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SUMMARY

Introduction Therapy related acute myeloid leukaemia (t-AML) is a distinct clinical entity recognized by
the World Health Organization classification occurring after chemotherapy and/or radiation treatment
administered for a previous disease. T-AML is characterised by pancytopenia, three-lineage myelodys-
plasia, high frequency of unfavourable cytogenetics and short survival.

Objective The aim of this study was to analyse clinical, cytogenetic, and cytological characteristics of
t-AML and their impact on survival.

Methods Seventeen patients with t-AML (8 male and 9 female; median age 59 years) were identified
among 730 consecutive patients with acute myeloid leukaemia. The degree of three-lineage dysplasia
as well as haematological, cytological and cytogenetic analyses, were assessed by standard methods.
Results The patients survived a median of 62.5 days with the 10% probability of survival during two
years. Prognostically favourable factors were a higher percentage of dysplastic granulocytic cells, age
less than 60 years, and presence of prognostically favourable karyotype inv(16), t(15;17), t(8;21).
Conclusion The stated prognostic factors that include age, cytogenetics findings and granulocytic
dysplasia analysis could contribute to adequate risk stratification of t-AML, though fuller results would

require additional analyses.
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INTRODUCTION

Therapy related acute myeloid leukaemia
(t-AML) is a well-recognized clinical entity
occurring as a complication after chemo and/
or radiation therapy administered for a prior
neoplastic or non-neoplastic disease [1-28].
t-AML accounts for 5% (2-10%) of all acute
myeloid leukaemia (AML) cases. It is charac-
terised by pancytopenia, multilineage dyspla-
sia, high frequency of unfavourable cytogenetic
findings and short survival [1, 10, 18, 21-28].

Two subsets of t-AML are generally recog-
nized. The most common, classical t-AML
occurs 5-10 years following exposure to alkyl-
ating agents and/or ionizing radiation. Patients
often present with therapy related myelodys-
plastic syndrome (t-MDS) and unbalanced
chromosomal abnormalities frequently of
complex nature and involving chromosomes
5 and/or 7 [1]. The second category of t-AML
encompassing 20-30% of patients has a latency
period of about 1-5 years and follows the treat-
ment with topoisomerase inhibitors (epipodo-
phylotoxins, doxorubicin, mitoxantrone). Most
patients in this subset present with overt AML,
without t-MDS phase and with balanced chro-
mosomal translocations [1].

OBJECTIVE

The aim of this study was to analyse retro-
spectively clinical, cytological and cytogenetic
features of t-AML patients, and their impact
on survival.

METHODS
Patients

This retrospective series consists of 17 patients
with t-AML (eight males and nine females;
median age 59 years) among 730 consecutive
AML patients seen at the Clinic of Haematol-
ogy, Clinical Centre of Serbia, Belgrade, over a
7-year period (Table 1).

Bone marrow sampling

Following informed consent, bone marrow
(BM) cells were collected by aspiration from
the sternal manubrium using a standard needle
and 20 ml syringe with heparin anticoagulation.
The BM aspirations underwent cytochemical
and cytogenetic study.
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Morphology and cytochemistry

BM smears were stained with a May-Griinwald-
Giemsa, peroxidase, Sudan black B, periodic acid-Schift,
a-naphthyl-butyrate-esterase and naphthol-AS-D-chloro-
acetate according to standard methods and classified
according to the French—-American—British (FAB) classi-
fication [6]. Two distinct observers evaluated myelodys-
plasia in BM smears according to the criteria by Bennett
etal. [6]. Namely, at least 200 neutrophils and precursors,
200 erythroblasts and at least 30 megakaryocytes (Mk)
were evaluated for dysplasia. The method by Esteinne [11]
was applied for the categorization of dysplasia; dysplasia
in 25-50% of erythroblasts and granulocytes/precursors
were graded as moderate and as marked when >50% cells
affected. Dysmegakaryocytopoiesis was defined as the pres-
ence of at least 50% of dysplastic megakaryocytes in BM.

