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Further Correlation with Clinical Course

Perer C. NoweLL, mMp*

New data are provided in a long-term investigation of the prognostic value of

marrow chromosome studies in “preleukemic” states. Fifty-onc patients have

now heen studicd and followed for at léast a year or until death: 26 with the

myeloprelifevative syndrome, including polycythemia vera; 16 with idiopathic

_pancytopenin; and 9 “miscellingouns”  patients with unexplained ancmia,

neutropenia, Jeukocytosis, or thrombocytopenia. No chromosome changes were

found iu this last group, and no leukemia developed. Sixteen of the 42 pa-
tients in the myeloproliferative and pancytopenia groups had a marrow chro-

mosome abnormality when studied, and 9 of these developed rapidly fatal
clinical leukemia within 3 months thereafter. The other 7 patients (including
3 in whom the marrow chromosome change may have been induced by 3*P
therapy) remained frec of leukemia when followed up to several years. Neither
the type of” chromosome change nor the size of the abnormal cell clone in
the marrow was of prognostic value. Tour of the 26 paticats without chromo-
some changes in the myeloproliferative and pancytopenia groups developed
leukemia, one within a few weeks and the others, 7 to 26 moiiths after study.
Te is concluded that if a marow chromosome abuormality is detected in a
nou-irradiated “preleukemic” patient, the risk of developing clinical leukemia
within the next few months is great, and paticents who show such progression
probably had subclinical leukemia already present in the marrow at the time
of study. If, however, frank Ieukeémia does not appear within 3 months, “pre-
leukemic” patients with marrow chromosome abnormalitics ave perhaps there
after at no greater risk than comparable patients without such changes.

'

OR SEVERAL YEARS THIS LABORATORY HAS
been 1m cstlfrntmv marrow chiromosarmes in
Hman pmluul\cmn The patients have

b
“n individuals in whom a definite clinical
at
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and individuals with idiopathic pancytopenia,
usually accompanied by a hypoplastic marrow

Previous reports on this series of patients®4
have indicated that individuals with “'preleu-

:" Ahasis of | leukemia C»OHI([ not be made_
ne {"{UC of the chvoin ssotie stidy, but whose
'Ulmolomc ﬂndmcrs stronrrlv _suggested _them

l" bc at hl"‘ll usL “Two major groups have abnormalify were muck
sen m\olxcd. indivicduals with the so-called P L

""(‘Oplolecmmc syndrome (e.g., polycythe-

kcmia

1\1L110L1t such ch

tions were llOtQ

" as so defined, “ho h.xd in thc1r bone

ngC> However, sev eral excep-

“The present report extends
t report exteng

lxusxl,',['u")”cd in part, by R(:se:\rch Grant CA-10320
s '\x 1¢ National Cancer Institute, U.S. Public Health
s! ity :;‘!’rlssor of I’atholovv School of \chlcmc, Univer-
A lC““S)lnn,;\ Philadelphia, Pa.
tf lm:’f for repuints: P. C. Nowell, MD, Department
Wliag;. IO}" 5¥s Sthool of Medicine, University of I'enn-
”'ﬂ‘cl ml-dclplln Pa. 19104 . .
ficy Homosome studies and follow-up data in this
'"“'c. ‘”C obtained through the cooperation of many
Gelgotts, including Dr. Miriam Dalkey, Dr. Manfred
S g D Atlzn Co(lu b, Dr. Jeffrey Hartzell, Dr.
»\\n( ."'w')’ 4nd Dr. Poter White, Expert techuical
L e was provided by Janet Finan and Julie Jen-

R
“Ceiveq for publication January 18, 1971,
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the size of the scrigs as well as the length of
follow-up on many p‘mcnts and suggests mod
1ﬁcat10ns in_the plcnou> conc]usxons which

-may more sharply defing the progn nostic value
e e e
of marrow chromosome studices in (hc:c cascs.

MaTeriaLs AND METHODS

A total of 51 patients has been studied and
followed long enough for inclusion in the se-
ries. (An additional 10 individuals have had
marrow studies but have been: excluded be- .
cause pf inadequate follow-up) The 51 pa-
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tients have been grouped in three diaghostic
catcgorics: mycloproliferative syndrome (26),
pancytopenia (16), and “miscellancous™ (9).
Among the 26 individuals with myeloproli-
feramc d:soﬂc_r.?‘thcre hnve bccn E’J“\uth

101d acll\’lty p]edomnmung in the marrow.

