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(Jury enters courtroom.)

THE COURT: Good morning, Ladies and Gentlemen.
Welcome back. We just have to wait for one more juror,
and then we'll be able to get started right away. Thank
you.

All right. Welcome back, Everyone. We'll now
resume with the defense case.

Mr. Lombardi, you may call your next witness.

MR. LOMBARDI: Monsanto calls Dr. Lorelei Mucci.

THE COURT: Good morning, Dr. Mucci. If you'd
please step up here to the witness stand and remain
standing while the clerk wears you in.

Good morning. The clerk will swear you in.
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LORELEI MUCCTI,
having been first duly sworn, was examined

and testified as follows:

MR. LOMBARDI: Dr. Mucci, you should have a
binder in front of you.

THE CLERK: Would you please state and spell
your name for the record.

THE WITNESS: Sure. Good morning. My name 1is
Loreli Mucci. Loreli is spelled L-O-R-E-L-I. Mucci is
M-U-C-C-1I.

THE CLERK: Thank you.

THE COURT: Thank vyou. You may proceed,

Mr. Lombardi.

DIRECT EXAMINATION

BY MR. LOMBARDI:

Q. Good morning, Dr. Mucci.

A. Good morning.

Q. Would vyou please introduce yourself to the jury.

A. Yes. My name is Lorelei Mucci. I am an
associate professor of epidemiology at the Harvard School
of Public Health. I'm also the leader of the cancer

epidemiology program based at the Dana-Farber Harvard
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Cancer Center.

Q. Just, in a very brief overview, describe for the
jury the area that you're going to be talking to them
about, please.

A. So I've been asked to give review of the
epidemiology literature on glyphosate and NHL risk.

Q. Now, how did you get involved in this case,

Dr. Mucci?

A. T was approached by the lawyers from the
Hollingsworth firm, who asked if I'd be interested in
providing an expert opinion on this information.

Q. And did you immediately say yes?

A. No. I -- I really took some time to make sure
that I could provide an independent evaluation of the
epidemiology studies.

Q. Now, have you ever been involved in a case like
this before?

A. No, I have not.

Q. Have you ever testified before a jury-?

A. No, I have not.

Q. Now, we'll get into your gqualifications, but
tell the jury: What would you call yourself, in terms of
your profession-?

A. I am a cancer epidemiologist.

Q. And what does a cancer epidemiologist do?
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A. So in the field of epidemiology, 1it's a

scientific discipline to try to understand the causes of

disease. And specifically in the study of cancer.
Q. Okay. And just give the jury an idea of some
things that cancer epidemiologists have done over time

that they might be aware of.

A. Yeah. So cancer epidemiology has played,
really, an important role in understanding causes for
several cancers. So for example, it was epidemiology
studies that established that smoking is a risk factor
for lung cancer. It was epidemiology studies that
identified that cervical cancer was caused by the human
papilloma virus.

There's many, many other examples in which
cancer epidemiology has been really critical to
understanding the role of risk factors in cancer.

Q. Okay. Let's take a step back, and can you

please describe for the jury your educational background?

A. Yes. I was —-- I received my Bachelor's of
Science from Tufts University. I received a Master's of
Public Health from Boston University. And then I

received my doctoral training in epidemiology from the
Harvard School of Public Health.
Q. And that's the T.H. Chan School; 1is that right?

A. Yes.

4198



09:36:23

09:36:36

09:36:53

09:37:07

09:37:23

10

11

12

13

14

15

le

17

18

19

20

21

22

23

24

25

Q. Following your doctoral degree, did you do any
further work?

A. Yes. I did a postdoctoral fellowship at the
Karolinska Institute in Stockholm, which has the largest
department of medical epidemiology in Europe.

Q. Now, you said something about your employment.
You're currently at the Harvard T.H. Chan Public Health

School; is that right-?

A. Yes.

Q. What are your responsibilities there?

A. So I have a number of responsibilities. I lead
a research program in cancer epidemiology. I mentor
doctoral students and postdoctoral fellows. I'm involved
in teaching. And I also, for our school, head up our
cancer epidemiology and cancer prevention program.