Cytogenetic analysis

Chromosome preparation was carried out either directly
or after a non-stimulated short-term culture of BM cells
for 24-48 hours, according to HG banding methods
[14, 20]. Karyotypes were designated according to the
ISCN. Pre-treatment karyotype was categorized accord-
ing to Grimvade [12] as follows: 1) favourable: t(15;17),
inv(16)/t(16;16), t(8;21) alone or with other changes; 2)
adverse: complex karyotype (=5 unrelated abnormalities),

-5, del(5q), -7, del(7) alone or in conjunction with other
intermediate risk or adverse-risk abnormalities 3) inter-
mediate (standard): normal and other abnormalities not
classified as adverse or favourable.

Statistical analysis

In addition to the standard methods of descriptive and
analytical statistics (Cox’s regression multifactorial anal-
ysis, Mann-Whitney U-test, Kruskal-Wallis unifactorial
nonparametric variance analysis, Spearman’s rank corre-
lation, Student’s t-test for independent samples), the stan-
dardized Greenwood’s formula was used for the assessment
of overall survival (OS) rates according to age, presence/
degree of BM dysplasia and cytogenetic risk.

RESULTS

Clinical findings, treatment and
bone marrow findings

Relevant clinical and cytomorphological data of 17 t-AML
patients are presented in Table 1. The median time-to-t-
AML between the primary diagnosis and t-AML was 72
months (range 9-336 months).

Marked (>50% dysplastic cells) and moderate (25-50%
dysplastic cells) erythroid dysplasia was registered in 5/16

Table 1. Clinical findings prior treatment, bone marrow cytomorphology and survival in 17 patients with t-AML

Number of . Bone marrow cytology Survival
case, sex M2 i after
and alge at | Prior disease Aoy AL e Blasts Dysplastic cells (%) diagnosis
t-AML Eatent o(cnc]t(JJrr:ter?Sc)e W= (%) Erythroid | Granulocytic | Megakaryocytic | of t-AML
onset lineage lineage lineage (days)
Renal cell carcinoma; urinary Operation,
1m/e7 bladder carcinoma radiotherapy 72 M2 82 34.4 68 ND 23
2/M/56 | Essential thrombocythemia Busulfan* 168 M2 75 ND ND ND 90
3/F/58 CSlIIB; Hodgkin's disease CS 1B MOPP* 72 M4 42 49.4 100 61.5 90
4/F/60 Multiple myeloma CS Il M-2% ABP* 72 M6 34 31.2 757 8.6 30
s MOPP¥,
5/M/17 | Hodgkin's disease CS IlIB radiotherapy 72 M4 88 701 87.7 Absence of Mk 365
6/F/71 Breast carcinoma FAC 132 M1 93 41.2 100 50 210
7/F/52 Breast carcinoma FAC 25 M4 80 57.1 53.3 Absence of Mk 45
8/M/63 | Polycythemia rubra vera Busulfan* 48 M2 38 38ring 93.3 64.3 7
) . Prednisone,
9/M/35 | Aplastic anaemia azathioprine 96 M4 60 90.4 80.4 Absence of Mk 10
10/F/65 | Essential thrombocythemia Busulfan* 336 M2 61 46.5 38.5 94.1 20
11/F/19 | Hodgkin's disease CS IlIB ABVD, 23 M3 | 70 321 90.6 Absence of Mk 760
radiotherapy
12/M/59 | Polycythemia rubra vera Busulfan* 144 M2 35 57.1 98.7 100 180
13/F/71 Multiple myeloma CS Il M-2* 84 M4 60 49.9ring 100 53.3 90
) . Prednisone,
14/F/72 | Aplastic anaemia azathioprine 12 M2 60 237 14.3 50 30
Cyproterane
15/M/63 | Prostatic carcinoma acetate, 9 M2 88 66.1 97.5 100 79
radiotherapy
Limfoblastni limfom CS IA; %
16/F/32 lymphoblastic lymphoma CS 1A LALA84*, 27 M5 78 28.0 81.98 Absence of Mk >180
Non-Hodgkin's lymphoma,
17/M/38 follicular, 11ACS CHOP*** 30 M4 32 339 34.3 75 45

