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Acute Myeloid Leukemia Transformation from 
Myelofibrosis Upon Remission of an Orbital 
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Purpose: To report a case of an orbital myeloid sarcoma concurrent with JAK2 mutation 
myelofibrosis, which rapidly transformed into acute myeloid leukemia upon aggressive 
treatment.
Results: A 51-year-old woman had progressive swelling of periorbita for one month. 
Magnetic resonance imaging demonstrated a well-defined, mild enhanced mass indenting 
the adjacent right lateral rectus muscle and the globe. Biopsy from anterior orbitotomy 
revealed an orbital myeloid sarcoma. Bone marrow study showed concurrent myelofibrosis. 
Although the orbital lesion subsided remarkably under aggressive chemotherapy and radio-
therapy, the leukemic transformation was noticed in the third month following the initial 
presentation.
Conclusion: This case demonstrated that myeloid sarcoma should be included in the 
differential diagnosis of orbital diseases, with or without involvement of hematological 
disorders. Early diagnosis and aggressive treatment as for AML are crucial as the prognosis 
is usually poor for adult orbital MS.
Keywords: myeloid sarcoma, myelofibrosis, acute myeloid leukemia, JAK2 mutation

Introduction
Myeloid sarcoma, also known as chloroma or granulocytic sarcoma,1 has been 
found in many sites such as the lymph nodes, skin, bone, and soft tissue (including 
the orbit).2,3 It can also involve the retina or iridociliochoroid.4 It is characterized as 
extramedullary masses composed of immature myeloid precursors. It may develop 
de novo5,6 or concurrently with acute myeloid leukemia (AML),7,8 myeloprolifera-
tive neoplasm (MPN), or myelodysplastic syndrome (MDS).2,3,9 We herein present 
an adult with orbital myeloid sarcoma and concurrent JAK2-mutation myelofibro-
sis, which rapidly transformed into acute myeloid leukemia despite aggressive 
chemotherapy, irradiation, and JAK2 inhibitor treatment.

Case Presentation
A 51-year-old female patient came to our outpatient service due to progressive 
swelling of her right periorbita for one month. Except for microcytic anemia, she 
had no known systemic diseases previously. Upon ophthalmic examination, she had 
a painless, hard, non-movable mass occupying the inferior-lateral orbit (Figure 1). The 
abduction and upward gaze were limited in her right eye, but no extraocular 
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movement pain. Her best-corrected visual acuity was 20/50 
(−12.25/−3.75 x 83) in the right eye and 20/400 (−18.00/ 
−3.50 × 150) due to an old rhegmatogenous retinal detach-
ment in the left eye. There was also a palpable mass in the 
pre-auricular area of her right cheek.

She had a white blood cell count of 5.71 × 103/μL 
(neutrophils: 56.9%, monocytes: 2.3%, and lympho-
cytes: 37.5%), a platelet count of 382 × 103/μL, and 
a hemoglobin of 9.7 g/dL, which were consistent with 
anemia. Magnetic resonance imaging demonstrated 
a well-defined, mild enhanced mass indenting the adja-
cent right lateral rectus muscle and the globe 
(Figures 2A and B). The lesion was iso-intense in the 
T1-weighted imaging and mild hyper-intense in the T2- 

weighted gadolinium study compared to the extraocular 
muscles. We performed an anterior orbitotomy and inci-
sional biopsy via the fornix and found sclerosing, gray-
ish lobulated tissue. The pathological examination 
showed medium to large myeloblast cells with round 
nuclei and prominent nucleoli infiltrating the adipose 
tissue (Figure 3A). Immunohistochemically, these neo-
plastic cells expressed CD34 (Figure 3B) and CD117 
(Figure 3C), weak bcl-2 and CD79a, but no CD56 or 
myeloperoxidase. The proliferation index determined by 
Ki67 was 70%, which indicated a rapidly growing 
malignancy. The above findings suggested an orbital 
myeloid sarcoma. A bone marrow biopsy revealed mye-
lofibrosis and hypocellular marrow with focal residual 
hematopoietic cells but no increased blast cells. 
Genomic DNA extracted from the bone marrow sample 
was further processed for an allele-specific polymerase 
chain reaction, which disclosed positive Val617Phe 
mutation of Janus Kinase 2 (JAK2) gene (Figure 4). 
Under the impression of orbital myeloid sarcoma with 
concurrent JAK2-mutation myelofibrosis, she received 
concurrent chemotherapy and radiotherapy (CCRT) 

Figure 1 Periorbital swelling of the right eye without erythema or pain.

