Clinical and Cytogenetic Correlations in 63 Patients With
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Abnormalities of Chromosomes No. § and 7
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Clinical, histologic, and cytogenetic features in 63 pa-
tients with a therapy-related myelodysplastic syn-
drome (t-MDS) or acute nonlymphocytic leukemia
(t-ANU) following cytotoxic chemotherapy or radio-
therapy for a previous disease were analyred. Eleven
patients had received only radiotherapy for the pri-
mary disorder. In most cases, high doses had been
administered to treatment ports that included the
pelvic or spinal bone marrow. Twenty-one patients
had received only chemotherapy for their primary dis-
ease, all for more than 1lyear and all but one with an
alkylating agent, either alone or in combination with
other drugs. Thirty-one patients had received both
radiotherapy and chemotherapy, either concurrently
or sequentially. A clonal chromosomal abnormality
was observed in marrow or bleed cells from 61 of the

DISTINCTIVE disorder of bone marrow

morphology and function that terminates in
a myelodysplastic syndrome (MDS) or in acute
nonlymphocytic leukemia (ANLL! has been rec-
ognized as a late complication of cytotoxic ther-
apy used in the treatment of both malignant and
nonmalignant diseases.'-"*

Therapy-related MDS (t-MDS) and acute non-
lymphocytic leukemia (t-ANLL) represent dis-
tinct clinical syndromes that exhibit important
differences from ANLL that arises de novo.**"
In patients with no prior history of exposure to
known mutagens, ANLL de novo usually ap-
pears suddenly. whereas t-ANLL is often pre-
ceded by a secondary MDS (or preleukemic
phase) that may persist for several months. Fre-
quently. all three hematopoietic cell lines. er>-
throid. myeloid, and megakaryocytic. are in-
volved in this myelodysplastic process. and
patients characteristically manifest an initial pan-
cytopenia.® ; Infection, bleeding. and anemia
are common complications and may prove fatal
even before overt leukemia evolves. Survival
times of patients with t-ANLL are often short
because this disorder has been less responsive to

63 patients (97%). Fifty-five patients (87%) had a
clonal abnormality of chromosomes no. 5 and/or 7
consisting of loss of all or part of the long arm of the
chromosome. The critical chromosome region that was
consistently deleted in all 17 patients with del(5q)
comprised bands q23 to q32. Inaddition to nos. 5 and
7, five other chromosomes (no. 1, 4, 12, 14, and 18)
were found to be nenrandomly involved. Both t-MDS
and t-ANLL ore late complications of cytotoxic ther-
apies thot have distinctive clinical and histologic fea-
tures and are associated with characteristic aberra-
tions of chromosomes no. 5 and 7. It seems likely that
these two chromosomes contain genes involved in the
pathogenesis of these hematopoietic neoplasms.
JClin Oncol 4:325-345. € 1986by American Society
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current forms of leukemia treatment than has
ANLL de novo.' In the future, as a greater frac-
tion of patients survive treatment with cytotoxic
drugs or ionizing radiation for their primary can-
cer. the incidence of t-MDS or t-ANLL arising
secondary to such treatment may be expected to
increase

Characteristic nonrandom chromosome ab-
normalities are commonly observed in bone mar-
row cells of patients with t-MDS or t-
ANLL +¢1-22 These abnormalities differ in their
type and frequency from those noted in ANLL
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developing de novo. We reported previously that
part or all of chromosomes no. 5 and or 7 was
lost in cells from 23 of 26 (88%) t-MDS.t-ANLL
patients." and this has been confirmed by oth-
ers.”"""" In contrast, only about 16% of patients
with ANLL de novo have a similar abnormality
of chromosomes no. § or 7 or both.: Moreover.
the latter patients frequently have had significant
occupational exposure to potential environmen-
tal carcinogens such as chemicals. solvents. or
pesticides.™* Another major difference between
the karyotypic pattern of t-ANLL and that of
ANLL de novo involves the frequency of non-
random structural chromosome rearrangements.
In t-ANLL, one seldom finds the specific rear-
rangements that are closely associated with the
distinct morphologic subsets of ANLL de novo
such as the t(15:17) in acute promyelocytic leu-
kemia. the t(8:21) in acute myelogenous leuke-
mia with maturation. or the inv(16) in acute
myelomonocytic  leukemia with  abnormal
eosinophils.®=

This report details the clinical. histopatholog-
ic, and cytogenetic data on 63 patients with t-
MDS and/or t-XNLL. thus expanding the find-
ings on our earlier series of 26 patients.." Based
on these data. we have asked the following ques-
tions: (1) Was there a correlation between the
type or dose of radiotherapy or chemotherapy
and the development of t-MDS/t-ANLL? (2)
What was the median time from primary therapy
to bone marrow dysfunction'? (3) Was the high
frequency of abnormalities of chromosomes no.
5 and 7 confirmed in these cases and. if so. how
were these abnormalities related to the develop-
ment of t-ANLL'? (4) Was there a relationship
between the chromosomal changes and either the
primary disease or the type of primary therapy'?
(5) Were abnormalities of chromosomes other
than ner. 3 or 7 observed more frequently in these
patient, with {-ANLL than in patients with
ANLL de novo in a concurrently analyzed se-
ries? (6) Did specific chromosomal abnormali-
ties correlate with response to antileukemia ther-
apy or with median survival after the diagnosis of
t-ANLL? (7) By analysis of the chromosomal
breakpoints in cells with a deletion of no. 5 or 7,
could the smallest region that is consistently de-
leted in every patient. ie. the critical region. be
defined? The identification of this region is of
crucial importance because it may contain genes
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whose altered function can result in hematopoiet-
ic neoplasia.

MATERIALS AND METHODS

Clinical and Morphologic Analysis

The 63 patients described here include all those who were first
seen at or were referred to the University of Chicago Medical
Center with a diagnosis of -MDS or t-ANLL that could be
confirmed by morphologic study of bone marrow specimens.
Each patient had received cytotoxic therapy (chemotherapy. ra-
diotherapy. or some combination of these) for an antecedent
disease. Patients no. 2001 to 2026 and 2036 have been reported
previously.**-1 Thirty-nine patients had been treated for their
primary disease at the University of Chicago. whereas 24 had
been treated at other institutions. Therefore. the total number of
similarly treated patients at risk for developing t-ANLL in each
primary-disease category is not available. Only one of the 24
patients referred from other institutions was also treated at the
Cniversity of Chicago for the subsequent leukemic process: the
other 23 were examined at our institution on a consultative basis.
or clinical information on these cases was forwarded to the
University of Chicago when aspecimen was sent for cytogenetic
analysis.

