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(Exhibit A-E were marked.)

THE COURT REPORTER: Will the witness read

and sign his deposition?

THE WITNESS: Read and sign.

THE VIDEOGRAPHER: We're on the record. 01:38

The time now is 1:38, Wednesday, February 10, 2010.

ETHAN A. NATELSON, M.D.,

having been first duly sworn, testified as follows:

BY MR. WILLIAMS:

A. Yes,
address is 6550 Fannin
77030.

Q. And, Doctor,
and I want you to tell

A. Yes; T did:

Q. Okay.

minute.

background?

A. Yes,

Q. Good evening,
state your full name and address for the record?

Ethan A. Natelson,

subpoena to appear here today.

And earlier we had an opportunity to go

over some of the documents,

Can you briefly tell us your educational

I went to college at Haverford College

EXAMINATION
01:39
Natelson.

Dr. Would you please

N-A-T-E-L-S-0-N; and my

Street, Suite 1001, Houston, Texas
01:39
I'm going to show you a subpoena;

me whether or not you received a

01:39

and I'll get to that in a

01:39
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which is outside Philadelphia and had a bachelor of

science degree; and then in 1962, came to Baylor College
of Medicine in Houston where I graduated in 1966 from
medical school, getting an M.D. degree. And then I did
an internship at the Methodist Hospital from '66 to '67 01:40
and then a residency in internal medicine 1in what were
then called Baylor affiliated hospitals, which are the
Ben Taub Hospital, the Veterans Hospital and the
Methodist Hospital, to a slight extent, St. Luke's
Hospital. 01:40
Following that, I did a fellowship in
hematology at Baylor College of Medicine for one year;
and then I was in the service and assigned under what's
called the Barry plan to the Wilford Hall Hospital in
San Antonio, which is the referral hospital for 01:40
hematology for the Air Force or was at that time. And
so, I did purely hematology for two years in the sexvice
and then came back to join the faculty at Baylor College
of Medicine.
Q. And you-are a hematologist? 01:41
Yes.

Doctor, do you do expert witness work?

= O B

Yes.

1O

Earlier you provided me with a list --

MR. WILLIAMS: And we're going to have to 01:41

PREFERRED LEGAL SERVICES, INC. www.preflegal.com
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mark this as B.

0. (By Mr. Williams) And if you could, tell us
how many cases you've identified that you've served as an
expert witness.

A. This is a record of the cases I've given 01:41
testimony in since 1992 to the present, and there are a
total of 74 cases.

Q. And can you tell me how many of those cases
involved myelodysplastic syndrome?

A. Yes, ten of those cases did. 01:41

Q. And can you tell me how many involved
refractory anemia with ringed sideroblast?

A. Five of the 10 cases that have to do with MDS.

Q. And can you go through the list and identify
the name of the case and tell us who you worked for and 01:42
tell us what the disease -- as far as the ten we just
discussed?

A. Yes.

MR. SCOTT:  Have you marked this as an
exhibit? ; 01:42
MR. WILLIAMS: B.

A. The first one is No. 22 on this list, which is
Donald Ward v. Atlantic Richfield Company; and that was
an RARS case.

Q. (By Mr. Williams) What date was that? 01:42
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A. That would be January 18, 2002.
Q. Could you tell us the next case?
A. The next case is No. 24, which is Howard
Collins v. American Petrofina; and that case was in May
of 2002. 01:42
0. Okay. Could you tell us the next case?
A. The next case was No. 35, which is Federico
Tagle v. Citgo Refining & Marketing; and that was in
October of 2004.
Q. And, Doctor, did you work on 30 and 31? Were 01:43
they myelodysplastic syndrome cases, too?
A. Yes, I thought you were asking me about RARS in
particular.
Q. I'm asking you about all of them.
A. I'm sorry. Yeah, I was looking at them as just 01:43
RARS cases. 1 have them marked here in yellow if they
are MDS.
So, I mentioned the Ward case; the Collins
case. No. 30 is the James Cowey v. Radiator Speciality
Company.  That was in 2003. 01:43
No. 31 was the Ronald Awalt, A-W-A-L-T, v.
Applied Energy Services & Company Incorporated; and that
was in December of 2003.
Then the Tagle case, which I mentioned; and

that's in October of 2004. 01:43
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And then Guy Hamman v. American 0il

Company, and that was in July of 2007. That's No. 52 on
my list.
And then No. 54, Charles Wilson v.
Rycoline Products Incorporated. That was in 2007, 01:44
9-17-2007.
And then No. 62, Cecnnie Lea Gibson Andrews
v. United States Steel Company; and that was in August of
2008.
Then the Bonnie L. Mallory case. That's 01:44
No. 68. Bonnie L. Mallory v. The GoodYear Tire & Rubber
Company. That was in June of 2009.
And then Mary Ellen Hall v. Radiator
Specialty Company, which was in January of 2010.
0. And, Doctor, in all ten of those cases, did you 01:45
work for the defendants?
A. Yes.
Q. And in all ten of those cases, did you find
that the benzene exposure caused the person's
myelodysplastic syndrome? , 01l:45
MR. SCOTT: Object to the form of the
question.
0. (By Mr. Williams) Did you find that the benzene
exposure caused anyone's myelodysplastic syndrome in
those ten cases? 01:45
PREFERRED LEGAL SERVICES, INC. www.preflegal.éom

214.750.0047 800.405.4056
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A. I don't know that they all had to do with
benzene. There may be optional chemicals. Some may have

been butadiene. I don't know if they were specifically

noted as benzene, but I didn't find that the alleged |

chemical exposure caused the disease. 01:45
0. Okay. In the case identified as No. 22, Donald

Ward v. Atlantic Richfield and Howard Collins v.

American Petrofina, in either of those RARS, we can call

them, cases, did you find -- did you opine that benzene

does not cause RARS in either of those two cases? 0l:4¢6
A. I don't recall in detail, but I'm sure that

that was correct. I don't believe benzene causes RARS;

so, that's what I would have said.
Q. And when did you formulate that opinion-?
A. I can't tell you exactly. Probably many years 01:46

ago because the original work by Dr. Wintrobe on that,

which I've referenced in that article you have,

Dr. Wintrobe considered benzene as a cause of RARS and

rejected it. So, I think the literature for many years

has not suggested RARS can be caused by benzene. 01:46
Q. Doctor, would you say that the majority of your

cases in the 74 that you have provided were blood

malignancy cases?
A. I would think the majority are. Some are

malpractice cases. Some have to do with residency 01:47
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training programs and other things, but the majority
probably are to do with blood diseases.
Q. Were you paid as an expert witness in all of

these cases?

A. Not all of them because some of them, for 01:47
example, residency training programs, I wouldn't have
been paid; but if they had to do with either testifying
in malpractice or testifying in, let's say, a
benzene-related issue, vyes.
Q. And how much do you charge an hour, Doctor? 01:47
A. To review records, $250 an hour; and to testify
at trial or deposition, $400 an hour.
Q. Have you ever opined that a plaintiff's blood
malignancy or blood cancer was caused by benzene?
A. No. 01:48
0. Have you ever opined or testified that benzene
can cause myelodysplastic syndrome?
A, Yes.
Q. Is myelodysplastic syndrome the same thing as
myelodysplasia? 01:48
A. Yes.
Q. Would you say myelodysplasia, myelodysplastic
syndrome, myelodysplastic disorder are all the same
thing?
A. Well, they are a classification of a group of 01:48
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illnesses.

Q. Okay. What level and part per million years is
required for benzene to cause myelodysplastic syndrome?
MR. SCOTT: Objection, form.

A. I don't know that it's known with absolute 01:48

certainty. It's very, very high levels. I think in one
article I wrote I said, I'd like to see at least higher
than 40-part per million years as accumulated dose
recognizing that in many instances the levels are not
accurately measured. In many other areas of literature, 01:49
the 200-part-per-million year accumulated dose is used;
but I simply say it's very, very high doses.
0. You think 370-part-per-million year dose is a
high dose?
A. Yes. 01:49
Q. Doctor, I'm going to direct you to an article
which is in Exhibit A, if you would flip the pages,
please, entitled Benzene Exposure.
AL Yes, you have a copy of that.
Q. And it's attached to your subpoena. Benzene 01:49

Exposure and Refractory Sideroblastic Erythropoiesis.

Did you write this article?

A. Yes.

Q. And can you tell us what journal this is

published in? 01:49

PREFERRED LEGAL SERVICES, INC. www.preflegal.com
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A. This is in the AMERICAN JOURNAL OF THE MEDICAL
SCIENCES.

Q. And is there a citation for this article?

A. Yes, it was published. It's Volume 334, Year

2007, Page 356 to Page 360.

0. And, Doctor, when did you start working on this

article?

A. Probably -- let's see. I submitted this,
according to the paper, in January of '07. Probably
several months prior to that submission date.

Q. Several months prior to January of '072

A. Yes. In other words, it's marked -- on the
paper it says, submitted January 16, 2007. And so,
therefore, I would likely have worked on it for, perhaps,
three, four months or so, at least, before submitting it.

Q. Okay. What process did you go through in
submitting this article to the journal?

A. Well, I've been interested in sideroblastic
anemia for many years, actually, since my training
because two of my professors were heavily involved in
studying sideroblastic anemia; and I frequently did bone
marrows on those patients and saw them clinically. So,
I've been interested in the disease for many years.

As I -- as I began to give testimony in

benzene-related cases and actually was asked to review

Page 12

01:50

01:50

01:50

01:51

01:51
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this illness.

certain allegations of causation,
would be an interesting article to write because,

I had a lot of background with this illness.

I realized that this
No. 1,
I enjoy

I've always wanted to write a paper on the

illness,

Q.

A.

would bear on this question.

and I have access to a lot of references that

And so, I thought it would

be a good paper to write.

Were there any rules for submitting this

article to the journal?

I don't know of exactly what you mean by that.

Page 13

01:51

01:52

&

2
=

Most journals -- and today,

things have changed.

Everything is submitted electronically. But at this

point in time, you would type up a manuscript. You would

put a cover letter to the editor; and you would say, Dear

Editor, this is a manuscript. I'd like to seek 01:52

publication in your journal. Here it is, and you would

mail it in.

And then after some period of time, you
would hear something back from the Journal about whether
01:52

they were interested in publishing it, whether they had

corrections they would like you to make, whether they

rejected it and so on.

Q. Does this journal, the AMERICAN JOURNAL OF

MEDICAL SCIENCES, require disclosing potential conflict

of interest at the time you submit the article? 01:52
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A. Yes, I think all journals would say that,

disclose a conflict of interest to that form.
0. At the time you submitted this article, Doctor,

were you serving as an expert witness in any benzene

cases? 01:53
A. I don't know, probably so.
0. At the time you submitted this article, were

you serving as an expert witness on any Benzene cases
that involved myelodysplastic syndrome?

A. I don't know; but possibly so, depending on
what those lists of cases are that we went through.

Q. And at the time that you submitted this article
in the journal, were you involved in any cases where your
opinion was that RARS was not caused by Benzene in the
case?

A. Well, I -- as we went through those cases, some
of those cases, I think, dated back to 2002 or earlier,
long before I wrote this article; and that was my opinion
that RARS was not a benzene-related illness.

Q. Doctor, I want to show you a petition -—- we
have this marked as C-1 to a case, and I believe -- could
you read the caption to that case?

A. It says: Now comes Charles Wilson and Laura
Wilson, hereinafter referred to as Plaintiffs,

complaining of Rycoline Products, Inc., Rogersol, Inc.

01:53

01:53

01:53

01:54
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0. I'm sorry, Doctor, the top, the caption,
Charles Wilson v. Rycoline Products. I apologize.

A. Charles Wilson and Laura Wilson, Plaintiffs wv.

Rycoline Products, Inc., Rogersol, Inc.,

Hostman-Steinberg, Inc., IC Compound Company, Ashland, 01:54
Inc., Company Individually, Ashland 0il & Refining
Company and Ashland 0il, Inc., Allied Photo Offset Supply

Corporation, Day International, Inc., Individually and

d/b/a Varn Products, Allied Photo Offsets Supply
Corporation; and Lastra American Corporation. 01:54
Q. Okay. And, Doctor, can you tell me the date on
the top of that petition that it was filed?
A. Filed 7-13-2006.
MR. WILLIAMS: Okay. We're going to mark
that as C-1, Ms. Reporter. 01:54
Q. (By Mr. Williams) And that's the case you have
listed as No. 54 on your expert summary?
Al Yes.
Q. Doctor, I'm going to next show you a witness
list to the case of Charles Wilson v. Rycoline Products, 01:55
and can you tell me if your name is listed as a witness
on that case?
A. Yes, 1t is.
Q. Okay. And could you tell me what date is on

the top of that witness list that it was filed? 01:55

PREFERRED LEGAL SERVICES, INC. www.preflegal.com
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A. It says filed 7-17-2007.

0. Okay. Do you recall being a witness in this
case?

A. Vaguely.

Q. Okay. And that's marked as C-2. 01:55

Next, I'm going to show you a report from

that case, Doctor. Can you tell me if you recognize that
report?

A. Yes, this is a report on my letterhead.

Q. Can you tell me the date of that report, 01:55
Doctor?

A. June 22, 2007.

Q. Okay. And, Doctor, on the first page, it is
your opinion, the highlighted portion, that there are
several names for what we talked about earlier, ringed 01:56
sideroblast or RARS? Can you tell me what your opinion
is?

A. Yes, as I have written here: It is alleged
that his hemologic illness of refractory anemia with
ringed sideroblast, also known as acquired idiopathic - 01:56
sideroblastic anemia, sideroachrestic anemia and by the
initials RARS and AISA has occurred subsequent to his
exposure in the workplace to benzene-containing solvents.

Q. And, Doctor, I want to return to Page 4 of the
report, you have a highlighted bolded portion. Can you 01:56

PREFERRED LEGAL SERVICES, INC. www.preflegal.com
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Page 17
read that out loud, please?
A. Yes. In fact, I am not aware of a single
epidemiologic study or even an isolated case report in
the world's medical literature that shows RARS/AISA to be
a consequence of benzene exposure. 01:57
Q. And there was a reference number that you have
there?
A. Yes, No. 14.
Q. Can you tell us what No. 14 is?
A. That's the article that we've talked about 01:57
Benzene Exposure and Refractory Sideroblastic
Erythropoiesis: Is There an Association. And that was
the AMERICAN JOURNAL OF MEDICAL SCIENCE. At that time,
it was in press, in 2007.
Q. And "press" means that it's not published yet; 01:57
is that correct?
A. Well, it often is published on -- E-published.
In other words, you can see the article; but the journal
hasn't made the streets yet.
Q. Okay. Thank you. 01:57
Were you paid for preparing that report
there, Doctor?
A. I'm sure I was.
MR. SCOTT: Which exhibit is that?
MR. WILLIAMS: That's C-3. 01:58
PREFERRED LEGAL SERVICES, INC. www.preflegal.cém
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Q. (By Mr. Williams) Were you paid to be an
expert in that case, Wilson v. Rycoline Products?
A. Yes.
Q. Do you remember how much money you were paid in
the Wilson case? 01:58
A. No.
Q. How long does it usually take you to review
records and write a report in a case like that?
A. It's variable from case to case because some
cases have a small amount of information, other cases 01:58
have a staggering amount of information. And once I have
all of the information together and then I sum up what
references I'd like to put into the letter and by the
time I go through revisions to the letter and
modifications of it, it might be from, starting a letter 01:58
to finishing a letter, easily seven or eight, ten hours.
Q. Okay. Doctor, I want to show you the next
exhibit, Exhibit D, a deposition from the Wilson v.
Rycoline 0il Products case; and if you turn the page to
the tabbed page. 1In the deposition are you offering 01:59
opinions that benzene does not cause RARS?
A, Yes, that's correct.
Q. Okay. And if you flip the page, in that
deposition, do you also testify that your journal article

will be published in November of 200772 01:59
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A. Yes.
0. And what's the date of that deposition, Doctor?
A. 9-17-2007.
Q. Were you paid for that deposition in that case,
Doctor? 01:59
A. I'm sure I was, yes.
Q. Okay. Thank you, Doctor.
Doctor, I'm now going to show you a
subpoena that was issued to the -- David Ploth, the
editor of the AMERICAN JOURNAL OF MEDICAL SCIENCES, along 02:00
with a copy of your published paper.
Have you ever seen that subpoena before?
A. No.
Q. Do you know who David Ploth is?
A. Is his name written? 02:00
Q. Ploth, I think I'm mispronouncing, on the front
page. David Ploth, I apologize.
A. According to this thing, he is the current
editor of the AMERICAN JOURNAL OF MEDICAL SCIENCES.
Q. Doctor, I'm going to provide you with a copy of 02:01
the response that we received.
It's a copy of the response that we
received from the journal; and if you flip the page,
there is a document -- the second page right there. Is
that your handwriting, Doctor? 02:01
PREFERRED LEGAL SERVICES, INC. www.preflegal.com
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Al It is.

Q. And can you identify the title of this
document?
A. It says: Authorship responsibility, financial
disclosure and copyright transfer form. 02:01
Q. And, Doctor, you filled out this form and
submitted it to the AMERICAN JOURNAL OF THE MEDICAL
SCIENCES; is that correct?
A. Yes.
Q. Okay. Doctor, if you go down to Section 2 02:01
under financial disclosures, the highlighted section, and
read that into the record for us?
A. I certify that any affiliations with or
involvement, either competitive or amiable, in any
organization or entity with a direct financial interest 02:02
in the subject matter or materials discussed in the
manuscript, for example, employment, consultancies, stock
ownership, honoraria and expert testimony, are noted

below. Otherwise, my signature indicates that I have no

such financial interest. All financial research or 0202
project support is identified in an acknowledgment in the
manuscript.

Q. Okay. And my question to you is, Doctor, I
don't see where you disclosed that you had any expert

testimony relating to the subject matter in that 02:02
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Page 21
document?
MR. SCOTT: Object to the form of the
question.

A. That would be true.

Q. (By Mr. Williams) Okay. And I don't believe 02:02
the article identifies that you were serving as an expert
witness in RARS cases; is that correct?

MR. SCOTT: Objection, form.

A. That's correct.

Q. (By Mr. Williams) And am I correct that you 02:02
were serving as an expert witness in benzene, RARS cases
prior to starting the article?

A. Yes.

Q. As we have just evidenced through the
depositions and the reports, while the article was under 02:03
publication; is that correct?

A. Possibly. Look at those dates. As I say, we
have the date I submitted it, yes.

Q. And you were serving as an expert witness in
benzene, RARS cases after the article was published; 1is 02:03
that correct?

A. Yes.

Q If you flip the page please, Doctor —-

A. (Witness complies.)

Q -- and let me ask you one more question. What 02:03
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did you understand "certifying" to mean, under oath, or
do you know what certifying means?

MR. SCOTT: Object to the form.

A. I'm not sure I know what it means. In other

words, this article was a review. It was not original 02:03

work. It's a review of literature and I'm just putting
it together and I don't see that that offers any conflict
of interest to anybody. And it's a common practice in
writing articles that one reviews other people's work and
puts it in there and that, to me, is not considered a 02:03
conflict of interest.
Q. (By Mr. Williams) And you don't agree that the
Journal required you to identify any potential conflict
of interest?

MR. SCOTT: Object to the form. 02:04

A. Well, I look at that as, was that article being
written about information in a particular case that I'm
testifying in? This is a general subject matter, and I

don't see that it has anything to do with a conflict of

interest. 02:04
Q. (By Mr. Williams) Doctor, do you know a

gentleman by the name of David Pyatt?
A. I've actually never met him but I've

corresponded with him and I've spoken with him on the

phone once or twice. 02:04
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Q. Did you speak to him relating to this article
that you published?

A. I don't know that. I mean, at the time I wrote

it, I think that would be doubtful; but I couldn't say

"yes" or "no." 02:04
Q. Do you know if you've ever served as an expert
witness on a benzene myelodysplastic syndrome case with

David Pyatt who is a toxicologist?

A. Yes.

MR. SCOTT: Objection, form. 02:05
Q. (By Mr. Williams) Can you tell me which ones
you've served on? If you'd like to look at your list,
that would be fine.
A. I wouldn't be able to tell you that from this
list. 02:05
MR. SCOTT: Eric, I'm sorry. TI've got some
objections to these questions.

And, Doctor, if you will let me --

THE - WITNESS: I'm sorry:

MR. -SCOTT:  No,:that’s all right. If 02:05
you'll just pause for a second after his question is
done, I'll get my objection in and then I won't be
prancing all over your words; but I object to the form of
the last question.

Q. (By Mr. Williams) Doctor, have you ever told 02:05
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the AMERICAN JOURNAL OF MEDICAL SCIENCES up until today

that you do work involving benzene RARS cases?
A. No.
MR. SCOTT: Object to the form.
Q. (By Mr. Williams) Can you tell me how many 02:05
benzene myelodysplastic syndrome cases you worked on with
Dr. Pyatt?
A, I couldn't.
Q. Can you tell me how many benzene cases you've
worked on with Dr. Pyatt? 02:06
A. I don't know.
Q. Can you tell me if it's more than ten?
A. I can't tell you that. I don't know. He's

been an expert witness on several cases; and, in fact,

I've written a paper with him, but I actually have never 02:06
met the man.

There are two papers. One is a paper that
he was the primary author that has to do with

formaldehyde, and it's in my CV. And the other is a

paper that was recently accepted for publication that has 02:06
to do with chemotherapy induced myelodysplasia.
Q. Doctor, do you know who the peer reviewers were
for the article that we're here for today, the Madison
20077

A. No. 02:06
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Q. Were you over told -- or did you ever
correspond with the peer reviewers?
A. Well, no, you're not told that. In other
words, you are given -- typically, the way the Journal
operates 1is that you may recommend -- they typically ask 02:07
you to recommend some people in the field; but then what
happens is that you get a blank paragraph back from each
of the reviewers or simply a letter saying the Journal
isn't interested. And you don't know which reviewer
wrote what, or if they used any of the people you 02:07
suggested; but they simply ask you to suggest some names.
Q. Do you know if you worked on any benzene cases
with Dr. Pyatt in 20077
A. I think it's very doubtful.
Q. Okay. If you turn to a few pages where it says 02:07
to review letter -—-
MR. SCOTT: What's your exhibit number?
I'm sorry, Eric, so we can keep track of what we're
talking about --
MR. WILLIAMS: I apologize. All of this is 02:08
in Exhibit F. I need to change that number.
MR. SCOTT: F.
(Exhibit F was marked.)
Q. (By Mr. Williams) Doctor, have you seen this

page before? 02:08

Ethan A. Natelson, M.D. February 10, 2010
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A, No.
Q. Can you tell me what peer reviewer is

identified on this sheet?

A. David Pyatt, M.D.
Q. Okay. And if you turn the page, were you -- to 02:08
the highlighted section -- were you informed that David
Pyatt viewed your article as acceptable with minor
revisions and said that related issues and toxic tort
litigation are on the rise and MDS is frequently at
issue. Were you told that? ’ 02:09
A. If T was given -- I certainly wouldn't be told
who reviewed it. I might have been given this paragraph
-— or a section of it, depending on what the editor
supplied me with.
Q. And did you recommend David Pyatt as a reviewer 02:09
of this article?
A. I probably did. I don't know that for a fact.
I gave them several names, and his name could have been
among them.
Q. Okay. ‘Doctor, if you keep flipping until we 02:09
get to your article --

A. Yes.

0. -- I believe you testified -- or you write in
your article -- and it's at the end, Page 359 -- that

there are certain forms of myelodysplastic syndrome that 02:09
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you feel are caused by benzene exposure, the last
paragraph of 359,
A. Yes, I said: Despite these caveats, based on
considerable evidence presented here, benzene exposure
cannot be considered of potential etiology for RARS 02:10

although it remains a risk factor for certain forms of

the myelodysplasia such as RAEB, an unclassified and/or |
hypocellular myelodysplasia syndromes, and for AML.
Q. Correct. And, Doctor, refractory anemia is a
form of myelodysplastic syndrome; is that correct? 02:10
A. RARS is classified as a form of myelodysplasia,
yes.
Q. No, just plain refractory anemia?
A. Oh, yes, you can have primary refractory anemia
that is a form of myelodysplasia. 02:10
Q. And then when one develops ringed sideroblast,

it would be RARS refractory with ringed sideroblastic?
A. Yes.

Q. And then when one develops RAEB, it would be

refractory anemia with excess blast; is that correct? 02:11
A. Yes, but if you're talking about the same case,

I don't think that you would see the transition from a

primary refractory anemia into an RARS. You would see

the progression from a primary refractory anemia into an

RAEB. You would see the progression from an RARS into an 02:11
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RAEB.
Q. And cases of RAEB, refractory anemia with
excess blast would have excess amounts of ringed
sideroblastic, too; is that correct?
A. If they started out as an RARS and the natural 02:11
history of that illness is to, in some instances, move
toward a Leukemia, as they increase blast, they become,
by the classification system RAEB. They are the same
illness, as far as I'm concerned; but they are classified
as RAEB because they now have blast and they still have 02:12
ringed sideroblast.
Q. Okay. Doctor, would that be the same for
RAEB-T that you would have excessive blast and also
possibly excessive ringed sideroblastic; is that correct?
MR. SCOTT: Object to the form. 02:12
A. Well, again, talking about the progression, 1if
you had RARS-T, that's an illness which you are saying at
diagnosis it's a myeloproliferative disease. It has
excess ringed sideroblast. That disease may progress

toward an acute myeloleukemia,; too, and accumulate large 02:12

numbers of blast and actually go into AML.

0. (By Mr. Williams) Doctor, are there -- how
much money have you made serving as an expert witness for
various defendants in myelodysplastic syndrome cases?

MR. SCOTT: Object to the form. 02:12
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A. I couldn't give you a number.

Q. (By Mr. Williams) And could you give us a
number for how much money you have made in RARS cases?

A. I wouldn't have a guess. It looks like there
were five, I think we saw, since 1982. I couldn't give a 02:13
guess.

Q. Do you have an average of what it takes you to
prepare a report and go through a deposition, average
price, a range?

A. It depends on how long the deposition is in 02:13
terms of how much that costs; and the preparation, my
guess would be that it -- and this would be a guess, that
it might be anywhere from six to ten hours, let's say,
depending on the simplicity of the case in terms of
reviewing the records. 02:13

Q. Okay. Have you ever treated a patient with
myelodysplastic syndrome that was exposed to -- that was
a chemist and was exposed to chemicals?

AL Yes.

0. And was it your opinion that that chemist's 02:14
exposures to benzene and other chemicals was the cause of
his myelodysplastic syndrome?

A. I thought it was possible.

Q. OCkay. Are there any studies, Doctor, in the

world's literature that focus on the fact benzene, 02:14
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besides your own, can't cause RARS?
A. Well, there are many articles that read on that
point. In other words, there is the Dr. Ruilz article,
which I think I cited, where he did bone marrows on 33
people with heavy exposure to benzene and pancitopenia 02:14

and he specifically tells us there were no ringed

sideroblasts.
We have Dr. Irons article. He had two
articles. One, I think, in 2005 and one recently where
he's looked at a large number of people with heavy 02:14

benzene exposure and none have had ringed sideroblast.

We have Dr. Aksoy's work. And Dr. Aksoy
was trained, in part, here in the United States with
Dr. Damashek who was the world's expert on RARS. So, he
certainly knew about that illness. And he did bone 02:15
marrows on a number of people he thought had
benzene-related disease, and he makes no mention of ever
finding RARS in their marrows.

And T would not think that could be missed
by a person of his training. 02:15

We have the so-called Chinese benzene

study, the Haze benzene studies in which Dr. Larsen and
others reviewed slides, they claim, of seven people with
myelodysplasia from that large cohort; and they make no

description of seeing ringed sideroblasts. And all of 02:15
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sought.

others had; and so, now,

occurrence of ringed sideroblast,

mention that they are not evident,

I was in the a position to

those people are very prominent hematologists and

certainly would recognize ringed sideroblasts.
So that if we look through the literature

in cohorts that have been studied by bone marrow analysis

by prominent people, there is no mention of the 02:16

and in many instances,

even after having been

Q. Doctor, maybe you didn't understand my
question. I asked you were there any other studies that 02:16
are focused, the title or the objective is benzene

exposure and refractory sideroblastic erythropoiesis.

MR. SCOTT: Object to the form.
A. I think I understand the question. Yes, that
was the reason I wrote this article is because that was 02:16

because early on, Wintrobe had asked that question and

review that question and try to answer that question.

Q. (By Mr. Williams) Basically, your study is one
of a kind as to answering that question only? 02:16
A. Yes.
Q. Okay. Thank you.
A couple more questions, Doctor; and I
think we're done.
Have you spoken with -- besides myself, 02:16

Page 31 |
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deposition?

me right after you did;

best I can remember.

Mr. Asher about.

Barry Wild case.

case.

the case, which he did.

Mr. Scott, Bob Scott over there,

A. Yes, I've spoken with -- well,

and I spoke with him. And then I

spoke with Mr. Scott later on,

And I .said, Well,

And that was the sum and

substance of the conversation.

several days later, I 02:17

believe. And I also spoke with Stan Perry.

0. Okay. Start off telling us what you spoke with

A. Well, what had happened is you called and said 02:17
you wanted to depose me on my paper; and I specifically
asked you whether this had to do with a specific case.
And you told me, no, I just want to depose you about your
article. And then I thought that was very peculiar.
And then shortly thereafter,
from Mr. Asher saying you're going to be receiving a

subpoena, if you haven't already; and it's about this

I'm told I'm going to

receive a subpoena but not that it's about a particular 02:18

And he said, Oh, vyes, it is.

particular case; and I'm going to send you a summary of

regarding this

Mr. Asher called

Page 32 g

That's the

I got a call 02:17

It's about a

02:18

PREFERRED LEGAL SERVICES,
214.750.0047

INC.

www.preflegal.com
800.405.4056



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Ethan A. Natelson, M.D.

February 10, 2010

Q. And when you say "summary," are you referring

to an expert report prepared by Defendant Fisher
Scientific's expert, Gregory Sona?

A. Yes.

Q. And did you review that paper?

A. Yes, I did review the report.

Q. And when you say Ross Asher, you mean the

gentleman to my right who represents Fisher Scientific.

He is the one that contacted you?

A. Yes.

Q. Next you said Mr. Bob Scott contacted you.

Tell me about that conversation.

A. Well, Mr. Scott said that -- I've forgotten

cases; but I mentioned this situation to him, and he 02:18

said, Well, that's very interesting because I'm involved

in that Barrios case. And I didn't know that.

hadn't mentioned that to me.

And so, he said, When are you going to give

this: deposition?
And I told him and that was the --
general, that was the substance of that case.
Q. And what cases have you worked on for

Mr. Scott, what defendants was he representing?

A. I'm terrible on names, but we testified on a 02:19

what initiated the conversation because we had done other

Mr. Asher

Page 33 ;
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case that was in -- was it -- New Mexico, I believe, that
was a myelodysplasia case that comes to mind. I know
there were probably several others, but I can't remember
it by name.
Q. Was RARS an issue in any of the cases that you 02:19
worked for with Mr. Scott?
A. I don't remember that. I think, yes, I think

that case had to do with RARS.

Q. In New Mexico?
A. Yes, I believe so. That was an issue in that 02:19
case.
Q. And did you testify at trial?
A. Yes.
MR. SCOTT: It was actually a Daubert
hearing. I'm sure Dr. Natelson didn't understand the 02:20

niceties of that.

0. (By Mr. Williams) And have you served for
Mr. Scott as an expert on several occasions?

AL I'm sure I have. I can't remember all of the

cases. 02:20

Q. And then, I believe, you just told me that Stan
Perry, that's the gentleman that's the national counsel
for Shell 0il Company, called you?

A. Yes.

MR. SCOTT: Object to the form. 02:20
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0. (By Mr. Williams) What did Mr. Perry have to U
say”?
A. I'm trying to recall what he specifically said.
There was nothing -- he said, Well -- I asked him, I

said, Isn't this a little bit peculiar to get subpoenaed 02:20
about a case you're not involved in?
And he said, Well, it does sound a little
peculiar; but I would just recommend you going ahead and
giving the testimony, whatever you're asked. And he
said, I don't have a clue why this has occurred. 02:20
Q. Do you know why Mr. Stan Perry, the national
counsel for Shell 0il Company, contacted you when, in
fact, Shell 0il is not a defendant in this case?
A. No, I was talking with him on another issue;
and I brought it up. So, I said, How would you look at 02:21
this issue? I said, isn't this somewhat peculiar?
And he said, Well, this does sound a little

peculiar; but my advice is just go ahead and give the

testimony.
MR. SCOTT: Object to the form of the last 02:21
question.
Q. (By Mr. Williams) Did any of the attorneys

that contacted you tell you to testify or lean one way Or
the other in this deposition?

A. No, none of them said, Don't Testify. All of 02:21

PREFERRED LEGAL SERVICES, INC. www.preflegal.com
214.750.0047 800.405.4056



10

11

12

i3

14

15

16

17

i8

19

20

21

22

23

24

25

Ethan A. Natelson, M.D. February 10,

them said, theoretically -- I think, in fact, Mr. Asher
said to me, he said, You know, you could really hire an
attorney and try to get out of this?
And I said, Well, it just sounds like that
would be more trouble than it would be worth. And so -- 02:21
but no one suggested I do that.
Q. Right. Besides Mr. Asher?
A. Well, he didn't suggest. He said I could.
Q. You could do that, right. Okay. Give me a
second. That's it. 02:22
Do you have anything, Mr. Asher?
MR. SCOTT: Yeah, I definitely have some.
EXAMINATION
BY MR. SCOTT:
Q. Good afternoon, Dr. Natelson, and thank you for 02:22
being here.
You mentioned earlier that your first
thoughts about benzene and any association with a disease
known as refractory anemia with ringed sideroblast or
RARS, as it's been called, came after reading something 02:22
that Wintrobe wrote.
Did I get that right?
A. Yes.
Q. Who is Wintrobe?

A. Well, Dr. Maxwell Wintrobe was the -- was a 02:22
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Page 37
hematologist, self-trained really, who was the chief of
medicine in hematology in Salt Lake City at one time. He
actually worked in Louisiana at one time and I believe he
went to Rochester Medical School, but he became
internationally known because he wrote the first major 02:23
textbook in hematology and was a very renowned and also
very famous for having an enormous research -- reprint
library. In the days prior to the internet, if you
wanted to have an article, you would write a letter or a
postcard to an author and they would send you back a 02:23
signed copy; and Dr. Wintrobe had a massive research
library where you could get all of your reprints there.

Q. This was before the Internet, I take it?

A. This is long before the Internet, yes.

Q. Is Dr. Wintrobe still with us? 02:23

A. No, he died a number of years ago.

0. Does his hematology textbook continue to be
with us, new editions from time to time?

A. Yes.

0. And is it one of the hematology textbooks that 02:24
is used in medical schools, certainly in this country and
perhaps around the world?

A, Yes.

Q. And exactly what is it that Dr. Wintrobe wrote
or reported that piqued your interest with regard to 02:24
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doctors in the decade prior to when he wrote about it had

Page 38 /
benzene and RARS?

A. Well, Dr. Wintrobe was aware of this illness.

He was not the first discoverer of it. Some other

made mention of this illness. And he decided that he 02:24
would study all the cases he had at Salt Lake City. I

don't remember the numbers. They are in this article.

Let's say, 19 cases or so that he had; and then I think
he abstracted about 44 more cases from the world's
literature. And he looked to see how you made this 02:24

diagnosis; how many ringed sideroblasts there were in the

bone marrow; could there be known causes for this looking
at drugs, looking at alcohol because it was known that
alcohol could produce ringed sideroblasts.

And so, he looked to see if there was a 02:25
unifying feature in these patients that explained their
illness. And he found what we really know today that a
number of these pecple went on to develop acute Leukemia,
that there was no particular relationship with alcohol,
there was no relationship with lead poisoning which could 02:25
also give ringed sideroblasts. There was no association
with benzole, as he put it, which he knew caused bone
marrow depression. And so, he termed the illness
idiopathic meaning that none of the known bone marrow

toxins that he was aware of could produce this illness. 02:25
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Q. You also mentioned an author, a Doctor named

Aksoy.
A. Yes.

0. And as I recall, he was a Turkish doctor; is

that correct?
A. Yes.

0. You indicated that he trained with

Dr. Damashek. How do you know that?

A. Well, I happen to know that because Dr. Aksoy

wrote many articles; and these were -- most of them were

written, I think, in the '70s, up until about 1982, I

think, was his last article. And after he died, I have a

review article by some of his colleagues that wrote about
it. And they went in that article into his background

and pointed out that he had studied with Dr. Damashek

doing a fellowship. And so, I learned a little bit more

about his background. He was not -- I don't think his

hematology training was in the United States but his
fellowship was.
Q. And what is it that Dr. Aksoy wrote about that

was related, in your view, to the question of whether

benzene is associated -- causally associated with the
development of RARS?
Dr.

A. Well, Aksoy studied a large number of

Page 39
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Page 40 §

I don't recall the exact number of how many had what he
called pre-Leukemic syndromes and acute Leukemia, but
let's say it was in the 30s to 40s of individuals that he
personally studied. And I think in one of his articles
he said he does bone marrows on 11 of them. And those 02:27
were ones that he did, and I assume he looked at bone
marrows that other people did on other cases.
In the era when he was writing those
articles, the iron stain, the so-called Prussian blue

stain, or pearls blue stain was a standard practice in 02:27

hematology. And so, he would be familiar with looking at

iron stains.

He also studied with Dr. Damashek who one

of his favorite topics was sideroblastic anemia. So,

certainly, it's reasonable to expect that a trained 02:27
hematologist who studies with someone interested in this
disease could recognize a ringed sideroblastic.

