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Abstract

The development of secondary malignancy (SM) is the most worrisome long-term complication of childhood
cancer. Acute myeloid leukemia is the most prevalent neoplasm that occurs after treatment with alkylating
agents and topoisomerase Il inhibitors. Pleuropulmonary blastoma (PPB) is a rare lung neoplasm in children.
Type Il and type 111 of this cancer are markedly aggressive and have a recurrent nature. Chemotherapy, radiation
therapy, and hematopoietic stem cell transplant (HSCT) are treatment modalities that make these patients prone
to secondary malignancy. Here was presented and discussed a case of myeloid leukemia 3.5 years after
treatment of Pleuropulmonary blastoma in a 5.5-year-old boy who was a candidate for high dose chemotherapy
and autologous stem cells transplant (auto-SCT) because of frequent recurrence and lack of response to
chemotherapy and radiation therapy. It seems this is the first reported case of therapy-related myeloid leukemia
(t-AML) after PPB in children. Awareness of the creation of this complication following administration of
cytotoxic therapies in the treatment of solid tumors will increase physician attention in the selection of treatment
modality as well as the counseling of patients at the time of diagnosis.
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Factors related to the primary treatment
and the host factors (including altered drug

Introduction
With progress in the treatment of pediatric

malignancies, the 5-year survival rate for
all these cancers has been raised from 58%
to greater than 80% over the past 40 years
(1). Although it is a great success, it is
associated with increased long-term
sequels. The creation of secondary
malignancy (SM) is the most worrisome
long-term  complication of childhood
cancer (2), mostly within 10 years after a
primary cancer diagnosis. The Childhood
Cancer Survivor Study (CCSS) shows a 6-
fold relative risk (RR) of secondary
malignancy in childhood cancer survivors
compared to the general population (3).
Also, the incidence of therapy-related
myeloid leukemia (t-AML) has been
reported between 0.5-6% (2, 4).

metabolism or DNA repair) are both
involved in this issue (1, 5). The most
known chemotherapy agents that increase
the probability of SM are alkylating agents

and topoisomerase Il inhibitors include
epipodophyllotoxins, and anthracyclines
1,2,5,6)

The RR for an SM following
administration of alkylating agents is 1.4—
2.2 (7) and the incidence following
topoisomerase Il inhibitors has been
reported up to 8.3% (8). Usually, acute
myelogenous leukemia (AML) is SM that
occurs after treatment with alkylating
agents and topoisomerase Il inhibitors and
it is defined as t-AML (1). Chromosomal
deletions or balanced translocation which
are induced by these agents like
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monosomy  or  partial deletion in
chromosomes 5 and/or 7 following
chemotherapy with alkylating agents or
radiation and balanced translocation that
more involve chromosome bands 11923 or
21022, PML/RARA genes or
t(8;21)(q22;922) following topoisomerase
Il inhibitors are responsible for this disease
(2, 6). Although rarely 11923 and 21923
abnormalities were identified in t- AML
following doxorubicin, cyclophosphamide,
and radiation therapy (5).