Figure 2 The magnetic resonance imaging of the orbit. (A) Axial T2-weighted post-contrast images showed a mildly enhanced mass compressing the adjacent right lateral rectus 
muscle and the globe. (B) Coronal T2-weighted post-contrast images showed an extra-conal lesion, which was well-defined and iso-intense as the lateral rectus muscle. 

Figure 3 (A) Hematoxylin and eosin stain of the orbital mass revealed numerous blast cells with large round nuclei and prominent nucleoli. The immunohistochemical stain 
of the orbital mass showed positive expression of CD34 (B) and CD117 (C). (X400).
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with an I2A5 regimen containing Idarubicin 12 mg/m2 

for two days, cytarabine 100 mg/m2 for five days, and 
local radiotherapy (20 Gy divided into ten fractions). 
After that, the patient was treated with ruxolitinib, 
a JAK2 inhibitor, 5 mg twice daily.

Three months after the initial presentation, the follow-up 
MRI displayed apparent resolving of right orbital myeloid 
sarcoma. However, peripheral blood film revealed 6.5% blast 
cells. Bone marrow biopsy showed hypercellular marrow 
(80% cellularity) with increased myeloid series and more 
than 20% blasts, which indicated an acute myeloid leukemia 
transformation (Figure 5). The patient received second-course 
chemotherapy with the same I2A5 regimen and ruxolitinib 
treatment and gained a hematological response. An allogeneic 
peripheral blood stem cell transplant from a sibling donor was 
scheduled. Unfortunately, she suffered from Aspergillus pneu-
monia after receiving initial conditioning chemotherapy with 
fludarabine, which progressed to sepsis and multiple organ 
failure. The patient passed away six months later from the 
initial presentation of the orbital myeloid sarcoma.

Discussion
Due to the wide variety of orbital diseases, the diagnosis 
of orbital lesions remained a significant challenge. Orbital 
masses are categorized into infection, inflammation, neo-
plasm, hemorrhage, metastasis, and developmental accord-
ing to their pathological etiologies.10 Among the 1263 

Figure 4 An allele-specific polymerase chain reaction disclosed the positive Val617Phe mutation of Janus Kinase 2 (JAK2) gene of the patient. (Lane 1). 
Abbreviations: PC, positive control; NC, negative control.

Figure 5 Marrow biopsy was done for increased blasts in peripheral blood and 
disclosed hypercellular marrow with around 80% cellularity. In HPF (X400) view, 
there was increased myeloid series and more than 20% blasts, indicating acute 
leukemia transformation.
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suspected orbital lesions in the study by Shields et al, 36% 
were malignant neoplasms with lymphoma as the most 
common in older patients.11 Our patient presented with 
swelling of periorbital tissue, eye movement limitation, 
and globe displacement without pain or erythema. The 
orbital imaging revealed well-defined mass compressing 
the lateral rectus muscle and the globe without infiltrating 
the adjacent structures, making the impression of primary 
neoplasm of sarcomatous origin.6,12 However, other neo-
plasm or inflammatory processes could not be entirely 
ruled out before the biopsy.10

Myeloid sarcoma (MS) of orbit, presenting as malig-
nant myeloid precursor cells invading orbital soft tissue,13 

might be the first manifestation of AML14 or signify 
a relapse. It often involves bones and extends into the 
orbital fossa.15 The common characteristics of orbital MS 
were proptosis, chemosis, orbital mass, and lid 
edema.14,16,17 Ocular MS in adult AML patients was 10 
out of 3,724 (0.3%) in the study,17 whereas Cavdar et al 
reported 33 orbito-ocular MS in 133 Turkish children with 
AML.18 The Children’s Oncology Group concluded that 
patients with MS involving orbital and central nervous 
system (CNS) sites had significantly better survival than 
patients with non-CNS MS, with CSF leukemia, or with-
out extramedullary leukemia.19 In contrast, orbital MS in 
adults is uncommon and generally carries a poor prog-
nosis, despite early aggressive intervention.20

As for isolated MS, Dores et al reported an age- 
adjusted incidence rate of 0.3 per 1,000,000 person-years 
with a median age of 59 years, which accounted for 0.9% 
of all AML,21 while Lee et al reported 1.8% in all AML 
patients.5 The presenting symptom of the isolated MS 
depended on the involving sites of the body.5 MS could 
occur as the first manifestation of AML, concurrent with 
AML, or appear as the sign of a relapse after complete 
remission.9 It could remain as isolated MS without bone 
marrow disease involvement, or the MS might follow 
MPN and MDS.5,9 Historically, the prognosis of MS 
cases was considered poor, and the MS would eventually 
evolve into AML within 6 to 12 months if left untreated.22 