This mycloproliferative group included 15

men and 11 women ranging in age {from 37 to

87 years (incan = 64). .

In the “pancytopenia” group were 16 pa-
tients in whom the clinical picture was charac-
terized by, pe__l?}l_e_rgl___pm__)topgma with
marked rcducnon m all circulating formed el-

wvcmmtsw}n nenlymlko&thasc mdnldmls the

Yone marrow was hypoplastic, with increased

numbers of immature elements, and in no in-

“stance could a toxic or inmunologic basis for

the pancytopenia be dctermined. These 6

women and 10 men had an age distribution

similar to that of the m)clolnolrfcmmc group

(mecan = 62 years; range, 45 to 78). .

~ The "misccllancous” group consisted of 9

individuals who were studicd because of atypi-
cal hematologic findings, but who did not fall
hto cither th myeloproliferative or pancyto-
penia categories. These patients had cither
unexplained anemia (including 3 with,sid-
eroblastic anemia), leukopenia, thrombocyto-
penia, or Jeukocytosis, but they were not con-
sidered, on dinical_grounds, to_represcnt. as
clear a risk for *Jeukemia as the other_iwo

roups. They covered a wide age range (20 to
80 years), including 3 patients under 30.

Patients in all 3 groups had been treated
with various hematinics, steroids, and sex hor-
mones, but none had been exposed to jonizing
mlon or other therapeutic agents Enown
to d'mnffc human chrgmosomes_except for 3
Jo daiagr At
patients wi ith po])C)lhcmn vera, \\ho had bcen
treated with 3*P,
treated with 7F,

All bone marrow preparations for chromo-
some study were made by the directrechnique,
without culture. In our cwrent procedure,
aspirated marrow (0.1-0.2 ml) is immediately
M in balanced_salt solution contain-
ing hcp.nm (16 usp umts/ml) and colehicine
(1 pg/ml) for_30-GO minutes at room tem-
perature. This is followed by hypotonic treat-
ment n 9:1, 0.75%, sodinm ciwrate: bovine
serum for_J]5 mintes at_room temperature,
and then by standard fixation and airx-drying
techniques2

A minimum of 25 chromosome counts and 3

Caxcer Adugust 1971

\'nl, 28

karyotype analvses were done on all speq.

_group died of acute granulocytic leukemia 7

mcns, and whenever an abnormal clone ap.
peared to be present, :ld(hhonnl _counts
aml\scs were done to define its nature

size.
Clinical follow-up data were obtaineg
through referring physicians and hospital rec.

and
angd

ords, and repeat bone marrow studies were .

obtained in several instances. A} 51 Datients
presently included in the series (l]]C]lldllhr 15
not prev 1ously rcported) have been fo]lo'.\cd
for at least 12 months after the initial chromo
some study ¢ or until ¢ dc.uh

REesuLTs

-.Sixteen.of.the fl.patients.had.a clanal.chrg.
mosofr’x‘é’"ibmuy in the bone marroy,
These included 11 _of the 26 patients wip
m c]oplohfcnlne (llsou.lers (mcludmrr 3 pa
tients treated With 3 v-P) 5 of the 16 patients
\\nh pancy. topenia, and none of the 9 £2ses in

the “miscellancous” £roup: b, Data on these 51

e e ot g =

p'mcnls are sunmmmarized in Table ). (The j0
e i,

patients not listed in the table and excluded -
from the series because of in adequate {ollow.
up included only 1 with a chromosome .xbnor-
mality.) -

As indicated in Table 1, 9 of the 16 pmcn's
with chromosome abuor nu]mcs promptly de.
veloped c]nmc-x]lv demonstrable_acute or sub.
acute )cuLc_‘nn which conmn_nx]x { iled 1o re-
spond to _therapy; § were
months and the 9th at monlhs

Of the 7*patunts with chromasome changes
who did not develop leukemia, 3 had been

tr C'ncd \\'ith _#2p for polycvthemh vera, amd

nd)auon mdu_c_e_g} % The rcmmnm«r 4 non lcu
Yemic patients with chromosome 41)nn1nn..
ties include 2 who are still alive after moe
than 30 months, and 2 who died 24 montls

and 35 months after study. More details of

these cases will be given in conjunction ml.l

the discussion of T.xb]c 2.