Clinical data were collected. and details concerning the pri-
mary treatment were obtained from a review of each patient's
medical history For the referral cases. clinical data were gath-
ered by direct communication uith the referring physician(s).
Radiation therapy pons. the dose of each treatment course in
rad. and the doses and duration of each chemotherapy course
were determined whenever possible for each patient. Patients
were monitored until death or through February 1985. The dura-
tion of the secondary myelodysplastic phase. the type of treat-
ment given for the leukemic process and the response. and the
survival from the time of initial bone marrow dysfunction were
noted

The diagnosis of t-MDS was made when the patient's periph-
eral blood and bone marrow showed features of dyspoiesis as
defined by the French-.American-British (FAB) criteria for MDS
and described by us and others as characteristic of the changes
seen in t-MDS.%-27-% Patients classified as having -MDS had
< 30% blasts in the marrow. whereas the diagnosis of overt t-
ANLL was made when the percentage of blasts were > 30%. as
determined from marrow aspirates or as judged from marrow
biopsy sections when increased reticulin prevented aspiration.
As noted in other studies.®>7~*C a substantial number of cases
could not readily be classified according to FAB criteria or were
somewhat atypical: for the purpose of this report. unless other-
wise noted. all of these cases are simply listed as t-ANLL

Cytogenetic Analvsis

Cytogenetic analyses were performed with quinacrine flu-
orescence and trypsin-Giemsa banding techniques on bone mar-
row cells from aspirates or biopsy specimens or on peripheral
blood cells obtained at the time of diagnosis. The metaphase
cellsexamined were obtained from direct preparations. from 24-
or 18-hour unstimulated cultures. or from methotrexate-syn-
chronized cells cultured for 24 or 48 hours uith phytohemagglu-
tinin-stimulated leukocyte-conditioned medium. Chromosome
abnormalities are described according to the International Sys-
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tem for Human Cytogenetic Nomenclature.*! The cnteria adopt-
ed at the First International Workshop on Chromosomes in Leu-
kemia were used for the identification of abnormal clones -~

Statistical Methods

The relationships of chromosomal abnormalities to variables
describing clinical features were investigated. For evaluations
involving only uncensored variables. ue used primarily scatter
plots. comparisons of frequency distributions. and comparisons
of means. Censored variables were studied with the techniques
of survival anatysis Survival curves and their associated medi-
ans were computed by the actuarial method. with grouping inter-
vals of 2 months. Descriptive statistics. correlations. chi-
squared statistics. and actuarial survival curves and their
comparisons were computed with programs of SPSS ¢Statistical
Package for the Social Sciences). When cell sizes were too small
for a valid approximation of the chi-squared distribution. Fish-
er's exact test or the analogous exact test developed by Pagano
and Halvorsen was used.”™ All data processing and computa-
tions were done on a DEC-20 computer (Digital Equipment.
Marlboro, Massi. accessed through the Biomedical Computa-
tion Facilities at the University of Chicago.

RESULTS
Clinical Characteristics

The clinical characteristics of the 63 patients
are listed in detail in Tables 1 to 3 and are sum-
marized in Tables 4 and 5. There were 31 men
and 32 women. ranging in age from 6to 76 years
at the time of diagnosis of treatment-associated
bone marrow dysfunction. Based on morpholog-
ic findings. t-MDS without subsequent t-ANLL
developed in 19 patients (30%). 29 patients
(46%) had t-MDS followed by t-ANLL, and 15
patients (24%) had t-ANLL only. It is not known
whether any of the latter group had had an ante-
cedent t-MDS because the population at risk had
not been monitored prospectively.

Table 4 lists the type of primary disease, the
mode of primary therapy. and the time from pri-
mary therapy to initial bone marrow dysfunction.
There were 23 patients (37%) with Hodgkin's
disease, ten (16%) with non-Hodgkin's lym-
phoma, six (10%) with other hematologic malig-
nant diseases. 21 (33%) with various solid tu-
mors. and three (5% renal transplant recipients.
Altogether. 21 patients (33%) had received che-
motherapy alone for their primary disease. 11
(17%) had received radiotherapy alone. and 31
(49%) had 'received both modalities.

Of the patients who had received only chemo-
therapy, all had undergone more than 12 months
of treatment. and all but one had received an
alkylating agent (most often cyclophosphamide.
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nitrogen mustard. procarbazine. chlorambucil,
or methyl CCNU) either alone or in conibination
with other cytotoxic drugs. The single exception
was a patient (no.2052) who received oral doses
of 5-fluorouracil (5-FU) daily for 5 years for
squamous carcinoma of the rectum. In many
cases. the primary chemotherapy doses had been
sufficient to cause moderate to severe myelo-
suppression: but in ten cases. cyclophospha-
mide. melphalan. or chivrambucil had been tak-
en orally for a period of many months or years
only at low daily doses that do not commonly
cause significant myelosuppression. Three pa-
tients with colorectal carcinoma had received
multiple courses of methyl CCNU and 5-FU for a
period of 15 to 27 months. Three renal transplant
recipients had received cyclophosphamide with
or without azathioprine for 1.5to 16 years.
Nine of the 1| patients who received only pri-
mary radiotherapy had had the major portion or
all of the pelvic bone marrow included within the
initial treatment ports. Two patients with Hodg-
kin's disease (2.000 rad. 4,000 rad) and one with
non-Hodgkin's lymphoma (4.000 rad) had re-
ceived total nodal irradiation. Two patients with
prostate carcinoma had received 5.000 rad to the
entire pelvis plus an additional 2.000 rad to the
prostate. Two patients with endometrial carcino-
ma and one with cervical carcinoma received
radiotherapy to the entire pelvis by external-
beam techniques in addition to radium implants.
A second patient with carcinoma of the cervix
was treated with a radium implant alone. Of the
two radiotherapy patients who did not receive
pelvic irradiation, one with laryngeal carcinoma
was treated with a laryngeal port only; the other,
with metastatic carcinoma of the lung, was treat-
ed with mediastinal, hepatic, and femoral ports.
The 31 patients who had received both radio-
therapy and chemotherapy were a heterogeneous
group. In 16 cases, the radiotherapy and chemo-
therapy had been administered approximately
concurrently. In another nine cases, the radio-
therapy had been administered as initial treat-
ment. and chemotherapy was administered only
later. at the time of relapse of the primary dis-
ease. In most of these cases. high doses (3.000
rad to 6.000 rad) had been administered to bone
marrow—containing regions over total nodal
field$ or pelvic or spinal ports. In the remaining
six patients, radiotherapy followed initial che-
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Table 4. Primary Disease, Type of Therapy, and Time to Bone Marrow Dysfunction

Mean
Time
. to Bone
Primary Therapy Marrow
No. of * Chema- Radio- Dysfunc-
Primary Disease Patients  therapy therapy Both tion (mo)
Hodgkin's disease 23 4 4 17 63
Nan-Hodgkin's lymphoma 10 3 1 6 53
Other hematologic malignant 6 4 0 2 64
diseases'
Solid tumors<t 21 8 8 5 65
Renal transplants 3 2 0 1 101
Total 63 21 11 31 64
Mean time to bone marrow 64 59 65
dysfunction (mo)
Median time to bone marrow dys- 50 34 60 56

function (mo)
Range (mo)

22-192 10-183 20-132

*Hairy-cell leukemia, one; multiple myeloma, five.
+Lung carcinoma, twoj; breast, four, colorectal, four; cervical/endometrial, four; ovarian, two;
prostate, two; anus, one; glioblastoma, one; larynx, one.

motherapy. and more commonly. only local
fields were irradiated.

Table 4 shows the mean times from initial
treatment to subsequent bone marrow dysfunc-
tion for all patients (median. 56 months) and for
the subgroups based on primary disease and pri-
mary therapy. Neither the comparison according
to primary disease nor that according to primary-
therapy modality was statistically significant de-
spite the unexpected trend of a shorter time to
bone marrow dysfunction for the radiotherapy-
alone group than for either the chemotherapy-
alone group or the group receiving both modali-
ties. These latency intervals. however. may not
be accurate because of the variable observation
of these patients after the completion of primary
therapy. The median age at the time of bone
marrow dysfunction was 35 vears overall. but
was lower for the patients with Hodgkin's dis-
ease (37 years) and for the renal transplant recipi-
ents (40 years):this observation probably reflects
the lower ages of these patients at the time of
primary treatment.

