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The Pattern and Clinical Significance of Karyotypic

Abnormalities in Patients With Idiopathic and Postpolycythev .

Myelofibrosis

J. BRUCE MILLER, MD,* JOSEPH R. TESTA, PHD,f VALERIE LINDGREN, MD,{ AND JANET D. ROWLEY, ﬂ

Six of eight (75%) patients with postpolycythemic myelofibrosis (PPMF) and 11 of 20 (55%) patients
with idiopathic myelofibrosis (MF), seen at the University of Chicago, had abnormal karyotypes in cells
of bone marrow origin. The specific chromosomal findings and their clinical significance in these
patients were analyzed. A review of the literature added the findings from abnormal karyotype studies in
10 patients with PPMF and 36 patients with MF to this series. The demonstration of an increased
frequency of cytogenetic abnormalities after cytotoxic therapy in polycythemia vera (PV) implies that
such therapy may have a role in the development of chromosomal changes seen in treated PV and
PPMF. The cytogenetic abnormalities in MF appear to be unrelated to therapy except possibly for an
association with partial or complete losses of chromosome 5 or 7. Trisomy 8 is the only finding that is
more common in MF than in PPMF. Other abnormalities were more common in PPMF, particularly
20q—, loss of 7 or 7q—, and trisomy 9, and to a lesser extent trisomy 1q and 5q—. Cytogenetic
abnormalities do not show a pattern that can be used to distinguish between PPMF and MF, nor are they
useful in the prognosis of MF or in initial studies in PPMF. PPMF does appear to have a higher
tendency toward leukemic transformation than does MF, and an evolution in karyotype appears to have
serious prognostic implications in PPMF in regard to this transition.
Cancer 55:582-591, 1985.

A SIGNIFICANT PROPORTION Of patientswith various
chronic myeloproliferative states develop acute
leukemia, including 5% to 6% of patients with polycy-
themia vera (PV) and 1%to 5% of those with idiopathic
myelofibrosis(MF).!-3 Clonal karyotypic abnormalities
have been demonstrated in the bone marrow ks of
some patients with these disorders. Because many of
them have received therapy, the role of prior radiation or
cytotoxic drug treatment in inducing these changes is
uncertain. Several investigators have studied the possi-
ble prognostic significance of a clone of karyotypically
abnormal cells in patients with these diseases. There are
relatively few systematic cytogenetic studies of patients
with idiopathic MF or undifferentiated myeloprolifera-
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tive disease (UMPD), especially employing newer
ing techniques. Previously the cytogenetic chan
MF were thought to be inconsistent. Cytogenetic$ 4
in PV are more numerous.’ About 15% to 30%
tients with PV will develop a myelofibrotic statg]
polycythemic myelofibrosis (PPMF) is consid
some to be a part of the natural history of all P
whereas others believe it is related to previous €
therapy and carries with it an increased i'islg £
quent development of acute leukemia.

We present the results obtained from analy$
patients with PPMF and 20 individuals with idig
MF or UMPD, in order to determine the frequen§
pattern of chromosome abnormalities in these gis
We compare MF and PPMF to see if they can be
guished clinically or cytogenetically and examilg
relationship of chromosome changes to leukeml
formation and other clinical parameters. ’

Materials and Methods ‘:;:

This report describes chromosomal analyses € i
bone marrow and peripheral blood samples b “s
September 1965 and June 1980, at the Univers§
Chicago. Six/of the eight patients with PPMF &
series have been reported prevxously,7 but are incl¥
here for purposes of comparison with MF and U
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TABLE 1. Clinical Characteristics, Treatment Status, and Causes 0of Death in Eight Patients With PPMFE

Age Dx Age Dx

PV PPMF Sex Dx (date) Rx Cause of death (date)

48 55 F PV(1/62); PPMF(1/69) 32p, busulfan DMF, infection (8/74)

49 64 F PV(12/56); PPMF(1/72) 2p, TEM. DMF, CHF (8/77)

: 52 61 M PV(10/70); PPMF(1/80); None until 1/77, ANLL (4/81)