* alkylating agent; ** topo inhibitor; ring - ringed sideroblasts; M - male; F - female; ND - not done; MOPP — mechlorethamine, oncovin, procarbazine, predni-
sone; M-2 - vincristine, carmustine, cyclophosphamide, melphalan, prednisone; ABP - adriablastine, carmustine, prednisone; FAC - 5-fluorouracil; adrya-
micyne, cyclophosphamide; ABVD - adriablastine, bleomycin, vinblastine, dacarbazine; LALA84 - prednisone, vincristine, cyclophosphamide, doxorubicine,
methotrexate, L-asparaginase; CHOP - cyclophosphamide, doxorubicine, vincristine, prednisone

doi: 10.2298/SARH1106347A
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and 10/16 analysed patients, respectively. The most prev-
alent dysplastic features in the erythroid lineage were
karyopyknosis (15/16) and megaloblastosis (14/16).
Karyorrhexis, Howell-Jolly bodies and multinuclearity
were found in 12/16, 8/16 and 7/16 patients, respectively.
Ringed sideroblasts were detected in two patients. PAS
positive erythroblasts were observed in a single patient
with AML-MS6.

Marked (>50% of dysplastic nonblastic cells) and
moderate (25-50% of dysplastic nonblastic cells) granulo-
cyte dysplasia was found in 13/16 and 3/16 patients, respec-
tively. The most prevalent dysplastic features of the gran-
ulocytic series were hypogranulation seen in all patients,
pseudo Pelger-Huét anomaly (11/16), pseudo-Chediak
abnormally large granules (9/16) and cytoplasmic vacu-
oles (4/16).

Dysplasia of the megakaryocytic (Mk) lineage (>50%
dysplastic Mk) was present in 7/11 analysed patients. The
most frequent dysplastic features were Mk with hypolobu-
lated nuclei (9/11), Mk with small bead-like nuclei (8/11),
micromegakaryocytes (5/11) and Mk with cleaved nuclei
2/11).

Cytogenetic analysis

Cytogenetic information was obtained for 14/17 patients,
while chromosome abnormalities were registered in 10/14
evaluated patients (Table 2).

Survival

We investigated the correlation of overall survival (OS)
compared to age, time-to-t-AML, organomegaly, degree
of erythroid lineage, granulocyte count, Mk dysplasia
and cytogenetic category. A statistically significant corre-
lation was found between probability of survival and age
(Graph 1), degree of granulocytic dysplasia (Graph 2) and

Table 2. Cytogenetic findings in 17 t-AML patients

Patient | Karyotype
1 59, XY, +1, 42, +6, +9, +10, +11, +13, +14, +15, +15, +18,
+2 mar 2[9] / 46, XY [11]
2 46, XY [20]
3 46 XX, inv(16)(p13;922) [20]
4 46, XX, der(7) [20] / 46, XX / [13]
5 Not done
6 46, XX [20]
7 46, XY [20]
8 46, XY [20]
9 47, XY, 1(12;,12) (p13;q13), +21 [20]

10 46, XX, del (20q)(q11) [16] / 47, XX, idem+ mar1 [4]

11 46, XX, t(15;17)(q22;q11-21) [17]1/ 46, XX [3]

12 45, XY, -8 [12] / 46, XY [20]

45, XX, -5, +12,-21,-22, +mar [2] / 45, XX, der(3), -5,
13 +12, add 14(p10), -21, -22, +mar [12] / 43, XX, der(3), -5,
+12, add 14(p10), -16,-17, +2 mar [1] / 46, XX [3]

14 Not done

15 45, X, -Y, 1(8;21)(q22;922) [3] / 46, XY [17]

16 Not done

46, XY, dup(4)(q22), -17, +mar [14] / 47, XY, -X, dup(4)

(g22), +2 mar [6]

favourable karyotype (Graph 3). Cox’s regression multifac-
torial analysis showed that favourable prognostic factors
were <60 years (p=0.016) and higher degree of dyspla-
sia in granulocytic lineage (p=0.034). Greenwood analy-
sis also added to the aforestated two factors, younger age
(Z=2.412) and higher dysplasia percentage in granulocytic
lineage (Z=4.561), and the presence of favourable karyo-
type versus unfavourable karyotype (Z=2.739). At the same
time the degree of dysplasia in both erythroid and mega-
karyocytic lineages was without prognostic relevance for
OS in t-AML in our series.