In Table 5. the three secondary bone marrow
disorders (t-MDS. t-MDS—t-ANLL. t-ANLL)
are categorized according to the primary disease
and the primary therapy. There were no statisti-
cally significant differences in these distribu-

tions. The intervals between primary treatment
and subsequent bone marrow dysfunction were
43, 51, and 67 months for patients with t-MDS
alone. t-MDS evolving into t-ANLL. and t-
ANLL alone. respectively. Although interesting.
this trend did not reach statistical significance.
The median duration of the myelodysplastic
phase in the 29 patients in whom t-ANLL subse-
quently developed was 5 months.

Table 5. Primary Disease, Primary Therapy, and
Secondary Disorder

Number of Patients With
Secondary Disorder

t-MDS
t-MDS ! t-ANLL
only t-ANLL only

Primary disease

lymphoma 7 19 7
Other hematologic malig-
nant disease 3 1 2
Solid tumor 9 4
Renal transplant 0 1 2
Primary therapy
Chemotherapy only 8 8 5
Radiation only 4 4 3
Both modalities 7 17 7
Total 19 29 15
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Response to Treatment and Survival After Bone
Marrow Dystunction

Of the 19 patients with t-MDS only. most died
of infection. hemorrhage. or some other compli-
cation of pancytopenia. Treatment was support-
ive only: none of the patients were given inten-
sive antileukemia chemotherapy. Two patients
received daily oral doses of cis-retinoic acid. and
one received daily subcutaneous injections of cy-
tarabine at low doses: none of these patients
showed any evidence of response.

The 44 patients in whom t-ANLL developed
were treated in various ways. depending in part
on the year of diagnosis and the treating institu-
tion. Thirteen patients received supportise care
only. either because they refused treatment or
because of a moribund state at the time of diag-
nosis. Twenty-eight patients received conven-
tional ANLL remission induction chemotherapy
with cytarabine and either 6-thioguanine or an
anthracvcline drug. and five patients received
high-dose cytarabine therapy (3 gm/m- even 12
hours). Five patients had a complete remission:
four of these had not had an antecedent t-MDS.
Three of the complete responders subsequently
relapsed and died. one died in remission after
bone marrow transplantation. and one is alive
with no evidence of disease after 57 months.
None of the patients with partial or no response
to treatment are alive. Most patients died of in-
fection or bleeding during prolonged periods of
bone marrow hypoplasia following intensive
chemotherapy.

The median survival time for all 63 patients
from the time of initial bone marrow dysfunction
was 8 months. No significant differences in sur-
vival were noted based on age. sex. primary dis-
ease. or primary therapy. There was. however, a
statistically significant difference (P < .05) in
median survival among patients with t-MDS
only (6 months). those with t-MDS that evolved
intot-ANLL (9 months). and those with t- ANLL
only (5 months). This result may be influenced.
of course. by the possibility that an antecedent
myelodysplastic phase had been undetected in
the last group of patients. who had frank t-ANLL
at diagnohs.

Cytogenetic Analvses

The results of the cytogenetic analvses are
shown in Table 6. None of the 62 patients had
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received antileukemia therapy before chromoso-
mal analvsis. Analyses were performed on bone
marrow cells in 54 cases and on cultured unstim-
ulated peripheral blood cells in the remaining
nine cases. Clonal chromosomal abnornialities
were observed in 61 of the 63 patients (97%).
Consistent clonal abnormalities leading to loss of
the w hole chromosome «or Yoss of par?of the long
arm of chromosomes no. 3 or 7. or both of these
chromoasomes, were observed in 55 of the 61
patients (90%) with abnormal karyotypes (87%
of all patients). Abnormalities of chromosome
no. 5occurred in 14 patients; six had a loss of one
chromosome no. 5. and eight others had a dele-
tion of the long arm of this chromosome
{deli5q1}. Loss of all or part of the long arm of
one chromosome no. 7 was noted in 24 patients;
21 had monosomy 7. Patient 2.039 had an unbal-
anced translocation resulting in monosomy of the
long arm of no. 7. and patients 2027 and 2029
had deletions of the long ann. An additional 17
patients had abnormalities of both no. 5 and no.
7. In nine of these 17 patients. the aberration of
no. 5 was a del(5q): in four patients. loss of 7q
resulted either from a deletion (two patients) or
from an unbalanced translocation (two patients).
Thus. among the S5 patients. 14 patients had a
—5. 17 patients had a del(5q), 34 patients had a
—7.and seven patients had a loss of the long ami
of no. 7 that resulted from an unbalanced translo-
cation in three patients. A del(5q) was the most
common Structural aberration in our series.

Although abnormalities of nos. 5 and 7 were
frequently observed in the same clone. these ab-
normalities may in fact occur independently.
That is. the number of cases in which aberrations
of both nos. 5 and 7 were observed was similar to
that expected to occur by chance. given the high
frequency with which abnormalities of either one
or the other of these chromosomes were present
in these patients. The most common single ab-
normality was loss of one no. 7:this karyotype
was observed in eight patients. On the other
hand. of the 3| patients with abnormalities of no.
5. only one (patient no. 2022) had an alteration
of this chromosome [del(5q)] as the sole karyo-
typic change.

In eight patients it was possible to determine
whether an abnormality of no. 5 or no. 7 oc-
curred first because we were able to study chro-
mosome evolution in sequential samples (three
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Table 6. Results of Cytogenetic Analysis of 63 Patients With Therapy-Related MDS or ANLL

