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1 IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
5 MARSHALL DIVISION
3
4 CHARLES WILSON and )
LAURA WILSON )
5 © Plaintiffs, )
)
6 Vs, ) Case No. 2:06:0V-286
)
7 RYCOLINE PRODUCTS, )
INC.; et al., )
g Defendants. }
]
10
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ORAL DEPCSITION of DR. ETHAN NATELSON, produced as
17 a witness at the instance of the Plaintiffs, and duly
sworn, was taken in the above-styled and numbered cause
18 on SEPTEMBER 17, 2007, from 2:16 p.m. to 5:07 p.m.,
before Denyce M. Sanders, CSR, RPR, in and for the
19 State of Texasg, recorded by machine shorthand, at the
offices of THOMPSON & KNIGHT, 333 Clay Street, Suite
20 3300, Houston, Texas, pursuant to the Federal Rules of
Civil Procedure and the provisions stated on the record
21 or attached hereto; that the deposition shall be read
and signed before any notary public.
22

23
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1 DR. ETHAN NATELSON, 1 Q. And since September 8, you've spent abott five
2 having been first duly sworn, testified as follows: 2 hours before coming here for your deposition?
3 EXAMINATION 3 A, Yes.
4 BY MR. PATTON: 4 Q. And that includes four hours to prepare for
5 Q. Please introduce yourself for the record, 5 your deposition?
6 A. My name is Ethan A. Nateison. 6 A, Yes.
7 Q. You are a doctor, correct? 7 Q. Have you been asked to {estify at trial in
8 A. Correct. 8 this case?
9 Tell us what kind of doctor you are. g A, Idon't recall that. But that's, essentially,
10 MR. PARKS: Before we get into that, 10 agiven. In other words, if I agree to be involved in
11 we'll agree that the deposition is pursuant to the 11 acase, I typically agree to testify at trial.
1? Federal Rules and the witness will read and sign the 12 Q. Do you know when this case is set for trial?
13 transcript? 13 A. No.
14 MR. PATTON: Agreed. 14 Q. You have served as an expert witness in
15 Q. (BY MR. PATTON, Please introduce yourself. 15 benzene cases before, correct?
16 A. I'm - as I said, my name is Ethan A, 16 A, Yes.
17 Natelson. I'm a hematologist. 17 Q. Have you ever testified in any cases involving
18 Q. And how long have you been a hematologist? 18  MDS or myelodysplastic syndrome?
19 A. 1did a fellowship in 1969; and since that 19 A. T have to look at the list to be certain about
20 time, I've more exclusively seen hematology-type 20 that.
21 patients. 21 Q. Okay. We can go over that a litte bit later.
22 Q. As we sit here today, do you have a clinical 22 Before we go on to it more later, have you ever
23 practice where you see hematology patients on a daily |23 testified on behalf of a plaintiff in a chemical
24 and weekly basis? 24 exposure case?
25 A. Yes, 25 A. No.
Page 7 Page S
1 Q. And where is your practice at? 1 Q. Have you ever given the opinion in any
2 A. At the Methodist Hospital. The address is 2 litigation that benzene caused a person's given
3 6550 Fannin Street. 3 disease, whatever that disease may be?
4 Q. You are a hired expert in this case, correct? 4 A. No.
5 A, Yes. 5 Q. Is it your opinion in this case that Charles
6 Q. Hired by Ashland, correct? 6 Wilson's MDS is not related to any benzene exposure?
7 A. Indirectly. Hired by Ricky Raven, but Ashland 7 A. He has a form -- he has an illness that can be
8 is the company of record. 8 classified as a form of MDS, 1 don't believe that
9 Q. Okay. How much are you being paid for your 9 particuiar illness can be caused by benzene.
10 time on the case? 10 Q. Just so I have your opinions clear. It's your
i1 A. 1 normally charge $250 an hour to review 11 opinion in this case, that Charles Wilson's MDS/RARS is
12 records and $400 an hour for deposition testimony. 12 not related to any exposure to benzene?
13 Q. And as we sit here today, we marked some i3 A. Yes. That's correct.
i4 exhibits before we started; and Exhibit 50 appears to 14 Q. Stated another way, you will testify at trial
15 be your invoicing and bilting records, correct? 15 in this case that benzene exposure played absolutely
16 A, Yes. 16 zero causative factor in Charles Wilson's MDS or RARS,
17 0. How much time did you spend on this case prior |17 correct?
18 to writing your report? 18 A. There's no "or." He has one iliness, which is
15 A. I can't tell you that exactly. It's not noted 19 RARS; and I don't believe that benzene is related fo
20 on here, but the total hours are about 15 hours that 20 thatiliness.
21 are listed here; and probably between 10 and 15 hours, |21 Q. Okay. My question is a little more specific.
22 I would say, when the report was actually written, 22 Do you believe that benzene in any way caused or
23 Q. Before September 8, appears you've had ten 23 contribute or played any causative factor in Charles
24 hours total in the case? 24  Wilson's RARS?
25 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 potentiai cause of RARS? 4 Tl pass the witness.

5 A. No. 5 FURTHER EXAMINATION

6 Q. The article that you've written that is 6 BY MR. PATTON: ‘ o

7 planned for publication, when -- when do you expect 7 Q. Dr. Natelson, what is the muttiple 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. Weli, the notion is that, for example, someone
10 November edition. 10 gels, 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 miliey, 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 bore 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 cefls and makes them leukemic.

17 number of articles out there that deal with the 17 And s it takes multiple hits to drive a

18 subject; but I don't think anybody, since the time of i8 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 thase hits
25 A.  Well, my conclusion is that there's no 25 o the bone marrow, so to speak, a little harder thar

Page 107 Page 109

1 epidemiologic evidence or case report data Lo 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 fikely
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 that is 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? i2 Q. But you agree with me that some people have a
13 A. Yes. 13 genetic predisposition to be more susceptibie to '
14 (). But if 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 rufe out benzene as a potential cause because you know 16 fair statement?

17 that benzene does not cause RARS? 17 A, Well, certainly. 1 don't know the answer 1o

18 A. Both situations. We know that AML is the 18 that. I would say it's quite -- it's possible. T

19 natural progression of a number of cases of RARS, and 19 don't know that for a fact.
20 we also know that there i$ no relationship 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 simpily the natural 22 MR. PARKS: Reserve the rest of our
23 progression of the illness. 23 questions until the time of trial.
24 Q. Soeven if Mr. Wilson does proceed on to 24 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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1 sake, take the exhibits, copy them, return the original 1 SIGNATURE OF WITNESS
me a copy within, say, five days; | 2
2 i:o br. E?a.tilson’ send Py r S3Yr ¥er 3 1, DR. ETHAN NATELSON, solemnly swear or affirm
3 isthat alrf;'!R PARKS: That's fair 4 under the pains and penalties of perjury that the
4 ’ : ' 5 foregoing pages contain a true and correct transcript
5 & of the testimony given by me at the time and place
6 7 stated with the corrections, if any, and the reasons
7 8 therefor noted on the foregoing correction page(s), and
g § that I am signing this before a Notary Public.
10
9
i1
10
11 12 DR. ETHAN NATELSON
i2 13
13 14 STATEOFTEXAS *
14 15 COUNTY OF *
16 SUBSCRIBED AND SWORN TO BEFORE ME BY
]f{z 17 on this, the day of
. 18 , 2007.
17 19
18 20
19 21
;i} 22 Notary Public, State of Texas
23
22 My Commission Explres:
23 24
24 Job 2-64038
 JE ”
Page 111 Page 113
1 WITNESS CORRECTIONS AND SIGNATURE L T R e
2 Please indicate changes on this sheet of paper, 2 <1, BENYCE SANDERS, & Cersiied Sharthand
. ic in and for th if
giving the change, page number, line number and reason 3 ;R"zxas,";? ;é ;S,fa iy tht o Facts a5 et by e
3 for the change. Please sign each page of changes. . Mmeoiofbere e tue; thet the sbove st
4 PAGEJLINE  CORRECTION  REASON FOR CHANGE (o 0 et ps nicared were mad before me |
5 by the saigwi : being first dub to
] tgs'gnﬁ?s:e ‘t?‘.g?&;e:;da?;;wmn;e reduigdstzct;?aewritmg
& & undérfoy direttibp; thatiegapbove and fofreugoti:g
i i sat nry'pe{vm"n is a full, true,
7 7 agzofors el nss:npt"é the &?’{oceﬂfsngs had at the
Rt
i i it iton.
8 k] ‘ mg?it;z(tger t%ﬁfy tha /f‘;;%?n()t, in any
9 Cﬂw*ﬂf:ﬁgul é_‘g,\gloyeeq? he party in whose
9 behalf thisepmsitior-iglaken, ¥ordn the regular
10 employ of thisiitorney? i | carffygnat L am not
11 10 in:;?rest?cf thin theghuse, nof.Afkin choaunsel to
either of the parties;” i L
12 1 TR R .
13 That the amountiéfgme usg"p_;gqacc;}aﬁgty at
12 the deposttion is as follows? « S S
14 13 Mr. Ketth Patton - 02:26:5% T
15 Mr. Kevin Parks - {0:05:48- B )
14 " .
16 15 GIVEN NDER MY HAND AND 'Ssgig;oz: OFFICE, on
17 16 1his, the 25t day of September, 2007, ‘»:;
18 v B
18 18 DENYCE SANDERS, CSR, RPR
Notary Public In ant for
50 ;g Harris County, TEX A S
1
21 My Commission Expires: 4-6-09
22 Certification No.: 4038
23 22 Eipiréii);ogateo: 12-31-07
8. LEGAL L Inc.
DR. ETHAN NATELSON 23 gsi N, gam iuo%psi:n g;crkway, Sth Flgar,
. 24 \ !:oustbjm, jze;as 77060; 713.653.7100
&3 irm Mo,
25 25
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AQ 88B (Rev. 06/09) Subpoena o Produce Docnments, Information, or Objects or to Permit Inspection of Premises in 2 Civil Action

UNITED STATES DISTRICT COURT

for the

Distriet of South Carolina

Joyce Barrois, et al
R{gina]‘j‘
V.