ANLL(4/81) then busulfan

51 57 F PV(1/69); PPMF(9/75); Busulfan ANLL (7/79)
ANLL(7£79) 2

39 51 F PV(1/61); PPMF(7/T1) P, busulfan DMF, CHF (8/75)

63 73 M PV(10/55); PPMF(9/65) 32p, pusulfan Splenic rupture (8/68)

49 M PV(7/67), PPMF(4/76) Busulfan DMF, CHF (8/77)

57 B8 F PV(4/70); PPMF(6/75) None Alive (1/83)

ts 1-6 are Cases 10, 17, 23, 19,30 and 28, respectively, in

osis; PV polycythemia vera; PPMF postpolycythemic
‘/ ic Procedures

Phase chromosomes were obtained from bone
¥ Or unstimulated peripheral blood. Recently, in
ts from whom an aspiratecould not be obtained, a
3 of the bone core biopsy specimen was minced
itured for 24 to 48 hoursto obtain dividing mye-
bells: Chromosomes were examined with conven-
B! cishman-Giemsa stain, and, in 2 1of 28 patients,
Fith the quinacrine banding technique.® For most
es. chromosome counts were obtained from a
fhum of 20 metaphase cells, 10 of which were pho-
Iphed and analyzed in detail.

nd- '- for the karyotypic analysis of patients with
s Pological diseases have been described previously?
dis | Slnosomes are identified according to the ISCN, !
od aryotypes are expressed as recommended under
osk Stcim.

it 9

"; bons of Disease Entities

ibs> [SREREIfibrosis (MF) has been defined by the Polycy-

B "\Vera Study Group.'* Most importantly, none of
pntifiable causes of secondardy MF should be
B Undifferentiated myeloproliferative disease

ot

&

jaol D) includes the same constellation of findingsas
1aseh e absence of significant fibrosis (less than one
istis M tthe sectioned area showsfibrosis). Polycythemia
cthe is used as previously defined." Postpolycythe-

¥

yelofibrosis (PPMF) is definedsimilarlyto MFbut
3 subsequentto documented PV.

Briorating myelofibrosis (DMF) is similar to the
e of agnogenic myeloid metaplasia as defined by
gnd Block.! There areincreasing symptomsdueto

o

;:, ® splenomegaly With progressive anemia, leuko-
ity d and myeloid immaturity, and often thrombocy-
'n ) The bone marrow showsa moderate to marked

Bin the myeloid serieswith myeloblastsincreased
® below that diagnosticof acute nonlymphocytic

:lu&‘ )
w‘ s

myelotibrosis; Rx; treatment; ANLL acute nonlymphocytic leukemia;
TEM: triethylenemelamine; DMF deteriorating myelofibrosis; CHF
congestive heart failure.

Results

Patient Characteristics

PPMF (8 patients): The findings in this group are
listed in Table 1. Patients 1through 6 have been pre-
viously reported.”  The median age at diagnosisof PV was
50 years, with @ median interval to the development of
PPMF of 9 years. Prior to the initial cytogenetic study,
six of eight patients had been treated with either32P and
an alkylating agent (four cases) or busulfan alone (two
cases).

MFJUMPD (20 patients): The characteristics of this
group are listed in Table 2. The median age at diagnosis
was 62 years. There were no differences in the median
age, initial physical findings, or hematologicparameters
between the MF and UMPD groups. Of these 20 pa-
tients, only 5 had received alkylating agent or radiation
therapy prior to cytogenetic analysis (Table 2).

Survival and Causes of Death

There have been seven deaths in the PPMF group,
with a median interval of 3.5 years (range, 1-6 years)
between the diagnosis of PPMF and death. The major
causesof deatharelistedin Table | and include two cases
of acute nonlymphocytic leukemia (ANLL).

There have been 17 deaths in the MF/UMPD group,
with an average survival of 3 years (range, 1- 18 years)
(Table 2). There was one case of ANLL. Overall, 10
patients had complicationsof DMF that contributed to
the cause of death. The causes of death were similar for
the MF and UMPD subgroups, although the features of
DMF were present in 8 of 10 MF patients (3 of whom
diedwithin 1year of diagnosis)but in only 3of 7UMPD
patients.