No. of
Meta- Per-
Patient phase  centage ?
No. Specimen Method' Cells  Abnormal Koryotype
2001 BM direct 18 20 46, XX44, XX, —5,—7,—16,— 18, + 2mar
2002 BM 24 h 11 100 48,XX, — 5, — 16, — 21,1(8:?)(p23;?).4(15;?)
PB 24 h, 48 h (p11;?), € marl, + mar2, « 2mar3, + mar4
2003 BM direct 17 100 46,XY,%1,17)Xp36,921)
2004 PB 24 h, 48 h 10 0 46,XX/45,XX, =7
2005 BM direct 12 92 46,XX/45,XX, — 4,5, — 14,1(21,7)%q22;?),
+2meor
2006 BM 24 h 4 100 43,XX, —5,— 7, — 12,del(6)(q150rq21), + min
2007 BM 24 h 6 75 46,XY/45,XY, -5 —7, —20, + 2mar
2008 PB 24 h, 48 h 14 93 46,XX/45,XX, =5, =7, -12,-17, —22,4(1;7)
(p3?6;7),1(13:7)(q34;7),4(14,?)(p1 1:?),del(15)
(q2?4), + 4mar
2009 BM direct 9 100 46,XX, — 5, =7, — 17, + 8,del(6)(q13), + 2mar
2010 BM direct, 24 h 12 77 46,XX/43,XX, =5, — 13, — 18 (15%)/44,
XX, =5, - 18,{13.?Xp11:?) (62%)
2011 PB 24 h 13 30 46,XY/46,XY, -5, + mar
2012 BM 24 h 13 93 46,XY/47 XY, +8
2013 EM 24 h 21 90 46,XX/46,XX, — 7, - 16, — 21, +H(2:7){2q7q), del
(2)Xq33).del(11)(q22), + t(11:?)p15:?),4(14.?)
(plL:?), + der(21)4(21;21;21,16)(2 1 pter—
q22::21q11—q22::21q11—q22::16p 13— gter)
2014 BM 24 h 23 80 46,XX/45,XX, — 7,inv(1)(p36q13)
2015 BM 24 h 13 100 45,XY, -7
PB 24 h, 48 h
2016 BC 24 h 10 60 46,XY/44,XY, —7,—16,{(17;2)(p11;?),
del(20)(g11q13) (10%)/43,XY, -5, -7, — 12,
—-16,1(4;2}p16;?),4(17;?),del(20), +mar
(20%)/43,X,1(Y;?)}(q12;?), same {30%)
2017 BM 24 h 12 100 45,XY, =5, —7,del(3)p13), + der(SW(5;17)
' {q1?71:q11)
2018 BM 24 h 16 94 46,XY/45,XY, —7,del(5)(q13933) (38%)/
: 45.XY, same t( 12:17)q173:p122) (4406)
3 2019 BM 24 h 13 100 45,XY, —7,del(3)(p173),del(8)(q22).del(16)(p12)
3 2020 BM 24 h 8 88 46,XY/44 XY, -2, -3, -6, — 12,—- 15, — 21,
o —22,del(2)(p11),del(11)(p1?4),4(14;?)(q32;?),
- {17:2)Xp13;7),del(22)(q1?1), +5mar
2021 BM direct, 24 h 6 0 46, XX
2022 BM direct 6 100 45,XX, = 13, — 14, ~ ¥(13;14)(p13,;q1 1),dei(5)
(q13q33)*
2023 PB 24 h 22 100 45,XX, = 7.43;9)(q29;p21) (73%)/
= 44,X, — X,same (27%)
o | 2024 BM direct 25 100 51, XY, -7, -14,+1,+2,+6,+8,+15,
. + 21, + mar
2025 B4 24 h 5 100 45 XX, - 7,13;3)(q21;926)
p 2026 BM 24 h 30 100 45,XY, —7,4(2:3)(p21:927)
E. 2027 BM 24 h 7 100 44,XX, - 15, - 16, = 19,del(7)(q11),
; +der(19)4(19;15,8)(19pter—
q13::15q11—q26::8q21—qter)
2028 BM direct, 24 h 19 100 59, XY, +X =7 =12, + 1, +2 +4, + 11,
2 + 15, + 18, + 19,+ 20, + 21, + 21, + del(2)
?’; (92739371}, = 1(8;7)(q274;?), +2mar
2029 BV 24 h 15 13 46,XY/46,XY, del(7)(q34)
% 2030 BC 24 h 20 100 45XX, -7
2031 PB 24 h, 48 h 8 100 43,XX, —7,—-8, — 10, — 22, + mar (50%)/43,
XX, same, t(17;2)(p13;?) (37%)/43,XX,same,
1(17.2),1(4;12)(q220rq23;p13) (13%)
A




CLINICAUCYTOGENETIC FEATURES OF t-ANLL

335

Table 6. Results of Cytogenetic Analysis of 63 Patients With Therapy-Related MDS or ANLL (Cont'd)
No. of
Meta- Per-
Patient phase  centage
No. Specimen Method* Cells  Abnormal Karyotype
2032 BM 48-h MTX 20 100 45X, — X, — 7, + der(X){X;7)(p22;p 125), 1,4}
(p36:p12),del(5)(q11q34),del(12)(p172)
(80%)/4 related single cell obnormalities
2033 BM direct, 24 h 17 24 46,XX:45,X, — X, — 12, - 16,del(3)}g21), de!
(5)(q13g33),i(21q), + 2mor
2034 BM 24-h MTX 20 100 47 XX, +8
2035 BM 24-h MIX 26 77 46,XY/46,XY, =7, + del(1)(p32) (12%)/47 XY,
+del(1) (31%)/49 XY, + 8, +9, +del(1)
(19%)/50,XY, same, T 15 (8%)
2036 BC 24 h 2 100 46,XY/47 XY, =5, — 12, —15,del(2)(g33),del
PB 24 h 2 50 (7)X(q22q35),del(19)q12), —del(19).£(12;15)
(12q15q), + 2r (25%)/49,XY, — 5,del(2),
del(7), +mor, + 3r, = Idmin (25%)
45,XY, =5, — 12, —15,del(2),del(7),
del(19),4(12;15), + r (25%)
2037 BM 48-h MTX 26 73 46,XY 46,XY,del(5)(q13q320rq33) (60%)/
45,XY, — 1, — 13, — 18, + del(1)(q1?1), + dic
(1:4)(cen or pl11;p16),del(2)(q23936)
2038 PB 24 h, 24-h MTX 13 100 45,XX, -5, - 13, — 15, + {13q15q), — marl
(31%)/45 XX, =5, — 13, — 15, + {{13q15q),
“mar2 {15%)/7 single cell abnormalities,
same, ~ 1 —3mar
2039 BM 24 h, 48-h MTX 19 15 46,XY:46,XY, =7, + der(1)t(L;7)(p 11;p 11)
2040 BC 24 h 30 100 46,XX, -7,4(21;?Xq22;?), +mar
2041 BM 24 h 72h 56 93 46,XX:46,XX,115;17)(q22:92 1)
2042 PB 24 h 23 96 46, XX/45 XX, =7
2043 BC 24 h 17 76 46,XY/43,XY, - 7,- 17, — 18, — 19,
1(6:10)(p25;922),del(9)(q12),
inv(11)(p 15913).1(16:?)p 1?1.7),
= der(191(17,19)q13;q21) (65% )/
44, XY, =7, — 17, —19,inv(1 1),
—der(19),1(20;?)(q13;?).del(10)(p13) (12%)
2044 BM 24 h 18 68 46,XX/45,XX, — 7 (52%)/45,XX, — 7, del
(5)q15q31) (16%)
2045 BM, PB 48-h MIX 22 91 46,XY/45,XY, —7 (82%)/45 XY,
—7.del(5)(q23q32) (9%)
2046 BM 24 h, 48-h MTX 25 68 46,XY/48,XY, —4,~7, — 14, — 16,
- der(4)1(4;14)(q31;ql 1).del(5)(q134q33),
HP:?)(p24;7),del(12)(p12p13),1(21,7)
(922;?), +marl =5 (36%)/47 XY, —3,same
(16%)/47 ,XY,same, + mar2 -5
2047 BM direct 34 100 48 XX, « 1, + 11,del(5)q13q33)
2048 BM 48-h MIX 14 100 46,XY,4(3;4)(q280rq29;92 lorq22),del(5)
(92332),del(9)(q272)
2049 BM 24 h 18 100 47, XX, — 7, — 18,del(4)(q22931),
del(5)(q22q32),del(9)(q13),del(2 1)(q22)
(83%)/43,XX,same, — 21 (17%)
2050 PB 24 h, 48-h MTX 20 95 46,XY:45,XY, =7
2051 Bm 24 h, 48-h MTX 22 100 45, XY, -7
2052 BM 24 h 23 100 45, XX, ~7,-10,-17,-20,-20, +8,

del(5)(q14g34), « der(10)t(10;17)(q22:
p123).412;?)(p11;?), + der(20)¢(7;20)(p13;

o p1?23), + marl (57%)46,XX, -7, — 10, - 17,
- 20, —20, + 8,del(5), +der(10),4(12;?),
= der(20), +~ mar2, ~ mor3 (22%)/5 related
single cell abnormalities
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Table 6. Results of Cytogenetic Analysis of 63 Patients With Therapy-Related MDS or ANLL (Cont'd)