Civil Action No.  08-380

Fireman's Fund Insurance Company, et ai
(If the action 1s pending in another district, state where:

Eastern District of Louisiana j]

R NS T L N

Defendan:

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 Bivd., Mount Pleasant, SC 29464

@(Production: 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
material: 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 aftached as Exhibit A. Please include all supporting documentation, rough
drafts, funding sources, notes, possibie conflict of interest disclosures and peer review comments.

| Place: williams Law Office, LLC  Date and Time:
, 3000 W. Esplanade Ave., Ste.200 )
Metairie, Louisiana 70002 , 02/01/2010 5:00 pm

O 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 sampie the property or any designated object or operation on it.

;giPlace: Date and Time:

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

attached.

e Y1)/
r/

CLERK OF COURT
OR
““““ Signature of Clerk or Deputy Clerk o Attorney’s signature _
The name, address, e-mail, and telephone number of the attorney representing (name of partyy _ Joyce Barrois, et al

832-98098, eric@amlbenzene.net




AQ 88B (Rev. 06/09) Subpoena to Produce Documents, Information, or Objects or to Permit Inspection of Premises in 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 title, if any)

was received by me on (date)

[ I served the subpoena by delivering a copy to the named person as follows:

on (date) ;or

(1 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 lees are $ for travel and $§ for services, for a total of § 0.00

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

Date:

Server’s signature

FPrinted name and title

Server’s address

Additional information regarding attempted service, etc:
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Federal Rule of Civil Procedure 45 (c), (d), and (¢) (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 aveid imposing undue burden or expense on a
person subject to 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 triak

(B) Objections. A persor commanded to produce documents or
tangible things or to permit inspection may serve on the party or
attorney designated in the subpoena a writter objection to
inspecting, copying, testing or sampling any or 2ll of the materials or
to inspecting the premises — ot 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 comumanded person, the serving
party may move the issuing court for an order compelling production
or inspection.

(ii) 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 Modifving a Subpoena.

{A} When Reguired. On timely motion, the issuing court must
guash or modify a subpoena that:

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

(i) requires a person who is neither & party nor a party’s officer
to trave! more than 100 miles {rom where that person resides, is
employed, or regularly transacts business i 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
no exception or waiver applies; or

(iv) subjects a person Lo undue burden.

{B) When Permitted. To protect a person subject to or affected by
a subpoena, the issuing courl may, on metion, guash or modify the
subpoena if it requires:

{i) disclosing a trade secrel or other confidential research,
development, or commnercial information;

(if) disclosing an unretained expert’s opinion or information that
does not describe specific occurrences in dispute and resuits from
the expert’s study that was not requested by a party: or

{iii) a person who is neither a party nor a party’s officer to incur
substantial expense to 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

(if) 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 o a subpoena to produce
documents musi produce them as they are kept in the ordinary
course of business or must organize and label them to correspond to
the categories in the demand.

(B) Form for Producing Electronically Stored Information Not
Specified. If 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) Electronically Stored Information Produced in Only One
Form. The person responding need not produce the same
electronically stored information in more than one form.

(D) Inaccessible Electrorically 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. Or motion to compel
discovery or for & protective order, the person responding must show
that the information is rot reasonably accessible because of undue
burden or cost. i 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:

(#) 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. If information produced in response to 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 teturn, sequester, or
destroy the specified information and any copies if has; must not use
or disclose the information unii the claim is resoived; must take
reasonable steps to refrieve the information if the party disclosed it
before being notified; and may promptly present the information to
the court under seal 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 adeguate 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)(ii).



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

FTHAN 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 (secandary 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 o 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.’-% A
common eticlogy among each of the various myelo-
dysplastic disorders that ig also shared with acute
myeloid leukemia (AML) has not been proposed, and
little 1s known about the major causes of MDS. 67
Unfortunately, epidemiological surveys secking 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, distinet
disease entity, and its numbers may be combined
with those of AML or even other unrelated hemato-
logical malignancies in an attempt te achieve statis-
tical significance in the analysis.® Such approach
obscures identification of potential eticlogic risk fac-

From the Transitional Residency Program, The Methodist Hos-
pital, and Weill Medical College of Cornell University at The
Methodist Hospitel, Houston, Texas.

Submitted Jonuary 16, 2007, accepled in revised form May 2,
2007.

Correspondence: Ethan A. Natelson, MD, 6550 Fannin Street,
Smith Tower 1001, Houston, TX 77030 (E-mail: enatelson@
tmhs.orgi
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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 uncommen,
potential risk factor for both MDS and AMI.16.79
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 foxin and the acquired refrac-
tory sideroblastic disorders, a readily identifiable
subset of the MDS classification system.1%.11

Discussion

Refractory anemia with ringed siderchlasts
{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 sidercachrestic 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 Svndromes

Original FAB Divisions Current WHO Divisions

Refractory anemia
RC-Multilineage dysplasia
RA-Ringed siderchlasts
RC-RS-Multilineage dysplasia
Ra-Excess (5-9%) blasts type |
RA-Excess (9-19%) blasts type II
MDS isolated deletion 5 g

MDS unclassifiable

Refractory apemia

RA-Ringed sidershlasts

RA-Excess (5-20%) blasts

RA-Excess {21-36%)
blasts in transition

Chronic myelomonocytic
leukemia

FAR, French-American-British format; WHO, World Health
Orgonization; RA, refractory aremia; RC, refractory cytopenin;
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.1?
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 20g and trisamy 8 are identified
in a number of diverse hematological disorders.21-22

Modern revised classification systems of MDS at-
tempt to separate RARS info 2 general subsets, 1
currently referred to as refractory cyiopenia with
multilineage dysplasia-ringed sideroblasts (RCMD-
RS}, and a second entity with little evident morpho-
logic cytelogic dysplasia outside the erythroid cell
line, and a lesser risk of AML {Table 1}. It remains
under the designation of RARS 1.14.19.26.24 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 inte yet another
subset designated RARS-T or RST to emphasize the
presence of thrombocytosis. 2427 Many of the indi-
viduals in this third grouping may also possess the
newly deseribed JAK-2 V617F chromosomal abnor-
mality, commonly identified in polyeythemia vera
and other myeloproliferative disorders.26-22 RARS-T
could then also be Hsted under the newly suggested
descripiive designation of myelodysplastic/myelopro-
liferative syndromes.2® The recognition that some in-
dividuals with RARS and marked thromboeytosis
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 Worid Health Organization and the
French-American-British (FAB) format.10.30 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 i1s & weakness of all MDS classifications.’® Im-
portantly, occasional patients with RARS, even
those with apparent multilineage cytologic dyspla-
sia, may favorably respond fo 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
or: RARS pondered potential causes of this uncom-
meon 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 chemieals, alechol, or cy-
tostatic agents, could be confirmed as potential risk
factors, and that the cause of RARS was unknown 12
Benzene had previously beern 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-
fogic 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 sideroblasiic process, itself is
often transient and not evident in follow-up bone
marrow examinations.?537 Thus, neither exposure to
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benzene nor te 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.%8 In the
Aksoy®® report of 29,000 Turkish shoe workers
heavily exposed to benzene-confaining 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.4¢ IMnally, in the frequently-analyzed
Iinited States Phofilm factory cohert 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 41 A re-
cent report from The MD Anderson Cancer Center
alzo could not confirmn 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 epidemiclogical study or even an isclated case
report in the world’s medical literature that Iinke
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 poisoning.4® 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 hypoceliular bone marrow with cellular
dyspoiesis, and distinet from the usnal findings in
RARS which typically reflect a normocellular to hy-
percellular bone marrow pattern 844

Cigareite smoke is considered a risk factor for
both AML and MDS, but the specific element or
mechanism involved is unknown.®4-52 Cigarectte
smoke does contain some benzene, but the cumula-
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tive dose achieved by smeokers 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.%4%-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 345% Some reports have
suggested cigarette smoking is linked with RARS,
although the mechanism is not known.?45

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 sidsroblasts are often still
present when the bone marrow blast percentage
reaches 5% to 10%, but the MDS diagnosis now
moves to RAEB.1%%¢ 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 speeific 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!s in 1965, For
epiderndological purposes, should such a patient re-
main an example of an RARS syrdrome or be con-
sicdered to have the same illness as one with a
sudden appearance of FAB-M6 AMI. without ringed
sideroblasts or a prior diagnosis of MDS?

As our understanding of the molecular events
leading to MDS and AML increases, epidemiclogists
and clinicians should work together to carefully an-
alyze representative cohorts so that truly 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, pathelogists and clinicians have
been advocated and implemented for epidemiclogic
studies of the lymphoproliferative diserders, which
also appear to have a number of distinet 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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pending minor revision. Below you will find the reviewers comments for your review. 1
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see a menu item called "Submission Needing Revision." Please click on this item to
obtain your submission record and begin the revision process.
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with kind regards,
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Reviewer Comments:

Reviewer #1: I found this to be a very interesting, if somewhat abbreviated review of
this subject. This topic is also quite timely as benzene related issues (mostly toxic tort
Jitigation) are on the rise and MDS is frequently at issue. Most epidemiologists and
toxicologists consider MDS to be a single disease entity, particularly from an etiological
oint of view. Therefore, this review makes a useful contribution to the scientific
jterature by providing a needed, informed opposing viewpoint, Additionailly, physicians
are becoming increasingly involved in this discussion {both formally and informally), and
in many cases they come in with a very poor background or understanding of benzene
toxicology or pathology. In both of these areas, this review provides something of
value and would likely be widely read and appreciated,
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General Comments:
The abstract is perhaps overly concise and would benefit from a bit more information.

I think this manuscript would also benefit from a more robust discussion of MDS and
the FAB method of ciassification (the 'FAB' 5). A more detailed discussion regarding the
accepted and suspected risk factors for the various subtypes of MDS would also be very
germane to this review. How might this change within the WHO classification system?

