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Background: Therapy-related myeloid neoplasms (t-MN) occur as late complications of
cytotoxic therapy. This study reviewed clinical and cytogenetic characteristics of patients
with t-MN at a single institution in Korea.

Methods: The study subjects included 39 consecutive patients diagnosed with t-MN.
Each subject’s clinical history of previous diseases, treatments, and laboratory data was
reviewed, including cytogenetics. The primary diagnosis was hematologic malignancy in
14 patients and solid tumor in 25 patients.

Results: Therapy-related acute myeloid leukemia (t-AML, 66.7%) was found to be more
common than therapy-related myelodysplastic syndrome (t-MDS). Primary hematologic
malignancies that were commonly implicated included mature B-cell neoplasm and acute
leukemia. Breast cancer was the most common primary solid tumor. The mean time inter-
val from cytotoxic therapy initiation to t-MN detection was 49 months. Chromosomal aber-
rations were observed in 35 patients, and loss of chromosome 5, 7, or both accounted for
41% of all cases. Balanced rearrangements occurred in 13 patients; these patients showed
shorter latency intervals (mean, 38 months) than patients with loss of chromosome 5 or 7
(mean, 61 months).

Conclusions: In this study, we determined the clinical and cytogenetic characteristics of
Korean patients with t-MN. Although our results were generally consistent with those of
previous reports, we found that t-MN resulting from de novo leukemia was common and
that t-AML was more common than t-MDS at presentation. Multi-institutional studies in-
volving a larger number of patients and additional parameters are required to investigate
the epidemiology, genetic predisposition, and survival rate of t-MN in Korea.
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INTRODUCTION

In 2008, the WHO introduced the diagnostic entity of therapy-re-
lated myeloid neoplasms (t-MN) to include therapy-related acute
myeloid leukemia (t-AML), myelodysplastic syndromes (t-MDS),
and myelodysplastic/myeloproliferative neoplasms (t-MDS/MPN)
[1]. t-MN occurs as a late complication of cytotoxic chemother-
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apy (CT) and/or radiation therapy administered for a previous
neoplastic or non-neoplastic disorder [2-5]. Recently, the inci-
dence of t-MN was shown to be increasing worldwide, due to
improved survival rates following treatment of primary malignan-
cies [6].

The latency between primary diagnosis and therapy-related
disease ranges from several months to several years and may
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depend on the cumulative dose or dose intensity preceding cy-
totoxic therapy as well as on exposure to specific agents [7, 8].
The clinical course is typically progressive and relatively resis-
tant to conventional therapies used for de novo leukemia [5, 9,
10]. More than 90% of patients with t-MDS/t-AML have an ab-
normal karyotype, and cytogenetic abnormalities often correlate
with the latent period between initial therapy and onset of the
leukemic disorder, as well as with previous cytotoxic therapy [4,
11, 12]. Previous studies have shown that t-MN associated with
exposure to alkylating agents and/or radiation is associated with
a long latency period, t-MDS on presentation, and unbalanced
loss of genetic material, often involving chromosome 5, 7, or
both. In contrast, most patients treated with topoisomerase 2 in-
hibitors showed t-MN development associated with a short la-
tent period, t-AML on presentation, and balanced chromosomal
translocations [3, 4, 12, 13].

Although the data and knowledge of t-MN are increasing,
studies on t-MN have been limited in Korea. In this study, we
have analyzed the clinical and cytogenetic characteristics of
consecutive patients diagnosed with t-MN at a single institution
in Korea.

METHODS

A total of 39 patients were diagnosed with t-MN (t-AML or t-MDS)
between January 2005 and February 2011 at the Samsung Medi-
cal Center, a tertiary referral hospital in Seoul, Korea. In accor-
dance with the WHO 2008 classification system, t-MN diagnosis
was based on the patients’ clinical history of antecedent treat-
ment for primary malignancy as well as hematological findings
[1]. Patients were classified as having t-MDS if the percentage of
blasts in the marrow was less than 20%, whereas, t-AML was di-
agnosed if the percentage was 20% or greater. Conventional cy-
togenetic studies were performed on bone marrow aspirate sam-
ples using the standard G-banding techniques. Chromosomal
abnormalities have been described by the International System
for Human Cytogenetic Nomenclature [14].

