cancers « 1.0 cm) may not require adjuvant treatment. Whether additional 
information (e.g., ER data) in this particular subset of node-negative cancers would further 
separate prognostic groups remains to be determined. 
The primary purpose of the NHDB was to assess the impact of adjuvant therapy from 
various series, most of which did not have surgery-alone control groups. With the 
availability of information on prognostic factors, we could make reasonable comparisons 
on groups of patients treated at different centers and statistically compensate for observed 
differences in the distribution of important prognostic factors between groups. This 
concept has been discussed at length elsewhere [9]. 
What has proven remarkable about this study is the similar outcome in patients who 
received effective adjuvant therapy (i.e., two or more drugs) compared with the minimal 
effect of L-P AM (which may not be absorbed well in some patients [20]) and in comparison 
with surgery alone (Fig. 2). In our previous report, we provided data on RFS of each of the 
adjuvant programs and all except L-PAM produced very similar results in most groups of 
patients [6]. 
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Over the next several months we plan to fully incorporate additional data from 
M.D. Anderson [8]. The NHDB will provide a useful reference source for those 
investigators wishing to compare their adjuvant programs to surgery alone or to other 
adjuvant series (e.g., CMF, CMFVP, AC). The use of a NHDB does not supplant 
randomized clinical trials nor does it abolish the need for proper controls. However, it does 
provide a rational basis for making the kinds of comparisons most investigators now make 
with "eyeball" methods and it may provide clues for the design of new randomized clinical 
trials. 
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Clinical Results III: 
Experience of Randomized Trials Without Surgical Controls 

Adjuvant Systemic Therapy in Postoperative Node-Positive 
Patients with Breast Carcinoma: 
The CALCB Trial and the ECOC Premenopausal Trial 
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Introdnction 

The initial results of the comparison of no systemic treatment to L-phenylalanine mustard 
(L-PAM) and cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) suggested a 
benefit in treatment of both premenopausal and postmenopausal node-positive (N + ) 
postoperative patients with breast carcinoma [1, 2]. Based on these results and the 
superiority of CMF over L-P AM in advanced disease [3] the Cancer and Leukemia 
Group B (CALGB) chose CMF as a control treatment for a trial initiated in 1975. 
Preliminary animal and human data [4, 5] led to the decision to administer the methanol 
extraction residue (MER) of bacillus Calmette-Guerin added to CMF (CMF + MER), in 
one arm of the trial. The early analyses of a previous trial (subsequently published [6]) 
determined the choice of as a second experimental regimen. The CMFVP (V = vincristine, 
P = prednisone) regimen was a continuing therapy, whereas the CMF regimen was 
intermittent with treatment being given for 2 out of each 4 weeks. An ongoing CALGB 
advanced-disease trial in 1975 suggested that a 6-week continuous induction therapy was 
well tolerated [7]. Accordingly, all patients were to receive a 6-week continuous induction 
of their assigned therapy followed by 10 intermittent cycles at 4-week intervals in the first 
year. In an attempt to eliminate slow-growing residual cells, all patients received six cycles 
of CMF at 8-week intervals in the second year. The initial results in patients with four or 
more axillary nodes involved were published in 1983 [8]. 
In 1977, the Eastern Cooperative Oncology Group (ECOG) developed a premenopausal 
trial in postoperative node-positive patients using a CMF control based on the initial results 
from Milan [2] and the advanced-disease results with CMF vs L-PAM [3]. Prednisone was 
added to CMF (CMFP) as the second regimen based upon the ECOG's results in advanced 
disease [9] demonstrating its superiority over CMF. Finally, early data from another 
advanced-disease trial [10] led to the addition of tamoxifen (T) to CMFP (CMFPT) as a 
third regimen. CMF and CMFP were given for 2 of each 4 weeks for a total of 12 cycles. 
The tamoxifen in CMFPT was administered continuously. The early results from this trial 
were presented in 1982 [11]. 
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Methods 

CALGB Trial 

Postoperative women with a histopathologic diagnosis of carcinoma confined to the breast 
and ipsilateral axillary nodes were considered for study. The trial was initiated in May 1975 
for patients with 2: 4 nodes involved. Women with 1-3 involved nodes were included in 
September 1975. Randomization to one of the regimens, CMF + MER, was discontinued 
in October 1978 and the trial was closed to further entry of patients with 2: 4 nodes involved 
in June 1980 and to patients with 1-3 nodes involved in October 1980. Details of the 
eligibility characteristics for this trial are detailed elsewhere [8] and are similar to those 
described previously in this volume [12]. 
Patients were stratified by clinical tumor size ( < 3 or 2: 3 cm) and age < 50 or 2: 50 years). 
They were then randomly assigned to receive CMF, CMFVP, or CMF + MER. Treatment 
was to start between 2 and 12 weeks postoperation. 
All patients underwent a 6-week continuous drug exposure followed by a 2-week rest 
before starting intermittent therapy. In each regimen doses during the initial 6 weeks were: 
C 80mg/m2/day p.o.; M40 mglm2/week i.v. (30 mglm2/week if age 2: 60); and F500 
mg/m2/week i.v. The CMFVP regimen also included: V 1.0 mglm2/week (max. dose 1.5 
mg/week) and P 40 mglm2/day p.o. for 21 days, then tapering to zero by day 28. MER in 
CMF + MER was given intradermally as 200 f,tg in each of five sites at weeks 2,3, and 5. 
Subsequent intermittent therapy consisted of ten 14-day courses of the randomized 
CMFVP, CMF, or CMF + MER therapy with 14-day recovery intervals followed by six 
14-day courses of CMF with 42-day recovery intervals for all patients. The doses were the 
same as during the first 6 weeks except that C was raised to 100 mglm2/day for days 1 
through 14, M, F, and V were given on days 1 and 8 only, P was given days 1 through 14, 
and MER was administered on day 8. Drug doses were calculated using the lesser of 
patient's actual or ideal body weight. 
Standard dosage modification criteria were employed as detailed. elsewhere [8]. With 
respect to hematologic toxicity, CMF dose reductions of 50% were made for WBC counts 
of 2,500-3,999/cu mm or for platelet counts of 75,000-99,999/cu mm. CMF was omitted 
(during the first 6 weeks and on day 8 thereafter) or delayed along with VP and MER (on 
day 1 of intermittent courses) for WBC < 2,500/cu mm and CMFV doses were omitted 
(during the first 6 weeks and on day 8 thereafter) or delayed along with P and MER (day 1 
of intermittent courses) for platelet counts < 75,000/cu mm. 
In addition to specific drug monitoring parameters at frequent intervals during therapy, 
follow-up consisted of history taking, physical examination, blood studies, and chest X-rays 
at 3-month intervals, and skeletal examinations at 6-month intervals. 

ECOG Trial 

The entry criteria were identical to the ECOG postmenopausal node-positive trial detailed 
earlier in this volume [12] except for the requirement that patients be premenopausal. This 
was defined as at least one menses within 12 months prior to definitive surgery or, if a prior 
hysterectomy had been made age :5 ~2 years. As in the postmenopausal trial, an ER 
analysis was required along with a normal bone scan. Randomization was performed and 
treatment initiated within 10 weeks of receiving a radical or modified radical mastectomy. 
No additional systemic antitumor chemotherapy or radiotherapy was allowed. Other entry 
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criteria and the stratification and randomization were as described earlier in this 
volume [12]. 
Treatment assignments were: (1) CMF,(2) CMFP, and (3) CMFPT. Chemotherapy was 
repeated every 28 days for a total of 12 cycles beginning 2-10 weeks postoperatively. The 
drug schedules for each cycle were: C 100 mg/m2 p.o. days 1 through 14; M 40 mg/m2 i.v. 
days 1 and 8; F 600 mg/m2 i.v. days 1 and 8; P 40 mg/m2 p.o. days 1 through 14; and, T 10 
mg p.o. twice daily throughout each treatment cycle. The lesser of the ideal and actual body 
weight was used for dosage calculations. Standard toxicity guidelines were used for'dosage 
modifications. Hematologic toxicity led to a CMF reduction of SO% for a WBC count of 
2,SOO-4,000/cu mm or a platelet count of 7S ,000-100,000/cu mm. A delay of day 1 therapy 
for up to 2 weeks was allowed to enable full-drug administration: if the WBC count was. 
< 2,SOO/cu mm or the platelets < 7S,000/cu mm on day 1, therapy was delayed; if on day 8, 
CMF was omitted. A 2S% CMF reduction was allowed in subsequent cycles if the nadir 
WBC count of < 2,000/cu mm or platelet count of < 7S ,OOO/cu mm was reached. Escalation 
of CMF by 2S% was permitted if the nadir WBC count was> 3,SOO/cu mm and platelet 
count was > 12S,000/cu mm. 
In addition to specific drug-monitoring studies, follow-up consisted of history taking, 
physical examination, and blood chemistry values every 3 month~, chest X-rays every 6 
months, bone scans at 6 and 12 months and then yearly, and mammograms yearly. 

Statistical Analyses 

The date of disease recurrence was taken as the first date of suspicion of subsequently 
documented recurrence. Relapse was based upon "acceptable evidence" of disease as 
defined elsewhere [13]. Disease-free survival (DFS) was defined in the CALGB trial as the 
time from mastectomy plus axillary dissection to the date of disease recurrence or death 
without recurrence, and survival was measured from mastectomy until death. In the ECOG 
trial the starting date for analysis was the date of randomization. Time to relapse (TTR) 
was defined as the time to disease recurrence; deaths without recurrence were not counted 
as treatment failures, and survival was measured to the date of death from any 
cause. 
The method of Kaplan and Meier [14] was used to estimate DFS, TTR, and survival. The 
crude relationships of treatment or other patient characteristics with DFS, TTR, or survival 
were analyzed using the log-rank test [1S]. A proportional-hazards model [16] was used to 
analyze these relationships while adjusting simultaneously for other patient characteristics. 
Associations of endpoints having ordered categories with treatment were evaluated using 
an exact test [17]. The associations of relapse sites with treatment were evaluated using 
Fisher's exact test [18]. All P-values are based on two-sided alternatives and are considered 
"significant" if :::; O.OS. 

Results 

CALGB Trial 

There were 906 patients entered on study; of these 1S were improperly randomized or 
never treated, 68 were ineligible, 10 had major early protocol violations, and currently 63 
records are either inadequate or too early. A further 76 cases have been deleted from the 
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analysis because these patients received elective postoperative radiotherapy. The 674 
remaining cases were analyzed as two series to evaluate CMFVP (258 cases) and CMF (270 
cases) across the entire trial (total series) and to evaluate CMF + MER (146 cases), CMF 
(144 cases), and CMFVP (134 cases) during the concurrent randomization with CMF + 
MER (concurrent series). Selected patient characteristics are listed in Table 1. The 
regimens were well balanced with respect to these characteristics. The incidence of an ER 
unknown status decreased after October 1978 as reflected in the change from the 
concurrent to total series. Among the cases concurrently randomized with CMF + MER 
the median DFS follow-up is 44~5 months. The median DFS follow-up in the total series 
comparison of CMFVP and CMF is 29.7 months. 
Figure 1 shows the DFS for patients treated with either CMFVP, CMF, or CMF + MER. 
Although the DFS with CMF + MER appears to be inferior, length of survival is not 
significantly different with the three regimens (Fig. 2). 
The comparison of CMFVP to CMF reveals no overall difference in either DFS or survival 
(Figs. 3, 4). Separate analyses demonstrated that a worse DFS prognosis was associated 
with increasing nodal involvement (1-3, 4-9, :2: 10 nodes involved, P < 0.00001), 
increasing tumor size « 2, 2-5, :2: 5 cm, P < 0.00001), and a postmenopausal state 
(P = 0.001). 

Table 1. Selected patient characteristics in CALGB trial 

Characteristic Total series 

No. positive nodes" 
Tumor size (em)" 
Age (years)" 

CMF 

4 
3.0 

51 
Days from mastectomy to Rxa 
Premenopausal 

25 
47 

% ER+ 
% ER unknown 

a Median 

1.0 
.9 
.8 

>- .7 >-
~ 

.6 -' a; .5 
< 
CD .4 
0 
et:: 
a.. .3 

.2 

.1 

CO 

TREATMENT 
- CMFVP 

CMF 
- - CMF+MER 

23 
53 

20 40 60 
MONTHS 

CNSRD EVENT TOTAL 
82 52134 
83 61 144 
66 80 146 

CMFYP 

4 
3.0 

51 
26 
46 
29 
52 

80 

MEDIAN 
UNDEF 
UNDEF 

45.4 
p=.016 

Concurrent series 

CMF CMF + MER CMFYP 

4 4 4 
3.0 3.0 3.0 

50 50 52 
27 26 25 
47 47 45 
15 14 5 
73 68 83 

Fig. 1. Disease-free survival for the 
concurrent series of patients treated with 
CMF, CMF + MER, or CMFYP; 
P = 0.016 
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Among the nodal involvement , tumor size, and menopausal subsets , the DFS with CMFVP 
is superior to CMF only in those patients with 2: 4 nodes involved (Fig. 5). This difference 
was not observed among patients with 4-9 nodes involved but was still observed in patients 
with 2: 10 nodes involved (P = 0.025) . Within the 2: 4 nodes involved subgroups patients 
receiving CMFVP tend to do better, whether premenopausal (P = 0.12) or postmeno-

Fig. 2. Survival for the concurrent series 
of patients treated with CMF, CMF + 
MER, or CMFVP ; P = 0.13 

Fig. 3. Disease-free survival for the total 
series of patients treated with CMF or 
CMFVP; P = 0.32 

Fig. 4. Survival for the total series of 
patients treated with CMF or CMFVP; 
P = 0.55 
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- _. CMF 

20 

20 
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P= .13 

-- ... . ,~ 

40 60 ao 
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CNSRD EVENT TOTAL MEDIAN 
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168 102 270 50.9 
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qJ 

TREATMENT 
-- CMFVP 
- - - CMF 

20 40 
MON THS 

ALI VE DEAD 
195 63 
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60 80 

TOTAL MEDIAN 
258 UNDEF 
270 UNDEF 

p=.55 
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1.0 
.9 
.8 

>- .7 >-

...J .6 
co .5 
< co .4 
0 
a:: 
a.. .3 

.2 

.1 

q) 20 40 60 80 

TREATMENT 
- CMFVP 
... CMF 

MONTHS 

CNSRD EVENT TOTAL MEDIAN 
96 67 163 55.3 
70 75 145 35.5 

p·.DlO 

Table 2. Sites of first recurrence in CALGB trial" 

CMF CMFVP 

Local/regional only 7 4 
Distant only 26 25 
Both 3 4 
Unknown 0.4 1 

C. Tormey 

Fig. 5. Disease-free survival for the total 
series of patients with ;::: 4 nodes involved 
treated with CMF or CMFVP; P = 0.01 

Total 

6 
26 
4 
1 

a Included are 101 relapses on CMF and 87 on CMFVP. Relapses are given 
as % of analyzed cases 

Table 3. Patient characteristics in ECOG trial 

Characteristic CMF CMFP CMFPT Total 

No. nodes examined" 15 15 15 15 
No. nodes positive" 3 3 4 3 
Tumor size (em)" 3.5 3.0 3.0 3.0 
Age (years)" 44 43 43 43 
Days from surgery to Rx" 32 29 28 29 
% ER+ 53 51 51 52 

"Median 

pausal (P = 0.04). None of these DFS differences were associated with a significant impact 
on survival. The majority of first recurrences were at distant sites with both CMF and 
CMFVP (Table 2). The toxicities associated with these regimens have been previously 
reported [8]. 

ECOG Trial 

There were 662 patients randomized between March 1978 and March 1982. There is 
insufficient data on 22 patients, one patient refused therapy, and 83 were found ineligible. 
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Fig. 6. Time to relapse for patients 
treated with CMF, CMFP, or CMFPT; 
P = 0.53 

Fig. 7. Survival for patients treated with 
CMF, CMFP, or CMFPT; P = 0.53 

Fig. 8. Time to relapse related to the 
presence or absence of the development 
of amenorrhea; P = 0.006 
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Table 4. Sites of first recurrence in ECOG triala 

CMF CMFP CMFPT Total 

Local only 5 6 4 5 
Regional only 5 5 3 4 
Local + regional 0.5 0.5 0.4 
Distant only 14 19 20 18 
Local + distant 3 2 2 
Regional + distant 0.5 1 3 
Local + regional + distant 0.5 1 0.5 
Unknown 0.5 0.2 

Local ± regional only 11 11 6 10 
Distant ± 10caUregionai 18 22 23 21 

a Local refers to the area bounded by the sternal midline, clavicle, posterior 
lateral edge of the latissimus dorsi and costal margin; regional includes the 
internal mammary, supraclavicular and axillary area; all other sites are 
considered distant. Included are 55 relapses on CMF, 62 on CMFP, and 55 
on CMFPT. Relapses are given as % of evaluable patients 

C. Tormey 

The major analysis was performed upon the remammg 556 cases although separate 
analyses including all randomized cases gave similar results. Selected patient characteristics 
are shown in Table 3. Although there is good balance between regimens, minor imbalances 
were controlled for in the analyses. The median follow-up is 39 months with 31 % having 
relapsed and 18% having died. 
The overall comparisons of TTR (Fig. 6) and survival (Fig. 7) show no differences between 
the regimens. At the present time there are also no treatment regimen-associated TTR or 
survival differences across nodal involvement and ER subgroups. 
Favorable prognostic features for TTR included 1-3 nodes involved (P = 0.0000003), 
ER+ status (P = 0.0004), and tumor size < 3 cm (P = 0.05). Tumor size is not presently a 
significant variable for survival although a progesterone receptor (PgR) positive status was 
favorable (P = 0.05). An analysis of amenorrhea revealed that those patients developing 
amenorrhea had a significantly greater TTR (Fig. 8, P = 0.006) and survival (P = 0.001, 
stratified Mantel-Byar tests). The development of hot flashes did not have this same 
prognostic impact, although they were reported more frequently with CMFPT (71 % ) than 
with CMFP (58%) (P = 0.009) or CMF (57%). Amenorrhea was reported more frequently 
with CMFP (46%) than with CMF (40%) (P = 0.06), and with CMFPT (51%) than with 
CMFP (P > 0.10). Preliminary analyses suggest that the TTR of ER+ amenorrheic 
patients is significantly better than of ER + menorrheic and ER - amenorrheic patients, 
and that of ER - amenorrheic patients is significantly better than of ER - menorrheic 
patients. 
The majority of first recurrences occurred at distant sites (Table 4). There is a suggestion of 
decreasing local-regional recurrences with CMFPT compared to CMFP and CMF. Table 5 
shows the significantly increased incidence of side effects occurring with the addition of 
prednisone to CMF and with the addition of tamoxtfen to CMFP. Unlike the 
postmenopausal trial [12] the addition of tamoxifen did not increase the incidence of 
thrombotic events but did increase the incidence of hot flashes and peripheral 
edema. 
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Table 5. Comparative side effects related to the addition of prednisone to CMF and tamoxifen to 
CMFP in the ECOG trial 

