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Abstract
Extramedullary manifestations of acute myeloid leukemia (AML) were described as early as the
19th century. However, the incidence, clinical significance, and pathobiology of extramedullary
AML remain ill defined. We reviewed case reports, retrospective case series, pilot studies, and
imaging studies of extramedullary leukemia (EML) to determine its frequency, characteristics,
clinical presentation, and significance. EML precedes or accompanies development of AML and
occurs during or following treatment, even during remission. Although imaging studies are rarely
conducted and the true incidence of EML has yet to be verified, authors have reported several
estimates based on retrospective and autopsy studies. The incidence of EML in patients with AML
of all ages is estimated to be about 9% and EML in children with AML was detected in 40% of
patients at diagnosis. The combination of positron emission tomography and computed
tomography were the most sensitive and reliable techniques of detecting and monitoring EML.
Based on our literature review, the frequency of EML is likely underreported. The well-
documented nature of EML in AML patients suggests that AML can manifest as a solid tumor.
The extent to which EML accompanies AML and whether EML is derived from bone marrow are
unknown. Furthermore, questions remain regarding the role of the microenvironment, which may
or may not facilitate the survival and proliferation of EML, and the implications of these
interactions with regard to minimal residual disease, tumor cell quiescence, and relapse.
Therefore, prospective studies of detection and characterization of EML in AML patients are
warranted.
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Introduction
Extramedullary leukemia (EML) is referred to as granulocytic sarcoma and myeloid
sarcoma as well as chloroma, a term derived from the Greek word chloros (green) referring
to the green color of myeloperoxidase. 1, 2 Although the British physician A. Burns first
described this phenomenon in 1811, 3 the term chloroma did not appear in the literature until
1853.4 Despite Dock and Warthin’s recognition of the link between chloroma and acute
leukemia in 1902,5 acute myeloid leukemia (AML) continues to be referred to as a “liquid
tumor,” implying dissemination of bone marrow (BM)-derived cells in the blood.
Remarkably, when EML manifests as a tumor, sites of resulting bone and tissue destruction
resemble solid tumor metastases.6 Besides AML, EML occurs in association with acute
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promyelocytic leukemia (APL), myelodysplastic syndrome (MDS), chronic myeloid
leukemia (CML), myeloproliferative neoplasms (MPNs), and chronic myelomonocytic
leukemia (CMML).7–10 All extramedullary manifestations of AML, APL, MDS, CML,
MPNs and CMML are referred to herein as EML.

CMML has been categorized as a separate entity in the WHO 2008 classification system
categorized as an MDS/MPN disorder11. Like other monocytic leukemias, CMML is
associated with extramedullary spread, and has a particular propensity for infiltration of the
spleen, liver, skin and lymph nodes.7, 12–14 Characteristic features of CMML include
persistent peripheral blood monocytosis (>1×10/L), absence of the Philadelphia (Ph)
chromosome, less than 20% blasts in the peripheral blood and bone marrow (BM), and
myelodysplasia involving one or more myeloid lineages.

No specific guidelines on the management of extramedullary CMML are available and
systemic AML therapy has been used.15 In a recent retrospective study of 108 patients with
CMML, 11 patients (10.2%) had cutaneous EML,16 suggesting that cutaneous EML predicts
progression to AML. The overall survival in patients with cutaneous EML was 28.2 months,
significantly shorter than that of CMML patients without cutaneous EML (44 months).16

The majority of CMML patients with cutaneous involvement progressed to AML in an
average of 6.6 months. Most patients died within 2–24 months.16 This poor outcome
suggests that leukemic skin infiltration represents a systemic disease for which
chemotherapy is warranted.15

Because only case reports and small retrospective analyses of EML are available in the
literature, the incidence and significance of EML are not well described. Also unclear is the
extent to which extramedullary disease is present at diagnosis (of AML, APL, MDS, CML,
and MPNs) and whether it is eliminated by conventional chemotherapy or remains intact,
thereby serving as a reservoir of residual disease. In this review article we summarize the
findings of case reports, retrospective case series, pilot studies, and imaging studies
describing the frequency and clinical manifestations of EML.