No. of

Meta-

Patient phase
No. Specimen Method* Cells

Per-
centage .
Abnormal Karyotype

2053 BM 24 h, 48-h MTX 20

2054 BM 24 h, 48-h MIX 22

2055 BM 48-h MTX 20

2057 PB 48-h MTX 22

2058 BC 24 h 18

2059 BM 24 h, 48-h MTX 21
2060 BM 24 h, 48-h MIX 21

2061 BM 24 h 20

2062 BC 24 h 19

2063 24 h 28

BC
PB 24 h, 48-h MTX
BM

2044 24 h 21

80 46, XX/44, XX, — 7, — 18 (25%)/44,XX, - 7, — 20,
del(5)(q12q31) (55%)
91 46,XY/46,XY,del(5)(q13q34) (9%)/45,
XY, — 6,— 15, — 17,+ 8, + der(171%(6:?.17)
{q13;?:p13),del(5) (23%)/46,XY,same, + mor
80 46, XX/44, XX, =3, —17, - 18, — 22,del(5)
(q12g31), +der(12)4(12;12)(p1 1:
q21), > der(16)1(16,22)(q24:q13),
+ der(17)t(3:17)(q1 1:p13) (35%)/45,XX,
same, +mar (45%)
95 46,XY/47 XY, +8,415:17)q22:q21)
{55%)/46,XY, —21, —21,+8,1(15;
17), +der(21)121;21)(p11:q11 or cen;cen)
(45%)
100 45,XX, -5, — 12, + 8,4(4 ;8)(q374,q2?2),dic(4.;
12)(p14:q13),1(18;2)(p1177) (39%)/45,XX,
some, — 6 ,+ der(6)1(6;11)p22:q13) (61%)
90 46,XY/45 XY, -7
100 47,XY,5(19:7)(g13;?), + mar]
(19%)/46,XY, ~7.3(19,2),4(12)
(q25;7),del(11)(p13), t mar2 (43%)/44,
XY, = 7,=27,519:2),4(11:?),del
(11) (19%)/46,XY, = 7,1(19:2),4(1]?),
del(1)), T mar3 (10%)/2 related single
cell abnormalities
90 46,XY/46,XY, —16,del(4)(q21g31),del(5)
(Q15q31).%(18:19)(p23:p13),49:17; 13)
(q22:p137q174),5(14,%)(p13,7), 1(21:21)
(plerpl2;q21), + marl (40%)/45 XY, — 17,
some (20% )/45,XY, — 17, same, + f(10%)/
45,XY, =10, —17,same, ~ mar2/2related
single cell abnormalities
100 45,XY, — 21, - 21,4{ 1;6)(q25:913),
del(7)(922932 orql1g22),del(9)(q13922),
+marl (47%)/45,XY, —21, - 21,1(1,8),
del(7),del(9), +der(21)4(21,21)(p12:911),
del(5)(q13q33) (37%)/3 reloted single
cell abnormalities
0 46, XX

90 46,XY/45XY, —7,(85%)/45,
XY, —7,del(6)(q21924) (5%)

chromosomes no. 13 and 14.

patients) or because multiple clones showing
evolution were identified in the initial sample
(five patients). In six of the eight patients, the
abnormality of chromosome no. 7 occurred first.

Clonal abnormalities not involving chromo-

.

Abbreviations: BM, bone marrow; PB, peripheral blood; BC, bone morrow biopsy.

*Direct refersto direct preporations; 24 h and 48 hrefer to cells cultured for 24 or 48 hours; 48-h MTX refersto cells cultured
for 48 hours with phytohemagglutinin~leukocyte-conditioned medium and synchronized with methotrexate.

{Patient no. 2022 had a constitutional chromosomal abnormality consisting of o Robertsonion translocation between

somes no. 5or 7 were noted in only six patients.
Two of these (patients no. 2041 and 2057) had a
t(15:17)(g22:q21) and the characteristic morpho-
logic features of acute promyelocytic leukemia."*
Patients no. 20 12 and 2034 each had only a gain
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Fig 1. Distribution of the gain and loss of whole
chromosomes from the 61 patients with t-MDS or t-
ANLL who had clonal abnormalities.

of no. 8. Patient no. 2057 had both at( 15:17)and
a gain of no. 8. Various structural rearrange-
ments were noted in the remaining two cases
(patients no. 2003 and 2013).

The frequencies of gain or loss of a whole
chromosome and of structural rearrangements
are illustrated in Figs 1and 2. With the esception
of a gain of no. 8 that was noted in ten patients. a

18—
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12 34 %46 7 B 3101112 1314 516 1718 9202.22 X ¥
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Fig 2. Distribution of the involvement of individ-
ual chromosomes in structural rearrangements from
the 61 patients with t-MDS or t-ANtL who had clonal
abnormalities.
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pain of other chromosomes was infrequent. A
gain of chromosomes no. 5 or 7 was never seen:
however. among patients whose karyotypes
shoned chromosome loss. monosomy for these
two chromosomes was observed most frequent-
ly. Losses of nos. 12, 16, and 18 were the next
most frequent. being observed in five patients
each. Chromosomes no. 3. 5. 7. 10. 12. 13. 13.
16. 17.22. and Y were never gained. and no. |,
2.9.11. 19.and Y were never noted amang the
losses. Of the siructural rearrangements ob-
served (Fig 2), a deletion of 5q was noted in 17
patients. and translocations involving no. 17
were seen in | 3 patients. Of the 13translocations
of no. 17. six involved a breakpoint at band p13.
and three. a breakpoint at band q21. Rearrange-
ments of chromosomes no. 10, {3, 16. 18. 20.
22. X. and Y were seldom observed.

Comparison of the Frequency of Chromosomal
Abnormalities in t-ANLL and ANLL De Novo

To determine whether the frequency and types
of abnormalities observed in patients with t-
MDS and t-ANLL differed from those observed
in our own concurrent series of 140 patients with
ANLL de novo (79 of whom [56%] had an ab-
normal karyotype). we compared the number of
anomalies of each chromosome in the two groups
of patients by using Fisher's exact test.?" The
frequency of alterations of seven chromosomes.
namelyv. no. 1.4,5.7.12. 14, and 18. was found
to differ significantly (P < .05) between these
groups of patients. In each case, abnormalities of
these chromosomes occurred more frequently in
patients with therapy-related disease (Fig 3). As
expected, the greatest differences were found for
chromosomes no. 5 and 7. Twenty-eight of the
140 patients (20%) with ANLL de novo had ab-
normalities of nos. 5 and/or 7, as compared with
55 of 63 (87%)patients with therapy-related dis-
ease. Moreover. only 22 of the patients with
ANLL de novo ( 16%) had losses of the long ami
or of the entire chromosome no. 5 or 7, whereas
these aberrations occurred in all of the 55 patients
with therapy-related disease. The frequency of
patients with clonal abnormalities involving both
nos. 5and 7 floss or deletion of the long arm)was
much higher in t-MDS/t-ANLL (17 of 63. 27%)
than in ANLL de novo (five of 140, 4%). The
frequehcy of abnormalities of chromosomes no.
5and 7 in MDS arising de novo is even lower
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Fig 3. Comparison of the frequency of involve-
ment of specific chromosomes in our patients with
ANLL de novo and in those with t-MDS or t-ANLL.

than that seen in patients with ANLL de novo.
and thus it is markedly lower than that observed
in patients with t-MDS. Of 49 patients with MDS
de novo who were evaluated at our institution. 20
(41%) had clonal chromosomal abnormalities,
and only six of these patients (12%) had aberra-
tions involving no. 5 or 7.7* Moreover. two of the
six patients had a history of occupational expo-
sure to potential mutagens.

