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Acute promyelocytic leukemia (APL), is a clinically well-

defined subtype of acute myeloid leukemia (AML), which is

now considered curable. The advent of all-trans-retinoid-

acid (ATRA) resulted in the patients achieving better over-

all survival. It is presumed that secondary malignancies

result from the exposure to alkylating agents or DNA topo-

isomerase II inhibitors.1 We describe a case of a 30-year-

old male who presented to us for the first time in 2013

and diagnosed with APL. He achieved complete clinical

and molecular remission after treatment with an anthra-

cycline and ATRA combined. After remaining disease free

for about 6 years, he again presented to us with ankle

pain associated with hyperleucocytosis. During the hospi-

tal stay, his complete workup revealed the diagnosis of

Chronic Myeloid Leukemia (CML) without any evidence of

APL relapse. Although therapy related acute myeloid leu-

kemia and myelodysplastic syndrome have been reported

as secondary malignancies in APL but chronic myeloid leu-

kemia is very rarely reported.2 We describe a case of

treated APL that developed CML as a secondary malig-

nancy in the light of previous medical literature.

Background

Chronic Myeloid Leukemia developing as a secondary

malignancy after treated acute promyelocytic leukemia is

a very rare phenomenon. Here, we describe hyperleucocy-

tosis associated with bilateral ankle pain in a 30-year-male

who was successfully treated for APL 6 years back. He was

finally diagnosed as CML in the recent admission. The

patient was vitally stable on presentation with initial sus-

picion of APL relapse due to high white cell count, how-

ever complete workup including bone marrow trephine,

cytogenetics and nested RT-PCR revealed the diagnosis of

CML in chronic phase. In a successfully treated patient

with APL, a physician should be aware of the possibility of

the development of CML. Purpose of writing the case

report is to highlight the rare possibility of CML occurring

in treated APL patients as a secondary malignancy.

Case presentation

In 2013, a 30-year-old male presented to emergency depart-

ment with history of undocumented fever, non-productive

cough and right arm swelling since 1 week. Initial laboratory

investigations showed Hemoglobin (Hb): 11.7 g/dL; Hematocrit
* Corresponding author.

E-mail address: medstudent2014@live.com (A.M. Abbasi).

https://doi.org/10.1016/j.htct.2021.02.014

2531-1379/� 2021 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

hematol transfus cell ther. 2022;44(4):602−605

Hematology, Transfusion and Cell Therapy

www.htc t . com.br

http://crossmark.crossref.org/dialog/?doi=10.1016/j.htct.2021.02.014&domain=pdf
mailto:medstudent2014@live.com
https://doi.org/10.1016/j.htct.2021.02.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.htct.2021.02.014
http://www.htct.com.br


(Hct): 344; Mean cell volume (MCV): 52 fL; Mean cell hemoglobin

(MCH): 17.7 pg; WBC: 147.6£ 109/L; Absolute neutrophil count

(ANC): 35.4£ 109/L; Blast: 72%; Platelets: 36£ 109/L. While the

rest of the baseline labs including renal function tests, liver

function tests and electrolyte were normal, there was an

increase in the levels of uric acid: 8.6 mg/dl and LDH: 1703 IU/L.

Ultrasound Doppler right arm showed evidence of thrombosis

in brachial vein. He was admitted under hematology-oncology

service. PT/APTT was normal while D-Dimer levels were

80 mg/L FEU and fibrin levels 272 mg/dl. Bone marrow flowcy-

tometry showed bright reactivity to myeloid markers including

myeloid peroxidase (MPO) and negativity to HLA-DR. Bone

marrow aspirate showed 91% blast cells with abnormal pro-

myelocytes. Bone trephine showed diffuse infiltration with

blast cells and bone marrow cytogenetics was normal. PML/

RARA translocation t (15; 17) was detected using both FISH

(Fig. 1) and real-time RT-PCR technique. AML inversion 16, trans-

location t (8; 21), nucleopshosmin 1 (NPM1) and; FLT3 ITD and 835

mutations were not detected. A diagnosis of high risk APL was

made and patient started on induction therapy. Induction was

given with 7+3 regimen including Cytarabine at 100 mg/m2

intravenous (IV) from day 1 to day 7, with Daunorubicin at

45 mg/m2 IV. from day 1 to day 3, in addition to ATRA at

40mg/m2 in two divided doses. Post inductionmarrow showed

complete remission and PML-RARA t (15; 17) was not detected

by real-time RT-PCR. Induction was followed by four cycles of

consolidation with ATRA, anthracycline and mitoxantrone.

Post-consolidation bone marrow was in remission and PML-

RARA t (15; 17)was not detected by real-time RT-PCR.

The patient remained in complete remission until Janu-

ary 2020 when he presented to us at clinic with inciden-

tal high white cell counts (TLC 50£ 109) from an outside

laboratory with concerns of bilateral ankle pain. With a

suspicion of disease relapse, diagnostic workup was car-

ried out.