Results of Cytogenetic Studies

The cytogenetic findingsare summarized in Table 3.
PPMF: Six of eight (75%) patients with PPMF had
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TaBLE 2. Clinical Characteristics, Treatment Status, and Causes of Death in 20 Patients With MF or UMPD

1985

Cause of death (date) 4

Case Age/sex Dx (date) Rx
9 74/F MF (1971) None
10 48/M MF (2/73) NOM
11 51/M MF (1972) Busulfan
12 69/M MF (7/69) None
13 69/M MF(12/72) None
14 67/F MF (3/75) None
15 68/M MF (3/75) Busulfan
16 62/M MF (8/74) None
17 65/M MF (1/69) NOM
18 61/M MF (12/66) None
19 60/M MF (5/65) None
20 53/F MF (4/80) Nore
21 47/F UMPD (1948) Spienic RT
TEM
22 63/M UMPD (7/70)
23 58/M UMPD (7/69) None
24 70/M UMPD (1/75) None
25 36/M UMPD (11/74) Splenex, busulfan
26 73/F UMPD (3/77) None
27 70/M UMPD (9/68) None
28 49/F UMPD (8/72) None
MF (1/75)
ANLL (4/76)

Splenex, Chloramb

DMF, CHF (3/77) =
DMF, splenic hemorrhage (11 /74)
DMF, COPD, resp failure (5/80)
DMF, hemorrhage (5/70)
DMF, CHF (5/74)

DMF, MI (5/80)

Alive (5/80)

Colon ca, met to liver (2/77)
Ml (6/73)

DMF, intest infarct (1/70)
DMF, infection (1 1/66)
Allve(6/81)

DMF, infection (6/77)

DMF, CHF (3/74)
Thyrotoxicosis, CHF (1 1/72)
DMF, infection (10/78)
Alive (2/82)

Infection (1/80)

Pulm emb, lung Ca, splenic infard
ANLL (5/76) H

Dx: diagnosis; Rx: treatment; MF: idiopathic myelofibrosis, UMPD:
undifferentiated myeloproliferative disease; ANLL: acute nonlymphocytic
leukemia; RT: radiation therapy; TEM: triethylenemelamine; DMF:
deteriorating myelofibrosis; COPD: chronic obstructive pulmonary dis-

abnormal cytogenetic findings either initially or on sub-
sequent examination (Table 3). Except for Case 3, all
patients with abnormal karyotypes were préviously
treated with 32P, cytotoxic drugs, or both. All six patients
showed structural aberrations, usually deletions or
translocations; unidentified markers were seen in two.
Trisomy 1q and a 20q —were each seen in two cases. The
two trisomy 1q cases included duplication of g21—gter
and cen—qter, The two patients (Cases 6 and 7)with
20q— were both previously treated and both had

TABLE 3. Summary of Cytogenetic Findings in PPMF (Cases 1-8), MF (Cases 9-20), and UMPD (cases 21-28)

ease; resp: respiratory; CHF: congestive heart failure; MI: myog
infarction; Ca: carcinoma; met: metastases; intest: intestinal;
infarction; Pulm emb: pulmonary embolism.

del(q 11). Single instances of +8, +9,-9, -1
—X, 1g—, and 16p— were also seen. y
One patient (Case 3) had two abnormal clon
time of initial diagnosis of PV, as previously descry
The hyperdiploid clone gradually disappeared -‘_,
developed PPMF and then ANLL 9 and 10.5 yeafy
respectively. No new abnormalitiesdeveloped. ; 2
tientin Case 7had an abnormal karyotype (46 4
initially (no prior therapy) but during a dets
DMF state after busulfan therapy, a second?