And in a normal bone marrow, one doesn't

see a single ringed sideroblast. And in RARS, one may

see 40, 50, 70 percent of the cells may be ringed 02:28
sideroblast. I brought a cover here of a magazine to
show how striking it is.
So, when Dr. Aksoy writes an article and he
says, These are the abnormalities that I saw in

benzene-related illnesses, he didn't have to tell me that 02:28
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he looked for ringed sideroblasts. He had seen them, he
would have commented that that was an abnormality.
In other words, it was just as though he
doesn't say he didn't see malaria parasites or this or
that. In other words, he said what he saw; and included 02:28
in that was not ringed sideroblasts.

0. You use the term "sideroblastic anemia." What
relationship is sideroblastic anemia to refractory anemia
with ringed sideroblasts or RARS?

A. Well, sideroblastic anemia is a general topic; 02:28
and prior to the use of the term myelodysplasia and even
subsequent to it, if you went to a hematology textbook,
you would see a chapter on sideroblastic anemia. And
that chapter would be divided into those that are
hereditary, which there are some, and those that are 02:29
acquired illness.

And then under the acquired illnesses,
there would be broken down as to what the causes might

be. For example, led poisoning gives you a sideroblastic

anemia, very heavy arsenic poisoning can give you a 02:29
sideroblastic anemia. Alcohol can give you a
sideroblastic anemia.
Those all acquired sideroblastic anemias;
but only, perhaps, in the arsenic related might they go

on to a Leukemia. They are not a pre-Leukemia state. 02:29
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But certain of the sideroblastic anemias
for which there are no obvious causes, no drugs, no
chemicals, they fall under the title Wintrobe called
idiopathic sideroblastic anemia. And that was a group
that he followed and he commented that they could live 02:30
many yvears, and they often died of iron overload. They
didn't always die of Leukemia. In fact, only
occasionally did they die of Leukemia. Dr. Damashek
thought about half of them would die of Leukemia, but
Dr. Wintrobe realized that that was too big a number and 02:30
it was much smaller than that that went on to develop
Leukemia.
So, that would be what you would find in

the textbook chapter. It would give you a discussion of
all the different types of sideroblastic anemias. 02:30

0. You say you have a cover that shows us a
refractory anemia with ringed sideroblast or at least a
ringed sideroblast?

Al Yes.

Q. Is that something that we can mark for this 02:30

deposition and have it sent back to you?

A. Certainly.
(Exhibit No. G was marked.)
Q. (By Mr. Williams) And, Doctor, if you don't

mind, would you hold that up for the camera; and we'll 02:31
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see i1f he can zoom in on the cover here of Exhibit G.

A. This is a cover of a magazine called BLOOD, and

Dr. Damashek was the founder of that magazine. He was
the original editor.

Q. And is the journal BLOOb the JOURNAL OF THE
AMERICAN SOCIETY OF HEMATOLOGY?

A. Yes, it is.

Q. Or SOCIETY OF HEMATOLOGY?

A. Yes.

Q. Now, can you point at -- it may be tough to do
on the -- on the camera, I don't know, because you can't
see the other side of it; but can you point out --

A. I think I can.

Basically, when you prepare a slide to do
an iron stain, what you like is to make a fairly thin
film of the bone marrow; and that spreads out the mother
cells that give rise to red cells. And they're counter
stained with a slightly red stain. So, everything you
see red is the nucleus of a cell that is going to be
circulating a red blood cell.

Q. And that's sometimes called an erythroid cell;
is that right?

A. These are called erythroid blasts in the bone
marrow. And when you're staining them with the Prussian

blue stain, any iron in the cytoplasm forms a blue

Page 43 ?
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granule color. And in a normal bone marrow, all you

should see is the red counter stain. There wouldn't be a
single one of these cells with these multiple little blue

dots around them. So, this smacks you in the face if you

were looking at an iron stain on a bone narrow. 02:32

Q. This is not the kind of thing Dr. Aksoy would
miss if he had seen it?

A. I'm confident Dr. Aksoy would recognize this,
just as Dr. Damashek and many others have.

Q. I want to -- we've talked about Dr. Wintrobe 02:32
and Dr. Aksoy. What other -- you have written a review
article. What is a review article? You distinguish that
between a review recall and a research. Can you describe
for us what a review recall is and what the purpose of it
is? 02:33

A. Well, a review article is to provide education
for people in the medical community about a particular
issue. And you take a subject and you try to review the
literature intensively and find what you think are the
pertinent articles to answer a particular question. And 02:33
then you review those articles and mention why you're
selecting them and why these articles help you come
toward a conclusion.

In this particular case, we're talking

about sideroblastic anemia and causation; and that's what 02:33
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Page 45

the purpose of this review was.

Q. And I take it that in preparing that article
and writing that article, you did some sort of literature
search to see what was available in the medical and
scientific literature regarding benzene and refractory 02:33
anemia with ringed sideroblast?

A. Yes.

0. You've told us about Wintrobe and Aksoy. What
other original work was in the literature that led you to
your conclusions that benzene is not associated with the 02:34
development of RARS?

A, Well, there were several articles; and some of
these are referenced in the paper, and some of these are
already discussed. One we didn't discuss, for example,
is we discussed, let's say, the Ruiz study where he had 02:34
people heavily exposed to benzene and he selected a group
of 33 that he thought would be most reflective of that
poisoning and he did bone marrows on them. And he tells
us that none of them have ringed sideroblasts:

Q. Not a single one? 02:34

A. Not a single one.

Then you could look at that in reverse, and

one of the articles I cited took a large collection of
people with RARS, I think there were 84 of them. And

they went back and interviewed those people and studied 02:34
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their files to see how many of those 84 might have had it
from benzene exposure. Did they have a chemical
background that could have been causative? And in that
article, they claim they found one person who alleged
exposure to benzole; but that person had also received
radiation therapy for a malignancy. And so, it did not
appear that looking at a cohort of people with this
illness that benzene stood out as a potential cause and
effect.

Q. What was the article where they took the
collection of people with RARS and went back to see if,
in their history, they had benzene or solvent exposure?

A. Let me see if I can find that. Let's see where
I reference that. I probably better find it from looking
at my references. I believe it's reference 19, but let
me see if that's correct.

Yes, it's my reference 19, which is called
~- 1is by Garand, G-A-R-A-N-D.

Q. That was in the 1992, it looks like, from: your
reference 1list, correct? That was —-- that article
appeared in LEUKEMIA RESEARCH?

A. That article appeared in LEUKEMIA RESEARCH,
Volume 16, Page 463 to 486, 1992.

Q. Are you familiar with a series of papers

arising out of a study conducted by the National Cancer

Page 46
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Page 47

Institute in conjunction with the Chinese Academy of
preventative maintenance -- preventative medicine -- I've
got a car problem. I keep saying "maintenance" instead
of "medicine” -- of a large group of workers in China?
A. Yes. 02:36
Q. Does that article shed any light or provide any

information that is helpful on the question of whether or

not benzene has been associated with the development of

RARS?

A. Yes, I think so. That was a very large cohort, 02:37
I believe, about 74,000 workers in China exposed to what
are thought to be very large amounts of benzene in an
occupational environment. And in that group, the --
there were seven cases identified as having forms of
myelodysplasia. And according to the articles, those 02:37
cases were reviewed by hematopathologists. And they list

the diagnosis of these seven, and none of them are RARS.

There is also a comment in one of the

articles I cited about what the typical bone marrow

looked like in these people, and there is no mention of 02:37
ringed sideroblast in that comment.

MR. SCOTT: What's our next exhibit?

THE COURT REPORTER: H.

(Exhibit No. H was marked.)

0. (By Mr. Scott) Dr. Natelson, I'm going to hand 02:38
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Page 48

you what I've marked as —-- actually, the court reporter
has marked as Exhibit H, which is an Internet search form
and then an article with a lead author Travis; and it was
published in 199%4.
Have you seen that article before? 02:38
A. Yes.
Q. Is that one of the papers out of this NCI CADM
or Chinese Preventative Medicine Study?
A. Yes.
Q. On page -- the second page of that article 02:38
which is numbered, I think, 92 -- and Lois Travis is the
lead author; am I correct?
A. Yes.
Q. And in the right-hand column, there is a

description in the first full paragraph that says: 02:39

Evidence of dyserythropoiesis included the presence of --
and it lists a number of items, ringed sideroblasts,
multinuclearity, nuclear fragmentation, megaloblastoid

changes and so on.

What are those? What is dyserythropoiesis, 02:39
and what are those items?
A. Well, dyserythropoiesis would be a general term

meaning, in lay language, that the cell line looks

abnormal; and it may be abnormal because it's too large.

It may be abnormal because the cytoplasm is very 02:39
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colors —-- the stain colors are abnormal. It may be
abnormal because they are inclusions, like ringed

sideroblasts, something that shouldn't be in there.

example.

So, dyserythropoiesis is a general term
means abnormal, morphclogy, funny-looking cells. And
then they go on to say what some of those were, for
example, ringed sideroblasts we've discussed.
Multinuclearity meaning there were multiple nuclei
instead of a single one in the cell.

Karyorrhexis, what that means is the
nucleus is fragmenting instead of being very well

defined.

it should be like a bulls eye. It looks very round.

may be irregular.

and redder as hemoglobin is manufactured. And so,

impaired hemoglobinization means the cell looks very

irregular on the cells. It may be abnormal because the

may be abnormal because the nucleus is splitting, that 02:39

you have two nuclei in a single red cell precursor, for

Abnormal nuclear shape, I think I mentioned

Impaired hemoglobinization, what that means 02:40

is that as the cell matures, the cytoplasm becomes redder

pale. It's not making it's complement of the hemoglobin.

Megaloblastoid changes meaning simulating 02:40
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what we see with Vitamin B-12 deficiency where the cells
are very large and abnormal looking.
And so, those are the things that they
mention as would come under the heading of
dyserythropoiesis. 02:41
Q. And part of the -- one of the items or things
they were looking for as evidence of dyserythropoiesis is
the existence or observation of ringed sideroblasts?
A. Yes.
Q. Can you turn to Table 5 of the Travis article, 02:41
Exhibit H, which I think is on Page 97. Can you first
confirm that Table 5 is a listing of the various -- among
other things, the various items of dyserythropoiesis that
the National Cancer Institute investigators had been
looking for? 02:41
A. Yes.
0. And under the cases of MDS, how many instances
did they observe ringed sideroblasts?
A. None, according to this.  They have‘looked for
them, but they don't cite any cases as having them. 02:42
Q. And they do cite, if you can confirm,
observation of megaloblastoid changes, abnormal nuclear
change, impaired hemoglobinization and multinuclearity as
you described for us earlier; correct?

A. Yes, that is correct. 02:42

Page 50
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Page 51

Q. Is that the same thing as saying they look to
see if there were ringed sideroblasts among their MDS
cases and saw none?
A. Correct.
0. And then finally the Irons article or articles, 02:42
what do Dr. Irons and his group's articles in 2005 and I
think it was titled something along the lines of benzene
induces a unique form of dysplasia or something like
that. And then in more recent 2009 article which we
don't have marked -- do you have that article? 02:43
MR. WILLIAMS: 1It's right here.
A. Yes.
MR. SCOTT: Let's mark that as Exhibit I

just so we have a sticker on it.

(Exhibit No. I was marked.) 02:43
Q. (By Mr. Scott) How did Dr. Irons' 2005 and

2009 articles or reports inform your view on whether

benzene causes refractory anemia with ringed
sideroblasts?
Al Well, in this particular article, he comments 02:43
about how they looked at the bone marrows, that they did
iron stains on the bone marrows. Let's see if I can find
where he discusses that, but I know that he says that.
He says: Bone marrow aspirate and

peripheral blood smears were prepared from fresh tissue 02:44
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and evaluated using Wright-Giemsa stained preparations
and special stains, including an iron stain.

So, he was doing an iron stain on all of
this material.

And then he comments and I have to look to
see what page this might be that -- here it is, Page 10
of the article. He says: There was no evidence of
increased ringed sideroblasts.

Q. And was this among a group of people who had a
myelodysplastic syndrome and had known and, in some
cases, very high benzene exposure?

A, Yes, according to Dr. Irons, these were his
signal cases, as he used that term, meaning that they had
unequivocal enormous benzene exposure and abnormal bone
Marrows.

Q. Are there -- from your knowledge and review of
the scientific literature -- and I want to turn away from
RARS, at this point; but myelodysplastic syndromes, you
have said that some myelodysplastic syndromes are
associated with exposure to benzene?

A. Yes, I think that's true.

Q. Are there features, clinical features,
morphologic features, cytogenetic features, type of
features that, sort of thing, of the benzene-caused

myelodysplastic syndromes?
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(Mr. Trull enters the deposition room at
this time.)
A. Well, I suppose the two best articles that
would read on that would be the Ruiz article with his
large number of cases, 33 cases that were studied and the 02:45
Richard Irons article. And the results of those two
articles are quite similar. They also are in line with
the description that's in the cases seen in the Hayes of
benzene study.

The description is that the bone marrows 02:46
generally show reduced total cellularity or what we call
hypocellularity, that they have abnormal morphology of
the red cell precursors, that they have the presence of
increased numbers of eosinophils, which are a cell that
we see in inflammatory conditions, and that these 02:46
eosinophils look peculiar. They are granules. They are
very unusually colored and large, as we see in certain
forms of acute Leukemia.

And the bone marrow also contains
phagocytic cells, histiocytes that are prominent in these 02:46
bone marrows. And the absence of ringed sideroblasts,
for example, in these bone marrows.

0. You say histiocytes or phagocytic cells, are
those sometimes referred to as -- is that condition

sometimes referred to as hemophagocytosis? 02:47

Page 53
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Page 54 |

A. Yes.
Q. And the abnormal eosinophils, increased
eosinophils and peculiar appearance, morphologic
appearance, are those in the peripheral blood or in the
bone marrow? 02:47
A. Well, in the case of Leukemias, they can be
both in the peripheral blood and bone marrow in certain
forms of Leukemia.
In the case of benzene bone marrows that
are described, they are confined to the bone marrow. 02:47
Q. And are these sometimes called precursors
because they are in the bone marrow?
A. Well, a general statement would be that most of
the cells that you see in the bone marrow are precursors
to cells that eventually come out and circulate in the 02:48
peripheral blood.
Q. In normal MDS, myelodysplastic syndrome case,
is the bone marrow hypercellular, that is, greater
cellularity or more cells in the marrow or hypocellular?
A. I think in general, you might find the figure 02:48
that looking at all types of myelodysplasia, perhaps
20 percent are very hypocellular, sometimes referred to
as hypocellular myelodysplasia. Many have a normal
cellularity, and many have increased cellularity.

0. Are you familiar with a disorder known as -- or 02:48
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Page 55 g

referred to as myelodysplastic
syndrome/myeloproliferative disorder or sometimes
myeloproliferative neoplasm?

A. Yes.

Q. What is that disorder or disorders? 02:49
A. That classification is a relatively new
classification by the World Health Organization, and this
really came about because what the World Health
Organization has been trying to do is to become as
specific as it can about a particular diagnosis. For 02:49
example, we had the illness chronic myeloid Leukemia,
which, for many years, we considered most of them to have
a positive Philadelphia chromosome but also some of them

to be missing that chromosome, but we still called them

chronic myeloid Leukemia. 02:49
Well, the World Health Organization took

the position that only chronic myeloid Leukemia with a

Philadelphia chromosome is the real thing and we've got

to do something else with these cases of chronic myeloid

Leukemia that lack the Philadelphia chromosome. And 02:49
there is another illness called chronic myelomonocytic
Leukemia, which is another myeloproliferative disease,

which the cause is unknown. And the question was, where

are we going to place that.

So, they came up with a category called 02:50
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myeloproliferative myelodysplastic syndromes. And the
best known in this category to be chronic myelomonocytic
Leukemia, what's called atypical CML -- that is CML
lacking the Philadelphia chromosome, an unuéual illness
called juvenile myeloid Leukemia. And eosinophilic 02:50
Leukemia would be another in this category.

And a provisional member of this is once
called RARS-T. These are illnesses for which they are
all myeloproliferative illnesses. They are not
myelodysplasia. They are all myeloproliferative 02:50
diseases. However, they can have funny-looking cells.
So, they can have some degree of myelodysplasia; but they
are quite different from the illnesses we classify as
myelodysplasia. And those illnesses are all thought to
be of unknown cause at this time. So, the articles on 02:51
that subject tell us that the diseases in that category
of myelodysplasia, myeloproliferative disease are all of
unknown cause.

0. I want to hand you -- I'm going to hand you two
things here, one a very poor color print that I have 02:51
made.

(Exhibit No. J was marked.)

Q. (By Mr. Williams) Dr. Natelson, I've marked as

Exhibit J, two pages out of what I will represent to you

as the World Health Organization's 2008 classification of 02:51
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tumors of hematopoetic and lymphoid issues. And I'm
going to turn to the book -~ mine is sort of messed up
here so that we can copy it, but can you Jjust confirm
that, one, this is, in fact, the 2008 World Health
Organization classification book; and second, that the
pages I've handed you are, albeit poor, but copies of
Pages 85 and 86 from that book?

A, Yes, I'm glad you're not checking books out of
my library. Yes, that's what these are from.

Q. And what is this particular -- what disease or
disease entities do these pages deal with, Exhibit J,
that I've handed you?

A. What you've handed me are Pages 85 and 86; and
they are referred to as
myelodysplastic/myeloproliferative neoplasm,
unclassifiable.

Q. Now, is that the disease entity that -- or
entities that you were describing for us a moment ago
before I handed you that document?

A. Yes.

0. Now, is MDS/MPN, I think WHO calls it, is that
a myelodysplastic syndrome?

A. All of these diseases in this category are
myeloproliferative disease or neoplasms, whichever term

you like; but they may have myelodysplastic features.
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Page 58

Q. What is the difference for a layperson between

MDS or myelodysplastic features and myeloproliferative

features?

A. Well, the easiest way to think about it is this
way. Myelodysplasia is characterized by what we call 02:53
ineffective myelopoiesis. What that means is -- a simple

example is, if I take a person and inject them with

radioactive iron, within about 30 minutes or so, that

iron disappears from the circulation. It's gone. It

goes right into the bone marrow. 02:53
Now, if I sample the blood over the course

of a week, by the time you get out to seven to ten days,

all of that iron has reappeared out into the circulating

blood; but now it's inside the red cells in the

hemoglobin. 02:54
In other words, the bone marrow took that

iron, built it into new red blood cells and all of that

radioactive label came out circulating. That's effective

erythropoiesis.
Now, if I do that same experiment on 02:54

someone with RARS, T inject them with the same amount of

radioactive iron. 1In the same sort of period of time, it

will go right into the bone marrow. Now, if I look to

see where that iron is at seven to ten days, sometimes as
little as 5 percent of it will be back out and 02:54
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circulating red cells. &

What's happening is the iron gets into the
red cell precursors and it churns in the bone marrow and
the cells are made and die and made and die in the bone
marrow and it's ineffective. The production is -- the 02:54
machinery looks like it's there, but it's not efficient.
The cells aren't coming out. That's ineffective
erythropoiesis. The same would be true if you're looking

at white cells or platelets. The general term is

11
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marrow is very efficient.

it's full of white cells.

ineffective myelopoiesis. That's a very strong 02:55
characteristic of all myelodysplastic disorders.

When you look at myeloproliferative
disorders, like atypical chronic myeloid Leukemia, for
example, or chronic myelomonocytic Leukemia,
You look in the bone marrow, 02:55

They are coming right out and

circulating. So, they don't havé this problem. They
have -- they have a very proliferative disease.
So, in myelodysplasia, typically,
everything is low. We have what we call cytopenias -- 02:55

low red cells in the peripheral blood,
white cells, low numbers of platelets.

On the other hand,
myeloproliferative diseases,

300,000 because the bone marrow is quite efficient. It's 02:55

the bone

low numbers of

you may have white counts of
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those two illnesses.

benzene exposure.

be that myelodysplasia,

disorders?

and myelomonocytic Leukemia,

making these cells, and they are coming out and

circulating. And so, that's a major difference between

Q. We have talked about your opinions and views on
whether benzene is causally associated or causes RARS -- 02:55

refractory anemia ringed sideroblast.

evidence as to whether benzene causes myeloproliferative
disorders?

A. Well, to my knowledge, there is none. In other
words, this has been looked at by a number of people, 02:56

particularly in illnesses like chronic myeloid Leukemia

Leukemia; and there isn't evidence that those

myeloproliferative diseases can be caused by excessive

So, the general dogma in hematology would

that category,

be caused by excessive benzene exposure. In fact, the
World Health Organization booklet says that.
Myeloproliferative diseases, on the other 02:56
hand, there isn't evidence that benzene can cause those.
Q. The same question for this MDS/MPN
myelodysplastic syndrome/myeloproliferative disorder or

neoplasm, what is the evidence that benzene causes those

chronic myelomonocytic

Page 60

What is the

02:56

certain types can

02:57
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A. Well, there is none. And, in fact, the
reviewers on that, the latest reviews that are perhaps a
year or so old tell us the cause of all of those
illnesses in that category, the etiology is unknown.
MR. SCOTT: Doctor, that's all I have. 02:57

Thank you very much.

EXAMINATION
BY MR. ASHER:
0. Dr. Doctor, my name 1is Ross Asher.
Did I hear you correctly earlier to say 02:57

that myelodysplastic syndrome or myelodysplasia is a term
for a classification of a group of diseases?

A. Yes, it's a classification system that was
first proposed around 1982.

Q. So, if someone is diagnosed with 02:57
myelodysplastic syndrome or myelodysplastic disorder, is
that a general diagnosis; or 1is that a diagnosis of some
specific disease?

A Well, it's a little of both. It's a general

term. It might be, like, akin to saying hepatitis; but 02:58
there are many forms of hepatitis. It's a general
category of bone marrow failure; but there are many, many
different forms of myelodysplasia.
Q. I want to go back and ask Jjust a couple of
questions about -- pardon me -- the article that you were 02:58
PREFERRED LEGAL SERVICES, INC. | www.preflegal.coﬁ
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asked about earlier, Benzene Exposure Refractory
Sideroblastic Erythropoiesis: 1Is There an Association,
that article, I believe, was published in the AMERICAN
JOURNAL OF MEDICAL SCIENCE?
A. Yes. 02:58
Q. Is the AMERICAN JOURNAL OF MEDICAL SCIENCE a
peer-reviewed publication?
A. Yes.
Q. And can you explain for the ladies and
gentlemen of the jury what it means for an article to 02:58
undergo peer review?
A. Yes, well, this particular journal is one of
the oldest journals in the country, medical journals; and
what happens is that when you send an article into a
journal, they have an internal editorial board. And 02:59
their people review the article and see if they feel that
it has merit. And many times when you send an article
into a journal, it will never get out of the journal. 1In
other words,; “the dinternal review board turns it down
flat. They say it's not of interest to the general 02:59
public. It's poorly written. We're not even going to
bother to send this out to a reviewer not connected with
our journal.
And ultimately, if they decide it has

potential, they will send it out, typically, to three 02:59

214.750.0047
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review an article for us?

And I said,

electronically.

there is a disagreement,

reviewed; is that right?

A. Yes.

reviewers. And, for example,
an e-mail from a journal called HEMATOLOGICA.

And they said, Would you be willing to

okay.

And so, they sent me that article, all

And what happens is they then gather the
comments of the reviewers they send it out to; and if
they may send it out to a few 03:00
more reviewers. And then they come to some decision and
will send a letter back to you saying what they feel you
should do with your article.
0. And what's the purpose,
review before publication?
A. Well, it's multiple eyes.
are sending it out to people who don't necessarily think
alike, have different expertise and might find something
that's incorrect that another reviewer might gloss over.
And so, you're looking for several people to look at a 03:00
study and see if you feel it has merit.
Q. And the article we're talking about here that

you've written on benzene exposure,

just a few weeks ago got

generally, of peerx

Page 63 ?

03:00

03:00

In other words, they

that was peer

03:00
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Q. And it was published by that -- by the AMERICAN

JOURNAL OF MEDICAL SCIENCE after being peer reviewed; is
that right?

A. Yes.

Q. I wasn't quite certain, did you say that when 03:01
you spoke to Mr. Williams, he told you that your
deposition today wasn't for use in any specific case?
A. Yes, as I recall, the conversation was
something; and, of course, I don't have a recording.
But he said that you're going to receive a 03:01
subpoena, and I want to question you about your article.
And I said, About my article?
He said, yes.
I said, Well, are we talking about a
particular case or -- he said, No, no, I want to question 03:01 %
you about your article.

And I said, Okay. I hadn't received the

subpoena at that point, but I said that sounds all right.

I'll be willing to do: that.
Q. Have you come to find out that you are here 03:01
today because of a specific case that's going on?
A. Well, you informed me of that when you called
me.
Q. And I want to make sure we clear up one thing
that you mentioned earlier. 03:02
PREFERRED LEGAL SERVICES, INC. : www.preflegal.com
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Did I ever suggest to you in a telephone
call that you should try to avoid this deposition today?
A. Absolutely not.
Q. And did I inform you that I represented a party
to the case and we had not designated you as an expert 03:02
witness and, therefore, I couldn't represent you?
A. Correct, you said that.
0. Sir, I think that's all the guestions I have
for you right now.
FURTHER EXAMINATION 03:02
BY MR. WILLIAMS:
Q. When we originally talked, I informed you that
this deposition didn't involve a case that you were an
expert in; is that correct?
A. I can't recall the exact language. You said 03:02
something to the effect -- when I asked you, Is this
regarding a case?

You said something, as best I can say, This

is no case -- this has nothing to do with any case you've
ever had anything to do with, or something to that 03:02
effect.

Q. Fair enough.

Doctor, do you recall one other thing you
told me on the phone when I explained that I wanted to

discuss your 2007 article dealing with RARS, do you 03:02
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e

recall what you told me?
A. I don't recall.
Q. Do you recall what you told me about -- that
you couldn't call it a RARS case without looking at the
slide? 03:03
MR. SCOTT: Object to the form.

A. Oh, yes, I said -- I don't remember how we got

on that; but I said, if it's a particular case, I said, I

would have to look at the marrow slides to be convinced

that that was a diagnosis. 03:03
Q. (By Mr. Williams) Doctor, what percentage of

ringed sideroblasts do you need to have a RARS diagnosis?
A. Well, that's an interesting question. The

typical number given by bodies such as the WHO is

15 percent of all of the red cell precursors of the bone 03:03

marrow should be ringed sideroblasts.
Hematologists traditionally don't count
cells. We look at it. And many of these cases, there

are 60 and 70 percent ringed sideroblasts. It's obvious

what they have. It's like looking at an old friend. And 03:03
I think you would find very few hematologists who would
laboriously count whether it's 15 percent, 16 or 17

percent. Some pathologists might; but not too many of

them, either.

So, 1t's usually a visual diagnosis; but, 03:04
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Page 67 %
technically, the number is supposed to be 15 percent or %
greater. %

Q. And if there aren't 15 percent ringed §
sideroblasts present, you couldn't make a diagnosis of %
RARS; is that correct? 03:04 %

A. It does not meet the standard of care that this
diagnosis requires.

Q. And, Doctor, one final question: Did you
receive any type of compensation whatsoever for the
writing and drafting and publishing of your 2007 benzene 03:04
RARS article?

A. No. In fact, it cost me a few dollars, as I
gave you the receipt.

Q. As a matter of fact, this is your invoice —-

A. That 1s my invoice. 03:04

Q. -— that you paid to get a published copy of the
book?

A. Yes, most journals will give you a charge per
page and a very large charge if you have color prints;
and so, it can be very expensive to publish an article 03:04
these days.

MR. WILLIAMS: We'd like to mark his
invoice. I don't have any further questions. Thank you,
Doctor.
(Exhibit No. K was marked.) 03:05
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800.405.4056



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Ethan A. Natelson, M.D. February 10, 2010

Page 68 f
FURTHER EXAMINATION

BY MR. SCOTT:

£

Q. Dr. Natelson, on this issue of counting ringed
sideroblasts, is this one of those issues where
practicing clinicians and hematologists, such as 03:05
yourself, basically don't need a weatherman to know which
way the wind blows?

A. Well, when considered that way, I think in my
career, I've probably, personally, looked at at least
7,000 bone marrows more. And so, usually, if I'm looking 03:05
at a bone marrow, i1t doesn't take more than a few
milliseconds to give me a general idea of what the bone
marrow 1s going to show.

Now, I will study it for much longer than

that, particularly if I'm photographing it to find a good 03:05
feel to illustrate a point. But usually, to an
experienced hematologist, just a short time under the
microscope tells you what you need to know.

Q. And that!s:an interesting point.. . .Is it

accurate to say that even if one were to count 03:06

sideroblasts, the counting must be done in representative
fields from the bone marrow pathology?

A. Certainly, it's not only the representative
fields; but also is the slide preparation proper? There

is an art, as well as a science to making a good iron 03:06
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stain of a bone marrow. It needs to be a relatively thin z
film, and it needs to be incubated with the two reagents
that you use -- cyanide reagent and a hydrochloric acid
reagent, and it needs to be properly incubated and then
it needs to be properly counterstained because if you 03:06
over counterstain it, you may obscure a lot of things
there. And if you don't incubate it long enough, you
don't get the good blue color.

So, there is a bit of a science and an art
to making this; and I've seen many bone marrow slides 03:07
which are very thick. And you really can't tell whether
there is ringed sideroblasts there or not, and you may
have to repeat a stain.

0. If staining is done in a way that the stain was
negative as a processing artifact, can that affect the 03:07
count, if you will, of ringed sideroblasts when you
observe the slides under the microscope?

A. Yes, because what happens is you flood the
slide with a.stain; and sometimes, if there is a little
grease on the slide or it's not properly fixed with 03:07
alcohol, you will get uneven staining. Some areas will
be very densely stained. Other areas not well sustained
at all. So, you have to look sometimes at multiple
slides and you'll find a, quote, good area that looks

well sustained with good colors; and that's what you -- 03:07
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would seek.
Q. Did you bring a copy of your CV today?
A. I didn't. It wasn't asked for. So, I didn't
bring it. 03:08
Q. I understand. I neglected to do that myself.
Do you diagnose and treat patients with
Leukemia lymphoma, myelodysplastic syndromes essentially
every workday of your life?
A. Yes. 03:08
Q. How long have you been doing that?
A. I've been seeing hematology patients
exclusively since around 1969.
Q. Do you teach medical students and hematology
specifically to medical students? 03:08
A. Yes.
Q. And for how long have you been doing that?
A. Well, I've been in medical education my entire
career; and that might involve interns and residents.
And I'm a director of one of our residency 'programs, and 03:08
it might be students of various types.
MR. SCOTT: I believe that's everything I
have. Thank you, Doctor.
MR. WILLIAMS: Thank you, Doctor.
MR. ASHER: Whoa. 03:08
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FURTHER EXAMINATION A

BY MR. ASHER:
Q. Doctor, with regard to this question of

15 percent ringed sideroblasts in order to have a

diagnosis of RARS -- 03:09
A. Yes.
Q. -— does that 15 percent count have to come in

any particular time? For example, if you have two bone
marrow samples taken at different times, an earlier bone
marrow sample doesn't show 15 percent but a later one 03:09
shows greater than 15 percent, is there any particular
time that 15 percent number has to appear?

A. No. And, of course, an earlier one might have
been a poor stain; but, in other words, you would have to

look at the case in total. But, typically, 15 percent or 03:09

greater makes a diagnosis along with the other features
of the illness.
MR. ASHER: Thank you, sir.
FURTHER EXAMINATION
BY ‘MR. SCOTT: 03:09
Q. Since Ross has asked, now I have to. Do
repeated blood transfusions cause the development or
observation of ringed sideroblasts?
A. No.
MR. SCOTT: That's all I have. Thank you, 03:09
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sir.

THE VIDEOGRAPHER:

The time now is 3:09.

(Signature requested.)

Page 72 2

Going off the record.
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deposition and hereby affix my signature that same is
true and correct, except as noted above.
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Reporter in and for the State of Texas, do
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VIDEO DEPOSITION NOTICE

OF ETHAN NATELSON, MD ;'

TO: Ethan Nateison, MD
6550 Fannin St., Suite 1001
Houston, Texas 77038
PLEASE TAKE NOTICE that undersigned counsel for plaintiffs, Joyce Barrois, et al,
pursuant to Federal Rules of Civil Procedure, shall conduct the video deposition upon oral
examination of Ethan Natelson, MD, at 6550 Fannin St., Suite 1001, Houston , Texas, 77038, on
February 10, 2610 at 1:30 p.m., and continuing from day to day unti] the deposition may be
adjourned, concerning those areas of testimony and for the production of documents identified
below,
The deponent is to produce the following documents at the time of the deposition;
(i) A copyof all documentation regarding the article entited, Benzene Exposure 2nd
Refractory Sidesoblastic Erythropoiesis: Is There an Association? by Bthap A,
Natelson, MD, including all rough drafts, peer reviewed comments, reference

articles, finding sources, notes, invoices, payments, potential conflict of interest
disclosures, a copy of the original article submitted fo the journal.

iy
L2

Page i o

RETURN OF SERVICE
ATTACHED



{2)  Alist of all myelodysplastic syndrome cases that you have served as an expart or
consultant in the last 10 years.

{3) A copyofthe scientific or medical literature that vou reviewed in preparing this
article.

{4) A copyofall invoices that you have issued relating to any myslodysplastic
syndrome cases that you have served as an expert or consultant in,

(3)  Alist of all funding received for the preparation and publishing of this paper.

{6) Your file regarding this article.

(7} Documentation sufficient to establish your income for the last five vears attributable
for services rendered as an expert, and aiso to esteblish the percentage of your total
income thet is dertved from providing expert witness services.

(8} Documentation evidencing the total amount of income earned from litigation
regarding myelodysplastic syndrome in the past 20 years.

{9) Copies of all expert reports that you have submitted in myelodysplastic
syndrome cases.

{10} A list of all cases that vou have served as ar expert witness involving
myelodysplastic syndrome.

RESPECTFULLY SUBMITTED:

L. Eric Williams, Jr.

L. ERIC WILLIAMS, JR. # 26773
WILLIAMS LAW OFFICE, LLC
3000 W. Bsplanade Ave,, Ste. 200
Metaine, Louisiana 70002
Telephone:(504) §32-9898
Facsimile: (504) 832-9838

stic@amlbenzene. net
And

e ETURN OF SERVICE



Richard J. Fernandez, LA Bar # 05532
RICHARD J. FERNANDEZ, LLC
3000 West Esplanade Ave., Ste. 200
Metairie, Louisiana 70002
Telephone:(504) 834-8500
Facsimile:(504) 834-1511

Tick@rifernandezlaw.com

Attorneys for Plaintiffs

CERTIFICATE OF SERVICE

I HERERY CERTIFY that & copy of the foregoing pleading has been served upon all kaown cousse! of record, vis
clectronic filing, this 27th day of Januesy, 2018,
L. Eric Willisms, Jr.

V-fs
L

Pagelo

RETURN OF SERVICE
ATTACHED



Benzene Exposure and Refractory Sideroblastic
Erythropoiesis: Is There an Association?