CMF" 

Nausea/emesis 
Thrombocytopenia 

Other gastrointestinal 
Infection 
Neurologic 
Leukopenia 
Peripheral edema 
Cushingoid changes 
Musculoskeletal pains 
Weight gain 
Hypertension 

CMFPTC 

Peripheral edema 
Hot flashes 

a Side effects occurring with a significantly greater incidence than is the case with CMFP 
treatment 

b Side effects occurring with a significantly greater incidence than is the case with CMF 
treatment 

C Side effects occurring with a significantly greater incidence than is the case with CMFP 
treatment 

Discussion 

These two trials represent successive generations of studies despite being designed from the 
initial Milan experience. The eligibility criteria for the CALGB trial were nearly identical 
to the initial L-P AM placebo [1] and CMF-observation [2] studies. Two years later the 
ECOG trial added requirements for bone scans and ER status and developed separate 
trials based on menopausal status. Although the CALGB and ECOG utilized separate 
experimental arms they both based their controls upon the Milan experience. The use of 
CMF by that group continues to provide a survival advantage in premenopausal patients 
but only an early TTR advantage in postmenopausal patients [2, 19]. 
The results of the CALGB and ECOG trials do not currently demonstrate an overall DFS, 
TTR, or survival advantage for adding either prednisone ± tamoxifen or vincristine + 
prednisone to CMF. Unlike the Milan trial [20], the ECOG study found that the 
development of amenorrhea was prognostically favorable for both TTR (P = 0.006) and 
survival (P = 0.001). Patients developing amenorrhea did significantly better within both 
ER + and ER - subgroups. Although not formally tested, it appeared that ER­
amenorrheic patients did about as well as ER + patients not developing amenorrhea. These 
preliminary results suggest that ovarian ablation may be a beneficial procedure to test 
prospectively in both ER+ and ER- patients. The added benefit of amenorrhea in ER­
patients also supports the hypothesis that the tumors are heterogeneous with respect to 
ER-containing cell populations. 
Other factors found to be associated with an improved TTR in the ECOG premenopausal 
trial included fewer nodes involved, smaller tumor size, and an ER+ tumor. These same 
parameters were prognostic in the ECOG postmenopausal trial, although the ER + 
advantage was limited to the untreated patients [12]. In both ECOG studies survival was 
improved for those with fewer nodes involved and ER+ tumors. The premenopausal trial 
also found PgR + tumors were associated with an improved survival. At present there are 
no TTR or survival differences between the regimens in these various subgroups of 
premenopausal patients. 
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The CALGB trial also demonstrated an improved prognosis for DFS in patients with fewer 
nodes involved and smaller tumor sizes. This trial also demonstrated a DFS advantage 
avoring premenopausal patients over postmenopausal patients. The CALGB trial 
demonstrated a significant DFS advantage with CMFVP in the 2: 4 nodes-involved 
subgroup. Although this advantage was limited to postmenopausal patients, there was a 
similar trend for premenopausal patients with 2: 4 nodes involved. Increased dissociation of 
the nodal involvement revealed that the CMFVP advantage is restricted further to patients 
with 2: 10 nodes involved. Additional follow-up will be needed to ascertain whether this 
advantage for CMFVP will continue. 
It is of interest that a continuous-exposure CMFVP regimen has been found superior to 
L-P AM with respect to TTR and survival in both premenopausal and postmenopausal 
patients [21]. This result is particularly interesting in view of results from advanced-disease 
trials. CALGB previously found a continuous CMFVP regimen tended to be superior to an 
intermittent regimen [7]. The ECOG found CMF to be distinctly better than L-P AM [2] but 
only slightly less effective than CMFP [9]. Taken in concert with the current trials, it would 
appear that minor differences observed in advanced disease will not translate into readily 
apparent adjuvant-therapy differences, e.g., CMFP vs CMF. However, major 
advanced-disease differences will translate into adjuvant therapy differences, e.g., L-PAM 
vs CMF (VP). Thus, if small differences exist in advanced disease it will be necessary to 
provide large numbers of adjuvant patients to detect those differences if they exist in the 
postoperative setting. 
As with other trials [1, 2, 21], the major sites of relapses continue to be distant in both 
studies. Whether or not this would be reduced by the use of postoperative or postsystemic 
therapy radiation therapy is not yet known. At present the results would suggest that the 
cell kill achieved with the current systemic therapy regimens is insufficient to eliminate 
disease in the majority of patients. 
The overall toxicity with CMF is clearly less than with CMFVP [8] or with CMFPT or 
CMFP. Considering this parameter in concert with the results to date, it is not possible to 
routinely recommend these more toxic regimens - as used in the CALGB and ECOG 
trials - outside of research settings. 
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Introduction 

The disease-free interval and overall survival of women with operable breast cancer with 
positive axillary nodes has not improved over the past several decades despite a variety of 
local-regional approaches. The prognosis has not been significantly affected by the extent 
of surgery [9, 11] or the administration of postoperative radiation therapy [15]. Although 
the size of the primary tumor [3, 13] and the estrogen receptor status [12] are also 
significant, the status of the axillary lymph nodes [2] remains the most important prognostic 
factor. Approximately 50% of women with 1-3 and 75% of those with 2:: 4 involved 
axillary nodes have tumor recurrence by 5 years after initial treatment [2, 17]. Clearly, 
local-regional therapy is not adequate or curative for most women with axillary nodal 
metastases. 
The majority of women with involved axillary nodes are not cured with local measures 
because microscopic deposits of tumor remain present at sites distant from the primary at 
the time of initial treatment. Therefore, only treatment (such as hormonal manipulation or 
chemotherapy) which reaches these distant sites, theoretically can affect disease-free 
survival in these women. The results of early trials with adjuvant chemotherapy (thiotepa, 
etc.), though conflicting, have been generally disappointing [4,16]. However, these early 
trials involved short courses of chemotherapy aimed at eradicating malignant cells 
dislodged at the time of surgery. The currently accepted hypothesis, i.e., that 
micrometastases have already formed at the time of initial treatment, calls for a prolonged 
course of systemic treatment to eradicate these deposits [14]. 
In 1975 and 1976, the preliminary results of two controlled trials involving long-term 
adjuvant chemotherapy were reported. The National Surgical Adjuvant Breast Project 
(NSABP) reported on the efficacy of L-PAM [5] and Bonadonna et al. [1] reported on the 
efficacy of cyclic cylophosphamide, methotrexate, and 5-fluorouracil (CMF) vs surgery 
alone in women with operable breast cancer with histologically involved axillary nodes. 
The promising preliminary results of these two controlled studies prompted the Southwest 
Oncology Group (SWOG) to compare combination with single-agent adjuvant chemo­
therapy in women at high risk for relapse after local-regional therapy. Continuous, rather 
than intermittent combination chemotherapy, was used because the former was more 
effective in an earlier SWOG study of women with metastatic breast cancer [8]. 
This study evaluates the relative efficacy of continuous CMFVP (cyclophosphamide, 
methotrexate, 5-fluorouracil, vincristine, and prednisone) and melphalan (L-PAM) in 
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terms of disease-free and total survival, and short- and long-term toxicity, in women with 
operable breast cancer with histologically involved axillary nodes. This report is an update 
of data previously reported with a mean follow-up of 5 years [7]. 

Patients and Methods 

Selection of Patients 

All women who had had a modified or radical mastectomy and who had one or more nodes 
positive on histologic examination with no evidence of metastatic disease were eligible for 
this study, provided they fulfilled specific criteria described in the protocol. These 
included: primary and axillary neoplasm completely removed as confirmed by the 
pathology report, tumors confined to the breast and axilla, tumors movable in relation to 
the underlying muscle and chest wall, axillary nodes movable in relation to the chest wall 
and neurovascular bundle, no preoperative arm edema, a leukocyte count;:::: 4,000, a 
platelet count;:::: 100,000, and a blood urea nitrogen (BUN) :::; 25 mg/lOO ml. Patients with 
inflammatory carcinoma or skin ulceration of more than 2 cm were excluded from the 
study. T3 lesions were included if there was no fixation. Chemotherapy was initiated within 
42 days of mastectomy. 
This study was carried out on patients from 32 institutions affiliated with the SWOG. 
Patients were informed and signed consents stating they would receive either single-agent 
or combination chemotherapy after mastectomy. 

Pre therapy Studies 

All patients underwent the' following studies: Bone scan, a complete blood count, 
transaminases, alkaline phosphatase, bilirubin, BUN, serum creatinine, serum calcium and 
phosphorus, and a chest X-ray. Liver and brain scans were obtained if symptoms, signs, or 
laboratory tests suggested possible metastases at these sites. Most patients also had 
mammography or xerography of the opposite breast. 

Experimental Design 

Stratification was done according to menopausal status, number of involved axillary nodes 
(1-3 and;:::: 4), and whether postoperative radiation was going to be administered. Patients 
were randomized to rec.eive either 2 years of melphalan or 1 year of CMFVP. Treatment 
was begun 1-6 weeks after mastectomy. 

Treatment 

Adjuvant melphalan treatment consisted of 5 mg/m2 daily by mouth for 5 days every 6 
weeks for 2 years. CMFVP treatment consisted of cyclophosphamide 60 mg/m2 daily by 
mouth, methotrexate 15 mg/m2 i.v. weekly, and 5-fluorouracil (5-FU) 300 mg/m2 i.v. 
weekly, all for 1 year. Vincristine 0.625 mg/m2 was administered i.v. weekly for 10 weeks, 
and prednisone 30 mg/m2 by mouth daily for days 1-14,20 mg/m2 daily for days 15-28, 
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and 10 mg/m2 for days 29-42, and discontinued thereafter. Drug doses were modified 
according to the presence and degree of toxicity. 

Postoperative Irradiation 

Irradiation was an option available to the primary physician and his patient in order to 
facilitate accrual on this study. The dose schedule and radiation fields were not 
standardized. Most patients received radiation to the supraclavicular and internal 
mammary nodal areas, some also to the anterior chest wall. When postoperative 
radiotherapy was used, it was started 10 weeks after combination chemotherapy or after 
three courses of melphalan had been administered. Twenty-six fully evaluable (18%) 
patients on the CMFVP arm and 39 (23%) patients on the melphalan arm received 
radiation. 

Follow-up Studies 

While receiving chemotherapy, patients had a monthly physical examination and a 
complete blood count was taken at each clinic visit; transaminases, alkaline phosphatase, 
serum calcium and phosphorus, serum creatinine, BUN data and a chest X-ray were 
obtained every 3 months; a bone scan was made every 12 months. After treatment was 
completed, the above blood tests were obtained every 3 months, a chest X-ray every 3-6 
months, a bone scan and a mammogram every year. 

Statistical Analysis 

Statistical analysis of this study was based on time to first evidence of treatment failure, 
represented by local, regional, or distant recurrence, and on survival time. All patients with 
treatment failures were followed until death and the survival curves include both fully and 
partially evaluable patients. Disease-free interval (DFI) and survival curves were plotted 
using the life-table method of Kaplan and Meier [10]. A two-tailed generalized Wilcoxon 
test [6] was used to test for the differences between DFI and survival curves. In this trial, 
356 fully and partially evaluable patients were analyzed, 184 in the L-PAM arm and 172 on 
the CMFVP arm. Randomization generated treatment groups with respect to age, race, 
tumor location, tumor size, and menopausal status. 

Results 

Table 1 shows recurrence patterns for both fully and partially evaluable patients in the two 
treatment arms, both overall and within patient subgroups. The median followup time for 
these patients is approximately 60 months and the minimum is 46 months. The difference in 
the overall rate of recurrence between CMFVP and melphalan (22% vs 41 %) is highly 
significant (P = 0.0001). The difference in the observed proportion of treatment failures is 
also highly significant in favor of CMFVP compared with melphalan for the following 
subgroups: premenopausal women, 19% vs 44% (P = 0.002); postmenopausal women, 
25% vs 39% (P = 0.003); women with 1-3 involved axillary nodes, 10% vs 25% (P = 
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Table 1. Characteristics of women treated with CMFVP and melphalam treatment with observed 
treatment failures 

Total 

Nodal status 
1-3 
;:::4 

Menopausal status 
Premenopausal 
Postmenopausal 

Fig. 1. Treatment failure time 
distribution for all fully and 
partially evaluable patients 
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0.017); and women with 2::: 4 involved axillary nodes, 32% vs 52% (P = 0.002). In the 
analysis of recurrence by menopausal status and number of involved nodes (1-3 and 2::: 4), 
there are differences favoring CMFVP in all subgroups. 
Figure 1 shows Kaplan-Meier estimates of the time to treatment failure (DFI) of both fully 
(FE) and partially (PE) evaluable patients on the two treatment arms. The 5-year 
disease-free interval is 70% for CMFVP compared with 53% for melphalan 
(P = 0.002). 
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Fig. 2. Overall survival in fully and 
partially evaluable patients with 
CMFVP and melphalan 

Fig. 3. Treatment failure time 
distribution in fully and partially 
evaluable pre- and postmenopausal 
patients 
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Length of survival from onset of chemotherapy for all patients is shown in Fig. 2. The 
life-table estimate of survival at 5 years is 73% for CMFVP and 56% for melphalan; there is 
a significant difference in survival in favor of CMFVP over melphalan (P = 0.002). 
Figure 3 compares DFI by menopausal status. The 5-year DIF is equal in both pre- and 
postmenopausal CMFVP patients (70% vs 68%). The 5-year DFI of premenopausal 
patients treated with melphalan is 50% and for postmenopausal patients 55%. Both pre­
and postmenopausal patients treated with CMFVP have a significantly longer DFI 
compared with those treated with melphalan (P = 0.002 for premenopausal and P = 0.003 
for postmenopausal patients). 
Figure 4 compares the length of total survival by menopausal status. The 5-year survival for 
both pre- and postmenopausal patients treated with CMFVP is identical at 73%. The 
5-year survival for premenopausal patients treated with melphalan is 51 % and 58% for 
postmenopausal patients. Both pre- and postmenopausal patients treated with CMFVP 
have a significantly longer survival than those treated with melphalan (P = 0.021 for 
premenopausal; P = 0.037 for postmenopausal). 
Figure 5 shows DFI by nodal status.The CMFVP-treated group has a 5-year DFI of 88% 
compared with 73% for patients treated with melphalan (P = 0.017). The lower two curves 
represent patients with a larger tumor burden, with four or more involved axillary nodes, 
and again CMFVP is highly significant. The 5-year DFI is 60% for CMFVP and 40% for 
melphalan (P = 0.002). 
The length of survival by number of involved axillary nodes is shown in Fig. 6. The 5-year 
survival of patients treated with CMFVP is 81 % compared with 67% for melphalan. This is 
not a significant difference in survival. The reason for this is twofold: (1) In the CMFVP 
group four patients died of unrelated causes. (2) In the melphalan group those patients 
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evaluable patients with 1-3 and 
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Table 2. Side effects 

Manifestation CMFVP Melphalan 
(%) (%) 

Leukopenia" 
3,999-2,500 69 62 
::; 2500 12 6 

Thrombocytopeniab 

99,000-50,000 15 21 
::; 50,000 1 3 

Alopecia 40 0 

Cystitis 5 0 

Mucositis 16 0 

Nausea 21 16 

a Leukocyte per/mm3 
b Platelets per/mm3 

relapsing with local recurrence were effectively salvaged with CMFVP and local 
radiation. 
Patients with four or more involved axillary nodes have a 67% survival at 5 years when 
treated with CMFVP compared with 41% when treated with melphalan (P = 0.002). 

Toxicity 

The side effects with both treatment arms are shown in Table 2. Nausea, vomiting, and 
malaise were more prominent with CMFVP than with melphalan. Cystitis, mucositis, and 
alopecia only occurred in patients treated with CMFVP. The eight patients who developed 
haemorrhagic cystitis secondary to cyclophosphamide were treated with chlorambucil. 
Approximately 40% of women treated with CMFVP developed significant alopecia. 
Leukopenia was a frequent complication in both treatment arms but was usually mild to 
moderate in degree. Less than 12% of patients on either treatment arm developed a 
leukocyte count:::; 2,500 and/or platelet counts:::; 50,000. 
Subjective and objective toxicity, while more prominent in the CMFVP group, was 
acceptable with both treatment arms. 
Three patients developed acute leukemia, one patient while on CMFVP therapy for 10 
months. After completion of 2 years of therapy, two patients on the melphalan arm 
developed leukemia at about 3 and 5 years from the start of treatment. 

Discussion 

With a median follow-up of 5 years, O\~r data show that women with operable breast 
cancer with histologically involved axillary nodes treated with continuous CMFVP show 
significantly longer disease-free and total survival than those treated with intermittent 
melphalan. This decrease in recurrence is demonstrated in both pre- and postmenopausal 
women resulting in prolonged total survival. Women with four or more axillary nodes have 
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decreased recurrences and longer total survival than those treated with melphalan. Patients 
with one to three axillary nodes had a longer DFI but total survival was not significantly 
different because of deaths due to other causes and salvage therapy of local recurrences 
with surgery, radiotherapy, and chemotherapy. 
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Introduction 

Type, dosage, and duration of adjuvant chemotherapy in breast cancer are chosen more or 
less empirically. Only five groups have addressed the question of optimal duration of 
treatment in prospective randomized studies. Bonadonna and his group have demonstrated 
that 6 cycles of CMF are equivalent to 12 for premenopausal patients at 6 years [1]. 
Henderson and co-workers have shown that three courses of adriamycin and cyclophos­
phamide are as good as 6 [2]. The ongoing study of the Southeastern Cancer Study Group 
[4] has to date failed to show any difference between 6 and 12 months of CMF (combined 
partly with radiation). No results have been published so far by the Southwestern Oncology 
Group. The Swiss Group (SAKK) decided in 1976 to examine the well-tolerated oral St. 
Gallen Leukeran (chlorambucil), methotrexate, fluorouracil (LMF) regimen in a 
randomized comparison of a short- and a long-term treatment in node-positive breast 
cancer patients. We hope that the prolonged treatment with its anticipated heavier drug 
toxicity would be compensated for by improved tumor control. 