Median OS of patients 260 years was 25 days, and 90
days among patients <60 years (Graph 1). The probabil-
ity of OS at any time point was higher among younger
patients, but the statistically significant difference between
the groups was observed only at the time point of 30 days
(Z=2.412; p<0.05).
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Graph 3. Median survival of the patients in relation to favourable karyotype

The median OS in the group with <50% dysplastic
cells in granulocytic lineage was 25 days, compared to 45
days in patients with >50% dysplastic cells in granulocytic
lineage (Z=4.561; p<0.01) (Graph 2). Whereas all patients
with <50% dysplastic cells in granulocytic lineage died
within two months, one subject with AML-M3 and >50%
dysplastic cells in granulocytic lineage lived longer than 24
months (and is still alive). At the same time, dysplasia in
both erythroid and megakaryocytic lineages was without
prognostic relevance on OS in t-AML patients in our series.

The median OS in the patients with favourable karyo-
type was 90 days, compared to 23 days in patients with
unfavourable karyotype (Graph 3). The probability of OS
at any time point was higher among younger patients, but
the statistically significant difference between the groups
was observed only at the time point of 15 days to 60 days
(2=2.739; p<0.05).

‘ doi: 10.2298/SARH1106347A

DISCUSSION

The incidence of t-AML in our AML series of 2.3% in
the period of 7 years was considerably lower than 13%
previously reported by Haase et al. [12], but similar to
2% reported by Michels et al. [18]. The median age of our
patients was 59 years, which corresponds to the Peder-
sen-Bjergaard’s data [21]. The average time-to-t-AML
was 6 years, which is in agreement with previous stud-
ies [10, 21, 24]. Our study confirmed the published data
suggesting that the majority of the patients had been
previously exposed to alkylating drugs: cyclophospha-
mide (five patients), busulfan (four patients), procarba-
zine (three patients) and melphalan (two patients) [8, 21,
24]. Only four patients had received topoisomerase II
inhibitors (etoposide or doxorubicin) along with alkyl-
ating agents. Such a distribution of our t-AML patients
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according to the prior cytostatic is similar to previous
reports [3, 23].

Besides the fact that t-AML risk is more often asso-
ciated with chemotherapy according to some investiga-
tors, other state that the haematological malignancy risk
is increased following radiotherapy for certain malignan-
cies [29, 30, 31]. Radiotherapy in conjunction with chemo-
therapy additionally increases the risk of t-AML [32, 33].
Four of our 17 t-AML patients had been previously treated
with radiotherapy, one receiving radiotherapy alone as the
treatment for urinary bladder carcinoma, while the remain-
ing three received combined radiotherapy and chemother-
apy; one of them for myeloma and other two for Hodg-
kin’s disease (Table 1).

The results of our study show that three-lineage myelo-
dysplasia is a frequent finding in t-AML, as confirmed by
others [10].

Cytogenetic abnormalities were found in the majority
of patients, which corresponds to other studies [10, 22].
Favourable, adverse and intermediate karyotype was regis-
tered in three, three and eight cases, respectively. Anom-
alies of chromosomes 5 and 7 were found in only 2/14
patients.

Comparable to other studies, OS of t-AML patients was
4.42 months (mean survival: 1.5-7 months) [10, 22].

The probability of survival was significantly lower in
patients >60 years compared to patients <60 years. This is
in accordance with the findings of other studies analysing
the prognostic criteria in t-AML [10, 22].

