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’\«T&-—])ermmcd 111 1§ l)’llll_nt}. \nth p'mC)lopuua and in-10 with sucml unus-
ual myeloproliferative disorders. The former have been followed between 6
months and 13 years; 211 had novmal karyotypes and no evidence of leukemia. In
the miscellancous group, [ollow-up has varied between 6 months and 5 years, six
paticuts had assorted chromosome abnormalities, including two with a clonal
evolution. Three have died without evidence of luxkcnu 1, one has developed a
questionable form of chronic eosinophilic leakemia and two are alive without
leukemic transformation. Tt is cJo_ﬂnggcd that the prasencc of _bone murrow
chromosome abnormalities in such 1 patients does not necessarily mean th:u trans-

formation Lo acute luzkcmm 1§ m inent.
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IT HAS BEEN ESTABLISHED THAT AVPPRONIMATELY
L. 507, of paticuts with acute leukemia have
b'(f)g‘cd_fx_-}li_;_x_qxj_(_ ch;omo»ox;ch;hnm walities 15
Their S}_g_lllﬁCincL‘ in the’ (Ic\clmnn"u[ of the
disease 15 uncertain as they "ué wually found
a[[cx»}}_)_g"dmnnoms has béen established. A
method to Investigate thelr uhpoxtdncc may
be afforded by Lhc ﬁtud_) of_certain hcmato-
I0<’lc syndromes which have the tend lency to
tcnnum(f' in acute leukemia and that, in ad
itipa, have a \‘ui_g_glg_} equency of bone mar-
Tow chromoaome Abnoxmahtms 17 Several such
ln\csngatlons have been publuhcd 2-0.01-13.16
and there seems to be agreement in that ab-
normal stemlines may occur prior to the blas-
tic transformation characteristic of acute leu-
kcmm The flequcncy of such trans{ormations
is difficult to assess; in the combined experi-
cence of (he majority of the investigators who

publish sufficient data to answer [hlb question
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(Table 1), we arrived at a figure of 4697. The
largest scries s that of Nowell? who finds a
[1cqucnq of 569, and states that the risk of
developing clinical leukemia is high within 3
months after the demonstration of bone mar-
chiromosome abnormalities, while after
this period, the patients have probably
more risk than similar individuals without
such abnormalities.

Trow

In this report, we present the results ob-
tained during a longitudinal study of 28 pa-
ticnts with potentially leukemic mycloid disor-
ders. We werce interested in finding data relat-
ing to two main questions: 1, Arc the patients
who develop leukemia necesarily preceded by
the presence of marrow chromosome abnor-
malities?, and 2. Do all who have such abnor-
malitics develop acute leukemia?

MaTerIALS AND METHODS

The clinical material was divided in two
nmm groups: pnn(ympcnm suggestive of ac-
qlurcd aplastic ancmia (18 p.mcnt») and mis-
cellancous mycloproliferative syndromcs (i0
casces).

The criterion for diagnosis of the formner
was the presence of peripheral blood pancyto-
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) . TasLe 1. Compilation of Pitients with Assorted Myeloproliferative Syndromes and Bone Marrow Chromosome
S Abnormalitics
‘ - Developed acute leukemia (no.) ' N
> Reference No. patients Yes No .
Freireich et al.? 3 2 . 1 ?
) Sandberg et al? 1 ¢ | S
: . Rowley et al.® 3 0 3
' Kemp* 1 0 1 N
Winkelslein et al.1¢ 1 0 1 (
Jackson and Higgins®* 1 0 1 :
Krogh-Jencen? 2 i 1
Krogh-Jensen and Prhlip 2 1 ' 1
DeLaChapelicet al.? | 0 1
Teasdaleetal,”? 3 2 ' 1
, Humbert et al.*’ i 1 0
’ Nowell? 16 9 7 -
: "Torav 35 16 .19 . R

* Cytogenetic studies performed in peripheral blood without phytohemagglutinin.