We reviewed the medical records of study patients to charac-
terize clinical and pathologic findings, including initial diagnosis
with stage, age at diagnosis of t-MN, sex, primary cancer treat-
ment, latency period, complete response (CR) duration, com-
plete blood count (CBC) at diagnosis of t-MN, percentage of
bone marrow blasts, and bone marrow cytogenetic findings.
The latency interval was defined as the time period between the
first cytotoxic therapy and first bone marrow examination exhib-
iting t-MN. CR duration was defined as the time period between
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CR of the primary cancer and the first bone marrow examina-
tion exhibiting t-MN.

Treatments administered to patients after t-MN development
were individualized and variable, ranging from supportive care
to intensive CT and/or bone marrow transplantation. CT agents
were classified according to the mechanism of action and in-
cluded alkylating agents, topoisomerase 2 inhibitors, antimetab-
olites, and antitubulin agents [1]. This study was approved by
the Institutional Review Board of Samsung Medical Center.

RESULTS

1. Primary diagnosis and treatment history
The clinical characteristics of the 39 Korean patients with t-MN
examined in this study are summarized in Tables 1 and 2. There
were 19 male and 20 female patients with a mean age of 46 yr
(range, 2-79 yr). Of them, 31 patients were adults and 8 were
pediatric patients; 59% were aged older than 50 yr.

The primary diagnosis and primary cytotoxic therapy methods
are summarized in Table 3. Fourteen (35.9%) patients showed
primary hematologic malignancy, with mature B-cell neoplasm
as the most common type (6 patients [15.4%]). Five patients
had acute leukemia (AML, 3 patients [7.7%]; ALL, 2 patients
[5.1%]) as the primary malignancy. Diagnosis of t-MN from de
novo AML or MDS was based on clonal change, loss of the orig-
inal clone, and presence of a new clone as well as on cytoge-
netic and molecular studies showing morphological alteration
(Fig. 1) [15]. Table 1 summarizes the cytogenetic alterations of 4
patients with primary AML or MDS. Twenty-five (64.1%) patients
had a solid tumor, with breast cancer being the most common
type (9 patients, 23.1%).

Primary cytotoxic therapy consisted of CT, radiotherapy (RT),
or both. A total of 24 patients (61.5%) received only CT, while 2
(5.1%) received only RT. Thirteen (33.3%) patients were treated
using both methods, either concurrently (1 patient), sequentially
(9 patients), or separated by several years (2 patients).

2. Clinical presentation

Table 3 summarizes clinical presentations according to the pri-
mary diagnosis and primary cytotoxic therapy. Thirteen (33.3%)
patients were first diagnosed during the t-MDS phase of dis-
ease, and 2 of these cases later progressed to t-AML. A total of
26 (66.7%) patients had overt t-AML at presentation; for 15 of
these patients, data were available regarding regular CBC for
more than 1 yr before t-AML diagnosis. Cytopenia such as ane-
mia, neutropenia, or moderate thrombocytopenia preceded t-
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Table 1. Clinical and cytogenetic features of therapy-related myeloid neoplasms from primary hematologic malignancies