Of the 26 cases of the m\clopm])f«.nmr

syndrome or pancytopenia listed in Table 1
not showing chromosome abnormalities in the
marrow, on]) 4 have thus far developed Ir: s.u
leukemia. One patient in the p'mcuop»h i

proximately ] monlh after stud\' one died :f
crythroleukemia after 11 months, and
other 2 patients, both in the m\do,u“-
ferative group, developed subacute granuhnt

tic leukemia in 7 and 26 months, 1cspcclm-

g
~

), Ve T Tgr.v--—..-v——s" 7""

“dead within 3

o
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Tante 1. Relation between Marrow Chromosome Findings and Clinical Course in “Preleukemia”

Dead with leukemia

. Total Alive without Dead without
Original diagnosis  paticnts 1-3 mos. >3 mos. leukemia leukemia
Myeloprolif. .
syndrome:
. tients with marrow ) .
-omosome abnor- P. vera 44 0 ,0 2 2
dity (30, 72)t (, 11)
 Other 7 4 1 1 1
' . s (36) (33)
Pancytopenia 5 4 0 0 1
: . (210
~.Myelaprolif.
. syndrome: «
P. vera 5 0 0 3 2
(8, 30)
tients without mar-
« chromosome ab- Other 10 0 2 3 5
normality . (7, 26) (15-25) (1, t, 8-36)
Pancytopenia 11 1 1 2 7
, _ (11) (18, 51) (1, 1, 12-28)
Miscellancous? 9 0 0 7 2
. (1.2—39) (1, 13).

* Includes 3 patients treated with 3P,
! Length of follow-up (months).

¢ Sce text

for details.

)

TauLe 2. Chromesome Data and Clinical Courze in 16 “Preleukemic’ Patients with Abnormal Macrow
Chromosomes

itient no.

Original diaguosis

Abnormal Clone(s) in Marrow

Chrom. no.

Nature of aberration

% abn.
cells

Clinical course

74*

81*
95
254
107
i
120
123
206
243
268
132

180
183
265

280

—

Mycloprolif. syn-
drome—polycythemia
vera

Myecloprolif. syndrom‘e

Pancytopenia

*

45, 45

46
44
47
46
43
45
47
45
45
£1)
© 45

45
44, 45, 88, 90
43

42

C or E-group chromo-
some missing

Deleted D

D and G missing
Extra C

Minute replacing F
Extra F (abn?) and G
1-2 translocation
Extea D

C-C translocation

G missing

C replaced by abn. D

B and C missing,
minute, aba. E

Extra E (abn.), 2 C's
missing, abn. D

Same minute in all lines,
other changes
Missing B, C, 2 D’s;
abn. C

Changes in all groups
but A (sce Fig. 1)

95

100
50
25, 40
40
90, 90
55
20
80
75
100

90

100

Dead-CVA-11 mos.

No change-72 mos.
Dead-CVA-5 mos.
No change-30 mos.
Dead-SAGLt-1 mo.
Dead-Pneum.-35 mos.
Dead-SAGL-1 mo.
Dead-SAGL-3 mos.
Dead-AGL-3 mos.
No change-36 mos.
Dead-SAGL.-5 mos.
Decad-SAGL-2 mos.

"Dead-Pneum.-24 mos.

Dead-*'Megakaryocytic
myelosis'-2 nmos.
Dead-AGL-3 mos.

{
Dead-Erytheoleukemia-
2 mos,

: Previous ap therapy.
SAGL = Subucute granulocytic leukemia.

1010829
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In all instunces, the leukemia was rapidly
fatal, and clwomosome preparations were not
obtained dwiing the terminal illness.

