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Introduction

Therapy-related myeloid neoplasms listed in the 
2016 revision to the World Health Organization classi-
fication of myeloid neoplasms and acute leukemia has 
emerged as a significant clinical entity in recent years 
[1]. This has been attributed to the increasing use of 
chemotherapeutic and radiotherapeutic agents for 
the treatment of primary neoplastic or non-neoplastic 
disorders, which can trigger treatment-induced muta-
genesis. Although therapy-related Acute Promyelocytic 
Leukemia (t-APL) is a relatively infrequent disease, its 
steadily rising incidence has been associated with in-
creasing use of topoisomerase II inhibitors [2,3]. Radio-
active Iodine (RAI) therapy for thyroid cancer has also 
emerged as a possible leukemogenic insult. The bal-
anced translocation between chromosomes 15 and 17, 
denoted t(15;17) is highly specific for Acute Promyelo-
cytic Leukemia (APL). This translocation causes fusion 
of Retinoic Acid Receptor-alpha (RAR-alpha, RARa) gene 
on chromosome 17 and the Promyelocytic Leukemia 
(PML) gene on chromosome 15. Although several cas-
es of t-APL have been identified, only six cases of t-APL 
have been reported after RAI therapy [4-9]. Deletion in 
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the long arm of chromosome 9 (9q deletion) is a rare 
clinical finding that has been identified as a recurring 
cytogenetic abnormality in de novo APL and has been 
associated with poor overall survival [10-12]. Further-
more, 9q deletion with t(15;17) has not been previously 
described in t-APL after RAI therapy. We present a case 
of a woman who developed t-APL with interstitial 9q 
deletion after exposure to RAI therapy for her thyroid 
carcinoma.

Case Presentation

A 60-year-old female was admitted to a hospital in 
August, 2016 with complaints of fatigue, nausea, vom-
iting, headache and epistaxis for one week. She had a 
prior history of papillary carcinoma of thyroid gland 
diagnosed in 2009 and treated with total thyroidecto-
my followed by 2 cycles of RAI therapy (cumulative RAI 
dose 202.5 mCi), and was taking sorafenib for locally re-
current disease at the time of admission. Initial labora-
tory workup was notable for severe thrombocytopenia 
with platelet count < 10,000/uL (normal 150-440 K/uL), 
fibrinogen level 38 mg/dL (reference range: 150-400 
mg/dL), thrombin time 27.8 seconds (reference range: 
10.3-16.6 seconds), D-dimer level > 20,000 ng/mL (ref-
erence range 0-240 ng/mL). Her peripheral smear had 
22% blasts. As the patient was in a state of active Dis-
seminated Intravascular Coagulation (DIC) with periph-
eral blasts, the decision was made to treat presumptive-
ly for APL with All-Trans Retinoic Acid (ATRA). She was 
admitted to the intensive care unit for close monitoring 
and further management.

Bone marrow aspirate and biopsy showed a hyper-
cellular bone marrow with predominance of abnormal, 
hypergranular promyelocytes with variably shaped nu-
clei and numerous small to large cytoplasmic granules 
(Figure 1). Occasional blasts with Auer rods, singly and 
in bundles, were further noted. A 500-cell differential 
cell count showed: 86% blasts (abnormal promyelo-
cytes), 7% erythroid precursors, < 1% maturing myeloid 
precursors, 6% lymphocytes and 1% plasma cells. Flow 
cytometry (Figure 2) showed a prominent population of 
myeloid cells with dim CD45 expression and intermedi-
ate to high side scatter in approximately 95% of cells in 

the specimen. Blasts were positive for CD64 and partial-
ly expressed CD38, CD11b, CD13, and CD117. There was 
also evidence of partial, dim CD2 and/or CD56 expres-
sion in a minor subset of blasts. The blasts were neg-
ative for CD34 and HLA-DR. Cytogenetic analysis was 
performed on the bone marrow specimen, and a total 
of 20 cells were analyzed. Four cells showed a normal 
female karyotype. Sixteen cells showed an abnormal fe-

         

  

Figure 1: a) Peripheral blood smear showing hypergranular blasts in our patient with t-APL (100x); b) Bone marrow aspirate 
showing leukemic promyelocytes, including one in the center (arrow) with Auer rods (100x).
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Figure 2: a) Note predominant blast cluster (green) with 
high Side Scatter (SS) CD 45 intermediate; b) Blasts are 
negative for CD34 and HLA-DR.
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male karyotype with a translocation between the long 
arms of chromosome 15 (band q24) and chromosome 
17 (band q21) with an additional chromosome 8 and in-
terstitial deletion in the long arm of one chromosome 9 
(bands q13q22) (Figure 3).