ETHAN A_ NATELSON, MD

ABSTRACT: The myelodysplastic syndromes (MDS) con-
sist- of a group of diverse hematological disorders that
carry an increased risk of transforming into acute my-
eloid leukemia. They may appear de novo and without
obvious cause (primary or de novo MDS) or be induced
by certain mutagenic environmental or therapeutic tox-
ins (secondary MDS}. Excessive exposures to benzene
are generally considered to be a potential environmental
risk factor for bothy MDS and acute myeloid leukemia.
However, such risk is unproven for each disease com-
ponent within the MDS classification. A critical review

he terms myelodysplasia and the myelodysplas-

tic syndromes (MDS) refer to a classification of
heterogenous and distinct disease forms linked by
the presence of oligoclonal hematopoietic stem cell
abnormalities, ineffective hematopoiesis character-
ized by abnormal differentiation and maturation of
myeloid cells, and a variable but increased, risk of
progression toward acute myeloid levkemia.i-¢ A
common etiology among each of the various myelo-
dysplastic disorders that is also shared with acute
myeloid leukemia (AML) has not been proposed, and
little is known sbout the major causes of MDS.67
Unfortunately, epidemiclogical surveys seeking sta-
tistical information on hematological malignancies
in cohorts potentially exposed to environmental
chemicals or toxins seldom provide specific data on
MDS, despite its higher incidence in the general
population than AML.* Moreover, in rare instances
when information on MDS is collected and pre-
sented, it is usually freated as a single, distinet
disease entity, and its numbers may be combined
with those of AML or even other unrelated hemato-
logical malignancies in an attempt to achieve statis-
tical significance in the analysis.? Such approach
obscures identification of potential etiologic risk fac-
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of the refractory sideroblastic disorders strongly suggests
that benzene exposure is not a potential cause of this
distinct and still-evolving subset of MDS. The widely
disparate nature of MDS suggests that epidemiologic
studies can only provide meaningfut data on associa-
tions and potential causation of its component syn-
dromes by a disease-specific analysis, as is currently
advocated for other hematological malignancies. KEY
INDEXING TERMS: Benzene; Myelodysplasia; MDS;
Refractory Sideroblastic Anemia. {Am | Med Sci 2067;
334(5):356-360.]

tors that might be specific to the individual disease
components within MDS and to the various AML
syndromes. Thus, under certain circumstances, ben-
zene exposure is an accepted, although uncommon,
potential risk factor for both MDS and AML.1678
However, when carefully studied (vide infra}, such
risk does not necessarily apply to all components of
the MDS. This report reviews the clinical observa-
tions that provide specific information concerning
the question of causal associations between benzene
as an environmental toxin and the acquired refrac-
tory sideroblastic disorders, a readily identifiable
subset of the MDS clasgification system. 2021

Discussion

Refractory auvemia with ringed sideroblasts
{(RARS) was a well-described and stand-alone hema-
topoietic disorder until 1982, when it was included
among other hematological syndromes grouped un-
der a then newly defined heading of MDS. 2235 Typ-
ically discussed in hematologic text chapters dealing
with congenital and acquired sidercblastic anemias
of diverse cause, RARS has been described under a
variety of titles including acquired idiopathic refrac-
tory sideroblastic anemia and sideroachrestic ane-
mia. Its unifying morphological feature is the pres-
ence of ringed sideroblasts, as identified by iron
stains, in at least 15% of the bone marrow erythroid
precursors throughout multiple areas of the bone
marrow films or biopsy.}4 Such histologic stains
have been a part of the routine evaluation of bene
marrow specimens for nearly 60 years.!® The vari-
able but clearly preleukemic nature of RARS has
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Table 1. Myelodysplastic Syndromes

Original FAB Divisions Current WHO Divisions

Refractory anemia
RC-Multilingage dysplasia
RA-Ringed sideroblasts
RC-RS-Multilineage dysplasia
RA-Excess {(5-9%) blasts type 1
RA-Excess (9-19%) blasts type 11
MDS isolated deletion 5 q

MDS upclassifiable

Refractory anemia

RA-Ringed sideroblasts

RA-Excess (5-20%) blasts

RA-Excess (21~-30%)
blasts in transition

Chronic myelomonocytic
tevkemia

FAB, French-Americon-British formet; WHO, World Health
Organization; RA, refractory anemio; RC, refractory cytopenia;
RS, ringed sideroblasts.

also been known since its earliest descriptions,3:25
In the original MDS classification scheme, the sub-
set of individuals with RARS comprised about 10%
to 20% of the total cases in most series, with the
relative frequency, perhaps, age of onget-related.’’
They exhibit the lowest incidence of classical chro-
mosomal aberrations of all MDS subsets and the
least frequency of progression to AMI—approxi-
mately 15%.28-2! Certain chromosomal aberrations
have been associated with RARS including long arm
deletions of chromosomes 5, 11, and 20, as well as
trisomy 8.21 None are specific, however, and partic-
ularly deletions of 20g and trisomy 8 are identified
in a number of diverse hematological disorders.22-23

Modern revised classification systems of MDS at-
tempt to separate RARS into 2 genperal subsets, 1
currently referred to as refractory cytopenia with
multilineage dysplasia-ringed sideroblasts (RCMD-
RS}, and a second entity with little evident morpho-
logic cytologic dysplasia outside the erythroid cell
line, and a lesser risk of AML (Table 1). It remains
under the designation of RARS.111.19.202¢ Recently, a
further clinically-useful separation of the refractory
sideroblastic disorders has been suggested, segre-
gating all patients with ringed sideroblasts and
markedly elevated platelet counts into yet another
subset designated RARS-T or RST to emphasize the
presence of thrombocytosis.?*~27 Many of the indi-
viduals in this third grouping may also possess the
newly described JAK-2 V617F chromosomal abnor-
malify, commonly identified in polycythemia vera

and other myeloproliferative disorders,?5-26 RARS-T-

could then also be listed under the newly suggested
descriptive designation of myelodysplastic/myelopro-
liferative syndromes.® The recognition that some in-
dividuals with RARS and marked thrombocytosis
might exhibit a clinical course more in keeping with
a myeloproliferative disorder, with megakaryocytic
hyperplasia and bone marrow fibrosis, similar to the
natural history of polycythemia vera, primary throm-
bocythemia and agnogenic myeloid metaplasia, is
not a new observation.?® The presence of the JAK-2
V617F mutation among the RARS-T group provides
a unifying molecular explanation. Importantly, my-
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eloproliferative disorders have not been spidemio-
logically linked with exposures to either benzene or
to madern mutagenic chemotherapy agents.

The frequency distribution of these 3 refractory
sideroblastic syndromes, particularly between RARS
and RCMD-RS, is clearly observer-dependent and
also varies with the alternate classifications systems
for MDS of the World Health Organization and the
French-American-British (FAB) format.1030 An esti-
maie would place about 10% of the total as RARS-T.
However, if the bone marrow blast cell eount in-
creases above 5%, and even if large numbers of
ringed sideroblasts are retained, under these classi-
fieation schemes individuals are now moved from an
RARS syndrome into another MDS category, refrae-
tory anemia with excess blasts (RAER), In sffect,
this movement arbitrarily diminishes the pool of
cases with refractory sideroblastic bematopoiesis
available for epidemiological or clinical analysis,
and is a weakness of all MDS dlassifications.*® Im-
portantly, occasional patients with RARS, sven
those with apparent multilineage cytologic dyspla-
sia, may favorably respond to immunosuppressive
therapy, and in rare instances the hematclogic syn-
drome is actually consequent to unusual deficiency
states.31-3 Thus, progression to AML may not be a
part of the natural history in certain forms of ac-
quired sideroblastic anemia, emphasizing that all
such disorders do not necessarily represent hemato-
logic malignancies.

From the earliest descriptions, authors reporting
on RARS pondered potential causes of this uncom-
mon disorder. Wintrobe’s experience in a single in-
stitution along with review of many additional cases
led him and his associates to conclude that ns spe-
cific drugs; environmental chemicals, aleohol, or ¢y-
tostatic agents, could be confirmed as potential risk
factors, and that the canse of RARS was unknown, 12
Benzene had previcusly been used as an oral che-
motherapeutic agent in forms of chronic leukemia,
and it was well known to cause bone marrow dam-
age and potentially eventuate in AML. Exposure o
this agent was specifically sought in an analysis of
84 patients with RARS, but only 1 of these subjecis
conld recall any previcus benzene exposure. Fur-
thermore, thai patient also bad received radiation
therapy.l® The collective experience now involving
thousands of reported patients having received che-
motherapy and then developing secondary hemato-
logic syndromes including MDS, has only supplied
rare case reports describing a chronic acquired sid-
eroblastic process. This phenomenon has usually
occurred in the presence of an underlying hemato-
logical malignancy, such as multiple myeloma or
Hodgkin’s disease, and is then noted after treatment
including both alkylating agents and radiation.3®
Here, the acquired sideroblastic process, itself, is
often transient and not evident in follow-up bone
marrow examinations. 37 Thus, neither exposure to
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benzene nor to modern chemotherapeutic mutagenic
agents has been shown to be a risk factor for RARS.

There are 3 major epidemiclogical studies often
cited as offering detailed observations, including
hone marrow analysis, which routinely includes iron
stains, concerning the hematological effects of
chronic, high-level benzene exposure. In the Hayes®
report of about 74,000 factory workers, primarily
immersion painters in China, 28 individuals with
either AMTL, or MDS were cited. Analysis of the
individual slide material from these MDS cases, and
which specifically described bone marrow iron ex-
amination, showed no examples of RARS.3% In the
Aksoy®® report of 29,000 Turkish shoe workers
heavily exposed to benzepe-containing glues, 42 in-
dividuals were described as developing forms of
AML, among other hematological disorders. Yet, in
his description of the specific hematologic abnormal-
jties in this cohort, thers is no cbservation consistent
with RARS.%0 Finally, in the frequently-analyzed
United States Pliofilm factory cohort of about 1,800
individuals exposed to large concentrations of pure
benzene for many years, there are no reported de-
tails of bone marrow examinations, but no instance
of a listed diagnosis consistent with RARS.4* A re-
cent report from The MD Anderson Cancer Center
also could not confirm solvent exposure as a sigmf-
jeant predisposing event in their patients with
RARS, or with chronic myelomonocytic leukemia, an
original, and now former, member within the MDS
classification system.? In that study, such exposures
were apparent risk factors for other forms of MDS
such as refractory anemia with increased blasts
(RAER). In reality, there does not appear to be a

single epidemiological study or even an isolated case

report in the world’s medical literature that links
RARS with benzene exposure.

Recently, Irons et al*2 carefully analyzed blood
counts and serial bone marrow examinations on a
small cohort of 28 Chinese workers heavily exposed
to benzene, They reaffirmed earlier sporadic obser-
vations of marrow hypoplasia and eosinophilia in
benzene-exposed workers but failed to identify the
presence of ringed sideroblasts. Similarly, an ab-
sence of ringed sideroblasts was noted in careful
bone marrow studies of 33 additional individuals
with chronic benzene poisoning.?® These marrow
studies also demonstrated eosinophilia and dyspoi-
etic erythroblasts. In general, the type of MDS bone
marrow histology usually described in both heavily
benzene-exposed individuals and therapy-related
MDS is a hypocellular bone marrow with cellular
dyspoiesis, and distinct from the usual findings in
RARS which typically reflect a normocellular to hy-
percellular bone marrow pattern 38

Cigarette smoke is considered a risk factor for
both AML and MDS, but the specific element or
mechanism involved is unknown.245-5% Cigarette
smoke does contain some benzene, but the cumula-

358

tive dose achieved by smokers is less than thought
necessary to increase the risk of AML, and the
chromosomal anomalies identified in smckers with
AML are somewhat different from those typically
reported for benzene-induced and other secondary
forms of AML.%48-53 The chromosomal aberrations
seen in the vast majority of benzene-induced AML
and modern day chemotherapy-induced AML, or
t-AML, are similar, with a predominance of dele-
tions in chromosomes b and 7.° This is not surpris-
ing, since postulated mechanisms of leukemogenesis
in benzene-induced and +-AML, are alse thought to
be similar, if not identical 5455 Some reports have
suggested cigarette smoking is linked with RARS,
although the mechanism is not known.74¢

One feature of MDS that further confounds epide-
miological analysis of its individual disease compo-
nents is the fact that unlike AMTL, MDS is not a final
illness designation, and individuals frequently move
within the MDS classification over time. This is
particularly true with respect to RARS syndromes.
Thus, it would be expected that as the often slow
progression to AML from the 3 refractory sider-
cblastic variants described here oceurs, the percent-
age of blast cells in the bone marrow may increase
gradually from its initially normal values. As previ-
ously mentioned, ringed sideroblasts are often still
present when the bone marrow blast percentage
reaches 5% to 10%, but the MDS diagnosis now
moves to RAEB.1756 When the blast percentage
eventually reaches 20%, by convention, the diagno-
sis of AML is now allowed. Even if ringed sider-
oblasts remain evident in excess along with marked
erythroid dyspoiesis, the specific diagnosis would be
an FAB-M6 AML or erythroleukemis. Obviously, for
such individaal, this transition reflects a single dis-
ease process, and not 3 separate Hlnesses. This logic
was first explained by Dameshek!® in 1965. For
epidemiological purposes, should such a patient re-
main an example of an RARS syndrome or be con-
sidered to have the same illness as one with a
sudden appearance of FAB-M6 AML without ringed
sideroblasts or a prior diagnosis of MDS?

As: our understanding of the molecular evenis
leading to MDS and AML increases, epidemislogists
and clinicians should work together to carefully an-
alyze representative cohoris so-that traly like ill-
nesses are compared, in order o better identify
potential risk factors. Simply abstracting a diagno-
sis from an often misleading and incomplete death
certificate should become obsolete. A disease-specific
approach is currently the rule in clinical studies that
analyze the natural history and responses to ther-
apy among the various disorders that make up the
MDS classification.’? Similar coordinated analyses
by epidemiologists, pathologists and clhinicians have
been advocated and implemented for epidemiologic
studies of the lymphoproliferative disorders, which
also appear to have a number of distinct and disease
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pattern-specific potential causes.55%9 Despite these
caveats, based upon the considerable evidence pre-
sented here, henzene exposure cannot be considered
a potential etiology for RARS, although it remains a
risk factor for certain forms of MDS such as RAEB
and unclassified and/or hypocellular MDS syn-
dromes, and for AML.
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Testimony Given by Dr. Ethan A. Natelson

‘
O\ The following is a list of cases in which I have testified at trial or by deposition,
since Jan. 1992.

1. Elbert M. Mims vs. Amoco Oil Co. circa Oct. 1992. This was Texas Worker’s
Comp. Commission Docket No. GA-91-1701 -10-CC-GA41. Itestifiedata
hearing for the defendant, concerning the issue of benzene and chronic
granulocytic leukemia.

2. Lee Cheshire case. 1 have no remaining information about the specific court. I
testified both by deposition and at trial held in civil court in Dallas, Texas,
testifying for the plaintiff, circa Nov. 1994. The plaintiff attorney was Mr.
Stephen A. Khoury. The case had to do with death following coronary artery
bypass surgery alleged to be from an adverse reaction to protamine.

3. Brenda Jones, et al. vs. Sisters of Charity of the Incarnate Word, et al., in the 133
Judicial District Court of Harris County, Texas, #92053234, circa 6-15-1994. 1
testified as to responsibilities of interns and residents, by deposition, for the

defendants.

4,  Jerry Smothers vs. Reliance National Company. Texas Worker’s Comp.
Commission Docket No. HE/94-179074-02-CC-SA44. Also U.S. District Court
for the Southern District of Texas. Case had to do with acute lymphoblastic
leukemia and benzene exposure. 1 testified at a hearing, for the defendant, circa

May 30, 1995.

5. Lillie Poston vs. Monsanto, 10™ Judicial District Court of Galveston County,
Texas. Case had to do with multiple myeloma and its relation to benzene
exposure. [ testified by deposition, for the defendant, circa 12-4-1995.

6. Michael N. Forino vs. Charles Mooney, 15" Judicial District Court of Grayson
County, Texas. Case had to do with a death following splenectomy for
thrombocytopenia. | testified by deposition, for the plaintiff, circa 7-5-95.

7. Karen Camp vs. Harris Methodist Ft. Worth Hosp., 352" Judicial District Court of
Tarrant County, Texas. Case had to do with death following failure to
appropriately treat severe anemia. [ testified by deposition, for the plaintiff, circa

12/1995.

8. Terry Joe Groom vs. Schlumberger. Case had to do with Hodgkin’s disease and
causation. I testified for the defendant, by deposition, circa 1/1996. I do not have
the court citation but this was Fulbright & Jaworski, Cause No. 94-42682.

9, Lottie Rene Carter vs. Jerry Darrell Martin, 12™ Judicial District Court, Walker
County, Texas. I testified for the defendant, by deposition, on J uly 24, 1996.
Case had to do with death following orthopedic surgery.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jesus Valentine Frias vs. Shell Oil. In District Court of Harris County, Texas,
270® Judicial District Court. Case had to do with benzene and causation of
aplastic anemia. I testified for the defendant, by deposition on Sept. 25, 1996.

Lester Barrett, et al. v. Mobil Oil, et al., in the 60" District Court of Jefferson
County, Texas. Case had to do with causation of gastric lymphoma. I testified by
deposition on 10-22-97, for the defendant.

Stacy Lynn Wolff, et al. v. Mario Villafani, et al., in the 201* Judicial District Court
of Travis County, Texas. I testified by deposition on 6-4-97, and later in live trial,
in Austin, testifying for a defendant, St. Joseph Hospital, on the responsibilities of
interns and residents assigned to Brackenridge Hospital in Austin, Texas.

York vs. Texaco, et al., Fulbright & Jaworski Case No. E149519. Testifying by
deposition on 1-26-98, as the treating physician. Case had to do with allegations
of benzene exposure as a cause of aplastic anemia.

Runnels, et al. vs. Catholic Charities, et al., in the 172™ Judicial District Court of
Jefferson County, Texas. Testified by deposition on Feb. 23, 1998, for the
plaintiff. Case involves accidental injury and allegations concerning the health
effects of sickle cell trait and anemia. Woodard, Hall & Primm was plaintiff’s

firm.

Tarin vs. Exxon, in the 122™ Judicial District Court, Galveston County, Texas.
Testified by deposition on July 6, 1998, for the defendant. Case had to do with

allegations of benzene exposure as a cause of lymphoma.

Brenda Brown, et al. vs. The Women’s Hospital of Texas, et al., Case No. 97-
02708 in the 133™ Judicial District Court of Harris County, Texas. Testified by
deposition at the invitation of plaintiff’s attorney in Feb. 1999. Case had to do

with maternal death following a term pregnancy.

Estella Sanchez v. Magnetek, Inc., et al., in the United States District Court for the
Southern District of Texas, Brownsville Division. Testified by deposition on July
26, 1999, for the defendant. Case had to do with allegations that exposure to
chemicals caused cerebral non-Hodgkin’s lymphoma.

Mike Adalis, et al. v. Exxon, ef al., in the 269™ Judicial District Court of Harris
County, Texas. Testified for defendant by deposition on 8-11-99, and at trial on
11-16-99. Case had to do with allegations of disease causation by chemicals,
including benzene, in the water supply.

James Elmer Warren, Jr. vs. Sabine Towing, et al., in the 14" Judicial District
Court of Calcasieu Parish, Louisiana. Testified for defendant by deposition on 3-
15-2000, and in court on 10-27-2000. Case had to do with allegations of benzene

as a cause of myeloproliferative disease.

[



20.

21.

22.

23.

24.

25.

26.

27.

28.

Arthur Jones, et al. vs. Harold Mullins, M.D., et al., in the 55™ Judicial District
Court of Harris County, Texas. Testified as a treating physician (non-suited) as
requested by the Defendant, by deposition on April 10, 2000. Case had to do with
allegations of inadequate care by a primary care physician.

Deborah Hamill vs. Sisters of Charity, et al., in the 189" Judicial District Court of
Harris County, Texas. Testified by deposition on June 28, 2000. Case had to do
with allegations concerning the non-renewal of a general surgery resident’s
contract with St. Joseph Hospital.

Donald Ward, et ux vs. Atlantic Richfield Co., et al., in the 60" Judicial District
Court, Jefferson County, Texas. Testified by deposition on January 18, 2002.
Case had to do with allegations of chemical cause for idiopathic sideroblastic

anemia.

Adene Hill vs. Crown Central Petroleum, et al., in the U.S. District Court for the
Eastern District of Virginia, No. 01-CV-1395-A. Testified by deposition for the
defendant on April 22, 2002, and at trial on Aug. 2, 2002. Case had to do with
causation in acute myeloid leukemia.

Howard Collins vs. American Petrofina, Inc., et al., in the 136™ Judicial District
Court of Jefferson County, Texas. Testified by deposition for the defendant on
May 17, 2002. Case had to do with allegations that chemical exposure to benzene
caused refractoly__:s_i_deroblasﬁc anemia.

Geneva Parsley, et al. vs. Terminix Internationdl, et al., in the U.S. District Court
of Ohio, Western Division-Dayton, Ohio. Testified by deposition for the defense
on August 21, 2002, and before a binding arbitration panel on Oct. 11, 2002, in
Cincinnati, Ohio. Case had to do with allegations that Isophenphos exposure
resulted in the illness of agnogenic myeloid metaplasia.

Bonnie Wilcox and Charles Wilcox vs. Memorial Hermann Baptist Beaumont
Hospital. Testified by deposition for the defendant on Oct. 23, 2002. Case had to
do with allegations that an intravenous infiltration caused loss of an extremity and

death.

Ivan Merritt, et ux vs. Mallinckrodt, Inc., et al., in the 214" Judicial District Court;
Nueces County, Texas. Testified for the defendant by deposition on 4-16-03.
Case had to do with allegations that chronic lymphocytic leukemia was caused by
chemical exposures.

Jacob Cave v. Exxon Mobil Corporation, et al., in the Circuit Court of Marshall
County, West Virginia, Civil Action No. 01-C-19M. Testified for the defendant
by deposition on 10-24-03, and at trial on 2-25-04. Case had to do with
allegations that benzene and aromatic hydrocarbons caused non-Hodgkin’s
lymphoma.

(9%}
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30.

31.

32.

33.

34.

35.

36.

37.

Patrick Davis, et al. vs. Houston Northwest Partners, et al.,No. 202-17939, in the
165" Judicial District Court of Harris County, Texas. Testified for the defendants
by deposition on 11-21-03. Case had to do with allegations of improper care of
sickle cell disease and treatment of pneumonia.

James Cowey, et al. vs. Radiator Specialty Company, et al., in the 58" Judicial
District Court of Jefferson County, Texas. Testified by deposition for the
defendant on Dec. 3, 2003. Case had to do with allegations of chemical (benzene)

exposure as a cause of myelodysplastic syndrome.

Ronald E. Awalt, et al. vs. Applied Energy Services, Inc., et al., in the Circuit Court
of the Third Judicial Circuit, Madison County, Illinois. Testified by deposition
for the defense on Dec. 22, 2003. Case had to do with allegations of causation of

myelodysplastic syndrome.

Lavon S. Lee, et al. vs. Christine M. Eady, et al., in the 250" Judicial District Court
of Travis County, Texas. Testified for the defense by deposition on 4.23-04.
Case had to do with allegations of failure to properly diagnose and treat peripheral
vascular disease.

Stella Jean Patterson, et al. vs. Jagathia Challagalla, M.D., et al., Cause No.
157,578-C, in the 89™ Judicial District Court of Wichita County, Texas. Testified
at trial for the defense on 9-3-2004. Case had to do with allegation of failure to
properly diagnose Budd-Chiari Syndrome in a patient with non-Hodgkin’s
lymphoma.

James Boren, et al. vs. The Dow Chemical Company, et al., Cause No.
17958*JGO1, in the 239™ Judicial District Court of Brazoria County, Texas.
Testified by deposition for the defense on Sept. 17, 2004. Case had to do with
allegations of causation of acute promyelocytic leukemia.

Federico Tagle vs. Citgo Refining & Marketing, Inc., et al., Cause No. 01-4891-E,
in the 148" Judicial District Court of Nueces County, Texas. Testified by
deposition for the defense on Oct. 4, 2004. Case had to do with allegation of
causation in idiopathic sideroblastic anemia.

Daniel T. Minnehan, et al. vs. American Oil Company, et al., Cause No.
21916*JG02, in the 239™ Judicial District Court of Brazoria County, Texas.
Testified for the defense by deposition on October 20, 2004. Case had to do with
allegations that benzene caused AML.

Michael A. Lebron, et al. vs. Shell Oil Company, et al., Civil Action 00L10021, in
the Circuit Court of Cook County, Illinois, County Department — Law Division,
State of Illinois. Testified by deposition for the defendant on Oct. 27, 2004.
Testified again by deposition on November 11, 2008 with restyling as Cause No.
05 L 9246. Case had to do with a dispute concerning diagnosis and allegations of
causation of disease in a patient with hepatitis B and renal failure.
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40.

41.

42.

43.

44.

45.

46.

Patrick Sean Murphy, et al. vs. Robert Weinstein, DDS, MS, et al., Cause 03-7749-
C, in the County Court at Law No. 3, Dallas County, Texas. Testified by
deposition for the plaintiff on 3-28-05. Case had to do with allegation of
improperly administered parenteral dental anesthesia causing acute compartment
syndrome and loss of an arm.

Denizilye M. Douglas, et al. vs. Ashland, Inc., et al., Civil Action No. 01-Cl-
00392, Commonwealth of Kentucky, Greenup Circuit Court, Civil Division.
Testified by deposition for the defendant on June 1, 2005. Case had to do with
allegations of chemicals in causation of multiple myeloma.

Robert E. Scherer, et ux, et al. vs. S&S Automotive, Inc., et al., in the Circuit Court
of the 19" Judicial Circuit, Lake County, Illinois. Testified by deposition for the
defendant on September 15, 2005. Case had to do with allegations of a chemical
causation of chronic myelomonocytic leukemia (CMML).

Melissa Daville vs. German Newall, M.D., Cause No. 2004-35094, in the Judicial
District Court of Harris County, Texas. Testified by deposition for the plaintiff
on Oct. 19, 2005. Case had to do with allegations of complications of liposuction
as a cause of pulmonary and cerebral venous sinus thrombosis and blindness.

Edward Crofion, et al. vs. Amoco Chemical Company, et al., Cause No.
95CV 1352, in the 10™ Judicial District Court of Galveston County, Texas.
Testified by deposition for the defendant on Dec. 12, 2005. Case had to do with
allegations of causation, by chemical exposures, of various lymphoproliferative

disorders.

Doris Sue Scott, et al. vs. Radiator Specialty Company, et al.; In the District Court
of Brazoria County, Texas; 23" Judicial District. Testified for the defendant, by
deposition, on Feb 13, 2006. Case has to do with allegations of chemical
causation of acute myeloid leukemia (AML).

John Ringstaff and Karen Ringstaff; et al. v AMOC O Chemical Co., et al., CA. No.
03-CV-0551, In the 56% Judicial District, Galveston County, Texas. Testified for
the defense, by deposition on 2-22-06, and at trial on 3/27-3/28, 2006. Case had
to do with allegations of benzene as causation of chronic lymphocytic leukemia

(CLL).

George Loveless, et al v. Ashland, Inc., et al; Cause No. 4:04CV00972 GTE, In the
United States District Court, Eastern District of Arkansas, Western Division.
Testified by deposition for the defense on 4-19-06, Case has to do with allegations
of causation of chronic lymphocytic leukemia (CLL) and non-Hodgkin lymphoma

(NHL).

Herbert W. Wilkinson and Peggy S. Hebert vs. Radiator Specialty Company, et al;
Cause No A030272-GC and Ann Stubbs, Individually, and as Representative of
the Estate of and as Wrongful Death Beneficiary of Ben L. Stubbs vs Radiator
Specialty Co., et al; Cause No. 4030272-CC; In the 128" Judicial District Court
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49,

50.

51.

52.

53.

54.

of Orange County, Texas. Testified for the defense on 5-10-2006 by deposition.
Case has to do with allegations that benzene caused Hodgkin’s disease, non-
Hodgkin’s Lymphoma and Chronic Lymphocytic Leukemia.

Cause 00-5021E, Debra Antghell v. Oxychem Corp., et al In the District Court of
Nueces County, Texas 148" Judicial District. Testified for the defense on August
11, 2006, by deposition. Case has to do with allegations of causation in acute

myeloid leukemia.

Case No. 04-00545; Donna Cashiola, et al vs. American Petroleum, et al. In the
District Court of Dallas County, Texas 298™ Judicial District. Testified by
deposition for the defense on 10-27-06, and at trial on 11-28-06. Case has to do
with allegation of causation in acute myeloid leukemia.

Cause CL98152; Margaret J. Mielke, et al. v. Ashland, Inc., et al.; In the lowa
District Court in and for Polk County, Fifth Judicial District. Testified by
deposition on 11-27-06. Case has to do with allegations concerning causation of
acute myeloid leukemia in a patient with underlying polycythemia rubra vera.

Theresa Frazier, Administrator of Estate of Robert Frazier, Deceased, Plaintiff vs.

Fairfield Medical Center, et al., Defendants, Case No 06 CV285, In the Court of
Common Pleas, Fairfield County, Ohio. Testified by deposition on 4-11-07 and
8-8-07, at the request of the plaintiff’s attorney. My testimony was limited to
issues relating to the use of the term, coumadin (Warfarin) resistance, as it
appears in the medical literature and in common medical usage. Case has to do
with death from unrecognized myocardial infarction and allegations of improper
emergency clinic medical evaluation.

Aubrey Clark and Wife, Kelly Clark v. Kellogg Brown & Root, LLC and
Halliburtion Company; In the District Court of Matagorda County, Texas 23"
Judicial District. Cause No. 06-H-0395-C. Testified by deposition on April 30,
2007. The case was restyled as No. 2:07-CV-191(TJW-CE); Aubrey Clark v.
Kellogg Brown & Root, L.LC., et al; in the United States District Court; Eastern
District of Texas, and 1 testified in court for the defendant on January 17, 2008.
Action had to do with allegations of causation in AML with 6;9 translocation.

Guy Hamman, et al. v. American Oil Company, et al: Cause No. E-173418: In the
172" Judicial District Court of Jefferson County, Texas. Testified by deposition
on July 31, 2007. Case has to do with allegations of causation in a patient with
acquired refractory sideroblastic anemia evolving into erythroleukemia.

Ruth Vettrus, as Trustee for the Heirs and Next of Kin of Robert Vettrus, Decedent,
et al vs. Ashland Inc., et al; In the District Court, 3 Judicial District, County of
Rice, State of Minnesota. Cause C9-04-000817. Testified by deposition on 8-8-
2007. Case has to do with allegations of causation in AML.

Charles Wilson and Laura Wilson v. Rycoline Products, Inc., et al., In the United
States District Court for the Eastern District of Texas, Marshall Division. Civil
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60.

61.
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Action No. 2-06CV-286. Testified by deposition for the defense on 9-17-2007.
Case has to do with allegations concerning the causation of refractory anemia
with ringed sideroblasts (RARS).

Dorsey McCann vs. The Sherwin Williams Co., et al.; Cause No, 33871, In the
Parish of LaSalle, State of Louisiana, 28" Judicial District Court. Testified by
deposition for the defense in a case alleging benzene exposure as a cause of AML,
on September 26, 2007.

Duane Draper, et al., v. PPG Industries, Inc., et al. Cause No. 199-02538-04, In
the District Court of Collin County, Texas 199" Judicial District. Testified by
deposition for the defense in a case alleging benzene exposure in paints as a cause
for AML on December 10, 2007.

Karen White, Individually and as Representative of the Estate of Mack Ivory
White, deceased, et a. vs. Syed J Zaheer, M.D., Victoria Gordon, M.D., et al., In
the 60% Judicial District Court of Jefferson County, Texas. Testified for the
plaintiff on January 30, 2008, by deposition. Case has to do with allegations
concerning the emergency treatment of thrombotic thrombotic purpura (TTP).

Arnold Wayne Russell and Pamela Russell v. Ashland Chemical, Inc., UNOCAL,
and Monochem, Inc.; Cause No. 04-4116, In the United States District Court,
Western District of Arkansas, Texarkana Division. Testified for the defense by
deposition on Feb-29-2008, and at trial on August 26™ 2008. Case has to do with
allegations of AML caused by benzene exposure during work in the tire building

industry.

Neil Henricksen and Maurita Henricksen, v. Chevron Phillips Chemical Company,

LP, et al, NO. CV-07-224-JLQO. In The United States District Court Eastern
District of Washington at Spokane. Testified by deposition for the defense on
April 11, 2008. Case has to do with allegation of AML caused by exposure to
gasoline and diesel fuels.

Bryn Duffy, et al. v. Rodolfo E. Martinez, M.D., ef al., Cause No. 2005-532,528; In
the 237" District Court in and for Lubbock County, Texas. Testified by
deposition for the defense on May 19, 2008. Case has to do with allegations
concerning pulmonary thromboemboli in a patient with the primary anti-
phospholipid syndrome.

Walton Wayne Segree, Individually and as Executor of the Estate of Brenda Ruth
Segree, Deceased, et al. v. CVS Pharmacy, Inc.;Civil Action No. 9:07¢cvi89; In
the United States District Court for the Eastern District of Texas, Lufkin Division.
Testified by deposition for the defense on 6-25-2008. Case has to do with
allegations concerning the cause and the date of onset of a subdural hematoma
which was identified shortly prior to death.

Civil Action No.: CV-06-1258; Connie Lea Gibson Andrews, Individually and as
personal Representative of Tommy Lindell Andrews, Deceased vs. United States
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64.

65.

66.

67.

Steel Corporation, et al; In the Fifth Judicial District Court, County of Chaves,
State of new Mexico. Testified for the defense in a hearing for summary
judgement in a case concerning allegations of solvent exposure as a cause of
myelodysplasia (RARS), on August 18", 2008.

Eugene and Patricia Salmieri, vs. Sunoco, Inc., f/k/a Sun Company, Inc. et al.,
CCP, Philadelphia County, April Term, 2006, No.:002439. Testified for the
defense by deposition on September 19, 2008. Case had to do with allegations of
causation of small cell lymphocytic lymphoma (SLL) by exposure to gasoline.

Rosalinda Kerwin, Individually and as Representative of the Estate of Maria Del
Rosario Rico, Deceased vs. Mansur Nathoo, M.D.; and CHCA Clear Lake, L.P.
In The District Court of Harris County, Texas 164" Judicial District. Testified for
the defense by deposition on 10-24-2008. Case has to do with allegations of poor
treatment by a general internist concerning the post-operative death of a patient
undergoing orthopedic surgery for a severe, displaced hip fracture.

Robert B. Oakley and Irene Oakley vs. Air Products and Chemicals, et al.; Cause
No. 2:07-CV-00351; In the United States District Court for the Eastern District of
Texas; Marshall Division. Testified for the defense by deposition on 11-5-2008.
Case has to do with allegations of causation in acute myeloid leukemia.

Isabel Hollister, et al. v. BP Amoco Chemical Company, et al.; In the County
Court at Law No. 3 of Galveston County, Texas. Testified for the defense by
deposition on 4-24-2009. Case has to do with allegations of causation of Inv 16

AML by benzene and other chemicals.

Joann V. Bishop, Individually, and as the legal representative of James Manuel
Bishop, Jr., et al. vs. Shell Oil Company, et al., In the United States District Court
Eastern District of Louisiana, Civil Action No. 07-2832.Testified for the defense
on 6-5-2009. Case has to do with allegations of chemical causation of multiple

myeloma.

68. Bonnie L. Mallory, Executrix of the Estate of Robert E. Mallory, Deceased v. The

Goodyear Tire & Rubber Company, et al. Court of Common Pleas of Summit
County, Ohio. - Case No. 2007-11-8033. Testified by deposition on June 24,
2009. Case has to do with allegations of causation of MDS and AML.

69. Andrew Wolfe and Denise Wolfe, vs. E.I. Dupont de Nemours and Company et al. In

the General Court of Justice Superior Court Division, County of Forsyth, State of
North Carolina. Civil Action 07-CVS-3370. Testified by deposition on July 16,
2009. Case has to do with allegations of causation of acute promyelocytic

leukemia.

70. Fred M. Cantu and Ruth Cantu vs. Amoco Chemical Company, et al: In the 56"

Judicial District Court of Galveston County. Cause No: 07-CV-0594. Testified
for the defense on July 27" 2009. Case has to do with allegations of causation in
primary gastric MALT non-Hodgkin’s lymphoma.



71. Barbara Barker, as Personal Representative of the Estate of Terry Barker,
Deceased, v. Go-Mart, Inc., et al. Cause No: 04-C-75K; In the Circuit Court of
Marshall County, West Virginia. Testified for the defense by deposition on
August 14, 2009. Case has to do with allegations of causation in acute myeloid

leukemia.

72. Raul Zendejas and Araceli Zendejas vs. Shell Oil o.., et al; Cause No. CV 2007-
005399, In the Superior Court of Arizona, Maricopa County. Testified by
deposition for the defense on September 25, 2009, and at trial on November 12,
2009. Case has to do with allegations that exposure to gasoline caused the
myeloproliferative disorder known as Philadelphia chromosome negative
BCR/ABL negative, chronic myeloid leukemia (aka atypical chronic myeloid

leukemia).

73. Darla J. Lemaire, Individually and as Independent Executrix of the Estate of
Michael Lemaire, deceased, and L(fjgan Lemaire v. Berryman Products, Inc, et al;
Cause No. E-0178440;In the 172" Judicial District Court of Jefferson County,
Texas. Testified for the defense by deposition on October 9, 2009. Case has to do
with allegations of benzene-induced causation in AML.

74. Mary Ellen Hall(John O’Neal Hall, deceased) vs. Radiator Specialty Company, et
al; Cause No. 08CV0161;In the 212" Judicial District Court of Galveston
County, Texas. Testified for the defense by deposition on January 18, 2010. Case
has to do with allegations of benzene-induced causation in myelodysplasia

(MDS).
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IN THE UNITED STATES DISTRICT COURT

FOR THE EASTERN DISTRICT OF TEXAS - % 15 1107
MARSHALL DIVISION R

CIVIL ACTION FILE NO:

CHARLES WILSON and
LAURA WILSON

Plaintiffs.

vSs.

RYCOLINE PRODUCTS, INC ;
ROGERSOL, INC.;
HOSTMAN-STEINBERG, INC ;

1C COMPOUND COMPANY;
ASHLAND, INC , individually and fk/a
ASHLAND OIL & REFINING

COMPANY and ASHLAND OIL, INC.;
ALLIED PHOTO OFFSET SUPPLY
CORPORATION;

DAY INTERNATIONAL, INC., individually
and d/b/a VARN PRODUCTS;

ALLIED PHOTO OFFSET SUPPLY
CORPORATION; and

LASTRA AMERICA CORPORATION,

LD U7y L O LN Y U O S SON DD U0 D% LD N W LD WO U U L OB WO WON

Defendants.

ORIGINAL PETITION

TO THE HONORABLE JUDGE OF SAID COURT:

NOW COMES CHARLES WILSON and LAURA WILSON, hereinafier 1eferred to as
Plaintiffs, complaining of RYCOLINE PRODUCTS, INC; ROGERSOL, INC.; HOSTMAN-
STEINBERG, INC.; I.C. COMPOUND COMPANY; ASHALND, INC, individually and /k/a
ASHLAND OIL & REFINING COMPANY and ASHLAND OIL, INC; ALLIED PHOTO OFFSET
SUPPLY CORPORATION; DAY INTERNATIONAL, INC, individually and d/b/a VARN

PRODUCTS; and LASTRA AMERICA CORPORATION, hereinafier referred to as “Defendants,”
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and for cause of action would respectfully show this Court and Jury the following:

VENUE, PARTIES AND JURISDICTION

Plaintiffs Charles Wilson and wife Laura Wilson (“Plaintiffs”) are residents of the state of

Texas.

This Court has jurisdiction over the lawsuit pursuant to 28 U.S C §1332(a)(1) because
Plaintiffs and Defendants are citizens of different states and the amount in controveisy exceeds
$75,000 00 excluding interest and costs.

Venue is proper pursuant to 28 U.S.C. §1391(a) as a substantial part of the acts and
omissions occurred in this judicial district.

ALLEGATIONS COMMON TO ALL COUNTS

1 Defendants RYCOLINE PRODUCIS, INC; ROGERSOL, INC ; HOSTMAN-
STEINBERG, INC; 1.C. COMPOUND COMPANY: ASHALND, INC, individually and f/k/a
ASHLAND OIL & REFINING COMPANY and ASHLAND OIL, INC; ALLIED PHOTO OFFSET
SUPPLY CORPORATION; DAY INTERNATIONAL, INC., individvally and d/b/a VARN
PRODUCTS; and LASTRA AMERICA CORPORATION are hereinafier referred to collectively as
“Defendants™.