Fourteen of thc remaining 22 patients in
these two gronps withont chromosome abnor- |
malities have subsequently died of complica-
tions related to their hematologic disorders.
Ten of thuese patients were followed for 8
months or more prior to death, and in no in-
stance was wransition to a frankly leukemic
state apparent either clinically or at autopsy.
Nor has leukemia been observed in any of the

" 9 patients in the *"miscellancous” group, al-
though all but one has been followed for more
than a yeat,

The natuve of the chromosome abnox nnhty
observed in the 16 posuu e cases is shown’in

"able 2, as well as its {requency in the bone
marrow and the subsequent clinical course in
cach instance, It js apparent that there is no
typical chx(unmomc change associated either

with a partivalar inigal di: s Agnosis or \\nh the
sub<cqucnt dv\e]opmcnt of Jeikemia_in_this
_series. 5. _Abnovmalitics involving 1g all chwromo-

some groups have been obscrved, without any
consment pattern, although, in general, the
“cylogenctic ultcrations have been more exten-
sive in the Pancylopenia group than with the
_mydoprolilerative disorders (Fig. 1. Perhaps
this gre: grealor yenetic derangement in the mar-

the myeloproliferative category.

With respect to the subsequent clinical
" course of the patients in both groups, the
magnitude o the chromosome change or of
the abnormul clone itself does not appear to
be of great prvognostic value. Although some
patients with extensive alterations promptly
patient nos.
182, 265, 280\, several with very minor changes
or a small clome (107, 268, 123) did also; and 2
patients with major rearrangements (180, 111)
survived 2 and 3 years without specific therapy
and never developed frank ]euken‘ni.}j (The ab-
normal clone involved 90-100%, of the divid-
ing marrow volls in these two cases, including
2 studies a Y<ar apart on patient no. 111, and
hematologici)ly the marrow findings, even at
autopsy, yer sined highly suggestive of leuke-

progressed to {atal leukemia (e.g.,

mia, but the overt disease never developed.)

The other 3 patients listed in Table 2 who
with
polycythem?s (nos, 74, 81, 91) whose abnormal
clones may well have been induced by the 2P

did not devclop leukemia included

>, .

A DL} ey atct

. Cancer August 1971

TOoW cclls co'unbmes to the more severe dis-
turbance in hematopoiesis observed clinically
i the pancytopenia patients as compared to

-
e ey i arda e T e 2 ot e i i T B ool Sl A oduedts TE S anend o e i A

Vol, 43

with which they had been previously treate,
{ Such radiation-induced clones, both in p,,
and experimental animals, have prmxom.
been shown to persist and [unction ip the
;n:mow for llong pcnods wihthout resulting j,
cukemia.® The remainin atients, wi

Known exposwre to 1onmgng F‘ndnnon \\i‘r?:
56-year-old woman with polxqthcmn vera
(no 254) in whom an extra C-group chramg,.

\

some was present in 25% of the marrow c¢jy.
at the time of initial dxa"nosxs and in 4097 of

“the cells 2 years later; and a 62- -year-old map
(no. 245) with unexplained leukocytosis apq
atypical myeloid hyperplasia in whom 7g¢;

of the marrow cells showed the absence of 5
G-group chromosome. Neither of these pa. -

“tienits; "30 aifd “36 nyoinths after itiitial study,

currently shows any indication of tr’mmmm

to frank levikemia.

DiscuUsSION

The present findings are in agreement with -

the conclusions of our earlier reports on this
scries of patients.®# It is clear that “prelen.
kemic” individuals wull a marrow_chrame.

some '1bnolm1ht) not 1uni‘ul'1b]c to lo.m.n o

radiation ca TY a much '*lmlnr risk of ~ub~e.
quch*TC\dopmo f).mL Teukemia th‘m o
compamb]c 111(11\1(111.115 \\nhout c}n omo~o g
changes; The respective figures are 9 of 13 1s,
4 of 26 (e\cludmv the “miscellaneous” group).

The additional cases added o the series in -

the present report, however, as well as the
Jonger follow-up on earlier cases, have sug.
gested that this general conclusion should be
amplified. The 9 individuals with marow
chromosome abnormalities who subsequently
developed Jeukemia all did so within 3
months and died within a few weeks there
after. Nonc of the other 7 patients in this
chromosome-positive group (including 3 whe
had been treated with 32P) have progressed to
leukemia, although 5 have been followed for?
years or more. L'n(ortunatcly, even retrospec
tively, it has not been possible to identify any
specific clinical or hematologic finding present
at the time of the chromosome study whick
would consistently indicate those patients des:
tined to promptly develop frank Icul\wu1
Nevertheless, the time relationships strongi:
suggest that the 9 patients who did sucew 3
to lcukcmxa within a few months probabh