: Sample Sample Total no. of Percent
Patient Discase stage date source metaphases® abnormalt Abnormal karyotype ‘#§
PPMF Patients:
I PPMF 01/03/69 BM 28(17¢ 0
2 PPMF 09/09/74 PB 21 0
DMF 06/03/77 PB 242) 100 48,XX,+8,—9,del(11Xa21)14q+,+2
3 PV 10/26/70 BM 55 (373 301 46,XY,—E17,+E-size mar/47X,~
size acrocentric mar
PV 07/20/71 BM 107 (26)% saf 46,XY,-E17,+E-size mar/47,X,~Y,’
size acrocentric MK ¥
PV 08/25/71 BM 158 (28)¢ 328 46, XY,~E17,+E-size mar/47,X,~Y, 1}
size acrocentric mar '
PV 07/26/72 BM naean 94 46, XY . %(12;17Xq13;pl1 1)/
47,X,-Y, +der(Y).(Y; 1Xq12;21 2
PV 01/21/71 BM 6927 93 46,XY,1(12;17Xq13;p11)/47,X,- : 'f
~Y,+der(Y).A(Y: 1)q12;q21),+9§ 3
DMF 01/09/80 BM 7137 100 46.XY.H12;1TXq13;plt)
4 PPMF 05/13/76 PB 11 (10) 0
PPMF 07/09/76 BM 9(6) 0
PPMF 07/12/77 PB 54 (18) 6
PPMF 10/12/78 PB 28(17) 0
ANLL 07/25/79 PB, BM 20 (13) 40 47.X,~X,+2 or 3 mar
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/ TABLE 3. (Continued)
Sample Sample Total no, of Percent
Disease stage date source metaphases. abnormalt Abnormal karyotype

PPMF 07/02/73 PB 64 (34) 100 46,XX,12; UXp13;q21)¥/46,XX,—15,+dex(1),
1;15)p1%q12.M2; 11Xpl3;q21),
del(16Xp12)/51,XX,+3,+8,+87?,
+C,—15,+19,+der(1),t1(1; 15Xpl%;ql?),
#(2; 11Xp13;q21)del(16Xp12)

PPMF 09/01/65 BM 6 (4)t 50 46, XY ,Fq—

DMF 11/27/67 BM 49 (10) 100 46,XY,del(20)ql |)

PPMF 04/27/76 BM 18 (8) 25 46,XY,del(1Xq42?)

DMF 07/29/77 BM 16 (13) 69 46,XY,del(1Xqd42N[8%]8/
46,XY,del(20Xq1 1)[62%])

PPMF 03/31/76 PB 27 (16) 0

D patients:

DMF 01/27/76 RM, PB 29 (20) 60 46,XX,—6,+der(6),4(1;6)Xq25;p257)

DMF 05/08/74 PB 51 (37) 100 46,XY,del( 12Xq147q21)

DMF 10/02/74 PB 36 (27) 100 46,XY,dek | 2Xq142%q21)[56%)/
‘51,XY,+Y,+8,+8,+12,+19,

- del12)Xq14%q21)[44%]

MF 03/28/77 PB 17 (14) 57 46,XY,-2,—6,+der(2),4(2;6Xq37%q157), |
+(6)p252q! 57)

MF 07/29/69 PB 69 (218 10

MF 01/26/73 PB 7 (6) 0

MF 03/02/77 PB 1209 33 46,XX.del(13Xq117q14?)

MF 07/13/77 PB 11 (10) 50 46,XX.dei(13)qt 17q147)

MF 10/24/79 PB 37 (15) 53 46,XX.del(13Xq117q147)

MF 10/30/75 PB 28 (14) 100 47,XY,+8,del(5Xq3 1)

MF 09/24/75 PB 21 (10} 100 46,XY,4{6; 12)X6pter—6q232::12q137—
12qter; 1 2pter—12q13?)