Q. Okay. And you also have appointments elsewhere;
is that right?
A. Yes. So I have an appointment -- I lead the

cancer epidemiology program at what's called the

Dana—-Farber Harvard Cancer Center. It's a National
Cancer Institute funded cancer center. It's actually the
largest cancer center in the country. I also have other
affiliations as well.

Q. Okay. Now, in your professorial role, your

teaching role, what classes do you teach?
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A. I -- I give guest lectures in a range of
epidemiology courses across the School of Public Health
at Harvard, as well as outside of Harvard. I also

specifically lead the course on the epidemiology of

cancer.
Q. Give the jury an idea of -- well, I assume you
have research interests as well?

A. Yes, I do.
Q. Can you give the jury -- the jury an idea of

your research interests over time?

A. Yeah. So I have a very diverse interest in
cancer epidemiology. I look at why cancer occurs, what
are the risk factors, both lifestyle and genetic factors

for cancer.

Once an 1individual develops cancer, I have
studies going on to try to understand whether there might
be lifestyle factors that might improve survival, as well
as gquality of life.

And I also work a lot with different biological
markers, including genetic factors and other factors.

Q. Okay. Tell the jury some of the diseases that
yvou specifically have worked with in your epidemiology
work.

A. Yeah. So my -- my research has investigated a

number of different cancer sites. I've looked at breast
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cancer, colorectal rectal, bladder and kidney cancer.
And more recently I've done a fair amount of work in the
area of prostate cancer.

Q. Okay. And why don't you tell the jury a little
bit about your work with breast cancer.

A. Yeah. So the work that I did in breast cancer

was trying to understand the role that hormones play in

the development of -- of breast cancer in women.
Q. And how about prostate cancer? Tell the jury a
little bit about that, please.

A. So some of the research that we've done, for
example, 1is prostate cancer has a very strong family
history. So we're trying to understand: What are the
genetic factors that contribute to the development of
prostate cancer?

Also, among individuals who have cancer we're
trying to understand whether things like physical
activity might improve the health of cancer survivors.

Q. And have you also done work on childhood
leukemia and lymphoma at times during your work?

A. Yes, I have.

Q. Okay. And can you describe that just briefly?

A. Sure. So while I was a postdoctoral fellow in
Sweden, I worked on a study looking at whether smoking

during pregnancy might influence the risk of childhood
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cancer for that child in utero.

Q. Okay. Have you published research?

A. Yes, I have.

Q. And have you published in peer-reviewed
journals? The jury's heard all about peer-reviewed
journals. Have you published in peer-reviewed journals?

A. Yes, I have.

Q. And how many?

A. To date I've published about 300 research
articles and other peer-reviewed materials.

Q. Okay. Have you written any books?

A. Yes, I have.

Q. And what -- tell the jury about the books that
you've participated in writing.

A. So I've been in -- I've written chapters for
textbooks in epidemiology. About 11 different chapters.
And then in 2017 and 2018, I was an editor for two
textbooks. The first was entitled "The Pathology and
Fpidemiology of Cancer,”" and the second was the third

edition of "The Textbook of Cancer Epidemiology."

Q. And is this the second one (indicating)?

A. Yes, 1t is.

Q. Is it fun to write a textbook, Doctor?

A. It is, actually. It's really a great experiencse
to work with a talented range of -- of scientists putting
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together what's the current knowledge on what the causes
of cancer are.

Q. Are you involved in professional organizations
for epidemiologists?

A. Yes, I am.

Q. And what are you -- what are your activities in
those organizations?

A. So, for example, I am part of the American
Association for Cancer Research, which is one of the
international leading cancer research organizations.
Also part of a number of working groups that are part of
the National Cancer Institute, where we bring together
colleagues from across the disciplines to look at cancer

from a variety of different angles.

Q. And do you make presentations to professional
groups?

A. Yes, I do.

Q. All right. So, Doctor, I think you're involved
in something called the Health Professionals Follow-Up

Study; 1s that right?

A. Yes, I am.

Q. Can you describe to the jury what the Health
Professionals Follow-Up Study is.

A. Sure. So the Health Professionals Follow-Up

Study i1s an all-male cancer epidemiology cohort study
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that's been funded by the National Cancer Institute. It
was actually started in 1986, and we enrolled men who
were health professionals, including veterinarians,
optometrists, dentists, with the idea that health
professionals would provide high quality data.