Therapy-related AML often appears within
2-3 years of the first therapy with
topoisomerase Il inhibitors and, in some
cases, within 1 year and 5-7 years after
alkylating agents. This different latency is
related to the type of DNA damage caused
by these agents (1, 2, 5, 9,). Usually, after
taking alkylating agents and/or
radiotherapy, a preceding myelodysplastic
syndrome (MDS) appears before AML.
Most  following chemotherapy  with
alkylating agents M1 and M2 subtypes are
seen but often subtype M4 and M5 are the
most t- AML after topoisomerase Il
inhibitors or anthracyclines. Although
other subtypes such as M2 and M3 can be
seen (2). Therapy-related AML following
anthracyclines  resembles  those  of
epipodophyllotoxins  but with  other
chromosomal abnormalities (1, 5, 6, 9).
Dosage of drugs, treatment schedule, use
of other chemotherapy drugs, and
supportive therapies are all effective in the
development of t-AML (5, 6, 9). In the use
of alkylating agents, the high cumulative
doses, and the use of epipodophyllotoxins,
the schedule of dosing is known as a risk
factor in developing t-AML (1, 5, 8).
Every other week schedule versus weekly
or twice- weekly and five consecutive days
administration versus intermittent schedule
is associated with lower incidence of t-
AML (1, 8). In the development of t-AML
after anthracyclines, although a high
cumulative dose is indicated to be a risk
factor, the role of dosage and treatment
schedule is yet not proven (5).
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Clinical manifestations and laboratory
findings of therapy-related AML are
similar to the new AML and the treatment
plan is based on the patient performance
status and cytogenetic and molecular
features and includes chemotherapy or
hematopoietic ~ stem  cell  transplant
(HSCT). Usually, the outcome of this form
of myeloid leukemia is poor (6, 10) and
etoposide-related cases are poorer than
alkylating agents (2). The treatment
response in M3 (t: 15-17) and M2 (t: 8-22)
subtypes and inv (16) is similar to new
cases, but their overall survival is lower (5,
6, 11).

Here was presented and discussed a case
of t-AML after PPB in a 5.5-year-old boy
who was a candidate for autologous stem
cells transplant because of frequent
recurrence and lack of response to
treatment. According to the author's
information, this is the first case of t-AML
after PPB treatment.

Case Report

A 26 month-old boy was referred to the
Imam Hussein Hospital in Isfahan, Iran,
with a complaint of cough, fever, and
shortness of breath from 20 days ago in
2013. The chest x-ray showed an extensive
right effusion which was confirmed by
ultrasound. This fluid drained by placing a
chest tube (Figure 1-A). Subsequent
ultrasounds revealed a heterogeneous mass
measuring 14x10x 3 cm in the right lower
lobe, which was also confirmed by a CT
scan (Figure 1-B). The mass was partially
removed.

The gross findings of the pulmonary mass
showed multiple fragile gray color
fragments measuring 11x 9 x 2 cm. Some
fragments appeared in the cyst wall.
Microscopic slides revealed a neoplastic
proliferation of small primitive round cells
which in some areas were throughout the
cystic structures. The above cells showed
moderate mitotic activity without area of
the differentiated chondrosarcoma or
anaplasia and PPB type Il was diagnosed
(Figure 2). Immunohistochemical staining
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(IHC) also showed positivity for vimentin
and negativity for CD117.

The patient received adjuvant
chemotherapy (Table 1) and was in
remission for a year. In 2014, a new mass
measuring 2x 1.6x 0.8 cm in the right
lower lung appeared again. The patient
underwent surgery for the second time and
the recurrence of the disease was
confirmed by pathology tests.

He received six courses of chemotherapy
again (Table 1) and was free of the tumor
for eight months. Then two nodules (2x1
cm, 2.5x1.3 ¢cm) in the right middle lobe
(RML) appeared in a chest CT scan. The
patient underwent third surgery and was
referred for radiation therapy but three
months later, a new nodule appeared on
the right lower lobe (RLL) without the
involvement of the other sites. The patient
underwent surgery again and was referred
to a bone marrow transplant (BMT) in
August 2016.

In evaluations of pre- BM transplant, bone
marrow  aspiration  smears  showed
neoplastic proliferation of blasts with fine
chromatin and obvious nucleoli. Some
contained granules and about 25% of all
nucleated cells with more than 10%
maturing granulocytes in nonerythroid
series (AML-M2) (Figure 3), which
lineage assignment was confirmed by
multicolor flow cytometry (Figure 4).
Cytogenetic study on marrow sample
showed t (8;21) and molecular study for
FLT3/ITD mutation was negative.

After chemotherapy with the modified
MRC 15 protocol and creating remission,
the patient was referred for allogeneic
stem cells transplant  (allo-SCT).
Unfortunately, the patient died a few days
after the transplant. The summary of
performed treatments and outcomes has
been shown in table 1.

