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Abstract:

Therapy-related myeloid neoplasms (t-MN) are a rare side effect of antineoplastic therapy including radiation and cer-
tain chemotherapeutic agents. Risk of t-MN is generally correlated with the specific agent and dosage used. Although
rare, these disorders typically occur 5-7 years after therapy with alkylating agents and 1-3 years after therapy with to-
poisomerase II inhibitors. In the past decade, we have two pediatric patients who developed t-MN within a year of com-
pleting treatment for Ewing sarcoma. Both patients began treatment within a month of their primary diagnosis, which
involved a regimen of radiation, alkylating agents, and topoisomerase II inhibitors. They each experienced complica-
tions of delayed count recovery, requiring use of granulocyte-colony stimulating factor. At her six-month follow-up,
one patient was noted to have hypocellular marrow with increased blast population, consistent with therapy-related
acute myeloid leukemia. The second patient was diagnosed with hypocellular marrow for age with trilineage dyspoiesis
and increased blasts (10-15%), consistent with therapy-related myelodysplastic syndrome at her one-year follow-up
appointment. In general, both patients were doing well post chemotherapy, with minimal complaints of fatigue and
awaiting blood cell count recovery. Notably, the latency period for therapy related myeloid neoplasms may overlap with
the expected waiting period for marrow recovery- particularly for topoisomerase II inhibitors such as doxorubicin and
etoposide. Our case study suggests it is prudent to research this phenomenon thoroughly and perform a bone marrow
core biopsy to exclude the possibility of rapidly evolving t-MN in patients with slow count recovery.

Introduction

The Ewing sarcoma (ES) family of tumors is a group of small, round-cell neoplasms of
neuroectodermal origin arising in bone or soft tissuel'! and commonly occurs in the pe-
diatric to young adult population (5-25 years old).Nearly all cases of ES have the classic
translocation t(11;22)(q24;q12) that encodes the EWSR1/FLI-1 fusion transcript!?!. Prog-
nosis is affected by whether the tumor occurs as a local lesion or presents with metastasis
at the time of diagnosis and if the tumor has a good pathologic response to therapy®.
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Currently, in patients with localized ES, the expected event free survival rate at five years
is around 70%™.

Treatment algorithms can include induction chemotherapy, local treatment in-
cluding surgical intervention, maintenance chemotherapy, and consolidation high-dose
chemotherapy (HDCT) based on alkylating agents. The overall survival rate of Ewing
sarcoma in the early 1970s was reported to be < 10%PL. The addition of the alkylating
agent ifosfamide and topoisomerase II inhibitor etoposide to investigational treatment
algorithms in the 1980s showed significantly improved outcomes for patients with non-
metastatic Ewing sarcoma and became a part of the standard chemotherapy regimen in
the early 1990s%"\. The addition of ifosfamide and etoposide did not improve survival
or outcomes in patients with metastases!. The addition of these medications has been
associated with increased rates of secondary malignancies!®® in patients with Ewing sar-
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coma. Secondary hematopoietic malignancies typically develop
within the first few years (eg 1-5 years) after treatment and are
associated with chemotherapy Regimen, while secondary solid
tumors (sarcoma and carcinoma) occur later with a typical latent
period of 10 years or more and are strongly associated with radi-
ation® '), Children’s Oncology Group (COG) conducted a large
study, INT-0091, evaluating secondary malignancies in patients
with nonmetastatic Ewing tumor Treatment; the COG identified
2% t-MNs at 5 years!®'?) whereas a European study identified
less than 1% t-MNs at 5 years!'®!. In the same COG trial (INT-
0091), patients with metastatic ES, treated with higher doses of
chemotherapy (including cyclophosphamide, ifosfamide and
doxorubicin) and G-CSF, the incidence of secondary t-MN (leu-
kemia and MDS) increased to 11% at 5 years without improving
event free survival or overall survivall®!4,