Case Presenta- Primary diagnosis  Therapy for

Latency

CR duration

No. R tion (stage) primary diagnosis  (months)  (months) AMIEREAES
H1 63/M t-AML  DLBCL CT(A T 0) 113 107 42 X,-Y,del(1)(q32),add(2)(q13),-4,add(4)(q31.3),del(5)(q15q33),
add(6)(p25), add(6)(q13),der(7;16)(p10;q10),-8,add(10)(p13),
dup(11)(g23q25),add(13)(p11.1),-16, -17,add(18)(q12),add(20)
(q13.1),+2mar(20]
H2 23M t-AML  HL (IlIB) CT(A T 0) 24 15 46, XY,inv(16)(p13.1q22)[41/47 idem,+21[2]/47 idem,add(20)(p12),
+21[91/46,XY[5]
H3 14/F t-AML  T-LBL (lll) CT(A T 0) 25 NA 46,XX,add(7)(p22),t(11;19)(q23;p13.3)[91/46,XX[11]
H4 14/F t-AML  B-ALL CT(A T 0) 21 19 46 XX t(9;11)(p22;423)[20]
H5 1M t-AML  AML* CT(T,0) 67 66 A5 XY -7[71/46,XY[13]
H6 14/F t-MDS  B-ALL CT(A T 0) 8 7 46,XX[20]
H7 62/M t-MDS  DLBCL (IEA) CT (AT 0),RT 54 No 46,XY,del(5)(q13q33)[141/46,XY[6]
- t-AML — 45 XY,del(5)(q13q33),-7[31/46,XY[7]
- 43 XY,del(5)(q13¢33),-7,psu dic(11;12)(p15:p12),-13,-14,
der(19)add(19)(q13.3) del(19)(p13.2),add(21)(p13),add(21)(p13),
+marf121/43 s1.t(7;11)(q22:q13)[2] /A5,XYt(3;21)(q21;q22),del(5),
-7,-12 +mar{5)/46 XY[1]
H8 73M t-MDS MM (I) CT(A T 0), 78 76 45XY,del(5)(q13q33),inv(6)(p23q12),+8,-13,-18[31/46,XY[8]
auto-PBSCT
H9 20/F t-AML  AML' CT(T,0) 15 13 49 XX,+6,+8,+8,del(12)(p12),add(17)(p11.2)[71/46,XX[13]
HI0  65/M t-MDS  DLBL (llA) CT (AT, 0),RT 92 65 46, XY,+1,der(1;7)(q10;p10)[14]
HI1 ~ 53/M t-AML  AML CT(T,0), 66 65 44 XY del(5)(q14),del(9)(q13q22),-16,-17,add(19)(q13.3)[31/46,
auto-PBSCT XY[22]
H12  47F t-MDS  MDS* CT(T,0), 103 97 46,XX,del(11)(q21q23)[20]
allo-PBSCT
HI13  59/M t-MDS  BL(IEA) CT(ATO0) 34 28 44 XY,del(5)(q13q35),-7,der(11)t(8;11)(q22;q25),der(12;18)
(q10;p10)[31/46,XY[22]
H14  55/M t-AML  MALTL (IVA) CT(A T 0) 108 No 46 XY,t(9;11)(p22;q23)[20]

Bold text indicates t-MNs following treatment of de novo AML or MDS. Primary cytogenetics when diagnosed with de novo AML or MDS: *45 X,-Y,der(8)
1(5;8)(q23;021.3),del(21)(q22); 146,XX,t(15;17)(q22;q21)[141/46,XX[6]; *45,X,-Y,1(8;21)(q22;q22)[141/46,XY[6]; 47 XX,+8[161/46,XX[4].

Abbreviations: CR, complete response; F, female; M, male; t-AML, therapy-related acute myeloid leukemia; t-MDS, therapy-related myelodysplastic syn-
drome; DLBCL, diffuse large B-cell lymphoma; HL, Hodgkin lymphoma; T-LBL, T lymphoblastic lymphoma; B-ALL, B lymphoblastic leukemia; AML, acute
myeloid leukemia; MM, multiple myeloma; MDS, myelodysplastic syndrome; BL, Burkitt's lymphoma; MALTL, extranodal marginal zone lymphoma of muco-
sa-associated lymphoid tissue; CT, chemotherapy; A, alkylating agent; T, DNA topoisomerase Il inhibitor; O, other chemotherapy; RT, radiotherapy; CBT, cord
blood transplantation; auto-PBSCT, autologous peripheral blood stem cell transplantation; allo-PBSCT, allogeneic peripheral blood stem cell transplantation;

NA, not available.

AML by more than 3 months in 8 of the 15 patients, while per-
sistent cytopenia was observed in 5 patients for 6 months and in
2 patients for more than 1 yr before t-AML diagnosis.

In total, 8 of 14 patients (57.1%) with primary hematologic
malignancies and 18 of 25 patients (72%) with primary solid tu-
mors had t-AML at presentation. Further, 6 patients with primary
hematologic malignancies and 7 patients with solid tumors had
t-MDS at presentation.

Moreover, 15 (62.5%) of the CT-only patients, 2 (100%) of the
RT-only patients, and 9 (69.2%) of the patients who had under-
gone combination therapy had overt t-AML at presentation.
Nine (37.5%) of the CT-only patients and 4 (30.8%) of the pa-
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tients who had undergone combination therapy had t-MDS at
presentation. One of the t-MDS patients who had received CT-
only and one who had received combination therapy progressed
to t-AML.