And these men have been followed up carefully
through regular questionnaires. We also found out causes
of different diseases, including cancers. And currently
I'm the co-principal investigator for the Health
Professionals Follow-Up Study.

Q. Okay. And you made some reference to this, but
what's the range of diseases that you're studying in that

Health Professionals Follow-Up Study-?

A. Yeah. So we're able to look at all types of
cancers. We also within this cohort study, investigate
heart disease, diabetes, Alzheimer's, Parkinson's

disease. It's really unique.
And because of the rich data on exposures and
medical outcomes, we're really able to look at a broad

range of health outcomes. We're also, more recently,
looking at things like cognitive function, as well as
just overall quality of 1life among men.

Q. So, Doctor, why do you study cancer
epidemiology? Why is that your field?

A. You know, so as a -- as a public health person,
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cancer 1s one of the leading causes of death and
suffering around the world. So more than 17 million
individuals are diagnosed with cancer each year.

On a personal level, my family's been affected,
and we've lost several family members from cancer. So it
was both a personal and professional interest to be a
cancer epidemiologist.

MR. LOMBARDI: Your Honor, I offer Dr. Mucci as
an expert in cancer epidemiology.

THE COURT: Any voir dire?

MR. WISNER: Just a very short one, your Honor.

VOIR DIRE EXAMINATION

BY MR. WISNER:

Q. Hi, Dr. Mucci.

A. Hi.

Q. My name is Brent Wisner. I met you just briefly
a second ago; right?

A. Yes.

Q. Never talked to you before?

A. No, I haven't.

Q. All right. I wasn't planning to voir dire you
at all, but I actually have a quick -- you mentioned
something. I want to make sure I understood it right.

You said you're here to offer testimony about
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epidemiological literature and overall risk. What do you
mean by overall risk?

A. No, I'm sorry if I wasn't clear. But my --
my —-- I am here to review the epidemiology studies of the
association of glyphosate and the risk of non-Hodgkin's
lymphoma.

Q. Okay. So you're not going to talk about animal
studies or mechanistic studies or anything like that?

A. No.

MR. WISNER: Okay. ©No objection, your Honor.

THE COURT: I will accept Dr. Mucci as an expert

in cancer epidemiology.

DIRECT EXAMINATION (Continued)

BY MR. LOMBARDI:

Q. Doctor, are you being compensated for your time?

A. Yes, I am.

Q. And what's the rate?

A. My rate is $350 per hour.

Q. Now, the jury's heard about this before, but
just so they hear it from your point of view, what do

think of epidemiology? What is epidemiology?

A. So epidemiology i1s the study of the causes of

disease 1in humans. And I think that's important to think

about i1if we want to understand why disease occurs in

you
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humans. It's the best model to study disease in humans.

Q. How about if you want to study a product that's
actually used by humans out there in the real world? How
is epidemiology for studying something like that?

A. Right. So, you know -- you know, the difference
between animal studies, for example, and human studies is
that we're able to study what real 1life levels of
exposure are 1in the frequency in which people are using
samples in the population. So I think that's the
important feature.

Q. In a very basic way, how do epidemiological
studies work?

A. So the -- the goal of epidemiology is —-- when
we're looking at whether a specific exposure causes
disease, is to compare -- compare a group of individuals
who have the exposure to a group of individuals who don't
have the exposure.

And the important factor in epidemiology is to
make sure the populations are only different on that
specific exposure. And then we follow individuals for a
certain amount of time to develop the disease of

interest.

Q. Okay. And the jury's heard a lot about case
control and cohort studies. Are those two of the main
kinds of studies that epidemiologists use?
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A. Yes, they are.

Q. Do you have a way of describing epidemiology for]
lay people that would be helpful to the jury here?

A. Yeah. So I think to get around this idea of how
important it is to have the only difference be between
the exposed and the unexposed group is to think about
what, really, i1if you could have an ideal study in
epidemiology would be. Which is if you could identify a
population of people and follow them from the time they
were born until the time they died.

And let's say we're interested in whether
smoking is -- 1is a cause of heart disease. So what we
would do is the -- the entire population would be exposed
to cigarette smoking. And then we'd follow them
throughout their lives and identify how many of the
individuals had heart disease.

