
ties are found in combination with more than one resid-
ual normal metaphase.11 In the study reported here, MK-
AML shows statistically a slightly better survival at two
years of follow up when normal metaphases are appar-
ent, although the survival of even those patients
remained very poor.4

Therapeutic implications of monosomal karyotype AML?
The excessively poor prognostic subgroup of AML with

MK is explained by resistance against current treatment
modalities resulting in a low CR percentage. CRs
achieved following 3+7 anthracyclin-cytarabine induction
chemotherapy in MK-AML are of poor quality which is
evident from the high and early relapse rate after CR.
This high relapse rate is also apparent in an analysis of the
University of Minnesota showing a relapse rate of 62% at
four years of patients with MK-AML who had been treat-
ed with an allogeneic stem cell transplantation in their
first CR.12 On the other hand, preliminary data from the
HOVON-SAKK cooperative group suggest that patients
submitted to an allogeneic stem cell transplantation have
a better prognosis than those submitted to chemotherapy
programs (HOVON-SAKK cooperative group, unpub-
lished results). Thus, an allogeneic stem cell transplanta-
tion, which is the currently recommended consolidation
treatment for poor-risk AML in general,13,14 also seems to
be the treatment of choice in patients with MK-AML as
one of few available treatment options. Meanwhile, novel
more active therapies are evidently badly needed for MK-
AML. This means that MK-AML represents a subtype of
AML that is heavily dependent on investigational explo-
rative approaches and particularly suitable for new drug
development even in front-line treatment situations.

Dimitri A. Breems is clinical hematologist at Hospital Network
Antwerp, Campus Stuivenberg. Bob Löwenberg is professor of
hematology at Erasmus University Medical Center Rotterdam. 
Financial and other disclosures provided by the author using the

ICMJE (www.icmje.org) Uniform Format for Disclosure of
Competing Interests are available with the full text of this paper at
www.haematologica.org.

References

1. Lowenberg B, Downing JR, and Burnett A. Acute myeloid leukemia. N
Engl J Med. 1999;341(14):1051-62.

2. Dohner H, Estey EH, Amadori S, Appelbaum FR, Buchner AK, Burnett
AK, et al. Diagnosis and management of acute myeloid leukemia in
adults: recommendations from an international expert panel, on behalf
of the European LeukemiaNet. Blood. 2010;115(3):453-74.

3. Burnett A, Wetzler M, and Lowenberg B. Therapeutic Advances in
Acute Myeloid Leukemia. J Clin Oncol. 2011;29(5):487-94.

4. Xie B, Othus M, Medeiros BC, Fang M, Appelbaum FR, Estey EH.
Influence of residual normal metaphases in acute myeloid leukemia
patients with monosomal karyotype. Haematologica 2011;96(4): 631-2.

5. Breems DA, Van Putten WL, De Greef  GE, Van Zelderen-Bhola SL,
Gerssen-Schoorl KBJ, Mellink CHM, et al. Monosomal karyotype in
acute myeloid leukemia: a better indicator of poor prognosis than a
complex karyotype. J Clin Oncol. 2008;26(29):4791-7.

6. Löwenberg B, Ossenkoppele GJ, Van Putten W, Schouten HC, Graux
C, Ferrant A, et al. High-dose daunorubicin in older patients with acute
myeloid leukemia. N Engl J Med. 2009;361(13):1235-48.

7. Grimwade D, Hills RK, Moorman AV, Walker H, Chatters S,
Goldstone AH, et al. Refinement of cytogenetic classification in acute
myeloid leukemia: determination of prognostic significance of rare
recurring chromosomal abnormalities among 5876 younger adult
patients treated in the United Kingdom Medical Research Council tri-
als. Blood. 2010;116(3):354-65.

8. Medeiros BC, Othus M, Fang M, Roulston D, Appelbaum FR.
Prognostic impact of monosomal karyotype in young adult and elderly
acute myeloid leukemia: the Southwest Oncology Group (SWOG)
experience. Blood. 2010;116(13):2224-8.

9. Lowenberg B, Pabst T, Vellenga E, Van Putten W, Schouten HC, Graux
C, et al. Cytarabine dose for acute myeloid leukemia. N Engl J Med.
2011;364(11):1027-36.

10. Patnaik MM, Hanson CA, Hodnefield JM, Knudson R, Van Dyke DL,
Tefferi A. Monosomal karyotype in myelodysplastic syndromes with
or without monosomy 7 or 5, is prognostically worse than an other-
wise complex karyotype. Leukemia. 2011;25(2):266-70.

11. Estey EH, Pierce S, Keating MJ. Identification of a group of AML/MDS
patients with a relatively favorable prognosis who have chromosome
5 and/or 7 abnormalities. Haematologica. 2000;85(3):246-9.

12. Oran B, Dolan M, Cao Q, Brunstein C, Warlick E, Weisdorf D.
Monosomal karyotype provides better prognostic prediction after allo-
geneic stem cell transplantation in patients with acute myelogenous
leukemia. Biol Blood Marrow Transplant. 2011;17(3):356-64.

