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Strategy for Chemoprevention of 
Human Breast Cancer 

Frank L. Meyskens 
Cancer Prevention and Control 
Arizona Cancer Center 
Tucson, Arizona 

My commentson chemoprevention derive from the milieu 
of the laboratory, clinic, and community levels rather than 
from the typical medical oncology approach which is quite 
different than the epidemiologic or public health approach. 

Considering strategies for chemoprevention of human 
breast cancer, the facts are that we have had extensive ex- 
perience so far with conduct of certain types of chemopre- 
vention trials. (i) A low-risk skin cancer study accrued 
3,000 subjects who are being followed. (ii) A high-risk 
skin cancer prevention study is ongoing in which we have 
obtained 300 of the 700 subjects projected. (iii) A cervi- 
cal dysplasia study is underway, as well as (iv) two colon 
cancer prevention studies as well as some other phase I1 
studies. 

Nevertheless, prevention of human breast cancer 
presents a special challenge in and of itself. For all the 
different tumor types one needs to consider the chemo- 
prevention strategy for that particular tumor, although there 
are perhaps certain generic principles that apply. 

Considering breast cancer prevention in a generic way 
there can be two general types of approaches: proscrip- 
tive and prescriptive. 

There has been epidemiologic evidence of various SORS 

for a relationship between total calories, fat, protein, and 
alcohol. There is evidence of several different types for 
dietary factors involved in breast cancer genesis. Epidemi- 
ologic studies include ecologic and analytic types. 

In terms of laboratory studies, there is a backround of 
both cellular and biochemical observations that would sup- 
port the general notion that an individual biological factor 
would be involved. Animal studies are actual intervention 
studies, either true chemopreventive-type studies, adju- 
vant, or quasiadjuvant types of trials. The data for total 
calories is strong from an ecologic epidemiologic point 
of view, but not terribly strong from the analytical point 
of view. Mechanistic and animal studies certainly support 
a role of total calories in breast cancer. 

In terms of fat, a similar pattern emerges although per- 
haps not as strong as in the animal studies. For total protein 
there is also some relationship but there has really been 
an absence of mechanistic studies that address that issue. 
For alcohol, the ecologic studies would not support a role, 
but there are few analytical studies that do. There have 
not been really extensive laboratory studies either way. 

Chemoprevention, however, is prevention of cancer 
brought about by the use of defined chemicals or micro- 
nutrients. Although that seems like an obvious statement, 
we tend to forget that we are dealing with a defined chem- 
ical that has many and diverse effects on dietary and other 
hormonal factors which need to be taken into considera- 
tion in the evaluation of a very specific chemical or 
micronutrient. 

An advantage of the specific agent is that it is easily 
administered, although possibly a long-term effect could 
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610 Meyskens 

be acheived by changing lifestyle or diet, which are of 
course very hard to alter. 

Definitive monitoring of a sort can occur. We often 
delude ourselves into thinking we do definitive monitor- 
ing when we measure these chemicals in the serum, the 
urine, or sometimes the feces when what we really should 
be interested in is the tissue levels and the effects of that 
agent on one particular tissue. When we look at the phar- 
macology of most of the chemopreventive agents, and to 
a certain extent even tamoxifen, there has been a real scar- 
city of studies which address tissue uptake and effect. The 
term definitive monitoring should really be used with ital- 
ics. Pilf-taking is a very complicated, complex issue. In 
our trials we do extensive compliance monitoring which 
is very difficult and time consuming. Compliance with 
pill-taking is certainly not as complex as that of dietary 
intervention but it is by no means straightforward. Dis- 
advantages are lifelong pill-taking and possibly long-term 
side effects. 

The candidate chemopreventive agents for breast 
cancers are summarized in Table 1. This classification 
of how effectively these various compounds might serve 

as chemopreventive agents hardly represents the exten- 
sive literature which needs to be reviewed. In terms of 
micronutrients, we can see that there is very little eco- 
logic data specifically related to breast cancer. For beta 
carotene, a few analytic studies have been reported, with 
negative mechanistic data and equivocal animal data. We 
do not have any evidence one way or another whether 
beta carotene is clinically active in the advanced or adju- 
vant setting, which might present some hope that it would 
work in an earlier stage. The same is true for vitamin A, 
that is real vitamin A, not the synthetic derivatives which 
raise many different questions. 

For vitamin E the data is also weak. There is not a great 
amount of information, although certainly there have been 
a couple of casecontrolled studies that showed a relation- 
ship between low vitamin E levels and risk for breast 
cancer. There are some mechanistic studies in culture for 
breast cancer and other cell types as well. 