The time interval from initiation of CT and/or radiation to de-
tection of t-MN ranged from 5 to 113 months (mean, 49
months). The mean latency period for developing t-MN was 58
months for primary hematologic malignancies and 45 months
for primary solid tumors. The mean latency period for develop-
ing t-AML (50 months) was similar to that for developing t-MDS
(48 months). The latency period was 29 months for pediatric
patients and 55 months for adult patients.
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Table 2. Clinical and cytogenetic features of therapy-related myeloid neoplasms from primary solid tumors

e s P P s Tt s F o

S1 55/F t-AML  0C (lliC) CT(AT0) 67 NoCR  44.XX,del(4)(q2?7),del(5)(q?31q35),-7,add(17)(p173),-20[31/46,XX[1]

S2 58/M t-AML  CC (llA) CT(0),RT 30 23 45 XY,der(6)t(6;17)(q21;q11.2),del(7)(q31q34),-17[21/46,XY[4]

S3 29/F t-AML  Tm (IV) CT(AT),RT 74 NA 46,XX,ider(7)(q10)del(7)(q22q32)[20]

S4 57/F t-AML  BC (llA) CT (A, 0),RT 71 62 51,XX,+8,+8,+9,+10,+21[2]/46 XX[2]

S5 39/F t-AML ~ BC(l) CT(A T, 0),RT 27 21 46 XX,1(9;11)(p22;q23)[121/46,XX[8]

S6 2IM t-MDS  HB(Il) CT(A T, 0) 9 2 46,XY[14]

S7 71M t-AML  CC (llA) CT*, RT 33 32 47 XY,+8[12] — 46,XY,del(7)(q11.2q22)[20]

S8 53/F t-MDS  TC(IV) CT (AT, 0) 23 NoCR  46,XX,del(5)(q31q35)[71/46,sl,del(7)(q22q34)[101/46,XX[3]

S9 55/F t-MDS  BC (IIB) CT(AT 15 NoCR  46XXt(11;19)(q23;p13.1)[12]/51,8l,+5,+13,+13,4+19,+21[8]

- t-AML

S10 6/M t-AML RS (lll) CT(A T, 0) 36 6 46, XY,1(6;19;11)(p23;q13.1;q23)[20]

S11 T1/F t-AML  CC (lliB) CT(0) 93 88 A7 XX,+8[71/46,XX[4]

S12 12/ t-AML  CC (lliB) CT(0) 54 NA 46 XY,inv(16)(p13.1g22)[191/46,XY[1]

S13 57/F t-AML  BC (IIA) CT(A T,0),RT 18 10 46 XXt(11;19)(q23;p13.1)[161/46,XX[4]

S14 54/F t-MDS  BC CcT* 54 NA 46,XX,der(2)t(2;9)(q21;q13),1(6;11)(q27;q23)[14]1/46 XX[6]

S15 55/M t-MDS  pCrC CT (A), RT 5 4 46, XY,+1,der(1;7)(q10;p10)[31/46,XY[17]

S16 57/F t-AML  OC (lliC) CT(A T, 0) 99 NoCR  45XX,del(5)(q13q33),del(7)(q22),der(7;12)(q10;q10)[161/45,sl,
del(17)(p11.2)[31/46,XX[1]

S17 47/F t-AML  BC (IIB) CT(A T, 0),RT 53 NoCR  46,XX[20]

S18 72IM t-AML  VCH RT 60 58 46,XY[20]

S19 A7/F t-AML ~ BC(l) CT(A T, 0),RT 26 20 46 XX t(9;11)(p22;q23)[11]

S20 62/M t-AML  CC (llA) CT* 58 29 46, XYt(1;2)(p36.1;p21)[151/46,XY[5]

S21 47/F t-MDS  BC(l) CT(A T, 0),RT 110 NoCR  45XX,-7,add(21)(q22)[51/46,XX[7]

S22 95/F t-AML  BC (lliC) CT(A T, 0),RT 21 3 46 XX,inv(16)(p13.1q22)[41/46,XX[16]

S23 79/M t-AML  NSCLC (lIB) RT 16 NoCR 66 <3n> XY,-X,+1,t(1;2)(p32;p13),-4,-5,+der(6;22)(p10;q10),
+8,+8,-9,-11,-13, -16,-18,+19,-20,4+21[51/70 < 3n > s|,+13,
+14,+18,+21[10 1/46,XY[5]

S24 18/M t-AML  0S (IIB) CT (AT, 0) 19 NoCR  45XY,-7[18]1/46,XY[2]

525 8F £MDS  0S (VB) CTATO) m o 45 XX,der(5)del(5)(q22)r(5)(p15.3q22),der(7)t(7;14)(q22;q13),

-17,-21, +mar(12] /46, XX[8]

*Data regarding chemotherapy were incomplete for 3 patients.