There were several areas where some light editing is needed. Additionally, the draft
tends to have a lot of technical terms with (in some cases) insufficient introduction to
that topic. I have provided a few examples below.

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 to 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.

pP7, 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 foliow. Also, does it
indicate the different forms of RARS have diverse causes or really just evidence of a
diverse response fo treatment?

p8: Is the point of this section that neither benzene nor chemotherapy exposure is
associated with an increased risk of RARS?

PS: 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)? [f 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 (11q23) 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 wouid 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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CARRY OVER YOUR COPYRIGHT FORM.
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are finished, please click Next.

7. Click "Build PDF for My Approval.”

8. Click "Go to Submissions Waiting for Authors Approval.”

9. Wait for the PDF to Build. When it has been built, you will see the link "View
Submission” in the Action menu. Click "View Submission,” and open the manuscript in
order to proof your work,

10. If you find problems with the manuscript, please click "Edit Submission" from the
Action menu. Make the appropriate changes, beginning again at step 3.

11. If you find no problems with the manuscript, please click "Approve Submission”
from the Action menu. Your re-submission is now complete!
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MDS is frequently at issue. Most epidemioclogists and toxicologists
consider MDS to be a single disease entity, particularly from an
etioiogica! point of view. Therefore, this review makes a useful
contribution to the scientific literature by providing a needed,
informed opposing viewpoint. Additionally, physicians are
becoming increasingly involved in this discussion {both formally
and informally), and in many cases they come in with a very poor
background or understanding of benzene toxicology or pathology.
In both of these areas, this review provides something of value
and would likely be widely read and appreciated.
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The abstract is perhaps overly concise and would benefit from a
bit more information.

I think this manuscript would also benefit from a more robust
discussion of MDS and the FAB method of classification {the 'FAB’
5). A more detailed discussion regarding the accepted and
suspected risk factors for the various subtypes of MDS would also
be very germane to this review. How might this change within
the WHO classification system?

There were several areas where some light editing is needed.
Additionally, the draft tends to have a iot of technical terms with
(in some cases) insufficient introduction to that topic. I have
provided a few examples below.

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 whr the 3 different
forms of RARS are important epidemiologically might be included

for clarity.

Specific Comments:

P3: Is myelodyspiasia the same as myelodysplastic syndrome? 1
think the author's answer would be yes, but this needs to 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.

P5, L12: The sentence that starts with 'RARS' is somewhat
confusing.

P6, LS: 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?

P9: 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 proaressed and died from AML
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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 regarding
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 study? I totally agree that
this is a significant issue and would 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 assoclated 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 myelodysplastic syndromes {MDS5) 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 enviranmental
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 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.l-¢ 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 about the major causes of MDS. 87
tnfortunately, 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.4 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 analysie.# 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 te the various AML
syndromes, Thus, under certain circumstances, ben-
zene exposure is an accepted, although uneommon,
potential risk factor for both MDS and AML. 1679
However, when carefully studied (vide infra), such
risk does not necessarily apply te 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 refrae-
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 1882, 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 sidercoblastic anemia and sidercachrestic ane-
mia. Its unifying morphological feature is the pres-
ence of ringed sidercblasts, 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.l* Such histologic stains
have been a part of the routine evaluation of bone
marrow specimens for nearly 80 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-ES-Multilineage dysplasia
RA-Excess (5-9%) blasts type |
RA-Excess (9-19% 1 blasts type 11
MDS isolated deletion 5 g

MDS unclassifiable

Refractory anemia

RA-Ringed siderobiasts

RA-Excess (5-20¢%) blasts

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

Chronic myelomonocytic
leukemia

FAR, French-American-British format; WHO, World Healih
Organization; RA. refractory anemia; RC, refractory cytopenic;
RS, ringed sideroblasts.

also been known since its earliest descriptions. 315
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%.158-21 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 cutside the erythroid cell
line, and a lesser risk of AML {Table 1}. [t 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 thromhocytosis.?*-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 pelyeythemia 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 palycythemia 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 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.!93¢ 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 epidemioclogical 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 o 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, aleohel, or cy-
tostatic agents, could be confirmed as potential risk
factors, and that the cause of RARS was unknown.12
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 invelving
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.?®
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 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 neo examples of RARS.? In the
Aksoy? report of 28,000 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.4 Finally, in the frequently-analyzed
United States Pliofilm factory cohort of about 1,800
individuals expesed 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 leukemis, 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 sertal 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 poisening.® 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.®44

Cigarette smoke is considered a risk factor for
both AML and MDS, but the specific element or
mechanism involved is unknown.®#>-5% Cigarette
smoke does contain some benzene, but the cumula-
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tive dose achieved by smokers is less than thought
necessarv 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.248-53 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 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.™#

One feature of MDS that further confounds epide-
mivlogical 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 deseribed 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.17% 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 logie
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 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. 585 [espite these
caveats, based upon the considerable evidence pre-
sented here, benzene exposure cannot be considered
a potential eticlogy 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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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 I appreciate the detailed analysis and the time spent in this review. | hope
you will agree that the revised manuscript flows more casily as it is read and more clearly
highlights the points I am trying to make. This improves its usefulness to both general
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: 1 have modified this sentence as suggested.

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

P5, L12: This confusing sentence has been re-worked.
Po, 1.9 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 multilincage
dysplasia, does not mean that the patient has a neoplastic condition destined to evolve
into feukemia. 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 leukemia, but this is too big a leap to propose in a focused article like
this one.

PR: Yes, that is the point. I 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 done 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. [ also discussed the use of iron stains and death

certificates in the text.

P16: The reviewer is alluding to a topic that, “has not yet been introduced in evidence™,
as the lawyers often say. Nowhere in the manuscript did I 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 Il 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 1 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. 1 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: I did add a comment as to which types of MDS might be benzene-
induced. I did 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 each
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 categorics.

Going back to the general comments, 1 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 vours,

Ethan A. Natelson, M.D.
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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 benzene-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 1o 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 leukemia (CGL), 20—
malignant lymphoma or related disorder (ML), 9—aplastic anemia, and 5 others. Among the
comparison group, 13 hematologic malignancies were observed, including 6 patients with
acute leukemia, 2-~CGL, 3—ML, and 2 others. The hematopathologic characteristics of the
benzenc-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 to teatment-related ANLL, including a preceding prelevkemic phase in
some patients. Resulls in our series, one of the largest 1o date, also indicate that a greater
diversity of hematologic neoplasms is evident among bepzene-exposed workers than previ-

ously described.
dysplasia

KEY WORDS: Benzene leukemia

INTRODUCTION

The International Agency for Research on Cancer
{IARC) concluded in the early 1980s that there was
sufficient evidence that benzene could cause acute
myelogenous leukemia (AML)." At that time, the ma-

Address for comrespondence: Lois B. Travis, M.D}.. National
Cancer Institute, Executive Plaza North, Suite #408. Bethesda,

MD 20892, USA.

Gl

Jjor 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-control studies in
France, Sweden and the US.*" Worldwide sources of
exposure to benzene include its widespread use in in-
dustry and its presence in cigarefte smoke, gasoline,
and automobile exhaust,' thus potentially 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,” multipie myeloma," and other
hemnatopoietic 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 categerization.*®"*
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
idemify 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-
ploved between January 1, 1972 and December 31,
1987 in 672 factories in 12 Chinese cities (Shanghai,
Tianjin, Chengde, Chongging, Harbin, Shenyang,
Binzhou, 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 heaith 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, laboratery 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 celis/ul.; basophilia was defined as an absolute
count of more than 200 cells ful.."

Hematologic parameters recorded for bone marrow
aspirates included the following: the estimated eryth-
rocyte:granulocyte ratio, per cent blasts and morpho-
logic changes. Evidence of dyserythropoiesis included
the presence of ringed sideroblasts, multinuclearity,
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 biood smear. Dysmegakaryopoietic
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 marrow 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 leukemia (ANLL),"?' acute lymphobiastic 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 neoplasms 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 ascute 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;
5 MDS; 4 CGL; 4 ML, I ALL; and | 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 type of toxic bone marrow effect.

Diagnoses confirmed by review of histopathologic
material for the non-exposed comparison group in-
cluded ANLL-M2 €1 pt), muitiple myeloma (1 pt) and
lymphoproliferative disorder (I 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 included 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
expasure and type of hematologic malignancy) will

Table } Frequency of major dizgnostic groups of alf hemato-
poietic malignancies and related disorders among henzenc-ex-

posed and non-exposed workers

Number of cases {%F*

Diagnosis
Expused Non-exposed
workers workers
Apiastic anemia g (119 ¢]
Acute leukemia 32 €39%) 6 (46%)
Myelodysplastic syndrome 7 (9% 0
Chronic granulocytic
lenkemia 9 (11%:} 2 (15%:)
Malignant lymphoms and
related disorders 26 €24%) 3(23%)
Other 5t {6%) 2% {15%)
Total 82 i3

*Nymbers may ol sum @ 100 due b rounding emror
Havludes diagnoses of agranulocyiosis {2). muitipie myeioma t1). levkemiz, pot tther-

wise specified INGS) 1), and toxic offect U
tincludes agnoses of mubliple myeloma (1) and leakemia, NOS (5.

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-M2 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 a myelomonocytic or mono-
cytic leukemia. An unusual increase in small, atypical
basophils or mast cefls was also noted in this patient,
who had a prior diagnosis of chronic benzene poi-
sening.