And then what we would ideally want to do 1is be
able to send that population of people back in time, and
they would live the exact same 1life that they lived,
except the only difference there is that they're not
smoking cigarettes. And then we'd, again, find out how
many people developed heart disease.

And the reason that's important is now the only
difference in those two groups is the fact that one --

one -- 1n one tTime they were smoking cigarettes, and in
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the other time period they were not smoking cigarettes.
And then we can assess tThe causal effect of smoking on
heart disease by comparing the rates of heart disease in
those two --

Q. So 1in that ideal world, you could have people
who were exactly the same except for the difference in
the exposure?

A. Exactly. Yes.

Q. You can't do that in the real world; right?

A. Yes, that's right.

Q. All right. So are all epidemiological studies
of equal value?

A. No, they're not.

Q. What are -- why aren't they?

A. Well, so for each epidemiology, when we see the
results of the study, it's really important first to
wonder whether the risk -- before thinking about

causality, whether the results that you see could be due

to three factors: Bias, confounding and chance.
Q. Okay. And we're going to jump into that in just
a second.

But just to give the jury some perspective, how
did epidemiology get started?
MR. LOMBARDI: Can you put up Slide 2, please?

May I publish, your Honor, Slide 27
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THE COURT: Yes.
THE WITNESS: So there's -- if you look
throughout history, there are examples, even 1,000 years

back, where people were doing, sort of, epidemiology-type

of studies. But I think really one of the nice early
examples 1s the John Snow -- the John Snow study of
cholera in the 1850s in London.

Q. BY MR. WISNER: And you've got a demonstrative
here. I assume that's John on the left; right?

A. Yes.

Q. And what is the right here?

A. So Dr. Snow was a physician in London at the
time of a very large outbreak of cholera, which is a type
of infectious disease. And this particular map shows
different outbreaks of cholera that were in different
households in London.

And what you can, sort of, see 1is that there
were some households where they were occurring, and then
one street over there were household where there were no
cases of cholera.

And so what John Snow did was he went around and
interviewed both the households -- and this was, sort of,
an early case-control study. He went and identified
houses where cholera had happened. He interviewed them

about diet they were eating, about different lifestyle
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factors. And then, also, this was a time in which wa
didn't come directly into the home. You had to go to

well pump to get water supply. And so he asked them

about where they got their water. And similarly did this

for the households that didn't have cholera.

And what he was able to do was identify that the

source of the outbreak of cholera was actually one of
these water pumps. And so they were able to close it

down and stop the cholera epidemic.

So I think that's a really nice early example of
a case-control study.
Q. Okay. Now, you mentioned three things that
epidemiologists try to avoid in their studies. Can you

repeat those again, and then we'll go through them in
more detail.
A. Right. So the three issues would be: Bias,

confounding and chance.

Q. All right. Let's talk about confounding first.

The jury has heard something about this before, but just

so they hear your perspective on it.
What is confounding in the context of

epidemiology?

A. So, I mean, confounding can be thought of as
mixing of the facts. And so it's -- it's, you know,
the fact that people -- for example, the study of smo

ter

a
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and heart disease, the people who smoke might also have

potentially a less healthy diet. They may be more 1lik
to have other health conditions.

And so what can happen when you see an

assoclation between smoking and heart disease, you mig
worry that it's -- the fact that smoking is also
correlated with these other exposures, and what you're

seeing from the association is -- the gquestion is: Is
it -- 1is it correlated -- is the reason you're seeing
association due to the fact that you have this mixing

effect of other lifestyle factors with heart disease?

Q. And what's the problem that confounding creates

in epidemiology studies for an epidemiologist?

A. So 1t will create a biased relative risk
element. With confounding, it may either overestimate
underestimate our relative risk if confounding is

present.
Q. Okay. Have you brought a slide to help
illustrate what confounding would be in a hypothetical

study?
A. Yes, I have.
MR. LOMBARDI: And, your Honor, I'd ask to
publish Slide 37

THE COURT: Very well.

Q. BY MR. WISNER: And what's the study that you're

ely
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l|ldepicting here -- the hypothetical study you're depicting
2lhere?
3 A. Yeah. And, actually, this is a real-life
4dexample of confounding. In several early studies, there

09:51:49 5had been interest in whether regular consumption of
6|coffee could be a risk factor for heart disease. And
7lthere were several studies that had shown that

8lindividuals who were drinking coffee had a higher

9lpositive association with heart disease.

