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I come from five generations of midwestern dairy farmers. My
father was a reproduction physiologist and worked with the dairy
industry. He did the first embryo transplant in a mammal, in dairy
cattle. My professional life, of course, mainly involves cancer
epidemiology. So in an interesting way this brings together two
parts of my life.

Presentation Outline: Aims

1) Provide an overview of current evidence on milk and
breast cancer

2) Use evidence from animal, ecologic and cohort studies

3) Examine potential mechanisms relating milk
consumption to breast cancer
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I will provide an overview of current evidence on milk intake and
breast cancer using evidence from animal studies (covered in more
detail yesterday), ecological data and cohort studies and then look
at the potential mechanisms that might relate milk consumption to
breast cancer. Eleni Linos, who helped me put this together, is
currently working on this issue with some of our data.

Correlation between Breast Cancer Incidence
and Milk consumption in 40 countries

From Ganmaa et al 2005
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Milk and Breast Cancer

As Ganmaa Davaasambuu and Dr. Sato mentioned very briefly
yesterday, if you look ecologically across countries at per capita
milk consumption and national rates of breast cancer incidence,
there is a strong positive association. In epidemiology, we take
this as interesting, but very far from conclusive because there is
plenty of potential for confounding in these kinds of associations.
Basically, we are often comparing affluent Western countries with
traditional Asian societies and developing countries.

Trends in Milk consumption and Breast
Cancer Mortality in Japan

Adapted from Li et al 2003
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Another ecological kind of relationship that they also mentioned is
Japan, where there has been a dramatic increase in milk
consumption (the blue line) and following this somewhat in time
has been an appreciable increase in breast cancer in Japan. Not a
huge increase, but there definitely has been some increase.

As you have probably gathered from many of the presentations
already given during this meeting, there are a number of possible
hypotheses relating components of milk to breast cancer. Fairly
strong among them are IGF-1, estrogens and other sex hormones.
Those that may be potentially beneficial include Vitamin D and
calcium. Another component of milk, conjugated linoleic acid has
been thought to possibly be protective against obesity and insulin
resistance and Clement Ip has done some studies with fairly high
doses of CLA showing that there was a reduction in breast cancer
incidence. Other factors on the adverse side include saturated fat
and some hypothesized actions of pesticides that may have
estrogen action.
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DMBA induced mammary tumors in rats
fed commercial low fat milk

From Qin et al 2004
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We already heard about the impressive animal studies done by Dr.
Sato and his colleagues. Also there is, in general, a relationship
between IGF-1 and pre-menopausal breast cancer, although this
has been a little hard to firm up as much as we would like. Even
in our own studies, the Nurses' Health Studies, we have seen some
inconsistencies over time and we have been back and forth with
Jeff (Holly) and Michael (Pollak) trying to resolve some of these.
Part of it relates to the difficulty of measuring IGF-1. There are
lots of different methods, and they may not always give the same
answer.

Concentration of IGF-1 is related to
premenopausal breast cancer

Schernhammer et al 2006 e =
Schernhammer et al 2005 s

Rinaldi et al 2006 T

Muti et al 2002 —_————F

Meta analysis by
Renehan et al 2004

Krajck etal 2002 @ —1—*————

Kaaks etal 2002 —+—1—
Summary OR=1.49
(95% Cl 1.14-1.95)

Toniolo et al 2000
Hankinson et al 1998

Yu et al 2002* T
* Case-control
studies

Del Giudice 1998" T =
J—

0
1

Odds Ratio 6

But in this meta-analysis, looking at IGF-1 and pre-menopausal
breast cancer, there was, overall, a positive association. Since we
have seen, I think very clearly, that there is a modest increase in
IGF-1 levels with higher milk consumption, this does provide a
very plausible mechanism.