penia, variable bone marrow cellularity. In 11 malignancy, particularlly leukemia. Clinically
patients, it was markedly hypocellular, in 4 it they had thrombocytopenic purpura, moder-

| was normal, and, in the rest, it was considered  ate 1o severe anemia, and absence of liver,
' hypercellular. sp]ccn or lymph node enlargement. In 12 pa.
The hypocellular marrows had pronounced  tients, no ctxologlg_j(l_c_l)( could be ascertained,
- : X megakaryocylopenia, lymphocytosis, decreased  and, in b, “previous contact with  diflerent
i ! . grann]or\'i(‘s variable normoblasts, and fre- c‘hcmxm]s mch as. DDT and ch]otom)cctm i
’ quent increase in tissue basophils. The normo- W fxs lncscn[ The moup included 11 males and 3
and hypereedlular marrows werve characterized 7 females, ranging in age from 14 to 73. Most
: by decreased number of megakaryocytes, nor-  patients had reccived nmt}wlc_x_]l_\\nh either
_ ‘ moblastic  hyperplasia  without abnormal p;cdmsonc or dnabohc ster()lds prior to the
R forms, lymphocytosis, increase in tissue baso-  study. o B
phils, and decreased granulocytes. Increase in The miscellancous group included three pq- . 1
immzature clements was not seen in any case,  tients with primary sideroblastic anemia, onc
and there was definite abeence of any cytologic  with an unusual type of chronic eosinophilia
data suggestive of megaloblastic anemia or  and visceromegaly, and, in six, we could arrive
TabLE 2. General Data of the Group with Miscellancous Myeloproliferative Syndromes
Time ol disease®
Patient Age Before Alter
no. Diagnosis Sex  (yrs.) study stody Evolution ‘
1 Eosinophilia M 37 12 yrs.? 58 mos. Alive, chronic cosinophilic 8
jeukemia?
2 Sideroacrestic ancmia - F 73 4 yrs. 2 mos. Decad, bronchopneumonia
3 Mycloproliferative syndrome M 52 2 mos. 9 mos. Lost, noevidence of Jeukemia
4 Myecloproliferative syndrome F 65 9 mos. 1.5yrs.  Lost, noevidence of leukemia
: 5 Myeloproliferative syndrome M 59 }yr. 2 yrs.  Dead, bronchopncumonia :
6 Sideroacrestic anemia F 55 6 mos. 8 mos. Dead, hemorrhage
: 7 Myeloproliferative syndrome F 50 2 yrs. 7 mos. Dead, hemorrhage Col
; 8 Myeloprolifcreative syndrome ¥ 12 7mos. 15 mos. Alive, no evidence of leukemia
9 Myeloproliferative syndrome F o7 1yr. 4 mos. Lost, noevidence of leukemia
10 Sideroacrestic anemia N 49 4 yrs. 7 mos. Alive, nocvidence of leukemnia
* Related to the first eytogenctic investigation. ‘ o
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at no diagnosis other than "nlpxcal m)clopx o-
liferative synd[omc characterized by varia able
(lcmcu “of anentia and thrombocytopenia,
tcndcnc) to infections, and }])[)”ICC“LEIJ[ bone
mnno\\ in which the (11101‘0315 orxcmc ICuk

mia céuld_not_be. nn(lc \’o patxan had re-

! a L)l.mnv agents or 'm\ Torm of Toniz-
bcfme the C)towenctrc studices,

llu ue neral data of these 10 patients, Thelud-
ing th time of observation and their evolu-
tion, arc shown in Table 2.

Chromosome studics were dote by direct
bone marrow analysis following the technique
of Tjio and Whang.!t In all cases, an attempt
to stucty 20 metaphases suitable for chromo-
some counting was made, but this could not
be accompli nhcd Cin all, p (ntxcu]arl) in_t “the
pm*}[opunc group “because either too few
Tells wire present, or those seen were cons
ered 10 lCl(.qlldtL, for hromo 'orpc cmmt be-
caust ol poor mozpholoo _
Tn the pancytopenic moup p 1otovmphs of at
least two cells were taken for kavyotype analy-
sis, while in the miscellaneous group as many
karyotypes as possible were performed in cach
case, in an effort to depict pseudodiploid cells.
Il the first bone marrow study was abnormal,
it was repeated at dilferent intervals, depend-
ing on many factors such as availability of the
patient, willingness to cooperate, and hemato-
logic indication for bone marrow tap. In addi-
tion, peripheral blood culture stimulated with
phytohemagglutinin was done in all but one
paticnt with bone marrow abnormalitics.

Whenever the fivst bone marrow study was
normal, no particular attempt to repeat it was
made in cither group, but inadvertently sev-
eral patients were restudied, and, in one {case
I, Table 2), this study was abnormal and the
paticnt was therealter closely followed.

CCI

REsuLTs

The cytogenctic results of the pancytopenic
group have been partiatly reported.® For pres-
ent purpose, it suffices to state that in all pa-
ticuts the chromosome complement was nor-
mal, except that in four individuals over 3%
of polyploid cells were scen. At prescut, five
paticnts have died without evidence of acute
leuk cinta, seven are in remission, and six have
been lost afier a period of over 12 months’ ob-
servation following c)lo“cnclla analysis, and,
in none, at the l.lsl consultation, was there
3‘”)' indication of leukemic wansformation.
l'ollu'.\'»up tune in the deccased  patients
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ranged from 4 months to 13 years, and those
in remission have been observed between 1
and b years.