General Features of EML
EML can manifest anywhere in the body. 17 Although the true incidence of EML in AML
has yet to be verified prospectively, authors have reported several estimates based on
retrospective and autopsy studies. Whereas the incidence rate of EML in AML patients of all
ages is estimated to be about 9%,9, 18 it has reached 40% in children with AML at
diagnosis. 19 Autopsy studies have indicated frequent occurrences of EML in myeloid
leukemias. In one such study of 338 patients with myeloid leukemia in Hiroshima and
Nagasaki, Japan, EML was not more frequent in individuals with heavier versus lower
radiation exposure.6 Specifically, 8% of AML, 4% of CML, and 4% of CML in blast crisis
patients had EML, with an overall EML incidence of 7%. A majority of the patients had
multiple tumor sites, and EML was significantly more common in patients under the age of
15 years.6 In another large autopsy study, half of EML cases were clinically silent during the
patients’ lifetimes.20

The French-American-British subtypes of AML most commonly associated with cutaneous
(in up to 50% of cases) and noncutaneous EML are acute myelomonocytic (AML-M4) and
acute monocytic (AML-M5) leukemia. 9, 21–26 In APL, EML is more likely to occur at
relapse, with incidence estimated at approximately 3%. EML is rare at APL diagnosis, with
half of cases affecting the skin. EML in APL can involve the pleura, gingiva, breast, spine,
lymph nodes, spleen, and central nervous system (CNS).27, 28 Although rare, the CNS is a
known site of relapse of APL.28
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Presenting as isolated or multifocal lesions as well as in bodily fluids, EML manifests in any
organ or tissue compartment. Furthermore, it develops at any point during the disease
course 29 with or without BM involvement as an initial disease manifestation or evidence of
relapse.

The WHO 2008 classifications system distinguishes myeloid sarcoma specifically as a
tumor mass, arising in any anatomical location other than the BM, composed of myeloid
blasts with or without maturation. Thus, according to WHO 2008, when myeloid blasts
infiltrate any part of the body, the extramedullary involvement is not classified as myeloid
sarcoma unless tumor masses are formed.7

EML may develop without symptoms, preceding BM involvement by several years, 30, 31 or
manifest in AML patients considered to be in complete remission (CR) based on blood
counts and BM analysis. 24 The clinical course of EML varies. 24 One study demonstrated
that in APL, the durations from diagnosis of BM disease to development of EML ranged
from 11 to 50 months. 28 In MDS, AML, and CML patients, EML preceded primary
malignancies by 0.5–10.0 months, and the median time to develop EML after treatment was
16 months (range, 1–77 months). The median overall survival (OS) duration was 20 months
(range, 1–75 months) in AML patients presenting with EML but no BM disease.32

In a retrospective study of 24 patients with EML, the median OS duration from the time of
EML diagnosis to death was 9 months (range, 1–80 months). Treatments varied depending
on the site of involvement and included surgery, chemotherapy, allogeneic stem cell
transplantation (allo-SCT), and radiotherapy. Patients receiving chemotherapy had a median
OS duration from the time of EML diagnosis to death of 13 months, whereas those who did
not receive chemotherapy had a median OS duration of 3 months (P = 0.0009).17

In AML, authors have reported extramedullary relapse after allo-SCT in up to 20% of long-
term survivors, with the incidence continuing to rise as patients live longer. The estimated
median time to diagnosis of EML after allo-SCT ranges from 12 to 17 months.33 After allo-
SCT, EML tends to occur more frequently in sanctuary sites such as the testes, ovaries, and
CNS. Other EML sites include bone and the paranasal sinuses, breasts, gastrointestinal tract,
skin, retroperitoneum, and kidneys. Because the incidence of graft-versus-host disease is
increased in patients with extramedullary relapse, leukemia cells in extramedullary tissues
are thought to evade immune surveillance. 33 Risk factors for EML after allo-SCT include
age under 18 years, AML-M4, AML-M5, unfavorable cytogenetic abnormalities, EML
before transplantation, and allo-SCT in relapse. Additionally, increased expression of the
Wilms tumor (WT)-1 gene has predicted post-allo-SCT EML. A retrospective analysis of
AML patients with post allo-SCT relapse demonstrated that monitoring peripheral blood or
BM WT1 levels enabled early detection of extramedullary relapse. Compared to patients
with BM relapse, patients with isolated extramedullary relapse had abnormally high
WT1levels as early as 42 days before relapse. At relapse, WT1 levels were significantly
lower in patients with isolated extramedullary relapse than in patients with BM
relapses.33, 34

Ocular EML is a rare complication of AML.35 The choroid is most commonly affected in
such cases, whereas conjunctival involvement occurs in only 2–4% of cases.24 Ocular EML
is more common in children than in adults. 22, 24 Patients with ocular EML may present with
proptosis, pain, chemosis, extraocular motion impairment, visual acuity defects 36, or
exophthalmos (Table 1).30 Acute myeloblastic leukemia with granulocytic maturation
(AML-M2), AML-M4, and AML-M5 were more often associated with ocular EML than
were other French-American-British subtypes of AML. 21, 22, 24 In a large prospective case
series of ocular EML, no patients had clinical evidence of CNS leukemia, whereas 53% had