However, an analysis of 345 isolated MS patients, aged 15 
or older, revealed that the 3-year survival rate for MS was 
greater than for non-MS AML; the survival rates for iso-
lated MS involving the pelvis/genitourinary organs, eyes/ 
gonads, and gastrointestinal mucosa appeared to be 
slightly better than those involving soft tissues, lympha-
tic/hematopoietic tissues, or nervous system.23 In a recent 
analysis of 131 MS patients, there was no statistical 

difference in prognosis between de novo MS and MS 
with concomitant AML. However, one-year survival rates 
in de novo MS, MS with concomitant AML, and MS 
following MDS/MPN were 60.0%, 50.1%, and 14.3%, 
respectively. The underlying MDS or MPN was a poor 
prognostic factor.24 Yoshiki et al reported a patient with 
concurrent MS and myelofibrosis complicated with JAK2 
V617F mutation-positive AML that relapsed rapidly.25 

Although increased JAK2 V617F-mutant allele burden 
was associated with the risk of developing myelofibrosis, 
there were no definite conclusions about whether this 
mutation increases the risk of evolving to AML.26

MS, especially the de novo ones, were not only chal-
lenging in the clinical manifestations but also ambiguous 
in the pathological diagnosis. Previous MS studies had 
demonstrated that a proportion of cases were initially 
incorrectly diagnosed, mostly as malignant lymphoma, 
and were hence treated unsuccessfully.2,3,27 Therefore, 
immunohistochemical staining played a crucial role in 
establishing the definite diagnosis of MS. In the study by 
Pileri et al,3 CD68/KP1 was the most expressed marker, 
followed by myeloperoxidase, CD117, CD99, CD68/PG- 
M1, and CD34. In our case, pathological studies showed 
monotonous atypical blasts with positive CD117 and 
CD34 expression, which were diagnostic of myeloid 
sarcoma.

Intervals between the presentation of isolated MS and 
the development of systemic leukemia varied from one to 
forty-nine months in the study by Neiman et al,2 whereas 
the evolving interval was 2.4–20.1 months in the study by 
Lee et al.5 In the survey by Aggarwal et al,7 13 out of 18 
patients with isolated orbital MS evolved to AML within 
3 to 21 months with the median of 11.3 months. In the 
study by Tsimberidou et al,28 isolated MS patients treated 
with anti-AML chemotherapy (cytarabine plus idarubicin 
or fludarabine) had a superior complete remission rate 
and event-free survival than the matched AML patients. 
In the literature review comparing 72 isolated MS cases 
receiving surgical resection, irradiation, and systemic 
chemotherapy, the results revealed a more extended 
non-leukemic period in the chemotherapy group.29 

Hence, the same aggressive chemotherapy regimen as 
for the ones associated with systemic AML is recom-
mended for isolated MS cases.28 Among 678 pediatric 
AML patient data obtained from the Japanese Data 
Center for Hematopoietic Cell Transplantation, the pre-
sence of concurrent MS did not influence the transplant 
outcome.30 Allogeneic hematopoietic stem cell 
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transplantation, which significantly improved the overall 
survival in a cohort of MS patients with or without con-
comitant AML, is nowadays regarded as the treatment of 
choice.31 Owing to the accumulating data in cytogenetics, 
target therapy could aid in the treatment according to the 
stratified molecular features. Ruxolitinib, a JAK1/JAK2 
inhibitor, and fedratinib, a JAK2/FLT3 inhibitor, could 
treat myelofibrosis patients regardless of the presence of 
mutated JAK2. Although the JAK2 mutation allele bur-
den was proposed as the predilection for blast transfor-
mation from myelofibrosis,10,12 there was insufficient 
evidence to implement anti-JAK2 medication into the 
treatment of JAK2 mutant-positive MS. Nevertheless, 
the integration of FLT3 inhibitors into the treatment algo-
rithm had improved the clinical outcome in patients with 
FLT3-ITD-mutated AML.32 In the case report of Kim 
et al, gilteritinib, a type 1 tyrosine kinase inhibitor, was 
used to treat an FLT3-ITD-mutated AML patient relapse 
with iridociliochoroidal MS and achieved lesion 
regression.4

Conclusion
Although orbital MS is rare in orbital diseases among 
adults, clinicians should keep a high index of suspicion 
with or without involvement of hematological disorders. 
Our patient had concurrent orbital MS and JAK2 mutation 
myelofibrosis. Her orbital lesion regressed remarkably 
soon after the CCRT and JAK2 inhibitor ruxolitinib, but 
the myelofibrosis transformed into AML simultaneously. 
Early diagnosis and aggressive treatment as for AML are 
crucial as the prognosis is usually poor for adult orbital 
MS. Multi-disciplinary efforts of ophthalmologists, pathol-
ogists, and hematological specialists are mandatory for 
accurate diagnosis and appropriate management.
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