Milk, Hormones & Human Health

Milk consumed during high school and Acne

Adebamowo et al 2005
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Another element of plausibility is the evidence just presented by
Dr. Adebamowo, looking at milk consumption during high school
and acne. As Clement pointed out, you can't totally disentangle
whether it's related to first onset or to the exacerbation of acne, but
both are very interesting because they suggest that the amount of
hormones in milk -- whatever they and potentially other
substances in milk are that affect the sebaceous glands -- could
very possibly also affect the embryologically related mammary
gland. I actually find that this is quite an important area and it
would be very useful to nail it down as tightly as we can because it
is a physiologic response that addresses the issue of whether the
amounts of these hormones in milk -- not being exactly sure which
ones might be responsible -- are sufficient to be biologically
active. This study suggests that is the case.
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Another component is vitamin D, which is not naturally part of
milk, but in this country we do add vitamin D to milk. There is
quite a bit of evidence that Vitamin D is inversely related to
multiple cancers, including breast cancer. In the Nurses' Health
Study we collected and stored blood samples from about 30,000
participants back in 1989, followed them over time, and then went
back and got all the samples from the people who developed breast
cancer and compared those with a set of matched controls. And
we found a modest inverse relationship. It is right at the margin of
statistical significance, a little over 20 percent lower risk of breast
cancer in the highest quintile of Vitamin D. So this is a possible
mechanism by which milk might be beneficial.
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Dietary vitamin D and Breast Cancer

Shin et al 2002
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When we look at dietary Vitamin D, it is very hard to separate it
from calcium and actually hard to separate it from milk. Milk is
the most important source of dietary Vitamin D in the U.S.
because of the fortification. Looking in the Nurses' Health Study
prospectively, we do see that among postmenopausal women (the
yellow line) there is no relationship with dietary Vitamin D and
breast cancer incidence, but among pre-menopausal women there
is an inverse association.

Dietary Calcium in relation to Breast Cancer
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When we look at calcium intake and breast cancer we see a very
similar relationship to what we saw for Vitamin D. But is it
calcium, or is it Vitamin D, or is this just the marker for milk
intake in general? It is very hard to disentangle these.

Cohort Studies of Dairy Intake
and Postmenopausal Breast Cancer

Study Cohort Cases Exposure Servings OR or RR
size (95% CI)
Shin’ 88691 2345 Milk total >1/day vs <3/month  1.01 (0.87-1.17)
(NHS 1) Milk low-fat >1/day vs never 1.05 (0.91-1.22)
Whole Milk >1/day vs never 0.87 (0.69-1.10)
Dairy total >3/day vs <1/d 0.97 (0.85-1.12)

Dairy high-fat ~ >2.5/day vs <4/week 1.01 (0.85-1.20)
Dairy low-fat >1/day vs <3/month  1.01 (0.86-1.19)

Voorrips" 62573 941  Milk Highest vs lowest 0.91 (0.67-1.24)

(Netherlands Whole Milk quantile 0.90 (0.66-1.22)
Cohort Study) Skim Milk 1.04 (0.84-1.30)
Key" * 34759 427  Milk >5 vs <1 0.96 (0.76-1.22)
(Japan) Butter, cheese  serving/week 1.13 (0.85-1.51)

1.71 p for trend 0.3
2.91 p for trend0.08

Gaard'® * 25892 248  Milk, any 1,2,3,4 >5 glasses
(Norway) Milk whole per week

* Included both premenopausal and postmenopausal cascs
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Milk and Breast Cancer

So what do we see overall when we look at prospective studies of
milk, dairy products and breast cancer? In some ways this jumps
over the issue of what are the mechanisms to what are the
relationships, but first a few preliminary points.

This summary of the literature does not include case-control
studies. We have, I think, learned that those are very susceptible
to bias due to the collection of data after the diagnosis of cancer
and it is very hard to get a truly representative group of controls in
those studies. So the data here were all collected prospectively.
For example, in the Shin analysis of the Nurses' Health Study I
there were 88,691 women who are all registered nurses and they
have been incredible participants over a 30-year period; 90 percent
of them are still sending back very detailed data that we collect
through a standardized, self-administered questionnaire.

Someone raised the question yesterday whether our methods might
be missing amounts of milk in various foods like custard and
things like that. So I went back and looked this up last night. We
are capturing 94 percent of calcium in the diet by the foods on our
questionnaire. So it looks like we are not missing very much and
we have also seen with other end points consistent, clear
relationships with milk and dairy intake. So I think we are
actually measuring intake pretty well.

Also, note that each study is presented in a little bit different way.
For example, the first line shown here represents greater than 1
serving a day versus less than 3 servings per month. So when you
compare the relative risk across studies just remember you are
looking at different comparisons. But no matter how we looked at
this for postmenopausal women, the data were null.