Ohanian et al. Page 3

Int J Cancer. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



retinopathy. Other ocular EML findings include conjunctival hemorrhage and retinovascular
abnormalities.21

Cutaneous EML (“leukemia cutis”) is characterized by infiltration of the epidermis, dermis,
or subcutis, causing single or multiple erythematous nodular and/or papular lesions 9, 37.
Other cutaneous manifestations include ecchymosis, palpable purpura, ulcers, erythroderma,
and bullous lesions (Table 1). 38 Cutaneous EML is most common in AML patients,
occurring in up to 15% of cases, 50% of which are AML-M4 or -M5. As discussed above,
cutaneous EML is also seen in CMML.37 It is frequently reported after the diagnosis of
AML is established, but as with other types of EML, cutaneous EML lesions precede or
occur concurrently with signs and symptoms of the disease.9 Cutaneous manifestations have
been accompanied by EML in other sites, most frequently the meninges. 39 Keratinocytes
produce a wide array of proinflammatory cytokines mediated by proteins in the
inflammatory interleukin-1 family; 40, 41 whether this serves as a leukemogenic stimulus for
cutaneous EML remains to be determined.

Clinical Presentations of EML
The clinical presentations of EML vary depending on the site and extent of involvement.
The most commonly reported sites include bone, the periosteum, soft tissue, skin, and lymph
nodes (Table 1; Figure 1).9, 17 However, these data are derived mostly from clinical
presentation and could therefore only be an assessment of the accessible EML sites.
Depending on the location, EML may present with life-threatening complications, including
superior vena cava syndrome, tracheobronchial tree compression, pleural effusion,42 spinal
cord compression,43 and extremity paresis.8 The sections below describe various clinical
presentations of EML in major organ systems during all phases of AML, MDS, CML, and
MPNs. The sites and clinical manifestations of EML are listed in Table 1.

EML concurrent with the diagnosis of AML, MDS, or MPNs
Features of EML diagnosed simultaneously with AML include abdominal masses,
lymphadenopathy, soft tissue masses, and pleural effusions. 44 In particular, researchers
noted pleural effusions in juvenile myelomonocytic leukemia and chronic myelomonocytic
leukemia cases, in which pericardial effusions occurred, as well. In MDS-concurrent EML
cases, affected sites included the orbits, lymph nodes, gingiva, and spine. 45 In childhood
AML cases, EML at diagnosis involved the orbits, skin, and epidural sites. 22 In addition to
manifestations of obviously emergent EML (e.g., superior vena cava syndrome, pleural
effusions, cord compression), sites of EML involvement requiring immediate attention have
included the cerebrospinal fluid10, 46 small bowel, peritoneum, liver, pancreas, and
retroperitoneum.47–49 Authors reported cervical EML with postmenopausal bleeding50 and
vaginal EML with urinary incontinence. 51 Furthermore, investigators observed
asymptomatic ocular manifestations 24 and breast involvement 52 of EML at diagnosis of
AML.

Isolated and multifocal EML in patients with no prior history of BM disease
Interestingly, both isolated and multifocal EML can manifest without concurrent or previous
BM and/or systemic hematologic disease. However, systemic hematologic disease
commonly ensues in EML cases. At our institution, researchers found isolated EML in 21 of
1520 AML and 402 high-risk MDS patients, 5 of whom experienced progression to AML at
a median of 5 months after diagnosis of EML (range, 4–26 months) despite undergoing
chemotherapy. Sites of EML involvement in these patients included consisted of the
mesentery, pancreas, spleen, CNS, lymph nodes, heart, tongue, bones, uterus, ovaries, and
fallopian tubes.32 Authors have reported pleural tumors as the sole manifestations of EML in
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patients with APL.27 Other isolated EML manifestations in patients without blood or BM
involvement at initial presentation have included infiltration at gastric, duodenal, cecal,
colorectal,53 ocular,30 gingival,7, 44 cutaneous, skeletal, neuromuscular, and other visceral
sites, such as intussusception and small bowel obstruction owing to isolated small bowel
EML masses.8, 54, 55 Although many EML cases are reported as solitary or isolated masses,
very few case reports mention use of positron emission tomography (PET) or computed
tomography (CT) to accurately verify the true extent of the disease.27, 54, 55