Investigations

Initial laboratory investigations showed Hb 13.5 g/dl, TLC

39.7 £ 109 /L with absolute neutrophil count (ANC) 31.7£ 109/

L and platelets: 315£ 109/L. Peripheral film showed leukocyto-

sis with myelocytes, metamyelocytes and leucoerythroblastic

blood picture. No blast cells were observed. Blood chemistry

showed uric acid 10.4 mg/dl. Rest of the baseline laboratory

investigations including renal function, liver function tests

and electrolytes were within normal range. Antinuclear anti-

body (ANA), anti-DS DNA and anti-cyclic citrullinated peptide

(anti-CCP) were negative. PML/RARA translocation t (15; 17)

was not detected by real-time RT-PCR technique. X-ray of

bilateral ankles was negative for any pathology.

Bone marrow biopsy was performed which was consistent

with the diagnosis of CML (Chronic phase). Bonemarrow aspi-

rate was a hyper cellular specimen showing trilineage hema-

topoiesis with myeloid hyperplasia consisting of immature

granulocytic precursors such as promyelocytes, myelocytes

and metamyelocytes. Erythropoiesis was relatively sup-

pressed. Myeloid: Erythroid ratio was 32:1. (Fig. 2)

Bone trephine showed cellularity of around 90−95%. Cellu-

lar areas showed myeloid hyperplasia, with adequate mega-

karyocytes and relatively suppressed erythropoiesis. Overall

bone marrow findings were consistent with myeloprolifera-

tive disorder (chronic myeloid leukemia in chronic phase).

BCR ABL1 p210 (b3a2) transcript was detected by nested

RT-PCR Qualitative which was estimated to represent 21% IS

(International scale) by real-time RT-PCR Quantitative. Bone

marrow cytogenetics showed 46, XY, t (9; 22) (q34; q11.2), that

Fig. 1 –FISH image (orange signal: 15q22 LSI PML, green sig-

nals; 17q21.1 LSI RARA). Result: t(15;17)(q22;q21) is detected

in 95% of the 500 nuclei counted.Method: Dual colour trans-

location probe is used for the detection of PML/RARA gene

fusion in patient blood sample. Interpretation: In a normal cell

two orange signals of PML and two green signals of RARA

representing normal copies, whereas fusion of PML/RARA

will display one orange, one green and one orange/green

(yellow) fusion signal pattern.

Fig. 2 –Bone marrow showing hypercellular aspirate, with

trilineage hematopoiesis, myeloid hyperplasia comprising

of promyelocytes, myelocytes andmetamyelocytes with few

basophilic precursors noted.
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is 20 cells were counted and all cells were positive for Phila-

delphia chromosome. (Fig. 3)

Treatment

Patient was admitted to general ward and managed symp-

tomatically for pain in addition to baseline laboratory work-

up. Rheumatology service was involved for bilateral ankle

pain, which suggested conservative management. High white

cell counts settled following treatment with hydroxyurea.

Final diagnosis was CML Chronic phase, according to WHO.

2016 classification. Patient was started on nilotinib 600 mg

per oral, once a day and discharged for later follow-up as out-

patient.

Outcome and follow-up

Patient was followed up at clinic after discharge. He achieved

a hematological response at 4 weeks and achieved early

molecular response at 3 months based on BCR-ABL Quantifi-

cation by PCR (BCR-ABL 4%). He is currently on same dose of

nilotinib. His last cbc shows Hb 12.8 g/dl, TLC 10.0£ 109 /L

with 55% neutrophils, 36% lymphocytes and platelets

219£ 109 /L. He has been under blood count surveillance with

a plan to continue nilotinib and monitor for molecular

response at three months.

Discussion

As APL has a very good response to treatment and patients

have increased long-term survival, therapy related leukemia

has become a foremost concern. There are few reports of

therapy related myelodysplastic syndrome (t-MDS) and acute

myeloid leukemia (t-AML) in treated patients of APL.2,3

There is also an increasing trend in cases of therapy-

related CML (t-CML) that arise in patients treated for primary

hematological disorders like Hodgkin and non-Hodgkin lym-

phoma, acute leukemia and chronic lymphocytic leukemia in

addition to solid tumors like ovarian, breast and uterine cervi-

cal cancers.4,5 32 cases of treatment related CML were studied

and it was suggested that there was no clinically significant

difference between treatment related CML and the de novo

CML cases.6

In previous medical literature, therapy related myeloid

neoplasms have been reported, in patients who were treated

with chemotherapy for APL. However only two documented

cases of transformation to CML were found. In the first case,

Fig. 3 –Bonemarrow cytogenetics showing translocation between chromosomes 9q34 and 22q11.2, resulting in Philadelphia

chromosome. Number of cells counted: 20; Number of cells analyzed: 20; Number of cells karyogramed: 12; Banding methods:

GTG Banding. Result: 46,XY,t(9;22)(q34;q11.2)[20].
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Sakamaki et al. reported a 62-year-old male who was diag-

nosed and treated for APL in 1978.7 He achieved complete

remission. However, he had relapse of the disease in February

1981. He was then treated with cytosine arabinoside, aclarubi-

cin, 6MP and prednisolone. He achieved remission post treat-

ment and remained disease free for next 5 years after which

he presented with leukocytosis and was diagnosed as case of

CML with Philadelphia translocation t (9:22) positive in Sep-

tember 1986. His leukocytosis was controlled with the use of

busulfan.