Vitamin D is an interesting dilemma because it does 
cause differentiation of some specific breast cancer cell 
lines, but there is not a great deal of available informa- 
tion. A problem that deserves attention is the question of 

Table 1 
Candidate Chemopreventive Agents for Breast Cancer 

Evidence 

Epidemiologic Labratory 

Compound Ecologic Analytic Mechanistic Animal clinical 

Micronutrients 
&Carotene 
Vitamin A 
Vitamin E 

ND 
ND 
ND 

+b 
- 
+b 

- 
+ 
+ 

* 
* 

N D  

ND 
ND 
ND 

Vitamin D + N D  ND 

H O I ~ O M ~  
Tamoxifen 
Danazol 
LHRH, 
DHEA 

Other 
4HPR 

+ +/- - 
NR NR 

NR NR 
NR + 

NR B 
++ 
+ 
+ 
+ 

++ + + + a  

ND + 
ND + 
+ ND 

- NR NR + +++  
aContralateral. adjuvant, advanced. 
+b.  case control, biochemical. 
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calcium. Calcium has been advocated as a chemopreven- 
tive agent for colon cancer for a variety of reasons. If 
we think about calcium as being necessary for all epithelial 
maturation, and low calcium being associated with ex- 
cessive epithelial proliferation, then a generic strategy 
might be possible. Certainly calcium is a very safe agent. 
There is some interesting new data on omega-3 fatty acids. 
Tamoxifen certainly has an enormous amount of indirect 
epidemiologic and mechanistic and animal data to sup- 
port its use as a chemopreventive agent. The clinical data 
for activity is also strong in advanced cancer. 

There is weaker data for danazol, LHRH analogs in de- 
hydroepiandrosterone (DHEA), mostly of a mechanistic 
nature. There are several epidemiologic studies of a bio- 
chemical type suggesting that DHEA might be important 
in suppressing breast cancer. In terms of the retinoids, 
there is an important point about the current data. There 
have now been several clinical trials in advanced cancer 
showing no activity for 4HPR. but that should not be a 
reason to abandon its possible use as a chemopreventive 
agent. One thing to consider about 4HPR is that it proved 
a strong chemopreventive agent in animal trials while 
many other retinoids were found to be negative. This may 
be related to the particular pharmacology of 4HPR, its 
concentration in the breast, or it might truly be different 
than the other retinoids. We do not know the answer at 
this point. 

Why a clinical trial? First, the epidemiologic data iden- 
tifies possible associations but rarely defines etiology. The 
strength of the associations is very suggestive but not 
exceedingly so, such as for smoking and lung cancer, that 
we could interpret the data as causative on face value. 

Second, laboratory experiments suggest biological rele- 
vance. However, very importantly, and not sufficiently 
emphasized, is the fact that carcinogens of all types, and 
inhibitors of carcinogenesis, are type, dose, time, tissue, 
organ, and species specific. That is, even though we can 
learn a great deal in a general way about the process of 
carcinogenesis from animal studies, translating the infor- 
mation directly to humans or any other species, for that 
matter, is a very uncertain issue. Results from laborato- 
ry experiments can be interpreted only as a general guide- 
line in any approach to human carcinogenesis. 

A clinical trial will confirm a generated hypothesis by 
measuring a definitive endpoint in response to a defined 
intervention. 

Carcinogenesis and tumor development in a generic way 
has been delineated from many thousands of different ex- 
periments that have been done in animal models. If you 
take the Y-axis as the number of tumors and the x-rays 

as time, it appears that at least in breast cancer and perhaps 
other cancers, the initiation event begins with your genes 
per se. We know increasingly that genetic makeup puts 
one at risk for different types of cancers and that the 
presence of different types of proto-oncogenes or similar 
gene structures will put one at increased risk. Therefore, 
in a fashion, cells are initiated from a genetic point of 
view before one can even see chemicals. That is an im- 
portant consideration in identifying people at increased 
risk. It may well be that the most efficient way will be 
a genetic identification, and that may be attainable within 
a very few years. 

After an initiator event, followed by any type of 
promoter; in breast cancer the relevant one might be fat 
or a fat-related molecule, a variable latency period oc- 
curs followed by the rapid development of tumors. The 
duration of this latency period is unknown, of course, for 
humans. Studies from an anthropological approach sug- 
gest that the major early promotional events for breast 
cancer occur in childhood before the age of 12. If true, 
that means risk has been determined from a very early 
age. Certainly we would not advocate starting patients at 
the age of 12 on an intervention agent unless we knew 
the risk was astronomical. 

In terms of anti-initiators, gene therapy is probably not 
too far away to be considered. Vitamin E might be use- 
ful. Demonstration of effect in a reasonable time frame 
would be difficult. Antipromotors are primarily under 
consideration. Opinions differ as to whether tamoxifen 
is considered an antipromoter or a chemosuppressant. 
Certainly there is compelling data to indicate that tamox- 
ifen will need to be administered in long-term studies. 