In one study, identification of isolated EML in the breast in 39 patients before BM diagnosis
(probably because of routine breast cancer screening) provided an opportunity to assess the
clinical course of extramedullary AML.52 Because breast tissue is hematopoietic during
embryogenesis, researchers hypothesized that local myelopoiesis may recur. In the
appropriate setting of leukemogenic cytokine and/or chemokine stimuli and under the
influence of (or regardless of) the local microenvironment, circulating and/or local breast
hematopoietic cells may undergo leukemic transformation. Alternatively, breast tissue is
composed primarily of adipose tissue, and adipose-derived stromal cells are multipotent and
possess stem-cell characteristics. One could speculate that neoplastic transformation of those
cells may occur.56

Similarly, the eye is a reservoir of stem cells. Thus, triggering of ocular EML by a local
leukemogenic stimulus is plausible. Corneal epithelial stem cells are confined to the limbus,
which is the vascular outer rim separating the cornea from the conjunctiva.57 The
heterogeneity of mesenchymal stem cell populations in the body may enable diverse tissues
to adapt and respond to various microenvironmental stimuli.58

EML during the course of or at relapse of AML, APL, MDS, and MPNs
EML manifests during the course of treatment and at relapse of hematologic malignancies in
unpredictable ways. For example, authors have reported clinical presentations of
intracerebral EML mimicking infectious meningitis during the course of progressive
CML.59 Intraparenchymal masses develop with disease progression.49 Furthermore, EML
has occurred in patients who experienced transformation of hypereosinophilic syndrome,
polycythemia vera, or myelofibrosis to AML. EML manifestations in these patients included
destructive osseous lesions, lymphadenopathy, and spinal tumors.31 Sites of EML during
progression of MDS to AML included the skin, colon, cecum, prostate, nasal cavity, breast,
lymph nodes, brain, spine, nasal cavity, lip, foot, brain, and chest wall and endobronchial
tissue.28, 60

In addition, authors have reported typical and unusual neurologic presentations of EML,
such as compression neuropathy.61 Another study demonstrated conjunctival lesions with
only minimal patchy BM involvement.62

Isolated EML at relapse
EML can present as isolated evidence of relapse without BM involvement. Usually, BM
relapse ensues months to years after EML diagnosis.31 Researchers have detected isolated
intracerebral masses in AML patients in CR.63, 64 Authors have reported isolated
extramedullary relapse of APL with spinal cord compression and paraplegia 37 months into
remission followed by systemic relapse, as well.28 Isolated peripheral nervous system EML
manifestations, such as brachial plexus and lumbosacral plexus involvement 65 and
multifocal nerve entrapment 66 have occurred. Additionally, patients in CR of AML have
experienced isolated gastric,67 cardiac68 breast,52 and ocular 23, 25 EML.
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Mechanisms of EML development
Various cytogenetic abnormalities are associated with increased incidence of EML and, as a
result, alterations in homing molecules are implicated. Diverse patterns of AML blast
migration to, invasion of, and accumulation in extramedullary tissue may be attributed to
variable expression of and interactions among chemokines and chemokine receptors.19

Investigators have noted increased numbers of circulating CCR2-positive AML cells only in
patients with cutaneous EML, suggesting that expression of the chemokine receptor CCR2 is
involved in homing of EML to the skin. This study demonstrated that AML cells in the skin
expressed a set of chemokine receptors different from that expressed in BM and circulating
blasts, suggesting that homing of AML blasts to the skin and their retention there result from
specific chemokine-chemokine receptor interactions.19 Similarly, researchers found that
specific interactions between matrix metalloproteinase-9 and leukocyte β2 integrin are
necessary for pericellular proteolysis and migration of AML cells.1 Mechanisms responsible
for the attachment of leukemia cells to a specific organ and inducers of local proliferation of
these cells in a nonhematopoietic organ rather than in the BM, the “natural” leukemiacell
sanctuary, remain unclear. Integrin-mediated signaling and adhesion play a role in AML
progression and chemosensitivity69 and are also involved in extramedullary infiltration.
Specific binding of MMP-9 to leukocyte surface β2 integrin has been shown to be required
for pericellular proteolysis and migration of AML-derived cells.1

Impaired adhesion of hematopoietic stem cells to BM niches are hypothesized to allow for
their mobilization and migration into the peripheral blood, spleen and other extra-medullary
sites. The impaired adhesion could be explained by altered expression of membrane
adhesion molecules and integrins. For example, in vivo the hematopoietic stem cells of
CML patients have reduced adhesion molecules expression including Lselectin, CD44 and
N-cadherin. This decrease correlates with, in vitro, with reduced adhesive capacity of HSCs
from CML patients.70