The World Health Organization Tumors of Haemato-
poietic and Lymphoid Tissue define therapy-related Myelodys-
plastic Syndrome (t-MDS) and therapy-related Acute Myeloid
Leukemia (t-AML) as a late complication of cytotoxic chemo-
therapy or radiation therapy administered for a prior neoplastic
or non-neoplastic disorder!’”). The latency period between the
primary disease diagnosis and t-MN onset ranges from sever-
al months to years and is associated with the cumulative dose,
dose intensity, and type of preceding cytotoxic therapy!'?. In pa-
tients treated with alkylating agents or radiotherapy, bone mar-
row myelodysplastic changes usually precedes t-AML allowing
for a longer latency period of 5-7 years and are more likely to
have complex karyotypes!'”'®l. Patients previously treated with
topoisomerase II inhibitors usually present with balanced trans-
locations, have a shorter latency period (1-3 years), and exhibit
a rapidly progressive leukemial'7'!. Therapy related MDS in the
setting of topoisomerasell inhibitors is commonly defined by
balanced translocations with 11q23 and 21q22!!6-18202 Stud-
ies have shown that a portion of young patients with t-MNs can
experience long term survival with allogenic stem cell trans-
plantation!'®. Outcomes of post-transplant patients are affected
by transplant related complications, non-complete remission/
relapse, and poor cytogeneticst!?324,

Table 1: Time line of diagnoses and treatment

Case Presentation
We will discuss 2 cases of Ewing sarcoma with rapid therapy
related MDS/therapy related AML.

Patient 1 was a 17 year old female who presented after
several months of worsening left hip pain. Physical exam was
notable for fullness and tenderness inferior to the left iliac wing.
Imaging revealed a lytic lesion along the left iliac wing with
extension into the left iliacus and gluteus muscles. Her meta-
static workup was negative. A CT-guided core biopsy of the left
iliac wing was performed by interventional radiology. The his-
tologic sections showed diffuse tumor involvement which was
composed of monomorphic, small round blue cells with scant
cytoplasm and clear chromatin. There was diffuse membranous
staining with CD99 and molecular studies revealed a EWSR1/
FLI1 fusion transcript (see Table 2). The constellation of these
findings is diagnostic of Ewing sarcoma.

Patient 1 was enrolled onto COG Study AEWS1031,
Regimen B, which consists of 3 different combinations of che-
motherapy including vincristine-topotecan-cyclophosphamide,
ifosfamide-etoposide, and vincristine-doxorubicin-cyclophos-
phamide along with local radiation therapy. Pegfilgrastim was
utilized routinely during treatment. She finished treatment after
one year. Her end of therapy evaluation revealed no evidence
of recurrent or progressive disease, confirming that she was in
remission.

About 6 months later (see Table 1) she began having
headaches and fatigue. Her physical exam was unremarkable
aside from conjunctival pallor. While her CBCs following end
of therapy had not shown full count recovery yet, the CBC this
visit was markedly abnormal with pancytopenia (white blood
cell count 1.28 K/uL, hemoglobin 6.3 g/dL, platelet 114 K/uL,
and ANC 280). The white blood cell differential was other-
wise unremarkable. A bone marrow biopsy was performed and
demonstrated a hypocellular bone marrow for age (20% cellular-
ity) with an increased number of CD34-positive cells (see Figure
1). In total, the CD34-positive blasts accounted for 50-60% of
the total nucleated cells by immunohistochemical stain. On the
accompanying aspirate, intermediate-sized blasts with immature

Patient | Symptoms | Diagnosis | Treatment | End  of | Secondary | Start of Second- | Current status

began of Ewing’s | began treatment | diagnosis | ary treatment

6/2014 3/2015 3/2015 3/2016 10/2016 10/2016 Stem cell transplant 2/2017, 1 year in remission
2 5/2014 8/2014 9/2014 11/2015 12/2016 12/2016 Progression to AML; Expired 8/2017

Table 2: Cytogenetic/Molecular findings

Patient 1

Patient 2

Original Diagnosis Ewing Sarcoma

Ewing sarcoma/primitive neuroectodermal tumor

Location Left iliac wing

Skull and dura mater

Age at diagnosis 17

11

Molecular
type I fusion transcript

EWSRI/FLI1 detected by RT-PCR amplification; Consistent with

EWSRI1/FLI1 detected by RT-PCR amplification;
Consistent with type II fusion transcript

Secondary Diagnosis | Therapy related myeloid neoplasm

Therapy related myeloid neoplasm

Specific type t-AML

t-MDS

Cytogenetics
46, XX [3]

46, XX, t(3:;8)(q26;924), -7, +mar [1];46, sl, (12;21)(q12;922), [16];

45, XX, add(3)(q27), -7 [20]

Fluorescence in situ
hybridization

3q26.2 (MECOM) gain in 55% 7cen(D7Z1) 7q31(D7S486) dele-
tion/monosomy in 68% 21922 (RUNX1) gain in 80.5%

7cen(D7Z1) 7q31(D7S486) deletion/monosomy
in 81%
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chromatin, prominent nucleoli, and scant to moderate cytoplasm
were identified. Flow cytometry on the bone marrow aspirate
revealed 33% blasts, confirming the diagnosis of t-AML. Addi-
tional ancillary studies revealed a 3q26.2 gain in 55% of cells,
a 7cen 7q31 deletion/monosomy in 68% of cells, and a 22q22
(RUNX1) gain in 80.5% of cells by fluorescent in situ hybridiza-
tion (FISH) (see Table 2).