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 myeloprofifera-
tive disorders: Patient 10 presented with hepatosple-
nomegaly; basophilia and Jarge 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, bascphilia 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 alkaline
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 patiemis with hematopoietic malignancies and related disorders*

Fatient Age/Sex Symptoms /Signs Physical IN Diagnosis
ne. {yr} examination
HM M
t 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, gingival - - + ANLL-M3, microgranular
infiltration
6 47/F petechiae, sternal tendemess, - - - 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
gt 53/F fever, malaise, vertigo. pallor, - - - ANLL-M4 or M5
dyspnea, mucosal ulceration
10 70/M broachitis + + - AL, NOS
11 64/M N/A N/A N/A N/A AL, NOS
12 42 /M sternal tenderness, ecchymoses + - + AL, NOS
13 42/M N/A - - - AL, NOS
14 42/M fever + - + Al NOS
15 53/M N/A - - - RA
161 48 /F lower limb alceration - N/A + CMML
17 30/F N/A - - - RAEBT
18 41/F N/A N/A N/fA N/A MDS, NOS
191 4/M fever, joint pain * - - MDS, NOS
20 28/F petechiae + + + CGL
2t 682/M abdominal mass, malaise, weight + - - CGlL.
loss
22 30/M N/A - - - CGL, atypical
23 N/A N/A N/A N/A N/A CGL
24 20/M fever, malaise vertigo + + - INHL (possible}
25 41/F mainutrition, pallor - - + NHL
26 40/M fever - - + NHL
27 /M fever + + + NHL
28 23/M sternal tenderness, gingival pain + + + ALL
29 45/M gingival bleeding, pelechiae + N/A N/A Aplastic Anemia
30 58/M fever, malaise - - + Malignant Histiocytosis
{possible}
311 33/M weakness, vertigo + + - Toxic effect
32 49/M epistaxis, malaise, weight loss - - + ANLL-M2
33 2/M chest wall mass - - - Multiple Myeloma
34 S4/M N/A N/A N/A N/A LPD

Abbreviztions: AL acute loukemis, ALL: acuse lymphublastic leskemis; ANLL: scute non-lymphecytic Jeukemia; CGL: chronic granulocytic leukemia; CMML.: chromic myelomonocytic
leukemia; HM; hepatomegsly; LN: iymphadenopathy; LPD: Iymphoproiiferative disorder; MDS: myelodysplastic syndrome; N/A: not ascepained; NHL: ron-Hodgkin's lymphoma, NOS: not
otherwise specified: RA: rofractony anemia; RAEBT: refraclory anemia with excess biasts In transformation: 3M: splesomegaly: +: present: —: absent.

*This lable is Hmited 1o these patients for whom histoparhologic materials were ceviewed (Tables 3-5). Patients -3} were occupatiorally cxposed ta benzene.

tPatient had been previously di J with threnic b p =
$Availeble data preveded the reviewed bone marrow aspirate 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 diagnosis 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 Luboratory data and peripheral blood morphologic findings in patients* with hematopoietic malignancies and related disorderst

Patient  Hemoglobin ~ WBC % blasts  Platelets Peripheral blood morphologic findings  Diagnaosis
no. (g/dl) {%10°ful} (10 ful}
i 8.6 16.8 20 N/A pseudo-Pelger-Huet PMNS, Auer rods, ANLL-M2
thrombocytopenia
2 4.4 4.4 ] 105 N/A ANLL-M2
4 30 13.7 0 N/A anisocytosis, poikilocytosis, pseudo ANLL-M2 or M4
Pelger-Huet PMNs, pancytopenia,
type Il blasts
5 7.0 1.6 20 15 thrombocytopenia, hypogranular ANLEL-M3,
promyeiocyles or monocylic cells microgranular
6 8.8 1.2 10 &6 N/A ANLL-M3
8 5.2 3.1 4] 40 N/A ANLL-M3
9% 4.6 34 38 ] N/A ANLL-M4 or M5
10 3.0 15.2 23 56 polychromasia, NRBCs, AL, NOS
hypersegmented, hyposegmented and
hypogranular PMNs, large platelets,
basophilia
11§ N/A 84.69 4 350 dacrocytes, left-shifted granulopoiesis, AL, NOS
large platelets, basophilia
12 5.9 2.9 50 HE N/A AL, NOS
13 14.7 2.3 0 86 oval macrocytes, neutropenia, AL, NOS
thrombocytopenia, immature
iymphoid cells with granucles
14 8.0 17.5 4] 0.7 N/A AL, NOS
I3 4.0 1.8 0 16 N/A RA
16} 6.5 36.2 2 17 oval macrocytes, target cells, CMML
megaloblastic and megaloblastoid
NRBCs, hypogranular PMNs, giant
bands, basophitia, thrombocylopenia
17 8.1 4.6 N/A 36 N/A RAEBT
193 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
21 0.0 [21.6 3 242 oval macrocytes, target cefls, NRBCs, CGL
basophilia
23 7.0 32.8%t 0 300 left-shifted granulopoiesis, no CGL, atypical
basophilia nor eosinophilia
23 N/A N/A N/A N/A left-shifted granvlopoiesis with mild CGL
basophilia
24 8.4 2.6 0 37 N/A NHL (possible}
25 8.5 16.8 0 N/A N/A NHL
26 11.0 8.3 0 210 N/A NHL
2741 7.6 5.5 ¢] N/A N/A NHL
28 9.5 230 96 31 oval macrocytes, thrombocytopenia ALL
29 440 2.2 0 26 N/A Aplastic Anemia
30 I1.5 4.4 0 100 pancytopenia, large atypical Malignant Histiocytosis
monocytold cells present {possible)
kH 1 8.0 220.0%4 \; 406 N/A ‘Toxic effect
32 60 4.9 64 N/A anisocytosis, poikilocytosis, numerous ANL1-M2
Auver rods
33 5.5 29 1) 76 rouieaux Muttiple Myeloma

Abbreviations: AL: acute levkemis; ALL: acute lymphoblastic icukemia, ANLL: acute non-lympbocytic levkernia; CGL: chronic granulecytic feckemia: CMML: chironic myelomonocytic
leukemia: MDS: myelodysplastic syndrome: N/A: ml availabie; NHL. non-Hodghin's tymphoma; NOS: not stherwise specifind; NRBU! pucicated red blood cells; PMN: polymorphenucieat
leukoeyte: RA: refractery anemia: RAEBT: refracrory ancmins with cxcess blasts in transformapion; WBC: whin blood cell.

*Neither laboralory dats nor peripherst blood seears were available for patient aus. 3.7, 18, axl 34,

tPatients 131 were occupationally exposed 1o benzene.

1Paticnt hiad been previously diagnosed with chronic bepzens poisoning. ]

81 aburatory values preceded the mvicwed peripheral bluod and bone marow specimens by 3 years.

AWBC dfferential: 2% PMN, 33% bands, 8% mewmysiocyles, % myelocyies, 5% promyelocytes, 4% blasiy, 7% basophils, 4% eosinophils, % lymphocyles.

§Patient was Phitsdelphia-chromosime positive. , A -
e WRBC Eifferential 27% PMN. 18% bands, 13% metamyelocytes. 25% myclocyiex, 5% promyclocyles. 2% blasis, 4% eosinophils, 4% basophils. 2% tymphocytes.

HWEC differential: 49% PMN, 1'% hands, 7.5% metamyelocyzes, 20.5% myelocytes. 5% p
tilaboratery values were oblained approximately ¢ month alter lymph nide biopsy.

§8Laboratory vaiues preceded the revivwed bone marrow wepirate by 10 years.
EWBC diffprential: 40% PMNs, 20% bands. 159 metamychxcyies, 25% promyciucytes.

locytes, 5% lymphocyies, 2% other.
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Table 4 Bone marrow features in patients* with hematopoietic maligrancies and retated disorderst?
Paiient E:G Cellularity {Dyspoiesis % blasty Comments Diggnosis
R,
Erythrocytes Granulocvies Megakarvocyies
t 1:50  Decr/+ Iner/— Deer/~ 60 peroxidase stain: positive ANLL-M2
2 1:3¢  Deer/+ Incr/ - Decr/t 30-35 e ANLL-M2
3 110 Decr/— Ince/— Decr /1 40 — ANLL-M2
4 1:100 Decr/T Incr/— Decs /T 40 numerous immature cells, ANLL-MZ2 or M4
either monocytes or
granulocytes
5 120 Ni/- Incr/— Decr/3 60 — ANLL-M3,
microgranular
6 1:20  Decr/+ Ener/— Pecr/t - hypergranular promyelocyles: ANLL-M3
%%
7 1:15  Decr/+ Incr/— Decr/t — hypergranular promyelocytes: ANLL-M3
90%
# 50:1 Decr/+ Incr/+ Decr/— e hypergramiiar and ANLL-M3
hypogranular
promyelocytes: 90%
o 1100 Pecr/+ Incr/+ Decr/t 80 increase in basophils or mast ANLL-M4 or M5
cells (5%), which are
dysplastic; increase in
monocytes; peroxidase
stain: positive
1 18 Deer/+ Incr/+ Decr/t 35 preceding MPD AL, NO§
1¢ 11100 Decr/+ Incr/— Decr/+ 30-35 undifferentiated blasts; Al., NOS
preceding CGL
12 § § Decr/— Decr/— 90 blasts demonstrate AL, NOS
cyteplasmic budding and
granules
13 I:'f N/A N/A N/A see immature lymphoid-tike cells AL, NOS
commeni  {some with granules): 90%
i4 1:50  Decr/~ fncr /- Decr/t — AL. NOS
15 31 Imer/+ Decr/~ Decr/t <5 significamt dyserythropoiesis; Refractory Anemia
marked granulocytic
hypoplasia
6t 6 NI/+ Incr/+ Deer/+ 5-10 iner. basophils: 1-2%. CMML
iner. monocyies: 20-25%
17 1:3 Incdl/+ Incr/ -+ Decr/t 5-10 Auer rods noted RAEBT
18 5:2  erl/+ Decr/+ Decr/t <5 - MDS, NOS
9% N/A  N/A N/A N/A N/A pseudo-Pelger-Huet PMNs MDS, NOS
21 115 NI/+ Incr/+ NI/- <5 fow LAP score, slight CGL
increase in basophils
22 1:10 NI+ Incr/+ Ni/- <5 no basophiiia nor CGL, mypical
eosinophilia, Jow LAP
score
23 i:5 NI/+ Ince/— N/~ <5 eosinophilia: 5% CGL
basophilia: <1%
24 I:1 Incef/+ Decr/+ NI/+ <3 icrease in granular NHL. (possible)
lymphocyies;
hemophagocytosis
28 5:1 NI/~ Decr/+ Decr/t 90% no Auer rods ALL
29 131 Incr**/+ Decy /¥ Decr/t <5 megaloblastoid RBCs Aplastic Anemia
30 1:2  NI/+ Decr/ - Decr/t <5 — Malignant Histiocytosis
{possible)
k1| it18 Ni/+ Ingr/ - Ni/— <5 eosinophils: 5-8%; extensive Toxic effect
dyserythropoiesis
32 [:100 Decr/- kncrf— Decr/t 70 numerous Aver rods ANLL.M2
33 1:3  Deer/~ Decr/~ NI/- <5 myeloma cells: 50% Multiple Myelorna
34 1:10  Decr/~ Decr/~ Decr /% <5 lymphocytes: 50-60% LPD

leukemia: Decr: decreased: E:G: erythrocyte: granuiocyle ratioy Iner: increased: LAP: Jeukocyte alkaline phosph