09:52:02 10 But what these early studies didn't account for
ll|was the differences in smoking. And so what these early
12|studies showed were the people who were drinking coffee

13|were actually a lot more likely to be smoking cigarettes

l4lalso. And so, actually, smoking is a well-established
09:52:18 15|relative risk for heart disease.
16 And so it wasn't the positive association

17|between coffee and heart disease occurred because the

18|coffee drinkers were smoking. So it wasn't that coffee

19|(was associated with heart disease; it was the fact that
09:52:31 20|lthey were more likely to be smokers.

21 Q. And so you might get an affect -- a confounding

22|leffect that coffee was actually causing the disease in

23|your example?

24 A. Exactly.

09:52:40 25 Q. And then what would an epidemiologist do to try
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to eliminate that problem?

A. Right. So I think of -- of the three things
that I mentioned, bias, confounding and chance. In a lot
of ways, confounding is the issue that is the most easy

for us to address, because there's actually mathematical
models that are used in epidemiology that allow us to be
able to disentangle the confounding when we're looking at
an exposure to disease.

Q. Okay. Is that called adjusting-?

A. Yes. Yes.

Q. All right. And without getting into -- we don't
need to get into the details of mathematical models, but
just describe what these mathematical models for
adjusting accomplish.

A. Right. So when you -- what you would do with
these models i1s to put in the exposure of your interest
into the model, together with all of the potential
confounders that you're concerned about, as well as the
outcome.

And then what you can do, also -- what's nice
about epidemiology is you can compare your model when you
only have the exposure in the model and what the relative
risk is, to what the relative risk is when you have
coffee and these confounders in the model.

And 1f you see differences in those relative
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risk estimates, you -- it gives you information that
there was confounding in your data.

Q. Okay. And epidemiologists try to avoid
confounding; 1s that right?

A. Yes.

Q. All right. So do you have an example that's a
little closer to what we're talking about in this case
that you can show the jury?

A. Yes, I do.

Q. Let's go to Slide 4. And explain to the jury
first, before you go through it, what we're talking about
in this illustration.

A. Right. So in this example here, our exposure off
interest would be glyphosate. Our outcome of interest
would be non-Hodgkin's lymphoma. And then our potential
confounders would be use of other pesticides.

Q. Okay. And why would other pesticides be a
potential confounder here?

A. So for the -- for a confounder to actually -- to
be a confounder of your data, the confounder has to be in
some way correlated with glyphosate so people who used
glyphosate would be more likely to be using other
pesticides.

And then even among people not using glyphosate,

there has to have been some sort of positive association
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or association between the use of other pesticides and
non-Hodgkin's lymphoma. So both of those -- 1f those --
both of those are true, then there would be confounding
in the data.

Q. Okay. So let's say you -- you got -- you're
studying glyphosate, and you got a result without
adjusting for the confounders. What would -- what would
an epidemiologist 1like yourself think about the result
for glyphosate in that instance?

A. Well, you would be concerned that potentially
there could be confounding of that estimate if you've not
adjusted for other pesticides.

Q. And if you're concerned about confounding, are
you getting a true picture of whether glyphosate, in that

instance, is actually causing the disease?

A. No. And, 1in fact, I think this is a really
important factor: Is that just in epidemiology, Jjust
because we see a statistical association, does not mean

that it's a causal association.

And that's what I was meaning earlier, when I
salid that when you see a statistical association in the
data, we first need to say: Is there bias present? Was
there confounding of our data? Or could chance have
played a role?

And so in that case, we'd be worried about
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confounding.

Q. Okay. Now, to be a confounder, from the
standpoint of an epidemiologist and from the standpoint
of adjusting, do you have to have a known carcinogen?

A. No.

Q. So the other pesticides, they don't have to be
known carcinogens in order to be treated as confounders
in the --

A. Exactly. Right. So there's a lot of examples
of this. So, for example, in epidemiology studies, we
often will adjust for a factor such as race, but -- you
know, in the study of cancer. But we know that it's not
race causing cancer, for example, but race is standing in
for potentially things like social inequity, or it could
be even biological factors.

So we can adjust for factors even if they,

themselves, are not the actual cause of the disease.