MF ! 01/06/70 PB 30 (19)% 0

MF 06/19/67 PB 99t 0

MF 07/18/67 PB 48 (8)¢ 0

MF 05/27/66 BM 5721t 0

MF 06/19/80 BM 2211 27 47,XX,+20,dup(S)Xpter q332:q227—qter

DMF (UMPD) 01/30/67 PB 108 (33)¢ 100 46,XX,-A2,+mar#

UMPD 07/19/72 BM 15 3**) 0

UMPD 05/16/72 BM 36 (13)¢ 92 47,XY,+D

UMPD 08/24/72 BM 333D 81 47, XY, +14

UMPD 02/03/75 BM 15 (14) 93 45.X,-Y

UMPD 03/31/77 BM 54 (21) 5

UMPD 04/04/77 BC, PB 31(22) 5

UMPD 09/23/68 BM 34 (1) 0

UMPD 10/05/72 BM 17 9% 78 47,XX,+G,Bg-

UMPD 01/31/73 BM 21 (3) 100 46,XX,del(5Xq15)/47,XX,+21,del(5Xq15)§

MF 08/04/75 PB 20 (6) 83 47,XX,+21,del(5Xq 15)

ANLL 04/19/76 PB 2(2) 100 47,XX,+21.del(5Xq!5)

= in parentheses indicate subtotal of metaphases examined in detail
- fluorescence, unless marked with#, in which case the subtotal is
Mer of metaphases analyzed with conventional Giemsa stain.

e ed as percentage of metaphases examined with fluorescence or, if
% banding was not done, calculated as percentage of cellsanalyzed with

el stain only.

Botype seen in only a single-banded cell from this sample.

reflects only the clone with 47 chromosomes, since the abnormality

adiploid clone could not K accurately scored in many cellswithout

techniques.

S mal clone (47,X,— X,+ 2 or 3 markers) coinci-
B transformation to ANLL. Therefore, both pa-
Mh PPMF and subsequent ANLL (Cases 3and 4)
teoncomitant changes in their karyotypes.

®'MPD Group: The results of cytogenetic studies

§ A constitutional abnormality also observed in stimulated lymphocytes from
this patient.

# A metacentric B-size marker possibly resulting from a translocation between
no. 2 and a C-group chromosome.

** Five other cells analyzed with conventional Giemsa only were all normal.

PPMEF: postpolycythemia fibrosis; BM: bone marrow aspirate; P B peripheral
blood (without phytohemagaiutin), DMF: deteriorating myelofibrosis: PV poly-
cythemia vera: ANLL: acute nonlymphocyticteukemia; MF: myelofibrosis; UMPD:
undifferentiated myeloproliferative disorder; 8C: bone core biopsy.

of20 patients, 11(55%) hadkaryotypicabnormalities.In
the MF and UMPD subsets, 7 of 12 (58%) and 4 of 8
(50%)patients were abnormal, respectively.

Three patients had abnormalitiesof 5q (Cases 15, 20,
and 28); twoinvolved a deletionwith loss of the longarm
distal to q150r g31 (Figs. 1 and 2A). In the third case,
there wes a duplication of g22 to q33 (Fig. 2B). Three
cases had a translocation involving no. 6; one (Case 9)
affectedthe shortarm and two (Cases 11and 16)the long
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arm (Fig. 3). In one patient (Case 16) it appeared that
6923 to q terminal (qter) was missing; in another (Case
11), part of no. 6 was translocated to 2q and the re-
mainder formed a ring chromosome. In both Cases 9
and 11, a break occurred in 6p25 with probable loss of
6p25 to 6pter. Two patients (Cases 10and 16)had aber-
rations of 12q; one involved an interstitial deletion
{q14?g21) and the other a translocation with a break in
12q13?(Figs. 4A and 4B). Due to the uncertainty of the
breakpoints, these could be in the same band of no. 12.
Trisomy for Iq (Fig. 3) and deletion of 13q were each
noted in one case. A gain of No. 8 was noted twice, once
(Case 10)aspart of an evolutionofthe karyotype (Fig.4).
The latter patient was the only one whose karyotype
evolved in this group, and this change was associated
with a progressively deteriorating clinical course of
DMF. A gain of 14, 20, or 21,and a loss of Y each were
observed in single patients.