2 Plaintiff Charles Wilson and his wife Lawa Wilson (*Plaintiff”") are residents of the

State of Texas.

3. Defendant, RYCOLINE PRODUCTS, INC. is a Delawate Corporation doing
business in the State of Texas and may be served with citation through its registered agent for
service, to wit: Leonard Allen, 4421 Garland Road, Fort Worth, TX 76117-1812.

4 ROGERSOL, INC. is a Delaware Coiporation doing business in the State of Texas

but does not maintain a registered agent for service in Texas Defendant, ROGERSOL, INC. may
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be served with process by serving the Texas Secretary of State with process to be forwarded to:
Rogersol, Inc , 5540 North Northwest Highway, Chicago, IL. 60630

5. Defendant, HOSTMAN-STEINBERG, INC. is a Georgia Corporation doing
business in the State of Texas and may be served with citation by serving its registered agent, to wit:
CSC-Lawyers Incorporating Service Company, 701 Brazos Street, Suite 1050, Austin, TX 78701

6. Defendant, I.C. COMPOUND COMPANY is a California Corporation doing
business in the State of Texas, but does not maintain a registered agent for service in Iexas.
Defendant, 1.C. COMPOUND COMPANY, may be served with process by seiving the Texas
Secretary of State with process to be forwarded to: L.C. Compound Company, 120 E 163™ Street,
P.O. Box 66, Gardena, CA 90248.

7. Defendant, ASHLAND, INC., individually and f/k/a ASHLAND OIL &
REFINING COMPANY and ASHLAND OIL, INC. is a Kentucky corporation doing business in
the State of Texas and may be seived with citation by serving its registered agent, to wit: CSC-
Lawyers Incorporating Service Company, 701 Brazos Street, Suite 1050, Austin, TX 78701

8 Defendant, ALLIED PHOTO OFFSET SUPPLY CORPORATION is a foreign
corporation doing business in the State of Texas but does not maintain aregistered agent for service
in Texas. Defendant, ALLIED PHOTO OFFSET SUPPLY CORPORATION, may be served
with process by serving the Texas Secretary of State with process to be forwarded to 2040 Lee Street,
Hollywood, FL 33020

9. Defendant, DAY INTERNATIONAL, INC, individually and d/b/a VARN
PRODUCTS, is a Delaware corporation doing business in the State of Texas and may be seived
with citation by serving its registered agent, to wit: Jeiry B. Mabry, Thiee Riverway Suite 400,

Houston, TX 77036.
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10. Defendant, LASTRA AMERICA CORPORATION, is a Delaware Corporation
doing business in the State of Texas and may be served with citation by serving its registered agent,
to wit: CT Corporation System, 350 N. St. Paul Street, Dallas, TX 75201,

11 CHARLES WILSON worked as a pressman at Frankston Packaging Company in
Frankston, Texas from 1978-2005. During this time and in the course of his work, through
inbalation, breathing, smelling and/or direct contact with skin, he was exposed to benzene and
benzene-containing products including, but not limited to: blanket washes, press washes, vainish
removers, plate cleaners, roller washers and other solvents and chemicals (hereinafter referred to as
“Products”) CHARLES WILSON was diagnosed with Myelodysplastic Syndrome in December
2005. LAURA WILSON is CHARLES WILSON’s wife.

COUNT ONE — NEGLIGENCE

12, Plaintiffs would show that CHARLES WILSON was exposed to a deadly situation by
all the Defendants in this case. Plaintiff alleges, as more specifically set out below, that CHARLES
WILSON contracted Myelodysplastic Syndrome, and such illness was proximately caused by
Defendants’ negligent acts, and by CHARLES WILSON’s exposure to products designed, produced,
manufactured, marketed, placed into the system of commerce, sold o1 used by Defendants.

13, CHARLES WILSON’s illness and Plaintiffs’ subsequent damages are a direct and
proximate result of the negligence of each Defendant or, where applicable, the employee or the agent
of one or more Defendants

14 Defendants, at all times material to this action, had a duty to any and all consumers
and workers, including CHARLES WILSON, to exercise reasonable care in creation, manufacturing,
production, and distribution of their respective products into the stream of commerce, including a

duty to assure the products did not pose a significantly increased risk of injury, including, without
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Jimitation, myelodysplastic syndrome. Defendants breached the duty owed 1o Plaintiffs and were

negligent in the following respects:

a.

@

aQ

Defendants knew that the products they utilized, distributed, marketed, and/or
manufactured were deleterious, poisonous, carcinogenic, and highly harmful
to Wilson’s body and health; notwithstanding which, Defendants failed o
take any precautions or to warn Wilson of the dangers and haim to which he

was exposed while handling these products;

Defendants knew that products used by or in proximity to Wilson were
carcinogenic, deleterious, and highly harmful to his body and health and that
Wilson would not have known of such dangerous properties; notwithstanding
which, the Defendants failed to provide Wilson with sufficient knowledge as
to what would be reasonably safe and sufficient wearing apparel and proper
protective equipment and appliances to protect him from being damaged by

exposure to such products;

Defendants knew that the products used by o1 in proximity to Wilson
contained carcinogenic and highly harmful substances to the human body
and health; notwithstanding which, the Defendants failed to take any
precautions or to exercise cate by placing any warnings or cautions on the
containers of such products or the products themselves to warn the handlers
thereof the dangers to health in coming into contact with these products;

The Defendants knew that the products used by o1 in proximity to Wilson
contained deleterious and carcinogenic substances; notwithstanding which,
the Defendants failed to take 1easonable care to warn Wilson of said danget
and/or instruct Wilson in the proper handling of said products or to take
proper precautions or exercise care to protect Wilson from harm and failed to
timely adopt and enforce a safety plan method of handling products;

Defendants knew or should have known that their products thai they
introduced into the stieam of commerce weie carcinogenic and failed to
adequately warn;

Defendants supplied products with marketing, design, and/or manufacturing
defects; and

Such other acts o1 omissions of negligence, gross negligence, malice and/oz
strict products liability that may be proven at trial.

15, Such acts and omissions constituting negligence were a proximate cause of the

illness of CHARLES WILSON and injuries and damages sustained by Plaintiffs.
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COUNT TWO - STRICT LIABILITY

16.  All of the allegations contained in the previous paragraphs are re-alleged herein. This
count is applicable to all Defendants

17. The products and/or materials to which CHARLES WILSON was exposed were
designed, produced, manufactured, marketed, sold and/or otherwise put into the stream of commerce
by Defendants, and were used for their intended purpose.

18 Plaintiff would further show that the products in question were defective and not
reasonably fit for the purposes and uses for which they were intended at the time they left the hands
of the Defendants, in that Defendants failed to give the users adequate warnings or instructions
concemning product dangers that were known or should have been known to the Defendants by the
application of reasonably developed skill and foresight. The failures to warn on the part of the
Defendants rendered such products unreasonably dangerous at the time they lefi the hands of the
Defendants and were the proximate cause of CHARLES WILSON's resulting discase and the

damages sustained by Plaintiffs.

COUNT THREE - BREACH OF WARRANTY

19. This count is applicable to all Defendants. The Defendants were merchants with
respect to their benzene-containing products. In connection with the manufacture, design,
assembly, sales, supply, delivery, handling, marketing, advertising and instructing in the use of
benzene-containing products, Defendants warranted, either expressly or impliedly, that their
products were merchantable, when in fact they were not. These products were unfit for the
ordinary putpose or uses for which their products were intended, including their use and handling
by human beings. Further, these Defendants breached express and implied watranties under the

Texas Uniform Commercial Code.
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COUNT FOUR — GROSS NEGLIGENCE

20 All of the allegations contained in the previous paragraphs are re-alleged herein. This
count is applicable to all Defendants.

21 The actions and inactions of all the Defendants, and or alternatively the employees or
agents of Defendants and their predecessors-in-interest, whether taken separately or together, were of
such a chaacter as to constitute a pattern or practice of intentional wrongful conduct and/or malice
resulting in the damages sustained by Plaintiffs. More specifically, Defendants, or alternatively the
employee or agent of Defendants and their predecessors-in-interest, consciously and/or deliberately
engaged in fraud, wantonness and/or malice with regard to CHARLES WILSON.

22, Defendants had actual awareness of the extreme degree of risk associated with
exposure to the carcinogenic and poisonous products they utilized, manufactured, processed, and/or
distributed, and nevertheless proceeded with conscious indifference to the rights, safety, and welfare
of CHARLES WILSON by failing to act to minimize or eliminate these 1isks. Therefore, Defendants
are guilty of gross negligence for which they should be held liable for punitive and exemplary
damages to Plaintiffs

RELIEF SOUGHT

23. CHARLES WILSON was diagnosed with myelodysplastic syndiome in December
2005 and underwent extensive treatment for his disease. The conduct of Defendants, as alleged
hereinabove, was a direct, proximate and producing cause of the injuries and illness to CHARLES
WILSON, and the following general and special damages that Plaintiffs sustained:

a Reasonable and necessary medical expenses incurred by CHARLES
WILSON in the past;

b. Reasonable and necessary medical expenses to be incurred by CHARLES
WILSON in the future;
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The conscious physical pain and suffering and mental anguish sustained by
CHARLES WILSON in the past and future;

d. The physical impairment suffered by CHARLES WILSON;
€. The disfigurement suffered by CHARLES WILSON;
f. Loss of eamnings suffered by CHARLES WILSON, past and future;

Loss of consortium, companionship and society, including the loss of the

g
positive benefits flowing fiom the love, comfort, companionship, consortium,
and society that LAURA WILSON would have teceived from CHARLES
WILSON if not for his illness and injuries;

h. The mental anguish suffered by Plaintiffs due to the injuries and illness of
CHARLES WILSON;

i Plaintiffs seek punitive and exemplary damages.

JURY DEMAND

24 Plaintiffs have requested a jury trial and tendered the jury fee.
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CONCLUSION
WHEREFORE, PREMISES CONSIDERED, Plaintiffs demand that Defendants answer
hetein as the law directs, and that upon final hearing, this Court enter Judgment against all
Defendants for actual, special and exemplary or punitive damages together with interest thereon
at the legal 1ate, costs of court, and for other such additional and further relief, special and

general, at law and in equity, which Plaintiffs show just and proper in accordance with the law.

SCHMIDT & CLARK
Collen A. Clatk

Texas Bar No. 04309100
Michael E. Schmidt
Texas Bar No 00785361
Keith E. Patton

Texas Bar No 24032821
2911 Turtle Creek Blvd.
Suite 1400

Dallas, Texas 75219
(214) 521-4895

(214) 521-9995 {fax)

DURHAM & PITTARD, LLP
F. Leighton Durham, I

Texas Bar No. 24012569

Kirk L .Pittard

Texas Bar No. 24010313

P. O Box 190310

Dallas, Texas 75219

{214) 946-8000

(214) 946-8433 (fax)

COUNSEL FOR PLAINTIFFS
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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS

MARSHALL DIVISION
CHARLES WILSON AND WIFE, § Civil Action No. 2-06CV-286
LAURA WILSON, §
Plaintiffs, §
§
V. §
§ JURY DEMANDED
RYCOLINE PRODUCTS, et al. §
Defendants. §

DEFENDANT ASHLAND INC., INDIVIDUALLY AND F/K/A ASHLAND OIL &
REFINING COMPANY AND ASHLAND OIL INC.’S
PRELIMINARY TRIAL WITNESS LIST

TO: Plaintiffs Charles and Laura Wilson by and through their attorneys of record Colleen A.
Clark, Michael E. Schmidt and Keith E. Patton of Schmidt & Clark, 2911 Turtle Creek
Blvd., Suite 1400 Dallas, Texas 75219 and F. Leighton Durham, III and Kirk L. Pittard of
Durham & Pittard, LLP, P.O. Box 190310 Dallas, Texas 75219
Ashland Inc., Individually and /k/a Ashland Oil & Refining Company and Ashland Oil
Inc., (“Ashland”) a defendant in the above referenced case, makes the following preliminary
identification of Trial Witnesses in accordance with Federal Rule of Civil Procedure 26A(3)(a)
and by Court order. This identification is preliminary and Defendant Ashland reserves the right
to supplement it. Defendant Ashland hereby identifies the following trial witnesses which

Ashland expects to or may call at the trial of the above-referenced matier (see attached Exhibit

“A” hereto which is incorporated herein by reference as though fully set forth herein).
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Respectfully submitted,

By: /s/Ricky A. Raven
Ricky A. Raven
State Bar # 16585500
Thompson & Knight LLP

333 Clay Street, Suite 3300
Houston, Texas 77002

Phone: 713.654.8111

Fax: 713.654.1871

Email: Ricky Raven@tklaw.com

ATTORNEY IN CHARGE FOR
DEFENDANT ASHLAND INC.
OF COUNSEL:
THOMPSON & KNIGHT, LLP
333 Clay Street, Suite 3300
Houston, Texas 77002-4499
Telephone: (713) 654-8111
Telecopier: (713) 654-1871
CERTIFICATE OF SERVICE

Pursuant to Fed R.Civ.P. 5(b), this is to certify that a true and correct copy of Defendant
Ashland Inc.’s Preliminary Trial Witness List has been served upon all counsel of record by the
Court mandated electronic filing system on this 17th day of July, 2007.

_/s/Ricky A. Raven
Ricky A. Raven
Collen Clark
Michael E. Schmidt
Keith A. Patton
Schmidt & Clark, LLP
2911 Turtle Creek Boulevard, Suite 1400
Dallas, TX 75225
Phone: (214) 521-4898
Fax: (214)521-9995
COTNSEL FOR PLAINTIFHS
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F. Leighton Durham, III

Kirk L. Pittard

Durham & Pittard, L.L.P.

P.0O. Box 190310

Dallas, TX 75219

Phone: (214) 946-8000

Fax: (214) 946-8433
COUNSEL FOR PLAINTIFRY

James N. Isbell

James Louis Hordem, Jr

Janis H. Detloff

Jason M. Yacuk

Thompson Coe Cousins & Irons
One Riverway, Suite 1600
Houston, TX 77056

Phone: 713-403-8210

Fax: 713-403-8299

Filed 07/17/2007

COUNSEL FOR DEFENDANTS BRF COLINE PRODICTS, IVC. AND

ROGERSOL, IVC

Jason Todd Wagner

‘Wesson H. Tribble

Tribble Ross & Wagner

3050 Post Oak Blvd., Suite 1350
Houston, TX 77056

Phone: 713-622-0444

Fax: 713-622-0555

Page 3 of 18

COUNSEL FOR DEFENDANTS DAY INTERNA TIONAL, INDIVIDUALLY AND

LBA FARN PRODUCTS

George Read Carlton

Paul Milton Bass, 11

Godwin Pappas Langley Rongquillo
1201 Elm 8t.; Suite 1700

Dallas, TX 75270

Phone: 214-939-4400

Fax: 214-760-7332

COUNSEL FOR DEFENDANT HOSTMANN-STEINBERG, INC.
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Dale B. McMath

Sheehy Serpe & Ware

909 Fannin Street, Suite 2500

Houston, TX 77010-1003

Phone: 713-951-1071

Fax: 713-951-1199

COUNSEL FOR DEFENDANT I.C. COMPOUND COMPANY

C. Robert Dorsett, Jr.

State Bar No. 24029524

Damon Robertson

State Bar No. 24005285

Savrick Schumann Johnson McGarr Kaminski & Shirley
4330 South Mopac, Suite 150

Austin, TX 78735

Phone: 512-347-1604

Fax: 512-347-1676

COUNSEL FOR DEFENDANT

ALLIED PHOTO OFFSET SUPPLY CORPORATION

James L Moore

Gregory C. Ulmer

Baker & Hostetler

1000 Louisiana, Suite 2000

Houston, TX 77002-5009

Phone: 713-646-1374

Fax: 713-276-1626

COUNSEL FOR DEFENDANT
LASTRA AMERICA CORPORATION
(4GFA CORPORATION)

Gregory W, Carboy

David A. Johnson

Cowles & Thompson, P.C.

901 Main Street, Suite 4000

Dallas; Texas 75202

Phone: 214-672-2169

Fax: 214-672-2369

COUNSEL FOR THIRD-PARTY DEFENDANT
FPBOT CORPORATION
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William O. Ashcraft, Esq.

Ashcraft Law Firm

3900 Republic Center

325 North St. Paul Street

Dallas, Texas 75201

Phone: 214-987-0660

Fax: 214-087-3847

COUNSEL FOR THIRD-PARTY DEFENDANT
FRANKSTON PACKAGING COMPANY, L.P.
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EXHIBIT A

Defendant Ashland Ine.’s Preliminayy Trial Witness List

Defendant Ashland reserves the right to supplement this list of Trial Witnesses should
additional witnesses be identified before trial. To the extent that a witness expresses an opinion
at trial or in discovery that has not been divulged prior to the time that this designation was
served on counsel and which creates a need for additional areas of rebuttal testimony or proof,
Defendant Ashland reserves the right to supplement this identification.

I Defendant Ashland expects to present the following persons as witnesses at the time
of trial:

Ethan A, Natelson, VML.D,
» Defendant Ashland’s retained expert

Wayne R. Snodgrass, MI.D., Ph.D.
s Defendant Ashland’s retained expert

John W. Spencer, CIH, CST
» Defendant Ashland’s retained expert

Gerhard K, Raabe, M.D.
s Defendant Ashland’s retained expert

Tom Keenan
# Ashland Inc.

Buddy Whitlock
s Ashland Inc.

David Pemberton
» Ashland Inc.
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11 Defendant Ashland may present the following persous, either live or through
deposition testimony, as witnesses at the time of trial should the need arise:

Charles Wayne Wilson, Sr. - Plaintiff
e Defendant Ashland may call Mr. Wilson as an adverse witness to question him
regarding the factual bases for Plaintiffs’ claims,

Laura Wilson - Plaintiff
e Defendant Ashland may call Mrs. Wilson as an adverse witness to question her
regarding the factual bases for Plaintiffs’ claims.

Mark Nicas, Ph.D., MPH, CIH
e Plaintiffs’ Retained Expert Witness

Peter F. Infante, D.D.S.. Dr.P.H,
o Plaintiffs’ Retained Expert Witness

Dr. Richard A. Parent, Ph.D.. D.AB.T., FA.T.S..RA.C., ER.T.
o Plaintiffs’ Retained Expert Witness

Dale Funderburk, Ph.D.
o Plaintiffs’ Retained Expert Witness

Aubrey Underhill
» Employee, supervisor, and co-worker of Mr. Wilson at the Frankston Box

Company facility

Edwin Adcock
o Frankston Plant Manager from September 2003 - October 2006

Norm Bullock

Kyle Eldred
e Owners of Frankston Box Company and/or Frankston Packaging

Bill McCamm
o Plant manager for Frankston Box Company facility who hired Charles Wilson to
work at the Frankston facility

Dave Tiechmann
s General manager for Frankston Box Company facility: approximately 2001-2003

Duane Odom
s Employee and salesman for Frankston Box Company facility

Patrick Debusk
* Employee and designer at Frankston Box Company facility
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Mark Wilkins
o Employee and quality control manager at Frankston Box Company facility

Jason Jacobs
+ Employee and cutting supervisor at Frankston Box Company facility

Troy House
o Employee and helper to Mr. Wilson at Frankston Box Company facility

Joyce McClain
e Employee of Frankston

Michael Warren
e Employee and co-worker with Mr. Wilson at Frankston Box Company facility

Jay Taylor
e Employee and first pressman with Mr. Wilson at Frankston Box Company facility

0.J. Boatfield
Tony Muddie
James McBride
Kenny Patterson
+ Employees and co-workers with Mr. Wilson at Frankston Box Company facility

Randy Burshett
* Employee and gluer operator at the Frankston Box Company facility

Barbara Reeves
» Employee, bookkeeper and customer service at the Frankston Box Company
facility

Tracy Black
Michelle Hutchins

Cindy Pace
»  Employees in purchasing department at the Frankston Box Company facility

Custodian of Records for Frankston Packaging Company
e Employer of Plaintiff

Les Johnson
» Frankston Packaging Company

004349 000069 HOUSTON 536403.2 8



Case 2:06-cv-00286-LED-CE  Document 84  Filed 07/17/2007 Page 9 of 18

Unidentified employees of Frankston Packaging Company
o Employer of Plaintiff

Shop Rite Foods, Inc. - Custodian of Records (Personnel and Pavroll) ¢/o Registered

Agent G. Nash Lamb
» Former employer of Plaintiff

George Consolidated, Inc. - Custodian of Records (Personnel and Payroll) ¢/o LD

George
» Former employer of Plaintiff

Pepsi-Cola Company- Custodian of Records (Personnel and Payroll)
s Former employer of Plaintiff

Precision Inspection, Inc.- Custodian of Records (Personnel and Payroll) c/o Joe

Sink, Jr.
» Former employer of Plaintiff

Texas Sanitation Co. - Custodian of Records (Personnel and Pavroll)
o Former employer of Plaintiff

United Stevedoring Corporation- Custodian of Records (Personnel and Payroll)
» Former employer of Plaintiff

Metils, Inc. - Custodian of Records (Personnel and Payroll) ¢/o Linda Lunderen
¢ Former employer of Plaintiff

Naylor Industries Inc.- Custodian of Records (Personnel and Payroll) - ¢/o William

Naylor
» Former employer of Plaintiff

Aerojet-General Corporation - Custodian of Records (Personnel and Payroll)
¢ Former employer of Plaintiff
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Big Three Industries, Inc. - Custodian of Records (Personuel and Payroll) ¢/o
Corporation Services Company
» Former employer of Plaintiff

Superior Insulation Company - Custodian of Records (Personnel and Payroll) ¢/o
Registered Arent Roy Jacobie, Jr.
o Former employer of Plaintiff

East Texas Drilling Company, Inc. - Custodian of Records (Personnel and PayrolD
c/o B. Keith Bristow
o Former employer of Plaintiff

Unidentified Corporate Representatives. Cusiodians of Records, and/or
Current/Former Emoplovees of the Texas Natural Resources Conservation
Commission

» May have records of materials at the Frankston facility

Unidentified Corporate Representatives, Custodians of Records,
and/or Current/Former Emplovees of Safety-Kleen
o May have records of materials at the Frankston facility

Dr. Charles Haas
» Charles Wilson’s treating physician

Gary E. Gross, M.D.
e Charles Wilson’s treating physician

Custodian of Records/Representative of
Mother Francis Hospital
» Charles Wilson’s treating physician

Dr. Gary Babbitt
s Charles Wilson’s treating physician

Dr. David Johnson
s Charles Wilson’s treating physician
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Custodian of Records of Azalea Orthopaedics and Sports Medicine Clinic
» Medical provider

Unidentified Corporate Representative and Emplovees of Azalea Orthopaedics and
Sports Medicine Clinic
s Medical provider

Custodian of Records of Cardievascular Consultants of Tyler
e Medical provider

Unidentified Corporate Representative and FEmployees of Cardievascular
Consultants of Tyler
» Medical provider

Custodian of Records of Robert J. Carney, M.D.
s Medical provider

Unidentified Corporate Representative and Employees of Robert J. Carney, M.D.
» Medical provider

Custodian of Records of Family Healthcare of East Texas
s Medical provider

Unidentified Corporate Representative and Emplovees of Family Healthcare of East

Texas
e Medical provider

Pathology Associates of Tyler, P.A. — medical provider
» Andrew D. Kulaga, M.D.
s Arthur W. Zieske, M.D.

Unidentified Ceorporate Representative and Employees of Patholegy Associates of

Tyler, P.A.
» Medical provider
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Custodian of Records of Pulmonary Associates of East Texas
s Medical provider

Unidentified Corporate Representative and Employees of Pulmonary Associates of

East Texas
o Maedical provider

Custodian of Records of Quest Diagnostics, Inc.
e Medical provider

Unidentified Corporate Representative and Employees of Quest Diagnostics, Inc.
o Medical provider

Custodian of Records of Thomas Lyles, M.D.
s Medical provider

Unidentified Corporate Representative and Emplovees of Thomas Lyles, M.D.
o Medical provider

Richard Kronenberg, M.D.
o Medical provider

Custodian of Records of Trinity Clinic
» Medical provider

Unidentified Corporate Representative and Employees of Trinity Clinic
s Medical provider

Custodian of Records of Trinity Mother Francis Clinic — Lake Palestine
s Medical provider
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Trinity Cardiolo

¢« & » o

David Dick, M.D. — treating physician

Roderick B. Meese, M.D. — treating physician
Unidentified employees — provided medical care
Custodian of Records — provided medical care

Trinity Mother Francis Clinic — Lake Palestine
Unidentified Corporate Representative and Employees —~ medical providers

. @ 3 o

Charles E. Jones, M.D. — treating physician

Sam Rabom, M.D. — treating physician

Carrie Moore - Custodian of Records

Ann Calvert-White - Custodian of Billing Records

Trinity Mother Francis Hospital - medical providers

® & & * & S & © 6 9 & 5 P 6 & b s e

Robert J. Camney, M.D.
Bill J. Wright, M.D.
Royal Becker, M.D.
Kevin Short, M.D.

Mark Anderson, M.D.
David Hector, M.D.
Charles D. Haas, M.D.
Edward Dominguez, M.D.
Peter K. Meyers, M.D.
Lazel B. Augustus, M.D.
Paul J. Lim, M.D.
Robert Gaddy, M.D.
Pete Andrews, M.D.
Doug Macha, M.D.
Kent Walker, M.D.
Ralph Gutierrez, M.D.
Thomas Arnold, M.D.

E. Stroupe, M.D.
Unidentified employees

Trinity Mother Francis Hospital

Laura Thompson - Custodian of Medical Records
Leavern Walker Custodian of Billing Records
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The Trinity Clinic Pulmonary Disease Division
o Lazel Augustus, M.D. — treating physician
s Unidentified employees — medical provider
+ Custodian of Records

Tyvler Radiology Associates
» E. Maxey Abemathy, M.D. — treating physician
» Unidentified Employees — medical providers
s Custodian of Records

Tyler Cardiovascular Consultants
» David A. Hector, M.D. — treating physician
s Frank Navetta, M.D. — treating physician

East Texas Orthopedics
s M. Joseph Shepherd, M.D. — treating physician
s Unidentified employees — healthcare providers
» Custodian of Records

Family Healthcare of East Texas
» Julie T. Haygood, M.D. — treating physician
» Unidentified employees — health care providers
s Custodian of records

Quest Diagnostics
» R.E. Reitz, M.D. — treating physician
e Unidentified employees — health care providers
» Custodian of records

Custodian of Records of M.D. Anderson Cancer Center
» Medical provider

Unidentified Corporate Representative and Emplovees of M.D. Anderson Cancer
Center
s Medical provider
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Custodian of Records of East Texas Medical Center at Athens
» Medical provider

Unidentified Corporate Representative and Employees of East Texas Medical
Center at Athens
s Medical provider

Custodian of Records of Linda S. O’Brien, M.D.
s Medical provider

Unidentified Corporate Representative and Emplovees of Linda S. O’Brien, ML.D.

» Medical provider

Custodian of Records of Urology Tyler/Stanton Champion, M.D.
e Medical provider

Unidentified Corporate Representative and Emplovees of Urology Tyler/Stanton
Champion, M.D,
e Medical provider

Custodian of Records of Mutual of Omaha Insurance Company and/er United of
Omaha Life Insurance Company
o Insurer

Unidentified Corporate Representative and Employees of Mutual of Omaha
Insurance Company and/or United of Omaha Life Insurance Company
» Insurer

Custedian of Records of Blue Cross Blue Shield of Texas
+ Insurer

Unidentified Corporate Representative and Employees of Blue Cross Blue Shield of

Texas
» Insurer
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Heritage Health Plans

» Insurer

Custodian of Records of Trustinark Companies
s Insurer

Texas Department of Assistive and Rehabilitative Services- Disability Determination
Services Plan

s Paul Zapata

o Unidentified employees

» Custodian of records

Unidentified Corporate Representative and Employees of Trustmark Companies
e Insurer

Custodian of Records of Metils, Inc.
e Former employer

Unidentified Corporate Representative and Emplovyees of Metils, Inc.
+ Former employer

Custodian of Records of Kelloge Brown & Root
e Former employer

Unidentified Corporate Representative and Emplovees of XKellogg Brown & Root

e Former employer

Custodian of Records of Texas Workforce Commission
» Benefits provider

Unidentified Corporate Representative and Emplovees of Texas Workforce
Commission
+ Benefits provider

Steven Donnell, Custodian of Records of Social Security Administration
» Benefits provider
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Unidentified Corporate Representative and Emplovees of Social Security
Administration
+ Benefits provider

Unidentified Corporate Representative and Emplovees of FPBOT, Ine,

» Former employer of Plaintiff

Custodian of Records of Blood and Cancer Center of East Texas
+ Medical provider

Unidentified Emplovees of Blood and Cancer Center of East Texas
s Medical provider

Sherry Wells
» Custodian of Medical and Billing Records at Blood and Cancer Center of East
Texas

Unidentified Corporate Representative and Emplovees of Blood and Cancer Center
of East Texas
s Medical provider

Custodian_of Records, Unidentified Corporate Representative, and Emplovees of
Texas Workers Compensation Commission — Division of Workers® Health & Safety,

including Ed Blakemore

» Investigated work environment

Custodian of Records, Unidentified Corporate Representative, and Employees of
Texas Department of Health — Toxic Substances Control Division — Hazard
Communication Branch

s Investigated work environment

Custodian_of Records, Unidentified Corporate Representative, and Emplovees of
Anchor Risk Management Services, Inc., including Joyce A, Witham
o Investigated work environment
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1I. Additional Witnesses

Defendant Ashland reserves the right to call any and all treating physicians, custodians of
records, hospitals and other healthcare providers of Charles Wilson identified in Plaintiffs’
responses to discovery, depositions, and medical records obtained from said treating physicians,
hospitals, and other healthcare providers, including but not limited to any and all appropriately
qualified documents custodians as to Plaintiffs’ medical records, and all records made or kept by
such witnesses. These witnesses and exhibits will relate to the course of Charles Wilson’s
medical treatment, any and all health conditions suffered by Charles Wilson, and the diagnosis
and causes of Charles Wilson’s illness.

Defendant Ashland reserves the right to call any and all witnesses identified at any time in any
way in discovery in these actions by Plaintiffs, and any and all witnesses necessary to provide
rebuttal evidence. By this designation, Defendant Ashland does not agree that such witnesses are
qualified, or necessarily agree with any of their opinions. Defendant Ashland simply makes this
designation in order to have the ability to use or elicit testimony or cross-examination from such

person.

Defendant Ashland reserves the right to call any person designated by any other party in this case
as an expert witness, whether or not such party is still a party at the time of trial as well as all
expert witnesses listed by Plaintiffs, custodians of records of any and all physicians, health care
facilities, hospitals, clinics and health care providers who have treated or examined Charles
Wilson in this case who may have records concerning Charles Wilson, and any physician who
has examined and/or treated Charles Wilson not identified.

Defendant Ashland explicitly designates all expert witnesses designated by any defendant in this
case, whether or not that defendant is still a party at the time of trial.

Defendant Ashland designates any expert witness deposed in this case.

Defendant Ashland designates any physician or records custodians, who have examined, treated
and/or evaluated Charles Wilson. ’

Defendant Ashlan_d.designates any doctor, records custodians, or medical provider identified by
Plaintiffs in deposition testimony or any discovery response.

Defendant. Ashland designates any -and ali health care providers ‘and records. custodians, not
listed, who have examined or treated Charles Wilson. ’

Defendant Ashland designates any other witnesses not listed whom Plaintiffs have named, or
current and/or former Defendants in this litigation, as adverse witnesses.

Defendant Ashland reserves the right to amend and supplement this response as additional
information is located.
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Methalist Methodist Academic Ethan A. Natelson, MD, FACP
v v . Director, Transitional Residenc
mEmEs==—— Medicine Associates BR50 Fannin Strest Y
. . Smith Tower, Suite 1001
: Houston, Texas 77030

Direct Dial 713-441-5154
Clinic 713-441-0006
Fax 713-780-2727
enatelson@tmh.tmc.edu
www.methodisthealth.com

June 22, 2007

Mr. Kevin J. Parks
Thompson & Knight LLP
Three Allen Center

333 Clay Street, Suite 3300
Houston, Texas 77002-4499

RE: Civil Action No: 2-06CV-286, Charles Wilson and Laura Wilson vs. Rycoline Products, Inc.
et al. In The United States District Court For the Eastern District of Texas, Marshall Division

Dear Mr. Parks,

Thank you for allowing me to review the medical records and additional materials that you
provided concerning the above action. As you are aware, Iama Board-certified hematologist in
clinical practice at The Methodist Hospital, in Houston, Texas, where I also serve as Director of
the Transitional Residency Program. I have clinical facuity appointments to Baylor College of
Medicine, University of Texas Health Science Center at Houston and Weill Medical College of
Cornell University. I am a member of the Board of Directors of the Christus/Stehlin Foundation
for Cancer Research, and of the Gulf Coast Regional Blood Center where I chair the Education
and Research Committee. Iam a past President of the Gulf Coast Hematology Society and of the
Houston Society of Internal Medicine. I have more than 38 years experience in clinical
hematology and am familiar with hematological disorders classified as leukemias, including the
various forms of acute myeloid leukemia (AML) and the myelodysplastic syndromes (MDS),
and what is known concerning their etiology, diagnosis, clinical course and therapy. The
opinions expressed herein are my own and should not be construed in any way to also represent
the opinions and/or judgments of The Methodist Hospital System or any of its associated
institutions and subsidiaries. My medical license is current and on file with the appropriate
authorities. You have a copy of my curriculum vitae. My testimony has never been excluded by

any court.

This action concerns Mr. Charles Wayne Wilson, Sr. (SSN 460-74-8667, DOB 5-29-1950)
who was employed in the printing industry from 1981-1994. Itis alleged that his hematologic
illness of refractory anemia with ringed sideroblasts (also known as acquired idiopathic
sideroblastic anemia, sideroachrestic anemia, and by the initials, RARS and AIS A) has occurred
consequent to his exposure in the workplace to benzene-containing solvents used in various inks
and proprietary products such as Rogersol and Rycoline and as cleaning agents such as Stoddard-
type solvents. I will briefly review his clinical history as contained in the medical records and
deposition that I have received and then comment on what is known concerning causation of his

specific iliness.
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Mr. Wilson has a long history of ischemic heart disease and underwent angioplasties of his
coronary arteries in 1988, and again in 1992. Either in 1992 or 1993 he underwent a triple vessel
coronary artery bypass. A cardiac catheterization performed in 1997, revealed that two of these
bypasses were occluded, and he is currently being treated medically with anti-platelet agents
such as Plavix. In 1998, he had an episode of thrombophlebitis and was treated for a time with
coumadin anticoagulation. He has a strong family history of ischemic heart disease. He has no

siblings. He denies a history of smoking.

His blood counts on 9-7-1998, showed a hemoglobin concentration of 14.4 gm/dl, total
leukocyte count of 6,900/cu mm, and a platelet count of 171,000/cu mm. The mean corpuscular
volume (MCV) of his red blood cells was slightly increased at 95 F1. He first was found to be
anemic in December of 2005, and also had a right lower lobe pneumonia, at that time. During a
workup for the anemia, it was established that he was hypothyroid with an elevated TSH of 13.2
and reduced free T-4 of 0.61. He also required transfusion of 2 units of blood. Endoscopic
studies showed focal distal esophagitis but no active bleeding. The MCV had increased to 109
Fl. His serum iron was reported as greatly reduced at 9 pg/100 ml with a normal total iron-
binding-capacity (TIBC). The actual lab slips are not in the material I received, but quoted in the
discharge summaries. There is no mention of a serum ferritin value. A bone matrow
examination disclosed a diagnosis of refractory anemia with ringed sideroblasts (RARS) without
evidence of multilineage dysplasia (vide infra). He was placed on oral iron supplements for his
iron deficiency, gastric acid blockers, thyroid, and also given Aranesp (erythropoietin) injections.
A blood count on 6-22-2006, showed a hemoglobin concentration of 12.6 gm/dl, total leukocyte
count of 7,000/cu mm and an MCV of 101 Fl. He has not required further blood transfusions,
according to these records. Ihave no material from 2007.

RARS or AISA has been a well-described and well-studied unique hematological illness for
more than 50 years (1-7). In 1982, it was placed in a newly-minted classification of
myelodysplasia (MDS) along with several other diverse hematological disorders. This
classification system has been revised many times since 1982, with certain syndromes added and
others syndromes removed (9-13). The classification has emphasized certain commonalities
among these separate illnesses, including the propensity to manifest multiple cytopenias, a
variable tendancy to demonstrate chromosormal abnormalities and evolution in acute myeloid
Jenkemia (AML) syndromes. There is no evidence that these ilinesses have a common etiology,
and articles concemning their therapy typically illustrate responses by disease type, rather than as
a single illness. One may read about RARS in hematology texts in chapters dealing with the
various types of diverse congenital and acquired sideroblastic anemias or under the heading of
MDS. Similarly, modern scientific papers deal specifically with RARS syndromes, or discuss
this illness in comparison with other syndromes in the MDS classification (14).