Abbreviations: CR, complete response; F, female; M, male; ; t-AML, therapy-related acute myeloid leukemia; t-MDS, therapy-related myelodysplastic syn-
drome; OC, ovarian cancer; CC, colon cancer; Tm, thymoma; BC, breast cancer; HB, hepatoblastoma; TC, thymic cancer; RS, rhabdomyosarcoma; pCrC,
posterior cricoid cancer; VCH, vocal cord hyperkeratosis with atypia; NSCLC, non-small cell lung cancer; OS, osteosarcoma; CT, chemotherapy; A, alkylating
agent; T, DNA topoisomerase 2 inhibitor; O, other chemotherapy; RT, radiotherapy; NA, not available.

3. Cytogenetic aberrations

Table 4 summarizes the clonal cytogenetic abnormalities de-
tected in the 39 patients with t-MN and their relationship with
the primary disease and therapy. Four (10.3%) patients had no
detectable abnormalities, and 35 (89.7%) patients had abnor-
mal clones. Sixteen patients (41%) had a whole or partial loss
of chromosomes 5 and/or 7, and 13 patients (33.3%) had bal-
anced chromosomal translocations. The most common abnor-

100

malities were translocations involving 11g23 (9 patients, 23.1%),
including 1 three-way translocation involving the MLL gene. Six
different partner genes were observed, including 9p22 (4/9),
19p13.1 (2/9), 19913.1 (1/9), 19p13.3 (1/9), 6027 (1/9), and
6p23 (1/9). The second most common abnormality was inv(16)
(3 patients, 7.7%). Deletion of the long arm of the chromosome,
del(5g), was observed in 9 patients. Loss of all or part of the
long arm of chromosome 7 was noted in 13 patients; 8 were
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Table 3. Primary diagnosis, primary cytotoxic therapy, and clinical presentation of 39 patients with therapy-related myeloid neoplasms

i . i N of patients (%)
Primary diagnosis —
Total CT only RT only Combination therapy t-MDS t-MDS — t-AML t-AML
Hematologic malignancy 14 (35.9) 12 (85.7) 0 2(14.3) 5(35.7) 1(7.1) 8(57.1)
Hodgkin lymphoma 1(2.6) 1 0 0 0 0 1
Mature B-cell neoplasm 6(15.4) 4 0 2 3 1 2
T-lymphoblastic lymphoma 1(2.6) 1 0 0 0 0 1
B-lymphoblastic leukemia 2(5.1) 2 0 0 1 0 1
Acute myeloid leukemia 3(7.7) 3 0 0 0 0 3
Myelodysplastic syndrome 1(2.6) 1 0 0 1 0 0
Solid tumor 25 (64.1) 12 (48) 2(8) 11 (44) 6 (24) 1(4) 18 (72)
Breast cancer 9(23.1) 2 0 7 2 1 6
QOvarian cancer 2(5.1) 2 0 0 0 0 2
Colon cancer 5(12.8) 3 0 2 0 0 5
Lung cancer 1(2.6) 0 1 0 0 0 1
Other 8(20.5) 5 1 2 4 0 4
Total 39 (100) 24 (61.5) 2(5.1) 13(33.3) 11(28.2) 2(5.1) 26 (66.7)

Abbreviations: CT, chemotherapy; RT, radiotherapy; t-AML, therapy-related acute myeloid leukemia; t-MDS, therapy-related myelodysplastic syndrome.

del(7g) and 5 were monosomy 7. Monosomal karyotypes were
detected in 10 (25.6%) patients.