Figure 1: Patient 1 Bone Marrow Findings. A) Aspirate smear (400x)
demonstrating increased and prominent blasts. B) Blasts identified cir-
culating in the peripheral blood (1000x). C) H&E of the bone marrow
biopsy (200x) showing numerous large cells with a high nuclear: cyto-
plasm ratio amidst maturing granulocytes. D) CD34 immunostain of the
bone marrow biopsy (200x) delineates many of the large cells as blasts.

She began salvage therapy with high dose cytarabine
and mitoxantrone-dexrazoxane. She developed invasive fungal
sinusitis with Curvularia /unata for which she received treat-
ment with liposomal amphotericin B. She also received decit-
abine and gemtuzuma bozogamicin with eventual bone marrow
minimal residual disease (MRD) testing revealing 4.4% blasts
by flow cytometry. She then proceeded to a matched unrelated
donor peripheral blood stem cell transplant, conditioned with
fludarabine-busulfan-rabbit ATG. Her bone marrow chimerism
study at Day +100 showed 100% donor cells. She did not have
complications of graft-versus-host disease (GVHD) and contin-
ued to do well at her Day +112 clinic visit (see table 1).

Patient 2 was a 10 year old female who presented af-
ter having 2-3 months of worsening right sided frontal/temporal
headaches, associated with right sided pain/weakness and inter-
mittent vision loss. Her physical exam was notable for tremors
along bilateral upper extremities. An MRI of the brain revealed
an extra-axial dural-based mass in the right temporal convexity
with associated midline shift. A skull and dura mater resection of
the mass was performed by neurosurgery which showed a high-
grade small round blue cell neoplasm. The neoplasm demon-
strated sheets of cells with primitive features, including incon-
spicuous cytoplasm, open chromatin, and prominent nucleoli,
amidst scattered necrosis and hemorrhage. CD99 showed dif-
fuse expression. Real time-Polymerase chain reaction (RT-PCR)
identified an EWSR1/FLI1 fusion transcript (see Table 2). The
final diagnosis was a Ewing sarcoma/primitive neuroectodermal
tumor.

Her workup, including pan CT, bone scan, and bone
marrow evaluation, was negative for metastatic disease. She be-
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gan standard therapy with vincristine-doxorubicin-cyclosphos-
phamide and ifosfamide-etoposide. Pegfilgrastim was utilized
routinely during treatment. She received radiation therapy for
local control. She completed treatment after 14 months. Her end
of therapy evaluation revealed that she was in remission. About
12-13 months after end of therapy, during routine off therapy
follow-up, she was noted to be tired with leg pain (see Table 1).
Her physical exam was unremarkable. Her CBC showed a white
blood cell count of 4.63 K/uL, hemoglobin 9 g/dL, platelet 199
K/L, and 4% circulating blasts.

Patient 2 underwent a bone marrow biopsy; flow cy-
tometry on the bone marrow aspirate revealed an abnormal my-
eloblast population, consisting of 3% of events. The core biopsy
demonstrated a hypocellular marrow for age (50-60% cellulari-
ty) with trilineage dyspoiesis and 10-15% blasts by immunohis-
tochemical staining with CD34 and CD117 (see figure 2). The
blasts were present in small clusters and singly; myeloid and
erythroid maturation was left-shifted. The immature myeloid
precursors were noted to have an atypical localization in the bi-
opsy and dyspoietic changes were observed in the aspirate; spe-
cifically, the myeloid lineage exhibited nuclear to cytoplasmic
dyssynchrony, hypolobated forms, and megaloblastoid changes.
An immunohistochemical stain for CD61 revealed an increase
in megakaryocytes, which were noted on the aspirate to include
small and hypolobated forms. FISH studies and cytogenetics re-
vealed a monosomy of chromosome 7, consistent with a thera-
py-related myeloid neoplasm (see Table 2).