Study Design and Patients 

The study design is given in Fig. 1. Eligible for the SAKK study 27/76 were women below 
70 years of age with breast cancer of stages T1-3a with positive axillary nodes. Surgery was 
done by modified radical mastectomy. There was stratification for menopausal age and 
postoperative radiotherapy (optional). The adjuvant chemotherapy was identical to that 
used by Seen et al. (this volume). In group A patients received 6 monthly 14-day cycles of 
oral LMF, in group B 12 monthly cycles followed by one course of LMF every other month 
for a total of 18 courses over a period of 24 months. 
In total, 419 node-positive breast cancer patients were entered between January 1976 and 
September 1978; 401 patients were fully eligible. Of these, 351 are fully evaluable; 50 
patients are not evaluable for various reasons not specified here (see [3]). 

* For the Schweizerische Arbeitsgruppe fUr Klinische Krebsforschung 
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Fig. 2. Recurrence-free survival after 6 years . (SAKK 27176. Cut-off: 15 Nov. 1983) 

Results 

After 6 years of mean observation time there are 218 recurrences among the 351 evaluable 
patients , giving a 62.1 % overall recurrence rate . There is no difference if we consider all 
eligible or only the evaluable patients. As in our last analysis presented 3 years ago [3] there 
is no difference whatsoever between 6 and 18 cycles of oral LMF for the whole study 
population nor in any subgroup (neither in recurrence-free nor overall survival) (Figs. 2 
and 3). Postmenopausal patients fared somewhat worse than pre- and perimenopausal. 
There is no detrimental effect of additional radiotherapy which, on the other hand, reduced 
local recurrences from 41 % to 26% . 

Conclusions 

There is no change since our last analysis presented 3 years ago. The overall relapse rate of 
62% at 6 years in node-positive breast cancer patients is again extremely high. It is higher 
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Fig. 3. Overall survival after 6 years mean observation time. (SAKK 27176. Cut-off: 15 Nov. 
1983) 

than the corresponding number in the comparable node-positive patients treated with 
LMF + BCG (bacillus Calmette-Guerin) in the OSAKa study at 6 years (55% vs 72% in 
the controls). There is definitely no advantage in prolonging a well-tolerated, but still 
unpleasant oral LMF regimen up to 2 years. Does 'oral LMF have activity at all? This 
answer cannot be given from our study, as it lacks an untreated control group. It must be 
stressed that even with this low-dose LMF there were considerable dose reductions , more 
than in the previous OSAKa trial. LMF, as given in this trial, appears to be only 
marginally effective in treating node-positive breast cancer patients. 
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Introductiou 

The results of the first eMF program (cyclophosphamide, methotrexate, and fluorouracil 
given for 12 monthly cycles) indicated only a slight benefit for the subgroup of 
postmenopausal patients with node-positive (N +) breast cancer [2, 9]. Although this 
finding was not consistently reported in all case series [3], several hypotheses were 
formulated to interpret the impact of adjuvant results on patients who are postmenopause 
[e.g., suboptimal drug-dose levels and proportion of estrogen receptor (ER) positive 
tumors]. 
In 1977, two prospective trials were simultaneously started by our group. We studied 
postmenopausal women with breast cancer N+ for the effect of (1) full-dose sequential 
drug regimens and, (2) a combined chemoendocrine therapy (Table 1). The purpose of this 
paper is to report the preliminary analysis of the results at 5 years with a median follow-up 
of about 50 months. For a definitive evaluation of the above-mentioned treatment 
protocols, a more prolonged observation will be necessary in this particular subset of 
women. 

Sequential Non-Cross-Resistant Combinations (CMFP + AV) 

Accrual into this study was limited to women aged ~ 65 years, on the assumption that older 
patients would not be able to tolerate intensive chemotherapy. The adjuvant program 
included two sequential combinations, known through a previous study [5] to be 

Table 1. Adjuvant programs in postmenopausal node-positive breast cancer. (Patient accrual: May 
1977 -September 1980) 

I. Age ". 65 years 

II. Age > 65 years or 
ineligible for Protocol I 
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R«') eMFP x 6 ~ AV x 4 without doo, ;,"=illi~tion 

(b) CMFP x 6 -? A V x 4 with dose intensification 

CMF x 12 + tamoxifen for 1 year 
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non-cross-resistant. CMF plus prednisolone (CMFP) given for six cycles was followed by 
adriamycin plus vincristine (A V) for four cycles. Taking into consideration some of the 
principles expressed by the Norton-Simon hypothesis [8], patients were randomly treated 
at 4-week intervals either (a) with conventional doses of CMFP (C 100 mg/m2 p.o. day 
1-14, M 40 mg/m2 i.v. on day 1 and 8, F 600 mg/m2 i.v. on day 1 and 8, P 40 mg/m2 i.m. day 
1-14) and AV (A 60 mg/m2 i.v. on day 1, V 1.4 mg/m2 i.v. on day 1 and 8) or (b) with dose 
intensification every two cycles of all drugs except P and V (C 50-100-150 mg/m2 , M 
20-40-60 mg/m2 , F 400-600-800 mg/m2, A 50-75 mg/m2). 

By the end of therapy, patients in both groups had received the same total dose of each 
drug. The cumulative dose of adriamycin did not exceed 250 mg/m2. As one of the main 
goals of the trial, it was planned to administer chemotherapy without dose reduction. In the 
presence of myelosuppression (leukocytes < 3,800/mm3, platelets < 100,000/mm3) therapy 
was delayed on a weekly basis until complete bone marrow recovery occurred. After 
stratification according to the number of positive nodes (1-3, > 3), a total of 140 patients 
were randomized (no intensification 70, intensification 70). The main patient character­
istics are shown in Table 2. In spite of an imbalance in subsets not considered for 
stratification, the two groups were comparable with respect to main prognostic factors. The 
majority of patients had N + 1-3 and ER + tumors. It is worthy of note that the incidence 
of extensive nodal involvement (N + > 10) in this study was considerably higher 
(20%-26%) than in our previous CMF trials (8%-9%). 

Table 2. Adjuvant programs in postmenopausal node-positive breast cancer. 
characteristic in percent) 

CMFP - AV CMF-T 

No intensi- Intensi- :;s; 65 years 
fication fication = 47 
= 70 = 70 

Primary tumor :;s; 2 cm 61 40 49 
>2 cm 39 60 51 

N+ 1-3 50 49 53 
4-10 30 25 28 
>10 20 26 19 

ER+ 60 46 49 
ER- 13 26 21 
ER unknown 27 28 30 
Median age (years) 57 (49-65) 57 (46-65) 62 (52-65) 
Median follow-up (months) 52 50 48 

Table 3. CMFP-A V: 5-year results related to the number of positive 
nodes (N+) 

N+ 

1-3 
4-10 
>10 

No. of patients RFS (%) 

69 76 
39 41 
32 11 

Survival (%) 

87 
68 
35 

(Main patient 

> 65 years 
= 74 

53 
47 

58 
23 
19 

58 
18 
24 
68 (66-75) 
49 
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Fig. 1. CMFP-A V in postmenopausal 
breast cancer N +. RFS and total 
survival related to treatment arms 
(no intensification vs intensification) 

Figure 1 shows relapse-free survival (RFS) and total survival in both treatment groups. No 
significant difference was evident in patients given sequential chemotherapy without dose 
itensification compared with those receiving progressive dose intensification. For this 
reason, all data will be further evaluated grouping patients of both treatment arms 
together. The impact of the sequential program on nodal subsets is detailed in Table 3. RFS 
and total survival rates confirmed the unfavorable prognosis for patients with a high 
number of involved nodes in spite of aggressive therapy. On the contrary, however, for 
women with N + 1-3 our present results appear more favorable than those achieved in our 
previous studies ofthe same age population (RFS: control 50%, CMF 12 cycles 63%, CMF 
6 cycles 63%; survival: control 73%, CMF 12 cycles 77%, CMF 6 cycles 69%). Treatment 
failure was documented most frequently in distant sites (33%) and in 13% of patients first 
recurrence was limiteq to the local-regional area. No contralateral breast cancer has been 
observed to date. 
Immediate and early toxic manifestations from this adjuvant program did not differ from 
those commonly reported with CMFP and A V regimens [5]. Vomiting and loss of hair were 
common in both treatment arms. One or more episodes of leukopenia were slightly more 
frequent in patients receiving CMFP with dose intensification (76%) than in those treated 
without dose intensification (64%), while platelet fall was uncommon in both groups (10% 
vs 6%). Myelosuppression after A V, virtually represented by leukopenia, was reported in 
about one-third of women with no difference in relation to dose escalation. Prednisolone 
and vincristine markedly contributed to treatment toxicity in this age group. Edema and 
arterial hypertension were observed in about 60% and gastric disturbances in about 30% of 
women. These side effects forced discontinuance of prednisolone in 17% of women. 
Neurotoxicity was very frequent (80%), including prolonged adynamic ileus in 6% of 
women; vincristine was withheld because of toxicity in 18% of patients. Twenty-six patients 
(18%) refused to complete therapy although there was no marked objective toxicity, 
mainly for psychological reasons. In this group of women, adriamycin could be 
administered with no clinical evidence of cardiac toxicity. In particular, no episodes of 
congestive heart failure attributable to adriamycin were observed. Consideration of risk 
factors in pretreatment patient selection, as well as the planned total dose of the drug 
(::s 250 mg/m2), enabled this severe aspect of drug toxicity to be avoided. Data derived 
from monitoring cardiac function, during and after adjuvant chemotherapy, are detailed in 
a separate paper [4]. In short, no relevant modifications of some cardiac function 
parameters (i.e., PEP/LVET ratio, echocardiography, multigated scintiscan) were 
detected. Second neoplasms have been detected to date in three patients (2.1 % ). Bladder 
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and colon cancers were documented in two women 50-59 months from start of adjuvant 
therapy. A third patient developed overt chronic lymphocytic leukemia 34 months after 
entering the study. (It is worthy to note that in this patient a relative lymphocytosis was 
present at the time of treatment start but was not further evaluated in the absence of any 
suspicious clinical signs or symptoms.) 
Although in s<;>me patients dose attenuation had to be employed for prolonged 
myelosuppression, a dose level :0:::; 85% of all drugs was administered to about 80% of 
patients (no intensification 78%, intensification 84%). The treatment program could be 
completed within the scheduled period of time (about 10 months) for 50% of women 
receiving therapy at conventional doses but only for 34% of those treated with escalated 
doses. However, the majority of women completed the adjuvant treatment within 12 
months (no intensification 76%, intensification 74%). 

Combined Chemoendocrine Therapy 

This prospective nonrandomized trial included patients older than 65 years as well as 
younger postmenopausal patients in whom the presence of other concomitant systemic 
diseases (e.g., cardiac or renal disease, diabetes) prevented the administration of some of 
the drugs (methotrexate, prednisolone, adriamycin) as planned in the above-mentioned 
sequential protocol. In this trial CMF was administered at the conventional dose schedule, 
as previously reported, in patients younger than 65 years. A lower dose schedule was 
applied to patients older than 65 years (M 30 mg/m2, F 400 mg/m2). Tamoxifen (T) was 
given orally at the dose of 20 mg daily for 1 year. Drug-dose reduction, as applied in 
previous CMF protocols [1,2, 9], was planned in the presence of myelosuppression. For 
moderate toxicity (leukocytes 3,700-2,500/mm3, platelets 99,000-75,000/mm3), 50% of 
the calculated dose was given. For lower values treatment was delayed until at least 50% of 
the dose could be administered. The main characteristics of patient population in the two 
age subsets are reported in Table 2. Known prognostic factors appeared to be equally 
distributed between the two groups. The majority of patients had 1-3 positive nodes and 
ER + tumors. Nearly 50% of women had a primary tumor of < 2 cm. A comparable 
percent had > 10 involved nodes. 
RFS and total survival rates in the entire group are reported in Fig. 2. At 5 years, RFS was 
63% and total survival 78%. No difference could be demonstrated in relation to age lesser 
or greater than 65 years (RFS: 65% vs 62%; survival: 83% vs 77%). RFS related to the 
number of positive nodes is shown in Fig. 3. Treatment appeared to be equally effective in 
the subsets with N+ 1-3 and N+ 4-10 (71 % and 68%, respectively), while in the group 
with N+ > 10, RFS was significantly lower (P = 0.001). In this study no difference was 
observed relative to the presence or absence of ER (RFS: 59% vs 63%, survival: 80% vs 
82%). New disease manifestations were observed more frequently in distant sites (29%) 
and only a small fraction of patients showed local-regional recurrence alone (2.5%). 
Contralateral breast cancer has occurred to date in only one patient. 
Drug-induced side effects were those commonly observed with CMF. T produced mild 
toxicity in about 15% of patients (hot flashes and vaginal symptoms). Myelosuppression, in 
particular leUkopenia, was frequently observed in both age groups (:0:::; 65 yrs: 93%; > 65 
yrs: 96%). In about 25% of patients peripheral leukocytes fell below 2,500/mm3. Bone 
marrow toxicity was the main cause of drug reduction. Only a minority of patients (about 
20%) in both grollps could receive :0:::; 85% of planned doses. 
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Fig. 2 (left). CMF-T in postmenopausal breast cancer N+. RFS and total survival in the total 
population 

Fig. 3 (right). CMF-T. RFS related to the number of N+ 

Second malignancies were observed in seven patients: rectal cancer (two), skin cancer 
(two), colon cancer (one), anal cancer (one), endometrial cancer (one). These tumors were 
detected 14-54 months from start of therapy. 

Comment 

Adjuvant therapy for breast cancer patients who are postmenopausal and have positive 
axillary nodes has so far been an area of controversy. The experience of our group 
indicated only a marginal benefit with 12 cycles of CMF as given in the first study [2, 9]. 
However, recent data for the second CMF program showed a favorable effect from 6 cycles 
of CMF, irrespective of menopause [1, 10]. 
Two different treatment approaches were tested prospectively in postmenopausal patients. 
Preliminary analyses of 5-year results for patients with 1-3 positive nodes show a favorable 
trend for both of these treatment protocols compared with our previous results. In fact, 
while mindful of the limits of a retrospective comparison with a patient population 
of different size and followed for a longer period of time, we can say that RFS after 
CMFP-AV and CMF-T appeared superior to RFS with surgery + CMF or surgery alone in 
the same age subset. However, these results need to be confirmed by longer follow-up 
observation. 
Treatment morbidity with intensive chemotherapy given at full doses was acceptable in 
postmenopausal women with no serious side effects; in this group vincristine and 
prednisone markedly contributed to toxicity. Adriamycin could be administered without 
evidence (at 5 years) of drug-induced late effects. In addition, in the older patient group 
CMF-T could be safely administered by applying dose attenuation. In both studies no 
increased incidence of second neoplasms was evident. 
Interpretation of present results is not definitive for either study. Whether the effect of 
sequential combinations was a consequence of full-dose administration during the first 6 
cycles of CMFP, or was secondary to the cell kill of resistant cell sublines induced by A V 
combination, remains to be established. Although results with 6 cycles of CMF seem to 
stress the importance of short-term effective chemotherapy, the problem of optimal 
treatment duration utilizing non-cross-resistant regimens is still open to discussion. On the 
other hand, CMF-T was effective irrespective of ER status and in spite of low drug dose. 
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These troublesome findings can in part be explained by the absence of information in this 
case series on progesterone receptors, which have been repeatedly reported to be stronger 
predictors for response to endocrine therapy than is ER, also in the adjuvant setting [6, 7]. 
Furthermore, benefit of CMF-T in spite of low-dose regimen can be in part interpreted as a 
consequence of the additive effect of cytotoxic and hormonal compounds as well as of the 
rather indolent course of breast cancer in elderly women. 
Optimal adjuvant chemotherapy for postmenopausal high-risk breast cancer is still to be 
defined. Current trials should take into account all known prognostic variables, in 
particular the proportion of extensive nodal involvement (> 10 positive nodes) as well as 
ER and progesterone receptor tumor content. 
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The trials presented in this section deal with four major issues in the adjuvant treatment of 
breast cancer: the optimal duration of therapy, treatment intensity, implications regarding 
drug schedule, and the role of combining tamoxifen with chemotherapy. 

Duration of Therapy 

It was noted that an earlier analysis of 24 months of CMF as delivered by CALGB 
appeared to be equivalent to the 12 months regimen used in Milan [1]. The SAKK trial 
demonstrated that 18 cycles of LMF over 24 months did not differ from 6 cycles over 6 
months and the Milan study continues to show no significant difference between 12 and 6 
months of CMF. These results all suggest that treatment beyond 6 months with a single 
regimen may not confer any therapeutic advantage. Indeed, there is a suggestion in the 
Milan trial that 12 months of CMF may be slightly inferior to 6 months. This observation 
could be very important, especially in view of animal data from Southern Research 
Institute indicating that treatment over prolonged time-frames may be detrimental. The 
hypothesis that therapy can be shortened should soon be settled as survival data from these 
trials will shortly extend to 10 years. 
The suggestion that the treatment period with these regimens can be shortened would 
enable a greater treatment-free period (Fig. 1). It can be argued that providing patients 
with a treatment-free period that is in excess of that achieved without systemic therapy may 
increase the overall quality of survival. More formal analyses of this endpoint might, 
therefore, usefully be included in future reports from these trials. 