In discussing causation in this case, it is iroportant at the outset to emphasize that the specific
illness in question is RARS, not other disease entities in the MDS classification. To illustrate the
importance of this distinction, one needs only to read the following series of quotes. “The -
myelodysplastic syndromes (MDS) represent a heterogenous group of disorders with
different biology and prognosis” (15). “From clinical, cytomorphologic, cytogenetic, and



Case 2:06-cv-00286-LED  Document 72 Filed 07/05/2007 Page 38 of 52

molecular aspects the myelodysplastic syndromes (MDS) are heterogenous diseases” (16).
“The hallmark of myelodysplastic syndromes (MDS) is ineffective erythropoiesis...MDS is
heterogenous and represenfs many different disease forms” (17). “The World Health
Organization (WHO) dlassification...is...useful for defining the different subtypes of
myelodysplastic syndrome. These variants show impressive clinical heterogeneity, ranging
from conditions with a near-normal standardized mortality ratio...to entities that are very
close to acute myeloid lenkemia” (18). Frequently, plaintiff’s attorneys and experts, as well as
epidemiologists and statisticians unfamiliar with clinical medicine, attempt to use a broad brush
to claim MDS is a single illness. Even a casual review of the scientific medical literature shows
this claim to be without merit, and this approach often seems disingenuous. Other selected -
panels have addressed this issue, and from one multi-authored review we learn, concerning
MDS, “ For exposure to specific solvents, such as benzene, the rarity of the disease and the
difficulty in classifying MDS as a separate entity have limited the evaluation of associations
in most studies... The committee concludes, from its assessment of the epidemiologic
literature, that there is inadequate/insufficient evidence to determine whether an
association exists between chronic exposure to benzene and myelodysplastic syndromes”
(19). Thus, in my discussion of causation, I will focus only on RARS, the specific hematological
disorder affecting Mr. Wilson. There is ample and continuing scientific literature on this specific
illness which has fascinated hematologists for many years.

RARS/AISA is, perhaps, the easiest of the myelodysplastic syndromes to accurately diagnose
because of its unusual bone marrow iron distribution within the red blood cell precursors. By
convention, at least 15% of the bone marrow erythroblasts as seen on the iron stain of the bone
marrow must be ringed sideroblasts in order to establish this diagnosis, and this finding was
described in Mr. Wilson’s bone marrow. Among large series of patients classified as having
MDS, about 10-30 % fit into the RARS/AISA category (2-7, 20-21). Some believe there ar¢ at
least two major subcategories among the RARS/AISA group that separate those individuals with
an excellent prognosis, and rare conversion to AML, from those with a more progressive course
and higher risk of transition to AML (4-5). The latter group typically exhibits Pelger-Huét type
peripheral blood leukocyte abnormalities, multiple cytopenias, and chromosome abnormalities.
In the newer proposed WHO classification scheme for MDS, an attempt is made to separate
these two forms inito simple RARS/AISA and RARS with considerable morphologic cellular
abnormalities (multilineage dysplasia) or RARS-MD (18). A still newer subset of RARS
associated with an elevated platelet count and the presence of the JAK-2 molecular chromosomal
aberration seems to represent a 3™ subset of RARS/AISA (22-24). Taken as a whole, patients
with RARS/AISA syndromes evolve into AML about 10-16 % of the time, and the median
survival of all patients with this diagnosis is generally thought to be about 60-80 months,
although some patients, particularly those in the WHO RARS category, may have a very
prolonged course. Because many affected individuals are elderly when the diagnosis is
established, they may not die directly from, but with, the illness. Still others die as a
consequence of treatment and, in particular, from complications of iron overload, particularly in
heavily transfused individuals (3, 7, 25). The transition from RARS/AISA to AML, with
preservation of the extensive sideroblastic marrow findings, is well-described ().
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Tron overload is a significant problem in RARS, even prior to institution of transfusion
therapy, so that in Mr. Wilson’s case, where an extremely low serum iron was identified, his
initial finding of anemia likely related to the combination of chronic blood loss and
hypothyroidism, rather than bone marrow dysplasia. He simply may not have had active
bleeding at the time of endoscopy, which is a common event in patients with known
gastrointestinal blood loss. He is currently receiving therapy with Aranesp, an erythropoictin
preparation, but only about 20-30 % of people with RARS would be expected to improve their
hemoglobin concentration with such treatment.

‘While the general statement that certain forms of MDS may be secondary to major exposure
to chemicals, such as benzene, may be correct, many lines of evidence suggest that this is not the
case for the specific category of RARS/AISA (as well as for chronic myelomonocytic leukemia,
another original and now former member of the MDS grouping). For example, the large Hayes
study of around 74,000 Chinese factory workers exposed to disputed, but probably massive
doses of benzene and other solvents, contained 7 cases of MDS with slide review, but none could
be classified as RARS/AISA (26-27). Similarly, in the Pliofilm cohort, relied upon by the EPA
as the benchmark study for hematological diseases potentially caused by benzene, there is no
description of sideroblastic anemia (28). In the hematologic descriptions by Aksoy of shoe
workers exposed to glues and solvents containing enormous concentrations of benzene, no
evidence of sideroblastic anemia was described (29-30). In more recent studies, again of
Chinese workers with prolonged benzene exposure studied by comprehensive bone marrow
examinations, no increase in ringed sideroblasts was noted, although the marrow morphology
was abnormal (31). The presence of ringed sideroblasts in another large group with benzene
poisoning was sought, and found absent (32). Moreover, in one report analyzing 84 patients with
an established diagnosis of RARS/AISA, possible benzene exposure was identified in only one
of these individuals, and he had also received radiation therapy (4). This lack of association of
chemical exposure with both RARS/AISA and chronic myelomonocytic leukemia (CMML), was
also noted in an MD Anderson Cancer Center retrospective patient analysis (33). In fact,1am
not aware of a single epidemiological study or even an isolated case report in the world’s
medical literature that shows RARS/AISA to be a consequence of benzene exposure (14).
This should not be surprising, because it has been consistently observed that the bone marrow
findings observed in examples of MDS noted after prolonged and intense benzene exposure are
different than those of typical de novo MDS and generally reveal less bone marrow cellularity
than found in de novo forms of MDS and have other unique features, such as increases in
eosinophils (26, 31-32). By contrast, RARS/AISA bone marrows, as present in Mr. Wilson’s
case, are generally quite cellular.

Mr. Wilson had a normal standard chromosome analysis, which is unusual for a suspected
chemical-induced (including benzene-associated AML) MDS/AML syndrome (34-36). For
example, “ Recurring chromosomal abnormalities occur in 40-70 % of patients with
primary MDS and in 95 % with t-MDS” (36). Dr. Nicas, a plaintiff’s expert, estimates the
cumulative dose of benzene for Mr. Wilson to be 18.1 ppm. Even if this estimate is correct, it is
well below the cumulative benzene dosage that has been associated with AML (27, 37). A
statistically increased incidence of AML has not been noted in the petrochemical industry for
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many years, even with known cumulative benzene dose levels up to 40 ppm (38). There is also
no evidence that low dose exposures to benzene can cause AML (39-40). There is also no
evidence that exposure to Stoddard solvents used in cleaning and containing small amounts of
benzene may cause AML (41-42). ‘

In summary, and in my opinion, and in all medical probability, the cause for RARS/AISA in
Mr. Wilson remains unknown, as it typically occurs in members of the general population
without any history of toxic chemical exposures. Based on observations in many other
individuals with RARS/AISA, Mr. Wilson’s general prognosis is good, and his risk for
conversion to AML is small, although increased over the standard age-adjusted rates in the
population. His serum ferritin level needs to be followed to allow initiation of treatment should
he develop iron-overload. He has long-standing coronary heart disease which is probably the

greatest threat to his longevity.

Please let me know if I can provide any additional information. I would be pleased to review
the bone marrow slides, should they be available.
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Page 6 Page 8
DR. ETHAN NATELSON, 1 Q. And since September 8, you've spent about five |
having been first duly sworn, testified as follows: 2 hours before coming here for your deposition?
EXAMINATION 3 A. Yes.
BY MR. PATTON: 4 Q. And that includes four hours to prepare for
Q. Please introduce yourself for the record. 5 your deposition?
A. My name is Ethan A. Natelson. 6 A. Yes.
Q. You are a doctor, correct? 7 Q. Have you been asked to testify at trial in
A. Correct. 8 this case?
Q. Tell us what kind of doctor you are. 9 A. Idon'trecall that. But that's, essentially,
MR. PARKS: Before we get into that, 10 agiven. In other words, if I agree to be involved in
we'll agree that the deposition is pursuant to the i1 a case, I typically agree to testify at trial.
Federal Rules and the withess will read and sign the 12 Q. Do you know when this case is set for trial?
transcript? 13 A. No.
MR, PATTON: Agreed. 14 Q. You have served as an expert witness in
Q. (BY MR. PATTON) Please introduce yourself. 15 benzene cases before, correct?
A. I'm -- as I said, my name is Ethan A, 16 A, Yes.
Natelson. I'm a hematologist. 17 Q. Have you ever testified in any cases involving
Q. And how long have you been a hematologist? 18 MDS or myelodysplastic syndrome?
A. 1did a fellowship in 1969; and since that 19 A. I have to look at the fist to be certain about
time, I've more exclusively seen hematology-type 20 that.
patients. 21 Q. Okay. We can go over that a little bit later.
Q. As we sit here today, do you have a clinical 22 Before we go on to it more later, have you ever
practice where you see hematology patients on a daily |23 testified on behalf of a plaintiff in a chemical
and weekly basis? 24  exposure case?
A. Yes. 25 A. No.
Page 7 Page 9
Q. And where is your practice at? 1 Q. Have you ever given the opinion in any
A. At the Methodist Hospital. The address is 2 litigation that benzene caused a person's given
6550 Fannin Street. 3 disease, whatever that disease may be?
Q. You are a hired expert in this case, correct? 4 A. No.
A. Yes. 5 Q. Is it your opinion in this case that Charles
Q. Hired by Ashland, correct? 6 wilson's MDS is not related to any benzene exposure?
A. Indirectly. Hired by Ricky Raven; but Ashiand 7 A. He has a form -- he has an iliness that can be
is the company of record. 8 classified as a form of MDS. 1 don't believe that
Q. Okay. How much are you being paid for your 9 particular illness can be caused by benzene.
time on the case? 10 Q. 3Just sc I have your opinions clear. It's your
A. 1 normally charge $250 an hour to review 11 opinion in this case, that Charles Wilson's MDS/RARS is
records and $400 an hour for deposition testimony. 12 - not related to any exposure to benzene?
0. And as we sit here today, we marked some 13 A. Yes. Thal's correct.
exhibits before we started; and Exhibit 50 appears to 14 Q. Stated another way, you will testify at trial
be your invoicing and billing records, correct? 15 ' in this case that benzene exposure played absolutely
Al Yes, 16 zero catisative factor in Charles Wilson's MDS or RARS,
Q. How much time did you spend on this case prior | 17 correct? ,
to writing your report? 18 A. There's no "or." He has one iliness, which is
A. I can't tell you that exactly. It's not noted 19 RARS; and I don't believe that benzene is related to
on here, but the total hours are about 15 hours that 20 that iliness.
are listed here; and probably between 10 and 15 hours, |21 Q. Okay. My question is a jittle more specific.
1 would say, when the report was actually written. 22 Do you believe that benzene in any way caused or
Q. Before September 8, appears you've had ten 23 contribute or played any causative factor in Chatles
hours total in the case? 24  Wilson's RARS?
A Yes. 25 A. No.
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1 do with sideroblastic anemia; and then within that 1 not cause that?
2 chapter, RARS is a subheading. 2 A. That's correct. .
3 Q. And in the Wintrobe text, is benzene 3 MR.‘PARKS: Thank you for your time.
4 identified as a potential cause of RARS? 4 T'll pass the witness.
5 A. No. 5 FURTHER EXAMINATION
6 Q. The artide that you've written that is 6 BY MR. PATTON: _ ' ‘
7 planned for publication, when -- when do you expect 7 Q. Dr. Natelson, what is tt.ze multiple hit theory
8 that will be published? 8 as it relates to bone marrow diseases?
9 A. Well, it's listed as November -- in the 9 A. Well, the notion is that, for example, someone
10 November edition. 10 gets, let's say, damage to a chromosome. It may be
11 Q. And was that article peer reviewed? 11 minor damage or major damage. And that changes the
12 A, Yes, 12 milieu, for example. It produces a growth factor or a
13 Q. What was your purpose in writing that article? 13 growth factor that has a certain advantage and starts
14 A. Well, my purpose was this: I don't think this 14 proliferating cells in the bone marrow; and then a
15 is a question that has been discussed much in the 15 second genetic event occurs which takes those
16 hematologic literature. In other words, there are a 16 proliferating cells and makes them leukemic.
17 number of articles out there that deal with the 17 And so it takes multiple hits fo drive a
18 subject; but I don't think anybody, since the time of 18 normal bone marrow to a leukemic bone marrow because of |
19 Dr. Damashek, has written a general discussion about |19 the fact that the bone marrow has tremendous reparative
20 this situation. 20 processes. And it's very difficult to - to sustain
21 Q. And by this general subject, do you mean 21 damage in the bone marrow because of the fact that even
22 whether benzene can cause RARS? 22 chromosome defects can be repaired.
23 A. Yes. 23 Q. Would you agree with me that some individuals
24 Q. And what is the conclusion in your article? 24 are more susceptible or more likely to take those his
‘ 25 A. Well, my conclusion is that there's no 25 to the bone marrow, so to speak, a little harder thar
Page 107 Page 109
1 epidemiologic evidence or case report data to suggest 1  others?
2 that benzene can cause RARS and considerable data that 2 A. That's theoretically possible, yes.
3 would suggest that it can't. 3 Q. Is it theoretically likely, as far as the
4 Q. Mr. Patton also asked you questions, for 4 concept of susceptibility goes, for people who have
5 instance, as to whether benzene can cause AML? 5 different forms of cancer. Some people are more likely
6 A. Yes. & to get cancer than others for one reason or another,
7 Q. And you agreed that it could? 7 right?
8 A. Yes. 8 A. Thatis so. We don't know the reasons for
9 Q. And then he asked you questions about the fact 9 that. But thatis true, that in some instances there's
10 that RARS can develop into AML as the natural -- in the 10 genetic predisposition, but -- but those -- the
11 natural history -- in the course of the disease, if you 11 research in that is really in its infancy.
12 will? 12 Q. But you agree with me that some people have a
13 A. Yes. 13  genetic predisposition to be more susceptible to
14 Q. Butif you have a patient who has been 14 contracting, say, leukemia or a bone marrow disease
15 diagnosed with RARS who then develops AML, wouldn't you |15 - from exposure to benzene than other people would be;
16 - rule out-benzene as a potential cause because you know 16 fair statement?
17 that benzene does not cause RARS? 17 A. Well, certainly. I don't know the answer to
18 A. Both situations. We know that AML is the 18 that. I would say it's quite -- it's possible. I
18 natura) progression of a number of cases of RARS, and 19 don't know that for a fact.
20 we also know that there is no refationship between 20 MR. PATTON: All right. Thank you for
21 benzene and RARS. So if a person with RARS develops 21 your time,
22 AML, I would think that's just simply the natural 22 MR. PARKS: Reserve the rest of our
23 progression of the iliness. 23 questions until the time of trial.
24 Q. So even if Mr. Wilson does proceed on to 29 MR. PATTON: And for the record, can we
. 25  develop AML, your opinion would remain that benzene did |25 have the agreement, Kevin, that you will, for cost
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AO 88B (Rev. 06/09) Subpoena to Produce Documents, Information, or Objects or to Permit Inspection of Premises in a Civil Action

UNITED STATES DISTRICT COURT

for the

Distriet of South Carolina

Joyce Barrois, et al
Plgintff
V.

Civil Action No.  08-380

Fireman's Fund Insurance Company, et al
(1f the action is pending in another district, state where:

Eastern District of Louisiana Y

Defendant

SUBPOENA TO PRODUCE DOCUMENTS, INFORMATION, OR OBJECTS
OR TO PERMIT INSPECTION OF PREMISES IN A CIVIL ACTION

To: David W. Ploth, Editor, The American Journal of the Medical Sciences, 2491 River Bluff Ln, Mount Pleasant, SC
29466 or 1088 Johnnie Dodds Blvd., Mount Pleasant, SC 29464

E/Pmduction: YOU ARE COMMANDED to produce at the time, date, and place set forth below the following
documents, electronically stored information, or objects, and permit their inspection, copying, testing, or sampling of the
malerial: A certified, true,correct copy of the cover page, title page and manuscript of "Benzene Exposure and

Refractory Sideroblastic Erythropoiesis:ls There An Association? by Ethan A. Natelson, MD, The Am J of the
Med Sci., 2007, 334(5):356-360 attached as Exhibit A. Please include all supporting documentation, rough
drafts, funding sources, notes, possible conflict of interest disclosures and peer review comments.

 Place: yilliams Law Office, LLC Date and Time:

3000 W. Esplanade Ave., Ste.200 .
Metairie, Louisiana 70002 02/01/2010 5:00 pm

0 Inspection of Premises: YOU ARE COMMANDED to permit entry onto the designated premises, land, or
other property possessed or controlled by you at the time, date, and location set forth below, so that the requesting party
may inspect, measure, survey, photograph, test, or sample the property or any designated object or operation on it.

;f"lace: . Date and Time:

i

The provisions of Fed. R. Civ. P. 45(c), relating 10 your protection as a person subject to a subpoena, and Rule
45 (d) and {e), relating to your duty to respond to this subpoena and the potential consequences of not doing so, are
attached,

Date: /// ?//’O
r/

CLERK OF COURT
e

Signature of Clerk or Deputy Clerk Attorney s signature

The name, address, e-mail, and telephone number of the attorney representing (name of party) Joyce Barrois, et al

, who issues or requests this subpoena, are:

L.Eric Williams, Jr., Williams Law Office, LLC, 3000 W. Esplanade Ave., Ste. 200, Metairie, LA 70002, Tel:(504)
832-9898, eric@amlbenzene.net




AQ 88B (Rev. 06/09) Subpoena to Produce Documents, Information, or Objects or to Permit Inspection of Premises jn a Civil Action (Page 2)

Civil Action No. 09-380

PROOF OF SERVICE
{This section should not be filed with the court unless required by Fed. R. Civ. P. 45.)

This subpoena for (name of individual and didle, if any)

was received by me on (date)

3 Iserved the subpoena by delivering a copy to the named person as follows:

on (date) ;or

3 1returned the subpoena unexecuted because:

Unless the subpoena was issued on behalf of the United States, or one of its officers or agents, I have also
tendered to the witness fees for one day’s attendance, and the mileage allowed by law, in the amount of

$

My fees are $ for travel and § for services, for a total of §

o
=)

1
I

1 declare under penalty of perjury that this information is true.

Date:

Server’s signature

Printed name and title

Server’s address

Additional information regarding attempted service, elc:
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Federal Rule of Civil Procedure 45 (c), (d), and (e) (Effective 12/1/07)

{c) Protecting a Person Subject to a Subpoena.

(1) Avoiding Undue Burden or Expense; Sanctions. A party or
attorney responsible for issuing and serving a subpoena must take
reasonable steps to avoid imposing undue burden or expense on a
person subject 1o the subpoena. The issuing court must enforce this
duty and impose an appropriate sanction — which may include Jost
earnings and reasonable attorney’s fees — on a party or attorney
who fails to comply.

2) Command to Produce Materials or Permit Inspection.

(A) Appearance Not Required. A person commanded to produce
documents, electronically stored information, or tangible things, or
to permit the inspection of premises, need not appear in person at the
place of production or inspection unless also commanded to appear
for a deposition, hearing, or trial.

(B) Objections. A person commanded to produce documents or
tangible things or to permit inspection may serve on the party or
attorney designated in the subpoena a written objection to
inspecting, copying, testing or sampling any or all of the materials or
1o inspecting the premises — or to producing electronically stored
information in the form or forms requested. The objection must be
served before the earlier of the time specified for compliance or 14
days after the subpoena is served. If an objection is made, the
following rules apply:

(i) At any time, on notice to the commanded person, the serving
party may move the issuing court for an order compelling production
or inspection.

(i) These acts may be required only as directed in the order, and
the order must protect a person who is neither a party nor a party’s
officer from significant expense resulting from compliance.

(3) Quashing or Modifying a Subpoena.

(A) When Required. On timely motion, the issuing court must
quash or modify a subpoena that:

(i) fails to allow a reasonable time {o comply;

(i) requires a person who is neither a party nor a party’s officer
1o travel more than 100 miles from where that person resides, Is
employed, or regularly transacts business in person — except that,
subject to Rule 45(c)(3)(B)(iii), the person may be commanded to
attend a trial by traveling from any such place within the state where
the trial is held;

(iii) requires disclosure of privileged or other protected matter, if
10 exception or waiver applies; or

(iv) subjects a person to undue burden.

(B) When Permitted. To protect a person subject to or affecled by
a subpoena, the issuing courl may, on motion, quash or modify the
subpoena if it Tequires:

(i) disclosing a trade secret or other confidential research,
development, or commercial information;

(i1} disclosing an unretained expert’s opinion or information that
does not describe specific occurrences in dispute and results from
the experi’s study that was not requested by a party; or

(iif) a person who is neither a party nor a party’s officer to incur
substantial expense 1o travel more than 100 miles to attend trial.

(C) Specifying Conditions as an Alternative. In the circumstances
described in Rule 45(c)(3)(B), the court may, instead of quashing or
modifying a subpoena, order appearance or production under
specified conditions if the serving party:

(i) shows a substantial need for the testimony or material that
cannot be otherwise met without undue hardship; and

(ii) ensures that the subpoenaed person will be reasonably
compensated.

(d) Duties in Responding to a Subpoena,

(1) Producing Documents or Electronically Stored Information.
These procedures apply to producing documents or electronically
stored information:

(A) Documents. A person responding to a subpoena Lo produce
documents must produce them as they are kept in the ordinary
course of business or must organize and labe} them to correspond to
the categories in the demand.

B) Form for Producing Electronically Stored Information Not
Specified. 1f a subpoena does not specify a form for producing
electronically stored information, the person responding must
produce it in a form or forms in which it is ordinarily maintained or
in a reasonably usable form or forms.

(C) Eiectronically Stored Informarion Produced in Only One
Form. The person responding need not produce the same
electronically stored information in more than one form.

(D) Inaccessible Electronically Stored Information. The person
responding need not provide discovery of electronically stored
information from sources that the person identifies as not reasonably
accessible because of undue burden or cost. On motion to compel
discovery or for a protective order, the person responding must show
that the information is not reasonably accessible because of unduve
burden or cost. If that showing is made, the court may nonetheless
order discovery from such sources if the requesting party shows
good cause, considering the limitations of Rule 26(b)(2)(C). The
court may specify conditions for the discovery.

(2) Claiming Privilege or Protection.

(A} Information Withheld. A person withholding subpoenaed
information under a claim that it is privileged or subject to
protection as trial-preparation material must:

(i) expressly make the claim; and

(i) describe the nature of the withheld documents,
communications, or tangible things in a manner that, without
revealing information itself privileged or protected, will enable the
parties to assess the claim.

(B) Information Produced. I information produced in response 1o a
subpoena is subject to a claim of privilege or of protection as trial-
preparation material, the person making the claim may notify any
party that received the information of the claim and the basis for it.
After being notified, a party must promptly return, sequester, or
destroy the specified information and any copies i1 has; must not use
or disclose the information uniil the claim is resolved; must take
reasonable steps to retrieve the information if the party disclosed it
before being notified; and may promptly present the information lo
the court under sea! for a'determination of the claim: The person
who produced the information must preserve the information until
the claim is resolved.

(e) Contempt. The issuing court may hold in contempt a person
who, having been served, fails without adequate excuse to obey the
subpoena. A nonparty’s failure to obey must be excused if the
subpoena purports to require the nonparty to attend or produce at a
place outside the limits of Rule 45(c)(3)(A)(i).



Benzene Exposure and Refractory Sideroblastic
Erythropoiesis: Is There an Association?

ETHAN A. NATELSON, MD

ABSTRACT: The myelodysplastic syndromes (MDS) con-
sist of a group of diverse hematological disorders that
carry an increased risk of transforming into acute my-
eloid leukemia. They may appear de novo and without
obvious cause (primary or de novo MDS) or be induced
by certain mutagenic environmental or therapeutic tox-
ins {(secondary MDS). Excessive exposures to benzene
are generally considered to be a potential environmental
risk factor for both MDS and acute myeloid feukemia.
However, such risk is unproven for each disease com-
ponent within the MDS classification. A critical review

he terms myelodysplasia and the myelodysplas-

tic syndromes (MDS) refer to a classification of
heterogenocus and distinct disease forms linked by
the presence of oligoclonal hematopoietic stem cell
abnormalities, ineffective hematopoiesis character-
ized by abnormal differentiation and maturation of
myeloid cells, and a variable but increased, risk of
progression toward acute myeloid leukemia.’-6 A
common eticlogy among each of the various myelo-
dysplastic disorders that is also shared with acute
myeloid leukemia (AML)} has not been proposed, and
little is known about the major causes of MDS.57
Unfortunately, epidemiological surveys seeking sta-
tistical information on hematological malignancies
in cohorts potentially exposed to environmental
chemicals or toxins seldom provide specific data on
MDS, despite its higher incidence in the general
population than AML.? Moreover, in rare instances
when information on MDS is collected and pre-
sented, it is usually treated as a single, distinct
disease entity, and its numbers may. be combined
with those of AML oreven other unrelated hemato-
logical malignancies in an attempt {0 achieve statis-
tical significance in the analysis.® Such approach
obscures identification of potential etiologic rigk fac-
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of the refractory sideroblastic disorders strongly suggests
that benzene exposure is not a potential cause of this
distinct and still-evolving subset of MDS. The widely
disparate nature of MDS suggests that epidemiologic
studies can only provide meaningful data on associa-
tions and potential causation of its component syn-
dromes by a disease-specific analysis, as is currently
advocated for other hematological malignancies. KEY
INDEXING TERMS: Benzene; Myelodysplasia; MDS;
Refractory Sideroblastic Anemia. [Am j Med Sci 2007;
334(5):356-360.]

tors that might be specific to the individual disease
components within MDS and to the various AML
syndromes. Thus, under certain circumstances, ben-
zene exposure is an accepted, although uncommon,
potential risk factor for both MDS and AML.167.9
However, when carefully studied (vide infra), such
risk does not necessarily apply to all components of
the MDS. This report reviews the clinical observa-
tions that provide specific information concerning
the question of causal associations between benzene
as an environmental toxin and the acquired refrac-
tory sideroblastic disorders, a readily identifiable
subset of the MDS classification system.10.11

Discussion

Refractory anemia with ringed sideroblasts
(RARS) was a well-described and stand-alone hema-
topoietic disorder until 1982, when it was included
among other hematological syndromes grouped un-
der a then newly defined heading of MDS.12-15 Typ-
ically discussed in hematologic text chapters dealing
with congenital and acquired sideroblastic anemias
of diverse cause, RARS has been described under a
variety of titles including acquired idiopathic refrac-
tory sideroblastic anemia and sideroachrestic ane-
mia. Iis unifying morphological feature is the pres-
ence of ringed sideroblasts, as identified by iron
stains, in at least 15% of the bone marrow erythroid
precursors throughout multiple areas of the bone
marrow films or biopsy.'# Such histologic stains
have been a part of the routine evaluation of bone
marrow specimens for nearly 60 years.'® The vari-
able but clearly preleukemic nature of RARS has
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Table 1. Myelodysplastic Syndromes

Original FAB Divisions Current WHO Divisions

Refractory anemia
RC-Multilineage dysplasia
RA-Ringed sideroblasts
RC-RS-Multilineage dysplasia
RA-Excess (5-8%) blasts {ype 1
RA-Excess (9-19%} blasts type II
MDS isolated deletion 5 q

MDS unclassifiable

Refractory anemia

RA-Ringed sideroblasts

RA-Excess (5-20%) blasts

RA-Excess (21-30%)
blasts in transition

Chronic myelomonocytic
leukemia

FAB, French-American-British format; WHO, World Health
Organization; RA, refractory anemio; RC, refractory cytopenia;
RS, ringed sideroblasts.

also been known since its earliest descriptions.13.15
In the original MDS classification scheme, the sub-
set of individuals with RARS comprised about 10%
to 20% of the total cases in most series, with the
relative frequency, perhaps, age of onset-related.}”
They exhibit the lowest incidence of classical chro-
mosomal aberrations of all MDS subsets and the
least frequency of progression to AMI-—approxi-
mately 15%.18-21 Certain chromosomal aberrations
have been associated with RARS including long arm
deletions of chromosomes 5, 11, and 20, as well as
trisomy 8.2! None are specific, however, and partic-
ularly deletions of 20q and trisomy 8 are identified
in a number of diverse hematological disorders.21-23

Modern revised classification systems of MDS at-
tempt to separate RARS into 2 general subsets, 1
currently referred to as refractory cytopenia with
multilineage dysplasia-ringed sideroblasts (RCMD-
RS), and a second entity with little evident morpho-
logic cytologic dysplasia outside the erythroid cell
line, and a lesser risk of AML (Table 1). It remains
under the designation of RARS.1.11.19.20.2¢ Recently, a
further clinically-useful separation of the refractory
sideroblastic disorders has been suggested, segre-
gating all patients with ringed sideroblasts and
markedly elevated platelet counts into yet another
subset designated RARS-T or RST to emphasize the
presence of thrombocytosis.2¢~27 Many of the indi-
viduals in this third grouping may also possess the
newly deseribed JAK-2 V617F chromosomal abnor-
mality, commonly identified in polycythemia vera
and other myeloproliferative disorders.26-22 RARS-T
could then also be listed under the newly suggested
descriptive designation of myelodysplastic/myelopro-
liferative syndromes.2® The recognition that some in-
dividuals with RARS and marked thrombocytosis
might exhibit a clinical course more in keeping with
a myeloproliferative disorder, with megakaryocytic
hyperplasia and bone marrow fibrosis, similar to the
natural history of polycythemia vera, primary throm-
bocythemia and agnogenic myeloid metaplasia, is
not a new observation.?® The presence of the JAK-2
V617F mutation among the RARS-T group provides
a unifying molecular explanation. Importantly, my-
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eloproliferative disorders have not been epidemio-
logically linked with exposures to either benzene or
to modern mutagenic chemotherapy agents.

The frequency distribution of these 3 refractory
sideroblastic syndromes, particularly between RARS
and RCMD-RS, is clearly observer-dependent and
also varies with the alternate classifications systems
for MDS of the World Health Organization and the
French-American-British (FAB) format.10.3¢ An esti-
mate would place about 10% of the total as RARS-T.
However, if the bone marrow blast cell count in-
creases above 5%, and even if large numbers of
ringed sideroblasts are retained, under these classi-
fication schemes individuals are now moved from an
RARS syndrome into another MDS category, refrac-
tory anemia with excess blasts (RAEB). In effect,
this movement arbitrarily diminishes the pool of
cases with refractory sideroblastic hematopoiesis
available for epidemiological or clinical analysis,
and is a weakness of all MDS classifications.’® Im-
portantly, occasional patients with RARS, even
those with apparent multilineage cytologic dyspla-
sia, may favorably respond to immunosuppressive
therapy, and in rare instances the hematologic syn-
drome is actually consequent to unusual deficiency
states.®1-3¢ Thus, progression to AML may not be a
part of the natural history in certain forms of ac-
quired sideroblastic anemia, emphasizing that all
such disorders do not necessarily represent hemato-
logic malignancies.

From the earliest descriptions, authors reporting
on RARS pondered potential causes of this uncom-
mon disorder. Wintrobe’s experience in a single in-
stitution along with review of many additional cases
led him and his associates to conclude that no spe-
cific drugs, environmental chemicals, alcohol, or cy-
tostatic agents, could be confirmed as potential risk
factors, and that the cause of RARS was unknown.2?
Benzene had previously been used as an oral che-
motherapeutic agent in forms of chronic leukemia,
and it was well known to cause bone marrow dam-
age and potentially eventuate in AML. Exposure to
this agent was specifically sought in an analysis of
84 patients with RARS, but only 1 of these subjects
could recall any previous benzene exposure. Fur-
thermore, that patient also had received radiation
therapy.’® The collective experience now involving
thousands of reported patients having received che-
motherapy and then developing secondary hemato-
logic syndromes including MDS, has only supplied
rare case reports describing a chronic acquired sid-
eroblastic process. This phenomenon has usually
occurred in the presence of an underlying hemato-
logical malignancy, such as multiple myeloma or
Hodgkin’s disease, and is then noted after treatment
including both alkylating agenis and radiation.’s
Here, the acquired sideroblastic process, itself, is
often transient and not evident in follow-up bone
marrow examinations.?®37 Thus, neither exposure to
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Bbnzene and Refractory Sideroblastic Erythropoiesis

benzene nor to modern chemotherapeutic mutagenic
agents has been shown to be a risk factor for RARS.

There are 3 major epidemiological studies often
cited as offering detailed observations, including
bone marrow analysis, which routinely includes iron
stains, concerning the hematological effects of
chronic, high-level benzene exposure. In the Hayes®
report of about 74,000 factory workers, primarily
immersion painters in China, 28 individuals with
either AML or MDS were cited. Analysis of the
individual slide material from these MDS cases, and
which specifically described bone marrow iron ex-
amination, showed no examples of RARS.?¢ In the
Aksoy®® report of 29,000 Turkish shoe workers
heavily exposed to benzene-containing glues, 42 in-
dividuals were described as developing forms of
AML, among other hematological disorders. Yet, in
his description of the specific hematologic abnormal-
ities in this cohort, there is no observation consistent
with RARS.40 Finally, in the frequently-analyzed
United States Pliofilm factory cohort of about 1,800
individuals exposed to large concentrations of pure
benzene for many years, there are no reported de-
tails of bone marrow examinations, but no instance
of a listed diagnosis consistent with RARS.#! A re-
cent report from The MD Anderson Cancer Center
also could not confirm solvent exposure as a signif-
jcant predisposing event in their patients with
RARS, or with chronic myelomonocytic leukemia, an
original, and now former, member within the MDS
classification system.” In that study, such exposures
were apparent risk factors for other forms of MDS
such as refractory anemia with increased blasts
(RAEB). In reality, there does not appear to be a
single epidemiological study or even an isolated case
report in the world’s medical literature that links
RARS with benzene exposure.

Recently, Irons. et .al¥? carefully analyzed blood
counts and serial bone marrow examinations on a
small cohort of 23 Chinese workers heavily exposed
to benzene. They reaffirmed earlier sporadic obser-
vations of marrow hypoplasia and eosinophilia in
benzene-exposed workers but failed to identify the
presence of ringed sideroblasts. Similarly, an ab-
sence of ringed sideroblasts was noted in careful
bone marrow studies of 33 additional individuals
with ‘chronic benzene peoisoning.#?. These marrow
studies also demonstrated eosinophilia and dyspoi-
etic ervthroblasts. In general, the type of MDS bone
marrow histology usually described in both heavily
benzene-exposed individuals and therapy-related
MDS is a hypocellular bone marrow with cellular
dyspoiesis, and distinct from the usual findings in
RARS which typically reflect a normocellular to hy-
percellular bone marrow pattern 3844

Cigarette smoke is considered a risk factor for
both AML and MDS, but the specific element or
mechanism involved is unknown.945-53 Cigarette
smoke does contain some benzene, but the cumula-
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tive dose achieved by smokers is less than thought
necessary to increase the risk of AML, and the
chromosomal anomalies identified in smokers with
AMIL are somewhat different from those typically
reported for benzene-induced and other secondary
forms of AML.9.48-53 The chromosomal aberrations
seen in the vast majority of benzene-induced AML
and modern day chemotherapy-induced AML, or
t-AML, are similar, with a predominance of dele-
tions in chromosomes 5 and 7.¢ This is not surpris-
ing, since postulated mechanisms of leukemogenesis
in benzene-induced and t-AML, are also thought to
be similar, if not identical, 5455 Some reports have
suggested cigarette smoking is linked with RARS,
although the mechanism is not known.745

One feature of MDS that further confounds epide-
miological analysis of its individual disease compo-
nents is the fact that unlike AML, MDS is not a final
illness designation, and individuals frequently move
within the MDS classification over time. This is
particularly true with respect to RARS syndromes.
Thus, it would be expected that as the often slow.
progression to AML from the 3 refractory sider-
oblastic variants described here occurs, the percent-
age of blast cells in the bone marrow may increase
gradually from its initially normal values. As previ-
ously mentioned, ringed sideroblasts are often still
present when the bone marrow blast percentage
reaches 5% to 10%, but the MDS diagnosis now
moves to RAEB.1756 When the blast percentage
eventually reaches 20%, by convention, the diagno-
sis of AML is now allowed. Even if ringed sider-
oblasts remain evident in excess along with marked
erythroid dyspoiesis, the specific diagnosis would be
an FAB-M6 AML or erythroleukemia. Obvicusly, for
such individual, this transition reflects a single dis-
ease process, and not 3 separate illnesses. This logic
was first explained by Dameshek?> in 1965, For
epidemiological purposes, should such a patient re-
main an example of an RARS syndrome or be con-
sidered to have the same illness as one with a
sudden appearance of FAB-M6 AML without ringed
sideroblasts or a prior diagnosis of MDS?
- As our understanding of the molecular events
leading to MDS and AML increases,; epidemiologists
and chinicians should work together to carefully an-
alyze representative cohorts so that-truly hke ill-
nesses are compared, in order to better identify
potential risk factors. Simply abstracting a diagno-
sis from an often misleading and incomplete death
certificate should become obsolete. A disease-specific
approach is currently the rule in clinical studies that
analyze the natural history and responses to ther-
apy among the various disorders that make up the
MDS classification.5? Similar coordinated analyses
by epidemiologists, pathologists and clinicians have
been advocated and implemented for epidemiologic
studies of the lymphoproliferative disorders, which
also appear to have a number of distinct and disease
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pattern-specific potential causes.?®5° Despite these
caveats, based upon the considerable evidence pre-
sented here, benzene exposure cannot be considered
a potential etiology for RARS, although it remains a
risk factor for certain forms of MDS such as RAEB
and unclassified and/or hypocellular MDS syn-
dromes, and for AML.
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General Comments:
The abstract is perhaps overly concise and would benefit from a bit more information.
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There was a great deal of effort on the part of the author to identify the 3 subtypes of
RARS, but that didn't seem to influence the overall conclusions of the manuscript,
namely that MDS is not a single disease and that benzene exposure is not associated
with one type, RARS. Perhaps a rationale for why the 3 different forms of RARS are
important epidemiologically might be included for clarity.