According to the primary disease, the frequencies of loss of
chromosome 5 or 7 were 50% among patients with primary
hematologic malignancies and 36% among those with solid tu-
mors. In contrast, balanced translocation was more common
among patients with a primary solid tumor (36%) than among
patients with hematologic malignancies (28.6%). Of the 9 pa-
tients with 1(11g23), 5 (55.6%) had primary breast cancer. A
similar analysis based on primary cytotoxic therapy revealed a
clonal loss of chromosome 5 or 7 in 10 (41.7%) patients treated
with CT alone and in 6 (46.2%) patients treated with combina-
tion therapy. Balanced rearrangements were identified in 9
(37.5%) patients treated with CT alone and in 4 (30.8%) patients
treated with combination therapy. Among 13 patients with t-
MDS at presentation, 8 (61.5%) had a loss of chromosome 5
or 7 and 2 (15.4%) had balanced rearrangements. In contrast,
of 26 patients with overt t-AML at presentation, balanced rear-
rangements occurred more frequently (11 patients, 42.3%) than
loss of chromosome 5 or 7 (8 patients, 30.8%). Patients with
balanced rearrangements had shorter latency intervals (mean,
38 months) than patients with loss of chromosome 5, 7, or both
(mean, 61 months).

Two cases showed clonal evolution. One patient (S7 in Table
2) with colon cancer acquired t-AML with +8 and was in CR af-
ter treatment with CT (idarubicin and cytosine arabinoside).
However, the patient developed t-MDS with a newly acquired
chromosomal abnormality of del(7q) 19 months later. One male
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Table 4. Cytogenetic abnormalities and clinical characteristics of 39
patients with therapy-related myeloid neoplasms

N of patients (%)
Loss of Balanced
Ch.50r7 rearrange- Other  Normal  Total
ment
Primary cytotoxic therapy
CTonly 10(41.7)  9(37.5) 3(12.5) 2(8.3) 24(61.5)
RT only 0 0 1(50) 1(50) 2(5.1)
Combination 6(46.2)  4(30.8) 2(154) 1(7.7) 13(33.3)
Primary diagnosis
Hematologic malignancy 7 (50) 4(286) 2(14.3) 1(7.1) 14(35.9)
Hodgkin lymphoma 0 1 0 0 1(2.6)
Mature B-cell neoplasm 5 1 0 0 6 (15.4)
T-lymphoblastic 0 1 0 0 126)
lymphoma
B;ﬁrll]epr:?ablastlc 0 1 0 1 26.0)
Acute myeloid leukemia 2 0 1 0 3(7.7)
Myelodysplastic 0 0 1 0 126)
syndrome
Solid tumor 9(36) 9(36) 4(16) 3(12) 25(64.1)
Breast cancer 1 6 1 1 9(23.1)
QOvarian cancer 2 0 0 0 2(5.1)
Colon cancer 1 2 2 0 5(12.8)
Lung cancer 0 0 1 0 1(2.6)
QOther 5 1 0 2 8(20.5)
Total 16 (41) 13(33.3) 6(15.4) 4(10.3) 39(100)
Mean latency (months) 61 38 55 33 49

Abbreviations: Ch, chromosome; CT, chemotherapy; RT, radiotherapy.
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Fig. 1. Morphology of the neoplastic cells of AML (A, B) and of subsequent t-AML (C, D) in patient H11. (A) Bone marrow aspirate smear
(Wright-Giemsa stain, x1,000) demonstrating myeloblast morphology. (B) Bone marrow biopsy section (H&E, x200) demonstrating a uni-
form blast infiltrate. (C) Bone marrow aspirate smear (Wright-Giemsa, x 1,000) showing dysplastic megakaryocytes and increased blasts.
(D) Biopsy section (H&E, x200) showing prominent dysplastic megakaryocytes.

Abbreviation: H&E, hematoxylin and eosin stain.

patient (H7 in Table 1) with previous diffuse large B-cell lym-
phoma (DLBCL), who had undergone combination therapy, was
diagnosed with t-MDS in association with isolated del(5q); 14
months later, he had del(5g) with monosomy 7 in the same
clone. Finally, the patient progressed to t-AML with a complex
karyotype of del(5q), -7, and t(3;21) in the same clone.