Treatment Intensity 

There are many approaches to increasing treatment intensity aside from changes in the 
drug schedule. Three major approaches were presented in this section: (1) the addition of 
more drugs, (2) a fixed cross-over, and (3) an escalation of drug dosages. Such 
considerations as very high dose regimens, rotating therapy, and combining systemic 
therapy with radiotherapy have only recently been studied in various centers. 
The addition of more drugs to CMF has its basis in advanced-disease trials wherein either 
response rate, time to treatment failure, or survival appeared to be improved with the 
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Fig. 1. The impact of systemic treatment interval if the treatment regimens are equally effective. It is 
assumed that relapse will be delayed due to treatment but that the duration of treatment beyond, e. g. , 
6 months, does not further delay relapse. In that case the shorter treatment (Rx A) will yield a longer 
treatment-free interval than will the longer treatment (Rx B). Rx, systemic treatment 

addition of vincristine and prednisone (VP) to CMF [2], prednisone to CMF [3, 4], and 
tamoxifen to CMF [5], or to dibromodulcitol and adriamycin [6]. These trials in advanced 
disease provided advantages in only one or two of these major treatment endpoints. The 
corresponding CALGB and ECOG adjuvant trials presented at these meetings have not 
found an advantage of these additions to CMF except within selected patient cohorts. 
However, the use of CMFVP was distinctly superior to L-PAM across the entire population 
and most patient cohorts examined. Assuming CMFVP is at least equivalent to CMF, this 
result is in keeping with the superiority of CMF over L-PAM demonstrated for all major 
treatment endpoints in the ECOG advanced-disease trial [7]. Thus, it would appear that a 
major treatment intensity advantage needs to be observed in advanced disease before that 
difference can be appreciated in at least the first 5-6 years of adjuvant therapy. 
The Milan experience comparing standard-dose CMFP ~ A V with the same regimen, 
starting at "low dose" and escalating through "standard dose" to "high dose", provided no 
statistical differences. Perhaps in retrospect the "escalating arm" should have started at 
"standard dose." Thus, it is not clear that this disproves the underlying hypothesis. The 
cross-over design in this trial from CMFP to A V appears to be doing better than historical 
CMF data, but the lack of an appropriate CMF or CMFP control group makes its true 
impact difficult to assess. There is a suggestion in advanced disease that time to treatment 
failure using a cross-over from AV to CMF may be slightly superior to CMF alone [3, 8] 
but, again, this is a minor difference which may not translate to the adjuvant setting at 5 or 
6 years. 

Treatment Schedule Modifications 

There were no direct tests of treatment schedule modifications presented but data from 
three of the trials bear on this issue. The CALGB's 6 weeks of continuous induction with 
CMF prior to initiating intermittent therapy did not appear to confer an advantage over the 
Milan intermittent CMF. The SWOG continuous CMFVP was distinctly superior to 
L-PAM. Since advanced-disease trials suggest that continuous CMFVP is only borderline 
superior to intermittent CMFVP [9, 10], and that CMFVP is only borderline superior to 
CMF [2], the marked advantage of continuous CMFVP in the SWOG study may be the first 
clue to a necessity to use continuous therapy in postoperative patients. 
The other modification in these trials involved lengthening the treatment cycles in year 2 in 
the CALGB and SAKK trials in an attempt to kill slow-growing cells. The apparent failure 
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of this approach does not refute the tactic, only the means by which it was executed. Taken 
in concert with the SWOG trial a more appropriate tactic might be to provide a true 
continuous therapy reinduction at one or more specified times after an initial 6 months of 
therapy. 

Role of Tamoxifen with Combination Chemotherapy 

It was of interest that the only early trends favoring the addition of tamoxifen to 
CMF-based chemotherapy occurred in ER - patients. The use of CMFT in patients> 65 
years by the Milan group is difficult to assess due to the lack of a concurrent control group. 
Certainly the advanced-disease trials suggest a greater initial cell kill by using tamoxifen in 
combination with cytotoxic drugs [5, 6]. The present maturing adjuvant trials all stop 
tamoxifen concurrently with termination of chemotherapy. Both in vitro and in vivo data 
suggest that the antiestrogen provides a G1 block of sensitive cells [11, 12]. It is therefore 
reasonable to consider continuing the drug indefinitely beyond chemotherapy in order to 
continue to control the sensitive cells in this apparently heterogeneous disease. This has 
been done in a pilot trial at Wisconsin with promising results [13] and has led to recently 
activated randomized trials in ECOG to test this concept. Blood levels of tamoxifen and its 
major two metabolites have been found to be stable over at least the first 5 years of therapy 
[13]. 
Thus, the trials in this section suggest that initial induction therapy can be reduced to 6 
months or less, that only major advanced-disease differences will translate to adjuvant 
results at 5-6 years, that the treatment schedules should perhaps be based on continuous 
rather than intermittent therapy schedules, and that the addition of tamoxifen to cytotoxic 
drugs may provide benefit in ER - cohorts and perhaps should be continued indefinitely 
beyond the chemotherapy in all cohorts. 
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Introduction 

Development of a second malignant neoplasm (SMN) following prolonged cytotoxic 
therapy is a potential delayed consequence of tumor treatment [1, 5, 6, 20, 26, 27, 31, 34, 
46, 48, 49, 51]. In addition, specified primary neoplasms are associated with the 
development of other primary malignancies through either a common etiology or an 
impaired patient's defense mechanism [44]. The oncogenic potential of adjuvant 
chemotherapy in early breast cancer may, therefore. best be analyzed by looking at the 
occurrence of SMNs in prospective randomized trials using a similar, nontreated patient 
population (surgical control). This report summarizes the frequency of SMNs in five 
controlled adjuvant chemotherapy trials and two studies with no surgical control 
group. 

Materials and Method 

Scandinavian Adjuvant Chemotherapy Study Group (SACSG) 

A cooperative, randomized clinical trial with single-agent short course chemotherapy 
(Table 1) was started in January 1965 and terminated in Spetember 75. Overall, 1,136 
eligible patients with operable breast cancer (T] - T 3, N - IN +) were randomized in this 
trial. A detailed review of the study case material has been published previously 
[42]. 

Milan Trials 

Between June 1973 and September 1975 a total of 386 patients with operable breast cancer 
(T1-T3a, N+) were randomly allocated to receive either adjuvant chemotherapy or no 
further treatment (Table 1). A more detailed study design has previously been reported 
[3]. In a second consecutive trial, which lasted from September 1975 to May 1978, a 
prospective randomized study compared 12 cycles of CMF to 6 cycles of CMF as adjuvant 
chemotherapy in 459 patients with operable breast cancer [55]. 
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Table 1. Treatment schedules used as adjuvant chemotherapy in breast cancer patients 

Institution 

SACSG 

Milan 

OSAKO (St. Gallen) 

Manchester/Guy's 

Milan 

Arizona 

Treatment Schedule 

RM vs RM + CTX: 5 mg/kg/d x 6 days 

RM vs RM + CTX: 100 mg/m2 p.o. d1-d14 

+ MTX: 40 mg/m2 i.v. d1 + dg q4w x 12 
+ 5-FU: 600 mg/m2 Lv. d1 + dg 

RM vs RM + CLB: 6-8 mg p.o. dc d14 

+ MTX: 5-7.5 mg p.o. d1-d3 + dg-d lO q4w x 6 
+ 5-FU: 500-750 mg p.o. d1 + ds 

+ BCG: x lImonth x 18 after LMF 

RM vs RM + CTX: 80 mg/m2 p.o. d1-d14 

+ MTX:; 32 mg/m2 Lv. d1 + ds 
+ 5-FU: 480 mg/m2 i.v. d1 + ds 

RMvsRM+ 
L-PAM: 

0.15 mg/kg/d x 5 

12 cycles CMF vs 6 cycles CMF 

ADM: 30 mg/m2 i.v. d1 

CTX: 150 mg/m2 p.o. d3-d6 

q4w x 12 

q6w for 2 years 

q3w x 8 

Abbreviations: d, day; w, week; RM, radical mastectomy; CTX, cyclophosphamide; MTX, 
methotrexate; 5-FU, 5-fluorouracil; CLB, chlorambucil; BCG, bacillus Calmette-Guerin; L-PAM, 
melphalan; CMF, CTX + MTX + 5-FU; ADM, adriamycin; LMF, leukeran (= CLB) + MTX + 
5-FU 

OSAKa Trial 

Between April 1974 and December 1977, 240 evaluable patients with operable breast 
cancer (TI-T3a, NO-I) were randomized to adjuvant chemo(immuno)therapy (Table 1) or 
no further treatment after radical mastectomy [50]. 

Manchester/Guy's Trials 

The two studies were set up in a similar manner in order to combine their results, using the 
same melphalan (L-PAM) regime, as shown in Table 1. The Guy's Hospital study 
randomized patients with operable breast cancer (TI-T3, N +) for melphalan or no further 
therapy. The Manchester trial was designed as a three-arm study comparing eMF vs 
melphalan vs no further treatment following radical mastectomy. Patients with operable 
breast cancer (TCT3' N+ and T3NO) were eligible for this study [7]. 

Arizona Trial 

Since 1973 a total of 232 patients with operable breast cancer (stage II, N +) have recieved 
two-drug adjuvant chemotherapy as outlined in Table 1 [25]. 
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Table 2. SMNs after radical mastectomy with or without adjuvant chemotherapy 

Center or group Regimen Number of Median SMNs 
patients follow-up 

(years) Excluding Contra-
contra- lateral 
lateral breast 
breast cancer 
cancer only 
(%) (%) 

SACSG Surgical controls 577 14 22 (3.8) 15 (2.6) 
CTX X 6 days 559 17 (3.0) 13 (2.3) 

Milan Surgical controls 179 8 4 (2.2) 6 (3.4) 
CMF X 12 months 207 5 (2.4) 8 (3.7) 

Milan CMF X 6 months 216 7 2 (0.9) 6 (2.8) 
CMF x 12 months 243 4 (1.7) 8 (3.3) 

OSAKO (St. Gallen) Surgical controls 123 8 7 (5.7) 2 (1.6) 
LMF x 6 months + BCG 117 6 (5.1) 1 (0.9) 

Tucson ADM + CTX x 6 months 232 > 4 6 (2.6) 4 (1.7) 

Manchester/Guy's Surgical controls 161 3 2 (1.2) 
CMF x 12 months 165 3 (1.8) 
Surgical controls 183 4 3 (1.6) 
Melphalan 187 2 (1.0) 

Overall (five studies) Surgical controls 1,223 38 (3.1) 
Adjuvant chemotherapy 1,235 33 (2.7) 

See Table 1 for definition of abbreviations 

Results 

The numbers of extramammary SMNs and contralateral, metachronous breast cancers are 
shown in Table 2. A total of 2,458 patients (five studies) were randomly allocated to receive 
either adjuvant chemotherapy or no further treatment after radical mastectomy. 
Thirty-eight (3.1%) SMNs were found in the surgical controls and 33 (2.7%) in patients 
with adjuvant chemotherapy. Two trials using no surgical controls (Arizona, Milan second 
trial) found a total of 12 (1.7%) SMNs in 691 patients. Contralateral breast cancer occurred 
in 23 of 879 (2.6%) patients with no further treatment after radical mastectomy and in 22 of 
883 (2.5%) patients with adjuvant chemotherapy. The SMNs are listed by site in Table 3. 
Although there is a slightly higher number of lung cancers, colorectal cancers, and ovarian 
cancers and a lower number of lymphomas, leukemias, and melanomas in patients with 
adjuvant chemotherapy, neither difference is statistically significant compared to surgical 
controls. In the SACSG trial, with a median observation time of 14 years, six of 22 SMNs in 
the surgical control group were tumors from the gastrointestinal tract (four stomach, one 
colon, one pancreas) and six were endometrial carcinomas. Among the remaining 48% of 
SMNs were two bladder cancers and two non-Hodgkins lymphomas. Seventeen patients 
with adjuvant chemotherapy developed SMNs, 47% of which originated in the 
gastrointestinal tract, predominantly in the colon and rectum. Gynecological tumors and 
lung cancer were the next most frequent tumor types. The median interval from 
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Table 3. Number of SMNs (excluding contralateral breast 
cancer) in patients with operable breast cancer 

Site/type Surgical Adjuvant 
controls chemotherapy 
(n = 1,223) (n = 1,235) 

Lung 3 5 
Esophagus 0 2 
Stomach 4 2 
Pancreas 2 2 
Colon/rectum 3 7 
Gallbladder 0 1 
Ovary 2 5 
Uterus 4 2 
Cervix 3 1 
Fallopian tube 0 1 
Oropharynx 1 1 
Parathyroid 1 0 
Thyroid 1 0 
Kidney 1 0 
Urinary bladder 2 1 
CNS 1 1 
Lymphoma 2 1 
Leukemia 3 1 
Sarcoma 2 1 
Melanoma 3 0 

Pooled data from 5 randomized studies (SACSG, Milano, 
OSAKO, Manchester/Guy's) 
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mastectomy to the diagnosis of SMN was 5 years (range 3-160 months) for patients in the 
surgical control group and 9.5 years (range 14-190 months) for patients with adjuvant 
chemotherapy. Both at 5 and at 10 years there is no statistically significant difference (P = 
0.1) in the number of SMNs between the control group and the adjuvant chemotherapy 
group. The median survival of patients with SMNs was 13.3 years in the surgical control 
group and 11.7 years in the adjuvant chemotherapy group. Seventy-five percent and 78% 
died from SMNs respectively. 
In the first Milan trial, four SMNs were found in the surgical control group, two of them 
gynecological tumors. Gastrointestinal tumors and gynecological tumors were the most 
frequent SMNs in the adjuvant chemotherapy group. The median interval from 
mastectomy to the SMN was 30.5 months (range 3-59) in the surgical control group and 71 
months (range 38-101) in the adjuvant chemotherapy group. In the second Milan trial, all 
patients with SMNs were alive at the time of this analysis, with median survival times of 90 
months (control) and 86 months (adjuvant chemotherapy) since mastectomy. 
In the OSAKa trial (St. Gallen) two patients in the surgical control arm developed acute 
leukemia (ALL, AML) as SMNs. Third malignant tumors, which developed in one patient 
in each group, were included in this analysis and are responsible for the somewhat higher 
rate of SMNs than in the other trials. The median time from mastectomy to the diagnosis of 
SMN was 40.5 months (range 11-65) in surgical controls and 26 months (range 9-71) in 
the adjuvant chemotherapy group. Eight of nine patients have died from the SMNs. 
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Fig. 1. Occurrence of SMNs (contralateral breast 
cancer excluded) over a median follow-up of 
8-14 years in three prospective, randomized 
trials. SMNs in surgical controls, n = 33; SMNs 
in adjuvant chemotherapy groups, n = 28 

The three above-cited prospective trials, with a median follow-up of 8-14 years, showed a 
median interval to SMN of 3.7 years for surgical controls and 5.8 years for the adjuvant 
chemotherapy group (Fig. 1). 
In the Manchester/Guy's trials, one patient in the CMF arm developed acute 
leukemia. 
In the Arizona trial, two melanomas, one colon cancer, one esophageal carcinoma, one 
lung cancer, and one endometrial carcinoma were found after a median interval of 30 
months (range 20-61) after radical mastectomy and adjuvant chemotherapy. Four (66%) 
of these patients were alive at the time of this analysis. 

Discussion 

The overall rate of SMNs other than breast cancer was 2.6%. In a retrospective study of 
1985 breast cancer patients [23], the rate of SMNs was 2.1%. 
Iatrogenic leukemia has been linked to the chemotherapeutic agents used to treat breast 
cancer [9, 13, 30, 34, 43, 46-48). AML was found to be the most frequent SMN after 
cytotoxic chemotherapy with cyclophosphamide for a variety of primary tumors, 
predominantly Hodgkin's disease, and occured with an average dose of 45,000 mg after an 
average interval of 49 months [49]. In another series of 335 patients with SMNs, 51% 
developed leukemia (ANLL 79%) after an average duration of chemotherapy of 4 years 
and 3 months [45]. Foucar et aL [16] reported on 15 patients with various malignancies who 
developed AML after a median interval of 60 months (range 31-182). All patients but one 
had received an alkylating agent as single drug or in combination with other cytostatic 
drugs. Curtis et aL [8] reported that patients with breast cancer have greater risk for AML 
in the 3-7 year period. Portugal et aL [46] found four patients with breast cancer who 
developed ANLL after a median interval of 66.5 months from the start of chemotherapy 
for metastatic disease. All four had been treated with cyclophosphamide, with a median 
total dose of 54,150 mg and a median exposure time of 37.5 months. Rosner et aL [48] 
found 24 patients with breast cancer who developed acute leukemia. However, only five 
had received chemotherapy alone, and ANNL was diagnosed after a median interval of 4 
years (range 2.5-8). In the same series, six patients without treatment after mastectomy 
also developed acute leukemia (five ANLL, one ALL), after a median interval of 4.5 years 
(range 0.25-14). The same authors reviewed the literature, where only three of 54 patients 
with breast cancer developed acute leukemia after being treated with chemotherapy alone; 
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Fig. 2. Frequency of contralateral breast 
cancers. Each circle represents the data 
of one study reported in the literature. 
The regression line (,z = 0.723; slope 
0.025 ± 0.003) is drawn as the number 
of contralateral breast cancers (ordinate) 
as a function of the number of patients 
with breast cancer (abscissa). The dashed 
lines encompass the 95% confidence range 
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leukemia was diagnosed 4, 18, and 48 months after diagnosis of breast cancer. In the 
present studies only four leukemias could be observed; three of them (one AML, one 
ALL, one eLL) developed in patients in the surgical control groups after intervals of 44, 
65, and 97 months. Assuming a high body surface area of 2 m2 and an application of full 
doses over 12 cycles of eMF treatment, a patient could theoretically receive cyclophos­
ph amide in a maximum dose of 33 ,600 mg. As only 17% of the patients could tolerate a full 
or nearly full (;:::: 85%) dose of eMF [2], most have received a total dose far below 30,000 
mg. In addition, the exposure time to the drug was shorter than in most other studies. 
These two important factors may be responsible for the lack of increased rate of leukemias 
observed in the combined studies presented here. 
The most frequent SMNs after cyclophosphamide therapy other than leukemia were 
bladder cancer and squamous cell carcinoma of the skin in a review of 303 cases of reported 
SMNs [49]. We did not observe an excess of bladder carcinoma in patients treated with 
adjuvant chemotherapy. Bladder cancers associated with cyclophosphamide therapy were 
reported after total doses of more than 150,000 mg [12, 14]. 
The overall rate of contralateral breast cancer in the present studies was 2.55%-2.6% in 
the surgical control groups and 2.5% in the adjuvant chemotherapy groups. In a 
retrospective study the frequency of contralateral breast cancer was 2.1 % [23]. A review of 
the literature on contralateral breast cancer revealed an average rate of 2.5 ± 0.3% in 
49,449 patients reported (Fig. 2). 
Enough data have accumulated to demonstrate that the tumor incidence is directly 
dependent on the dose of chemical carcinogen in experimental animals and in man [20]. 
There are various in vitro short-term tests which predict in vivo tumorgenicity reasonably 
well [37, 40, 57, 58]. More in vitro/in vivo correlation studies are required, however, in 
order to optimize the test systems and verify their predictive value. 
This will finally improve our understanding as to which agents potentially lead to late 
toxicity and endanger the patient's future despite immediate therapeutic usefulness 
[54]. 
In conclusion, we did not observe an increase of SMNs in patients receiving adjuvant 
chemotherapy for early breast cancer after median follow-up of 8-14 years in three 
prospective, randomized trials. Further follow-up will show whether this holds true for 
much longer observation periods. 
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Introduction 

The general acceptance of breast cancer as a systemic disorder with lymph node metastases 
as an indicator of poor prognosis has stimulated the search for effective means to control 
micrometastases. While the early trials on prolonged adjuvant chemotherapy significantly 
delayed the onset of relapse in premenopausal women, breast cancer in the postmeno­
pausal group of patients was apparently less affected [1, 2]. In postmenopausal women 
tamoxifen has proved to be of value in the palliative treatment of advanced breast cancer 
and has usually few and mild side effects. Several groups of investigators have therefore 
included tamoxifen in the adjuvant treatment of breast cancer, either alone or in 
combination with cytotoxic chemotherapy; for a review consult Mouridsen and 
Palshof [3]. 
In 1976, studies were initiated in the Stockholm-Gotland health care region in Sweden, 
aimed at exploring the efficacy of adjuvant systemic treatment of operable breast cancer. 
These studies included tamoxifen in postmenopausal women (irrespective of stage) and 
cytotoxic combination chemotherapy in premenopausal and postmenopausal women with 
large tumors or axillary node involvement. Postmenopausal women then, with this stage of 
disease were included in both studies; this is an interim report of the results of their 
treatment. 