Clinical correlates: The survival, causes of death, and
the proportion of patients developing DMF were gener-
ally similar for those with normal or abnormal karyo-
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Fic. 1. Karyotype of a Q-banded metaphase cell obtained from Patient 28. The cell containsa partial deletion of the long arm of chroma "
del(5)(g15), and an extrano. 21. There is also a loss of one no. 9, which was observed in this cell only. Chromosomal abnormalities ident
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types, althoughthe single case of ANLL (French
can-British [FAB] classification M2) was seery
abnormal group. The histologic division betv
and UMPD did not correlate with aneuplady

Only 5 of 20 patients with MF or UMPD ha d '
toxic drug or radiation therapy prior to cytoges
study. Only the patient in Case 9 was heavily pret
whereas the other four had relatively brief coursg
alkylating agent therapy shortly before chromos§
analysis. There was no correlation between pﬂOf -
ment and the frequency of abnormal karyotype, ¥
of 15 (53%) of the untreatedgroupand 3 of 5 (60%)
treated patients being abnormal.

The one patient who developed clearcut ANLL(
28) was unusual in appearing initially with severe §
mia and a marrow showingearly M F but more strk:
a severe erythroid hypoplasia. Her initial Cytogé%
sample and three additional ones over the next 3.5
until her death showed the same abnormal karyoy
(47,XX,+21,5q —) (Fig. 1). During this time, her ¥
row showed progressive fibrosis with increasing mY*




egakaryocytic hyperplasia. She then developed
topenia and one year later evolved into frank
. She had never received any cytotoxic therapy.

Discussion

gical observations: The age distribution and clini-
tures of our PPMF group were indistinguishable
khose of our patients with MF or UMPD, and
edge of the previous diagnosis of PV was essential
brentiating between them. In our study, the overall
hicy of ANLL in PV is 14% (5 of 36 cases),

s 2 of 8 patients (25%) in the subgroup with
developed ANLL. These findings are in general
pnt with those of Silvermanet /., who reported
iclence of ANLL in patients with PV, whereas 5
%) in their PPMF series subsequently trans-
o ANLL.

Pehetic studies: Six of elght (75%) patients with
e either initially or subsequently chromosomal
malities. Only the abnormalities in Case 3 (tri-
g and trisomy 9) were found without the back-
g of prior therapy. Both of these findingshave been
bed in polycythemic phase PV patients.!?
 chromosome gains and losses in ten cases of
Fwith karyotypic abnormalities collected frana
g of the literature'#-2! are summarizedin the histo-
in Figure 5. Eight of these ten individuals had un-
e prior therapy. Table 4 summarizesthe findings
this review when added to those of the current
t(a total of 16 PPMF patients).

g late finding of 50— appearsto be a frequent ab-
dlity associated with the terminal stages of PV,
illy in association with other karyotypic abnor-
. We previously reported the appearanceof 5q —
V‘f patients, seen concomitant with transformation
JLL in three and as an evolutionary change in one
ftient after therapy.” However, three patients, all
I§ had significant prior treatment for PV, have been
ted during DMF to have the late appearance of
ot followed by ANLL.S

Evious studies in PV indicate that the incidence of
Mybic abnormalities is higher in treated patients
¥ newly diagnosed ones, and that the types of
s differbetween these two groups. Changes seen
therapy involved hyperdiploidy, often due to
"f 8 or 9, whereas changes seen after extensive
P7 often involve structural rearrangement of chro-
es (20q —, trisomy 1q).62%2* Our two patients
Binsformed to ANLL had karyotype changesasso-
Ewith this event. This is consistent with earlier re-
ghat the finding of karyotypic abnormalitiesin PV
EY1S not necessarilyapoor prognostic sign, but that
gosequent deveiopment of abnormalities in ini-
ormal patients often carries a poor prognosis.2*25
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FiGs. 2A AND 2B. (A) Chromosome pair no. 5 from a Q-banded
metaphase cell from Patient 15. There is a partial deletion of the long
arm of one no. 5, del(5)(q31). (B) Cq_ omosome pair no. 5 from a
Q-bandedcell fromPatient 20. The 5q T isthe resultofaduplicationof
part of the long arm of no. 5, dup (5)(pter—q33?::q22?—qter).