Specific Comments:

P3: Is myelodysplasia the same as myelodysplastic syndrome? I think the author's
answer would be yes, but this needs toc made clear at the outset of the introduction.

P3, L4: Suggested edit...delete "That there is"...and begin the sentence with"a".

P3, L15: The sentence needs some additional justification. The approach as described
only 'blurs’ things if, in fact, the various diseases under the rubric of MDS actually have
different etiologies. Later, some evidence is offered that supports this sentence, but at
this point in the progression of the discussion, no data has been discussed.

PS5, L12: The sentence that starts with 'RARS' is somewhat confusing.
P6, L9: Please define the T in RARS-T...it is identified later in the section.

p7, L11: What does ‘obvious multi-lineage dysplasia’ have to do with IS therapy. This
section jumped around a bit too much for a non-hematologist to follow. Also, does it
indicate the different forms of RARS have diverse causes or really just evidence of a

diverse response to treatment?

P8: Is the point of this section that neither benzene nor chemotherapy exposure is
associated with an increased risk of RARS?

Pg9: Were the pathological descriptions published in Aksoy's work sufficiently detailed to
determine if any RARS cases were present? Did they use the appropriate assays and
stains? Also, the 'pliofilm’ cohort was based on death certificates. Is it possible that
some had RARS and then progressed and died from AML without RARS being identified
(or identifiable)? If so, does this change the authors position?

P10: If topoisomerase inhibition is a potential mechanism for benzene and AML, why is
there no involvement of chromosomes 11 in any benzene exposure worker or
occupational AML case? Involvement with (11g23) is extremely common in
topoisomerase inhibition induced t-AML, but not in benzene cohorts? This reviewer has
serious doubts about this mechanism playing a role in benzene induced AML.

P12: What are the recommendations of the author regardin% MDS epidemiology? How
should the hypothetical patient discussed on page 11-12 be handled in epidemiology
studies? How would that ever be identified by the investigators...particularly in a
retrospective mortality studv? I totallv aaree that this is a sianificant issue and would
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therefore be interested in reading any reCommendations regarding this short-coming in
available or forthcoming studies.

P12: Last line: I would suggest the following editorial change...although it remains a
risk factor for other certain forms of AML and for AML. This line also begs the
question...which forms of MDS might be positively associated with benzene? Perhaps a
table could be included with the various diseases and the relative strength of the

epidemiology evidence.
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ABSTRACT: The myelodvsplastic syndromes (MDS) con-
sist of a group of diverse hematologlcal disorders that
carry an increased risk of transforming into acute my-
eloid leukemia. They may appear de novo and without
obvious cause iprimary or de novo MDS) or be induced
by certain mutagenic environmental or therapeutic tox-
ins (secondary MDS). Excessive exposures to benzene
are generally considered to be a potential environmental
risk factor for both MDS and acute myeloid leukemia.
However, such risk is unproven for each disease com-
ponent within the MDS classification. A critical review

he terms myelodysplasia and the myelodysplas-

tic syndromes (MDS) refer to a classification of
heterogenous and distinet disease forms linked by
the presence of oligoclonal hematopoietic stem cell
abnormalities, ineffective hematopoiesis character-
ized by abnormal differentiation and maturation of
myeloid cells, and a variable but increased, risk of
progression toward acute myeloid leukemia.l-¢ A
common etiology among each of the various myelo-
dysplastic disorders that is alse shared with acute
myeloid leukemia {AML) has not been proposed, and
little is known about the major causes of MDS.67
Unfortunately, epidemiological surveys seeking sta-
tistical information on hematological malignancies
in cohorts potentially exposed to environmental
chemicals or toxins seldom provide specific data on
MDS, despite -its higher incidence in the general
population than AML.* Moreover, in rare instances
when information on MDS is collected and pre-
sented, it is usually treated as a single, distinct
disease entity, and its numbers may be combined
with those of AML or even other unrelated hemato-
logical malignancies in an attempt to achieve statis-
tical significance in the analysis.® Such approach
obscures identification of potential etiologic risk fac-
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of the refractory sideroblastic disorders strongly suggests
that benzene exposure is not a potential cause of this
distinct and still-evolving subset of MDS. The widely
disparate nature of MDS suggests that epidemiologic
studies can only provide meaningful data on associa-
tions and potential causation of its component syn-
dromes by a disease-specific analysis, as is currently
advocated for other hematological malignancies. KEY
INDEXING TERMS: Benzene; Myelodysplasia; MDS;
Refractory Sideroblastic Anemia. [Am } Med Sci 2007;
334(5):356-360.]

tors that might be specific to the individual disease
components within MDS and to the various AML
syndromes, Thus, under certain circumstances, ben-
zene exposure is an accepted, although uncommon,
potential risk factor for both MDS and AML.1.67.8
However, when carefully studied (vide infra), such
risk does not necessarily apply to all components of
the MDS. This report reviews the clinical observa-
tions that provide specific information concerning
the question of causal associations between benzene
as an environmental toxin and the acquired refrac-
tory sideroblastic disorders, a readily identifiable
subset of the MDS classification system.10.11

Discussion

Refractory anemia with ringed sideroblasts
(RARS) was a well-described and stand-alone hema-
topoietic disorder until 1982, when it was included
among other hematological syndromes grouped un-
der a then newly defined heading of MDS.12-15 Typ-
ically discussed in hematologic text chapters dealing
with congenital and acquired sideroblastic anemias
of diverse cause, RARS has been described under a
variety of titles including acquired idiopathic refrac-
tory sideroblastic anemia and sideroachrestic ane-
mia. Its unifying morphological feature is the pres-
ence of ringed sideroblasts, as identified by iron
stains, in at least 15% of the bone marrow erythroid
precursors throughout multiple areas of the bone
marrow films or biopsy.'* Such histologic stains
have been a part of the routine evaluation of bone
marrow specimens for nearly 60 years.’® The vari-
able but clearly preleukemic nature of RARS has
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Table 1. Myelodysplastic Syndromes

Original FAB Divisions Current WHO Divisions

Refractory anemia
RC-Multilineage dysplasia
RA-Ringed sideroblasts
RC-RS-Multilineage dysplasia
RA-Excess 15-9%) blasts type |
RA-Excess (9-19% 1 blasts type 11
MDS isolated deletion 5 q

MDS unclassifiable

Refractory anemia

RA-Ringed sideroblasts

RA-Excess (5-20% ) blasts

RA-Excess (21-30%)
blasts in transition

Chronic myelomonocytic
jeukemia

FAB, French-American-British format; WHO, World Health
Organization; RA, refractory anemia; RC, refractory cytopenia;
RS, ringed sideroblasts.

also been known since its earliest descriptions,13.15
In the original MDS classification scheme, the sub-
set of individuals with RARS comprised about 10%
to 20% of the total cases in most series, with the
relative frequency, perhaps, age of onset-related.!?
They exhibit the lowest incidence of classical chro-
mosomal aberrations of all MDS subsets and the
least frequency of progression to AML—approxi-
mately 15%.18-2) Certain chromosomal aberrations
have been associated with RARS including long arm
deletions of chromosomes 5, 11, and 20, as well as
trisomy 8.21 None are specific, however, and partic-
ularly deletions of 20q and trisomy 8 are identified
in a number of diverse hematological disorders.21-23

Modern revised classification systems of MDS at-
tempt to separate RARS into 2 general subsets, 1
currently referred to as refractory cytopenia with
multilineage dysplasia-ringed sideroblasts (RCMD-
RS), and a second entity with little evident morpho-
logic eytologic dysplasia outside the erythroid cell
line, and a lesser risk of AML (Table 1). It remains
under the designation of RARS.1.11.19.20.24 Recently, a
further clinically-useful separation of the refractory
sideroblastic disorders has been suggested, segre-
gating all patients with ringed sideroblasts and
markedly elevated platelet counts into yet another
subset designated RARS-T or RST to emphasize the
presence of thrombocytosis.?4-27 Many. of the indi-
viduals in this third grouping may also possess the
newly described JAK-2 V617F chromosomal abnor-
mality, commonly identified in. polycythemia vera
and other myeloproliferative disorders.26~28 RARS-T
could then also be listed under the newly suggested
descriptive designation of myelodysplastic/myelopro-
liferative syndromes.?® The recognition that some in-
dividuals with RARS and marked thrombocytosis
might exhibit a clinical course more in keeping with
a myeloproliferative disorder, with megakaryocytic
hyperplasia and bone marrow fibrosis, similar to the
natural history of polycythemia vera, primary throm-
bocythemia and agnogenic myeloid metaplasia, is
not a new observation.?® The presence of the JAK-2
V617F mutation among the RARS-T group provides
a unifying molecular explanation. Importantly, my-

THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES

Nateison

eloproliferative disordérs have not been epidemio-
logically linked with exposures to either benzene or
to modern mutagenic chemotherapy agents.

The frequency distribution of these 3 refractory
sideroblastic syndromes, particularly between RARS
and RCMD-RS, is clearly observer-dependent and
also varies with the alternate classifications systems
for MDS of the World Health Organization and the
French-American-British (FAB) format.103% An esti-
mate would place about 10% of the total as RARS-T.
However, if the bone marrow blast cell count in-
creases above 5%, and even if large numbers of
ringed sideroblasts are retained, under these classi-
fication schemes individuals are now moved from an
RARS syndrome into another MDS category, refrac-
tory anemia with excess blasts (RAEB). In effect,
this movement arbitrarily diminishes the pool of
cases with refractory sideroblastic hematopoiesis
available for epidemiological or clinical analysis,
and is a weakness of all MDS classifications.’® Im-
portantly, occasional patients with RARS, even
those with apparent multilineage cytologic dyspla-
sia, may favorably respond to immunosuppressive
therapy, and in rare instances the hematologic syn-
drome is actually consequent to unusual deficiency
states.31-34 Thus, progression to AML may not be a
part of the natural history in certain forms of ac-
quired sideroblastic anemia, emphasizing that all
such disorders do not necessarily represent hemato-
logic malignancies.

From the earliest descriptions, authors reporting
on RARS pondered potential causes of this uncom-
mon disorder. Wintrobe’s experience in a single in-
stitution along with review of many additional cases
led him and his associates to conclude that no spe-
cific drugs, environmental chemicals, alcohol, or cy-
tostatic agents, could be confirmed as potential risk
factors, and that the cause of RARS was unknown.!2
Benzene had previously been used as an oral che-
motherapeutic agent in forms of chronic leukemia,
and it was well known to cause bone marrow dam-
age and potentially eventuate in AML. Exposure to
this agent was specifically sought in an analysis of
84 patients with RARS, but only 1 of these subjects
could recall any previous benzene exposure. Fur-
thermore, that patient also had received radiation
therapy.’® The collective experience now involving
thousands of reported patients having received che-
motherapy and then developing secondary hemato-
logic syndromes inciuding MDS, has only supplied
rare case reports describing a chronic acquired sid-
eroblastic process. This phenomenon has usually
occurred in the presence of an underlying hemato-
logical malignancy, such as multiple myeloma or
Hodgkin's disease, and is then noted after treatment
including both alkylating agents and radiation.?%
Here, the acquired sideroblastic process, itself, is
often transient and not evident in follow-up bone
marrow examinations.?637 Thus, neither exposure to
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Benzene and Refractory Sideroblastic Erythropoiesis

benzene nor to modern chemotherapeutic mutagenic
agents has been shown to be a risk factor for RARS.

There are 3 major epidemiological studies often
cited as offering detailed observations, including
bone marrow analysis, which routinely includes iron
stains, concerning the hematological effects of
chronic, high-level benzene exposure. In the Hayes®
report of about 74,000 factory workers, primarily
immersion painters in China, 28 individuals with
either AML or MDS were cited. Analysis of the
individual slide material from these MDS cases, and
which specifically described bone marrow iron ex-
amination, showed no examples of RARS.3® In the
Aksoy® report of 29,000 Turkish shoe workers
heavily exposed to benzene-containing glues, 42 in-
dividuals were described as developing forms of
AML, among other hematological disorders. Yet, in
his description of the specific hematologic abnormal-
ities in this cohort, there is no observation consistent
with RARS.*® Pinally, in the frequently-analyzed
United States Phiofilm factory cohort of about 1,800
individuals exposed to large concentrations of pure
benzene for many years, there are no reported de-
tails of bone marrow examinations, but no instance
of a listed diagnosis consistent with RARS.#! A re-
cent report from The MD Anderson Cancer Center
also could not confirm solvent exposure as a signif-
icant predisposing event in their patients with
RARS, or with chronic myelomonocytic leukemia, an
original, and now former, member within the MDS
classification system.” In that study, such exposures
were apparent risk factors for other forms of MDS
such as refractory anemia with increased blasts
(RAEB). In reality, there does not appear to be a
single epidemiological study or even an isolated case
report in the world’s medical literature that links
RARS with benzene exposure.

Recently, Irons et al*? carefully analyzed blood
counts and serial bone marrow examinations on a
small cohort of 23 Chinese workers heavily exposed
to benzene. They reaffirmed earlier sporadic obser-
vations of marrow hypoplasia and ecsinophilia in
benzene-exposed workers but failed to identify the
presence of ringed sideroblasts. Similarly, an ab-
sence of ringed sideroblasts was noted in careful
bone marrow studies of 33 additional individuals
with ‘chronic ‘benzene poisoning.*® These marrow
studies also demonstrated eosinophilia and dyspoi-
etic erythroblasts. In general, the type of MDS bone
marrow histology usually described in both heavily
benzene-exposed individuals and therapy-related
MDS is a hypocellular bone marrow with cellular
dyspoiesis, and distinct from the usual findings in
RARS which typically reflect a normocellular to hy-
percellular bone marrow pattern.3844

Cigarette smoke is considered a risk factor for
both AML and MDS, but the specific element or
mechanism involved is unknown 9455 Cigarette
smoke does contain some benzene, but the cumula-
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tive dose achieved by smokers is less than thought
necessary to increase the risk of AML, and the
chromosomal anomalies identified in smokers with
AML are somewhat different from those typically
reported for benzene-induced and other secondary
forms of AML.%+8-53 The chromosomal aberrations
seen in the vast majority of benzene-induced AML
and modern day chemotherapy-induced AML, or
t-AML, are similar, with a predominance of dele-
tions in chromosomes 5 and 7.% This is not surpris-
ing, since postulated mechanisms of leukemogenesis
in benzene-induced and t-AML, are also thought to
be similar, if not identical.5455 Some reports have
suggested cigarette smoking is linked with RARS,
although the mechanism is not known.?%

One feature of MDS that further confounds epide-
miological analysis of its individual disease compo-
nents is the fact that unlike AML, MDS is not a final
illness designation, and individuals frequently move
within the MDS classification over time. This is
particularly true with respect to RARS syndromes.
Thus, it would be expected that as the often slow
progression to AML from the 3 refractory sider-
oblastic variants described here occurs, the percent-
age of blast cells in the bone marrow may increase
gradually from its initially normal values. As previ-
ously mentioned, ringed sideroblasts are often still
present when the bone marrow blast percentage
reaches 5% to 10%, but the MDS diagnosis now
moves to RAEB.1756 When the blast percentage
eventually reaches 20%, by convention, the diagno-
sis of AML is now allowed. Even if ringed sider-
oblasts remain evident in excess along with marked
erythroid dyspoiesis, the specific diagnosis would be
an FAB-M6 AML or erythroleukemia. Obviously, for
such individual, this transition reflects a single dis-
ease process, and not 3 separate illnesses. This logic
was first explained by Dameshek! in 1865. For
epidemiological purposes, should such a patient re-
main an example of an RARS syndrome or be con-
sidered to have the same illness as one with a
sudden appearance of FAB-M6 AML without ringed
sideroblasts or a prior diagnosis of MDS?

As our understanding of the molecular events
leading to MDS and AML increases, epidemiologists
and clinicians should work together to carefully an-
alyze representative cohorts so that truly like ill-
nesses are compared, in order to better identify
potential risk factors. Simply abstracting a diagno-
sis from an often misleading and incomplete death
certificate should become obsolete. A disease-specific
approach is currently the rule in clinical studies that
analyze the natural history and responses to ther-
apy among the various disorders that make up the
MDS classification.’” Similar coordinated analyses
by epidemiologists, pathologists and clinicians have
been advocated and implemented for epidemiologic
studies of the lymphoproliferative disorders, which
also appear to have a number of distinct and disease
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pattern-specific potential causes.?85% Despite these
caveats, based upon the considerable evidence pre-
sented here, benzene exposure cannot be considered
a potential etiology for RARS, although it remains a
risk factor for certain forms of MDS such as RAEB
and unclassified and/or hypocellular MDS syn-
dromes, and for AML.
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* Response to Reviewers

4-27-07

Ms. Kathleen Kelly
Managing Editor
The American Journal of the Medical Sciences

RE: Manuscript AJMS 07-031, Response to Reviewers

Dear Ms. Kelly,

Thank you for the opportunity to respond to the reviewer’s comments and suggestions.
I must say that | appreciate the detailed analysis and the time spent in this review. | hope
you will agree that the revised manuscript flows more easily as it is read and more clearly
highlights the points I am trying to make. This improves its usefulness to both gencral
physicians and epidemiologists who are not always familiar with the descriptive and
often confusing language used in discussing MDS. My point by point responses to the
specific comments are as follows:

P3: Yes, myelodysplasia, myelodysplastic syndrome, myelodysplasic disorders and
myelodysplastic syndromes all refer to the same process and classification, and are terms
used interchangeably throughout the medical literature. | have clarified this in the
abstract and the opening sentence of the introduction.

P3, L4: | have modified this sentence as suggested.

P3, L15: I have clarified this language and added the term, vide infra, 1o emphasize that
while no data has yet been presented, it is to follow.

P5, L12: This confusing sentence has been re-worked.
P6, L9: The T, as used in RARS-T, has been defined in the sentence.

P7, L11: This sentence has been re-worked and added to in order to make the point clear
that even a very dyspoietic and sick appearing RARS marrow, with obvious multilineage
dysplasia, does not mean that the patient has a neoplastic condition destined to evolve
into leukemia. - Thus, the RARS syndromes are very heterogenous in causation.
Truthfully, in my and other hematologist’s opinions, they should exit MDS as has chronic
myelomonocytic Jeukemia, but this is teo big a leap to propose in a focused article like

‘- this one.

P8: Yes, that is the point. | have added a summation sentence to the paragraph to
emphasize this conclusion.

P9: Here the reviewer reveals that he/she is not a clinician. The Aksoy and Pliofilm
studies were donc in the 1970°s and 1980’s. As a medical student in 1963-4 | was doing



iron stains on bone marrows, as they were already a routine procedure at that time. 1did
add a reference from 1958 (now 16), by Dr. Ernst Beutler, who, almost 50 years later,
remains an eminent hematologist, clinician and lecturer, and who reviewed the subject of
bone marrow iron stains at that time. I also discussed the use of iron stains and death

certificates in the text.

P10: The reviewer is alluding to a topic that, “has not yet been introduced in evidence”,
as the lawyers ofien say. Nowhere in the manuscript did 1 use the term Topoisomerase 11
inhibitor. Actually, I agree with the reviewer on this concept. Thus, I removed the 2
references (original 48-49) that specifically deal with Topoisomerase I1 inhibition as a
possible mechanism of benzene leukemogenic action, and used alternate references (now
54-55} that state that the leukemogenic cffects of benzene and modern chemotherapy are
thought to be identical, without specifying the proposed Topoisomerase 11 related
mechanism that the reviewer finds controversial.

P12: This is an important topic and has been more and more emphasized in the medical
literature, but, until recently, been given more lip service than application. I added a few
sentences and a very new reference {now 59) that shows, in concert with the preceding
reference (now 38) how this was suggested and then actually has been implemented in
the field of lymphoma epidemiology and causation.

P12, Last Line: 1did add a comment as to which types of MDS might be benzene-
induced. 1did add a table to show how the classification of MDS began, and what it
consists of today. There is simply no data to define the strength of the evidence for cach
subtype of MDS - this can only be addressed as | have done to exclude RARS and
CMML (an entity now removed from the original classification system) and plea for
specific data in all of the categories.

Going back to the generél comments, I have expanded the abstract, adding
information, and in the table show how the MDS classification has been modified from
the original “FAB 5” the reviewer mentions.

Please let me know if these revisions and additions have satisfactorily addressed the
reviewer’s comments,

Cordially yours,

Ethan A. Natelson, M.D.
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Close J Resend }
Date: 05/02/2007
To: "Ethan Allen Natelson" enatelson@tmh.tmc.edu
From: “The American Journal of the Medical Sciences” ajms@musc.edu

Subject: AIMS 07-031R1 Decision

May 02, 2007

RE: AIMS 07-031R1, entitled "Benzene Exposure and Refractory Sideroblastic
Erythropoiesis - Is There an Association?"

Good Morning Dr. Natelson,

I am pleased to inform you that your work has now been accepted for publication in The
American Journal of the Medical Sciences. Congratulations to you and your co-authors!
While there are no additional changes to be made at this time, there may be some
minor changes which may need to be addressed once you receive the proofs back from

the publisher. When you receive the page proofs, please check both the text and
bibliography carefully as we must rely on the authors for the accuracy of the references.

Your manuscript materials will now be forwarded to production for placement in an
upcoming issue,

Thank you for submitting your interesting and important work to The Journal. It has
been a pleasure working with you during the review process, and I do hope we will have

a future opportunity of working with you again.
http://maj.edmgr.com/

Your username ig: *k¥orx
Your password ig: ¥kx¥k*

with kind.regards,
Ms. Kathleen Kelly

Managing Editor
The American Journal of the Medical Sciences
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. 721 Author Resources i

The Amerigan Journal Iastructions for Authors (this page)
Of .the MedlCal Copyright Transfer (PDF)
SClenCeS Reprint Ordering
Online Submission and Review Permissions Requests
System ePrints ]
Reprints |

- The American Journal of the Medical Sciences considers manuscripts reporting original

- clinical or laboratory investigations, reviews and case reports. Papers on all subspeciaities are

" invited. Fach manuscript must be accompanied by a statement indicating that the material has
not been previously published elsewhere and is being considered solely by AIMS. In addition, the !

- submission must be accompanied by a completed copyright transfer form. All clinical research ‘

" should be conducted in accordance with the guiding principles for human experimentation

. summarized in the latest version of the Helsinki Declaration. When reporting experiments on

. animails, indicate which guideline on the care and use of iaboratory animals was followed. Inciude ;

 permission to reproduce previously published material or to use illustrations that may identify

* human subjects. !

© Manuscripts

- All manuscripts shouid be submitted electronically with appropriate attachments, i.e. figures and
" tables. The page size configuration should be 8 2" x 11". The entire manuscript should be typed
. double—space with 1-inch margins. All pages shouid be numbered, including the title page. The

* format should be as follows: title page, abstract, introduction, methods, results, discussion,

- acknowledgments, references, tables (each on a separate page), figure legends and figures. :
- Begin each section or component on a new page. Figures should be no larger than 8 x 10 inches. |

- Use Arabic numerals.

" Compliance with NIH and Other Research Funding Agency Accessibility Requirements

- A number of research funding agencies now require or request authors to submit the post-print

. (the article after peer review and acceptance but not the final published article} to a repository |
that is accessible online without charge. As a service to our authors, Lippincott Williams & dems
will identify to the National Library of Medicine (NLM) articles that require deposit and will ;

- transmit the post-print of an article based on research funded in whole or in part by the Nationai ’

~ Institutes of Health, Wellcome Trust, Howard Hughes Medical Institute, or other funding agencies ;
to PubMed Central. The revised Copyright Transfer Agreement provides the mechanism.

Images in the Medical Sciences ;
This section will contain one or more images with a short narrative description of the image and |
its relationship to the clinical case. The goal of this series is to display an important or unique :
pictorial representation of a disease, e.g. x-ray, biopsy or photograph. The discussion should be

limited to one relatively short paragraph with no more than 1 or 2 references, such that the i
image or images and the text together do not exceed 1 published manuscript pages. An abstract -

is not required.

- Cover Letter
The cover letter should include: {1) full title of the paper; (2) full authorship and all institutional

~ affiliations; (3) clear statement that the paper has not been submitted elsewhere, is not under
review, or published previously, except in abstract form; (4) any possible confiict of interest
should be clearly stated; and (5) a statement to the effect of “all the authorship are aware of and
approve the manuscript being submitted to this journal”,

Title Page
The title page should carry (1) the title of the articie, which should be concise but informative;

- {2} each author's name, with his or her highest academic degree and institutional affiliation; (3)
the name, address, phone, fax and e-mail address of the corresponding author; (4) sources of
support in the form of grants, equipment, or drugs, including any funding received for this work

http:/ fedmgr.ovid.com/maj/accounts/ifauth.htm Page 1 of 4
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from any of the following organizations: National Institutes of Health (NIH), Wellcome Trust,
Howard Hughes Medical Institute (HHMI), or other(s); (S) disclaimers, if any, including notices of |
. the manuscript's prior appearance as a preliminary report or abstract; and (6) a short title of no

" more than 40 characters and spaces.

Abstract

The abstract should not exceed 150 words [250 words for structured abstracts {(Background,
~ Methods, Results, Conclusions), which are required for reports of original investigations]. The
. abstract should state the purposes of the study or investigation, basic procedures, main findings
 and the principal conclusions. It shouid emphasize new and important aspects of the study.

~ Key Words
© A list of no more than 5 key words or short phrases that will assist in cross-indexing should be

provided.

. References

 References should be numbered consecutively in the order in which they are first mentioned in

" the text. There should be no more than 40 references. Identify references in text, tables, and
legends by superscript Arabic numerals. Avoid using abstracts as references. References to

. papers accepted but not yet published should be designated as “in press”; authors should obtain
written permission to cite such papers as well as verification that they have been accepted for
publication. Information from manuscripts submitted but not accepted should be cited in the text :

. as “unpublished observations” with written permission from the source. Avoid citing a personal

. communication uniess it provides essential information not available from a public source, in
which case the name of the person and date of communication should be cited in parentheses in
the text. Authors should obtain written permission and confirmation of accuracy from the source. .

. The permission document should be submitted with the manuscript Use the style of the examples§
below. In all cases, list the first three authors and/or editors, foliowed by “et al.” The titles of

* journals shoulid be abbreviated according to the style used in Index Medicus. Abbreviations can be
obtained from PubMed <http://www.nchi.nim. nih.qov/entrez/query.fcgi2dh=PubMed>. ,

- Parkin DM, Clayton D, Black R], et al. Childhood leukaemia in Europe after Chernobyl: 5 year
follow-up. Br ) Cancer 1996;73:1006-12.

Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh JH, Brenner BM, editors,
Hypertension: pathophysiology, diagnosis, and management. 2nd ed. New York: Raven Press;
1995, p. 465-78.

Bengtsson S, Sotheim BG. Enforcement of data protection, privacy and security in medical

. informatics. In: Lun KC, Degoulet P, Piemme TE, et al, editors. MEDINFO 92. Proceedings of the
. 7th Worid Congress on Medical Informatics; 1992 Sep 6-10; Geneva, Switzerland. Amsterdam:

 North-Holland; 1992, p. 1561-5.

: Figures
- Number figures consecutively in the order of their first citation in the text. Please reference 5
Steps to Creating Digital Artwork {(pdf)” available at www.editorialmanager.com/maij/,

specifically steps 2 and 3, when creating figures for submission. Sharp, black-and-white :

photographic images, nolarger than 8x 10 inches, are preferred. Letters, numbers, and symbols
should be clear and even throughout and of sufficient size that each item will stilt be legible when |
reduced for publication. Titles and detailed explanations belong in the legends for figures, not on :
the figures themselves. Photomicrographs should have internal scale markers; symbols, arrows or"
letters used should contrast with the background. If photographs of people are used, the sub]ects

~ must be unidentifiable or the subjects must have provided written permission 1o use the

- photograph. This permission document should also be submitted with the manuscript. If a figure

: has been published, acknowledge the original source and submit written permission from the
copyright holder to reproduce the material. Permission is required irrespective of authorship or
publisher, except for documents in the public domain.

Suppiemental Digital Content

o L . .
http:/ /edmags ovid.com/maj/accounts/ifauth.htm Page 2 of 4
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. Supplemental Digital Content (SDC): Authors may submit SDC via Editorial Manager to LWW

- journals that enhance their article’s text to be considered for oniine posting. SDC may inciude
standard media such as text documents, graphs, audio, video, etc. On the Attach Files page of
the submission process, please select Supplemental Audio, Video, or Data for your uploaded file
as the Submission Item, If an article with SDC is accepted, our production staff will create a URL -
with the SDC file. The URL will be placed in the call-out within the article, SDC files are_not copy-

" edited by LWW staff, they will be presented digitally as submitted. For a list of all available file

. types and detailed instructions, please visit http://links.lww. com/A142.

SDC Cali-outs _
Supplemental Digital Content must be cited consecutively in the text of the submitted manuscript.;
- Citations should include the type of material submitted (Audio, Figure, Table, etc.), be clearly
. labeled as "Supplemental Digital Content,” include the sequential list number, and provide a
description of the supplemental content, All descriptive text should be included in the call-out as
it will not appear elsewhere in the article.

. Example:
We performed many tests on the degrees of flexibility in the elbow (see Video, Supplemental

Digital Content 1, which demonstrates elbow flexibility) and found our results inconclusive.

¢ List of Supplemental Digital Content

© A listing of Supplemental Digital Content must be submitted at the end of the manuscript file.
Include the SDC number and file type of the Supplemental Digitat Content. This text will be

" removed by our production staff and not be published.

i Example:
: Supplemental Digital Content 1. wmv

~ SDC File Requirements L
" All acceptable file types are permissible up to 10 MBs. For audio or video files greater than 10 ‘
- MBs, authors should first query the journal office for approval. For a list of all available file types
* and detailed instructions, please visit http://links.lww,.com/A142,

Tables

Submit each table, double-spaced, as a separate document. Number tables consecutively in the

order of their first citation in the text and supply a brief title for each. Be sure that each table is |
~ cited in the text. Do not use internal horizontal and vertical rules. Place explanatory matter in :
. footnotes, not in the heading. Explain in footnotes ail abbreviations used in each table. For

footnotes, use superscript lowercase letters. If you use data from another published or

unpublished source, obtain permission and acknowiedge them fully.

Abbreviations and Nomenclature
~ Abbreviations and nomenclature should conform to the American Medical Association Manual of
. Style, 9th ed. Abbreviations should be kept to a minimum in the text and should be defined at |
first usage. Periods are not used after abbreviations (eg, mm, mL). Generic names are preferred !
“for drugs. Use of S1 (Systéme Intemnational) units is preferred but not required. :

. ‘Submit Manuscripts On-Line To:

© httn://www.editorialmanager.com/mai/

Please do not submit hard-copy manuscripts as they will not be entered into the

. system or returned to the author,

- Page Charges
Authors wili be billed a publication page rate of $40 per printed page. Authors will also be charged?
for color figures, Page charges and color charges will be billed by, and are payable to, the :

publisher.
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Although the relationship between benzene and acute nonlymphocytic leukemia (ANLL) is
well established, most of the analytic cohort investigations examining the relationship between
benzene and hematologic neoplasms have evaluated only death certificates to validate diag-
noses. In a follow-up study of 74,828 benzenc-exposed and 35,805 non-exposed workers in
China, pathology reports, medical records, and/or histopathologic material were reviewed
for all patients with hematopoietic malignancies to ensure correct classification and to provide
clinicopathologic descriptions. Eighty-two patients with hematopoietic neoplasms and related
disorders were identified among benzene-exposed workers, including 32 cases of acute leu-
kemia, 7—myelodysplastic syndrome (MDS), 9—chronic granulocytic feukemia (CGL), 20~
malignant lymphoma or related disorder (ML), 9—aplastic anemia, and 5 others. Among the
comparison group, 13 hemalologic malignancies were observed, including 6 patients with
acute leukemia, 2—CGL, 3—ML, and 2 others. The hematopathologic characteristics of the
benzene-exposed ANLL cases resembled those following chemotherapy or radiotherapy. ANLL
in workers exposed to benzene may represent a distinct clinicopathologic entity, with char-
acteristics similar 1o treatment-related ANLL, including a preceding preleukemic phase in
some ‘patients. Results in our series, one of the largest 10 date, also indicate that a greater
diversity of hematologic ncoplasms is evident among benzene-exposed workers than previ-

ously described.
dysplasia

KEY WORDS: Benzene leukemia

INTRODUCTION

The International Agency for Research on Cancer
{IARC) concluded in the carly 1980s that there was
sufficient evidence that benzene could cause acute
myelogenous leukemia (AML)." At that time, the ma-

Address for correspondence: Lois B. Travis, M.D.. National
Cancer Institute. Executive Plaza North, Suite #408. Bethesda,

MD 20892, USA.
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jor studies- implicating ‘benzene in the occurrence of
AML were two US cohort mortality investigations,™”
a clinical series drawn from Turkish shoe and leather
manufacturing workers,*” and case-contro} studies in
France, Sweden and the US.*"” Worldwide sources of
exposure to benzene include its widespread use in in-
dustry and its presence in cigarette smoke, gasoline,
and automobile exhaust,' thus potentiaily exposing a
large population to its carcinogenic risks. Since the
IARC report, investigators have also raised concerns
about possible associations of benzene with non-
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Hodgkin's lymphoma,'® multiple myeloma,'" and other
hematopoietic malignancies.” Clarification of the role
of benzene exposure in the etiology of various he-
matopoietic malignancies requires accurate classifi-
cation. However, most of the investigations examin-
ing the relationship between benzene and hematologic
neoplasms have evaluated only death certificates, with
very few studies reviewing medical record or histo-
logic data to provide detailed clinicopathologic de-
scriptions and ensure correct categorization,*5'**
Thus, a major objective of a recent epidemiologic study
among a large number of benzene-exposed (and non-
exposed) workers in China was to obtain medical rec-
ord data and histopathologic specimens for patients
with hematopoietic malignancies to enable classifi-
cation according to recently published criteria and to
identify unusual clinical and pathologic features.

SUBJECTS AND METHODS

A retrospective cohort study of incident cases of he-
matopoietic neoplasms and related disorders was con-
ducted among 74,828 benzene-exposed workers em-
ployed between January 1, 1972 and December 31,
1987 in 672 factories in 12 Chinese cities (Shanghai,
Tianjin, Chengdu, Chongging, Harbin, Shenyang,
Jinzhou, Zhengzhou, Luoyang, Guangzhou, Nan-
chang and Kaifeng)." A concurrent comparison group
consisted of 35,805 workers not occupationally ex-
posed to benzene who were employed during the same
period in 109 factories in the 12 cities. Careful review
of factory records identified eligible exposed and
unexposed persons. Data abstracted from these files
included name, job title and information describing
the types of work units and dates employed.

Since the factories usually provide all health care
for current and retired workers, follow-up of benzene-
exposed and unexposed: subjects through December
31, 1987 was carried out utilizing factory occupa:
tional and medical records to ascertain hematopoietic
malignancies and related disorders, vital status, and,
for those deceased, cause of death. Additional means
of follow-up were utilized for a small number of sub-
jects who had left the factories prior to retirement. For
workers reported to have developed hematologic neo-
plasms and related disorders, pertinent histopatholog-
ic material, pathology reports and medical records were
requested for confirmation. Clinical, laboratory and
pathology data for all patients were abstracted onto
standardized forms by physician investigators who were

not aware of the exposure status of the subjects, nor
of the numbers of exposed and non-exposed cases.
All slides were reviewed systematically using struc-
tured, detailed abstract forms to objectively charac-
terize hematopoiesis. Evaluation of the peripheral blood
smear included review of polymorphonuclear (PMN)
leukocytes for hypersegmentation, hyposegmentation
(the pseudo-Pelger-Huet anomaly), hypogranularity,
abnormal granules and the presence of vacuolization.
Platelet size and granularity and red blood cell shape,
size and general morphology were also noted. Eosino-
philia was defined as an absolute count of more than
450 cells/ul.; basophilia was defined as an absolute
count of more than 200 cells /ul..'®

Hematologic parameters recorded for bone marrow
aspirates included the following: the estimated eryth-
rocyte:granuiocyte ratio, per cent blasts and morpho-
logic changes. Evidence of dyserythropoiesis included
the presence of ringed sideroblasts, mulinuclearity,
karyorrhexis, nuclear fragmentation, abnormal nu-
clear shape, impaired hemoglobinization, megalo-
blastoid changes or other nuclear or cytoplasmic ab-
normalities. Dysgranulopoiesis was characterized as
for the peripheral blood smear. Dysmegakaryopoictic
features included the presence of micromegakaryotes,
large mononuclear forms, multiple small nuclei, or
giant or abnormal granules. The upper limit of the
normal range for mamow basophils was defined as
0.2 per cent of total nucleated cells {TNC), and for
eosinophils, 6.2 per cent of TNC."

Diagnoses were assigned after evaluation of all
available clinical, laboratory and pathologic data
without knowledge of the patient’s benzene exposure
status. Published criteria were utilized to classify my-
elodysplastic syndrome (MDS)," acute nonlympho-
cytic Jeukemia (ANLL),"?' acute lymphoblastic leu-
kemia (ALL),” and non-Hodgkin's lymphoma
(NHL).” Since study objectives did not include qual-
ity control of the previously assigned Chinese diag-
noses, which derived from a variety of sources; a sys-
tematic comparison of these diagnoses with the results
of the current review was not undertaken.