The presence of an abnormality of chromo-
somes no. 1,4, 12. 14, or 18int-ANLL was not
invariably independent of abnormalities of nos. 5
and/or 7. Specifically. most patients with ther-
apy-related disease who had a rearrangement of
chromosome no. 4 also had an abnormality of
nos. 5 and/or 7 (P = .04). and all 14 patients
with an abnormality of no. 12 also had rearrange-
ments of no. 5 and/or 7(P = .014). In contrast,
the occurvence of an abnormality of chromo-
somes no. 1. 14, or 18 was not associated with
the presence of aberrations of nos. 5 and/or 7.
The nature of the abnormalities of nos. 1. 4. 12,
14, and 18 was similar for the patients with ther-
apy-related disease and those with ANLL de
novo. with chromosome loss and translocations
accounting for most of the aberrations.

Delerions & Chromosomes tio. 5 and 7 and the
Critical Regions

We have used the karyotypes showing loss of
only part of 5g or 7q to define more precisely the
location of genes involved in the pathogenesis of

LE BEAU ET AL

t-MDS/t-ANLL. Seventeen patients were found
to have a del(5q). which in every case was inter-
stitial rather than terminal. In interstitial dele-
tions, two breaks occur in the long arm, and the
intermediate segment is lost. By comparing the
chromosomal breakpoints in these patients, one
can identify the smallest region that is consistent-
ly deleted, ie. the critical region. The break-
points and the segments that were deleted are
illustrated in Fig 4. In most of the patients, the
proximal breakpoint was in bands q!1 to ql3,
and the distal breakpoint was in band 33 or q34;
the critical region consisted of bands 23 to q32.
A similar analysis for the critical region of 7q
was not possible because only four patients in our
series had a del(7q).

Relationship d Clinical Characteristics to
Chromosomal Abnormalities
Analysis of the involvement of specific chro-

mosomes among male and female patients re-
vealed no significant associations with sex, nor

5
4
3
2
1
1
2
3
4
5

Fig 4. Diagram of the banding pattern of chromo-
some no. 5 illustrating the chromosomal breakpoints
and deletions in 17 patients, Each vertical bar repre-
sents the region that was deleted; the numbersabove
the lines indicate the number of patients with this
deletion. The dashed horizontal lines indicate the
critical region, ie, the smallest overlapping region
that was deleted in each of the patients.
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Table 7.
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Primary Disease, Primary Therapy, and Chromosome Abnormality

Chromosome Abnormality (n = 61)

Other
Abnor- Abnor-
Abnor- Abnor- mality mality,
mality mality of Nos. Not No.  Normal
of No. 5 of No. 7 5and7 507 (n=2)
Primary disease
Lymphoma 4 11 14 (7) 3 1
Other hematologic
malignant disease 2 (1) 3 1 0 0
Solid tumor 8 (7) a 2(2 3 0
Renal transplant 0 2 0 0 1
Primary therapy
Chemotherapy only 6 (2) 8 4 (3) 2 2
Radiation only 5 (5} 2 2 2 0
Both modalities 3 (N 14 11 (6) 2 0
Total 14 (8) 24 17.(9) 6 2

NOTE: Number in parentheses designates number of patients with a deletion of no. 5.

were there significant associations with patient
age. The types of chromosomal abnormalities
are shown in Table 7 with the various primary
diseases and prima?-therapy categories. There
were statistically significant differences in the
distribution of abnormalities of no. 5 or 7 or both
of these chromosomes based upon the primary
disease. Specifically, of the 17 patients with ab-
normalities of both nos. 5 and 7. 15 (88%) had
previously had a hematologic malignant disease
(P = .035). Sixteen of the 21 (76%) patients
whose initial disease was a solid tumor had an
abnormality of either chromosome no. 5or 7. but
not both. whereas 14 of the 33 (42%) patients
whose primary disease was lymphoma had an
abnormal clone involving both nos. 5 and 7.
When only patients with a del(5q) were consid-
ered, this rearrangement was observed more fre-
quently in patients whose initial disease had been
a solid tumor than in patients with a hematologic
Primary disease. Thus, of ten patients with prior
carcinomaand an abnormality of no. 5. nine had
adel(5q) and one had a —5. whereas only eight
of 2| patients with a prior hematologic malignant
disease and an abnormality of no. 5 had a dele-
tion (P = .02).

There were no significant associations be-
tween primary-therapy subgroups and chromo-
somal abnormalities. although aberrations of
chromosome no. 7 were seen somewhat more
frequently in parients who had received chemo-

therapy or both modalities than in those who had
received radiotherapy (lowersection of Table 7).
The type of initial therapy was not associated
with the subsequent occurrence of abnormalities
of no. 5. nor with the nature of the abnormality
(lossv deletion). The intervals between the start
of therapy for the primary disease and the subse-
quent development of bone marrow dysfunction
were similar when patients were grouped accord-
ing to the type of chromosomal abnormality (me-
dian. no. 5 only, 56 months: no. 7 only, 63
months; both no. 5 and no. 7, 48 months: other
abnormalities, 44 months).

The clinical aspects of the secondary disorder
were also analyzed with respect to the type of
chromosomal abnormality observed (Table 8).
Aberrations of no. 5, or 7, or both, were more
often associated with the presence of t-MDS.
with or without subsequent t-ANLL, than with t-
ANLL alone (P = .03). Moreover, abnormali-
ties of no. 5 were associated more commonly
with t-MDS than with t-ANLL (P = .02). The
eight patients with a normal karyotype or with
aberrations of chromosomes other than nos. 5
and 7 were more likely than the rest to have acute
leukemia as opposed to t-MDS with or without
leukemia (P = .03): four of the six patients with
other abnormalities already had leukemia at ini-
tial diagnosis. The two patients with a
%15:171q22:q2 1) had the characteristic clinical
and morphologic features of acute promyelocytic
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Table 8. Secondary Bone Marrow Disorder and Chromosome Abnormalities

Chromosome Abnormalities (n = 61)

Other
Abnormality ~ Abnormality

Abnormality ~ Abnormality of Nos. Not No.

Secondary Disorder of No. 5 of No. 7 5and 7 50r 7
t-MDS only 9 5 4 0
t-MDS—t-ANLL 3 12 12 2
t-ANLL only 2 7 1 4
Total 14 24 17 6

leukemia de novo and may reflect the develop-
ment of acute leukemia unrelated to their prior
cytotoxic therapies.

Of the five patients who had a complete re-
sponse to remission induction therapy for leuke-
mia. two had an abnormality of no. 7 only, one
had a - 7 plus additional complex changes, one
had a 8. and the remaining patient had a + 8
and a t(15:17%q22:921). The two patients with
normal karyotypes were not treated. None of the
18 treated patients with an abnormality of no. 5
had a complete remission. The median survival
from the time of onset of bone marrow dysfunc-
tion did not differ among the 61 patients with the
various chromosomal abnormalities (no. 5, 6
months; no. 7.9 months: nos. 3 and 7.6 months:
other chromosomes. 10 months).