Of the miscellancous group, chromosome
abnormalities were obscrved in six patients
(Figs. 1, 2); details can be seent in Table 3. In
four paticats, no chromosome abnormalities

swere found in the first study.

DiscussioN

Furtlier follow-up time may be needed in
both groups before definite conclusions can be
made. Hox»uex Lhc results obtained in this

investigation are app arent y_contrary to tho:c

lcpoxtcd by \0\\el! pmtxculally in the pan-

cytopenic vroup \thc ol 16 p.mems 51

bone miatrow chiromosome ahno_l_m'llmc\, and
{of"these dﬁ f .1cu[(‘ Teu ’cmla \\lthm 3
moﬁths S ol s st) “while none of our 18 Pd-
ticnts had abnoumlmc> oridxcd with evidence
ot acute lcuLcn 771 he Yeason for the discrep-
ancy plOb”&b]) Im i lhcufact that the same
nanie is being used for (hﬂC}IﬁiTEO?ihUOHS In
Nowell's moup, the bone marrow was h)L_

plastic and had an mucmcd number onl«

mature elements,” while 1n ours there was no

such’ finding In [|Cl one can't help \\ondcr-

'mg, as suggcstcd by Trujillo et al,,'» whether

at least some of his cases conc*pond to “alcu-

l\cmxc leukemia, in x\hnch case ncll ICI the

high frequency ol chronmmmc abnommhllcs

nor of acute lcul\( mia are st)nsmv We have <

seen’ two patients with pancytopenia, in-
creased immature elements in the bone mar-
row, and abnormal bone marrow chromosome
studics who developed overt acute leukemia,
but who were not included in the present
study because there were clinical or cytologic
data indicative of acute leukemia from the be-
ginning. The cytologic interpretation of the
“Increased 1mmature clements” in the bone
Marrow s pxobxl)l) the Qxltlcal point in this
1egard.

On the other hand, the results obtained in
the miscellancous group, in which several pa-
tieuts had some type of chromosome abnor-
mality and two (cases 1 and 10, Table 3) had a
clonal evolution of the abnormal cell line, are
not surprising and several facts merit com-
ment. Patient 5 had only one aneuploid cell
out of 18, and 1t 1s difficult to decide whether
1cis truty abnoranad, buat we will consider it as
such. Patient 1 was normal the first time he
was studicd and, 2 years later, was shown to
have an abnormal stemline characterized by a
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member of the D group having the long arm
increased in size in approximately 509, and
which had a clonal evolution and eventually
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became the only cell line present. This means
that the four cases which were studied only
once could have developed an nbnorm:nlhy
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csentative cell of patient 1. Note the presence of the large "D chiomosome.
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which went undetected at a later time and
points out the convenicence of studying this
type of patients in a tongitudinal manner.
Half of the patients with chromosome ab-
normalities have died without evidence of leu-
kemia and, of the rest, only one {case 1, Table
2) has evidence suggestive of an unusual type
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of leukemia. THe paticnt had vague symptoms
since 1936, and, in September 1967, was first
seenn by us. At that time, he had moderate
splenomegaly and a CBC revealed 16,200
white cells with 77, eosinophils, mild anemia
(HD. 12,5, Ht 397%), and normal platclct>
Boue marrow tap 1evealed 439, of eosinophils
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Fic. 2. Represeotative cell of patient 10, Intact ccll with 45 chromosomes, lacking a rcinher

of the “C” group.
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TarLe 3. Results of the Cytogenetic Studies Performed in the Miscellaneous Group

¥

Patient® Cells Chromosoine no.

no. Date counted 45 46 47 Karyotypes! Tissue

1 10/16/67 17 0 17 0 46,XY(3) Marrow

11/32/69 17 [¢] 17 0 46,XY(5);46,XY,Dqg+(3) Marrow

10/ 4/11 5 ' 0 5 0 46,XY.,Dq+4(5) R Marrow
11724771 20 0 20 0 46,XY(S) Blood

) 11/27/69 18 0 17 T 46,XY(7);47XY.E-+(1) Marrow
) 20 0 20 0 36,XY(S) Blood

6 6/ 6/10 38 0 34 4 46XN,(9):47.XX,CH(4) Marrow

9/ 4/10 36 4 29 1 45,XN,C—(4);46,XNX(5); 47,XX,CH(1) Marrow
10/20/10 15 0 15 0 46,NXX(3) Blood