The patient’s DIC improved with aggressive sup-
portive management and ATRA induction therapy. Her 
hospital course was complicated by differentiation syn-
drome, renal failure, respiratory failure, Escherichia coli 
bacteremia and septic shock. The patient continued to 
decline and passed away on day 6 of hospitalization.

Discussion

RAI is a beta emitter and can cause chromosomal 
mutations that may be involved in the pathogenesis of 
therapy-related myeloid neoplasms. A meta-analysis 
including 16,502 thyroid cancer patients showed a 2.5-
fold increase in the relative risk of developing leukemia 

in those patients who were treated with radioiodine 
[13]. Some of these inciting events can be identified 
using diagnostic cytogenetics. We identified 6 cases 
of t-APL following RAI therapy reported in the litera-
ture (Table 1). These patients had the pathognomonic 
t(15;17), but one report also documented a patient with 
trisomy of chromosome 8, which is the most common 
additional chromosomal rearrangement seen in APL. Of 
note, APL with trisomy 8 and PML/RARA fusion gene has 
been shown to have better prognosis compared to oth-
er AML subtypes with trisomy 8 [14].

To our knowledge, 9q deletion has been described 
previously in 9 cases of de novo APL [11,15-18] but not 
in t-APL. Reported here is an unusual case of t-APL fol-
lowing RAI exposure with an interstitial deletion of 9q in 
addition to the pathognomonic t(15:17). Based on clini-
cal observations, it has been proposed that APL with 9q 
deletion and the t(15:17) may have significantly worse 

         

Figure 3: Karyotype: 47, XX, +8, del (9) (q13q22), t (15;17) (q24;q21) [16]/46, XX[4].

Table 1: Reported cases of t-APL in patients treated with RAI therapy with underlying cytogenetic abnormalities.

Case Year Authors Age Sex RAI dose 
(mCi)

Interval between 
RAI to APL (years)

Cytogenetic 
abnormalities

Survival after 
diagnosis of 
t-APL

1. 1993 Richards EM, et al. [3] 28 M 6210 1.2 t(15;17) -
2. 1998 Roldan Schilling V, et al. [4] 43 F 150 5 t(15;17) 2 years
3. 2006 Lee SH, et al. [5] 48 F 676 1 t(15;17) Trisomy 8 Unknown
4. 2007 Grudeva-Popova J, et al. [6] 47 F 118 1.2 t(15;17) (q22;21) -
5. 2012 Gilabert M, et al. [7] 39 F N/A 2 t(15;17) N/A
6. 2016 Oluwasanjo A [8] 35 F 103 1.5 t(15;17); (q22;q21.2) -
7. 2016 Current case 60 F 202.5 2 t(15;17), Trisomy 

8, Interstitial 9q 
deletion

< 1 week

Search Strategy: We performed a MEDLINE search of patients with therapy related myeloid neoplasms from 1990 to 2017. The 
keywords used in the search were radioactive iodine, therapy related, myeloid neoplasm, promyelocytic leukemia, cytogenetic 
abnormalities and 9q deletion.
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tion classification of myeloid neoplasms and acute leuke-
mia. Blood 127: 2391-2405.

2. Pulsoni A, Pagano L, Lo Coco F, Avvisati G, Mele L, et 
al. (2002) Clinicobiological features and outcome of acute 
promyelocytic leukemia occurring as a second tumor: the 
GIMEMA experience. Blood 100: 1972-1976.

3. Beaumont M, Sanz M, Carli PM, Maloisel F, Thomas X, et 
al. (2003) Therapy-related acute promyelocytic leukemia. J 
Clin Oncol 21: 2123-2137.

4. Richards EM, Marcus RE (1993) Acute promyelocytic leu-
kaemia following radioiodine therapy. Clin Lab Haematol 
15: 55-58.

5. Roldan Schilling V, Fernandez Abellan P, Dominguez Es-
cribano JR, Rivas Gonzalez C, Mut Barbera E, et al. (1998) 
Acute leukemias after treatment with radioiodine for thyroid 
cancer. Haematologica 83: 767-768.

6. Lee SH, Eom KS, Lee S, Kim HJ, Min CK, et al. (2006) 
A case of acute promyelocytic leukemia after iodine-131 
treatment for thyroid cancer. The Korean Journal of Hema-
tology 41: 302-305.