13. Cornelissen JJ, Van Putten WLJ, Verdonck LF, Theobald M, Jacky E,
Daenen SM, et al. Results of a HOVON/SAKK donor versus no-donor
analysis of myeloablative HLA-identical sibling stem cell transplanta-
tion in first remission acute myeloid leukemia in young and middle-
aged adults: benefits for whom? Blood. 2007;109(9):3658-66.

14. Koreth J, Schlenk R, Kopecky KJ, Honda S, Sierra J, Djulbegovic BJ, et
al. Allogeneic stem cell transplantation for acute myeloid leukemia in
first complete remission: systematic review and meta-analysis of
prospective clinical trials. JAMA. 2009;301(22):2349-61.

Editorials and Perspectives

haematologica | 2011; 96(4) 493

Therapy-related acute promyelocytic leukemia 
Farhad Ravandi

University of Texas, M. D. Anderson Cancer Center, Houston, USA; E-mail: fravandi@mdanderson.org  
doi:10.3324/haematol.2011.041970

(Related Original Article on page 621)

Success in the treatment of cancer has led to an expand-
ing population of survivors with their attendant long-
term complications. Treatment with cytotoxic, DNA-

interactive drugs and radiation is well known to predispose
to the development of secondary tumors, in particular sec-
ondary myelodysplasia and acute myeloid leukemia
(AML).1 Such therapy related neoplasms have been associ-
ated with recurring chromosomal abnormalities such as

translocations involving the MLL gene (commonly seen
within a few years after therapy with topoisomerase II
inhibitors) and loss of part or the whole of chromosomes 5
and 7 (frequently observed several years after treatment
with the alkylating agents).1 The occurrence of these recur-
ring chromosomal aberrations and their association with
specific chemotherapeutic agents is suggestive of a specific
interaction between these drugs and the genome.1



The incidence of therapy related acute promyelocytic
leukemia (APL) occurring after prior chemotherapy for
other tumors is low but appears to be increasing according
to several recent reports which have better characterized
this entity and explored its pathogenic mechanisms (Table
1).2,3 Use of topoisomerase II inhibitors such as mitox-
antrone, etoposide, doxorubicin and epirubicin, particularly
in the treatment of breast cancer, has been suggested to be
a potential culprit.2,3 In a recent report, translocation break-
points in therapy related APL occurring after exposure to
topoisomerase II inhibitors such as mitoxanterone were
clustered in “hot spots” within PML and RARA that are sus-
ceptible to these drugs.6 In another study, similar clustering
of breakpoints was observed in PML and RARA after expo-
sure to epirubicin for the treatment of breast cancer, with
the PML breakpoints lying outside the mitoxantrone “hot
spot” region.7 Another report of 12 patients with multiple
sclerosis (MS) who developed APL after therapy with
mitoxantrone, further corroborated the presence of prefer-
ential sites of DNA damage induced by mitoxantrone in
PML and RARA.4

The enzyme topoisomerase II relaxes supercoiled DNA
by cleaving and religating both strands of the double helix
through the formation of transient intermediates. Inhibitors
of the enzyme, such as mitoxantrone and epirubicin, dis-
rupt this cleavage-religation equilibrium and increase the
concentration of breakpoint complexes. This leads to the
cleavage of PML and RARA by the topoisomerase II
enzyme resulting in the observed translocation. The exis-
tence of different genomic “hot spots” for topoisomerase II-
mediated cleavage in the presence of different drugs is fur-
ther suggestive of the specific contribution of these drugs to
the development of translocations. It can be speculated that
such “hot spots” exist in the entire genome but only those
translocations conferring a proliferative or survival advan-
tage in the appropriate progenitor cells lead to the develop-
ment of leukemia.6

In this issue of the journal, Ammatuna and colleagues
report on a series of 33 patients with MS who developed
APL (including some previously reported patients).8 Thirty
patients (91%) had been previously treated with mitox-
antrone with a median time from the prior treatment of 32

months. There was a higher frequency of PML-RARα bcr1
isoform consistent with the reported “hot spots” within the
PML gene susceptible to therapy with mitoxantrone.8 This
study confirms that the interaction of the topoisomerase II
inhibitors with preferential sites on the genome is inde-
pendent of a predisposing genetic instability (such as that
seen in patients with multiple cancers) and further estab-
lishes mitoxantrone as a direct causative agent for the
development of APL in these patients. However, it is curi-
ous to see 3 patients without a reported prior cancer and
without prior treatment with topoisomerase II inhibitors
developing APL. The incidence appears to be higher than
would be expected by chance alone and may suggest
another, as yet unidentified, predisposition to APL among
patients with MS. 
The majority of patients in this study received induction

treatment with a combination of ATRA and chemotherapy
but several received a modified consolidation, including 3
patients who were consolidated with all trans retinoic acid
(ATRA) and arsenic trioxide (ATO).8 All 28 evaluable
patients achieved molecular remission after consolidation
and the 5-year survival was 68%. This agrees with other
reports suggesting that the outcome of therapy related APL
is not inferior to that seen in patients with de novo APL.
This is also further evidence for the high efficacy of ATRA
and anthracycline based regimens in producing durable
responses in this disease.
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Table 1. Characteristics of patients with therapy related acute promyelocytic leukemia; selected series in the literature.
Reference Patient # Age yrs median Male: Primary disease Rx for primary Rx for APL