Q. Okay. So on your illustration, you have
farming. What are -- what are you depicting there?

A. Right. So in this example, you know, we
adjust -- by adjusting for other pesticides, we're
actually also -- also adjusting for other factors related
to farming that -- that may be the ones that are the
actual causes of non-Hodgkin's lymphoma.

So it's -- one of the advantages of these
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mathematical models i1is by adjusting for one factor, you
may deal with the other confounding present, because
other pesticide use i1s -- 1s correlated itself with these
other things, like farming practices.

Q. Okay. And is it proper to adjust for potential

confounders?

A. Yes, 1t is.

Q. Now, Doctor, we've heard the term "adjustment"”
for other pesticides. In this example, how would you
adjust for other pesticides?

A. We would -- well, I think the approach that one
would want to take is first to say: Are there pesticides
in my data that are more commonly or less commonly

occurring in people who are using glyphosate? So that
would be the first step.

The second step would be: From the literature,
are there other pesticides that have been shown to be
associated with non-Hodgkin's lymphoma? And you would
pick a list of potential confounders. And then you can
actually evaluate in your model whether or not those
other pesticides led to confounding in your data.
Because, again, you can compare the unadjusted estimate,
when you're only looking at glyphosate, with the adjusted
estimate, where you put those other pesticides in the

model. And if you see a difference, that would suggest
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l|that confounding was present.
2 Q. Okay. So last guestion on confounding for a
3{while here. But 1f you have a study that doesn't adjust,

4(for instance, for other pesticides in this example, does

09:58:59 5lthat give the epidemiologist reason for concern?
6 A. Yes, it would.
7 Q. Now, the second category you talked about, I

8l|believe, was bias?
9 A, Yes.

09:59:08 10 Q. Okay. Bias 1s another thing that

ll|epidemiologists are concerned about?

12 A, Yes.

13 Q. Can you define bias in the context of
ld|lepidemiology?

09:59:16 15 A. Well, so confounding we think of as one very
l16|specific form of bias. But there's actually many other
17|types of bias that we might be concerned about in
18|epidemiology studies.

19 For example, if we're collecting information

09:59:30 20| from guestionnaires, we may wonder how reliable that
21linformation is.

22 There are other types of bias where the ways --
23|particularly with case-control studies, the way in which
24|we recruit our cases and controls into our study can lead

09:59:51 25|lto a type of bias called selection biases. Selection
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goes into selecting cases and controls.
Q. It's probably obvious, but bias is not a good

thing; is that right?

A. That's correct.

Q. What can bias do to results, 1f it exists in a
study?

A. Right. So depending on the type of bias, the
bias actually be either predictable, meaning can

understand its effect on our estimate of relative risk,
or it might not be predictable. Because it might either
overinflate or underestimate our relative risk.

Q. Okay. Can you —-- 1s there a particular kind of

bias that you're going to be talking about a fair amount

today?
A. Yes. I'm going to be talking specifically about
the role that proxy biases may have played in some of the

case-control studies.

Q. What is proxy bias?

A. Right. So -- so as I mentioned to you, 1in both
case-control studies and cohort studies, oftentimes we're
collecting information from questionnaires.

In the case of the cohort studies, you know,
we're able to collect information before the disease
occurs. But in case-control studies, we're recruiting

individuals after they've already been diagnosed with
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cancer.

And in some cancers, the -- you know, people are
dying fairly quickly or become too 111 to actually
directly participate in the study. And so what some of
the earlier case-control studies would do would be to get
the information not from the case themselves, but from a
Proxy.

So usually they would ask a spouse or other
family member to provide information about the different
exposures that that case was engaged in.

Q. So a proxy, then, as defined in this situation,
is what?

A. The proxy would be the -- the spouse -- the datg
from the spouse or other family member.

Q. Okay. And when you go to a spouse or other
family member or other proxy, what does that do to the
quality of information, at least potentially?

A. Yeah. So what it potentially does -- and
actually we know from a study by Dr. Blair, actually, the
impact that proxies have on reporting different
pesticides -- but what can happen is really two things:
One 1s that, as you might expect, there's some exposures
that may be much more challenging for a spouse or other
family member to report accurately on for the

participant. They just may not know the extent to which
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somebody might be using specific factors.

Secondly and specifically for 