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Abstract
Myeloid sarcoma (MS) is a rare extramedullary manifestation of acute myelogenous leukemia 
(AML). The mass is composed of primitive myeloid cells that can occur in a variety of organs, 
most commonly the skin, lymph nodes, GI tract, bone, breast, and CNS. Involvement of the 
genitourinary tract is rare. Consensus on treatment of MS has not been established, but man-
agement typically involves systemic therapy, such as chemotherapy or allogeneic hematopoi-
etic stem cell transplant as well as palliative local therapies such as radiation or surgery. Out-
comes of MS using novel AML therapies, such as BCL-2 inhibitors or IDH inhibitors, remain 
undescribed. We describe a rare case of a 70-year-old man presenting with MS of the urinary 
bladder complicating known secondary AML (RUNX1 and IDH2 mutated). Prior to develop-
ment of bladder MS, the patient had received decitabine, enasidenib, and venetoclax. Follow-
ing diagnosis, he was treated with cytarabine and venetoclax. To our knowledge, this is the 
first case of bladder MS treated with a BCL-2 inhibitor.
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Introduction/Background

Acute myelogenous leukemia (AML) typically involves intramedullary proliferation of 
myeloid precursor cells. Extramedullary (EM) manifestations of AML are rare and include 
myeloid sarcoma (MS). MS is a solid EM mass composed of primitive myeloid cells that were 
initially described in 1811 by Burns [1]. In 1853, King [2] used the term chloroma to describe 
the greenish appearance that occurred as a result of myeloperoxidase in the blasts. As one-
third of the masses appear gray or white, the term chloroma was replaced by granulocytic 
sarcoma or MS [3]. MS became a separate pathologic entity in the 2008 WHO classification of 
AML and myeloid neoplasms [4].

MS can present concurrently with AML, as relapse in a patient with previously treated 
AML, or precede the diagnosis of AML without evidence of leukemia in the blood or bone 
marrow [5]. In the latter case, without systemic treatment, overt leukemia develops after an 
average of 10.5 months [6]. Less frequently, MS may occur with the myelodysplastic syndromes 
or myeloproliferative neoplasms [7].

MS is seen in <1% of all AML [8]. Risk factors associated with the development of MS in 
AML include the chromosomal abnormalities of t(8;21) and inversion (16); expression of cell 
surface markers CD56, CD2, CD4, and CD7; and the following AML subtypes: acute mono-
blastic/monocytic leukemia, acute myelomonocytic leukemia, and AML with maturation. 
Additional risk factors include poor nutritional status, decreased cellular immunity, high 
presenting leukocyte count, and decreased Auer rods [9]. MS is more common in men than in 
women (male-to-female ratio 1.42:1) and in younger patients (median age MS 55.8, median 
age all AML 66) [4].

Presenting signs and symptoms are due to the mass effect of the disease and involved 
organ dysfunction. The most frequently reported sites are the skin, lymph node, testis, GI 
tract, and bone [4].

Leukemic involvement of the urinary bladder is rare. Of 112 patients with EM relapse of 
AML after stem cell transplant, only 6 cases involved the bladder [10]. We report a case of MS 
of the urinary bladder presenting with gross hematuria and obstructive nephropathy in a 
patient with a known diagnosis of AML.