Abbreviations: AL: acufe keukemia; ALL: zcute Jymphohlastic feukemia; ANLL: acute non-lymphorytiv teukemia: CGL: chronic granybovytiv leukemnia: CMML: chroaic myelomsnceytic

LPLE lymphoproliferative disorder: MDS: mycledysplastic syedrome;

MPI: mycloproliferative disorder: N/AL not ascertained; NHE: naa-Hodgkin's lymphonsa; NOS: not etherwise specified; PMN: potymumphonuclear leukocyie: RAERT: refeactory anemiz

with #acess blasis in rrensformation: RBC: red blood cetf; +: present, —: abses),

*Bope-mamew was not available for review in P1. 22 Lymph node biopsies (Pis. 25, 26, and 27) are not ingluded i The table.
5 110 b

FrPatients 1-3) wese octup

¥ Bxp -
tDryspoiesis could not be assessed since 5o few cells were available.

tPatient had been previously diagnosed with chromic benzene puisoning.
§No erythroblasts were ideatified on the slide,

IErythroblasss: 36%
SErytheoblases: 60%
**Erythroblasis: §0%
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Table 5 Summary of dysplastic morphelogic findings in the peripheral blood or bone marrow of benzene-exposed workers with

hematopoietic malignancies and related disorders*

Morphologic finding

Diagnostic category (no. of patients}

ANLL AL. MDS CGL NHL ALL AA MH Toxic
9} NOS {5} 4) {possible) (1) {1} {possible} effect
4] iy t ()
Dyserythropoiesis {all types) 6 5 3 i O 1 i H
Multinuclearity 0 2 1 i 0 4] Q ]
Impaired
hemoglobinization 5 2 3 I t ] | 1 i
Abnormal nuciear shape ) 0 3 0 0 0 0 0 |
Megatoblastoid changes 3 0 4 2 ; ¢ 1 0 i
Dysgranulopoiesis (al! types} 5 ! 4 3 ; ] 4] 0 I}
Hypersegmented PMNs 0 ] 0 0 0 0 0 Q 0
Hypogranuiation I I 2 I 0 0 g 0 G
Pseudo-Pelger-Huet
gnomaty 2 G 3 0 I O 0 0 g
Dysimegakaryocytopoiesis
{Micromegskaryocyles) 0 H 0 0 I 0 0 0 0

Abrovistons. AAC spiastic saomi ALl acate lymphoblste fukemia; AL NOS: acule hewdemia, nol otberwise specificd: ANLL: acete nos-lymphocyi kenkemss: CGL- chronis
pranshcytic leukemis MLIYS: myelodysplastic xyrdiomae: M swalignant histhcylosia: NHE- son-Hodgkin's Iy mphorea,
*This table b limited 10 benzeng-vapesed suhjects (pativat numbees §- 3 ) Speciimens from Patient 13 were not evalable for dysplasis. The 3 sebjecty for whom fymigh node biopsies

wiepe reviewed are ael inciuded ia this lable.

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 monecytes (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 score
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 monocytes, seemed to favor
a diagnosis of CMML.

Although a marrow smear from Patient 17 con-
tained 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 PMNs 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 megzloblastoid, multinucleated red cells, im-
paired hemoglobinization, and hypogranuiar 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 cent 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 marmrow aspirate, we
maintained CGL as the study diagnosis. However, in
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the absence of basophilia, we considered this 1o be an
atypical variant.

Malignant [ymphoma Patient 24 presented with
constitutional symptoms, hepatosplenomegaly and
pancytopenia. Marrow review revealed hemophago-
cytosis, multinucieated 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-lympho-
cyles, 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 (253 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-
erally 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 i1 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 distinet 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 vanety 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 especiatly common 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 reporied 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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waorkers 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 tow.”™* 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 symptoms
of the benzene-exposed patients with ANLL typical
of acute leukemia occurring de novo,” many of the
hematologic features resembled those reported in leu-
kemias secondary to chemotherapy or radiotherapy.”
Characteristics typical of -ANLL which were ob-
served in our patients included the presence of dys-
myelopoietic changes,” > the common occurrence of
anemia and thrommbocytopenia,™ ™ and increased bone
marrow cellularity.**”'-"" Basophilia, which has been
reported in t-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-refated leukemias, which may demon-
strate a preleukemic phase,™ " are generally consid-
ered distinet clinicopathologic entities with character-
istic  non-random  cytogenetic  changes, %
Morphologic and hematologic similarities between our
benzene-exposed cases and t-ANLL suggest an over-
lap 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 foliowing expo-
sure |0 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
+-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
tncluded 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-
retations 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  Although secondary CGL has been reported
following chemotherapy,”” it is mainly considered to
be radiogenic.* Other clinicopathologic series of ben-
zene-exposed workers have found variabie 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.” The absence of basophilia in the
fatter 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 ane
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.

Orther diagnoses There have been occasional clini-
copathologic descriptions of ALL in benzene-exposed
workers.**'**' 1 eukocyte counts {median: 4,200 /uL,
range 1,700-39,000/uL) cited in these reports tend
to be somewhat fower than in de novo ALL,” but the
cases seem otherwise typical. Clinicopathologic fea-
tures of our patient were also similar to thase 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-
poigsis was mintmal in this subject, in accordance with
previous reports of benzene-related AA. Y

The marked degree of toxic changes observed in
erythropoietic cells in Patient 31 seems to have not
been previously repurted 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 alse 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 wel] as differ-
ences, in the mechanisms of action of known leuke-
mogens, such as henzene, radiation, and chemother-
apy. 1t is hoped that the results of this clinicopathologic
evaluation of hematologic neoplasms among benzene-
exposed workers will emcourage 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-1), 4.5%. Subjects were administered éuesﬁomaims
and information on previous disease, work histories and exposures to potential eﬁoiogic 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(2(0)q >
del(7q) > del(5q), while the analogous frequency in RZ-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
= (.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 “prelevkemic” 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 transfusion-dependent and
eventually succumb to bleeding or infection. In still other cases the patient’s clinical condition can
termnain 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 repotted, 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 novo MDS [8].
Qur results reveal major differences in the age at onset and prevalence of individual 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 Jacking
[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 concomitant 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}.
22 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 (famshidi) 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).

23 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-immunohistochemistry stains
for selected markers. Morphology was independently evaluated by two of us (R.D.1., L.R.). Microscopic
analysis was performed using Olympus BXS51 bright field microscopes (Olympus Optical Ltd, Tokyo).
Standardized criteria for determining dysplastic changes and lineage involvement have been described in
detail elsewhere [7].

2.4 Cytogenetic and fluorescence in situ hybridization (FISH) analysis
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Cytogenetic studies were performed on either bone marrow or peripheral biood 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 -5/5q-, -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.

2.5 Cuestionnaire 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 hespital prior to interview. The questionnaires used in this
study were designed in English, translated into Chinese and then administered in the native Chinese
janguage. 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 (Le. 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 exposare: 0, <1 mg/m’, 1-<10 mg/m’, 10-<100 mg/m’, and 100+
mg/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 to 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 doctimented BZ exposure (i.e. 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.
2.8 Statistical analvses

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 (OS), 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. Resalts
3.1 Prevalence and age distribution of MDS in Shanghai
The total number of cases of MDS initiaily 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 initially diagnosed with MDS, but met criteria for a diagnosis of RCMD with 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.
3.2 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 invoived 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) > del{5q) abnormalities {Tabie 3). Chromosome abnormalities
involving both del(7q) and del(5q) in combination were invariably associated with complex karyotypes
involving 3 or more abnormalities.
33 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
(ie. 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).

34 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 hemogiobin
(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 3)
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 invoiving del(5q) alone were not found in BZ signal cases.
Other CA observed in the BZ signal cases were del(9g22) 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
tMDS/tAML secondary to treatment with afkylating chemotherapeutic agents.
3.5 Survival

Analysis of overall survival (OS) between the BZ signa! 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 nove MDS cases for which follow up data was available (435} revealed no

significant differences between matched unexposed cases and other de nove 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 cytogenetic abnormalities, altered gene regulation,

abnormat cytokine production and immune activation variously hypothesized to be responsibie for clonal
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selection and progression in MDS,

MDS developing secondary to therapy with alkylating chemotherapeuwtic agents is well described,
the clinical features of which frequently include multlineage 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 MIS, including abnormalities involving chromosome 5 and/or 7. Mu..5suwmiy 7 is associated with
overexpression of several known oncogenes including HOX9A, BRCA2 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
imoune and inflammatory genes, such as TGF-B, 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 nove MDS. These include a decrease in both the
frequency and pattern of cional 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 a prominent finding in the development of aplastic anemia [32-
34]. Positive clinical responses to immunuswppressive 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 immune 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. [mmunologic abnormalities are also observed in MDS developing in workers
previously exposed to high concentrations of BZ, including increases in circulating large granular
lymphocytes (L.GLs), altered distribution of CD4 and CD8 T cells and clonal expansion of T cell
subpopulations in BM, including prominent clonal proliferations of y& T cells [11]. Independently,
susceptibility to the development of MDS following BZ exposure is associated with an increase in the
prevalence of a rare (-238) tumor necrosis factor (TNF-a) polymorphism [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
(NFkB) {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;922) in which production of the
CBFA/MYHI1 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 ¥8 T cell subsets that are activated by TNF-o. 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.