Similarly Huang et al. reported a 43-year-old male in

2001 who was diagnosed with APL and treated with ATRA

and anthracycline followed by maintenance of 2 years

and achieved complete remission.8 After 7 years of dis-

ease free interval, he came back with complains of leuko-

cytosis and fatigue and diagnosed as Philadelphia positive

CML. Imatinib was prescribed but was not taken due to

financial reasons. After achieving a temporary hematolog-

ical response at 1 month with hydroxyurea, interferon- a

and arsenic trioxide (ATO), his disease progressed rapidly

to accelerated phase. He became non-compliant to treat-

ment and died after 2 months with sudden gastrointesti-

nal hemorrhage.

Currently studies are also being conducted on the effect

of ATO, which is now used as first line in low risk APL

patients. Norsworthy et al. in a SEER Medicare analysis

reported a high incidence of second malignancies in APL

patients treated with ATO, although the risk was similar

to patients who received other APL therapies, which were

mostly solid tumors.9 However further prospective

research into second malignancies following ATO is war-

ranted.

Although it is clear that the benefits of therapy out-

weigh the long-term side effects, this case shows the

importance of careful long-term monitoring of patients

treated for APL.

Conflicts of interest

The authors declare no conflict of interest.

r e f e r enc e s

1. Pedersen-Bjergaard J, Pedersen M, Roulston D, Philip P. Differ-

ent genetic pathways in leukemogenesis for patients present-

ing with therapy-related myelodysplasia and therapy-related

acute myeloid leukemia. 1995.

2. Zompi S, Vigui�e F. Therapy-related acute myeloid leukemia and

myelodysplasia after successful treatment of acute promyelo-

cytic leukemia. Leukemia Lymphoma. 2002;43(2):275–80.

3. Lobe I, Rigal-Huguet F, Vekhoff A, Desablens B, Bordessoule D,

Mounier C, et al. Myelodysplastic syndrome after acute pro-

myelocytic leukemia: the European APL group experience. Leu-

kemia. 2003;17(8):1600–4.

4. Bauduer F, Jensen LD, Dastugue N, Marolleau J-P. Chronic mye-

loid leukemia as a secondary neoplasm after anti-cancer radio-

therapy: a report of three cases and a brief review of the

literature. Leukemia Lymphoma. 2002;43(5):1057–60.

5. Waller C, Fetscher S, Lange W. Treatment-related chronic mye-

logenous leukemia. Ann Hematol. 1999;78(8):341–54.

6. Aguiar RC. Therapy-related chronic myeloid leukemia: an epi-

demiological, clinical and pathogenetic appraisal. Leuk Lym-

phoma. 1998;29(1-2):17–26.

7. Sakamaki H, Nakamura S, Maruyama Y, Nagata K, Yahara Y,

Onozawa Y. Chronic myelocytic leukemia following chemo-

therapy of acute promyelocytic leukemia. [Rinsho ketsueki].

The Japanese J Clin Hematol. 1989;30(11):1975–81.

8. Huang F, Chang J, Du C, Tao R. Chronic myeloid leukemia devel-

oping after successful treatment of acute promyelocytic leuke-

mia. Indian J Hematol Blood Transfusion. 2016;32(1):104–7.

9. Norsworthy KJ, Bird ST, Avagyan A, Li Y, Akhtar S, Liao J, et al.

Second cancers in adults with acute promyelocytic leukemia

(APL) treated with or without arsenic trioxide (ATO): a SEER-

medicare analysis. Blood. 2019;134(Supplement_1):3497.

hematol transfus cell ther. 2022;44(4):602−605 605

http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0002
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0002
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0002
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0002
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0003
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0003
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0003
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0003
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0004
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0004
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0004
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0004
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0005
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0005
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0006
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0006
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0006
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0007
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0007
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0007
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0007
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0008
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0008
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0008
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0009
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0009
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0009
http://refhub.elsevier.com/S2531-1379(21)00073-0/sbref0009

	Chronic myeloid leukemia developing in treated acute promyelocytic leukemia
	Background
	Case presentation
	Investigations
	Treatment
	Outcome and follow-up
	Discussion
	Conflicts of interest
	References