Authors have described a variety of proposed mechanisms of intracerebral and
leptomeningeal disease. For example, investigators suggested that poor penetration of
chemotherapeutic agents into the CNS results in intracerebral sanctuary deposits of leukemia
cells that give rise to EML64 and that meningeal seeding involves hematogenous
dissemination or extension from adjacent osseous lesions.71 These hypotheses warrant
further studies because cytarabine, which readily penetrates the CNS, is usually
administered at high doses to younger but not older patients with AML. Meningeal deposits
of leukemia cells are implicated in cases of multiple cranial nerve palsies and elevated
intracranial pressure. In cases of severe leukostasis, multiple small leukemic masses cause
small vessel occlusion, hemorrhage, and leukemia cell extravasation into the intracerebral
parenchyma. Another hypothesis regarding intraparenchymal invasion is that leukemia cells
migrate from the skull through the dura into the subarachnoid and Virchow-Robin spaces.64

Enhanced CNS penetration has occurred with expression of neural cell adhesion molecule
(CD56) on the surface of AML blasts.48, 72

Resemblance of EML to Solid Tumors
Researchers have observed striking similarities between breast EML and breast epithelial
tumors. This is supported by reports of morphologic similarities between lobular carcinoma
and EML in the breast.52 In one study, although the majority of patients with breast EML
presented with unilateral breast involvement, 40% of them presented with bilateral breast
disease. Similar to lobular breast carcinoma, breast EML can recur in the ipsilateral breast,
contralateral breast, and CNS (Table 1). EML tumors may appear identical to epithelial
breast tumors during surgery and mammography.52
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The clinical course of isolated breast EML demonstrates similarities with breast epithelial
tumors. For example, among 17 of 35 patients with isolated breast EML receiving only local
therapy (surgery and/or radiotherapy), 2 experienced EML relapses at sites other than the
breast without BM involvement at 12 and 72 months, respectively. Two patients remained
disease free at 1 and 8 years, respectively. Long responses to local therapy in cases of
isolated EML suggest that the tumors were initially confined to non-BM spaces. Fifteen
patients underwent local therapy and chemotherapy, all with clinical responses. Subsequent
EML without BM involvement occurred in three patients between 1 and 45 months. One had
extramedullary and BM relapse at 4 years; 4 others had only BM relapse between 3 and 96
months. Among 3 patients with responses to chemotherapy alone, one remained disease free
at 10 years. Given that many patients have EML involving multiple anatomical sites calls
into question the current practice of BM-directed anti-leukemia therapy.52

Imaging Studies for Detection of EML
Despite a lack of large prospective studies of PET and CT in AML patients, clinical
investigators have recognized and described the importance of these modalities in
diagnosing and managing EML.52 For example, investigators found that retention of 18F-
fluorothymidine (18-FLT-PET) was significantly higher in the spleen (P < 0.05) and BM (P
< 0.05) in patients with AML than in healthy controls. 73 In addition, they identified EML
involvement of the meninges, pericardium, abdomen, testes, and lymph nodes. Furthermore,
in a retrospective study of patients with histologically proven EML, combined 18-F-
fluorodeoxyglucose (18-F-FDG PET)/CT more accurately diagnosed EML than did PET
alone, with the former modality avoiding five false-positive EML findings that were
obtained with the latter. 74 In addition, compared to 18-F-FDG-PET/CT, CT alone resulted
in 13 false-negative findings and 1 false-positive finding. 74 In another study, of 10 patients
with de novo and/or relapsed AML and histologically confirmed EML, 18-F-FDG-PET/CT
detected known EML lesions in 9 of them. 29 Moreover, 18-F-FDG PET/CT detected
additional sites of EML in six of those patients.

Detection of EML using PET/CT is of potential therapeutic benefit because it facilitates
changing and/or intensifying systemic therapy and extramedullary-directed therapy (e.g.,
surgery, radiotherapy), which may result in improved disease control and, likely, outcome.
The combination of PET and CT enables monitoring of therapeutic response and
identification of EML reservoirs, which may require increasingly individualized
multidisciplinary care. Large prospective studies of PET/CT for detection of EML in AML
patients would result in increased accuracy in determination of the true incidence of EML.