In the Nurses' Health Study I (NHS), looking at postmenopausal
women there are 2,345 cases of breast cancer, so pretty good
statistical power here. We’ve looked at milk intake in many
different ways, total milk, low fat milk, whole milk, total dairy,
high fat dairy, low fat dairy and for all of these there is basically
no significant association. The Netherlands cohort study has
62,000 women, 941 cases, also quite large and powerful, also
found no relationship. Someone asked yesterday, what do we see
in Japan? Tim Key and colleagues did a study there and this is the
atomic bomb cohort; these women all got some dose of radiation,
but presumably that was uncorrelated with their milk intake.
Looking at more than 5 servings a week versus less than 1 serving
per week, there was no association with risk of breast cancer but
there are fewer cases here, only 427. Fortunately, some new and
large cohorts have been started in Japan, and I think during the
next year or so we will be seeing more prospective data of quite
high quality from Japan. Finally, in the cohort study from Norway
there was a hint toward a positive association, but that's really the
only study that looked like it was positive. It was the smallest
though of all of these studies.

In breast cancer epidemiology, we look at pre-menopausal breast
cancer separately because the risk factors are very often quite
different, sometimes actually opposite of postmenopausal breast
cancer. But the number of cases is quite a bit lower because the
majority of cases are postmenopausal. Also many of the studies
started off collecting data in mid life or later so some of them
didn't include any pre-menopausal women.
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Cohort Studies of Dairy Consumption and
Premenopausal Breast Cancer

Study Cohort Cases Exposure Servings
size

Shin 88691 327 Milk total >1/day vs <3/month

(NHS 1) Milk low-fat >1/day vs never
Milk Whole ~ >1/day vs never 0.80 (0.54-1.16)
Dairy total >3/day vs <1/d 0.73 (0.58-0.92)
Dairy high-fat >2.5/day vs <4/week 0.83 (0.62-1.10)
Dairy low-fat >1/day vs <3/month 0.68 (0.55-0.86)

RR (95% CI)

0.69 (0.54-0.87)
0.72 (0.56-0.91)

Cho 90 655 714 Dairy total Highest vs lowest 1.03 (0.79-1.36)
(NHS 1I) Dairy high-fat quintile of intake 1.36 (1.06-1.75)
Dairy low-fat 0.82 (0.63-1.06)

Hjartaker 48 844 317 Milk
(Norway)

>3 glasses/d vs none 0.56 (0.31-1.01)
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For example, the Nurses' Health Study, shown here at the top, had
over 2,000 prospective cases, with just 327 cases in the pre-
menopausal group. And I must say, these women were, by the
time we started, getting pretty near menopause so they are almost
peri-menopausal. And here, there was some suggestion of an
inverse association in the pre-menopausal women. When we
looked at total milk intake, for greater than 1 serving a day versus
less than 3 servings a month the relative risk was 0.69 and the
upper bound of the confidence interval was 0.87. And that was
similar for low fat milk and a little bit weaker for whole fat milk.
For total dairy there was an inverse association that was significant
and for high fat dairy, pretty much the same thing. So, in general,
there was some suggestion of an inverse relationship.

In the Nurses' Health Study II, with over 100,000 women initially
enrolled, we have dietary data for over 90,000 women, and Dr.
Cho in our group looked at these data. Here we actually saw a
positive association with high fat dairy. Now these women were
younger in their pre-menopausal years than those in the Nurses'
Health Study I. The results are not totally consistent from NHS I
to NHS II, and we are trying to understand this. Has the nature of
milk changed? Is it the fact that in the Nurses’ Health Study II,
women were younger in adult life when we saw this relationship?
We have also seen a positive association with red meat
consumption. And for both of these, the positive association has
been strictly with estrogen receptor positive tumors, which did
raise our concern that there might be a hormonal factor involved.
There is one other study among pre-menopausal women in
Norway. It was fairly small, but suggested a trend toward an
inverse association. And I believe in Norway, interestingly, the
milk is not fortified with Vitamin D. So the question here again is
what's going on? We have a hard time separating Vitamin D
intake from milk intake. Overall the results here are mixed, and it
is possible that there are both beneficial and adverse constituents
in milk.