Acknowledgements
The authors gratefully acknowledge all the hospitals and physicians who participated, including

Huashan Hospital, Xinhua Hospital, Long March Hospital, Huang Pu Central District Hospital, Renji
Hospital, Ruijin Hospital, Huadong Hospital, Jin An Central Hospital, No. 1 People’s Hospital, No. 5
People’s Hospital, No. 6 People’s Hospital, No. 9 People’s Hospital, Yang Pu Central Hospital, Zha Bei
Central Hospital, Shu Guang Hospital, Chang Ning Central Hospital, Tong Ji Hospital, Shong Jin Central
Hospital, Zhong Shan Hospital, Railway Hospital, Rong Hua Hospital, Changhai Hospital, Occupational
Disease Hospital, Jiading Central Hospital, 455 Hospital, Shidong Hospital, No. 1 Baoshan Hospital, and

14



Putuo Central Hospital. We would aiso like to extend our appreciation to Ann Louden for manuscript

and clerical assistance.

The CMRC received funds from the Benzene Health Research Consortium consisting of

ExxonMobil, BP Amoco, Chevron-Texaco, Conoco-Philips and Shell Chemical Companies. This work

was supported in part by Cinpathogen, Inc. R.D.I. has received consulting fees from law firms in cases

involving benzene. All other authors declare no competing financial interests.

References

{1]

[5]

(6]

[7]

[8]

S.H. Swerdlow, E. Campo, N.L. Harris er @/ WHO Classification of Tumours of Hacmatopoietic
and Lympheoid Tissue in: Swerdlow SH, Campo E, Harris NL et a/. WHO Classification of Tumours
of Haematopoietic and Lymphoid Tissue. JARC,Lyon, France: 2008.

E. Jaffe, N. Harris, H. Stein, J, Vardiman, World Health Organization Classification of Tamours.
Pathology and genetics of tumours of haematopoietic and lymphoid tissues in: Jaffe E, Harris N,
Stein H, Vardiman J. World Health Organization Classification of Tumours. Pathology and genetics
of tumours of haematopoietic and lymphoid tissues. IARC Press,Lyon, France:2001.

U, Germing, N. Gattermann, C. Strupp, M. Aivado, C. Aul, Validation of the WHO proposals for a
new classification of primary myelodysplastic syndromes: a retrospective analysis of 1600 patients,
Ieukemia Research 24 (2000} 983-92.

A. Matsuda, U. Germing, 1. Jinnai, M. Misumi, A. Kuendgen, S. Knipp, M. Aivado, M. Iwanaga, Y.
Miyazaki, H. Tsushima, M. Sakai, M. Bessho, M. Tomonaga, Difference in clinical features
between Japanese and German patients with refractory anemia in myelodysplastic syndromes,
Blood 106 (2005) 2633-40.

A. Kuendgen, A, Matsuda, UJ. Germing, Differences in Epidemiology of MDS Between Western
and Eastern Countries: Ethnic Differences or Environmental Influence?, Leukemia Research 31

(2007) 1034,

B. Chen, W.L. Zhao, J. Jin, Y.Q. Xue, X. Cheng, X.T. Chen, J. Cui, Z.M. Chen, Q. Cao, & Yang, Y.
Yao, HL. Xia, J.H. Tong, JM. Li, 1. Chen, S.M. Xiong, Z.X. Shen, S. Waxman, Z. Chen, S.J. Chen,
Clinical and cytogenetic features of 508 Chinese patients with myelodysplastic syndrome and
comparison with those in Western countries, Leukemia 19 (2005} 767-75.

R.D. Irons, X. Wang, S.A. Gross, L. Bao, J. Ryder, Y. Chen, H. Chen, H. Sun, J. Zhou, M. Ji, X. Dy,
H. Fu, G Lin, Prevalence of MDS subtypes in Shanghai, China: A comparison of the World Health
Organization and French American British classifications, Leukemia Research 30 (2006) 769-775.

X.Q. Wang, J. Ryder, 8.A. Gross, G Lin, R.D. Irons, Prospective analysis of clinical and
cytogenetic features of 435 cases of MDS diagnosed using the WHO (2001) classification: a

15



[9]

[10]

[11]

{12]

[13]

[14]

(15]

[16]

[17]

[18]

[19]

[20]

[21]

prognostic scoring system for predicting survival in RCMD, International Journal of Hematology
{In Press).

A. Cuneo, F Fagioli, I Pazzi, A Tallarico, R Previati, N Piva, GM Carli, M Balboni, G Castoldi,
Morphologic, immunologic and cytogenetic studies in acute myeloid leukemia following
occupational exposure to pesticides and organic solvents, Leukemia Research 16 ( 1992) 789-796.

R.B. Hayes, S.N. Yin, M. Dosemeci, GL. Li, 8. Wacholder, L.B. Travis, C.Y. Li, N. Rothman, R.N.
Hoover, M.S. Linet, Benzene and the dose-related incidence of hematologic neoplasms in China,
J.Natl.Cancer Inst. 89 {1997) 1065-1071.

R.D. Irons, L. Lv, S.A. Gross, X. Ye, L. Bao, X.Q. Wang, J. Ryder, T.W. Armstrong, Y. Zhou, L.
Miao, A.T. Le, PJ. Kerzic, W. Ni, H. Fu, Chronic exposure to benzene results in a unique form of
dysplasia, Leukemia Research 29 (2005) 1371-80.

T. Armstrong,Y. Zhou,C. Zhang,S. Bowes,Y. Liang,0. Wong,F. Hua, Exposure assessment for a
case-control epidemiology study based in Shanghai, China: Summary of methods and results.

S.M. Smith, M.M. Le Beau, D. Huo, T. Karrison, R.M. Sobecks, J. Anastasi, J.W. Vardiman, J.D.
Rowley, R.A. Larson, Clinical-cytogenetic associations in 306 patients with therapy-related
myelodyspiasia and myeloid leukemia: the University of Chicago series, Blood 102 (2003) 43-52.

G Chen, W. Zeng, A. Miyazato, E. Billings, J.P. Maciejewski, S. Kajigaya, E.M. Sloand, N.S.
Young, Distinctive Gene Expression Profiles of Cd34 Cells From Patients With Myelodysplastic
Syndrome Characterized by Specific Chromosomal Abnormalities, Blood 104 (2004) 4210-8.

Z. Qian, A.A. Fernald, L.A. Godley, R.A. Larson, M.M. Le Beau, Expression Profiling of Cd34-+
Hematopoietic Stem/ Progenitor Cells Reveals Distinct Subtypes of Therapy-Related Acute
Myeloid Leukemia, Proceedings of the National Academy of Sciences of the United States of
America 99 (2002} 14925-30.

R.D. Irons, W.S. Stillman, The process of leukemogenesis, Environ.Health Perspect. 104 (1996)
1239-1246,

W.S. Stillman, M Varella-Garcia, RD Trons, The benzene metabolite, hydroguinone, selectively
induces 5q31-and-7 in human CD34°CD19" bone marrow cells, Exp.Hematol. 28 (2000} 169-176.

W.S. Stillman, M. Varella-Garcia, 1.J. Gruntmeir, R.D. Irons, The benzene metabolite,
hydroquinone, induces dose-dependent hypoploidy in a human cell line, Leukemia 11 (1997) 1540-
1545,

W.S. Stillman, M. Varella-Garcia, R.D. Irons, The benzene metabolites hydroguinone and catechol
act in synergy to induce dose-dependent hypoploidy and-5g31 in a human cell line,
Leuk.Lymphoma 35 {(1999) 269-281.

M.T. Smith, LP Zhang, M Jeng, YX Wang, WH Guo, P Duramad, AE Hubbard, G Hofstadler, NT
Holland, Hydroquinone, a benzene tnetabolite, increases the level of aneusomy of chromosomes 7
and 8 in human CD34-positive blood progenitor cells, Carcinogenesis 21 (2000) 1485-1490.

M.T. Smith, L.P. Zhang, Y.X. Wang, R.B. Hayes, GL. Li, J. Wiemels, M. Dosemeci, N. Titenko-

16



(22}

(23]

[24]

[25]

[26]

{27]

{28]

[29]

[30]

(31]

[32]

[34]

Holland, L.Q. Xi, P. Kolachana, S.N. Yin, N. Rothman, Increased translocations and aneusomy in
chromosomes 8§ and 21 among workers exposed to benzene, Cancer Res. 58 (1998) 2176-2181.

M.A. Ruiz, L.GG Augusto, J. Vassallo, A.C. Vigorito, 1. Lorand-Metze, C.A. Souza, Bone Marrow
Morphology in Patients With Neutropenia Due to Chronic Exposure to Organic Solvents (Benzene):
Early Lesions, Pathology, Research & Practice 190 (1994) 151-4.

M. Cazzola, L Malcovati, Myelodysplastic syndromes--coping with ineffective hematopoiesis, N
Engl T Med 352 (2005) 536-8.

AJ. Barrett, Myelodysplastic syndrome--an example of misguided immune surveillance?,
Leukemia Research 28 (2004) 1123-4,

C. Rosenfeld, A List, A hypothesis for the pathogenesis of myelodysplastic syndromes:
implications for new therapies, Leukemia 14 (2000) 2-8.

D.H. Biesma, J.G van den Tweel, L.F. Verdonck, Immunosuppressive therapy for hypoplastic
myelodysplastic syndrome, Cancer, 79 (1997) 1548-51.