7 9/ 2/70 18 6 12 0 45XN7,C—(2);46,XX(1);16,XX,C~ ,Mar+4-(3) Marrow

8 2/23/1y 17 T 16 1 46,XX(2);-ié,XX?,C-—,Mar-{-(Z);47,XX,Mar+(l) Marrow

5/12/71% 3 0 46 0 46,XX(2) Marrow

8/ 3/11 3 0 0. 3 47X Mar+(2) Marrow
8723071, 20 G 20 - -0 ~46,XX(5) Blood

10 17 S/12 22 6 16 0 45,XY.C—(4);16,XY(2) . Marrow *

1715772 20 0 20 0 46, XY.(5) Blood

4/ 57172 16 16 0 0 45XY,C-(4) Marrow

7/26/72 50 6 4 0 45XY,C—(6);46,XY(1) Marrow

* Patient 1 has chronic cosinophilia and is alive at present; patients 5, 7, and § had myeloproliferative syn.
drames—-the former two have died and the Iatter is alive. Patients 6 and 10 had sideroacrestic anemia; no. 6 is

dead and no. 10 s alive.

1 Numbers in parenthesis refer to number of karyotypes performed.

ds the only abnormality. Axillary lymph node,
liver, and spleen hiopsies revealed nonspecific
~changes and marked cosinophilic rcaction.
Leukocyte’ alkaline phosphatases performed
on two occasions were of $ and 10 units, re-
spectively, and pomerous immunologic reac
tions to depict different parasites were all neg-
ative. In September 1971, after a car acadent,
he developed an acute abdomen due to a rup-
tured. spleen which was removed, and histol-
ogy revealed only marked cosinophilic infiltra-
tion with numerons young forms. A blood
count performed a few days Jater showed
95,000 WBC’s with 8197 cosinophils, and the
bone marrow tap demonstrated marked eosi-
nophilia with abundant young forms. Treat-
ment with  Myleran (busulfan, ’)urroughs
Wellcome) was started in October 1971 (6
mg/day), and, 2 months later, ic had 31,500
white cells with 839 cosinophils. As men-
tioned, it is difhcult to be sure that this pa-
tient indeed has an unusual type of chronic
cosinophilic Jeukemia, but it does scem the
most hikely possibility in view of the Jow alka-
line phosphatase values, absence of pulmonary
infiltration characteristic of the hypercosino-
philic syndrome,’? and bone marrow clonal
chromosome evolution.
Of the four patients without bone murrow

chromosome abnormalities, one has died with-
out evidence of acute Jeukemia and three,
cases 3, 4, and 9, {ailed to return to the outpa-
tient clinic at various intervals after the cyto-
genetic study (Table 2). In none were there
data suggestive of leukemic transformation.
Patients % and 9 died at home, as they were
discharged from the hospital in critical condi-
tion on request. Further precise information
has not been possible, but it should be empha-
sized that follow-up was rclatively short and
onset of overt acute lcukcmia in such patients
may take several years. _
Our data do not answer_the question_of
whiether patients with _assorted myeloproli-
{eratve syndiomes who develop acute Jeuke:

A are preceddéd by bone marrow_chromo-
Some abnormalitics. This will be difficult to
Ahewer because one needs a patient in whom
leukemic transformation takes place, in whom
cytogenetic stdies are obtained just prior to
t1fif’i'r':’x—ﬁ'sf'bi:ﬁf{f'lY()”r’l'.fO'lT'i'Tié"?i[]icr hand, we
prosent good ¢ridence that their presence docs
not necessarily mean that lcukmn_lf__tﬂl_svfg)_r"_
WA on s nminent. This hias been obsarved
i)‘x/cﬁousiy,”‘ but it is surprising that no pi-
tient in our group developed acute ]cukcn‘n.'.«.
as in the experience of other investigators s
a relatively common event (Fable 1). This
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“could be explained as a sampling pheno-
menomn, differences in diagnostic criteria of
such cases or, if Nowell's contention that the
risk of developing acute leukemia is high only
during the first 3 months after the cytoge-
netic abnormalities appear is correct, our pa-
tients except for patient 3 (Table 2) were first
studied from the cytogenetic aspect over 6

PrELEUKEMTA CYTOGENETICS
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months after initiation of the disease, and
could belong automatically to the low risk

he hada_clonal evolution of an_abunormal
stemline characterized by loss of a chromo-
some of the G group, an_abnormality which
seems to be frequent_in.those_cases_who de:
\—'clop acute leukemia.}
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