70

Figure 1.A: Chest radiograph: massive right-
sided pleural effusion. B: A contrast-enhanced
chest CT scan reveals a large right lower lobe
heterogeneous mass (measuring 14x 10x 3
cm) that displaces the great vessels.

L b NPT
Figure.2: This field display
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Figure.3: Bone marrow aspiration slides show
about 25% blast. X1000
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Figure.4: Multicolor flow cytometry dot plots of bone marrow aspiration

Table I: Summary of performed treatments in case of t- AML following pleuropulmonary blastoma

Time of treatment Type of treatment

Surgery (Partial excision) +
adjuvant chemotherapy including
ifosfamide 1800 mg/m2 x 5 days,
doxorubicin 30 mg x 1day alternate
with ifosfamide 1800 mg/m2 and
etoposide100 mg/m2 x 5 days

(IDo/ IE) q 3 weekx 6 courses

(2013)

Treatment outcome

One year complete remission

The first relapse of PPB (2014) Surgery (Total excision) +
Chemotherapy (ICE protocol)
including Ifosphamide 1800
mg/m2 x 3days, Carboplatin 400
mg/m2 x 2 days, Etoposide100
mg/m2 x 3days) q 3-4 weekx 6
courses

Remission eight months

The second relapse of PPB (2015)  Surgery + Radiation therapy (5040

cGy)

Three months remission

The third relapse of PPB (2016) Surgery (Total excision) and
referred for high dose

chemotherapy+ auto-SCT

About 25% of myeloblasts (M2
subtype) in bone marrow

Secondary AML Modified MRC 15 protocol:
coursel& 2 including
Daunorubicin 50 mg/m2 1V days 1,
3,5

Cytosine arabinoside 100 mg/m2,
IV bolus, g 12 hours days 1-10
Etoposide 100 mg/m2, 1V infusion
days 1- 5

Intrathecal cytarabine 50 mg at the
time of diagnosis

Course 2 is similar to course 1
except that cytosine arabinoside
lasts for 8 days

Bone marrow remission after 2
courses of chemotherapy and
referred to an Allogeneic stem
cells transplant
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Discussion

Secondary or t-AML often occurs
following cytotoxic therapy in malignant
or nonmalignant patients and is different
from “second de novo AML” (5, 12). This
complication can occur after treatment of
hematologic and non-hematologic
malignancies. Smith et al. reported t-AML
and MDS in 306 patients (141 males and
165 females) aged 6-86 years at secondary
diagnosis. Eighteen patients were without
malignancy and 288 patients with different
types of hematologic and non-hematologic
malignant disease. One hundred seventeen
cases of the malignancies were after solid
tumors. Nine cases of them had a previous
history of lung cancer: five cases were
(56%) after chemotherapy, two cases
(22%) after radiotherapy, and 2 cases
(22%) following combined modality
therapy (12).

Primary lung cancers are rare in children
and unlike adults, there is usually no
history of contact with external
predisposing substances. PPB,
inflammatory myofibroblastic tumor, and
carcinoid tumor are the most common lung
tumor types reported in children (13). PPB
is one of the rare cancers in children and
about 500 patients reported in the literature
(14-18). It appears as a pulmonary or
pleural mass with three pathological
subtypes: entirely cystic (type 1), cystic
and solid (type Il), and entirely solid (type
[11) (16). Fever and pulmonary symptoms
are the most common presenting
symptoms of this tumor (17). Types Il and
Il of disease, because of their aggressive
nature and tendency to recurrent have poor
outcomes with a 5-year survival rate of
about 50% (16, 17). About a quarter of
cases are associated with heritable tumor
syndrome (DICER1 Syndrome).
Messinger et al. revealed familial or
constitutional association PPB with other
malignancies in 30 families and reported
other malignant diseases in PPB patients
or their young, close relatives (1, 19).
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PPB patients, in addition to their heritable
predisposition to malignancy, due to their
treatment modalities, are also at the risk of
developing secondary cancers. Radiation,
chemotherapy drugs, and undergoing
HSCT are the main therapeutic factors.
Cases of PPB are usually treated with
chemotherapeutic  drugs similar  to
protocols of rhabdomyosarcoma (20) and
more include cyclophosphamide,
doxorubicin, ifosfamide, etoposide, and
vincristine (21). More of them are
predisposing factors for occurring t-AML
(22).