Material and Methods 

Patients 

Postmenopausal women who had been treated with a modified radical mastectomy for 
breast carcinoma were eligible for the present study if they were less than 71 years of age 
and the tumor was greater than 30 mm in the surgical specimen or there were lymph node 
metastases. 
Between November 1976 and December 1982, 331 patients entered this trial. In a 
two-by-two fashion these patients were randomly allocated to adjuvant cytotoxic 
chemotherapy or to postoperative radiotherapy, and to tamoxifen or to no further 
endocrine treatment. The distribution of patients by treatment combinations is given in 
Table 1. During a period of the study more patients were randomized to chemotherapy 

Recent Results in Cancer Research. Vol. 96 
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Table 1. Number of patients and number of patients with treatment failure in the treatment 
groups 

Treatment group No. of patients No. of patients with failure 

Local Distant Death Any 

Adjuvant chemotherapy 173 42 62 50 83 
Tamoxifen 86 17 27 23 35 
Controls 87 25 35 27 48 

Radiotherapy 158 14 44 38 51 
Tamoxifen 82 7 22 17 25 
Controls 76 7 22 21 26 

Total 331 56 106 88 134 

than to radiotherapy because of a temporary shortage of radiation treatment machine 
capacity. There were no lymph node metastases in 11 % of the cases. In 54% there were 
1-3 metastatic nodes, and in 34% more than three nodes were involved. The distribution 
of cases with different numbers of lymph node metastases was similar in all treatment 
combinations. 

Estrogen Receptors 

These were determined in one laboratory using isoelectric focusing on slabs of 
polyacrylamide gel [4]. Quantitative receptor data were obtained for 82% ofthe tumors. A 
level of 0.10 fmol/J-lg DNA constitutes the arbitrary distinction between receptorpoor and 
receptorrich tumors. In 28% of the cases, the tumors were poor in receptor protein. 

Tamoxifen 

This treatment was given for 2 years and the daily dose prescribed was 40 mg. 

Cytotoxic Chemotherapy 

The regimen consisted of 12 courses of 5-fluorouracil at 600 mg/m2, and of methotrexate at 
40 mg/m2, i.v. on days 1 and 8 of each course. Initially, chlorambucil was given orally in a 
dose of 10-15 mg on days 1 through 8 and the next course was given on day 42. After a year 
and a half, chlorambucil was replaced by cyclophosphamide, 100 mg/m2, orally on days 1 
through 14 and the next course was started on day 28. The treatment policy was changed 
because chlorambucil caused progressive depression of the thrombocytes. The doses were 
reduced in women 65 years of age or older, and according to hematologic toxicity as 
outlined by Bonadonna et al. [2]. 
The doses of chemotherapy have been calculated as described by Bonadonna and 
Valagussa [5]. They were expressed as percentages of the total dose which would have been 
given in 12 courses with no reduction. No reduction was calculated for those over 64 years 
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of age. If a woman experienced a recurrence before 12 courses had been given, the total 
"ideal" dose was calculated only up to and including the last course before the relapse. 

Postoperative radiotherapy 

This was given by high voltage machines. The target area included the chest wall and the 
lymph node regions of the axilla, the supra- and infraclavicular fossae and the ipsilateral 
internal mammary region. The treatment was delivered with a daily dose of 2.0 Gy, 5 days a 
week to a total dose of 46.0 Gy. 

Follow-up 

The follow-up includes all eligible patients, irrespective of whether treatment was given or 
not. The mean follow-up period was 49 months with a range of 12-87 months. 

Statistical Analysis 

Time to any failure (local or distant recurrence or death) and to death from any cause were 
analysed using the log-rank test [6]. The Cox regression model was used to study the 
simultaneous influence of several factors including interaction between the variables [7]. 
Significance levels are represented by P-values for two-sided tests. 

Results 

Complicance 

Tamoxifen was generally well tolerated. Side effects, including gastrointestinal disturbance 
and hot flashes, were usually mild, but were the reason for a premature interruption of the 
treatment in 14% of the patients. 
Cytotoxic chemotherapy caused the commonly encountered side effects, such as nausea, 
mucositis, and lethargy. The patients were prerandomized and 4% of them refused to 
accept the treatment. They were, however, included in the analyses. The doses were 
reduced in many patients, mainly due to hematologic toxicity as prescribed in the protocol. 
Only 27% of the patients received more than 84% of the dose according to the protocol. 
Furthermore, since the protocol prescribed a dose reduction in women 65 years of age or 
older only 18% of the patients received more than 84% of the unreduced dose. In 51 %, 
including 4% who refused any treatment, the dose was less than 65% of the "ideal" 
dose. 

Prognostic importance of lymph node metastases and estrogen receptors 

Both number of lymph node metastases (0, 1-3, 4+) and estrogen receptor status were 
significant predictors of relapse and death. The predictive information in both variables 
were independent of each other and of the treatment modalities. 
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Table 2. Relative recurrence rates (95% confidence limits) in the different treatment comparisons. 
The rates were obtained from a Cox regression analysis including an interaction term between 
chemotherapy/radiotherapy and tamoxifen 

Treatment comparisons 

Chemotherapy vs radiotherapy 
Total material 
Tamoxifen group 
No tamoxifen group 

Tamoxifen vs no tamoxifen 
Total material 
Chemotherapy group 
Radiotherapy group 

Relative recurrence rates 

1.52 (1.07-2.16) 
l.33 (0.80-2.23) 
1.70 (1.05-2.75) 

0.64 (0.46-0.90) 
0.58 (0.38-0.91) 
0.75 (0.43-l.30) 

Effect of Treatment on Relapse Rate and Death Rate 

The number and type of failures are given in each of the treatment groups in 
Table 1. 

Adjuvant Cytotoxic Chemotherapy/Radiotherapy 

There were significantly more recurrences in the chemotherapy group than in the 
radiotherapy group (Table 2, relative recurrence rate 1.52/1, P = 0.01). As is seen in 
Table 1, the main reason for the difference is the much higher frequency of local-regional 
recurrences after chemotherapy than after radiotherapy. 
In patients for whom the dose of chemotherapy exceeded 84% of the "ideal" dose, the rate 
of recurrence was approximately 70% of that for patients who received lower doses, but 
this difference was not statistically significant (P = 0.26). 
There was no significant difference in mortality rates in the chemotherapy group and the 
radiotherapy group (relative mortality rates 1.2/1, P = 0.36). 

Adjuvant Tamoxifen 

Tamoxifen significantly decreased the rate of recurrence compared to the controls 
(Table 2, relative recurrence rate 0.66/1, P = 0.02). 
In the Cox regression model both cytostatic chemotherapy/radiotherapy and tamoxifen 
independently influenced the rate of recurrence (Table 2). No interaction was found 
between any of the treatments and the lymph node status. Though there was no significant 
interaction between tamoxifen and chemotherapy/radiotherapy (P = 0.49), the interaction 
factor indicated that tamoxifen may have been slightly more effective in the chemotherapy 
group than in the radiotherapy group (Table 2). 
In Table 3 the relative recurrence rates of the tamoxifen patients compared to those of their 
controls are given by dose of chemotherapy for the chemotherapy groups of patients. 
Tamoxifen reduced the rate of recurrence at all dose levels and no consistent relation is 
visible between the effect of tamoxifen and the dose of chemotherapy. 
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Table 3. Relative recurrence-rates of tamoxifen-treated 
patients in comparison to their controls according to 
dose levels of chemotherapy among patients random­
ized to receive adjuvant chemotherapy 

Dose level of 
chemotherapy (%) 

<65 
65-84 
> 84 
Total 

Relative recurrence rates 
(95% confidence limitis) 

0.73 (0.41-1.31) 
0.37 (0.16-0.83) 
0.79 (0.23-2.76) 
0.60 (0.39-0.94) 
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In the present material there was little interaction between the effect of tamoxifen and 
estrogen receptor status on the recurrence rate. The relative recurrence rate of the 
tamoxifen patients compared to that of the controls was 0.61/1 (P = 0.16) for patients with 
receptor-poor tumors and 0.63/1 (P = 0.04) if the tumor was receptor rich. 
The mortality rate was not significantly influenced by tamoxifen treatment (relative 
mortality rate 0.76/1, P = 0.20). 

Discussion 

Despite the fact that several randomized trials have been conducted, the merit of adjuvant 
cytotoxic chemotherapy in postmenopausal women remains controversial. The subject of 
adjuvant treatment has recently been reviewed by Mouridsen and Palshof [3]. Bonadonna 
and Valagussa [5] concluded from a retrospective analysis of their trials that the generally 
low doses delivered to postmenopausal women were the reason for the discrepant 
effectiveness in premenopausal and postmenopausal women. However, attractive this 
hypothesis may seem, it has not yet been supported by a properly designed prospective 
trial. A recent report from the Southwest Oncology Group on CMFVP vs melphalan 
indicated that CMFVP for 1 year improved the freedom from relapse and survival in both 
premenopausal and postmenopausal women [8]. Since CMFVP probably is more effective 
than melphalan in the treatment of advanced disease, this study might give some support 
for the hypothesis of a dose-related response. Unfortunately, it is difficult to know whether 
such conclusions can be derived from that trial. For instance, approximately 33% of the 
patients were entirely or partially excluded from analysis for various reasons, including 
refusal to continue treatment and early death. Such exclusions were slightly more common 
in one of the treatment groups and may well have biased the results. 
The dose levels achieved in our trial were similar to those in the Milan trials [5]. Whether 
the doses were insufficient or there is a general resistence to the drugs, the treatment was 
less effective than postoperative radiotherapy in preventing local-regional relapses. In fact, 
the results of chemotherapy treatment resembled those of no further treatment in our 
previous study on preoperative and postoperative treatment in operable breast cancer [9]. 
So far, we have not seen any difference in survival between the treatment groups. Because 
of the side-effects of adjuvant cytotoxic chemotherapy, a major impact on survival is 
necessary before this type of treatment should be routinely recommended. 
The efficacy of tamoxifen in the treatment of advanced breast cancer and the few and mild 
side effects made this drug an attractive alternative or complement to cytotoxic 
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chemotherapy in the adjuvant treatment of breast cancer. Several groups have included 
tamoxifen in their adjuvant armory. Most of the reported results indicate a prolongation of 
the relapse-free interval [3, 10-14]. The British group also recently reported a significantly 
prolonged survival in the tamoxifen-treated patients [16]. 
Results of treatment with a combination of tamoxifen and cytotoxic chemotherapy have 
also been reported [13, 14]. As in our trial, the addition of tamoxifen to cytotoxic 
chemotherapy improved the relapse-free survival in these studies. 
At the present time, no definite conclusions can be drawn concerning the place of adjuvant 
therapy of breast cancer in postmenopausal women. It is obvious, that the impact on 
survival of any of the reported combinations has been less than what may have been 
anticipated on the receipt of the initial optimistic reports [1, 2]. Such treatment, therefore, 
should still be considered as experimental. Future trials should be designed to improve 
treatment results as well as to find the least toxic treatment combinations able to prolong the 
most critical part of the woman's life after treatment for breast cancer, i.e., the time to the 
first recurrence if it was not cured [15, 16]. Therefore, locally effective treatment, using 
surgery and radiotherapy, should be included in trials. Because of the low toxicity of 
tamoxifen, this drug might be useful for the adjuvant treatment even if the ultimate cure 
rate is little influenced. 
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Ludwig Breast Cancer Trials LBCS III and IV: 
Adjuvant Endocrine Treatment in Postmenopausal Patients 

A. Goldhirsch* 

Ludwig Institut fiir Krebsforschung. Inse\spita\, 3010 Bern, Switzerland 

Introductiou 

In July 1978, the Ludwig Breast Cancer Study (LBCS) Group (see Appendix A) initiated 
four complementary randomized controlled clinical trials to evaluate adjuvant therapy in 
both pre- and postmenopausal patients with operable breast cancer and axillary 
lymph-node involvement. The postmenopausal patients who were randomly allocated to 
receive either endocrine therapy alone or mastectomy alone are the subject of this report 
(Fig. 1). The studies terminated accrual of patients on August 31, 1981. 

Materials and Methods 

Postmenopausal women, defined by menstrual history or by endocrine testing (Table 1) 
who were 80 years of age or less and who had histologically confirmed, noninflammatory, 
unilateral breast carcinoma with axillary lymph node metastasis, were considered for 
eligibility in the two studies. Treatment of the primary was by total mastectomy and axillary 
clearance for disease staged according to the International TNM Classification as TIAorB, 
TZA or B, T3A, No or 1 (but with histologically proven axillary node metastasis); Mo was a 
requirement. A chest radiograph and bone scan (with X-rays of "hot spots", if applicable) 
were required for exclusion of detectable metastatic disease. A peripheral white blood cell 
count of ~ 4,000/mm3, a platelet count of ~ 100,000/mm3, creatinine of < 130 Ilmol/l, 
bilirubin < 20 Ilmol/l and SGOT of < 60 IU were also required. 
Treatment with endocrine therapy was started within 6 weeks of surgery and continued for 
12 months. Standardized follow-up assessment were required every 3 months for 2 years 
and every 6 months thereafter. All study records (eligibility, treatment, toxicity, and 
recurrence) were reviewed centrally by the study coordinator. 
Estrogen and progesterone receptor results of ~ 10 fmollmg cytosol protein were 
considered positive and values below this as negative. Estrogen receptor (ER) results were 
available for 49% of the patients and progesterone receptor (PR) results for 44%. 
Histological type and grade based on a central pathology review were available for 96% of 
the patients. A total of 629 patients were available for the comparison of adjuvant 
endocrine therapy with observation (Fig. 1). The distribution of relevant patient 

* Ludwig Breast Cancer Study Group, see pp. 208, 209 
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Postmenopausal patients 
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M 

CMFp + T x 12 monthly cycles 

p + T x 12 monthly cycles 

NO ADJUVANT TREATMENT 
( observation) 

205 

Patients randomized 
(evaluable patients) 

LBCS III 
age::s 65 

171 (154) 

164 (153) 

168 (156) 

LBCSIV 
age 66-80 

n 

182 (167) 

167 (I53) 

p: prednisone 
T: tamoxifen 

7.5 mg/day p.o. (5 mg a.m., 2.5 mg p.m.), continuously 
20 mg/day p.o. daily, continuously 

Fig. 1. Protocol in LBCS III and IV. The abbreviation p (rather than P) stress the fact that low-dose 
prednisone was given 

Table 1. Definition of postmenopausal patients 

Condition 

A) At least 1 year amenorrhea, no hysterectomy 

B) At least 3 years amenorrhea, no hysterectomy 

C) Biochemical evidence of cessation of ovarian function for doubtful 
patients with regard to A and B 

D) Hysterectomy without bilateral oophorectomy 

E) More than 1 year after bilateral oophorectomy 

Age 

> 52 years 

::s 52 years 

Any age 

2: 56 years 

Any age 

characteristics (extent of nodal involvement, tumor size, ER and PR status, histological 
type and grade, extent of surgical procedure) were balanced between the two treatment 
regimens. 
This analysis was performed on data available on all eligible patients as of October 1, 1983, 
with a median follow-up of 36 months. The treatment comparison was performed using a 
stratified analysis combining LBCS III and IV. For analysis of disease-free survival (DFS), 
failure was defined as any recurrence, appearance of a second primary malignancy, or 
death, whichever occurred first. 
The Kaplan-Meier method [1] was used to estimate survival distributions for DFS and 
overall survival. The log-rank procedure [2] was utilized to assess the statistical significance 
of treatment differences between these survival distributions. Times were measured from 
the data of randomization. Tests of significance for treatment effects were carried out 
adjusting for prognostic factors (nodal status and ER status), using the Cox proportional 
hazard regression model [3]. 

Results 

Disease-free survival was significantly increased for women who received prednisone + 
tamoxifen (p + T) as compared with those who had no adjuvant therapy (observation), 
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Table 2. LBes III and IV: Endocrine therapy vs observation - DFS and overall survival by treatment 
(36 months median follow-up) 

Total no. patients 

A) 3-year DFS 

l. Overall 

2. Nodal status 
N+ 1-3 
N+ ;;.4 

B) 3-year overall 
survival 

p+T 

(320) 

58 ± 3a 

70 ± 4 
42 ± 5 

75 ± 3 

Observation 

(309) 

44 ± 3 

53 ± 4 
31 ± 4 

80 ± 3 

pa 

0.001 

0.003 
0.07 

0.032 

For DFS, failure is defined as recurrence, second primary, or death, whichever occurred first 
Results expressed as Kaplan-Meier percent ± SE 
a Stratified by study (LBeS III or IV) 

Table 3. Endocrine treatment in LBeS III and IV: DFS by treatment 
and ER and PR content in the tumor 

3-year DFS p+T Observation pa 

ER+ 67 ± sa (104) 49 ± 5 (100) 0.02 
ER- 30 ± 7 (51) 40 ± 8 (50) 0.86 
PR+ 73 ± 6 (65) 59 ± 7 (60) 0.2 
PR- 42 ± 6 (74) 38 ± 6 (77) 0.64 
ER+/PR+ 77± 6 (56) 57 ± 7 (54) 0.D35 
ER-/PR- 27 ± 8 (39) 35 ± 8 (42) 0.49 
ER unknown 61 ± 4 (165) 43 ± 4 (159) 0.002 

Results expressed as Kaplan-Meier percent (%) ± SE with no. of 
patients in parentheses 
a Stratified by study 
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both in patients::::; 65 years (LBCS III; P = 0.008) and in patients 66-80 years old (LBCS 
IV; P = 0.05). The effect of treatment, using the combined data (stratified by study), is 
shown in Table 2 and Fig. 2. No survival advantage has been observed (P = 0.32) (Fig. 3). 
Treatment results according to ER and PR content are summarized in Table 3. Comparison 
of sites of first failure showed that p + T decreased only the number of local and regional 
disease relapses: There were 42 local and/or regional first failures for p + T -treated patients 
as compared with 85 for the control group. First failures in distant sites were the same for 
the two populations (72 patients failed in each). 