had the neoplastic process already well-cstib-

lished in the bone marrow at the time of the
chromosome study, even though the clinical
diagnosis could not be made.
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(' Furthaimore, it would appear that the 7

chromosamie positive patients who did not_he-
ey RO T WA S

s afte

(e discie it 3 Tate

kemic” patients without chromosome change.
Of the 26 wycloproliferafive or pancytopenic
paticnts in the latter group, 4 subscquently
developed leukemia. One succumbed to an
acute granulocytic leukemia  within one
~month, :and he probably should be grouped
with the 9 carly Jeukemia cases in the chromo-
some-positive population, representing an al-
ready ‘cxisting leukemic state at the time of
study (many acute leukemias never show de-

~yromstrable” “chromosoine - ~abnormalities) 5

The other 3 patients developed clinical Jeuke-
mia 7, 11, and 26 months, respectively, after
“the initial chromosome study. Thus, if the
early Jeukemias are excluded, as well as four
individuals who died within a few wecks with-
out leukemia (Table 1), 3 of 21 chromosome-
negative patients developed Teukemia_more
than 3 ienthigalter stidy and none of 7indi-
Wdhals in"the chromosome-positive_popula-
R pbldpduivers _,.—*'
“7"On the basis of these data, it scems reasona-
ble to modify our previous conclusions along
_ the {allowing Tinés: A non-irradiated “prelen-
kemic” individual with 4 Marrow chromosome
abriorinality has'a gieatly ncréased probabil-
ity of developing clinical Jeukemia wit hin_a
fex months as compared {o similar_patients
without such changes. Those individuals who
d& AEteIFH IcakSmIa within this time proba-
bly had incipient leukemia present but not

o et e e

w7 Chinically apparent when they were studied,

and, unfortunately, the discase is usually not
responsive to therapy. 1f leukemia doces 1ot
develop within 3 months after the recoznition
develop
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of a chromosome abnormality in the bepe
MAn oW, ~Prefeakemic” patients with chr
Somic chimges probubly are not at any wrearg
fisk_of developing Jeukemia thercufier (hy,
comparable patients without cytogenctic ubey.
ns, In these cases, both with and withey,

chromosome change, conservative lhcrnp}

would appear to be warranted.

Although no entircly comparable series Iy,
been published clsewhere, these conclusion
would appear to be in general agreement i,
those of others who have considered the iy,
nostic and prognostic uscfulness of chrimg.
some studies in these atypical hematologic djs.
orders (c.g., the general review by Sundbery

~wand-tlossfeld®).Lindings.achich.appear 10 1.

quite similar have been recently reported b,
Jensen and Philip,? who investigated 35 pa-
tients with the same spectrum of “preley.
" kemic” disorders as in our series. They found
5 patients with abnormal stemlines, and of
these, 3 died within 3 months, 2 with frany
Icukemia. The other 2 patients were [ollowed
for 28 and 39 months and did not progress 1o
leukemia, CE

ADDENDUM’

Dr. Janct Rowley has kindly reviewed this
manuscript and reports similar findings in the
large study of ‘‘preleukemic” patients which
she is preparing for publication. She also wug:
gests that our patient no. 245 should e
grouped with the elderly males obscrved by
various workers (e.g., O'Rjordan, M. L. ¢t al-
Brit. ]J. Haemat. 19:83, 1970) who huve am..
row clone missing the Y chromoscmne, zp
parently unrclated to hematologic dysfunciion,
We will attempt to confirm this with fluorer
cence studics. i

—: Chromosome abnormalities in human o
kemia and lymphoma. Jn Proc. Int. Conf. on Leule
mia-Lymphoma. Philadclphia, Lea and Febiger, 163,
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6. United Nations Sciemiific Committee on the I
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mosome studics in human “preleukemia.” Arch. Path. document, 24th session, Suppl. no. 13 {A/i513) Now
§0:203-203, 1963, York, United Nations, 1969. ’
) S
Fie. ). Metaphase and karyotype of mayrow ccll from 69-vear-old man with unexplained
pancytopenia who later develeped crvthrolcukemia, There ave 42 chromosoines, with one or two
missing (2rrows) fiom all but group A (hos. 1-3) and three abnormal. Similar changes were
found in 8§59, of cells in marrow specimen. Poor technical quality is common with neoplastic .
matcrial, : o
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