MF and UMPD

Clinical characteristics: Sixty percent of our patients
had MF and 40% had UMPD. The initial clinical char-
acteristics were not clearly differentbetween the MF and
UMPD subsets, although there was a suggestion that the
MF subset developed DMF more frequently. The causes
of death and the frequency of leukemic transformation
(1 of 20 patients(5%)) were similarto previousreports, in
which 2-5% of patients with MF have developed
ANLL_3,4,26

Cytogenetic findings in MF/UMPD: Eleven of our 20
patients (55%) with MF or UMPD had abnormal karyo-
types. There were no clinical differences or prognostic
significance associated with aneuploidy. These findings
are in agreement with Whang Peng et al., who reported
an incidence of cytogenetic abnormality of 64% upon
initial study of patients with MF.?’

Previous reports have presented a wide array of ab-
normal karyotypes in MF and UMPD. The chromo-
somal abnormalities in 36 cases of MF or UMPD col-
lected from the literature are shown in the histogram of
FigUI’e 5_13,14,16,17,20,2l,24.25,27,28,28a-28h Whenever pOSSible
the published karyotypes have been reviewed by us to
identify the breakpoints of structural changes. Three
cases of idiopathic thrombocythemia (1T), a disorder
closely relatedto UMPD, are included. One patient with
IT was found to have both trisomy 8 and trisomy 9, one
was a 60-year-old man with loss of the Y chromosome,

-
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FiG. 3. Karyotype of a Q-banded metaphase cell obtained from patient 9. There is a rearrangement (arrow) between chromosomes
resulting in trisomy of a portion of Iq. [46,XX,-6,+der(6),t(1;6Xq25;p25?)].

andthe third had a rearrangement ofthe longarm of No.
5 leading to 5q — When the results of our current study
(11 aneuploid patients) are added to these 36 cases, the
following abnormafities (with at least 2 cases of each)
were found in order of decreasing frequency: trisomy 8
(10cases),trisomy 1q (8 cases), loss of 5 or 5q — (5 cases)
or 5q T (1 case), loss of 7 or 7q — (5 cases, 1 of which is
both —7and 7q—), trisomy 9 (4 cases), trisomy 21 (4
cases), loss of Y (4 cases), 159—, (3 cases), 20q— (3
cases),6p — (3cases, all mvolvrngatranslocatronIeadlng
to trisomy 1q)and 17p F (2 cases).

Inthe current series,the lossof the Y chromosomewas
found in the initial study of a 70-year-old man who never
developed ANLL. The loss of the Y chromosome in
elderly males may be unrelated to hematologic dis-
ease.?3 Our review of the literature revealed three addi-
tional MF cases with loss of the Y chromosome in pre-
viously untreated males who tended to be younger than
previously noted (ages of 49, 60, and 61 years, respec-
tively).

Of the 36 cases collected fromthe literature, 27 had no
prior treatment, 3 had received prior cytotoxic therapy,
and the status of 6 could not be ascertained fromthe data
provided. Only 3 of the 11 patients from the current
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series had received prior cytotoxic therapy. €
there was no apparent correlation of karyotypj
malities with prior cytotoxic treatment. Howg
analyzed more closely those patients with los§
5q — and/or loss of 7 or 7q —, since recentlythe he
genetic findings have been reported to be a
strongly with either previous cytotoxic therapy
vious occupational exposureto chemical solvents
ticides, or other potential mutagens, and the subsé
development of preleukemic syndromes or ANLI
Although only 9 0f47 patients (19%)with MF or A
shown in Table 4 had partial or total losses of chrg
somes 5 or 7,4 of these 9 (44%)had prior exposu
either radiotherapy (2 cases: 1 for prostatic carcing
and 1 for Hodgkin's disease?), busulfan (one paty
Case 15), or benzene and other petroleum solven®
case)?’. Of the 38 MF/UMPD patients with karyofSas
abnormalities other than losses of chromosomes 5 0%
only 6 (16%)had prior cytotoxic therapy or che
exposure. This suggestsan association of prior theg
with the occurrence of these specific karyotypic ab
malities in patrents with MF or UMPD. A