Toxic Effects 

The frequency of severe hematologic and nonhematologic toxic effects of p + Twas 3.5%, 
of which thrombosis and/or embolism occurred in 1 % of the treated patients. Although no 
fatalities were definitely attributable to treatment, seven of the 16 patients who expired 
without evidence of recurrent cancer died within the first year. 

Discussion . 

In these trials endocrine therapy consisted of a combination of tamoxifen and low-dose 
prednisone given continuously for 1 year. At a median follow-up of 36 months, the 
endocrine therapy was shown to significantly increase the DFS of treated patients with 
operable breast cancer and lymph node metastases in the axilla (0 = 0.001) (Fig. 2). This 
advantage was noted in patients with ER + tumors while those with ER - tumors did not 
benefit from the treatment. In our randomized controlled trial, patients with unknown 
hormone receptor content had treatment results similar to those of patients whose tumors 
were ER +. This is probably due to the fact that more than two-thirds of the 
postmenopausai"patient population will have ER+ tumors. In our study the proportion 
increased with age (61% ER+ in LBCS III, 74% in LBCS IV). Information about 
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progesterone receptor content might add prognostic significance to the data available 
concerning ER content (Table 3, ER+ vs ER+/PR+). Analysis of sites of first failure 
high-lighted the fact that DFS anvantage for the endocrine-treated population was due to 
control of local and/or regional disease. No difference between the frequency of first failure 
in distant sites has been observed. No survival differences were observed, in contrast to 
another trial using tamoxifen [4] in which an overall survival advantage appeared at an 
average follow-up time of 35 months. Further follow-up is necessary for an evaluation of 
the place of adjuvant endocrine therapy in the treatment of postmenopausal women with 
breast cancer. At the present time it seems clear that this form of endocrine therapy is 
useful for control of local and regional disease. 
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Adjuvant chemotherapy has been found to improve recurrence-free survival time for 
stage II breast cancer after mastectomy, at least for premenopausal patients [3, 9]. On the 
other hand, we are aware of the fact that a routinely applied postoperative radiotherapy for 
all operated mammary carcinoma, stage I and II does not influence the survival time. 
Nevertheless, the Scandinavien randomized study with 960 patients, reported by Wallgren 
[18] has to be mentioned. Compared with a group of patients treated only by surgery the 
post- or preoperative radiotherapy improves the relapse-free survival time after 6 years by 
about 15% (Fig. 1). This difference appears even more distinct for tumors localized in the 
inner quadrants (Fig. 2). This same study showed that local and lymph node recurrences 
diminished about three times as much in the radiotherapy group (pre- and postoperative) 
as in the surgically treated patients, but the distant metastases were equally frequent in all 
three groups (between 22% and 25% at 6 years) (Table 1). 

50 

50 ----- preop RT (315) 
Q----0 postop RT (323) 1 fr-------t', no RT (321 ) 

2 3 4 5 5 Years 

90 

80 

70 

50 

50 
__ preop. RT (72) 

0---0 postop. RT (58) 

1~~~ _____ n_O~R_T_(~70_}~~~~ 
2 3 4 5 Years 

Fig. 1 (left). Actuarial survival at 6 years of operable breast carcinoma, stage II, treated by surgery 
alone or by surgery with preoperative or postoperative radiotherapy. Randomized study. The figures 
in parentheses are numbers of patients. The figures on the ordinate signify the percentage of 
relapse-free survivors (Wallgren [18]) 

Fig. 2 (right). Same study as shown in Fig. 1, but concerning only the tumors in the inner quadrants. 
The difference between patients treated by surgery alone and those treated by surgery and adjuvant 
radiotherapy (preoperative or postoperative) is significant (Wallgren [18]) 
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Table 1. Number of patients with recurrences (Wallgren [18]) 

Treatment group Locoregional Distant All 
recurrence metastases recurrences 

Preoperative irradiation 23 73 81 
Postoperative irradiation 21 76 79 
No irradiation 69 84 115 

Total 113 233 275 

Relying on these facts, in order to improve results, it seems reasonable to try a combination 
of radio- and chemotherapy as an adjuvant method for stage II breast cancer with positive 
axillary lymph nodes. 
In connection with this the following questions arise and will be discussed briefly: 

1. Will the long-term results be improved by adding irradiation to chemotherapy or do the 
combined methods have an adverse effect? 

2. Is there an enhancement of early toxicity or of late tissue alterations, and to what extend 
should the adjuvant treatment possibly be adapted? 

3. Is it possible to combine a definitive irradiation for primary breast cancer 
(tumorectomy) with adjuvant chemotherapy? 

There are not a great number of randomized studies dealing with question 1. The first 
study, reported in 1978 by Ahmann [1] compared the effect of L-phenylalanine mustard 
(L-PAM) to cyclophosphamide, 5-FU and prednisone (CFP) with and without irradiation 
for operated breast cancer, stage II. Based on 3 years-survival time, the recurrence rate for 
the L-PAM group was 42%. The adjuvant treatment group with CFP yielded better results, 
with (15%) or without (13%) radiotherapy; therefore, no further improvement was 
accomplished by the addition of irradiation. Acute myelotoxicity in the CFP group was 
about the same with or without radiotherapy, but after irradiation an edema of the arm was 
observed twice as frequently. 
L-PAM and cyclophosphamide, methotrexate (MTX), and 5-FU (CMF) - combined or 
not with radiotherapy - were submitted to a comparative study by Cooper from the 
Bowman Gray and the Piedmont Oncology Association [7]. For the CMF group, with and 
without postoperative irradiation, the MTX dose was lowered to half (20 mg/m2), 

compared with the original Bonadonna scheme [3]. CMF given alone had a better effect 
than did L-PAM, but the recurrence rate for the CMF + radiotherapy series was higher 
than for CMF given alone. 
A comparative study, not entirely randomized, was undertaken by Allen [2] and completed 
by Jones [11], using adriamycin and cyclophosphamide (AC), with or without 
radiotherapy. The chemotherapy alone was administered in 3-week cycles, with a total of 8 
cycles. For the combined group 2 cycles of AC were given followed by radiotherapy 1 week 
after the second adriamycin application in order to avoid a too strong skin toxicity. In this 
way the combined radio- and chemotherapy was well supported, and a decrease of the dose 
was needed in a few cases only. On the whole, the relapse-free survival time after 5 years 
reached about 65% for all node-positive cases (Fig. 3). For the group of patients with 1-3 
positive lymph nodes the results were far better for the combined treatment AC + 
radiotherapy (Fig. 4), but in presence of more than four positive lymph nodes this 
difference disappeared and the subset of combined treatment patients had even a worse 
result (Fig. 5). 
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A similar study was undertaken by Schulz [16] for stage II premenopausal breast cancer 
patients: at least 10 axillary lymph nodes were examined. According to the number of 
positive lymph nodes (more or less than 20%) two subsets were formed, group II and 
group III; group I, without lymph node metastases (pNO), will not be considered here. An 
immediate postoperative radiotherapy was applied (50 Gy) to the patients of group II 
followed by 12 cycles of AC every 3 to 4 weeks (Fig.6a) - that means that the 
chemotherapy regime started only 6 to 7 weeks after mastectomy. The difference is 
apparent in premenopausal (Fig. 6b) as well as in postmenopausal patients (Fig. 6c). For 
group III, with more than 20% positive lymph nodes, a subset was treated by adjuvant 
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chemotherapy AC within 10-14 days of operating, whereas the others received 
radiotherapy first and the entire chemotherapeutic treatment later on (Fig. 7). 
Relapse-free survival is enhanced by 11 % in cases with more than 20% positive axillary 
lymph nodes, if a combined treatment including radiotherapy is applied [16]. On the whole, 
a trend favoring patients treated with additional radiotherapy is noted, especially in the 
case of premenopausal women, but the limited time of observation leaves this 
inconclusive. 
Astonishingly, in cases with more than four positive lymph nodes the gain of additional 
radiotherapy does not seem to meliorate the relapse-free survival time. Further 
randomized series should be made to determine whether a chemotherapeutic regimen with 
AC + radiotherapy yields better results than a regime containing MTX. 

Preliminary conclusions 

Consideration of these data suggests reintroduction for well-determined groups of patients. 
of a limited postoperative radiotherapy in additon to the adjuvant chemotherapy. This 
combined regime would be suitable for: (a) patients (pre- and postmenopausal) with 1-3 
positive axillary lymph nodes to whom radiotherapy would be applied on the thoracic wall 
and the supraclavicular region; and (b) patients with primary tumors located in the inner 
quadrants, in which case the retrosternal region would be irradiated. 
As was to be expected, acute toxicity of combined radio- and chemotherapy is more 
intense; MTX- and CYT-containing therapy schedules show an increased myelotoxicity 
and patients treated with ADM and MTX had strong skin reactions. 
Based upon the findings of Nissen-Meyer [13], it seems important that adjuvant 
chemotherapy take place immediately after the mastectomy and not only 2-4 weeks later 
(Fig. 8). Otherwise, the effect of the complementary therapy will fail. Therefore, planned 
complementary chemolradiotherapy has to be started as an early postoperative treatment, 
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in any case, with chemotherapy followed by radiotherapy only after the first 2 or 3 cycles. 
This also seems to be the appropriate method for more advanced inoperable stages III 
and IV. 
Concerning tpe CMF therapy Bonadonna et al. [3] pointed out that an incomplete 
chemotherapy dose impairs the success of adjuvant therapy; therefore, care should be 
taken to ensure that a large decrease of leuco- and thrombocytes does not lead to reducing 
the dose to below 65% of that planned. If it is intended to combine the two modalities of 
adjuvant treatment, the best way should be to administer only ADM and CYT (AC) or 
CYT and 5-FU (CF) instead of CMF before the radiotherapy. Furthermore, the volume of 
the irradiation fields has to be reduced and adapted to the tumor situation; a lower single 
dose of 170-180 rad should be chosen instead of the usual 200 rad. 
These considerations form the guidelines for a combined radio- and chemotherapy after the 
breast-preserving operation for initial primary tumors (TlITI up to a diameter of 3 cm), for 
patients with 1-3 lymph nodes, or even for micrometastases in the axilla (stage II). As the 
relapse-free survival time decreases in the presence of positive lymph nodes, even when 
few in number (four), it seems mandatory to add a supplementary treatment to the 
radiotherapy after tumorectomy. 
According to recent studies [2, 5, 10, 12] combined irradiation and chemotherapy can 
be carried out after local excision of the primary tumor and axillary clearing. The 
chemotherapy may consist of CMF, but this treatment carries the risk of a heavy 
thrombocytopenia when more than 6 cycles are administered [5]. A better tolerance is 
expected if CMF + prednisone or CF alone (without MTX) is used before irradiation. 
There is an ongoing study [10] with two randomized schemes: the first group (A) receives 
irradiation (on the preserved breast and the lymph node regions) immediately after 
tumorectomy and after 12 cycles of chemotherapy with CMF or CMFP. In a second group 
(B) the tumorectomy is followed first by 2 cycles of CF, then the radiation treatment is 
installed and thereafter it is completed by 10 cycles of CMFP. 
In a first synopsis [8] it is shown that the complications after combined radio/chemotherapy 
were not significantly higher, except regarding the arm edema, and that a more 
pronounced contraction of the breast was to be expected (Table 2). 
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Table 2. Complications following primary radiotherapy and adjuvant chemotherapy, Stage I and II 
breast cancer (Danoff [8]) 

Complication Control Adjuvant chemotherapy 
group 

CMF CF~CMFP All patients 

Arm edema 0 2 4 6 
Rib fracture 0 1 0 1 
Symptomatic pneumonitis 0 0 0 
Necrosis (axilla) 0 0 1 
Brachial plexis injury 0 0 0 0 

At a combined radio/chemotherapy the inclusion of the whole axilla in the treatment fields 
is not even mandatory in cases of operatively cleared positive axillary lymph nodes [8, 15]. 
By avoiding irradiation of the operated axilla, the frequency of arm edema can be reduced. 
Also the ongoing study by the Milan group stops irradiation of the axilla when 
chemotherapy is effected [17]. 
Through a corresponding adjustment of the volume of irradiation - not of the total dose -
combined adjuvant radiochemotherapy following a reduced operation of the mammary 
carcinoma, stage II, is practicable without grave myelotoxicity and with an only moderate 
increase of the retarded alterations in the irradiated region. It seems advisable to choose a 
chemotherapeutic scheme without MTX or an association of A + C, instead of CMF, when 
irradiation is planned together with a chemotherapy regime. The appraisal of eventual late 
tissue damage may require more than 2-3 years, as would irradiation only with curative 
intention after tumorectomy of the breast. 
As in the combined surgical-radiotherapeutic treatment of the mammary carcinoma, the 
two methods of combined radio/chemotherapy have to be coordinated. Through 
adjustment of the volume of irradiation and maintenance of the required total dose [14], 
the total amount of chemotherapy first planned should be retained in order to guarantee 
the success of this multidisciplinary treatment method. 
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The Present Dilemma of Adjuvant Chemotherapy: 
Acceptance and Risks Versus Benefits 

p. P. Carbone 

Wisconsin Clinical Cancer Center, K4/662, Clinical Science Center, 
600 Highland Avenue, Madison, WI 53792, USA 

Introduction 

Currently the role of adjuvant chemotherapy (ACT) is clearly experimental, the 
effectiveness is not definitively established for most subsets of patients and is still subject to 
verification. The role of ACT is probably most proven in premenopausal node-positive 
women, particularly in the 1-3 node group. In this population the survival differences are 
consistently significant in the largest and best-controlled studies [1, 2]. In the other patients 
the study results presented are either premature, inconsistent, or still showing 
improvement only in disease-free interval (DFI). Table 1 shows the summary of the trials 
done by the Eastern Cooperative Oncology Group (ECOG) and the impact on DFI and 
survival. What is the acceptance of ACT and what are the benefits and risks? 

Table 1. ECOG-NSABP adjuvant studies 

Study 

EST 0771-B05 
EST 1175-B07 

EST 3176-B08 

Subset 
(by age) 

<50 
>50 

Nodes 

1-3+ 
4+ 

ECOG studies 1977-1984" 

Study Subset (by age) 

EST 5177 <50 
EST 6177 >50 
EST 1178 >65 
EST 1180 
EST 5181 <50 

EST 4181 >50 

Nodes 

+ 
+ 
+ 

+ 

+ 

P-value 

0.02 
0.04 

5-Year survival 

L-PAM 0.88 
L-PAM + FU 
0.40 

Placebo 0.74 
L-PAM 0.29 

L-PAM + FU L-PAM + FU 
+MTX 

Treatment 

CMF*CMFP* CMFPT 
Surgery * CMFP* CMFPT 
Surgery*tamoxifen 
Surgery*CMFP(6) 
CMFPT -/+ tamoxifen (60 months) 
CMFPTH/TsAVbTH -/+ tamoxifen 
CMFPT(12)*CMFPT(4)* 
CMFPT(12) + tamoxifen (60 months) 

a No significant impacts on survival or too early to analyze 

Recent Results in Cancer Research. Vol. 96 
© Springer-Verlag Berlin . Heidelberg 1984 
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Acceptance 

At the present time the practising oncologist undoubtedly assumes that there is an 
advantage for ACT in all women with positive nodes. Most of the patients referred to our 
center for second opinions or after primary failure have been on some form of 
cyclophosphamide, 5-fluorouracil, methotrexate (CMF) treatment. In general, these 
women have not been treated with added prednisone and/or tamoxifen. At least in the 
Midwest, few nonstudy patients have been treated with adriamycin combinations. In 
addition, few patients are given tamoxifen only as adjuvant treatment. For the 
node-negative patients ACT is probably not given routinely. In the ECaG we showed that 
breast cancer patients make up about 30% of the patients [3]. We also showed that the 
proportion of patients who go on study as a fraction of the patients eligible is about 24%. 
Thus, in the 200 hospitals participating in ECaG, one would predict that 2,000 patients are 
treated with ACT since we access about 500 patients per year on our adjuvant protocols. 
The data on the protocol status of the ECaG population are shown in Table 2. 
In the academic institutions where protocol studies are more likely to be used, ACT has 
achieved acceptance in the research studies for all node-positive patients. This is 
particularly true for the ECaG institutions since none of our trials contain a surgery-only 
arm for these patients. In fact, the treatment options are rather aggressive for some subsets 
of patients (Table 1). As can be seen, the possibilities range from a 4-month CMFPT option 
to the possibility of 12 months of alternating CMFPT and DAVTH followed by 4 more 
years of tamoxifen. The calculated expense for this regimen must be several thousand 
dollars, at least for the first year. Fortunately, the prolonged tamoxifen cost is underwritten 
in part by the pharmaceutical industry, but the laboratory and clinic costs are not. 
For women who are node negative in the ECaG there are several options, depending on 
the size of the tumor and the ER status. At least two of the three options include a 
surgery-only arm. This possibility exists for all patients who have small tumors « 3 cm) 
that are ER positive. For patients who are ER negative with any tumor size and for those 
who have tumors larger than 3 cm whatever their ER status, a randomization occurs 
between 6 months of CMFPT or surgery alone. Thus, we are beginning to see an 
acceptance of ACT for these node-negative patients as well. 