Figure 2: Patient 2 Bone Marrow Findings. A) Aspirate smear (500x)
demonstrating trilineage dyspoiesis, highlighted by a megakaryocyte
with widely spaced nuclei, hypogranulation of the granulocytes, and
nuclear-to-cytoplasmic dyssynchrony in the erythroids. B) Peripheral
smear displays scattered blasts (1000X). C) Prominent bi-lobed neu-
trophil on the peripheral blood smear (1000x). D) Bone marrow biop-
sy (400x) showing predominance of small, hypolobated, and closely
distributed megakaryocytes. E) CD34 immunostain highlighting an in-
creased blast population in the bone marrow biopsy (200x).

Patient 2 received two cycles of decitabineprior to a
matched unrelated donor stem cell transplant, conditioned with
fludarabine, thiotepa, rabbit ATG, and melphalan. She had no
evidence of GVHD. Her peripheral blood chimerism was 100%
donor by Day +25 but began to fall around Day +75, for which
she received azacitidine. Unfortunately, her disease progressed
to Acute Myeloid Leukemia few months later (see Figure 2), for
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which her family elected to place her in hospice care, and our
patient expired about 3 weeks after enrolling in hospice care (see
Table 1).

Discussion

Improved long-term outcomes of primary cancer have come
with the cost of increased secondary malignancy®®!. There
are some concerns that granulocyte colony stimulating factor
(G-CSF) administration could play a role in leukemogenesis
2125 of t-MNs. G-CSF is a growth factor that is central in the
differentiation and amplification of neutrophil progenitors and
precursors. Neutrophils are a critical part of the immune system
for their antimicrobial cytotoxic properties?. When patients re-
ceive myelo-suppressive chemotherapy, they no longer have an
adequate bone marrow reserve of myeloid precursors resulting
in neutropenia. These patients are extremely susceptible to in-
fections due to neutropenia, which can increase morbidity and
mortality.

G-CSF can help in this scenario by shortening the
length and decreasing the incidence of neutropenia as well as
reducing the duration of antibiotic treatment?. Despite these
impressive results, G-CSF has not shown to influence the inci-
dence of severe infectious complications or the 5-year event free
survival rate?”. However, it has been suggested that the ability
of G-CSF to promote proliferation prior to repair of damaged
stem cells, which might otherwise undergo apoptosis, may con-
tribute to leukemogenesis?'’), facilitating growth of malignant
myeloid cells and increasing the risk for t-AML and t-MDSP,

In a European study, Navid and colleagues identified
an increased cumulative incidence (5 year cumulative incidence
6.4 +/- 2.4%) of secondary leukemias (ALL and MDS/AML)
in patients with ES treated with an intensified dose of alkylat-
ing agents and topoisomerase II inhibitors followed by G-CSF
administration!'. Navid et al found that most secondary leuke-
mias occurred within 3 years from diagnosis in patients with
Ewing sarcomal'. Galindo-Rodriguez and colleagues suggest
that intensified chemotherapy used in patients with Ewing sar-
coma may generate unstable clones by damaging stem cells®.
Therapy-related myeloid neoplasm development is likely to be
multifactorial and may involve several leukemogenic factors,
including specific chemotherapy like topoisomerase II inhibi-
tors and alkylators, radiation, and possibly even growth factors
like G-CSFP4!11, There is not enough long-term evidence on out-
comes to make that conclusion. Prospective studies evaluating
timing and dosage of G-CSF could be helpful in determining the
role that G-CSF plays in the t-MN development.

Early evidence suggests that the risk of developing
t-MDS/t-AML is proportional to the cumulative dose given &
potentiated when different alkylators are used together or when
epipodophyllotoxins or other topoisomerase II inhibiting drugs
or DNA-intercalating agents (amsacrine, mitoxantrone, anthra-
cyclines) are utilized?”. Treatment for patients with t-MNs is
challenging due to the high frequency of unfavorable cytogenet-
ic aberrations, persistence of the primary disease, poor hemato-
poietic reserves, organ dysfunction, colonization with antibiotic
resistant bacteria/fungi because of a chronic immunosuppressive
statel'®l. It is important to consider the possibility of t-MN and
perform a bone marrow core biopsy with cytogenetic and molec-
ular studies to exclude the diagnosis of rapidly evolving t-MN in
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patients with slow count recovery.
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