This may be less true for certain types of retinoids and 
certain carcinogens. It appears that one can truly irrever- 
sibly suppress the development of cancer. If we put in 
an antipromoter and it is there constantly, there is a de- 
lay in the latency phase, a plateau that parallels the con- 
trol curve. Importantly, however, as soon as we remove 
that antipromoter, after a little lag, regeneration of the 
control number of tumors will occur. Thus when to start 
administering antipromoters is an essential issue. If you 
start treatment with an antipromoter at age 60 and you 
continue it for ten years without side effects, and it sup- 
presses the breast cancer for another 10 years, that might 
be adequate to show an impressive chemopreventive or 
chemosuppressive effect. However, this approach might 
not be adequate in dealing with 40-year-old women. 

The criteria we have evolved for proposing an inter- 
vention trial are not too much different than a phase I 
clinical trial with particular procedures related to breast 
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cancer prevention that we have come to recognize over 
the last five or six years while dealing with other types 
of chemoprevention. 

Th choice of agent and dose for a particular interven- 
tion is probably the most practically difficult issue that 
has to be dealt with. It is hard to express how much wail- 
ing and gnashing of teeth has gone into the choice of 
chemopreventive agents for particular trials. Risk- 
reduction estimates are enormously difficult. For feasi- 
bility, one has to think about general and recruitment is- 
sues, compliance and follow-up, long-term consequences, 
particularly those which are unexpected outcomes, and 
their measurement, as well as the risk-benefit both for 
individuals and, importantly, for society. 
In examining the agent of choice and the dose in 

epidemiologic studies, major type 11 errors can occur. 
That is, there may be a strong association in studies but 
the wrong agent is selected. The epidemiologic associa- 
tion may be reflecting something else. For example, vita- 
min A is selected and the real active agent might be beta 
carotene, a possibility because of the methodology of 
epidemiologic studies. Tamoxifen does not have the 
problem of efficacy versus side effects which is an enor- 
mously difficult issue. Basically, if there is a high enough 
risk population, one is willing to accept some side effects. 
In dealing with a very low-risk population, one is not will- 
ing to have very many side effects, or only those of a 
minor nature. 

Pharmacology in terms of the dose is a difficult issue. 
Is it 10 mg or 1 mg of tamoxifen? From the experience 
of Jordan and others it appears that 10 mg is the indicated 
dose to show a biological effect and prove efficacious. 
However community public health and epidemiological- 
ly oriented people would recommend the lowest possible 
dose, 1 mg, to eliminate side effects completely. In con- 
sidering a large trial we have to take both of these factors 
into account. In breast cancer it is complicated in that we 
do not have a convenient intermediate endpoint such as 
a dysplasia and the endpoint will probably have to be the 
development of cancer. How about risk-reduction esti- 
mates? Very simply stated, the data are soft. The num- 
ber of subjects estimated thus far for all chemoprevention 
trials has always been underestimated. As NCI people 
report, it causes havoc with their budgets. It also causes 
havoc in terms of planning these trials. If we underesti- 
mate the number of patients required, put in 2,000 when 
we really need 4.000, no conclusive results can be ex- 
pected. On the other hand, if we double the number of 
patients or subjects in a trial, the cost goes up astronomi- 
cally. If the cost rises from $l,OOO to $2,000 it would 

not be a problem, but when the cost goes from $50 to 
$100 million, it is very troublesome indeed. 

Breast cancer prevention has some particular problems. 
There is really no intermediate marker such as can be 
found for colon cancer or for oral cancer or cervical dys- 
plasia. Pathologic changes in the breast are complex. 
Mammographic changes are complicated and there is no 
general agreement. 

How about feasibility? Well, it would be impractical 
to suggest a skin cancer prevention study in Alaska. It 
would be also unwise to suggest a breast cancer preven- 
tion study in an area for a group of subjects who are not 
at high risk. Yet those types of things are being done, 
The difficulties of recruitment are underestimated by most 
investigators who believe they can provide a great many 
patients for a study. In the current Women’s Health Trial, 
only 3% of those women estimated to be eligible at the 
beginning of the trial were actually randomized to the 
study. The number ranges from 3% to around 15% for 
all current ongoing trials of which there are about 30 in 
the United States. Before proposing a trial, it is helpful 
to stimulate recruitment all the way up to the point of the 
subject signing the consent form, or at least demonstrate 
from eligibility check lists those 2,000 subjects who are 
available. Otherwise you risk being unable to actually pro- 
ceed with the trial. 

The next problem is compliance, which has been with 
us for a very long time, particularly with regard to cer- 
tain types of groups. Compliance is dealt with in several 
different ways. Early losses are a serious problem and 
one way of dealing with that issue is to have what is called 
a run-in period. That is, to have about a three-month test 
period during which you see whether people are really 
willing to go on the study. 