(range) female

Pulsoni2 51 57 (27-76) 17:34 Breast 15 Surgery 14 AIDA 31;
Lymphoma 12 Chemo 10 ATRA alone 8;
Female reproductive 9 RT 17 Other chemo 12
Others 15 Chemo + RT 10

Beaumont3 106 55 (12-82) 28:78 Breast  60 Chemo 30 ATRA + chemo 83
Lymphoma 15 RT 27 Chemo alone 16
Other cancers 29 Chemo + RT  49
MS 1
Other disease 1

Hasan4 14 40 (27-67) 6:8 MS 12 Mitoxantrone 12 ATRA + chemo 13
Other 2 NA 1

Dayyani5 29 54 (35-81) 15:14 Breast 9 Chemo 6 ATRA + chemo 10
Prostate 5 RT 10 ATRA + ATO 19
Lymphoma 4 Chemo + RT  13

ATRA: all trans retinoic acid; RT: radiation therapy; AIDA: ATRA plus idarubicin; NA: not available; ATO: arsenic trioxide

Table 2. Selected trials of front-line use of arsenic trioxide in acute promyelo-
cytic leukemia.
Reference Patient Induction Consolidation CR OS at x years

# (%) (%)

Mathews9 72 ATO ATO 86 5 (74.2)
Ghavamzadeh10 111 ATO ATO 85.6 3* (87.6)
Hu11 85 ATO+ATRA Chemo (D, A, H) 94.1 5 (91.7)
Ravandi12 82 ATO+ATRA±GO ATO+ATRA 92 3 (85)
Powell13 481 ATRA+Chemo ATO+Chemo(D) 90 3 (86)

(D, A) +ATRA or
Chemo(D)+ATRA 90 3 (81)

ATRA: all trans retinoic acid; ATO: arsenic trioxide; CR: complete response; OS: overall survival;
D: daunorubicin; A: ara-C; H: homoharringtonine; *3-year survival reported only for patients
achieving CR.



Recent studies have suggested a possible role for ATO in
the initial therapy of patients with APL thereby providing
us with an alternative strategy to chemotherapy-based
regimens (both for induction and consolidation) in those
patients deemed unfit to receive anthracycline-based
chemotherapy (Table 2).9-13 Several studies have used ATO
as a single agent and have reported good tolerance and a
high response rate with durable responses in the majority
of patients.9,10 Another strategy has been to combine ATO
with ATRA with or without gemtuzumab ozogamycin
thereby having a “chemotherapy-free” regimen.14,15 Long-
term follow up reports of these studies are again sugges-
tive of durable responses further indicating that this
approach is feasible and effective.11,12 Alternatively, ATO
can be used to consolidate the responses achieved after
ATRA and chemotherapy based induction thereby avoid-
ing additional anthracycline exposure. In the recently pub-
lished North American Intergroup study, 2 cycles of ATO
in consolidation significantly improved the event-free sur-
vival of patients in low- and high-risk groups.13

The prime incentive for using ATO earlier in the course
of treatment in this population of patients with therapy
related APL would be to avoid further use of anthracy-
clines, thereby reducing any potential cardiotoxicity in
the light of patients’ prior extensive exposure.
Furthermore, there are other potential advantages for
using a “chemotherapy-free” regimen in this patient pop-
ulation. For example, although the incidence of secondary
myelodysplastic syndrome and AML following treatment
of APL with chemotherapy-based regimens is low, it does
occur, as was seen in a patient in this report as well as in
other larger reports.16-19 Eliminating chemotherapy and, in
particular, anthracyclines in the treatment of patients
with therapy related APL may potentially decrease the
risk of this complication. A recent report comparing the
outcome of patients with therapy related APL treated
with ATRA and ATO to those treated with ATRA and
chemotherapy did not detect an inferior outcome for the
former group, further supporting the utility of this
approach.5

In conclusion, although the clinical features, response to
therapy and long-term outcome of patients with therapy
related APL does not seem to differ from de novo cases,
“chemotherapy-free” regimens or the use of ATO and
ATRA in consolidation may be desirable in this popula-
tion to avoid potential, albeit infrequent, complications.
Further studies exploring the mechanisms of pathogenei-
sis of topoisomerase II induced APL may provide further
insight into the etiology of other therapy related
leukemias.20 Potential reasons behind the development of
APL in patients with MS not exposed to topoisomerase
inhibitors should also be explored in future studies.
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