DISCUSSION

Recently, t-MN has been recognized as one of the most serious
challenges facing clinical oncology, due to improved survival
rates following primary malignancies [6, 16]. Many studies have
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addressed various aspects of t-MN; however, this is the largest
study to address the clinical and cytogenetic characteristics of
the disease in Korea [17-24]

The previous WHO classification emphasized 2 different t-
MNs: one that occurs after exposure to alkylating agents or radi-
ation therapy (typically with abnormalities of chromosomes 5 or
7) and the other that occurs after exposure to topoisomerase 2
inhibitors (typically with balanced translocations involving 11g23
or 21g22) [4]. However, most patients who develop t-MNs are
treated with both alkylating agents and topoisomerase 2 inhibi-
tors; therefore, a division according to the type of therapy is usu-
ally not practical and not recommended in the revised classifi-

http://dx.doi.org/10.3343/alm.2013.33.2.97



Huh HJ, et al.
Characteristics of Korean t-MN patients

cation [1]. In our study, only 4 patients received topoisomerase
2 inhibitors without alkylating agents, and only 2 patients re-
ceived alkylating agents without topoisomerase 2 inhibitors;
hence, it was not useful to compare these 2 groups in terms of
latency or survival.

We found that recurring translocations or balanced rearrange-
ments were significantly more common in patients who had
previously undergone therapy to treat a solid tumor. In particu-
lar, 6 of 9 patients with primary breast cancer had recurring
chromosomal rearrangements; 5 patients had t(11g23) and 1
had inv(16). Additionally, most patients with balanced transloca-
tions and other recurrent rearrangements were overt t-AML pa-
tients (11 of 13 patients, 84.6%) rather than t-MDS patients (2 of
13 patients, 15.4%). Smith et al. [4] also documented these pat-
terns, which were subsequently confirmed by others [17, 25].

Previous studies on t-MN have shown that the number of pa-
tients with a history of treatment for a previous hematological
malignancy was nearly equal to that for a previous solid tumor
[4, 11]. Of primary hematologic malignancies, lymphoma (non-
Hodgkin lymphoma and Hodgkin lymphoma) was the most
common [3, 4]. In our study, 14 patients had a primary hemato-
logic malignancy and 25 had a solid tumor. Notably, 4 patients
developed t-MN after treatment for de novo AML/MDS, which
has rarely been reported. This may be due to improvement of
long-term disease-free survival after treatment for AML. In the
present study, altered cytogenetic and/or molecular abnormali-
ties were present in all patients with -MN developing from de
novo AML/MDS, and dysplastic changes were observed. One
patient (H12 in Table 1) developed t-MN from AML with t(8;21)
(g22;g22), which is well known to be associated with a good
prognosis. He had received CT that included idarubicin and cy-
tosine arabinoside, followed by autologous peripheral blood
stem cell transplantation. This patient developed t-MN after 5 yr,
despite the absence of factors associated with a poor prognosis,
such as CD56 expression or the presence of the KIT mutation.

Several previous studies have investigated the clinical presen-
tation of t-MN. These studies have consistently found that the
majority (60-80%) of patients were diagnosed with t-MDS with
or without subsequent progression to t-AML [2-4]. However, our
data showed that t-AML (66.7%) was more common than t-MDS.
This suggests the possibility of delayed diagnosis of t-MDS after
progression to t-AML. Indeed, we observed that cytopenia pre-
ceded the diagnosis of t-AML in more than half of the 15 patients
whose regular CBC data were available. Of these cases, persis-
tent cytopenia was observed in 5 patients for 6 months before
the diagnosis of t-AML, and in 2 patients for more than 1 yr.
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Although our data do not demonstrate the survival rate of
t-MN patients due to incomplete data regarding clinical out-
come and a short follow-up period, it is well known that the sur-
vival of patients with t-MN is often poor despite prompt diagno-
sis and treatment [26-28]. Poor survival of patients with t-MN is
associated with multiple competing risks, including persistence
of primary malignant disease, significant organ dysfunction from
previous therapies, prolonged immunocompromised status, and
lack of uniform treatment [4]. Therefore, early diagnosis or pre-
vention of this late complication of otherwise curative cancer
therapies is critical, and close monitoring for signs of bone mar-
row dysfunction, such as progressive cytopenia, is necessary.

This study described the clinical and cytogenetic characteris-
tics of Korean patients with t-MN. Although our results were
generally consistent with those of previous reports, we found
that t-MN from de novo leukemia was common and that t-AML
was more common than t-MDS at presentation. Multi-institu-
tional studies involving a larger number of patients and addi-
tional parameters are required to investigate the epidemiology,
genetic predisposition, and survival rate of t-MN in Korea.
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