7. Grudeva-Popova J, Yaneva M, Zisov K, Ananoshtev N 
(2007) Therapy-related acute promyelocytic leukemia after 
treatment with radioiodine for thyroid cancer: case report 
with literature review. J BUON 12: 129-132.

8. Gilabert M, Prebet T (2012) Acute leukemia arising after 
radioiodine treatment for thyroid cancer. Haematologica 97: 
e28-e29.

9. Oluwasanjo A, Pathak R, Ukaigwe A, Alese O (2016) Ther-
apy-related acute myeloid leukemia following radioactive 
iodine treatment for thyroid cancer. Cancer Causes Control 
27: 143-146.

10. Peniket AJ (2005) Del (9q) acute myeloid leukaemia: clin-
ical and cytological characteristics and prognostic implica-
tions. Br J Haematol 130: 969. 

11. Yamamoto K, Hamaguchi H, Kobayashi M, Tsurukubo Y, 
Nagata K (1999) Terminal deletion of the long arm of chro-
mosome 9 in acute promyelocytic leukemia with a cryptic 
PML/RAR alpha rearrangement. Cancer Genet Cytogenet 
113: 120-125.

12. Schoch C, Haase D, Haferlach T, Gudat H, Buchner T, et 
al. (1996) Fifty-one patients with acute myeloid leukemia 
and translocation t(8;21)(q22;q22): An additional deletion 
in 9q is an adverse prognostic factor. Leukemia 10: 1288-
1295.

13. Sawka AM, Thabane L, Parlea L, Ibrahim-Zada I, Tsang 
RW, et al. (2009) Second primary malignancy risk after ra-
dioactive iodine treatment for thyroid cancer: a systematic 
review and meta-analysis. Thyroid 19: 451-457.

14. Wang JH, Yao B, Guo M, Qiao JH, Sun QY, et al. (2016) 
Characteristics and prognosis of 24 cases of primary acute 
myeloid leukemia with trisomy 8. Zhongguo Shi Yan Xue 
Ye Xue Za Zhi 24: 655-661.

15. Larson RA, Kondo K, Vardiman JW, Butler AE, Golomb 
HM, et al. (1984) Evidence for a 15;17 translocation in ev-
ery patient with acute promyelocytic leukemia. Am J Med 
76: 827-841.

16. Kantarjian HM, Keating MJ, Walters RS, Estey EH, Mc-
Credie KB, et al. (1986) Acute promyelocytic leukemia. 
M.D. Anderson Hospital experience. Am J Med 80: 789-
797.

17. Grimwade D, Howe K, Langabeer S, Davies L, Oliver F, et 
al. (1996) Establishing the presence of the t(15;17) in sus-

prognosis than APL cases which have only the pathog-
nomonic t(15;17) [11]. The unfavorable prognostic indi-
cation of 9q deletion has also been documented by an 
analysis of 51 cases of acute myeloid neoplasms with 
t(8;21)(q22;q22) [12]. Median overall survival of the pa-
tients with 9q deletion was reported as 12.5 months, 
significantly shorter than in patients with t(8;21) alone. 
These observations suggest that deletion of genes in 
this region of the genome may contribute to leukemo-
genesis and therapeutic resistance. Mutational analy-
sis of the coding regions of genes in 9q has revealed a 
model of tumor suppression that can be disrupted by 
haploin sufficiency of critical genes due to 9q deletion, 
ultimately giving rise to myeloid leukemias [19]. Further 
research on the consequences of 9q deletion is war-
ranted, in order to better understand how this genet-
ic abnormality leads to poor prognosis and decreased 
survival.

A recent review of 37 cases of therapy related my-
eloid neoplasms following RAI therapy for thyroid can-
cer found a shorter latency period (1-4 years) in these 
patients when compared to those associated with al-
kylating agents and irradiation [9]. A short period of 
post-RAI treatment surveillance may be reasonable if 
a causative relationship is established between RAI ex-
posure and development of myeloid neoplasms. Recent 
clinical studies have also investigated the benefits of 
radioprotective agents, both synthetic and natural, in 
mitigating genetic damage in patients undergoing RAI 
therapy [20].

Cases of t-APL have been reported to respond to 
treatment with good remission rates, but the presence 
of a 9q deletion has been associated with poor prog-
nosis. Targeted therapies may be established in the fu-
ture to improve survival in this subset of patients. Also, 
there appears to be an association between radioactive 
iodine treatment and this uncommon form of leukemia. 
Hence, awareness of this association by the treating cli-
nician is important.
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