Trisomy 1q of various derlvatlonsrsafrequmtﬁn
in MF and UMPD (Fig. 5). Nowell'# describad tr1s
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; 4A AND 4B. (A, top) Karyotype of a G-banded metaphase cell obtained from the initial peripheral blood sample from Patient 10 The cell
29—, del(12)(q147g21). (B, bottom) Partial karyotype of a Q-banded cell from a subsequent peripheral blood sample. In addition to the
B there are several evolutionary changes (+ Y, +8,+ 8,4 12,4 19). The partially deleted chromosome 12 in each metaphase cell is identified by

i two patients with MF. Hsu et al. have reported a
gl trisomy |q (46,XX,—6,+der(6),t(1;6)(q25;p22)
¥ patient with deteriorating MF without frank
k'8 2 cytogenetic findingsimilarto that in our Case
Rhrton e al. also reported a similar abnormality
Y.~ +der(6),t(1;6)(q25;p21) in a patient with
gno rapidly evolved into ANLL without radiother-
% Cytotoxic drugs ever having been given.?® Ger-
€ al. described three individuals with DMF (one
Miopathic and two with PPMF), all of whom had

%4

§1
4

trisomy 1g and monosomy 7q with identical transloca-
tions between chromosomes 1and 7.2

A more detailed analysis of the region of 1q that is
trisomic in the 7 patients with PPMF and in the 8 pa-
tients with MF/UMPD showsthat all 15 are trisomic for
bands 125 to 1q32, in accord with the observations of
Rowley.?? One patient is trisomic forall of No. 1, and 12
patients are trisomic for part of no. 1as the result of an
unbalanced translocation of no. 1 from the breakpoint
(p22 to q25) to the end of the long arm. Two other

e,
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Fic. 5. Histogram of clonal karyotypicchanges (gains, losses, and
rearrangements)seen in 16 PPMF and 47 MF/UMPD patients. Each
box representsa clonal change seen in a single patient.

patients (bothwith MF) have an internal rearrangement
of no. 1resulting in aduplication of the same segment,
namely 1921 to 1q32.

Although 20q —appearsto be more frequentin PPMF
(Table 4), three groups have reported de120(q 11) in pa-
tients with MF. One case with early DMF showed the
deletion after 5 years of busulfan therapy.” Findley et
al.3 and Kondo et al.3” each described a 20q— in pa-
tients who had never received any cytotoxictherapy. No
ANLL developed during follow-up in either patient.

TABLE 4. Common Clonal Karyotypic Abnormalities in PPMF (16 Cases) and MF/UMPD (47 Cases)

CANCER February |

1985

Comparison of the PPMF and MF/UMPD g,

Although in many instances the chrop
changesin PPMFaswell asin MFand UMPD a8
be nonrandom, specific chromosome abnormg¥
diagnostic patterns that clearly distinguished g3
eases were not apparent (Table 4). The
changes associated with MF seem to be more}
distributedamong the various chromosomes thas
seen in PPMF. 3

Some differences in the frequency of speqﬁc
are seen, however. Trisomy 8 is the only finding}
more common in MF/UMPD than in PPMF. ¥
incidence of trisomy 8 in PPMF (usuallyj -
treated) and in secondary ANLL?' are unexpech
may implythat prior therapy isnot related to =, - -
ance of trisomy 8in these disorders. This also i
be truein our serieswith MF/UMPD. Trisomy 9
to be more common in all phases of PV (Ut
23%;22 PPMF—31% (Table 4); leukemic |
23%22) than in MF/UMPD (9%, Table4). Otherj§
malities were also more common in PPMF, particy
20q —, lossof 7 or 7q —, and, to a lesserextent, t
and 5q—.

Cytogeneticabnormalitiesdo not provide adiagl
pattern or prognostic usefulness in MF PD)
initial studies in PPMF. Partial or complete .
chromosomes, particularly nos. 5 or 7, are a
with prior therapy or chemical exposure in MF
PPMF does appear to have a higher tendency
leukemic transformation than does MF, and an|
tion in karyotypeappearsto have serious prognosg
plications in PPMF in regards to this transitiony
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