RESULTS

Eighty-two hematopoietic malignancies and related
disorders were documented among benzene-exposed
workers, with 13 such cases identified among the non-
exposed comparison group. Fréquencies of the major
diagnostic categories of hematologic meoplasms in
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benzene-exposed and non-exposed subjects are sum-
marized in Table 1. Diagnoses confirmed by review
of pathology reports and medical records for 51 ben-
zene-exposed subjects included acute leukemia (17
patients [pts]), MDS (2 pts), chronic granulocytic leu-
kemia (CGL) (5 pts), malignant lymphoma or related
malignancy (ML) (16 pts), aplastic anemia (8 pts) and
3 other disorders. For an additional 31 benzene-ex-
posed subjects, diagnoses based on evaluation of his-
topathologic material included 9 cases of ANLL; 5
acute leukemias which could not be classified further;
S MDS; 4 CGL.; 4 ML, 1 ALL; and 1 aplastic anemia
{Tables 2-5). Findings in an additional patient were
considered compatible with malignant histiocytosis and
those in another subject were thought consistent with
some lype of toxic bone marrow effect.

Diagnoses confirmed by review of histopathologic
material for the non-exposed comparison group in-
cluded ANLL-M2 (1 pt), multiple myeloma (1 pt) and
tymphoproliferative disorder (1 pt). Evaluation of
medical records and pathology reports for 10 addi-
tional patients indicated diagnoses of acute leukemia
(5 pts), CGL (2 pt), NHL (2 pt) and | leukemia, not
otherwise specified. Diagnoses observed among only
benzene-exposed cases inciuded aplastic anemia and
MDS (Table 1).

Preliminary analyses indicate that the age- and sex-
adjusted relative risk of all confirmed lymphohema-
topoietic disorders in exposed versus unexposed
workers is 3.4 (95% confidence interval: 1.9-6.1).
The results of future analyses (which will evaluate risk
by industry, occupational category, level of benzene
exposure and type of hematologic malignancy) will

Table 1 Frequency of major diagnostic groups of all hemato-
poietic malignancies and related disorders among benzene-ex-

posed and non-exposed workers

Diagnosis Number of cases {%)*
Expused Non-exposed
wirkers workers

Aplastic anemia 9 (11%) 0

Acule leukemia 32439%) 6 {46%)

Myelodysplastic syndrome 7 (9%:) Q

Chronic granulocytic

fenkemia 9(11%) 2 (15%)

Malignant Jymphoma and

related disorders 20 (24%) 3(23%)
Other 5t (6%) 2% (15%)
Total 82 13

*Numbers may not sum 1o 100 due to sounding erms.

Hachxdos dingnoses of agranulocyiosis {2y, multiple myeloma ()). dcukenvia, #ot other-
wise sperified INOS) (1), and toxic effect (13, )

$tnctudes diag of multipke 1) and lenk NOS (h.

be reported separately. Available clinicopathologic data
for 31 of the benzene-exposed cases are presented be-
low by diagnostic subgroup; data for patients 32-34,
who were not exposed to benzene, are summarized in
Tables 2-4.

ANLL Histopathologic data were evaluated for 5 men
and 4 women with ANLL (Table 2); patients typically
presented with anemia and thrombocytopenia, with
white blood cell counts ranging from 1,200 to 16,800
per uL (Table 3). Dyspoiesis was common (Tables 4
and 5). Three cases of ANLL-M?2 and four of ANLL-
M3 were included in the histopathologic review. In
two patients (numbers 4 and 9}, subtyping of ANLL
was not possible. The leukemic bone marrow of Pa-
tient 4 was thought consistent with either ANLL-M2
or ANLL-M4. Review of bone marrow for Patient 9
revealed peroxidase-positive blasts, which demon-
strated prominent nucleoli and a moderate amount of
cytoplasm, some with granules. This patient was
thought to have either 2 myelomonocytic or mono-
cytic leukemia. An unusual increase in small, atypical
basophils or mast cells was also noted in this patient,
who had a prior diagnosis of chronic benzene poi-
soning.

Acute leukemia, not otherwise specified (AL, NOS)
In five persons with acute leukemia, the cell type could
not be established after review of histopathology,
without the availability of additional cytochemical
stains. Data available for two of these cases suggested
blastic transformations of antecedent myeloprolifera-
tive disorders: Patient {0 presented with hepatosple-
nomegaly; basophilia and large platelets were among
the features noted on the peripheral blood smear. Bone
marrow examination revealed approximately 35 per
cent blasts and right-shifted granulopoiesis with nu-
merous PMNs, many of which were hypogranular.
The peripheral blood smear for Patient 11 showed
dacrocytes, basophilia and: large platelets, many in
aggregates, features consistent with the prior diag-
nosis of CGL noted in the medical record. Dysplasia
was evident in peripheral blood and bone marrow, with
undifferentiated blasts comprising approximately 30—
35% of marrow cellularity. Other characteristics sup-
porting the underlying diagnosis of CGL. included bone
marrow basophilia and available laboratory values
{Table 3) which included a low leukocyte aikaline
phosphatase (LAP) score.

More than 90% of marrow cellularity in Patient 12
consisted of blasts, which did not stain with peroxi-
dase according to an accompanying report. The sig-
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Table 2 Clinical presentation of 34 patients with hematopoietic malignancies and related disorders*

Patient Age/Sex Symptoms /Signs Physical LN Diagnosis
no. {yr) examination
HM M
1 40/M lower limb ulceration, - - + ANLL-M2
ecchymoses, petechiae
2 45/F vertigo, weakness, palpitations - - - ANLL-M2
3 24/M fever - - - ANLL-M2
4 25/M fever, malaise - - - ANLL-M2 or M4
5 43/M sternal tenderness, ginpival - - + ANLL-M3. microgranular
infiltration
6 47/F petechiae, stemal tendemness, - - - ANLL-M3
gingival bleeding, ecchymoses
7 23/M N/A N/A N/A N/A ANLL-M3
8 43/F petechiae, ecchymoses - - - ANLL-M3
9% 53/F fever, malaise, vertigo, pallor, - - - - ANLL-M4 or M5
dyspnea, mucosal uiceration
10 70/M bronchitis + - AL. NOS
1! 64/M N/A N/A N/A N/A AL, NOS
12 42/M sternal tenderness, ecchymoses + + AL, NOS
i3 42/M N/A - - - AL, NOS
14 2/M fever + - + AL, NOS
15 53/M N/A - - - RA
161 48/F lower limb ulceration - N/A + CMML
17 30/F N/A - - - RAEBT
I8 41/F N/A N/A N/A N/A MDS, NOS
191 40/M fever, joint pain + - - MDS, NOS
20 28/F petechiae + + + CGL
21 62/M abdominal mass, malaise, weight + + - CGL
loss
2 30/M N/A - - - CGL., atypical
23 N/A N/A N/A N/A N/A CGL
24 20/M fever, malaise vertigo + + - NHL (possible)
25 41/F malnutrition, pallor - -~ + NHL
26 40/ M fever — - + NBL
27 34/M fever + + + NHL
28 23/M sternal tenderness, gingival pain + + + ALL
25 45/M gingival bleeding, petechiae + N/A N/A Aplastic Anemia
30 58/M fever, malaise - - + Malignant Histiocytosis
{possibic)
31t 33/M weakness, vertigo + + - Toxic effect
32 49/M epistaxis, malaise, weight loss - - + ANLL-M2
33 52/M chest wall mass - - ~ Multipte Myeloma
34 54/M N/A N/A N/A N/A LPD
Abbreviations: AL: xuit X D ALL: ecu!t Iymphoblastic levkemi: ANLL acute ph ;-6-. leukemia; CGL: chronk granulocytic | i CMMl chronc myclomanocytic
Jeukemia; HM: b LN: tymphag yi LPD: lymphoprotift disorder; MDS: mych ',‘;N/Anm ined: NHL: non-Hodgkin's ymphoma: NOS: nut
otherwise xpccxﬁcd“ RA: r:fmnry ancmu RAEBT n:ﬁaﬂory anemia with excess blags in fi ion: SM: T+ present; ~ : absent.

*This table is limited 10 those patiems for whom bistoparhologic materials were rcv)cwcd {Tables 3-5). Panenls 131 wm occupationally exposed to benrens,

TPatient had been previensly diagnosed with chrosic. benzene poisoning.
1Available data preceded the reviewsd bone marow: aspirsie by 10 years.

nificant variation in blast size together with the pres-
ence of cytoplasmic granules and budding seemed
suggestive of a megakaryocytic lineage. However, in
the absence of immunohistochemical stains to eval-
uate a possible dlagnosm of acute megakaryocytic leu-
kemia (ANLL-M7),”" this patient was also considered
to have AL, NOS.

An unusual feature of increased lymphocytes with
large cytoplasmic granules was present in both the pe-
ripheral blood smear and marrow aspirate of Patient

13. Otherwise, findings in this patient were consistent
with AL, NOS (Table 4).

MDS Myelodysplastic syndromes were evident in five
subjects based upon review of histopathologic mate-
rial. Findings in Patient 15 included bone marrow hy-
pocellularity, with markedly dyserythropoietic fea-
tures, including multinuclearity, megaloblastoid
changes, and abnormal nuclear shape; the general
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Table 3 Laboratory data and peripheral blood morphologic findings in patients* with hematopoietic malignancies and related disorderst

Patient  Hemoglobin ~ WBC % biasts  Platelets Peripheral blood morphologic findings  Diagnosis
no. (z/dlj (%10°/ulL) (x10'/uL)
i 8.6 16.8 20 N/A pseudo-Pelger-Huet PMNS, Auver rods, ANLL-M2
thrombocytopenia
2 4.4 4.4 0 105 N/A ANLL-M2
4 3.0 13.7 0 N/A anisocytosis, poikilacytosis, pseudo ANLL-M2 or M4
Pelger-Huet PMNs, pancytopenia,
type 11 blasts
5 7.0 1.6 20 15 thrombocytopenia, hypogranular ANLL-M3,
promyelocyles or monocytic cells microgranular
6 8.8 1.2 10 66 N/A ANLL-M3
8 5.2 3.1 0 40 N/A ANLL-M3
9% 4.6 34 38 10 N/A ANLL-M4 or M5
10 8.0 15.2 23 56 polychromasia, NRBCs, AL, NOS
hypersegmented, hyposegmented and
hypogranular PMNs, large platelets,
basophilia
11§ NjA 84.6% 4 350 dacrocytes, left-shifted granulopoiesis. AL, NOS
large platelets, basophilia
12 5.9 2.9 50 10 N/A AL, NOS
13 14.7 2.3 0 86 oval macrocytes, neutropenia, AL, NOS
thrombocytopenia, immature
tymphoid cells with granules
14 8.0 17.5 0 0.7 N/A AL, NOS
1S 4.0 1.8 0 16 N/A RA
161 6.5 36.2 2 17 oval macrocytes, larget cells, CMML
megaloblastic and megaloblastoid
NRBCs, hypogranular PMNs, giant
bands, basophilia, thrombocylopenia
17 8.1 4.6 N/A 36 N/A RAEBT
19% 10.0 4.7 0 50 N/A MDS, NOS
20) 7.0 198.0%* 2 134 hypogranular PMNs and myelocytes, CGL
rodent nuclei, basophilia,
eosinophilia
2) 10.0 121.6 3 242 oval macrocytes, target cells, NRBCs, CGL
basophilia
22 7.0 32.8%t [¢] 300 left-shifted granulopoiesis, no CGL, atypical
basophilia nor eosinophilia
23 N/A N/A N/A N/A left-shifted granulopoiesis with mild CGL
basophilia
24 8.4 2.6 0 ky} N/A NHL (possidle)
25 8.5 16.8 0 N/A N/A NHL
26 11.0 8.3 0 210 N/A NHL
27t% 7.0 5.5 g N/A N/A NH1.
28 95 23.0 96 51 oval macrocytes, thrombocytopenia ALL
29 40 2.2 0 26 N/A Aplastic Anemia
30 1.5 4.4 0 100 pancytopenia, large atypical Malignant Histiocytosis
monocytoid cells present {possible)
3184 8.0 220.09% 0 406 N/A Toxic effect
a2 6.0 3.9 64 N/A anisocytosis, poikilocytosis, numerous  ANLL-M2
Auner rods
33 5.5 2.9 0 76 rouleaux Multiple Myeloma
. AL: acote deukemis; ALL: acuie lymphoblastic Jeukemiz "ANLL: acute non-lympbocy ja; CGL: chronic granulocyric fmskemiz: CMML: chionic myelomenocylic
Xemia: MDS: myelodysplasti drome: N/A: nn availuble: NHL: Hodghin's tymph NOS: not otherwise specificd: NRBC: nucleated red blood cells: PMN: polymorphonuciear

P Y
jeukocyic: RA: refractory anemis: RAEST: refractory ancmis with eaccss biasts in transformation; WBC: white blood cell.
«Neither laboratory data nor peripherst bloud smears were availsble for patient nus. 3. 7, I8, amd 34.
tParicats -3} were occupationally exposed to benzene.
Paticnt had boen previously disgnosed with chionic benzene poisoning. )
§Laborawory values precoded the seviewed periphend bliod 2nd bone mamow specimer by 3 years.
SWBC differemtial: 22% PMN. 3VE Dands. 8% meamyelocytes, d% myelocyles. 5% promyclocytes, 4% blasts, 7% basophile, 3% cosinophils, H% lymphocyies.
BPaticnt was Philadelphia-chromasome positive.
»eWBC difforcniial, 27% PMN. 18% bands, 1J% moamyclocyies, 25% miyclocytes, 5% promyelocyies, 2% blaus, 4% eosinophils, 4% basophils, 2% lymphocytes.
THWBC differential: 49% PMN. 1% bands, 7.5% metamyclocytes. 20.5% myclocytes. 5% promyejocytes, 5% lymplucytes. 2% miher.
$1Laboratory values were ohiained approximately 1 mimth afier lymph sode biepsy.
§8Lsboratory values preceded the reviewed booe marrow aspirae by 10 yeans.
SYWBC differemial: 40% PMNs, 20% bands. 15% metamychxyies, 25% promyclocytes.
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Table 4 Bone mammow features in patients* with hematopoietic malignancies and related disorderstt
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Patient E:G Cellularisy [ Dyspoiesis % blasts Comments Diagnosis
no.
Erythrocytes Granulocvies Megakaryocytes
1 1:50 Decr/+ Iner/— Decr/~ 60 peroxidase stain: positive ANLL-M2
2 1:30  Decr/+ Incr/~ Decr/t 30-35 —_ ANLL-M2
3 1:10 Decr/— Incr/— Decr /T 40 — ANLL-M2
4 1:100 Decr/T Iner/— Decr/t 40 naumerous immature cells, ANLL-M2 or M4
either monocytes or
granulocyies
5 1;20 Nif- Incr/- Decr/t 60 — ANLL-M3,
microgranular
6 1:20 Deer/+ Incr/— Decr/t — hypergranular promyelocytes: ANLL-M3
K%
7 1:15 Decr/+ incr/— Decr/t — hypergranular promyelocytes: ANLL-M3
9%
8 30:1 Decr/+ Incr/+ Decr/~ e hypergranular and ANLL-M3
hypogranular
promyelocytes: 90%
9% 1:100 Decr/+ Incr/+ Decr/t 80 increase in basophils or mast ANLL-M4 or M5
cells (5%), which are
dysplastic; increase in
monocytes; peroxidase
stain: positive
10 1:8  Decr/+ Ince/+ Decr/ 35 preceding MPD AL, NOS
1i 1:100 Decr/+ Incr/~ Decr/+ 30-35 vndifferentiated blasts; AL. NOS
preceding CGL
i2 $ 8§ Decr/ - Decr/— 50 blasts demonstrate AL, NOS
cytoplasmic budding and
. granules
i3 1:1 N/A N/A N/A see immature lymphoid-like cells AL. NOS
commen!  (some with granules): 90%
14 1:506 Decr/- Incr/~ Decr/t 90 —_ AL. NOS
15 1 Iner/+ Decr/~ Decr /T <5 significant dyserythropoiesis; Refractory Anemia
marked granulocytic
hypoplasia
161 1:6 Nl/+ Incr/+ Decr/+ 5-10 incr. basophils: 1-2%. CMML
incr. monogyles: 20-25%
17 1:3 Inedl/+ Incr/+ Decr/t 5-10 Auer rods noted RAEBT
18 5:2 Incrl/+ Decr/ + Decr/t <5 — MDS, NOS
191 N/A N/A N/A N/A N/A pseudo-Pelger-Huet PMNs MDS, NOS
21 1:15 Ni/+ Incr/+ NI/- <5 low LAP score, slight CGL
increase in basophils
22 1:10 NI/+ Iner/+ Nij- <8 no basophiiia nor CGL, arypical
eosinophilia. Jow LAP
score
23 i:5 Ni/+ Incr /- N1/~ <5 eosinophilia: 5% CGL
basophilia: <1%
24 11 Iner§/+ Decr/+ Ni/+ <5 increase in granular NHL (possible}
lymphocytes;
hemophagocylosis
28 5:1 NI/~ Decr/t Decr/t 90% no Auer rods ALL
29 10:1 o ner?2/+ Decr/t Decr /T <5 megaloblastoid RBCs Aplastic. Anemia
30 12200 NI/ + Decr/~ Decr /T <5 — Malignant Histiocytosis
{possible)
3 1018 N+ Incr/~ Nij— <5 eosinophils: 5-8%; extensive  Toxic effect
dyserythropoiesis
32 1:100 Decr/— Incr/— Decr/1 70 numerous Aver rods ANLL-M2
33 1:3 Decr/~ Decr/~ NI/~ <5 myeloma cells: 50% Multiple Myeloma
34 1:10  Decr/- Decr/— Decr/t <5 lymphocytes: 50-60% LPD
A Tuli AL: acule leukemis; ALL: acuie Jymphok kemis; ANLL: acute non-lymphocytic 1 CGL: chronic focytic ok s CMML: chrome myelomonocytx
kukemia: Decr: decreased: E:G: erythmeyte: gnnulocylc ratio; lm:r mcrcawd LAP' kukocyte alkaline phosphatasc: LPD: lymm:mvhl‘cmxv: disonder. MD5S: myclodysplastic syrdrome;
MPE: myclopmhicra!cw disorder: N/A; not NHL: 's lymphs NOS: not atherwise ified; PMIN: polymonph fear leubovyie: RAEBY: refractory apemin

with excess blosts in transfoemation: RBC: red blood cclf; +: pn:\cu ~: absem,
*Bome-manuw was not avaifable for review In Pr. 22, Lymph node biopsies (Pis, 25, 26, and 27) ave mot included in the tubic.
#¥Patients 1-31 were occupationally exposed 10 benzene.
tDyspoiesis could not be assessed since so few cells were available,
3Patient hisd been proviously diagnosed with chronic benzene puisoning.
§No erythroblasts wese identificd on the slide.
[Erythroblasis: 0%
EErythroblaus: 60%
»*Erythroblasts: 80%
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Table § Summary of dysplastic morphologic findings in the peripheral blood or bone marrow of benzene-exposed workers with

hernatopoietic malignancies and related disorders*

Morphologic finding

Diugnostic category (no. of patients}

ANLL AL. MDS CGL NHL ALL AA MH Toxic
{9 NOS {5) (4} {possible) () (1) {possible) effect
4} () t1) (1}
Dyserythropoiesis (all types) 6 3 5 3 i 0 i i i
Multinuclearity 0 0 2 } ! 0 0 ¢} }
Impaired
hemoglobinization 5 2 3 ! t Q { 1 1
Abnonnal nuclear shape 0 0 3 o] 0 0 [ 4] i
Megaloblastoid changes 3 0 4 2 1 ¢ 1 0 1
Dysgranujopoiesis (all 1ypes) 5 ! 4 3 } 1 0 0 0
Hypenegmented PMNs 0 1 0 0 0 Q 0 0 0
Hypogranulation I 1 2 1 0 0 0 0 0
Pseudo-Pelger-Huet
anomaly 2 0 3 4] I 0 [t} 1} 0
Dysmegakaryocytopoiesis
0 i 4] 0 1 [t 0 0 0

{Micromegukaryocytes)

Abbreviations: AA: aplastic ancmiss ALL: acute Tymphoblastic keukemiaz AL, NOS: acate ukemia, not otherwise specified; ANLL: acute non-lymphocytic leukemia. CGL: chroni
granslhocythe ukemia; MDS: myclodysplastic syndnsoe. MH malignant hissocyiuvis: NHL non-Hodgkin's Iymphoms,
“Thix table is limited 10 benzenc-cxposed subjecis (pratient nombers 1-31). Specimens frun Pasient 13 were not evaluable fix dysplasiz. The 3 subjects finr whom fymph node hiopsies

were reviewed are a included jo this table.

morphology of the red cells was dimorphic. Features
of this case were consistent with refractory anemia
{RA).

The findings in Patient 16, who had a prior diag-
nosis of chronic benzene poisoning, were most con-
sistent with chronic myelomonocytic  leukemia
{CMML). Peripheral blood smear features included
oval macrocytes, megaloblastoid nucleated red blood
cells (NRBCs), hypogranular PMNs and monocyto-
sis. Bone marrow demonstrated megaloblastoid dys-
erythropoiesis and giant bands and metamyelocytes,
as well as an increase in monocytes (20—-25%). Ex-
cess numbers of both peripheral blood and marrow
basophils were also apparent. Information about the
size of the spleen on physical examination was not
available, and. cytogenetic studies and a LAP. scorc
had not been performed to exclude a diagnosis of CGL.
However, the extensive dyspoiesis evident on both the
peripheral smear and the bone marrow, together with
the increase in marrow monocyles, seemed to favor
a diagnosis of CMML.

Although a marrow smear from Patient 17 con-
1ained only 5-10% blasts. the presence of Auer rods,
together with other findings, met criteria for a diag-
nosis of refractory anemia with excess blasts in trans-
formation (RAEBT). Dyserythropoiesis in this subject
consisted of abnormal nuclear shape. megaloblastoid
changes, and impaired hemoglobinization. Hypogran-

ular PMNSs and the pseudo-Pelger-Huet anomaly were
also evident.

For 2 of the cases, the MDS could not be subclas-
sified further. Dyspoietic features in Patient 18 in-
cluded megaloblastoid, multinucleated red cells, im-
paired hemoglobinization, and hypogranular and
pseudo-Pelger-Huet granulocytes. Patient 19, who had
a prior history of chronic benzene poisoning. was
considered to have a possible MDS, based on the pe-
ripheral blood counts, presence of pseudo-Pelget-Huet
cells on the reviewed slide, and a bone marrow report
which noted 4 per cemt blasts. Unfortunately, the
available marrow aspirate was of poor quality.

CGL  Four cases of CGL are summarized in Tables
2-5. Although a bone marrow aspirate was not avail-
able for examination in Patient 20, clinical findings
and laboratory studies {(which included the presence
of the Philadelphia chromosome) were consistent with
the diagnosis of CGL, indicated in the medical record.
Patient 21 presented with hepatosplenomegaly, a high
white blood cell (WBC) count with basophilia and a
LAP score of 8. Peripheral blood and bone marrow
findings, which were consistent with CGL., also in-
cluded dyspoiesis. Patient 22 had a medical record
diagnosis of CGL. Given his peripheral blood counts,
myelocyte bulge, LAP score of 6, and striking gran-
ulocytic hyperplasia on the marrow aspirate, we
maintained CGL as the study diagnosis. However, in
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the absence of basophilia, we considered this to be an
atypical variant.

Malignant Iymphoma Patient 24 presented with
constitutional symptoms, hepatosplenomegaly and
pancytopenia. Marrow review revealed hemophago-
cytosis, multinucleated and megaloblastoid dyseryth-
ropoiesis, slight impairment of hemoglobinization,
pseudo-Pelger-Huet PMNs, hyposegmented eosino-
phils, eosinophils with pseudopodia and micromega-
karyocytes. Several very large cells with cytoplasmic
granules, possibly suggestive of malignant T-iympho-
cytes, were also present. Although this patient may
have had an unusual peripheral T-cell lymphoma,” in
the absence of additional immunohistochemical stains,
only a diagnosis of possible non-Hodgkin's lym-
phoma (NHL) could be assigned.

Evaluation of lymph node biopsies disclosed three
cases of NHL. Two patients (25 and 26) were both
considered to have malignant lymphoma, diffuse mixed
small and large cell, based on samples of tonsillar tis-
sue and a cervical lymph node, respectively. Patient
27 was thought to have diffuse large cell lymphoma
based on review of a supraclavicular lymph node bi-

opsy.

Other diagnoses Bone marrow from Patient 28 gen-
crally demonstrated characteristic findings of ALL.
The hypoplastic bone marrow of Patient 29, which
was consistent with aplastic anemia, demonstrated
impaired hemoglobinization and megaloblastoid dys-
erythropoiesis; the peripheral blood WBC differential
was remarkable for a mild relative lymphocytosis
(47%).

Patient 30, who presented with fever, malaise,
lymphadenopathy and pancytopenia, had a medical
record diagnosis of malignant histiocytosis. Although
special stains to confirm this cell lineage were not
available for our review, both the peripheral blood and
marrow. smears: showed large, erythrophagocytic,
monocytoid cells suggestive of malignant histiocytes.
Therefore; since the patient’s clinical and pathologic
features were consistent with the medical record di-
agnosis, we maintained it for ‘study classification.
Dyspoietic changes observed for this case included
slightly impaired hemoglobinization.

Patient 31, a 33 year old man, had been exposed
to benzene for approximately 11 years at the time the
specimen described in Table 3 was obtained. This
marrow aspirate demonstrated marked dyserythropoi-
esis, including multinuclearity, megaloblastoid
changes, abnormal nuclear shape and cytoplasmic

vacuolization. These changes were thought most con-
sistent with some type of toxic bone marrow effect,
with further hematologic classification not possible.

DISCUSSION

The present report represents one of the largest series
of benzene-related hematopoietic malignancies, iden-
tified from a cohort study, in which diagnoses were
confirmed by review of pathology reports, medical
records, and /or histopathologic material and in which
individual clinicopathologic descriptions are pro-
vided.**'>" Important findings include the observa-
tion that the hematopathologic features of ANLL as-
sociated with benzene exposure resemble those
following chemotherapy or radiotherapy, and docu-
mentation of diagnoses of MDS. Taken together, these
observations suggest that benzene-related ANLL may
represent a distinct clinicopathologic entity and per-
haps display a preleukemic phase in some patients, as
does therapy-related ANLL.

Another new finding in our study is the greater di-
versity of hematologic malignancies than usually re-
ported with benzene exposure, perhaps due in part to
the sizable number of subjects in a variety of occu-
pational settings. In previous investigations of cancer
risk among various groups of benzene-exposed work-
ers, excesses of several forms of hematopoietic ma-
lignancies have been described, but only AML and
aplastic anemia appear to be consistently increased.’
Results have, otherwise, varied considerably between
studies. For example, preleukemia and acute eryth-
roleukemia were especially conumnon among Turkish
workers with chronic benzene poisoning,” and eryth-
roleukemia was also noted among ltalian workers ex-
posed to benzene.” In the Paris region, CGL and CLL
accounted for 26 and 16%, respectively, of all leu-
kemias associated ‘with benzene exposure.” In. addi-
tion, elevated risks for multiple myeloma. although
based on only four cases, were reported among ben-
zene-exposed workers”in the US.> Reasons for the
variation in the distribution of hematopoietic malig-
nancies between studies may include the presence of
concomitant exposures in the workplace, the duration
and/or level of benzene exposure, or dissimilarities
in case ascertainment and reporting. Furthermore, dif-
ferences in genetic or other susceptibility factors in
the at-risk populations may also affect the distribution
of malignancies which are observed. For instance, al-
though CLL was not seen among benzene-exposed
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workers in our cohort and only one case of multiple
myeloma was evident, population-based incidence data
for China indicate that rates for these malignancies
are very low.?™ Similarly, acute erythroleukemia,
also rare in our series, comprises only 5% of ANLL
in China.” Otherwise, the spectrum of hematopoietic
disorders in our series includes many of the condi-
tions reported in prior studies of benzene-exposed
workers. Clinicopathologic features of the benzene-
exposed cases are discussed below by diagnostic
subgroup and compared with observations in prior re-

ports.

ANLL Although the presenting signs and sympioms
of the benzene-exposed patients with ANLL typical
of acute leukernia occurring de novo,” many of the
hematologic features resembled those reported in leu-
kemias sccondary to chemotherapy or radiotherapy.™
Characteristics typical of t-ANLL which were ob-
served in our patients included the presence of dys-
myelopoietic changes,™*’ the common occurrence of
anemia and thrombocytopenia,™ and increased bone
marrow cellularity.’®”'-"* Basophilia, which has been
reported in 1-ANLL,”*™ was evident in 2 of 3 patients
with a prior history of chronic benzene poisoning, al-
though other clinicopathologic series of benzene-in-
duced leukemias have not noted increased numbers of
basophils.*"*'* Also, basophilia does not seem to be
a typical feature of chronic benzene toxicity.”
Treatment-related leukemias, which may demon-
strate a preleukemic phase,” ™ are generally consid-
ered distinct clinicopathologic entities with character-
istic  non-random  cytogenetic  changes.™*
Morphologic and hematologic similarities between our
benzene-exposed cases and t+-ANLL suggest an over-
iap in pathogenesis, perhaps including damage to
marrow stemn cells and to extra-medullary mediators
of carcinogenesis. One of the metabolic products of
benzene postulated to be leukemogenic includes trans-
trans-muconaldehyde, which shares functional simi-
larities with alkylating agents.” Non-random abnor-
malities of chromosomes 5 and 7 have been reported
among patients with ANLL and past occupational ex-
posure to either solvents or petroleum products™** and
subjects with t-ANLL following alkylating agent ther-
apy.™ More recently, Faglioli er al.*' noted that the
clinicopathologic features of ANLL following expo-
sure 1o organic solvents also resembled those seen in
t-ANLL. Another metabolite of benzene, hydroqui-
none, may inhibit the production of interleukin-1, a
cytokine necessary for hematopoiesis.” These and other

potential mechanisms of benzene hematotoxicity and
carcinogenicity were recently reviewed by Cox.*

Acute promyelocytic leukemia has been reported
infrequently in benzene-exposed groups® as well as in
t-ANLL.%* Although ANLL-M3 occurred in at least
4 patients in this series, its general representation among
the subtypes of ANLL was similar to its distribution
in de novo ANLL in China.”

MDS The occasional reports of preleukemia in as-
sociation with benzene exposure®'™ have only rarely
included descriptions of dysplasia, such as megalo-
blastoid dyserythropoiesis.® To our knowledge, di-
agnoses of MDS per se have not been previously re-
ported in benzene-exposed workers, perhaps due in
part to the relatively recent recognition of some of
these disorders.”® Among benzene-exposed workers
in general, reports of dyspoiesis have usually been
limited to the rare occurrence of the pseudo-Pelger-
Huet anomaly.™* To date, dysplastic findings have
not been observed in pancytopenic patients with chronic
exposure to benzene.*

It is likely that, with increasing appreciation of var-
ious types of hematologic dyspoiesis, MDS may be
recognized more often among benzene-exposed sub-
Jects, enabling further characterization of the dys-
plastic features associated with benzene toxicity. Cor-
relations between specific cytologic and cytogenetic
aberrations might aid in understanding the genetic ba-
sis of morphologic dysplasia, as suggested by the pos-
sible association reported between pseudo-Pelger-Huet
anomaly and monosomy 17.* A study of the natural
history of benzene-related MDS, including its possi-
ble progression to acute leukemia as reported in t-
ANLL,**" should help elucidate mechanisms of leu-
kemogenesis.

CGL  Ahthough secondary CGL has been reported
following chemotherapy,* it is mainly considered to
be radiogenic.* Other clinicopathologic series of ben-
zene-exposed workers have found variable propor
tions of CGL among reported hematopoietic malig-
nancies.*”* Among all benzene-exposed workers in
our cohort, CGL accounted for approximately 11% of
hematologic malignancies. The four patients with CGL
included in our histopathologic review generally
showed features characteristic of that diagnosis,” as
reported in other benzene-exposed workers with this
disorder.®'* However, dysplastic changes were noted
in all cases, and two subjects (numbers 20 and 22)
were relatively young at diagnosis, given that CGL
typically does not show a sharp increase in incidence
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until after age 50.7 The absence of basophilia in the
latter patient was unusual, but has been noted in atyp-
ical CGL.*

Malignant lymphoma Although lymphoma and re-
lated disorders (ML) accounted for approximately 24%
of the hematopoietic malignancies among benzene-
exposed patients in our series, to date there have been
only scattered clinicopathologic reports of ML in ben-
zene-exposed workers, as summarized recently by
Aksoy."” Most of these descriptions have utilized older
classification systems, thus limiting comparisons with
our cases. It is noteworthy that two of the four cases
of NHL among benzene-exposed patients in this se-
ries for whom slides were reviewed represent one
subtype of lymphoma as classified by the Working
Formulation, although this could represent a chance
observation, given the small numbers. Further inves-
tigations including immunohistochemical studies as
well as histopathologic review should help to clarify
the relationship of NHL subtypes to benzene expo-
sure.

Orher diagnoses There have been occasional clini-
copathologic descriptions of ALL in benzene-exposed
workers.**">! L enkocyte counts (median: 4,200/ul.;
range 1,700--39,000/uL) cited in these reports tend
to be somewhat lower than in de novo ALL,*? but the
cases seem otherwise typical. Clinicopathologic fea-
tures of our patient were also similar to those of de
novo ALL.*?

Although the association between benzene expo-
sure and pancytopenia or aplastic anemia (AA) is well
established,’ there is considerable variability in bone
marrow. cellularity -among: pancytopenic patients, even
when clinical and other hematologic features are sim-
ilar.* Although benzene-related AA is frequently ac-
companied by an absolute lymphopenia,® a mild rel-
ative lymphocytosis was noted in the patient for whom
histopathologic material was reviewed. Dyserythro-
poiesis was minimal in this subject, in accordance with
previous reports of benzene-related AA.»

The marked degree of ‘toxic changes observed in
crythropoietic celis in Patient 31 seems to have not
been previously repuried among benzene-exposed
workers. Cytoplasmic vacuolization of erythroid (n =
1) or myeloid cells {(n = 2) was noted on bone marrow
examination in 3 apparently asymptomatic benzene-
exposed workers with peripheral blood cytopenias, all
of whom also demonstrated maturation arrests in the
myeloid series.” Similarly, cytoplasmic vacuoliza-

tion has been reported in the bone marrow of ben-
zene-intoxicated rats >

Marrow eosinophilia was also evident in Patient 31.
Proportions of eosinophilic leukocytes greater than 8
per cent were noted in the peripheral blood of 6 of
217 benzene-exposed workers in one series,™ and in
2 of 30 women with chronic benzene poisoning re-
ported by Smith.* Relative or absolute numbers of
eosinophils were not increased in the peripheral blood
or bone marrow of the three patients in our series with
prior diagnoses of chronic benzene poisoning.

Rapidly expanding knowledge of the importance of
oncogenes in hematologic malignancies,” the appli-
cation of molecular genetic techniques to hematol-
ogy,” and characterization of the importance of the
bone marrow stromal environment hold promise for
identifying potential similarities, as well as differ-
ences, in the mechanisms of action of known leuke-
mogens, such as benzene, radiation, and chemother-
apy. It is hoped that the results of this clinicopathologic
evaluation of hematologic neoplasms among benzene-
exposed workers will encourage further incidence
studies to clarify risks by subtype in the general pop-
ulation and in occupational cohorts with excessive he-
matopoietic malignancies. In addition, cytogenetic and .
molecular studies of benzene-related leukemias, along
with corresponding studies of t-ANLL, should deepen
our insights into the underlying mechanisms of leu-
kemogenesis.
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Abstract

We characterized the prevalence of hematopoietic and lymphoid disease for 2,923 consecutive patients
presenting at 29 hospitals from Aug 2003 to Jun 2007. Diagnoses were made in our laboratory using WHO
criteria based on morphologic, immunophenotypic, cytogenetic, FISH and molecular data. A total of 611
subjects (322 males/289 females) were prospectively diagnosed with MDS using WHO (2001) criteria. Update
and re-evaluation of cases using MDS (2008) criteria resulted in 649 MDS cases. Using WHO (2008) criteria,
refractory cytopenia with multilineage dysplasia (RCMD) accounted for 68% of total cases, refractory anemia
with excess blasts (RAEB), 16.3%, refractory anemia (RA), 6.5%, refractory cytopenia with unilineage
dysplasia (RCUD), 4%, and MDS-unclassifiable (MDS-U), 4.5%. Subjects were administered éuestionnajres
and information on previous disease, work histories and exposurés to potential etiologic agents such as
benzene (BZ) was obtained. A total of 80/649 (13.2%) were determined to have some BZ exposure. The
frequency of clonal cytogenetic abnormalities in all MDS was 30%, the most common being +8 > del(20)q >
del(7q) > del(5q), while the analogous frequency in BZ-exposed cases was only 24%. To further investigate
the characteristics of MDS associated with BZ, we identified a subset of cases with high BZ exposure. These
BZ signal cases were each matched by age and gender to 2 cases with no known BZ exposure. When
contrasting BZ signal cases vs matched cases with no BZ exposure, we found a high odds ratio (OR) for the
WHO subtype MDS-U (OR = 11.1), followed by RAEB and RCUD (OR = 1), RA (OR = 0.7) and RCMD (OR
= 0.6). Multilineage dysplasia with abnormal eosinophils (MDS-Eo) was strongly associated with BZ
exposure, whereas the relative risk of clonal cytogenetic abnormalities was reduced for high BZ exposed cases
(OR = 0.5). These findings are strongly indicative that MDS subtypes are influenced by BZ exposure, and
taken together with previous studies, the features of MDS-Eo suggest that altered immune regulation plays a

major role in the pathogenesis of MDS following chronic exposure to BZ.