Case Report

A 70-year old man with a history of secondary AML (IDH2 and RUNX1 mutated) evolving 
from low-risk MDS with refractory anemia presented to our facility with new-onset hema-
turia. MDS was initially treated with erythropoietin-stimulating agents but progressed to 
AML after 20 months. Given the patient’s poor performance status, he was deemed not a 
candidate for aggressive induction therapy and potentially curative allogeneic stem cell 
transplant, and treatment with the hypomethylating agent azacitidine was initiated with 
palliative intent. Following 4 cycles of azacitidine, he had disease progression with an increase 
in blasts on bone marrow aspiration and biopsy. Next-generation sequencing showed persis-
tence of RUNX1 and IDH2 mutation. Cytogenetics showed normal male karyotype. Therapy 
was switched to decitabine and enasidenib with disease control for 9 months. He subse-
quently developed worsening cytopenia and increasing peripheral blasts, prompting a change 
in therapy to decitabine, venetoclax, and hydroxyurea with palliative intent. A bone marrow 
biopsy done to assess the response to venetoclax and decitabine showed marked hypercellu-
larity with large immature appearing cells with moderate basophilic cytoplasm, delicate 
nuclear chromatin, and 1–4 round/oval nucleoli (shown in Fig. 1A). The blasts were positive 
for CD34 and c-kit immunohistochemical stains (shown in Fig. 1B, C).
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After 10 months of disease control with decitabine and venetoclax, he presented to 
our facility reporting a 3-month history of progressive, intermittent, frank hematuria. 
Review of systems revealed urinary frequency, suprapubic pain, and generalized fatigue. 
CBC showed leukocytosis of 66 K/μL (normal range 4.0–11.0 K/μL), anemia, with a hemo-
globin level of 4.6 g/dL (normal range 11.0–15.0 g/dL), and thrombocytopenia, with 
platelet count of 49 K/μL (normal range 150–450 K/μL). The coagulation panel was 
normal. Urinalysis revealed >100 RBCs per hpf and 58 WBCs per hpf. Creatinine was 2.73 
mg/dL (baseline: 0.90 mg/dL, normal range 0.57–1.30 mg/dL) concerning for obstructive 
uropathy. Blood and urine cultures were obtained, and empiric antibiotics were initiated. 
The patient was supported with red blood cell and platelet transfusions. A CT abdomen 
and pelvis without contrast showed an enlarged right kidney with stranding and asso-
ciated moderate hydroureter/hydronephrosis, consistent with pyelonephritis, and asym-
metric bladder wall thickening with adjacent fat stranding, suggestive of cystitis. 
Cystoscopy revealed a diffuse necrotic appearing bladder with areas of active bleeding 
and near obliteration of the ureteral orifices. Biopsies were taken, and a right neph-
rostomy tube was inserted.

The bladder mass obtained via transurethral bladder resection showed numerous loosely 
cohesive/noncohesive large cells with moderate basophilic cytoplasm, single round/oval 
nuclei, fine chromatin, and 1–4 distinct nucleoli invading the muscularis propria (shown in 
Fig. 1D). The bladder mass biopsy also showed numerous noncohesive myeloid cells invading 
the bladder wall against a background of benign von Brunner’s nests. These myeloblasts 
showed fine nuclear chromatin, lobulated nuclei, and 2–4 nucleoli (data not shown). The tumor 

Fig. 1. a Bone marrow. Markedly hypercellular with large immature appearing cells with moderate baso-
philic cytoplasm, delicate nuclear chromatin, and 1–4 round/oval nucleoli (H&E, ×400). b Bone marrow. 
CD34 immunohistochemical stain showing cytoplasmic positivity in tumor cells (×400). c Bone marrow. 
CD‐117 immunohistochemical stain on cell block section showing cytoplasmic positivity in tumor cells 
(×400). d Bladder mass. Sheet of myeloblasts invading muscularis propria (H&E stain, ×100).
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cells were positive for CD34 and negative for pankeratin immunohistochemical stains (data 
not shown). These findings were consistent with leukemic cells of myeloid lineage involving 
the bladder. Immunohistochemical stains revealed the blasts were strongly positive for CD34 
and CD4. Next-generation sequencing revealed FLT3-ITD, IDH2, and RUNX1 mutations. 
Overall, findings were consistent with MS of the urinary bladder.

Treatment was changed to venetoclax and cytarabine 100 mg/m2 by continuous infusion. 
Blast count declined rapidly with resolution of hematuria, and the patient was subsequently 
discharged home after 1 week.

Hematuria recurred 2 weeks post discharge. Repeat cystoscopy showed hemorrhagic 
mucosa of the bladder neck and prostatic urethra. The areas were cauterized, after which 
hematuria ceased. The patient was treated with 3 days of infusional cytarabine 100 mg/m2 
and continued on daily venetoclax. Hematuria and peripheral blasts transiently resolved, but 
within 2 weeks, he suffered recurrent hematuria, rising blast count, and worsening cytopenia. 
He received 3 additional cycles of infusional cytarabine with recurrence of hematuria and 
rising blast count within days of completing treatment. Goals of care were discussed, and the 
patient elected to receive hospice care. He died within a week of discharge, <2 months after 
the diagnosis of MS and 2 years after diagnosis of AML.