T. Matsutani, T. Yoshioka, Y. Tsuruta, T. Shimamoto, L.H. Ohyashiki, R. Suzuki, K. Ohyashiki,
Determination of T-cell receptors of clonal CD8-positive T-cells in myelodysplastic syndrome with
erythroid hypoplasia, Leukemia Research. 27 (2003) 305-12.

T.J. Hamblin, Immunological abnormalities in myelodysplastic syndromes, Seminars in
Hematology 33 (1996) 150-62.

Y. Saunthararajah, J.L. Molldrem, M. Rivera, A. Williams, M. Stetler-Stevenson, L. Sorbara, N.S.
Young, J.A. Barrett, Coincident Myelodysplastic Syndrome and T-Cell Large Granular
Lymphocytic Disease: Clinical and Pathophysiclogical Features, British Journal of Haematology
112 (2001) 195-200.

T. Shimameto , T. Iguchi, K. Ando, T. Katagiri, T. Tauchi, Y. Ito, M. Yaguchi, K. Miyazawa, Y.
Kimura, M. Masuda, H. Mizeguchi, K. Ohyashiki, Successful Treatment With Cyclosporin A for
Myelodysplastic Syndrome With Erythroid Hypoplasia Associated With T-Cell Receptor Gene
Rearrangements, British Journal of Haematology 114 (2001) 358-61.

H. Kook, W. Zeng, C. Guibin, M. Kirby, N.S. Young, J.P. Maciejewski, Increased cytotoxic T cells
with effector phenotype in aplastic anemia and myelodysplasia, Experimental Hematology 29
(2001} 1270-7.

A.M. Risitano, J.P. Macigjewski, S. Green, M. Plasilova, W. Zeng, N.8. Young, In-vivo dominant
immune responses in aplastic anaemia: molecular tracking of putatively pathogenetic T-cell clones
by TCR beta-CDR3 sequencing, Lancet 364 (2004) 355-64.

W. Zeng, 1.P. Maciejewski, G Chen, N.S. Young, Limited heterogeneity of T cell receptor BV usage
in aplastic anemia, Journal of Clinical Investigation 108 (2001) 765-73.

A.W. Langerak, T. Szczepanski, M. van der Burg, 1L. Wolvers-Tettero, J.J. van Dongen,
Heteroduplex PCR analysis of rearranged T cell receptor genes for clonality assessment in suspect
T cell proliferations, Leukemia 11 (1997) 2192-9,

17



[35]

[36]

[37]

{38]

(391

[40]

f41]

{42]

[43]

[44]

[45]

[46]

A, Jonasova, R. Neuwirtova, J. Cermak, V. Vozobulova, K. Mocikova, M. Siskova, 1. Hochova,
Cyclosporin A therapy in hypoplastic MDS patients and certain refractory anaemias without
hypoplastic bone marrow, British Journal of Haematology 100 (1998) 304-9.

G Par, D. Rukavina, E.R. Podack, M. Horanyi, J. Szekeres-Bartho, G. Hegedus, M. Paal, L.
Szereday, G Mozsik, A. Par, Decrease in CD3-negative-CD8dim(+) and Vdelta2/Vgamma9 TcR+
peripheral blood lymphocyte counts, low perforin expression and the impairment of natural killer
cell activity is associated with chronic hepatitis C virus infection, Journal of Hepatology 37 (2002)
514-22.

G.A. Banat, K. lhiow, N. Usluoglu, S. Hoppmann, M. Hoeck, H. Pralle, Core-binding facur-beta
positive acute myeloid leukaemia cells induce T-cell responses, British Journal of Haematology 123
(2003) 819-29.

Y.S. Hahn, C. Taube, N. Jin, L. Sharp, JM. Wands, M.K. Aydintug, M. Lahn, S.A. Huber, R.L.
O'Brien, E.W. Gelfand, W.K. Born, Different potentials of gamma delta T cell subsets in regulating
airway responsiveness: V gamma 1+ cells, but not V gamma 4+ cells, promote airway
hyperreactivity, Th2 cytokines, and airway inflammation, Journal of Immunology 172 (2004) 2894-

902.

A. Kanehiro, M. Lahn, M.J. Makela, A. Dakhama, M. Fujita, A. Joetham, R.J. Mason, W. Bom,
E.W. Gelfand, Tumor necrosis factor-alpha negatively regulates airway hyperresponsiveness
through gamma-delia T ceils, American Journal of Respiratory and Critical Care Medicine 164
(2001) 2229-38.

L. Lv, P. Kerzic, G Lin, A.R. Schnatter, L. Bao, Y. Yang, H. Zou, H. Fu, X. Ye, S.A. Gross, T.W.
Armstrong, R.D. Irons, The TNF-Alpha 238a Polymorphism Is Associated With Susceptibility to
Persistent Bone Marrow Dysplasia Following Chronic Exposure to Benzene, Leukemia Research
31 (2007) 1479-85.

R.D. Irons, WS Stillman, DB Colagiovanni, VA Henry, Synergistic action of the benzene metabolite
hydroquinone on myelopoietic stimulating activity of granulocyte/macrophage colony-stimulating
factor ir vifro, Proc.Natl. Acad.Sci.USA 89 (1992) 3691-3695.

P. Baines, H. Mayani, M. Bains, J. Fisher, T. Hoy, A. Jacobs, Enrichment of CD34 (My10)-positive
myeloid and erythroid progenitors from human marrow and their growth in cultures supplemented
with recombinant human granulocyte-macrophage colony-stimulating factor, Exp.Hematol. 16
(1988) 785-789.

H. Quentmeier, WG Dirks, D Fleckenstein, M Zaborski, HG Drexler, Tumor necrosis factor-alpha-
induced proliferation requires synthesis of granulocyte-macrophage colony-stimulating factor,
Experimental Hematology 28 (2000) 1008-15.

R.D. Irons, WS Stillman, Cell proliferation and differentiation in chemical leukemogenesis, Stem
Cells 11 (1993) 235-242.

R.D. Irons, WS Stillman, Impact of benzene metabolites on differentiation of bone marrow
progenitor cells, Environ.Health Perspect. 104 Suppl. 6 (1996) 1247-1250.

J.H. Zheng, DW Pyatt, SA Gross, AT Le, PJ Kerzic, RD Irons, Hydroquinone modulates the GM-
CSF signaling pathway in TF-1 ceils, Leukemia 18 (2004) 1296-1304.

18



[47] M.B. Jordan, D. Hildeman, J. Kappler, P. Marrack, An animal model of hemophagocytic
Iymphohistiocytosis (HLH): CD8+ T cells and interferon gamma are essential for the disorder,
Blood 104 {2004) 735-43.



Table 1. Comparison of WHO 2001/2008 Criteris
MDS Subtypes in Shanghai, China

WHO Total WHO Fotal
2061 Cases 2008 Toses
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%3 RCMD 441 (68%)
MDS-1J 26 (4.3%) MDS-U 29 (4.5%;)
MDS 5g- 2 (0.3%) MDS 5g- 2 {0.3%)

RCUD 26 (4.0%)
Total 611 Total 649

Table 2. Clomal Cytogenetic
Abnormalities by MDS Subtype

MDS Subtypes Total  Clonal
Cases Abn
RA+RARS 45 4
(8.9%)
RAEB 106 64
{60.4%6)
RCMD 441 112
(25.4%)
RCUD 26 2
{7.7%)
MDS-U 29 12

(41.4%)




Table 3. Clonal Cytogenetic Abnormalities

MDS (2008)
N=649
Clopal Abnormality N %
Total 196 30.2%
+8 33 82%
del(20q) 26 4.0%
Tq--7 22 34%
515 20 31%

54T 19 29%
-Y 7 1.1%
del(9g) 4 (6%
11923 5 08%
Chi 5 08%
del(13q) 3 05%
-X 3 05%
Other 29 4.5%
Complex Karyotype >3 Abnl 46 7.1%

*Exclusively in complex karyotypes

Tabie 4. Odds Ratios for MDS subtypes in
Benzene Signal Cases
Subiype | N OR Ck
RCMD | 16 0.58 0.24-1.4
RAER 2 1.4 0.19-111
MDS-UJ | 7 11.12° 1.34-924
RCUD |2 1.9 0.18-546
RA 2 0.67 0.13-33
*p<0.05

2t



Table 5. Comparison of Hematologic Parameters BZ Signal Cases vs Matched Unexposed Cases
MDS Cases Bone Marrow Peripheral Blood
Cellularity Blasts MDS-Eo | Neutrophils | Lymphocytes Hg Platelets
x10°L x10°L gdL 10°L
Hypo | Norme | Hyper 8- >1.8%
1.3%
BZ Signal 14 7 2 27 2 21/29%* 1.61 0.94 11.35% 104.9
Cases (61%) | (304%) | (8.6%) | (93%) | (%) (72.4%) (N=29) N=29) (N=2%) (N=29)
[0.85] [0.46] [2.6] {631
Matched 26 10 8 46 9 1/58%* 1.29 1.24 8§23* 85.1
Unexposed (59%) | (23%) (18%) | (84%) | (16%) {(1.7%) {(N=33) (N=53) {(N=35}) (IN=55)
Cases {1.02] f0.91] [2.71 [111]

*p<.001 (t-test, pooled variance)

{Std Dev.]

**p< 0001 (hypothesis testing for 2 independent proportions)

Table 6. Odds Raties for Clinical Features in Benzene

Signal Cases

Feature N 1] OR C1

MDS-Eo 21 fw

Hg 23 | 64" 2.11-192}

BM Hyper. 2 1039 0.07-2.05

Clonal Ab. (total)® | 5 | 0.46 0.16-1.3

+8 2 1043 0.081-23

-7 1 1.0 0.0691 - 11.02
*p<0.001

b For other see text
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Figure la

Age and Gender Distribution for MDS by 2008 WHO
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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 [111.