It is important to note that 18-FLT-PET and 18-FDG-PET are two different imaging
procedures. Specifically, 18-F-FDG is not a tumor-specific tracer; therefore false-positive
findings can occur in sites of inflammation29. Furthermore, leukemic involvement in areas
such as the meninges and or pericardium which have high glucose metabolism may not be
adequately detected by 18F-FDG-PET30. Conversely, the thymidine analogue 18F-FLT-PET
is considered a stable tumor cell proliferation imaging agent.29 It is resistant to degradation
in vivo and accumulates primarily in proliferating tissues.30

A prospective study of18F-FLT-PET in malignant lymphoma patients suggested it may be a
superior PET tracer for detection of malignant lymphoma in organs with high physiologic
fluorodeoxyglucose uptake. In one study of 18-FLT-PET vs. 18-FDG-PET in non-small cell
lung cancer (NSCLC), 18-FLT-PET resulted in understaging of more patients but
overstaging of fewer patients. For regional lymph node evaluation 18-FLT-PET
demonstrated better specificity, accuracy and positive predictive value than 18-FDG PET/
CT in NSCLC. 29 Recently in a preclinical study, Li et al demonstrated 18F-FLT-PET is
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superior to 18F-FDG-PET for very early response prediction in immune-deficient mice with
xenotransplants of NPM-ALK-Positive Lymphoma. The mice were treated with targeted
therapies. The authors showed that 18-FLT-PET but not 18-FDG-PET is able to predict
response to targeted treatments very early in the course, enabling early prediction of
treatment efficacy.31

Prognostic Significance of EML
Owing to a lack of prospective studies of EML and the limitations of retrospective studies,
the prognostic significance of EML is not fully established. Interpretations of the prognostic
implications of EML vary in the literature. Some authors reported that survival rates in AML
patients with EML were similar to those for AML in general, ranging from 20% to 30%.9, 17

Others reported that EML was associated with superior survival rates.17 Data from our
institution suggest that AML patients with EML undergoing systemic chemotherapy had
better event-free survival and OS durations than did “classical” AML patients, suggesting
that systemic therapy is required for EML in patients without BM disease.75 The need for
AML therapy in this setting is further justified by studies demonstrating that the median
durations of progression from nonleukemic EML to BM-confirmed AML ranged from 5 to
12 months 9, 32, 52 and by retrospective comparisons showing that 5-year OS rates in EML
patients undergoing systemic chemotherapy were better than those in patients undergoing
other treatments (P = 0.0009).17

Although the t(8;21) translocation is commonly associated with EML and generally
considered a good prognostic feature of AML, whether EML confers a poor prognosis in
AML remains unclear, as published results regarding this finding vary. One group reported
that the presence of EML adversely affects survival, with a median OS duration of 5.4
months versus 59.5 months in those without EML (P = 0.002).5 The CR rate in EML
patients was 50% versus 92% in those without EML (P = 0.006). Only one EML patient
with a CR remained alive; this patient was the only EML patient who was administered
high-dose cytarabine. The poor outcomes in these EML patients may be related to
insufficient CNS-directed therapy in those with disease at that site and the fact that therapy
directed at the primary EML site was not common. Only one patient in that study received
intrathecal chemotherapy during induction; the patient’s cerebrospinal fluid was negative for
leukemic blasts prior to initiating intensification. Likewise, only one patient received
radiotherapy (9 Gy); the patient underwent this therapy at rapid onset of paraplegia.5

Another group studying the association between t(8;21) and EML in a previously described
case series of 18 children reported that the presence of EML was not an adverse prognostic
marker.22 Their protocol included intrathecal treatments and high-dose cytarabine use
during the intensification phase.

Several retrospective studies have demonstrated that cutaneous EML is associated with an
aggressive clinical course and poor survival rates.37 In one study of 26 patients with AML
and CML along with cutaneous EML, 22 patients with adequate follow-up died of their
leukemia within 24 months of development of cutaneous lesions.76 The mean survival
durations were 7.6 months in AML patients and 9.4 months in CML patients. In another
retrospective study of AML associated with cutaneous EML, the remission rates in patients
with cutaneous EML did not differ significantly from those patients without it, but the
investigators did note a trend of shorter remission durations in patients with cutaneous
EML.77
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Immunohistochemical, Cytogenetic, and Molecular Characteristics of EML
Biopsies of certain EML sites such as leukemic retinal infiltrates78,79 have not been
conducted and not all subjects in retrospective EML studies had confirmed tissue diagnosis.
The need for tissue diagnosis cannot be underestimated as a histopathologic diagnosis is
essential for the management of EML. Establishing a diagnosis of EML using biopsy
analysis of tissue samples is generally straightforward. For example, immunohistochemical
and morphologic analyses using paraffin-embedded sections of EML specimens
demonstrated that a panel of antibodies against CD20, CD43, CD68, and MPO successfully
identified 96% of EML cases.80