Milk, Hormones & Human Health

Pooled analysis of 8 Cohort studies on
Dairy and Breast Cancer

Missimer et al 2002

351,041 participants
7,379 cases

Exposure (100g/day) OR or RR (95% CI)

All Cases Dairy Fluids
Dairy Solids

0.99 (0.97-1.00)
0.98 (0.93-1.04)

Premenopausal Breast Cancer Dairy Fluids
Dairy Solids

0.96 (0.90-1.02)
0.87 (0.68-1.11)

Postmenopausal Breast Cancer Dairy Fluids
Dairy Solids

1.00 (0.98-1.01)
1.05 (0.94-1.16)
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Partly because it is difficult to compare studies given that they use
different methods for assessing intake, we are conducting the
pooling project for cohort studies of diet and breast cancer, where
all of the investigators combine the data. We are the data-
coordinating center for this project. This is the result of 8 cohort
studies analyzed simultaneously, and what we see here with over
7,000 cases of breast cancer is that there is no association overall.

Timing:
Early life exposures and Breast Cancer

Historical analyses of World War Il survivors in Hiroshima, Japan and Norway
imply that breast cancer risk may be determined by exposures in
adolescence and early adulthood.

This theory supported by animal studies demonstrating increased mammary
susceptibility to carcinogens before first pregnancy.

Epidemiological evidence:

-Timing of menarche and first pregnancy are established risk factors for
breast cancer

-Birthweight, growth velocity, attained height, and adolescent BMI impact
breast cancer risk
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One big concern is the timing of exposure. We know from other
parts of epidemiology, the atomic bombing of Japan, animal
studies and epidemiologic studies looking at other risk factors, that
the early period in life during childhood is a very vulnerable
period in terms of exposures that decades later show up as breast
cancer risk.
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Greater height is associated with higher
risk of breast cancer van den Brandt et al 2000

Pooled analysis of 8 cohort studies
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FIGURE 1. Nonparamelric regression curve for the relation between height and breast cancer, the Pooiing Project of Diet and Gancer. 17

There are several indirect leads for breast cancer and one of them
is height, which is of course determined during childhood. And
there is unequivocally for breast cancer a positive association with
height.

Growth patterns and breast cancer risk

From Ahlgren et al 2004

Growth Variable RR Breast Cancer Units
95% CI)
Birth Weight 1.10 (1.01-1.21) 1kg
Age at peak growth 0.94 (0.91-0.97) 1 year
Age at menarche 0.99 (0.91-1.07) 1 year
Height at age 8 1.11 (1.07-1.15) Scm
Height increase age 8 to 14 1.17 (1.09-1.25) 5 cm increase

BMI age 14 0.95 (0.93-0.97) 1 unit of BMI

« Growth velocity at 8-14 years is a stronger predictor of breast
cancer than growth before 8 years 18

This is a very interesting study from Denmark, where heights and
weights were recorded throughout childhood as part of the school
surveillance system. It was published in the New England Journal
in 2004. They found a positive association with birth weight, we
have already heard about that; an inverse association with age at
peak growth, in other words, girls growing later have lower risk;
and a positive association with height, already seen, as I said, in
other studies. Also, a height increase from height at age 8 and rate
of height increase from age 8 to 14 were both robustly positively
associated with breast cancer risk. And in this study we see
inverse relationships for BMI at this age with future breast cancer
risk, but this rapid growth in height during childhood and
adolescence is clearly of concern. Could it be that milk is acting
during childhood as a growth promoter? This is a very interesting
question and the available data are limited so far.

Milk and Breast Cancer

Cohort studies on Childhood and
Adolescent Milk Consumption

Study Cohort Cases Exposure (timing) Servings OR or RR
size 95% CI)
Shin” - 327" Milk (Adolescence) >3 glasses/d vs  0.76 (0.48-1.21) *
NHS 1 b <0.5/d b
1509 1.02 (0.82-1.26)
Hjartaker'® 48,844 317 Milk (Childhood) >7 glasses/d vs  0.64 (0.22-1.87)
Norway 0

Milk (Adult+Child) High vs low 0.51 (0.27-0.96)