Dyserythropoiesis and siromal 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 granuiation. 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.
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P

yeiodysp!asticlmyelopm!iferative

neoplasm, unclassifiable

Definition
Myetodyﬁpiaséicfmyelopro!ia‘era;ive neo-
plasm, urclassifiable, (MDSMPN, Uy meets
the criteria for the MDS/MPN category in
that at the tme of initial presentation,
{rere are clinical, labaratory a&nd morph-
ingical features that overiap both MDS and
MPn. Cases classified as MOSMPN, U
do not meet the criteria for chronic
mysiomonocylic fsukasmia, juvenie
myelomonocylic leukaemia or atypical
shronic myeloid leukaemia. The finding of
BOR-ARL 1 Rusion gens or of rearrangement
of PDGFRA, POGFER or FGFAT extludes
e diagnosis of MDE/MPN, U
It is important that the designation
MOSAPN, U not be used for patients with
a pravious, well-defingd MPN who deveiop
dysplastic features in association with
yansformation to & more aggressive
phase Howsver, MDS/MPN, U may include
sorme patients in whorn the chronic phass
of an MPHN was not previousiy detected,
and who Initially present in transformation
2 with myelodysplastic fealures, if the under-
 ying MPN cannot be identified, the desig-
 nation of MDS/MPN, U Is appropriate, |
thers has bean any recent cyloloxic ¢r
growth factor therapy, follow-up clinical
and laboratory abservations are sssential
to clemonstrate that the peripheral blood
{PB) and bone marrow (BM) changes are
not due to the treatment.

ICR-Q cods 9975/3
Synonyms

Mixed myeloproliferative/myelodysplastic
syncroma, unclassitiable; "overlap” syn-
dromes, unciassifiable,

Sites of involvernent

The BM and PB are always invoilved;
‘splean, fiver and other extrameduliary
lssues may be invelved.

Clinical features
- The clinical features of MDSMPN, U
© overiap those found in diseases of the
MDS ang MPN categoriss {129, 1588,
23111,

JW Vardiman
J M Bennett
B.J. Bain

i, Baumann

J. Thigle

A. Crazi

Table 4.04 Disgnestc criteria for myelodysplasiic/mysioproiferative neopiasm, unclassifable (MDSIMPN, U}
i { t }

. The cass has oinicel, laboratory and morphoicgical featurss of one of the categories of MOS {refractory
cytopenia with uniineage dysplasia, refraciory angemia with ring sidercblasts, refractory cylopenia with mull
fineage dysplasia, refraclory anasmia with excess of blasts) and <20% blasls in #he Bood and bone manow

arsl

- Mas promingrt mysloprofifsrative fealures, a.g. platelel count 2 4563 10%, sssociated with megakaryooytic
peoliferation, or WBG count 2 13x109/L, with or without prominent splenomegaly

and

Has nio praceding history of an underlying MPN ar of MDS, o history of recent cytotoxic or growth faclor
therapy that could axplain the mysiodysplastic or mysloproliferative featsres, and no Philadelphia
shrsmoseme of BOR-ABL 1 fusion gene, no reanrangement of PDGFRA, PDGFRE or FGFRY, and no

isolated deliSq), H3:34g21:926) or inv(3i{g21q2f)
o

| . The patienl has de novo disease wilh mixed myeloprofiferalive and myelodysplastc festures #nd cannot

Morphology and cytochemistry

These disorders are characterized by pro-
tiferation of one or more mysloid lingages
that is ineffective, dysplastic or both and
simultanacusly, by affactive proliferation,
with or without dysplasia, in one or more
of the other myeloid linsages. Laooratory
featuras usually include anasmia of variable
saverity, with or without macracytosis and
cfien dimorphic red blood cells on the
peripheral smaar. In addition, there is gvi-
dance of sffective proliferation in one or
mora lineagss, sither as thromiocytosis
{platelet count z 450x10%L) or lsukooylosis
{white bicod cell count 213x10%L). Neu-
trophils may show dysplastic features and
thers may be giant or hypogranular
platslets. Blasts ascount for <20% of the
teukocytes in the FB and of the nucleated
celis of the BM, and & finding of >10%
blasts in the PB or BM likely indicates
transformation 1o a mors aggressive stage.
The BM biopsy specimen is hypsreetiular
and may show proliferation in any or all of
the myeloid lineages. However, dysplastic
features are simultaneously present in at
least cne cell line.

Cytochemical findings may be similar 1o
those seen in MDS or in MPN.

Immunophenotype
May be similar to findings in MDS ancior
MEN,

Genetics

There is no cytogenstic or molecular genetic
fnding specific for this group. A Philadeiphia
chromosome and BCR-ABL T fusion gene
should ahways be exciudad prior 1o making
the diagnosis of MOS/MPN, U. Cases with
rearrangements of PDGFRA, PDGFRE or
FGFRT or with isolated del{bq} or 13,3}
{2 1:028) or inv(3)(g21028) are excluded
from this category as wall. In difficult
cases, the presence of a JAKZ VBITF
mutation may belp to confirm a haemato-
poletic neoplasm, though the significance
of such mutations in this entity is uncertain.
Occasional cases with isolaled del(Bq)
and JAKZ VB17F mutation have been re-
poried (o have features that overlap MDS
and MPN {1005}

Postulated cell of origin
Hasmaltopoistic stem cell,

Refractory anasmia with ring sideroblasts
(RARS) associated with marked
thrombocytosis

Definition

in the third edition: of the WHQ Classification,
RARS-T, praviously also referred 1o as
essential thrombooythaemia (ET) with ring
sideroblasts, was proposed as a provi-
sional entity to encompass patients who
have the olinical and morpholcgical lea-
tures of the myslodysplastic syndrome,

s welndvaniastic/myeloprolifsrative ngoplasm, unclassinabis 85
¥ i ¥ b b




RARS
socy*

ﬂga«ar,fsc
in the 8CA- 9\8 ! ga ] ?\: P“i su@'e
ET or early-siage p?'mcf\r mysicibe
(PRE} {865, 1077, 2108} However, some
investigators have sdggesie" that RARS-T
is not & unioue entity bul instead repre-
sents cases of other sublypes of MD ut) or
wall-definad MPN that have acguired ring

sideroblasts as & secondary form of
dyspiasia 11968} It is not clear whether
RARS-T is a disting: antity, ane and of the
spectum of @HS a progression of
RARS due to an additional acguirad
genetic abnormality, or less fikely, the
soourrance of two rare dissases 0 the
same pailent. Thersfore, until thase ques-
tions are more clearly answered, BARS-T
remains a provisional eniity,
i support of a mysiogroliterative compe-
nant 10 this necplasm, the majoriy of
cases reporied as BARS-T have shown
the JAKZ VB17F mutation, or much 1653
commaenly, the MPL WEISK/L mutation
(234, 354, 762, 1835, 1639, 1969, 2081
2138, 2358}, On the other hand, the few
reporied cases with this mutation that
have besn siudisd for endogenous colony
formation in viro have demonstrated a

pattern more akin to that of MDS {234,
1835L. Thus it may be that the provisicnal
designation of an MOSIMPN accurately

reflects the underlying binlogy in & sub-
stantial groportion of the patients {762];
more study is needed to further clardly this
disorder.

Cases with isoiated del{5q),13,3)(a21,626)
or inv(3a21426} are excluded from this
category. as ars cases with & BUR-ABLT
fusion gene. in addition, iIf there has besn
a prior diagnosis of an MPN without ring
sideroblasts, or there is evidence that the
ring siderobiasts might be a consegusnce
of therapy or represent disease progres-
sion in a patisnt with features that mest
the criteria of ancther well-defined MPN,
this designation should not be ugsd
ICO-0 code Q982/3

Morphology

Trese cases have fealures of RARS
{anaemia with ne blasts in the PB and
dysplastic, inefiective arythoid profiferation
ofien with megaioblastoid featuras, ring
sicleroblasts 2158% of the erythroid pre-
cursers, and <5% blasts in the BM) and
thrombocyiosis with a platelet count
2450x10%L. associated with profifzration

m&.

Fig. 4.13 Refractory anaemia with ring sideroblasis aﬁd thrombacylesis, This sequence of microphoiographs
blood and bone marow of 2 82-year-old man who presented with severs anaeria and a platelet count of 85 D107,
A Abnomal red cells and thrombocytess. B Eryihroid profifaration and abnormal megakaryooyles rassmbing megakary-

ocyles seen in ET. C Mild dyservihropolesis.

of large atypical megakaryocytes similar
to those observed in BOH-ABLT negative
MPN (See Chapter 2}

The minimum platelet count required for
inclusion has been lowered to 4501071
from BOCx10%L for consisigncy with the
defining criterion for ET, and beacauss
several siudies have demonsirated that
patients with platelset counis lower than
800x10%L may nave biolegical features,
inciuding JAKZ V617F mutations, similar
to those with counts 2800x 10%/L {354}, ltis
important to note that the citaria for
RARS-T includes morpholagically abnor-
mal magakaryocyies similar to those
observed in ET and in PMF This criterion
should aid in distinguishing RARS-T from
thoas casas of RARS commonly reportad
0 have a modest increase in thelr piatalat
count. Mavertheless, we recommend test-
ing for JAKZ VB17F when the rlalslet
count is sievatad in patients with RARS
until tha bordertine between RARS and
RARS-T is more clsany defined.

£ The majority of erythroid precursors were ring sideroblasts.

Genetics
The recent discovary that up to 80% of |
patients with BARS-T harbour me JAKZ
VE17F mutation {an incidence similar 1o -
that found in ET and PMF) or less cor-
manly, the MPL W515K/AL mutation, not
only slucidates the reason for the prolifer-
ative aspact of RARS-T but also would
sgam to move 1t closer 1o the MPM calegory
{234, 354, 782, 1835, 1839, 1963, 2081,
2139, 2358, Thus, studies for JAK2VBITTR
and, if ndicated, for the MPL W515K/L
mutation should always be performed i
SUCH CA3SEes.
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