Although chemotherapy drugs including
alkylating agents, topoisomerase 1l
inhibitors, and anthracyclines are in the
head of drugs that induce t-AML, non-
chemotherapeutic  agents  such  as
granulocyte  colony-stimulating  factors
(23-25), cardioprotectants  such  as
dexrazoxane (a topoisomerase Il inhibitor),

immunosuppressants (such as
azathioprine) and radioimmunotherapeutic
agents (like yttrium-90

ibritumomabtiuxetan  and  iodine-131
tositumomab) are other agents that may be
involved (6, 9).

There are contradictory reports about the
effect of G-CSF on the increased risk of
secondary leukemia in children. Relling et
al. showed an increased incidence of t-
AML in leukemic children who received
G-CSF plus etoposide and anthracyclines
+ cyclophosphamide (26). Conversely,
Bhatia et al. could not prove this
relationship with Ewing sarcoma (27). In
adults, although some studies on survivors
of breast cancer established this
association (5), Patt et al. did not show this
association (28). Therefore, it is not clear
whether G-CSF can induce therapy-related
leukemia, or enhance leukemogenesis
associated with chemotherapeutic drugs.
Concomitant administration of
chemotherapy agents like
epipodophyllotoxin with alkylating agents
(5, 9), asparaginase, or antimetabolites
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(e.g., mercaptopurine or methotrexate) can
be associated with an increased incidence
of secondary leukemia (5).

Hematopoietic stem cell transplants and
rarely solid organ transplants because pre-
transplant therapy and immunosuppression
caused by transplantation are at risk of
myeloid leukemia. Usually, the
manifestations of secondary leukemia in
transplant survivors are similar to those
caused by an alkylating agent (29, 30).
Radiation therapy because of DNA
damage within bone marrow cells is
another important risk factor for occurring
t-AML and especially when added to
chemotherapy, it increases the risk even
more (5, 6).

In addition to therapy-related factors,
certain factors of the host such as specific
single nucleotide polymorphisms (SNPs)
of detoxification enzymes and
polymorphisms of DNA repair genes can
also play an important role in occurring t-
AML (5, 6, 9).

"Polymorphisms that reduce the enzymatic
activity of thiopurine methyltransferase, a
variant of CYP3A that affects the
production of a DNA-damaging metabolite
of epipodophyllotoxins and
polymorphisms  in  glutathione  S-
transferase Pland NAD (P) H: quinine
oxidoreductase (NQO1) are associated
with an increased risk of t-AML after
chemotherapy” (5).

Attention to rarity and poor outcome of
PPB, some patients survive, therefore it
seems to occur of t-AML following PPB.
Although it is possible, it is a rare
condition. The present case regarding the
patient's age, the time interval between the
primary malignancy (PPB) and appearance
of AML (about 3.5 years) and absence of
myelodysplasia before the occurrence of
AML and presence of t(8;22) in bone
marrow cytogenetic studies, It looks like
that chemotherapy with topoisomerase 1l
inhibitors (etoposide) has been the main
factor for t-AML although the role of
concurrent administration of alkylating
agents, anthracyclines, G-CSF should not
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be ignored and due to limitation in genetic
studies, the role of host factors was
unclear. In general, the prognosis is poor
in this case, even with a hematopoietic
stem cell transplant.

Conclusion

Awareness of occurring second malignant
neoplasm following administration of
cytotoxic therapies in the treatment of
solid tumors will increase physician
attention in the selection of treatment
modality as well as the counseling of
patients at the time of primary diagnosis.
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