1. Introduction

During the 1960’s and 1970°s there was increasing appreciation of a group of relatively
obscure hematologic disorders that were associated with progressive bone marrow failure, were not
characterized by increases in the number of circulating cells found in myeloproliferative or leukemic
diseases and that shared certain common features of abnormal maturation and development of
hematopoietic precursor cells in the bone marrow. Precision in diagnosis and prognosis has developed
considerably for these debilitating, often fatal and sometimes “preleukemic” conditions now known as
myelodysplastic syndromes (MDS). Understanding the nature and pathogenesis of MDS remains a work
in progress. However, considerable advances have been made over the last decade in standardizing
criteria for the diagnosis of the disease, with the widespread adoption of the WHO (2001)- and the recent
introduction of WHO (2008)- classification criteria [1-3].

Today, MDS are recognized as a heterogeneous group of hematopoietic malignancies that are
characterized by ineffective blood cell production, or hematopoiesis, that is accompanied by abnormal
maturation and dysplasia in one or more blood cell lineages in the bone marrow (BM) [1]. Although
MDS is usually progressive, the prognosis is highly variable. Some patients with MDS will undergo
transformation to acute myeloid leukemia (AML) while others may become transfusiop-dependent and
eventually succumb to bleeding or infection. In still other cases the patient’s clinical condition can
remain relatively stable for long periods of time. The heterogeneity and clinical variability of MDS poses
major challenges for prognosis as well as the rational development of effective therapeutic strategies.
Principal. differences between WHO {2001) and WHO-(2008) criteria focus on the introduction of a new
category in WHO (2008), refractory cytopenia with unilineage dysplasia (RCUD), which extends MDS to
include BM failure syndromes with single lineage dysplasias in the granulocytic and megakaryocytic

lineages, and some refinement in the definitions applied to MDS unclassifiable (MDS-U) [1].



Regional differences in the prevalence of individual MDS subtypes have been reported, primarily
between Asian and Western patients [4-6). We previously characterized a group of 176 MDS patients
diagnosed in Shanghai according to WHO (2001) {7] and more recently reported on the prevalence,
clinical and cytogenetic characteristics and survival of 435 patients diagnosed with de nove MDS [8].
QOur results reveal major differences in the age at onset and prevalence of individuat subtypes of MDS
between Asian and Western patients with a median age of approximately 55 years and a predominance of
refractory cytopenia with multilineage dysplasia (RCMD) that approaches 70% of all cases. Although
previous studies have suggested MDS as an outcome in workers exposed to BZ [9;10], until recently
identification of MDS or its subtypes associated with BZ exposure using modern criteria has been lacking
[11]. Herein we extend our characterization of MDS in Shanghai in order to evaluate the impact of WHO
(2008) criteria on the analysis of disease prevalence and to assess the influence of chronic benzene (BZ)
exposure on the development of MDS.

2. Material and methods

2.1 Patients

All patients, >18 years of age, presenting at 29 Shanghai hospitals with initial clinical findings
consistent with a hematopoietic abnormality between July, 2003 and July, 2007 were candidates for
inclusion in this study. Informed consent was obtained according to the Declaration of Helsinki, 2004 and
the NIH Common Rule (45CFR46), and together with the protocol, were approved by the Combined
Institutional Review Board of the University of Colorado Health Sciences Center in Denver, Colorado
and the Internal Review Board at Fudan University in Shanghai, China. Peripheral blood, bone marrow
aspirates and core biopsies were obtained on all individuals using standardized procedures and evaluated
in our laboratory using morphologic, immunophenotypic, molecular and cytogenetic techniques. - Cases
initially were diagnosed according to WHO 2001 criteria [2]. Patients presenting with concomitant
nutritional deficiencies (Vitamin B12, folate or iron), congenital anemias, viral (including HCV or HIV),
recent bacterial infections, or receiving concomifant cytotoxic therapy with alkylating or anti-metabolic
agents were excluded in this analysis. Follow up evaluation was routinely provided. Diagnoses were
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updated at 6-12 month intervals when possible, and all cases were re-evaluated in 2009 using WHO 2008
criteria [1].
2.2 Sample collection and clinical laboratory analysis

Peripheral blood, bone marrow aspirates, tissue and core biopsies were collected in conjunction
with diagnostic procedures. Peripheral blood smears were obtained by finger stick. Blood samples were
collected by venipuncture and processed for routine CBC (Cell Dyne 3700, Abbott, Ab»~tt Park, IL) and
viral serology (HCV and HIV) (Imx, Abbott). Serum vitamin B12 and folate were measured by chemical
luminescence (Beckman Coulter Dxi800), and total iron binding capacity (TIBC) was determined using a
Beckman Coulter LX20.

Bone marrow 'aspirates and core biopsies were obtained by needle extraction (Jamshidi) from the
posterior iliac crest. Aspirate cell suspensions where stained with fluorochrome-conjugated antibodies for
flow cytometric analysis of bone marrow cellular subsets. Multiparameter analysis was performed using
a dual laser flow cytometer (FC-500, Beckman Coulter, Hialeah, FL; Immunotech, Miami FL) equipped
with compensation software (Software CXP, Beckman Coulter). A broad panel of antibodies was used
for immunophenotyping of BM cells. (Beckman Coulter, Immunotech).

2.3 Morphology

Morphology and immunophenotype analysis were conducted on both bone marrow aspirate
{flow cytometry) and core biopsy (immunohistochemistry) material. Bone marrow aspirate and
peripheral blood smears were prepared from fresh tissue and evaluated using Wright-Giemsa stained
preparations and special stains, including an iron stain. Core biopsy sections were evaluated using
Hematoxylin-Eosin (H&E), Gomori trichrome, iron and immunoperoxidase-immunochistochemistry stains
for selected markers, Morphology was independently evaluated by two of us(R.D.L, I.R.). Microscopic
analysis was performed using Olympus BXS51 bright field microscopes (Olympus Optical Ltd, Tokyo).
Standardized criteria for determining dysplastic changes and lineage involvement bave been described in
detail elsewhere [7].

2.4 C ytogeneﬁc' and fluorescence in situ hybridization (FISH) analysis
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Cytogenetic studies were performed on either bone marrow or peripheral blood collected at
diagnosis. Metaphases were prepared from unstimulated, short-term culture preparations (24- and 43-
hour) and G-banded with trypsin-Giemsa staining. A minimum of 20 metaphases were analyzed in each
case. FISH analysis was performed on short-term cultures of bone marrow or blood cells. Systematic
screening for -5/5g-, <7/7g-, +8, del(20q) and 11q23/MLL rearrangements was performed on each patient.
In some cases, additional FISH studies were used to eit- -~ characterize chromosome abnormalities (CA)
observed in banded chromosome studies or to confirm the presence of cytogenetic aberrations suggested
by other diagnostic work-up. A minimum of 500 nuclei and 10 metaphases were analyzed in interphase
and metaphase analysis, respectively.

25 Questionnaire Description

Questionnaire administration and data collection procedures are described elsewhere [12].
Briefly, all subjects were interviewed by trained personnel in the hospital setting. In a few cases, subjects
were interviewed at home if they had left the hospital prior to interview. The questionnaires used in this
study were designed in English, translated into Chinese and then administered in the native Chinese
language. Information obtained in the questionnaire included patient demographics, family history of
disease, patient medical history (diseases, medications), patient occupational history and patient non-
occupational exposure history (e.g. hobbies, smoking, alcohol use). Clerical staff entered the data in
duplicate from the questionnaires into a database that was verified via an external quality assurance audit.
Any disagreements between questionnaire entries were resolved quickly by referring to the original paper
record or the questionnaire administrator. A summary file was generated from the questionnaire data,
which did not include any of the clinical information, such as clinical diagnoses, that could compromise
blinding. This summary file was assessed and edited via a comprehensive series of logic and consistency
checks to assure data integrity.

Information from different fields on the questionnaire were combined to define an enhanced and
more inclusive variable for analysis. These instances included: (a) information on diabetes and diabetes

treatments (i.e. tolbutamide) for a diabetes indicator, (b) information on tuberculosis (TB) and TB
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treatments for a tuberculosis indicator (c) growing crops indicator which used information on fertilizers,
insecticides, pesticides, and growing crops, and (d) an inflammation indicator that combined information
on infections and inflammatory diseases such as arthritis, hepatitis and TB.

The questionnaire that solicited exposure information for subjects consisted of a detailed
assessment of each patient’s work history. This work history queried jobs held over each patient’s entire
career. Subsequent expc..1< assessment steps involved at least one, but often several, of the following
steps: (a) location of exposure measurement records for the job and location where the subject worked
through the Shanghai Institute of Public Health Supervision (IPHS) database, (b} location of records for
surrogate factories, industries or jobs in the IPHS database, (c) assessment of exposures detailed in the
Chinese literature for relevant industries (d) assessment of regulatory and technology changes for key
industries, (¢) monitoring data from nearby facilities, and/or (f) conducting task simulations. An expert
panel assessed exposures using the above data. Additional independent checks with source data further
refined the expert panel assessment.

2.6 Exposure Assessment

Five ordinal.categories of exposure: 0, <1 mg/m’, 1-<10 mg/m’, 10-<100 mg/m®, and 100+
me/m® were formed. Each job/location scenario was placed into one of these five categories using the
procedures summarized above. Category 1 was assigned a ‘score’ of 1, category 2 a score of 2, etc. We
then further categorized the third category (10-100 mg/m®) into 3.1 (10-32 mg/m’), 3.2 (33-66 mg/m’)
and 3.3 (67-100 mg/m®) and calculated the months exposed at each estimated concentration level. We
believe the scores represent an accurate assessment of relative BZ exposure in diverse Chinese industries,
and should be considered one of the strongest exposure assessments for BZ in the literature to date.
While we are confident that the relative degree of BZ exposure is represented in the scoring scheme used,
we are more cautious regarding precise exposure concentrations assigned to each score. Therefore, we
have chosen to report exposure grades rather than assigning a midpoint concentration to each category in
order 1o calculate a measure analogous to ‘ppm” or “ppm-months’.

2.7 Case case selection



An objective of this study was to compare both the demographic and clinical characteristics of
MDS cases highly exposed to BZ with a similar population of MDS cases with no documented BZ
exposure. Although it is impossible to determine the etiology of any individual case within a group, we
hypothesized that BZ exposure is most likely to have a role in the development of MDS for the most
highly exposed cases in our series. Therefore, our rationale was to establish a clear contrast between
background cases (unexposed) and those that could reasonably be attributed to BZ. Consequently, for some
of the analyses performed in this study we defined “signal cases™ as individuals who were exposed to >67
mg/m’ (i.e. categories 3.3 or 4) for at least 6 months with a mean exposure duration of 144 months
(N=29). We matched these cases by gender and exact age to two cases from a randomized group of MDS
cases with no documented BZ exposure (i.¢. score category 0).
2.8 Blinding

All study personnel involved in the clinical laboratory diagnosis of disease, as well as members of
the expert exposure assessment panel, were blinded to the exposure status of subjects throughout the data
acquisition phase of the study.
2.9 Staristical analyses

t- Tests {pooled variance) or tests for independent proportions, where appropriate, were used to
examine differences between clinical features for MDS subtypes. Kaplan-Meier survival analysis was
used to estimate overall survival (O8), and conditional logistic regression analysis was used to calculate
odds ratios (OR), along with 95% confidence intervals, for matched case-case analyses, both employing
STATA 9.0 software (StataCorp, College Station, Texas). All P-values were two-sided and values less

than 0,05 were considered statistically significant.

3. Resuits
31 Prevalence and age distribution of MDS in Shanghai
The total number of cases of MDS initially diagnosed according to WHO 2001 was 611,

including 322 males (52.7%) and 289 females (47.3%). A comparison of the prevalence of MDS
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subtypes diagnosed according to 2001 and 2008 WHO revisions is provided in Table 1. Diagnosis using
2008 criteria resulted in a 6% increase in the total number of MDS cases (N=649). This included 9 cases
which were not injtially diagnosed with MDS, but met criteria for a diagnosis of RCMD witﬁ subsequent
follow-up evaluation. An additional 26 cases with single lineage dysplasia that initially were not
diagnosed with MDS using 2001 criteria were reassessed according to 2008 criteria and diagnosed with
RCUD. The age and gender distribution of MDS cases diagnosed according to WHO 2008 is presented in
Figure 1a. The ratio of males to females (341:308) diagnosed using 2008 criteria remained unchanged
from WHO 2001 as did the median age at diagnosis: WHO (2001) males/females: 56/52yr; WHO (2008)
males/females: 57/52yr. Based on a median age of 70 years typically reported for MDS in the West, these
results confirm and extend major differences in the age distribution and prevalence of individual subtypes
of MDS between Asian and Western patients [6-8]. Asian patients tend to present with MDS at a much
earlier age and develop predominantly RCMD.
32 Frequency of cytogenetic abnormalities in MDS in Shanghai

The overall frequency of clonal cytogenetic abnormalities in MDS diagnosed according to WHO
(2008) was 30.2% (196/649). Although both banded chromosome analysis and FISH were routinely
employed in diagnosis, only 10 cases presenting with a normal karyotype were found to have a clonal
abnormality using FISH alone. The majority of these involved del(20q). The overall frequency of clonal
abnormalities was somewhat less than reported in Western studies and is consistent with the
predominance of RCMD (Table 2). Trisomy 8 was the most frequent abnormality encountered in our
MDS cases, followed by del(20q) >del{7q) > de}(5q) abnormalities {Table 3). Chromosome abnormalities
involving both del(7q) and del(5q) in combination were invariably associated with complex karyotypes
involving 3 or.more abnormalities.
3.3 Benzene exposure and MDS

A total of 80 out of 649 subjects (13.2%) diagnosed with MDS were determined to have some BZ
exposure (i.e. BZ exposure grade > 1). Our exposure assessment for BZ was derived from questionnaire

responses, along with a detailed assessment of the presence and degree of BZ exposure in the jobs and
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industries observed from our work history data. This led to the development of the ordinal exposure
categories that were further assessed by independent scientists using various ranking schemes. The
frequency of CA in the BZ “ever-exposed” group was lower than that observed in the total population of
MDS cases (i.e. 24% vs 30%). The median age of the subset of 29 BZ highly exposed cases, which were
defined as “signal cases,” was compared to 569 cases which were determined to have no BZ exposure
(i.e. exposure grade = 0). BZ-exposed signal cases (Median age = 49) were significantly younger at
diagnosis than this comparison group (Median = 55, p< .001) (Figure 1b). Gender differences between
BZ signal cases and the total population of MDS cases were observed as well, with the proportion of
females in the BZ signal group (20/29) significantly higher than for female MDS cases not in the BZ
signal group (288/620) (p<.05).

3.4 Case-case comparisons: clinical and cytogenetic features

Comparison of the prevalence of individual MDS subtypes between BZ signal cases and matched
unexposed cases indicated a marked increase in MDS-U, no differences in refractory anemia with excess
blasts (RAEB) or RCUD, and relative deficits of RCMD and refractory anemia (RA) in BZ signal cases
compared to cases with no BZ exposure (Table 4). The increased number of MDS-U in BZ signal cases
reflects a frequently observed imbalance between cytopenias found in peripheral blood and lineage-
specific dysplasia in the bone marrow of these patients (primarily normal or near-normal hemoglobin
(Hg) values in the presence of marked bone marrow dyserythropoiesis).

A comparison of the clinical features between BZ signal cases and matching cases for which there
is no documented exposure to BZ is presented in Table 5. Features that frequently characterized BZ
signal cases included marked erythroid dysplasia in the bone marrow (Figures 2 and 3), no evidence of
increased  ring - ‘sideroblasts, - near-normal -hemoglobin - values - (Hb): in - the face -of marked -BM
dyserythropoiesis, a tendency toward low-to-normal BM cellularity, and a striking increase in
multilineage dysplasia with abnormal eosinophils (MDS-Eo) (Figure 4), hematophagocytosis (Figure 5)
and stromal degeneration. (Figure 3). Quantitative case-case comparison of clinical features in BZ signal

cases are presented in Table 6. Hb levels > 10g/dL were increased and the prevalence of MDS-Eo
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between BZ signal cases and matched unexposed cases revealed an infinite OR. No cases of peripheral
eosinophilia were observed in any of these subjects. The prevalence of clonal cytogenetic abnormalities
was lower in BZ signal cases than matched unexposed cases with relative deficits observed for trisomy 8
as well as del(7q) abnormalities. Clonal CA involving del(5q) alone were not found in BZ signal cases.
Other CA observed in the BZ signal cases were del(9922) and +X, which each occurred once. These
findings indicate that CA in MDS cases developing secondary to high BZ exposure are not consistent
with the paradigm involving unbalanced loss of chromosomes 5 and/or 7 that is characteristic of
tMDSAAML secondary to treatment with alkylating chemotherapeutic agents.
3.5 Survival

Analysis of overall survival (OS) between the BZ signal group and matched unexposed cases
revealed differences in the pattern of OS between these two groups (Figure 6). Initial survival (<10
months) after diagnosis was lower in BZ signal cases than in matched unexposed cases. The reasons for
this are not known. However, long term OS was markedly increased in BZ signal cases. One possible
explanation for the latter observation is that we have found Hb, which is higher in BZ signal cases relative
to unexposed cases, is a significant favorable independent variable in predicting OS in MDS [8]. These
disparate outcomes suggest biologically significant differences in the pathogenesis of MDS between BZ
highly exposed and unexposed (i.e. de novo) cases. Comparison of OS between matched unexposed cases
and a larger subset of de novo MDS cases for which follow up data was available (435) revealed no

significant differences between maiched unexposed cases and other de novo MDS cases (data not shown)

[8].

4. Discussion

MDS is a heterogeneous set of disorders for which the pathogenesis remains obscure. Genetic,
infectious and environmental influences all have been suggested to play important roles in the
development and evolution of MDS, with clonal cytogenctic abnormalities, altered gene regulation,

abnormal cytokine production and immune activation variously hypothesized to be responsible for clonal
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selection and progression in MDS.

MDS developing secondary to therapy with alkylating chemotherapeutic agents is well described,
the clinical features of which frequently include mulilineage dysplasia, increased ring siderblasts, loss of
chromosomes 5 and/or 7, and a rapid progression to AML [1;13]. Recently, distinctive gene expression
profiles have been described for several different cytogenetic abnormalities associated with therapy-
related MDS, including abnormalities involving chromosome 5 and/or 7. Mu..osumay 7 is associated with
overexpression of several known oncogenes including HOX9A, BRCAZ and PLAB [14]. In addition,
Qian and colleagues have demonstrated a distinct profile for t-MDS/t-AML involving both chromosomes
5 and 7 that is characterized by a higher expression profile of genes involved in cell cycle control and
growth [15]. These patterns support a role for clonal cytogenetic or molecular injury early in the clonal
evolution of these tumors. In contrast, MDS involving trisomy 8 is associated with higher expression of
immune and inflammatory genes, such as TGF-f, IL-10 and VCAM-1 {14}, and is consistent with either
inflammatory or cytogenetic etiologies playing a dominant role early in the clonal evolution of the
disease.

Previous studies, including some from our laboratory, have assumed that clonal cytogenetic injury
is a predisposing event in the initiation of BZ-induced BM injury [16-21]. Nevertheless, direct
demonstration of clonal CA in the pathogenesis of chronic BZ hematotoxicity has not been established,
and several features of MDS associated with BZ exposure reported herein suggest that its pathogenesis is
distinct from either therapy-related MDS or de novo MDS. These include a decrease in both the
frequency and pattern of clonal CA observed in BZ associated MDS, altered prevalence of MDS
subtypes, differences in clinical features and a significant variation in the pattern of survival in BZ
associated MDS. The predominant morphologic pattern encountered in BM of BZ signal cases, involving
MDS-Eo, is essentially identical to that reported by Ruiz et al in the BM of Brazilian workers heavily
exposed to BZ [22].

Whether all forms of MDS have truly clonal origins beginning with a single cytogenetic

misadventure has never been established, and it has been suggested that the emergence of cytogenetic
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clones may be a secondary phenomenon [23]. The evidence implicating immunological targeting of
antigens in the hematopoietic environment early in the pathogenesis of MDS is also considerable [24-27].
Frequent findings in MDS include lymphocytopenia, inverted CD4/CD8 T cell ratios, increases in
cytotoxic CD8+ T cells (CTL), and evidence of T cell receptor (TCR) gene rearrangements [28-31].
Clonal expansion of T cell subsets is also 2 prominent finding in the development of aplastic anemia [32-
34). Positive clinical responses to immunu..ppressive therapy with anti-thymocyte globulin (ATG) or
cyclosporin A is also effective in some patients with MDS [26;30;35]. Independently, there is evidence to
suggest that altered patterns of gene regulation observed in tissue-specific autoimmune disease are
mediated by collaboration between epigenetic events, such as iromune cell activation and leukotriene
 production [36-39].

We believe that the integration of clinical and histopathologic observations in patients together
with molecular findings remains the most promising avenue for hypothesis-based studies on the
pathogenesis of BM-induced disease. The predominant pattern of BM pathology in BZ-exposed MDS
cases, namely multilineage dysplasia, abnormal eosinophils, hematophagocytosis, together with stromal
degeneration, is consistent with an ongoing inflammatory response persisting for many years after
cessation of BZ exposure. Immunologic abnormalities are also observed in MDS developing in workers
previously exposed to high concentrations of BZ, including increases in circulating large granular
lymphocytes {(LGLs), altered distribution of CD4 and CD8 T cells and clonal expansion of T cell
subpopulations in BM, including prominent clonal proliferations of yd T cells [11]. Independently,
susceptibility to the development of MDS foliowing BZ exposure is associated with an increase in the
prevalence of a rare (-238) tumor necrosis factor (TNF-o) polymerphism [40].

Although the ‘mechanisms of persistent BM injury following: chronic exposure to BZ remain
unknown, a subpopulation of CD34+ BM cells have been implicated as targets, both in vivo and in vitro,
with a variety of studies indicating that BZ metabolites directly alter proliferation and differentiation in

BM hematopoietic progenitor cells (HPC). Given the unique ability of BZ among solvents to produce
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chronic BM damage, it is likely that BZ metabolites play a direct role in establishing the unique pattern of
injury that leads to persistent BM pathology long after exposure has ended. Hydroquione (HQ), a major
polyphenolic metabolite of BZ, enhances granulocyte/macrophage-colony stimulating factor (GM-CSF)-
dependent clonal proliferation of human CD34+ HPC via activation of extracellular signal-related kinase
(ERK) and activation protein-1 (AP-1) [17;41-46]. Hydroquinone also synergizes with TNF-a to produce
apoptosis in numan CD34+ HPC via a mechanism that involves the inhibition of Nuclear Factor Kappa-B
(NFxB) [44]. Eosinophilic dysplasia is a prominent feature in MDS associated with BZ exposure and is
also observed in AML with abnormalities involving chromosome 16 (p13;q22) in which production of the
CBFB/MYH11 fusion protein is suggested to result in the expression of antigens which initiate
oligoclonal T-cell expansion and leukemic blast lysis [37]. It is also possible that epigenetic events may
result in comparable alterations in regulation of gene expression. For example, HQ synergizes with LTD4
via the ligand binding domain of the CysLT] receptor to activate granulocytic/eosinophilic differentiation
[47} and y8 T cell subsets that are activated by TNF-a also have been shown to promote
hematophagocytosis and modulate eosinophilic inflammation in other tissues. Taken together with the
observed human experience in China and Brazil, the evidence strongly suggests that tissue specific BZ
metabolism and altered immune regulation plays a predisposing role in the pathogenesis of persistent BM

injury and the development of MDS following chronic exposure to BZ.
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Table 1. Comparison of WHO 2001/2008 Criteria

MDS Subtypes in Shanghai, China
WHO Total WHO Total
2001 Cases 2608 Coes
RA 38 (6.2%) RA 38 (5.9%)
RARS 7 (1.1%) RARS 7 (1.1%)

RAEB 106 (17.3%) RAEB 106 (16.3%)

RCMD 432(70.7%) RCMD 441 (68%)

MDS-U 26 (4.3%) MDS-U 29 (4.5%)

MDS5¢- 2 (0.3%) MDS 5q- 2 (03%)

RCOD 26 (4.0%)

Total 611 Total 649

Table 2. Clonal Cytogenetic
Abnormalities by MDS Subtype
MDS Subtypes Total  Clonal
Cases Abn
RA+RARS 45 4
(8.9%)
RAEB 106 64
(60.4%)
RCMD 441 112
(25.4%)
RCUD 26 2
(1.7%)
MDS-U 29 12
(41.4%)
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Table 3. Clonal Cytogenetic Abnormalities

MDS (2008)
N =649
Clonal Abnormality N Yo
Total 196 302%
+8 53 82%
del{20q) 26 4.0%
7q-/-7 22 34%
[ 5q-/-5 20 31%
-5/-7 19 29%
-Y 7 11%
del(%g) 4 0.6%
11q23 5 08%
Ch3 5 08%
del(13q) 3 05%
-X 3 03%
Other 29 45%
Complex Karyotype >3 Abnl 46  7.1%

*Exclusively in complex karyotypes

Table 4. Odds Ratios for MDS subtypes in
Benzene Signal Cases
Subtype | N OR Cl
RCMD | 16 0.58 024-14
RAEB |2 1.4 0.19-11.1
MDS-U | 7 11.12° 1.34 -92.4
RCUD |2 1.0 0.18 -5.46
RA 2 0.67 0.13-33
*p<0.05
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Table 5. Comparison of Hematologic Parameters BZ Signal Cases vs Matched Unexposed Cases
MDS Cases Boue Marrow Peripheral Blood
Cellularity Blasts MDS-Eo | Neutrophils | Lymphocytes Hg Platelets
x1 x10°L g/dL x10°L
Hypo | Normo | Hyper 8- >1.8%
1.8%
BZ Signal 14 7 2 27 2 21/29%* 1.61 0.94 11.35% 104.9
Cases (61%) | (30.4%) | (8.6%) | (93%) | (7%) (72.4%) (N=29) (N=29) (N=29) (N=29)
[0.851 [0.461 [2.61 [63]
Matched 26 10 3 46 9 1/58** 1.29 1.24 8.23* 85.1
Unexposed (59%) | (23%) (18%) | (84%) | (16%) (1.7%) (N=53) (N=53) (N=353) (N=55)
Cases [1.02] [0.91} 2.7} [111]

*p<.001 (t-test, pooled variance)

{Std Dev.]

**p<.0001 (hypothesis testing for 2 independent proportions)

Table 6. Odds Ratios for Clinical Features in Benzene

Signal Cases

Feature N | OR C1

MDS-Eo 21 | w

He 23| 64 2.11-192]

BM Hyper. 2 1039 0.07-2.05

Clopal Ab. (totah)® | 5 | 046 0.16 - 1.3

+8 2 043 0.08] -2.3

7 1 |10 0.091 - 11.02
2p<0.001

® For other see text
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Figure la

Age and Gender Distribution for MDS by 2008 WHO
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Figure 2
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Figure 6
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Figure Legends

Figure la.

Figurelb.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Age and gender distribution of WHO (2008) cases grouped by decade.

Age and gender distribution of benzene signal cases grouped by decade.

Dyserythropoiesis with megaloblastic changes and nuclear bridging in MDS associated
with previous high BZ exposure. Bone marrow aspirate with Wright-Giemsa stain

(original magnification X1000). Reproduced with permission [11].

Dyserythropoiesis and stromal degeneration accompanying MDS-Eo
associated with previous high BZ exposure. Core biopsy section. Hematoxylin-Eosin

stain (original magnification X1000). Reproduced with permission {11].

Abnormal eosinophilic precursor cells in MDS-Eo associated with previous high BZ
exposure. Cells exhibit megaloblastic nuclear abnormalities, nuclear hypersegmentation
and atypical giant cytoplasmic granulation. Bone marrow aspirate with Wright-Giemsa

stain (original magnification X1000).  Reproduced with permission [11].

Hematophagocytosis accompanying MDS-Eo associated with previous high BZ
exposure. Activated histiocytic cells exhibit prominent phagocytosis of degenerating
erythroid granulocytic cells typical of an immune-mediated inflammatory process.
Bone marrow aspirate with Wright-Giemsa stain (original magnification X1000).

Reproduced with permission [11].
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Figure 6. Kaplan-Meier overall survival analysis for benzene signal cases versus matched

unexposed MDS cases.

27



Definition
Myelodysplastic/mysloproliferative neo-
piasm, unclassifiable, (MOSMPN, U) meets
the criteria for the MDS/MPN category in
that, at the time of initiai presentation,
there are clinical, laboratory and morpha-
iogical features that overlap both MDS and
MPN. Cases classified as MDS/MPN, U
do not mest the criteria for chronic
mysiomonocytic  leukaemia,  juvenile
myelomonocytic leukasmia or atypical
chronic myeloid leukaemia. The finding of a
BCR-ABL 1iusion gene or of rearrangement
of PDGFBA, PDGFRB or FGFAT excludes
the diagnosis of MDS/MPN, U.

it is important that the designation
MDS/MPN, U not be used for patients with
a previous, well-defingd MPN who develop
dysplastic features in association with
transformation to a more aggressive
phase. However, MDS/MPN, U may include
some patients in whorn the chronic phase
of an MPN was not previously detected,
and who initially present in transfcrmation
with myelodysplastic features. If the under-
lying MPN cannot e identified, the desig-
nation of MDS/MPN, U is appropriate. I
there has besen any recent cytotoxic or
growth factor therapy, follow-up clinical
- and laboratory abservations are essential
to demonstrate that the peripheral bicod
~{PB) and bone marrow (BM) changes are
not due o the treatment.

1CD-0 code Q97543

Synonyms

S Mixed myeioproliierative_lmyelodysplastic
syndrome  unclassifiable; “overlap” syn-
drems, unciassifiable.

_ Sites of involvement

The BM and PB are slways involved;
spleen, liver and other extramedullary
lissues may be involved.

The clinical features of MOS/MPN, U
overlap those found in diseases of the
MDS aznd MPN categories {129, 1588,
23111

Myelodysplastic/myeloproliferative
neoplasm, unclassifiable |

J.W, Vardiman
J.M. Bennsett
B.J. Bain

|. Baumann

J. Thiele

A. Orazi

Table 4.04 Diagnostic criteria for myelodysplasticimyeloproliferative necpiasm, unclassifiable (MDS/MPN, U,

- The case has cinical, laboratory and morphoicgical features of one of the categories of MDS (refractory
cylopenia with unitineage dysplasia, refractory anaemia wilh fing siderabiasts, refractory eyloperia wilh multi-
lineage dyspiasia, rafraciory anaemia with excess of blasis) and <20% blasts in the biood and bone marrow

and

- Has prominent myaloprofiferative features, e.g. platelet count > 450x10°. ssscclated with megakaryocytic
prliferation, or WEC count 213x10%L, with or without prominent splenoimegaly

and

Has to preceding history of an undertying MPN or of MDS, no history of recent cylolexic of growth factor
3 therapy that could explain the myslodysplastic or myeloproliferative feahures, and no Philadelphia
b chromoseme of BCR-ABL 1 fusion gene, no rearrangement of PDGFRA, PDGFRB or FGFR1, and no

isolated del{5q), #3;3){q21:928) or inv{3}{921q26)
{ or

1

Morphology and cytochemistry

These disorders are characterized by pro-
liferation of ane or more mysloid lineages
that is ineffective, dysplastic or both and
simultaneously, by effective proiiferation,
with or without dysplasia, in one or more
of the other myeloid lineages. Laboratory
features usually include anaemia of variable
severity, with or without macrocytosis and
often dimorphic red blood cells on the
peripheral smaar. In addition, there is svi-
dence of effective proliferation in oneg or
more lineages, either as thrombocylosis
(platelet count 2 450x10%L) or leskocytosis
{while blood cell count 213x10%L). Neu-
trophils may show dysplastic features and
there may be giant or hypogranular
platslets. Blasts account for <20% of the
leukocytes in the PB and of the nucleated
cells of the BM, and g finding of >10%
blasts in the PB or Bt likely:indicates
trapsformation o a more aggressive stage.
The BM biopsy specimen is hyperceliular
and may show preliferation in any or all of
the mysloid lineages. However, dysplastic
features are simufianeously prasent in at
least cne cell line.

Cytochemical findings may bs similar to
those seen in MDS or in MPN.

immunophenotype
May be similar te findings in MDS and/or
MPN.

siveindysalasicimysiopraiiierative nsoplasm, unciassiiiable 85
b z 7 b

The patient has de novo disease with mixed myeloproliferative and myelodysplastic fealures and cannot
be assigned to any other category of MDS, MPN ar of MDSIMPN.

Genetics

There is no cytogenetic or molecuiar genetic
finding specific for this group. A Philadeiphia
chromosome and BCR-ABL 1 fusion gene
should always be excluded prior to making
the diagnosis of MDS/MPN, U. Cases with
rearrangements of PDGFRA, PDGFRB or
FGFR1T or with isolated del(5q) or #{3;3)
{q21:428) cr inv(3)(q21q26) are excluded
from this category as well. in difficult
cases, the presence of a JAKZ VBi7F
muiation may help to confirm a haemato-
poietic neoplasm, though the significance
of such mutations in this entity is uncertain.
Occasional cases with isolated del{5q)
and JAKZ V617F mutation have been re-
poried to have features that overlap MDS
and MPN {1005].

Postulated cell of origin
Haemaiopoistic stemceil,

Refractory anaemia with ring sideroblasts
(RARS) associated with marked
thrombocytosis

Definition

in the third edition: of the WHO Classification,
RARS-T, previously alsc referred to as
essential thrombocythaemia (ET) with ring
sideroblasts, was proposed as a provi-
sional entity 10 encompass patients who
have the cfinical and morpholcgical fea-
tures of the myelodysplastic syndrome,




RARS. but who alse have marked throm-
bocytosis asscclated  with abnormal
megakaryccytes similar to those observed
in the BOA-4BL 1 negative MPN, such as
ET or early-stage primary myeiotibrosis
[PMF) {868, 1077, 2108). Howsver, scme
investigators have suggested that BARS-T
is not & unigue entity but instead repre-
sents casas of other subiypes of MOS or
weli-defined MPN that have acquired ring
sideroblaste as a secondary form of
dysplasia {1986}. It is not clear whether
RARS-T is a distinct entity, one end of the
spectrum of RARS, a progression of
RARS due to an addilional acquired
genetic abnormelity, or less likely, the
occurrence of two rare dissases in the
same paiient. Therefore, until these ques-
tions are more clearly answered, RARS-T
remains a provisional entity.

In support of a myeioproliterativs cormpo-
nent to this neoplasm, the majerity of
cases reporied as RARS-T have shown
the JAK2 VB17F mutation, or much less
cemmonly, the MPL W515K/L mutation
{234, 354, 762, 1835, 1839, 1963, 2081,
2139, 2358}. On the cther hand, the few
reported cases with this mutation that
nave been studied for endogenous coiony
formation in vitro have demonstrated a
pattern more akin fo that of MDS {234,
1835}. Thus it may be that the provisicnal
designation of an MDS/MPN accurately
reflects the underlying biclogy in a sub-
stantial proportion of the patients {762},
more study is needed to further Clarify this
disorder.

Cases with isolated del{50),13:3){g21.626)
or inv(3)q21q26) are excluded from this
category, as are cases with & BCR-ABLT
fusion gene. In addition, if there has been
a prior diagnosis of an MPN withcut ring
siderobiasts, or there is evidence that the
ring sidercblasts might be a consequence
of therapy or represent disease progres-
sion in a. patient with features that mee!
the oriteria of ancther well-defined MPN,
this designation should not be used.

1ICD-0 code 9982/3

Morphology

These cases have fealures of RARS
{anaemia with nc blasts in the PE and
dysplastic, ineffective ery thrcid proliferation
often with megaioblastoid features, ring
sideroblasts 215% of the erythroid pre-
cursors, and <5% blasis in the BM] and
thrombeocoytosis with a platelet count
>450x10%L associated with protifsration

celives nannly

Fig. 4.13 Refractory anaemia with ting sidercblasts and thrombocytosis. This sequence of micropholographs Hlustats
bicod and bone marrow of a 82-year-cld man who presented with severs araemia and 5 platelet count of 850x107L.
A Abrommai red celis and thrombocylesis. B Eryihroid proliferation and abnomal megakaryocytes resembling megakary-
ocytes seen in ET. € Mild dyserythropoiasis. D The majority of erythroid precurscrs werz ring sideroblasts.

Genetics
The recent discovery that up to 60% of
patients with RARS-T harbour the JAKZ
VB17F mutation {an incidence similar to
that found in ET and PMF) or less com-
moenly, the MPL W515K/L mutation, not
only elucidates the reason for the prolifer-
ative aspect of RARS-T bul also wouid
seem to mave it closer to the MPN category
{234, 354 762, 1835,-1839, 1969, 2081,
2139, 2358} Thus. studies for JAK2VE17E
and; i indicatad: for the MPL W515K/L
mutation should-always be periormed in
such cases.

of iarge atypical megakaryocyles simitar
to those cbserved in BCR-ABLT negalive
MPN (Ses Chapter 2}.

The minimum platelet count reguired for
inclusion has been lowered to 450x10°L
from 600x10°/L for consistency with the
defining critedon for ET, and becauss
several siudies have demonsirated that
patients with platelet counis lower than
800x10%L may have biciogical fsatures,
including JAKZ VB17F mutations, similar
1o those with counis 2600x 1091 {354}, tis
imporiani to note ‘that the criteria for
RARS-T includes morghologically abnor-
mal megakaryocytes similar to those
cbsarvad in ET and in PMF. This criterion
shouid aid in distinguishing RARS-T from
those cases of BARS commonly reported
to have a modest increase in their piatelst
count. Nevertheless, we recommend lest-
ing for JAKZ VB17F when the platelet
count is elevated in patients with RARS
until the borderiine between RARS and
RARS-T is more clearly defined.
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