When patients were grouped according to the
complexity of their karyotype (abnormality of
nos. 5 andior 7 alone. or with additional rear-
rangements) and according to the total number of
abnormalities. there were no significant differ-
ences in the type of primary disease. the type of
initial therapy, the clinical course of the secon-
dary disorder. or the survival time. Patients in
whom both normal and abnormal (AN) meta-
phase cells were present at diagnosis did not have
asignificantly longer median survival (9 months)
than did patients who had only abnormal (AA)
metaphase cells (6 months. P = .68). The clini-
cal characteristics and disease course of patients
with ubnormalities of chromosomes no. 1. 4. 12,
14. or 18(the remaining chromosomes involved
more frequently in therapy-related leukemiathan
in ANLL de novo) did not differ from those of
patients with other abnormalities or with a nor-
mal karyotype. Two unexpected correlations of
clinical interest were noted. however. First, 13
of the 16 patients with an abnormality of no. 8

]

had received chemotherapy as the primary treat-
ment. either alone (ten patients) or together with
radiotherapy (3 patients). Of the ten patients with
a +8. only a single patient (no. 2057) had re-
ceived radiotherapy alone. Second. the 13 pa-
tients who had an abnormality of chromosome 21
had a shorter median survival from the time of
initial bone marrow dysfunction (5 months) than
did the patients without an aberration of this
chromosome (9 months. P = .02).

DISCUSSION

In this study. we have confirmed our earlier
observations as well as those of other investiga-
tors that a secondary MDS is often the initial
disorder seen in patients in whom therapy-related
ANLL develops.**"¢!" Our data confirm that t-
MDS/t-ANLL (ie, either alone or in sequence) is
a distinctive therapy-related hematopoietic disor-
der that is characterized by the presence of recur-
ring clonal abnormalities of chromosomes 5 and
7. This bone marrow disorder is not part of the
natural history of any of the primary diseases for
which these patients were treated.

We have observed t-MDS and/or t-ANLL both
in patients receiving treatment either with a sin-
gle modality (radiotherapy or chemotherapy) and
in those receiving combined or sequential treat-
ment with these modalities. We want to empha-
size that patients who had received radiotherapy
alone. particularly to the pelvic area. shared an
increased risk for developing leukemia because
other investigators have suggested that t-ANLL
does not occur in such patients.""."" Similarto our
findings. the data of Greene et al indicated that
the volume of irradiated marrow may be related
to this late complication.""

Among our 21 patients who had received che-
motherapy alone, all but one had undergone pro-
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longed treatment with alkylating agents. Our
data, therefore, confirm the high leukemogenic
potential of long-term alkylating agent ther-
apy *'11s For example. none of our patients de-
veloped therapy-related bone marrow dysfunc-
tion after receiving only a standard 6-month
course of MOPP. Our study included a single
patient who had received only an antimetabolite
drug. 5-FU. orally for 5 years. Our patients who
received both radiotherapy and chemotherapy
were a heterogeneous group. Sixteen received
combined-modality therapy concurrently as ini-
tial treatment. whereas the other 5 received se-
quential courses of the two modalities, in several
cases on multiple occasions. We were unable to
show an association between the type of primary
therapy and the interval between initial treatment
and the onset of bone marrow dysfunction. Thus.
the latency period may depend primarily on the
intensity of mutapenic damage and on the time
required for clonal expansion and not on the pre-
cise modality that inflicts the damage. The influ-
ence of possible genetic predisposition is un-
known.

Among our 37 most recent patients. there was
a striking increase in the number of patients with
solid tumors and a decrease in the number of
those with Hodgkin's disease compared with the
relative frequency among our 26 previously pub-
lished cases. There are two possible reasons for
this observation. The first is the growing recog-
nition of the late complications of intensive cyto-
toxic therapy and. thus, the more judicious use of
such treatment for patients with Hodgkin's dis-
ease. The second is the success of recent thera-
peutic trials with solid tumors. which has result-
ed in longer survival of these patients.

Our data do not allow us to draw any conclu-
sions regarding optimal treatment for patients
with therapy-related bone marrow dysfunction.
No consistent treatment approach was taken with
the patients in our series because the treatments
were given at several institutions over a 12-year
period. Recently. both intensive chemotherapy
and bone marrow transplantation have been
shown to be useful in such patients. !>

Among out five patients who attained a com-
plete remission. only one had had a myvelodys-
plastic preleukemic phase. and none of the five
had an abnormality of chromosome no. 5. Some
authors have suggested that patients receiving a
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single primary treatment modality have a lower
incidence of abnormalities of nos. 5 and/or 7 as
well as a better response of their leukemia to
subsequent therapy for remission induction.? In
general. leukemia patients with abnormalities of
nos. 5 and/or 7 do very poorly."." In our series,
87% of all patients had abnormalities of nos. 5
and’/or 7. including a number who had initially
received only single-modality treatment.

The nonrandom involvement of chromosomes
no. 5and 7 in t-ANLL was first recognized by
Rowley etal ( 1977)and was confirmed in several
subsequent investigations.**!*-3*-3" |n the present
study. 55 of 61 (90%) patients with karyotypic
aberrations had an abnormality of one or both of
these chromosomes. Moreover, we have identi-
fied several additional chromosomes that may be
preferentially involved in aberrations in this ther-
apy-related disorder. namely. nos. 1. 4, 12, 14,
and 18.

The frequency of t-ANLL patients with abnor-
mal karyotypes and with aberrations of nos. 5
and 7 has varied among different studies, some
of which were based on nonbanded chromosome
preparations. Pedersen-Bjergaard et al reported
on an updated series of 55 patients?'; of 39 pa-
tients studied with banding techniques, 31 (79%)
had clonal abnormalities, and 27 (69%) had ab-
normalities of chromosomes no. 5 and/or 7. The
frequency of abnormalities of chromosomes no.
5and/or 7 was somewhat lower (35%) among 20
patients reported by Sandberg et al.*! They noted
the frequent involvement of two other chromo-
somes. namely, nos. 3 (fourcases) and 17 (five
cases). and they suggested that these two chro-
mosomes are also preferentially involved in
chromosomal abnormalities in t-ANLL. In addi-
tion, these authors have identified 206 previous-
ly reported cases of t-ANLL in which cytogenet-
ic analyses were described." Chromosome no. 7
was abnormal in 60 cases (29%). no. 5 in 38
{(19%), no. 17 in 34 (17%), no. 3 in 24 (12%),
no. 21 in 21 (10%), and no. 8 in 19 cases (9%).
Our data have not confirmed their suggestion that
nos. 3 and 17 are preferentially involved in t-
ANLL. In our series, ten patients had abnormali-
ties of no. 3, and 15 had clonal rearrangements of
no. 17. When we compared the frequency of
involvement of each chromosome in patients
with t-ANLL with that noted in our concurrent
series of patients with XNLL de novo.??we de-
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termined that the frequency of involvement of
no. 3(P = .14) or of no. 17 (P = .88) did not
differ between these two groups of patients.