Discussion

The genitourinary tract is rarely involved by MS. The kidney, bladder, prostate, testes, 
epididymis, and uterine cervix are among the documented sites of genitourinary involvement 
[11–15]. Patients with lower urinary tract MS can present with signs and symptoms related 
to urinary tract obstruction or urinary retention [16]. It is possible for MS to be misdiagnosed 
as a primary urothelial malignancy and treated as such [12].

Pathology
There are no specific gross cystoscopy findings for MS of the urinary bladder, so diag-

nosis requires histopathological confirmation. The characteristic microscopic growth 
pattern of myeloid cells is either a diffuse or an Indian file pattern, and the KI-67/MIBI is 
usually high, ranging from 50% to 95%. It is subclassified into granulocytic, monoblastic, 
or myelomonocytic based on the cell type or classified into immature, mature, and blastic 
types based on the cell maturation. The most common positive markers in paraffin 
sections include CD68/KP1, MPO, CD117, CD99, CD68/PG-M1, lysozyme, CD34, TdT, 
CD56, CD61, CD30, glycophorin, and CD4. CD13, CD33, CD117, and MPO are the most 
common markers by flow cytometry in tumors with myeloid differentiation and CD14, 
CD163, and CD11c in tumors with monoblastic differentiation. CD20, CD45RO, CD79a, 
and CD3 should also be added to the panel in order to exclude other differential diagnoses 
[4]. Diagnosis of MS in patients with known hematological malignancy may be straight-
forward, but de novo MS will need bone marrow biopsy and aspiration to assess for other 
hematological malignancies [17].

Prognosis
Published clinical outcomes of patients with MS relative to their non-MS AML counter-

parts are varied. One study reported longer event-free survival and overall survival [18], 
while another demonstrated comparable outcomes to patients with non-MS AML [19]. In 
AML patients with t(8;21), shorter overall survival has been observed in those who have an 
EM component [20]. Given the rarity of this disease, most of the studies are limited by their 
retrospective design and small size.
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Treatment
There is no consensus about the optimal treatment of MS with recommendations based 

on results of case series and case reports. High-dose chemotherapy, radiation, surgical 
resection, and allogeneic stem cell transplantation are all modalities that can be incorpo-
rated into the therapy of MS. A retrospective study with 24 patients showed significantly 
longer survival in patients treated with chemotherapy than those who did not (5 years OS 
24.3% vs. 0%, p = 0.0009) [21]. In a retrospective study of 74 patients with de novo MS, 
81% of patients who did not receive systemic treatment progressed to AML in the first 11 
months [22]. The time to progression was longer in those who received a cytarabine-based 
regimen than other chemotherapy, such as COP (cyclophosphamide, vincristine, and pred-
nisone) or an anthracycline-based regimen. Allogeneic stem cell transplant (alloHSCT) 
performed early in the course of MS has been shown to prolong survival and is recom-
mended in those who are eligible [23].

Our patient had poor performance status and multiple comorbid conditions that made 
him ineligible for alloHSCT. He received infusional cytarabine and venetoclax with a brief 
response, followed by recurrent lower genitourinary symptoms and progressive hematologic 
disease within weeks.

There are no clear data regarding the optimal consolidation therapies following an initial 
response. AlloHSCT remains the optimal consolidation therapeutic option, but this may be 
prohibitive for several AML patients with MS due to their performance status and comorbid 
conditions. Surgery and radiotherapy do not prolong overall survival but are commonly used 
to palliate symptoms related to organ dysfunction and obstruction or if there is an incomplete 
response to chemotherapy [21]. Local control measures, such as cauterization, may be bene-
ficial for symptom control, as was the case in our patient. The role and response rates with 
newer AML directed therapy are unknown and maybe largely limited to case reports such as 
this one.

Summary

The low frequency of MS involving the urinary bladder leads to a lack of consensus 
treatment guidelines. Our case adds to the sparse evidence available for the management of 
this condition. Recent advances in allogeneic stem cell transplant and AML-directed therapy 
will result in patients living longer with AML, which may potentially increase the incidence of 
EM disease. This calls for increased awareness to ensure prompt diagnosis, enrollment of 
patients with MS in clinical trials, and focus on MS-specific research to improve the outcomes 
of patients afflicted by this rare condition. There is a need to evaluate the efficacy of new AML-
directed agents in this disease entity.
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