EML is frequently associated with two core-binding factor variants of AML: cases with
inv(16)9, 49 and t(8;21),5, 17 the latter of which is particularly associated with this leukemia.
Whereas t(8;21) is associated with pediatric ocular EML,79, 9, 24 inv(16) is associated with
intra-abdominal EML.9 Trisomy 8 and other chromosome 8 abnormalities are associated
with EML.9, 29, 75 Other cytogenetic abnormalities detected in EML patients are t(15;17),
t(9;11), t(1;11), t(8;17), t(8;16), del(16q), del(5q), del(20q), monosomy 7, and trisomy 4.9

Furthermore, researchers noted a significantly higher frequency of chromosome 8
abnormalities in patients with cutaneous EML than in patients without cutaneous
involvement (P < 0.0001).77

While t(8;21) is commonly reported in association with EML, it seems to be more closely
linked to pediatric populations.22, 24, 79 A retrospective analysis of 92 adult patients with
myeloid sarcoma identified a higher incidence in patients with the following aberrations:
t(8;21), 11q23 (MLL rearrangement), monosomy 7, and trisomy 8.81 In other studies, t(8;21)
was not found to be associated with EML. For example Deeb et al. conducted genomic
profiling of seven myeloid sarcoma cases by array comparative genomic hybridization, and
no cases of t(8;21) were identified; however in their series chromosome 8 abnormalities
occurred most frequently (3/7 cases).4 Stolzel et al. reported that clonal evolution, including
partial loss of human leukocyte antigen genes, was associated with extramedullary relapse
after allo-SCT.82

Fewer data are available on molecular abnormalities associated with EML than on classical
characterization of leukemia.2 A well-documented molecular abnormality is a mutation in
the nucleophosmin (NPM)-1 gene.3 In one study, cytoplasmic NPM, correlating with the
NPM1 mutation, was the most common molecular lesion in leukemia cells of AML patients
with EML.83 Accounting for approximately one-third of all AML, the NPM1 mutation is
considered a founder genetic alteration,84 which is stable over the course of AML, as
demonstrated by late relapses reported at 8 years85 and the occurrence of myeloid sarcoma
after 20 years.86 The NPM1 mutation induces expansion of hematopoietic, mostly myeloid,
cells in various animal models, including an accumulation in extramedullary sites. For
example, the NPM1 mutation induces hematopoietic cell proliferation in the posterior blood
island and the ventral aorta of the zebrafish87 as well as in the spleen of transgenic mice.88

At the present time, one can only speculate as to why the NPM mutation is associated with
EML? NPM1 is usually mutually exclusive of other recurrent AML genetic abnormalities
and is consistently recurrent at relapse. It has been considered a driver mutation as it is
detected in approximately 60% of AML with normal karyotype.84 Subsequent cytogenetic
abnormalities described above are likely secondary events. The NPM1 mutation results in
aberrant cytoplasmic dislocation of the mutant protein which leads to leukemogenesis.84

Multiple cellular pathways are altered by increased nucleophosmin export into cytoplasm.84

Whether the cell-metabolic difference as a reaction to altered shuttling of the NPM1 protein
between nucleus and cytoplasm sets the stage for EML warrants further exploration. The
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significance of the association between NPM1 mutations and altered microRNA signatures
in EML is unknown, but may also provide a clue about the pathobiology of EML.84

Conclusions
Unlike in patients with lymphoma, imaging studies are not routinely conducted in those with
AML, as it is considered a liquid tumor. Our review suggests that EML is more common in
AML, as well as, MDS and MPN patients than currently thought. EML may manifest a
reservoir of leukemia cells capable of contributing to disease progression or recurrence.
Therefore, prospective imaging studies, with PET/CT imaging for patients with newly
diagnosed AML are warranted and will help establish the true incidence of EML. In such a
study, newly diagnosed patients would undergo pre-treatment baseline PET/CT imaging. If
sites of EML are identified, the patients would continue to be monitored with imaging to
assess treatment response. Identification of EML with PET/CT imaging may enable
clinicians to intensify or modify therapy. At present, the clinical significance of this
phenomenon or its association with peripheral blast count and clinical outcome are largely
unknown.

Furthermore, because EML manifests as a relatively common presentation of relapsed AML
following allo-SCT, routine monitoring for EML should be considered. In view of this,
revision of the current approach to workup and follow-up in AML, MDS, CML, and MPN
patients is needed.

Given that EML is detected in every organ, comprehensive workup with particular attention
devoted to the head and neck, eyes, and skin is warranted for patients with AML. For
women, physicians should not dismiss uterine bleeding caused by hormonal deregulation or
thrombocytopenia at presentation or during chemotherapy and should always keep in mind
the possibility of uterine, ovarian, cervical, or vaginal EML.