Table 2. Breast cancer patients in oncology centers (expressed in percent). 
From Begg et al. [3] 

Cancer patients with breast cancer 
Incidence of new cases 
Stage of disease 

Localized 
Regional 
Metastatic 

On protocol 
Treatment influenced by protocol 

Reasons for not being on protocol 
Physicians preference for specific Rx 
Patient refusal 
Other medical problem 
Difficulty with follow-up 
Other reasons 

30 
14 

15 
25 
59 
24 
61 

52 
19 
9 
8 

12 
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Another group of patients who are highly likely to receive ACT are those women with 
stage III disease. In addition to ACT they will undoubtedly be subjected to surgery and 
radiation therapy. It appears that this is being done not only in the university hospitals but 
also in the community centers. There is at least one other subset that will receive ACT or at 
least combined modality treatment and that is patients with inflammatory carcinoma. At 
the University of Wisconsin, we have recently shown a rather good 5-year survival overall, 
but unfortunately we did not have a controlled study [4] and apparently no one else does 
either. 
Thus, ACT seems to have become widely accepted both in private practice and in the 
university setting. The current trends lean towards aggressive combinations that 
undoubtedly will produce toxicities. When such therapies are administered in a protocol 
that is well designed, the patient will be well served. Not only will we learn by the 
randomized clinical trial, but we will clearly determine whether we will have done any 
harm. Unfortunately, the tendency of most oncologists is to assume therapeutic value and 
not to put the bulk of patients on trials. The temptation to offer therapy as proven satisfies 
the need of the patient to have something done and allows the physician to appear as if he is 
doing good. The difficulties of explaining all the options and the need for randomization 
often imply lack of knowledge on the part of the specialist. A great deal of time on the 
doctor's part is needed to explain the concepts of randomization to the patient. 

Risks 

The risks of ACT are in part due to the toxicities of the drugs used in the combinations. The 
major ones relate to the bone marrow, and the gastrointestinal, central nervous, endocrine, 
and cardiovascular systems. The most distressing to the patient are alopecia, weight gain, 
fatigue, anxiety, and nausea and vomiting. Tables 3 and 4 summarize the moderate-to-se­
vere side effects reported in two current ECOG studies. Fatal side effects occurred in only 
one patient. As can be seen, the major toxicities seen in our trials have been 
life-threatening leukopenia, stroke, and pulmonary emboli. 
The distressing side effects such as nausea and vomiting are often associated with the 
development of anticipatory vomiting and anxiety. Recent studies by Nerenz have 
indicated that these distressing symptoms are most likely to occur in the younger patient 
and increase with duration of treatment [5]. In a recent paper by Meyerwitz and colleagues, 
the distress associated with ACT lasted for many months [6]. These authors reported that 
almost half of the 35 patients who received adjuvant therapy had long-term disruption in 
their lives up to 2 years after chemotherapy. In another study, McArdle reported 
psychiatric morbidity in 13 of 34 patients 1 year after chemotherapy [7]. 
In my own patients one of the most distressing side effects has been weight gain. Patients 
who have a tendency to weight excess will gain 10-15 kilos and despite self-enforced 
measures the excess weight will persist for months. Very few seem to have the willpower to 
restrict their calories beforehand, but his is not a problem restricted to women receiving 
adjuvant therapy. 
Endocrine problems such as amenorrhea, menopausal symptoms, ovarian cysts, etc. can 
occur following ACT administration. These symptoms have been well-characterized by 
Rose and Davis [8]. Tamoxifen undoubtedly plays a role in the incidence of these 
problems. 
There are some possible effects on the germ cells beyond cessation of ovulation. In the 
child-bearing ages there is a finite risk of inducing fetal abnormalities. In my own 
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Table 3. Toxicity of ACT (CMFP) EST 1180 (expressed in percent) 

Mild to Severe Life-
moderate threatening 

Leukopenia 48 27 9 
Thrombocytopenia 9 9 3 
Nausea and vomiting 52 6 0 
Stomatitis 15 0 0 
Alopecia 61 0 0 
Clotting problems 6 3 12 

Pulmonary embolism occurred in 4/85 patients 

Table 4. Toxicity ACT EST 5181 (expressed in percent) 

CMFPT CMFPTHITsA VbTH 

Mild to Severe Life- Mild to Severe Life-
moderate threatening moderate threatening 

Leukopenia 64 20 2 46 24 2 
Thrombocytopenia 14 0 20 8 0 0 
Nausea and vomiting 54 0 0 66 4 0 
Infection 36 0 0 24 0 0 
Alopecia 56 0 0 64 0 0 
Clotting problems 6 2 2 6 0 2 
Weight gain 30 4 0 22 2 0 

Three of 152 patients developed clotting problems (CV A, arterial clot in leg) 

experience this has not been a clinical problem, since most of these women seem to avoid 
pregnancies while on the drugs or seem to have their breast cancers detected after term. 
There is no data on the long-term effects of these combinations that are very likely to 
contain alkylating agents. 
One of the most distressing aspects of ACT is the long-range impact on the incidence of 
second tumors particularly acute leukemias [9]. In 1978 Rosner and colleagues reported 24 
patients with breast cancer who developed acute leukemia. They estimated a sevenfold risk 
increase. The comparable experience, when looked at at the University of Wisconsin by 
Ershler, indicated that since breast cancer is a relatively common disease, this supposed 
increased association may in fact be an independent occurence of two diseases [10]. They 
suggested that the induced leukemias may be differentiated from those spontaneously 
occurring by analysis of the cytogenetics of the acute leukemia cells. Still most studies 
utilizing relatively short-term chemotherapy have not reported a marked increase in the 
incidence of acute leukemia. 

Benefits 

The benefits of adjuvant therapy have been analyzed in a variety of ways with relative 
general agreement that more trials need to be done. At a 1980 National Cancer Institute -
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sponsored consensus meeting the panel agreed that an increase in DFI and survival has 
been seen in premenopausal patients with positive nodes [11]. No figures of the actual 
benefit were given but looking at the data from the Milan group, 15% and 12% 
improvements for the two parameters were reported [2]. In the National Surgical Adjuvant 
Breast Project (NSABP) the major benefit was seen in the 1-3 node positive group treated 
with L-PAM [1]. However, the interstudy comparisons and the use of historical control 
groups leave much to be desired and should not be accepted as proven; there are some 
studies that are contradictory [12-14]. The data in postmenopausal patients are less 
convincing; definitive studies have not been reported. 
The ultimate benefits of the successful treatment of micrometastases will undoubtedly be 
an improvement in survival with decreased morbidity. A 10% increase in survival could 
result in saving several thousand lives per year. My feeling is that the biological information 
derived from the current trials suggests that this goal is possible. The use of minimal 
treatment with chemotherapy is not likely to be succesfu). Neither is the use of low-dose 
combinations [13]. The use of hormonal therapy combined with chemotherapy, 
particularly the long-term use of tamoxifen, looks promising [15]. 
Overall, the benefits of minimal surgery and the use of shorter durations of adjunctive 
treatment with long-term use of relatively nontoxic treatments such as tamoxifen may 
encourage physicians and patients to seek earlier treatment with smaller tumors and 
negative lymph nodes. The major reason for this change in attitude will be the opportunity 
to utilize the less radical procedures and the less toxic short-term treatment. Biologically 
one would expect less likelihood of distant metastases and the possibility that the long-term 
use of tamoxifen would suppress the development of second cancers. Only time and clinical 
trials will tell. 

Summary 

The acceptance of ACT has been very rapid since 1974 although earlier studies by 
Nissen-Meyer and the NSABP in the 1960's originally suggested the effectiveness of 
modest short-term chemotherapy [16, 17]. The current practice is to administer 
combination chemotherapy for at least 6 months in all node-positive women. The survival 
benefits are clearly established only for women who are premenopausal and who have 
fewer than three positive nodes. Trials in other groups of patients are highly suggestive but 
have lacked some or all of the rigorous standards of the randomized clinical trial. The 
reasons for this widespread acceptance of ACT are not clear, but both patients and 
physicians are able to appreciate the concepts and bear the costs in terms of money as well 
as toxicity. The risks of ACT are mainly short term and reversible. Long-term 
consequences are not so readily apparent as yet. The benefits of improved survival will only 
be appreciated as more time passes, either through the long-term analyses of the current 
trials or the overwhelming success of a new strategy. Then all the past arguments about one 
therapy or another will become irrelevant. At that point this new miracle treatment will be 
so good that none will ask whether CMF is better than surgery alone. In essence, the old 
standard has become the control. 
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Are Current Worldwide Studies Going to Answer 
the Important Questions Remaining 
in Adjuvant Chemotherapy of Breast Cancer? 

K. W. Brunner 

Institut fUr Medizinische Onkologie, Inselspital, 3010 Bern, Switzerland 

Introduction 

Despite nearly 20 years of experience with adjuvant chemotherapy of operable breast 
cancer with thousands of patients involved, many important questions for its routine use 
remain either unanswered or controversial. Therefore, it has to be said that adjuvant 
chemotherapy of breast cancer at present remains an experimental procedure of limited 
and possibly only temporary benefit for the majority of patients. Most would maintain that 
it should only be used in well-designed clinical trials. 
It must be asked, whether present or future studies will ever be able to answer the 
important questions which past and current studies so far have not answered. Basically the 
question is whether adjuvant chemotherapy will ever become routine treatment in clearly 
defined patient populations with a predictable beneficial effect in an acceptable percentage 
of patients who undergo such a treatment. Or, will many important questions remain 
unanswered by prospective clinical trials? Is this instrument, which made so many valuable 
contributions for the improvement of cancer treatment in the past, facing its scientific and 
logistic limits in the difficult field of adjuvant therapy of breast cancer? Are other methods 
in sight to answer those questions? 

Table 1. Unsolved problems in adjuvant chemotherapy of operable breast cancer 

1. What is the definition of "optimal" adjuvant chemotherapy in various subgroups? 

2. Is adjuvant combined hormono-chemotherapy superior to chemotherapy alone or hormonal 
treatment alone, overall or in subgroups? 

3. What is the optimal duration of adjuvant therapy in breast cancer? 

4. What is the optimal timing of adjuvant chemotherapy? (pre-, peri-, postoperative)? 

5. Is there a need for better selection and/or exclusion criteria for adjuvant chemotherapy, especially 
in overall low-risk groups with small high-risk subpopulations (e.g., N-patients)? 

6. What is the meaning of an increase in disease- or relapse-free survival in relation to final overall 
survival, or in terms of benefit to patient? 

7. What are the long-term effects of adjuvant chemotherapy with regard to: long-term toxicity, 
second neoplasms, course of disease, and prospects of further systemic therapy in relapsing 
patients? 

Recent Results in Cancer Research. Yol. 96 
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Table 1 summarizes the unsolved problems and eXlstmg questions in adjuvant 
chemotherapy of breast cancer. The majority of problems listed in this table are related to 
the basic question, of whether such a heterogenous disease with so many prognostic 
subgroups can be adequately studied and reliable results produced in randomized clinical 
trials of limited patient populations within a reasonable time. 

Ongoing Clinical Trials 

In order to judge which problems may be solved and which may not, we have to look at the 
presently available results of ongoing clinical trials. This is done in Tables 2-5, which 
summarize the relevant results of all important clinical trials with adjuvant chemotherapy, 
with adjuvant hormone therapy, and adjuvant combined hormone-chemotherapy in 
node-positive patients with operable breast cancerl. The "benefit" described in the tables is 
defined as percent decrease in relapses (or percent avoided relapses) as demonstrated in 
Fig. 1. This percentage is calculated from reported figures over certain periods of time in 
disease-free survival (DFS) or relapse-free survival (RFS). If this percentage is boxed, the 
difference is statistically significant. If in addition, the figure is underlined, it means, that 
there is also a statistically significant difference in overall survival (OS) (not identical with 
the figures). Underlined figures mean a decrease in deaths (or percent avoided deaths). 
The terms DFS, RFS, and OS are further explained in Fig. 2. Unfortunately, definitions 
are neither always the same in the various papers, nor always clear in an individual 
paper. This is one of the reasons that comparisons of different studies are so difficult. 
If we look at the summaries of the published results of ongoing trials on adjuvant 
chemotherapy of breast cancer, the picture is very confusing. Not surprisingly, the 
confusion is similar to that in the area of systemic treatment of metastatic breast cancer. In 
both areas, from the huge number of published results, no single treatment, or sequence of 
treatments, emerges which could be called optimal for all patients. Nor can subgroups be 
clearly defined, for which anyone particular therapeutic regimen could be called 
optimal. 
In trials where adjuvant chemotherapy is compared with untreated controls (mastectomy 
only, Table 2), the overall benefit in terms of avoided relapses observed between 3 and 8 
years is 16% for L-PAM in two studies and varies 20%-60% in four studies with CMF, 
CMFpT (p = low-dose prednisone, T = tamoxifen), or LMF (L = Leukeran, 
chlorambucil). The subgroups (menopausal status and/or degree of nodal involvement 
(N + 1-3 or N + ;:: 4)) which benefited most from adjuvant chemotherapy vary from study 
to study. The percentage of avoided relapses in the best subgroup of each study varies 
26%-72%. In two studies, only premenopausal patients (in one of them only those with 
1-3 positive nodes) had a significant benefit from adjuvant chemotherapy; in both of these 
studies DFS and OS were improved. In two other studies, the group with the greates benfit 
were postmenopausal patients. One of the two studies with L-PAM vs controls was not 
significant for L-P AM. The percentages of avoided relapses were similar; but the patient 
population was smaller. The Ludwig trial III (LBCS III) for postmenopausal patients 
treated with CMFpT showed a significant benefit over the untreated control group in DFS, 
but to date not in OS. It has to be pointed out, that no study with an observation period of 
less than 5 years demonstrated a significant benefit in overall survival. There may be a 
trend for DFS or RFS to become smaller with increasing observation periods, but also for 

1 The modified summaries are based on a review paper by Aron Goldhirsch [13a] 



Important Questions Remaining in Adjuvant Chemotherapy 

Fig. 1. The proportion of patients 
who benefitted from adjuvant 
treatment at a given point in time 
(C). A, A', free of disease; B, 
B', treatment failures 

Fig. 2. The proportion of patients 
included in the definitions of the 
end points of clinical trials . fa = 
disease free (for DFS); fa + b = 

relapse free (for RFS); 1a + 2a 
= free of systemic failure (for time 
to systemic failure , TSF) ; fa + 
alive f b + 2a + 2b = surviving 
(for OS) 
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OS to become significant; should this be confirmed in the future , it means that in some 
patients relapses are only postponed while in others they are avoided permanently. 
The results are similarly confusing in the trials where different combination chemother­
apies are compared with L-PAM alone (Table 3). In seven of nine studies, polychemo­
therapy is superior to L-PAM, with a decrease of relapses varying 9%-59% (30%-40% in 
five studies). One study showed bet,ter results for L-PAM than for CMF in terms of OS, 
which indicates an unexplained increase in mortality with CMF. In five of nine studies 
postmenopausal patients were the best subgroup (or patients> 50 years old); in two studies 
it was the premenopausal group; in one study it was the group with 1-3 positive nodes. The 
improvement in the best subgroups varies from 20%-77%. To date figures on OS are 
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available in only two studies for the total study population; one of the two showed a benefit 
in OS after 5 years, the other showed no such benefit after 2 years. In another study 
(NSABP B-07), the best subgroup, consisting of patients older than 50 years with more 
than three positive nodes, has significantly better DFS and OS with polychemotherapy than 
with L-PAM. 
In six trials with adjuvant hormone therapy (Table 4), mostly with tamoxifen (T), all 
studies show a decrease in relapses after 21-36 months of observation. This decrease is 
similar to the one observed with adjuvant chemotherapy and varies between 22% and 40% 
overall and between 38% and 53% for the best subgroup. The best subgroups are 
postmenopausal patients and/or patients with positive receptors and more than three 
positive nodes (in two studies). A detailed analysis of postmenopausal patients in the 
Ludwig trials III and IV (LBCS III + IV) suggests that the benefit of adjuvant tamoxifen is 
limited to local recurrences only, the rate of distant metastases remaining the same [19]. 
This is indirectly supported by the observation in the Toronto trial [25], which included 
patients with and without postoperative radiotherapy; only the patients without 
radiotherapy had a decrease in relapses after 3 years. 
Four studies, which compared combined hormone- and chemotherapy with chemotherapy 
alone or hormone therapy alone, are summarized in Table 5. The largest is the NSABP [11] 
study, which compared L-PAMl5-fluorouracilltamoxifen (PFT) with PF, demonstrating a 
significant disease-free and overall survival benefit after 3 years for the whole group with 
tamoxifen and especially for postmenopausal patients with more than three positive nodes. 
But in the same study, a highly significant adverse effect was observed in ER - and even 
more in PR- premenopausal patients, when tamoxifen was added to PF-therapy. This 
shows, that despite positive overall results, different subgroups may behave differently or 
may even be adversely affected. The same has been demonstrated in some studies with 
advanced breast cancer. The Ludwig trial III (LBCS III [19]) shows a similar benefit for 
CMFpT over controls as for PFT in the NSABP study in postmenopausal patients. 
Contrary to the NSABP study, no adverse effect (but also no significant positive effect) 
could be observed in the ECOG study [32] by adding tamoxifen to CMF or CMFP in 
premenopausal patients. The same is true for the Case Western study [16]. 
With regard to the optimal duration of adjuvant chemotherapy, there are five studies, 
which suggest that prolonged chemotherapy does not improve overall results. Two studies 
comparing 6 vs 12 months of CMF demonstrated no significant difference in overall results 
after 60 and 33 months respectively [31, 33]. The same was true for one study comparing 
6 vs 24 months of oral chlorambucillmethotrexate/5-fluorouracil (LMF) [17]. In another 
study, 5 cycles of adriamycinlcyclophosphamide was compared with 10 cycles of treatment 
in high-risk patients (N+ ~ 4 positive high axillary nodes). There was no difference after a 
median observation time of 2.5 years and a maximum of 6 years [14]. An ongoing study of 
the Southwest Oncology Group (SWOG) showed no difference between 12 and 24 months 
adjuvant therapy with CMFVP in ER - patients, but it is still in an early phase (18 
months) [27]. 
Despite the evidence that overall results probably cannot be improved by treating patients 
longer than 6 months, it is not known whether this is true for all important subgroups of 
patients. Effect upon disease-free survival and overall survival for longer observation 
periods also remains unknown. 
Based upon this analysis of present results we may return to the list of unsolved problems in 
adjuvant chemotherapy of operable breast cancer and try to arrive at some conclusions as 
to which questions may be answered in the future and which probably will remain 
unanswered. 
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Optimal Adjuvant Chemotherapy 

It is unlikely, that current or future clinical trials will be able to define an "optimal" 
adjuvant chemotherapy in terms of number of drugs, schedule, or duration which is 
optimal for all important subgroups of patients. Maximum therapy with the most intensive 
regimens and schedules, which usually are also the most toxic, may produce the best overall 
results. Such treatment may, however, not be necessary. It may fail to improve results in 
important subgroups and may even have undectable adverse effects in certain subsets of 
patients. There are two main reasons for the difficulty in defining optimal adjuvant 
chemotherapy in breast cancer: First, there are simply too many subgroups of patients who 
should be studied, or at least analyzed, separately. Second, because of the heterogeneity of 
breast cancer, the time needed to answer a simple question is too long and the number of 
questions which can be answered in a reasonable time are too limited. 