The presence of dysplasia of more than one cell lineage
is considered a poor prognostic factor in t-AML, correlat-
ing with poor response to therapy, shorter remission dura-
tion and shorter OS [19, 22, 23]. In contrast, we revealed
a statistically longer OS in the patients with granulocytic
dysplasia, especially that of marked degree. This is probably
the result of younger ages of the patients with pronounced
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MoBo/bHU NporHocTUUKK paKkTopu Kog 60necHMKa C aKyTHOM MUjeIonaHOM
NeyKeMMUjoM M3a3BaHOM NPETXO4HUM Neyerbem

He6ojwa AHToHujeBnh'?, Hapa CyBajunh'?, TaTjaHa Tepanh?, BpaHko Jakoerbesuh?, Mpagumup JaHkoeuh'?,

VBo Enesosuh', Pajko Munowesunh', Munuuya Yonosuh'?

'KnuHuKa 3a xematonorujy, KnuHnuku uentap Cpbuje, beorpaa, Cpbuja;

“MenuumHcKu dpakynTeT, YHuBep3uTeT y beorpagy, beorpag, Cp6uja;

3UHcTUTYT 3a Natonorujy, MeguuuHckn dakyntet, YHuBepsuTeT y beorpaay, beorpag, Cp6uja;

YIHCTUTYT 33 XWTVjeHy N MEANLIMHCKY ekonorujy, MeguumHckn dakynTet, YHuBep3uTeT y beorpagy, beorpag, Cpbuja

KPATAK CALAPXA)J

YBopa AKyTHa MujenongHa ieykemuja n3a3saHa npeTxoagHUM je-
yereM (eHrn. therapy-related acute myeloid leukaemia - t-AML)
noce6aH je KNMHUYKM eHTUTET y Knacudrkaumju CBeTcke 3apaB-
cTBeHe opraHusauuje. OHa ce jaB/ba HAaKOH NMPUMEHe XemMno-
Tepanuje, OAHOCHO 3payHe Tepanuje npeTxofHe 6onectu. Og-
NNKYjy je: NaHuMTONEeHMja, NNHMjCKa AUCnaasuja, BUCOKa yye-
CTaNIoCT LUTOreHETCKMX aHOManja U KpaTKo NpeXunBibaBame.
LUnmw papa LUunb cTyguje je 61o ga ce aHanusvpajy KnvHuYKa,
LMTOreHeTCKa 1 uuTonoLwKa obenexja t-AML 1 uxoB yTuLaj
Ha NpeXxu1BIbaBakbe 6oNeCHYIKa.

MeTope papa Mehy 730 6onecHuKa C akyTHOM MVIjeNIONAHOM
neykemujom kog 17 je amjarHoctrkoBaHa t-AML (ocam myLuKa-
paua v feBeT KeHa; MpoceyHa CTapocT 6onecHvika 6una je 59
rogmHa). CreneH TpUnuHUWjcke gucnnasuje ogpehrBaH je, y3 um-
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TOJIOLUKE, XeMaTOMOLLKe U LIUTOreHeTCKe aHanuse, CTaHAapa-
HVM NoCTynuuma.

Pesynrtatu bonecHuuu cy y npoceky npexvsbaBanu 62,5 ga-
Ha, a BepoBaTHONa NpeXVB/baBatba y TOKY ABe roaviHe buna je
10%. Ha npexuBbaBatbe Cy N03nTUBHO yTULanu cnefehn gax-
TOPW: BUCOK CTeNeH Jucnnasuje y rpaHynoLnTHOj 1031, CTapocT
[0 60 rognHa 1 NPOrHOCTUYKN NOBOSbaH KapuoTtun — inv(16),
t(15;17), t(8;21).

3akmyy4ak HaBefeHV NporHoCTUYKIM GpakTopw, Koju obyxsata-
jy cTapocHo fo6a, LMToreHeTcKe Hanase ¥ aHanu3y rpaHyno-
UWTHe gucnnasuje, mornv 6v gonpuHeTy ogroBapajyhoj ctpa-
TndUKaumju pusrka Koa 6onecHuka ca t-AML, anv cy 3a notny-
Huje pe3ynTaTe noTpebHa AofaTHa UCMUTVBabA.

KrbyuHe peun: neykemuje n3a3paHe jieyerbeM; LUTONOIWja;
MUjenoamcnnasuja; NpexmsrbaBarbe
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