We’ve made the fascinating observation, which we have 
not previously reported, that if candidate subjects even 
mention that they might have any difficulties with a trial 
(any general sort of comment) it is best not to include them 
because of the strong likelihood that they will not remain 
in the study. This observation was revealing to us in terms 
of how to go about recruiting patients. It is important to 
eliminate these subjects before they are randomized be- 
cause of the enormous effect they have on dropout rates. 

Late losses are very variable and nobody really has 
sufficient extended experience with these trials to predict 
the future. However, compliance does seem to “hit a 
wall” at about three years. That is, patients become rest- 
less about, “I don’t have cancer, why do I have to keep 
having to take this. I’m getting some minimal side effects, 
etc., etc.” The best solution to that problem is ongoing 
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“tender, loving care” which is a hard budgetary item to 
justify in a grant request. 

Among the unexpected long-term consequences, one is 
improvement in the control group referred to earlier as 
a result of secular changes in the environment. For ex- 
ample, if the percentage of fat by calories in our diet went 
down from about 38 % the normative in the United States, 
to 30%, that might play havoc with even a tamoxifen trial. 
Certainly such a secular trend would play havoc with any 
dietary trial. Trial influences on the individual are also 
important, for as soon as a trial is started subjects tend 
to change their behavior. 

Of course there is the very important issue of adverse 
effects of agents. Though I would take some issue with 
Love, we all want to know as much as possible about side 
effects, and they are doing an elegant tweyear study. The 
problem is: do we have to do a l0-year pilot study before 
we start or initiate a trial? What is really needed is a bell- 
wether or vanguard group. Love’s group will provide a 
group of 200 patients intensely studied that should be two 
years ahead of the 2000 subject group. This is one way 
of avoiding the problem of having to do a 10-year study 
for side effects before doing the actual study. 
How about outcomes? If it is a tertiary outcome such 

as a precancer in which one can measure progression in 
a relatively a short time, one can certainly determine 
whether progression occurs. How do we study progres- 
sion of leukoplakia, for example, or cervical dysplasia? 
We could study, perhaps, some patients going from mild 
to moderate or perhaps from moderate to severe dyspla- 
sia, but we really cannot allow the lesions to progress to 
cancer. 

Even if we had good intermediate pathologic markers 
for breast cancer, what could we study? An agent may 
cause regression of a lesion. In leukoplakia, cervical dys- 
plasia, and bronchial metaplasia this has been shown to 
occur rapidly. Would regressive pathologic changes in the 
breast occur rapidly? An interesting study that could be 
done, perhaps, is to take women with mammographic 
changes and see if their mammographic appearance im- 
proves with an agent. That is a nice, simple study that 
might provide very valuable information. 

In secondary intervention, in the absence of cancer, one 
may need a long time to see an effect, but in some pa- 
tients we would say “no” to intervention since you are 
going to cut the top part of the curve off and measure a 
difference between the control and treatment group within 
a very short period of time (less than 5 years). Others 
would not intervene or halt the study since their opinion 
may differ as to the slope of the curve and it will take 
10, 15, or 20 years to show a difference. 

Finally, regarding the risldbenefit in individual people 
with high-risk conditions, agents with even considerable 
side effects are warranted. In women with a low-risk sta- 
tus, agents with no or minimal side effects are probably 
the only acceptable intervention. That obviously presents 
a variety of difficulties. To examine the magnitude of the 
problem, in 1985, about 120,000 breast cancers developed 
and 40,000 deaths occurred. Dole and Pito estimate ap- 
proximately 50% of breast cancers are preventable. If we 
study 60,000 cases at $10,OOO a case we are up to a cost 
of $600 million a year. Nevertheless, I believe a substan- 
tial investment in chemoprevention is worth considering 
since even though we certainly have made advances in 
the treatment of breast cancer, prevention is always bet- 
ter than attempted post-hoc cure. Obtaining the agent for 
use will be at least ten times more difficult than expected. 
Many people in this field wanted to begin a chemopreven- 
tion trial with tamoxifen for high-risk breast cancer five 
to ten years ago. Initial risk reduction determinations are 
always wildly overoptimistic, particularly before one gets 
the grant. The number of subjects will actually be five 
to ten times more than was originally estimated. Only 10% 
or so of subjects estimated to be eligible for a study will 
ever be randomized to the trial. Performing clinical 
chemoprevention trials is indeed very hard work. Never- 
theless, I think that the important question to ask is: Can 
breast cancer be prevented? The question can’t be an- 
swered solely by epidemiologic methods or laboratory in- 
vestigations; hopefully this effort will lead to some type 
of clinical prevention trial for breast cancer. 