Subgroup Analysis 

The first point is demonstrated in Table 6, which summarizes known risk factors 
determining the final outcome in operable breast cancer. The factors in brackets are not 
normally used in subgroup analysis of present studies, but have been found to have 
prognostic significance [11, 12]. Even if not all factors listed in the table are independant 
determinants of prognosis, the number of possibly relevant subsets (from 24 to more than 
120) is so great, that meaningful subgroup analysis or stratification in present studies with 
total accruals of a few hundred patients is impossible. If, nevertheless, such analysis is 
performed, the possibility exists, that some differences will be found by chance and not be 
real. This may explain at least some of the variability of the results found in different 
studies. Presently used stratification criteria, e.g., N + 1-3 and;;:: 4 for degree of nodal 
involvement, are insufficient to produce homogeneous groups and balanced treatment 
arms, as has recently been demonstrated [12]. 

Observation Time 

The other point, necessary time of observation for meaningful results, is also a factor which 
seriously limits the potential of clinical trials in breast cancer. Observation periods up to 5 

Table 6. Subgroups of operable breast cancer 

Lymph nodes Tumor size Menopausal status Hormone 
receptors 

No Premenopause ER+,PR+ 
N+ 1-3 T < 3 cm (ER+, PR-)" 
N+ ~4 (Peri menopause )a 
(N+ 4-6) T > 3 cm (ER+, PR+) 
(N+ 6-13) Postmenopause 
(N+ > 13) ER-,PR-

3-5 2 2-3 2-4 

Number of subgroups: Min: 24 (without stage); Max: 120 
Figures in last line of table give numbers of potential risk groups 
a Not fully established as a risk factor 

Histological 
grade 

I 

II 

III 

3 
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years are necessary to allow conclusions about disease- or relapse-free survival. A much 
longer observation time is probably required for reliable estimates on overall survival. This 
is well demonstrated by the observation that in operable breast cancer the overall survival 
curve approaches the curve of a normal population with a similar age distribution only after 
more than 20 years. 
We have seen previously that most studies in adjuvant chemotherapy of breast cancer to 
date demonstrate a significant decrease in relapses. Only a few studie.s report on overall 
survival. Where such figures are available, a majority of studies to date show no difference 
in favor of adjuvant therapy, or only for subgroups (premenopause, N+ 1-3, etc.). This is 
cited as proof by some critics that adjuvant therapy has not lasting effect and only 
postpones relapses. This interpretation is certainly not the only possible one and therefore 
is not entirely correct. It has been demonstrated in some studies that significant differences 
in overall survival may appear only after an observation time of more than 5 years because 
ofthe natural history of operable breast cancer [8, 20, 21]. An early increase ofDFS or RFS 
may have three possible meanings: 

1. It may mean that relapses are merely postponed and that the final or overall outcome is 
not affected by adjuvant therapy. 

2. It may be the first sign that the natural history of the breast cancer is changed and that 
after many more years of observation this will translate into a definite increase in the 
overall survival. Without here going into possible explanations why an increase in OS 
may lag behind the increase in DFS or RFS, suffice to say that many such explanations 
exist and some are beginning to be confirmed in some studies [19]. 

3. Most probably an early increase in DFS or RFS means both; in some subgroups of 
patients relapse is merely postponed and in others it is possibly prevented 
permanently. 

Current and future clinical trials will certainly demonstrate whether and to what degree a 
decrease in relapses is finally reflected in an increase in overall survival. It is very doubtful 
that these studies will be able to define all or even only some of the subgroups in which 
relapse is only temporarily and those in which it is permanently avoided. This is probably 
another serious limitation of clinical trials in this area. 

Combined Treatment 

With regard to adjuvant hormone- and chemotherapy vs chemotherapy or endocrine 
treatment alone, current studies - at best - may show whether or not overall results are 
improved with the combined modality. But, as in advanced disease, it is doubtful that these 
studies are able to define subgroups which are or are not benefited by combined treatment, 
or where such therapy may even have an antagonistic or adverse effect. 

Duration 

The question of optimal duration and the problems involved with this question have 
already been dealt with. Here again, some gross approximations to the truth may be 
possible by present studies, but not precise answers for individual groups of patients can be 
expected. Only the development of methods to monitor minimal residual disease in each 
individual patient could solve this, as well as many other, important problems of adjuvant 
therapy. 
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Optimal Timing 

Optimal timing (pre-, peri-, early postoperative or conventional postoperative therapy) is 
presently being studied in several trials [7, 18, 21]. It would seem that the simple 
hypothesis, derived from a biological rationale, that early adjuvant chemotherapy may 
produce superior results, should be confirmed or rejected by current studies without too 
much difficulty. Here no subgroup differences are likely to interfere with the interpretation 
of the results. But large numbers of patients and long observation periods are needed. 

Criteria for Selection of Patients 

At present, the criteria for the selection of patients for adjuvant chemotherapy are 
unsatisfactory for three reasons: 
1. No subsets of patients can be defined in which more than half of the treated patients 

have a temporary or lasting benefit from presently available adjuvant therapies. This 
means that over 50% of all patients and probably as many as 80% have no benefit from 
adjuvant treatment, either because they fail despite treatment or because they are 
already cured by surgery alone. This unsatisfactory situation may be improved in the 
future by current studies to a certain, though limited, degree - but it is unlikely that it 
will change fundamentally. 

2. No characterization of those patients who fail on adjuvant chemotherapy, and possibly 
should not receive it, is possible to date. In fact, such retrospective analyses of failing 
patients have not as yet been performed on a large scale. It is possible that a pooling of 
all data of relapsing patients from all large studies and the proper use of available 
statistical methods may help to define at least a subset of patients who have no 
reasonable chance of benefit with presently available adjuvant therapies. 

3. The most obvious reason for the unsatisfactory situation in the selection of patients for 
adjuvant chemotherapy is our inability - despite an ever-increasing number or risk 
factors known to influence the probability of residual disease - to define those patients 
who in fact do have residual disease. It is possible that by improved analyses of pooled 
data of ongoing large clinical trials some further progress in the definition of risk 
patients, especially in the overall low-risk groups such as N - and N + 1-3, may be 
made. But the problem will only be solved in a satisfactory manner by the development 
of methods to detect and monitor residual disease. 

Relationship of DFSIRFS to Overall Survival 

The meaning of an increase in disease- or relapse-free survival in relation to final overall 
survival has already been dealt with. Some general answers will certainly come from 
presently ongoing clinical trials. Should it be demonstrated that despite highly significant 
improvements in DFS/RFS the final benefit in overall survival is marginal, then adjuvant 
therapy of breast cancer will remain a disputed area employing subjective judgment. 
Despite all the efforts and the huge amount of data, subjective judgment then will 
determine whether or not the benfit a patient accrues by spending more time disease free, 
symptom free, and without palliative therapy - but with only a minimal chance of 
remaining disease free - outweighs the cost of treatment, in terms of side-effects, 
psychological burden, and money. This brings us to the last question. 
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Cost of Adjuvant Chemotherapy 

The cost of adjuvant chemotherapy in terms of short-term and long-term toxicity, second 
neoplasms, possibly adverse effect on the course of the disease in relapsing patients, and on 
results of further systemic therapies in such patients is not yet fully known. Fortunately, at 
least in this area, past, present, and future clinical trials certainly do provide necessary 
answers which are urgently needed - because adjuvant chembtherapy of operable breast 
cancer most probably will continue to be an area where subjective judgment on cost-benefit 
relations will remain an important component of the decision to treat or not to treat. 
However, this decision in individual patients can possibly never be based solely on 
objective data. 
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Introdnction 

The second International Conference on Adjuvant Chemotherapy of Breast Cancer 
brought together experts who have actively been engaged in adjuvant chemotherapy trials 
and who have been able to contribute original firsthand information based upon personal 
experience in the field. 
The major crucial issues, such as problems of late toxicity, patient subsets, and the 
preclinical and clinical basis of adjuvant chemotherapy, have been dealt with. More 
questions have been asked than answered, and even after 10 years of intensive clinical 
evaluation, the experimental background and clinical results of adjuvant chemotherapy are 
still a matter of open scientific discussion. Nevertheless, it seems safe to state, that for 
postoperative patients treated within the framework of controlled trials, adjuvant 
chemotherapy has altered the natural course of the disease in patients with metastatic 
breast cancer and small remaining tumor burdens. This is demonstrable by looking at 
postoperative disease-free intervals (DFI) which are prolonged in some patient groups by 
1-2 years. Furthermore, some, not all trials, show a survival benefit for given patient 
subgroups. Looking optimistically at late results of some of the earlier trials, like the 
Nissen-Meyer study, or at relapse rates in treatment arms compared with controls 'in 
NSABP trials, one might even speculate about possible increases in cure rates. 
Results in general, however, have not fulfilled earlier expectations. This symposium was on 
occasion to reevaluate hypotheses leading to adjuvant chemotherapy trials in the past and 
to generate new hypotheses to be tested in future trials. 
Respective summaries have been given (see earlier chapters). One major lesson is 
reemphasized here: microscopic postoperative disease is different from advanced 
metastatic breast cancer; new models will be needed to study and understand the biology of 
cancer in this very early stage. 

Differences between Early and Advanced Metastatic Breast Cancer 

Principles applied to the treatment of metastatic breast cancer in the early stage, i.e., of 
postoperative adjuvant chemotherapy, have been adopted from the experience with 
chemotherapy of advanced metastatic disease. 
The major principle is to apply in the treatment of early cancer only drugs, dosage, and 
schedules whose efficacy has been proven in advanced disease. After this symposium one is 
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Table 1. Differences in treatment results with chemotherapy of metastatic breast cancer: microscopic, 
early breast cancer (postoperative adjuvant chemotherapy) vs macroscopic, advanced breast 
cancer 

Microscopic 

Significant differences between different treat­
ment regimes related to 

% Patients responding 
Prolongation of disease-free intervals 
Survival benefit 
Menopausal status 

Treatment results delicately dependent upon 
drug-dose modifications 

Low response rate of chemotherapy: in the best 
subgroups, i.e., premenopausal patients, 1-3 
lymph nodes, full-dose combination chemothe­
rapy prolongs disease-free interval in 15-30% of 
patients 

Long-term adjuvant chemotherapy results, such 
as Nissen-Meyer data, indicate possible cure of 
microscopic disease with adjuvant chemothera­
py 

Number of involved lymph nodes are of signi­
ficant prognostic importance for therapeutic 
results 

Also other prognostic factors might influence 
results of adjuvant chemotherapy 

Size of lymph node metastases 
Group of axillary nodes involved 
Tumor penetration into blood and lymph node 
vessels or through lymph node capsule 
Histological grading 
Receptor status 

Macroscopic 

No significant differences between different 
adequately dosed combination chemotherapy 
regimes (CMF, CMFVP, AC, FAC, VAG) 
related to 

Remission rates 
Remission duration 
Survival benefit 
Menopausal status 

Drug-dose modifications have some influence on 
response rates but there is never a complete loss 
of activity even if doses are reduced to less than 
50% of standard 

High response rate of chemotherapy: in sub­
groups of favorable prognosis, i.e., local-regio­
nal disease, no previous chemotherapy, full-dose 
chemotherapy applied, remission rates are above 
60% with 20-30% complete remission 

In advanced breast cancer no cure achievable 

There is no correlation between number of 
lymph nodes involved at operation and treat­
ment results in advanced disease 

These factors are not of prognostic significance 
in advanced disease 

tempted to ask whether this principle should be questioned. Looking at treatment results of 
microscopic vs macroscopic breast cancer several differences become apparent (Ta­
ble 1). 
The most obvious observation is that therapeutic efficacy of adjuvant chemotherapy is lost 
if already minor reductions in drug dosages are made. It is an open question whether or not 
this is true for all drug combinations and patient subsets. In fact from some of the data 
presented it appears that adriamycin-containing drug combinations tolerate dose 
modifications better than eMF. Furthermore, dose reductions become more critical the 
more lymph nodes involved or the older the patient. Senn et al. have shown efficacy in 
node-negative patients with oral LMF - a rather mild regimen - which failed in lymph 
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node-positive patients. Nissen-Meyer with his short-term postoperative chemotherapy and 
Fisher with L-P AM significantly improved operative treatment results in some patient 
subgroups. In advanced disease one would anticipate only marginal success with these drug 
regimens. 
For the treatment of advanced breast cancer the standard procedure is to give drug 
combinations in pulses at consistent intervals. Rivkin presented data which indicate that 
within his regimen low-dose daily cytoxan yielded results, at least equal to the best data 
obtained with intermittent pulse-dose chemotherapy. 
All these data suggest that minimal postoperative breast cancer is a different disease calling 
for a different chemotherapy approach than advanced metastatic disease. This view is 
further supported by two other findings. First, colorectal carcinoma, stomach and lung 
cancer have successfully been treated with chemotherapy. Controlled clinical trials, 
however, have failed to improve postoperative treatment results if drug regimens 
developed for advanced disease were used in the adjuvant setting [1, 2, 3, 5, 6). Second, a 
heterogeneity in terms of treatment response between primary tumor and metastases has 
been shown in experimental tumor systems [4). 

A Lesson from Adjuvant Chemotherapy for the Management of Advanced Disease 

This lesson concerns the problem of objectively evaluating response in early- and 
advanced-stage breast cancer. As presented in Table 1, results of chemotherapy are more 
impressive for advanced disease than for adjuvant chemotherapy. 
The question remains, however, whether the results of adjuvant chemotherapy expressed 
in percentage of patients with prolonged disease-free intervals after therapy as compared 
with untreated controls, really reflects what has been achieved with this form of 
treatment. 
It is reasonable to assume that in patients with primary breast cancer and lymph node 
metastases there are not only many microscopic metastatic foci but also micrometastases 
which are heterogenous with respect to drug sensitivity. Prolongation of the disease-free 
interval will be achieved only if all metastatic foci are drug sensitive to some extent. Only 
then the total cell number in each micrometastases will be reduced and residual cell mass 
will need more cell cycles for its regrowth to clinically detectable macrometastases. 
If, however, among a large number of micrometastases sensitive to chemotherapy, there 
are only a few resistant ones, it will not be possible to prolong the disease-free interval. 
Despite the fact that the cell number of the residual disease has been reduced in total, foci 
not influenced by chemotherapy will regrow and lead to clinically detectable macro­
metastases in the same time as in untreated controls. 
There is no other way to measure the effect of chemotherapy on subclinical disease than by 
the assessment of the disease-free interval. Complete and partial remissions as well as 
no-change status are response criteria not applicable for early metastatic cancer. DFI, 
however, appears to describe what has been gained by chemotherapy much more 
accurately than remission rates in advanced disease which do not necessarily translate into 
prolongation of survival times. 
As already mentioned about 15%-30% of given patient subsets will experience 
prolongation of DFI by adjuvant chemotherapy. This figure does not compare to overall, 
but to complete remission rates in advanced disease. Under these aspects it will be of 
interest to reassess the true value of the so-called objective remission criteria for advanced 
disease. 
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Adjuvant Chemotherapy Outside Clinical Trials 

A final conclusion from the data on adjuvant chemotherapy is that this treatment modality 
should still be considered experimental and not be recommended for routine postoperative 
use. The major arguments here are summarized as follows: 

1. Data analysis has shown that only a minority of patients will profit from adjuvant 
chemotherapy. 

2. Patient subsets being prime candidates for adjuvant chemotherapy are still poorly 
defined. Within the subsets particularly sensitive to adjuvant ch~motherapy, i.e., 
premenopausal women with less than four lymph nodes involved, there are still over 
70% of patients not responding to adjuvant chemotherapy. 

3. Other subgroups, like patients with 10 or more lymph nodes involved, will not respond 
to adjuvant chemotherapy and for the typical older woman with receptor-positive 
tumors and relatively good prognosis, a true benefit of adjuvant chemotherapy remains 
to be shown. 

4. The optimal drug selection and dosage problems appear so delicate that even within 
clinical trials there are exorbitant dropout rates and too many patients who are not able 
to tolerate drugs at dosages necessary for therapeutic efficacy. 

5. All results with adjuvant chemotherapy hitherto reported are derived from clinical 
trials. It is unknown, what treatment results look like in an unselected patient 
population. 

Outlook 

Variations in treatment results reported with any given drug combination, i.e., various 
modifications of the eMF-regimens, support the view that further improvements in cancer 
chemotherapy might be possible not only if new compounds become available but also if 
better use is made of known drugs. 
The large data pool of many well-controlled trials should allow cross-study comparisons of 
data related to variables such as prognostic patient factors, relapse patterns of the disease, 
and modifications of treatment regimens, etc. between trials. 
Such a cross-examination might, for example, determine whether there are drug 
combinations which might tolerate better than others dose modifications without losing 
therapeutic potential. The answer to this question might not only help to better understand 
the action mechanism of chemotherapy in minimal disease but also to develop 
recommendations for the use of adjuvant chemotherapy outside study protocols and 
groups. 
To improve adjuvant chemotherapy, better models are required to analyze the 
microenvironment of metastases in the early stages of development. It might well be that 
such conditions are better simulated in an in vitro than an in vivo system, assuming that the 
intercellular integration is minimal in the early phase of metastatic seeding. In this regard in 
vitro tumor stem-cell assays might be of particular importance in studying pharmacological 
effects of chemotherapeutic agents on small cell numbers not yet dependent upon host 
supportive systems such as feeder tissues or vascular supply. 
The future will teach us, perhaps, not to look at early cancer as some sort of minimal 
advanced disease and apply similar treatment principles accordingly, but to look at early 
disease as something entirely different in terms of cell kinetics, drug resistance, tumor 
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heterogeneity, and host-tumor relationship. Perhaps it might be more appropriate to the 
biological situation to look for parallels between early cancer and advanced disease in 
complete remission and to take complete remission rather than measurable disease as a 
model situation for the development of new adjuvant-therapy strategies. 
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