Frazier'” 47,355 361  Total dairy(Adolescence) Highest vs 0.83 (0.56-1.24)
NHS 1I High fat dairy lowest quintile  1.11 (0.76-1.62)
Low fat dairy 0.88 (0.60-1.29)

a premenopausal
b postmenopausal
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Again, Dr. Shin from the Nurses' Health Study I used a very
simple questionnaire in 1997 to look at this issue of adolescent
dairy intake and found a non-significant inverse association, using
data virtually entirely from postmenopausal women. One fairly
small study from Norway shows a non-significant positive
association with milk consumption during childhood. This is
actually the same study I showed earlier. Dr. Frazier has looked in
the Nurses' Health Study II, retrospectively, at milk and dairy
intake in relation to pre-menopausal breast cancer and basically
found non-significant associations near the null. Also Dr. Linos is
just right now analyzing the first good prospective data on
adolescent milk consumption and pre-menopausal breast cancer
and the relative risks are all pretty close to one. It is important to
note that these studies are all small, and the confidence intervals
are fairly wide, going up to around 1.8. So there is a lot of
statistical uncertainty, and we clearly need more data. We could
have missed a modest association in either direction.

Conclusions

1. Findings from animal and ecologic studies suggest a
relationship between milk and breast cancer

2. Observational Cohort studies do not show a consistent
association between dairy intake and breast cancer

3. Additional data are needed on milk intake in childhood
and subsequent breast cancer risk from areas with and
without vitamin D fortification.
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To conclude, the findings from animal studies and ecological
studies do suggest a relationship between milk intake and breast
cancer, but the observational studies do not show a consistent
association between dairy intake and breast cancer. Additional
data are needed on milk intake in childhood and subsequent breast
cancer risk from areas with and without Vitamin D (fortification of
milk). We are really just starting to tap into this period in life that
does appear very important for future breast cancer incidence, and
hopefully over the next few years we will begin to have more
information about that.

Walter Willett



DISCUSSION:

DR. NEVILLE: That was really nice and clear. The question I
have is that there's clearly an increase in breast cancer risk when
Mexicans or Japanese move to America. What is it about
America? It looks like it is not milk — maybe. What is it?

DR. WILLETT: Well there are lots of things we do know about
already. Reproduction patterns change dramatically. We actually
have done a study in Mexico with our colleagues there, and many
of the women have 20 pregnancies, and 10 or 20 years of lactation.
We know that will dramatically reduce breast cancer risk, so that's
really big and you have to account for that to begin with. And it
differs for pre- and postmenopausal breast cancer. For post-
menopausal breast cancer, weight gain is a big issue, and,
obviously, we have a lot of that going on in our country and
hormone replacement therapy is another factor. In Japan, hormone
replacement therapy was not used at all until very recently. We
actually have found that just weight gain during adult life and
hormone replacement therapy can account for 50 percent of breast
cancer mortality in this country. So those factors would account
for an even higher percentage of the U.S./Japan difference.
Alcohol is also related, and clearly alcohol intake among women
has not been traditional in Japan and Mexico and in most of the
Third World countries. So there is quite a list of things that
contribute to those differences. I think we don't understand
everything, but it's not a total mystery why breast cancer is
increasing. It would be a mystery if it weren’t.

DR COLLIER: In the ecologic studies, do you know if that's been
split into pre- and postmenopausal breast cancer?

DR. DAVAASAMBUU: We cannot say from the ecological data
whether they were pre or post-menopausal. It is one of the
limitations in our study.

DR. WILLETT: It is probably possible to do that by age-specific
breast cancer rates. In general, in the international differences,
these associations -- I'm pretty sure you’ll see — are somewhat
stronger for postmenopausal than for pre-menopausal breast
cancer. They’re still there for pre-menopausal breast cancer, but
considerably larger for postmenopausal breast cancer.

DR. BAUMRUCKER: Just a suggestion about your Vitamin D
fortification. There are lots of carotenoids, and they vary by
season. So even if you do an analysis plus or minus the
fortification, you will have another confounding issue, I think,
depending on the consistency of milk. Seasonal effects affect the
carotenoids.

DR. WILLETT: Right. Again, there are lots and lots of things to

look at but dissecting them out of milk is very difficult. We can
mostly look at the whole package.

Milk, Hormones & Human Health
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