Recently. Arthur and Bloomfield suggested
that abnormalities of nos. 5 and 7 may be related
to a particular form of therapy administered for
the primary disease.’® These authors proposed
that abnormalities of nos. 5 and/or 7 may be
particularly frequent in patients who initially re-
ceived combination Chemotherapy. with or with-
out radiotherapy. and that patients who received
less intensive therapy were more likely to have
abnormalities characteristic of ANLL de novo.
In their series of 20 patients with t-ANLL. nine
had been treated less heavily: overall. ten of 19
(53%) patients with abnormal karvotypes and
only two of the nine with less therapy had abnor-
malities of no. 5 or no. 7. In contrast. the eight
patients in our series who had normal karyotypes
or other abnormalities had not received less in-
tensive primary therapy than had the 33 patients
with abnormalities of nos. 3 and. or 7. Moreover.
nos. 5 andsor 7 were abnormal in 18 of the 21
(86%) patients who had initially been treated
with chemotherapy alone and in nine of the 11
(82%) patients who had initially been treared
with radiotherapy alone.

Our present findingsas well as our observation
that abnormalities of nos. 5 and 7 occur frequent-
ly in patients with XNLL de novo who had sig-
nificant occupational exposure have led us to
believe that aberrations involving these chromo-
somes niay be indicators of mutagen-induced
malignant disease.**** This association. first not-
ed by Mitelman et al and confirmed by Golomb
et al and later by the Fourth Workshop. was
based on a correlation between the occupation of
adult patients with ANLL de novo and the karyo-
type of the leukemic cells.™ =**" The early find-
ings on this association have been summarized
by Golomb et al.-* Of 236 patients. 68 (29%)
were classified as having a history of significant
exposure to chemicals. petroleum solvents. pes-
ticides. or industrial metals. The frequency of
abnormal karyotypes was higher in the exposed
(51 of 68. 75%) than in the nonexposed patients
(600f 168.36%). More importantly. abnormali-
ties of chromosomes no. 5 andor 7 were ob-
served in 37% of the exposed patients and in only
12% of the nonevposed patients.:" **

Recent evidence suggests that proto-onco-
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genes. the cellular homologues of the transform-
ing sequences of retroviruses. may play a role in
human tumorigenesis. Several proto-oncogenes
have been mapped to chromosome regions that
are the breakpoints in the specific chromosomal
rearrangements in hematologic malignant dis-
eases. In at least one human tumor. Burkitt's
lymphoma. transcriptional deregulation of a
proto-oncogene (c-myc) occurs as the result of a
chromosomal translocation, t(8;14)(g24:q32). In
a second case. c-ab! is consistently translocated
from the distal long arm of chromosome no. 9 to
the long arm of chromosome no. 22. resulting in
the Philadelphia chromosome that is characteris-
tic of chronic myelogenous leukemia. As a con-
sequence of this rearrangement. transcription of
the fused c-ab/ and bcr (on no. 22) genes results
in a larger mRNA™* and therefore a larger pro-
tein. $Moreover, this altered protein has tyrosine
kinase activity."

Since abnormalities of nos. 5 and 7 are charac-
teristic of --MDS/t-ANLL. it is appropriate to
consider genes that are present on these chromo-
somes and their potential role in leukemogene-
sis. In this regard. analysis of the deleted seg-
ments of chromosome no. 5 has enabled us to
identify the critical region (bands 5923 to q32)
that is likely to contain the genes whose altered
function may result in neoplasia. The results of a
similar analysis of the critical region on 7q have
been more uncertain because only four patients
in this series had a del(7q) and it has been diffi-
cult to determine the precise breakpoints. How-
ever. if we consider the deletions observed in 3
additional patients with t-MDS or t-ANLL ascer-
tained subsequent to the preparation of this
manuscript. the critical region of no. 7 appears to
be either in bands 7q32 to g33 or in bands 7¢34 to
q3s.

Two proto-oncogenes (one of which codes for
the receptor of a hematopoietic growth factor),
one transforming sequence. and one gene encod-
ing a growth factor have been localized to chro-
mosome no. 5 or 7. C-fins (McDonough feline
sarcoma virus) has been mapped to 5q34. a band
that is just below the distal break point on the
deleted chromosome"®; the protein encoded by
this gene has recently been shown to have sub-
stantial homology with macrophage colony—
stimulating factor (CSF-1).** The proto-onco-
gene c-erb B (avian erythroblastosis virus) and




CLINICAUCYTOGENETIC FEATURES OF tANLL

the transforming sequence met are located on no.
7. The former gene has recently been shown to
code for a protein that is a truncated form of the
receptor for epidermal growth factor.”? C-erb B
has been localized to 7p or proximal 7g* and.
therefore. appears to be at some distance from
the deletion of no. 7 in t-MDS.t-ANLL. Met has
been localized to 7q22 (M.M. Le Beau. unpub-
lished observations) and. thus. is closer than c-
erb B to the critical region on no. 7. The growth
factor gene. GM-CSF. has recently been mapped
to the critical region on no. 5.* Other noteworthy
genes on no. 5 are the glucocorticoid receptor
(5q15 to qter) and the B-adrenergic receptor (5
centromere to q22), both of which are known to
influence cell division in specific cell types.*

How are abnormalities of nos. 5 and‘or 7 relat-
ed to a potential role for oncogenes in leukemo-
genesis'?At present. it is unknown whether c-erb
B or met are involved in the pathogenesis of t-
MDS:t-ANLL; however. data obtained recently
suggest that ¢-fins (CSF-I receptor) and GM-
CSF may be relevant genes in this disease. There
are several mechanisms by which chromosomal
abnormalities might influence the function of
growth factors or their receptors and. thus. lead
to malignant transformation. Loss of a whole
chromosome or part of a chromosome (deletion)
rnay result in the loss of certain genes that regu-
late cell growth. Alternatively. loss of genetic
material (which occurs both in cells with dele-
tions or with loss of a whole chromosome) may
allow expression of a recessive mutant gene on
the homologous chromosome, as is currently
proposed for retinoblastoma and Wilms' tu-
mor.*

As mentioned above. ¢-fins was previously
mapped to band 34 of chromosome 5: recent
data, however, suggest that this gene may be
more proximal. That is, by fusing human bone
marrow cells from two patients with a del(5q)
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with rodent cells. Nienhuis et al found that c-fins
was within the deleted segment of chromosome
no. 5*: the distal breakpoint on chromosome &
was thought to be proximal to band g34. By
using in situ chromosomal hybridization. Le
Besu et al have localized the ¢c-fins gene to band
g33: GM-CSF has been localized to 5923 to
5q31.7 Both of these genes are deleted in several
patients with a del(5q).* As noted earlier. the c-
fms gene encodes the receptor for CSF- 1. Thus,
the products of both the CSF-1 and GM-CSF
genes play an integral role in the proliferation
and differentiation of cells of the mononuclear
phagocytic lineage."" The variability in the break
points in the interstitial deletions of chromosome
5 observed in patients with t-ANLL suggests that
the juxtaposition of identical gene sequencer. an
event that niay occur as a result of rearrange-
ments such as translocations. is not a consistent
genetic consequence of these chromosomal ab-
normalities. Therefore, a more likely mechanism
is that previously outlined. namely, the loss of
critical gene(s) resulting from whole chromo-
some loss or a deletion and the expression of a
mutant allele on the remaining chromosome.

A's physicians. we have the primary responsi-
bility to reduce the incidence of this essentially
fatal complication; as scientists, we should use
the information provided by studies on these pa-
tient:, to advance our understanding of the critical
genes and of the mechanisms involved in muta-
gen-induced leukemia. The insights obtained in
this system will be of great value in elucidating
the carcinogenic process in general.
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