EML raises important biological questions, such as why does EML evolve in a certain organ
but not in another? Why does EML precede or appear concurrently with BM disease in some
patients but not in others? Furthermore, is the current understanding of the origin of
leukemia valid? Is leukemia always BM-derived? Does leukemia emerge only from a BM-
derived leukemia stem cell that resides in and depend on the BM niche?4, 19 Does EML arise
from a circulating or tissue specific cell? Although authors have reported EML lesions to be
isolated, results of autopsy and EML imaging studies and various retrospective series imply
that EML tumors might involve more than one site.6, 29, 52 Therefore, given the reported
frequency of EML in AML patients, one should question whether AML is a liquid tumor
rather than a systemic disease with a broad array of clinical manifestations.
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Translational Relevance

Unlike the management of patients with lymphoma, imaging studies are not routinely
conducted in patients with acute myeloid leukemia (AML). While AML is generally
considered a “liquid tumor,” our review suggests that extramedullary manifestations of
AML occur frequently, and are likely under-reported. The well-documented nature of
extramedullary leukemia (EML) challenges the current practice of monitoring only blood
and bone marrow response to chemotherapy and puts the current practice of BM-only-
directed anti-leukemia therapy in to question. Furthermore, it should be asked whether a
BM-directed approach in combination with local therapy (either surgical excision or local
radiotherapy) could be the standard of care for all EML (with or without BM disease)?
Unidentified EML may manifest a reservoir of leukemia cells capable of contributing to
disease progression or recurrence. Therefore, prospective imaging studies for patients
with AML are warranted.
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Figure 1.
Anatomical sites of EML. The colors represent the EML sites depicted in Table 1.
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Table 1

Anatomical sites and clinical manifestations of EML

Site Potential manifestations

Bone, periosteum, soft tissue 6, 33 Symptomatic osseous lesions, bone and tissue destruction

Lymphatic system 9, 17 Lymphadenopathy

Cutaneous37–39, 65, 77 Ecchymosis, rash, palpable purpura, ulcers, erythroderma, bullous lesions

Head and neck

  Scalp 28 Lesions

  Oral cavity: gingiva, salivary glands, and   pharynx 5, 17, 44 Sore throat, mouth pain, gingival mass

  Nasal cavity 17, 44 Nasal cavity mass

  Skull 17 Facial nerve palsy

  Thyroid, parathyroid, pharyngeal, and thymic
  involvement 6

Noted in autopsy studies but may present clinically as palpable masses or space-
occupying lesions

  Nasal septum involvement 17 Epistaxis

Ocular 30, 36 Pain, chemosis, extraocular motion impairment, visual acuity defect,
exophthalmos

CNS

  Spinal cord compression 43, 59, 64 Lower extremity pain, weakness, and numbness; urinary incontinence

  Intracerebral parenchymal lesions 43, 46, 48, 59, 63, 64, 89–91 Somnolence, seizures, headaches

  Leptomeningeal involvement 64 Cranial nerve palsies, increased intracranial pressure

Peripheral nervous system

  Nerve plexus infiltration 61, 65 Neuropathy, pain, weakness

Mediastinum and intrathoracic

  Vena caval infiltration 10, 92 Superior vena cava syndrome, plethora, upper extremity edema

  Trachea and bronchi 42 Tracheobroncheal tree occlusion or compression

  Cardiac 92 Endomyocardial densities on echocardiograms

  Pericardium 92 Pericardial effusion

  Large mediastinal mass 10 Mediastinal widening

  Pulmonary parenchyma 10 Pulmonary parenchymal masses

  Pleura 27 Pleural tumors, pleural effusion

Gastrointestinal tract

  Colorectal 48 Hematochezia/rectal bleeding

  Pancreas 47 Epigastric pain

  Small bowel 49, 54, 55 Intussusception or obstruction

  Gastric 67 Abdominal pain

  Duodenum 53 Jaundice

  Peritoneum 49 Ascites, peritoneal masses, mesenteric and omental thickening

Urogenital tract

  Testes 93, 94 Testicular masses

  Uterus 95 Abnormal uterine bleeding

  Prostate 96 Obstructive renal failure
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Site Potential manifestations

  Penis 97 Dysuria, penile induration, penile skin thickening

  Kidney 48, 98 Kidney mass

  Ovaries 52 Ovarian mass

  Cervix 50, 99 Postmenopausal bleeding

  Vagina 51 Vaginal lump or pelvic masses

Breast 52 Ipsilateral or bilateral breast masses, axillary adenopathy, fungating tumors
eroding through breasts
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