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Abstract

Chronic myelomonocytic leukemia (CMML) is a rare neoplasm that 
has a roughly 15-30% chance of transforming into acute myeloid 
leukemia (AML). Acute leukemias have been known to cause pleu-
ral or pericardial effusions but having CMML transform into AML 
while presenting as a cardiac myeloid sarcoma causing pericardial 
effusions makes this case unique. A 59-year-old patient presented 
to the emergency room with shortness of breath and was found to 
be in cardiac tamponade requiring urgent care. The thoracic surgery 
team performed a pericardiectomy and placed a window drain. Car-
diac tissue biopsy proved cardiac myeloid sarcoma with immature 
blasts and myeloid cells. Initial bone marrow biopsy on admission 
showed hypercellularity with 19% blasts and abnormal monocytes 
with multilineage dysplasia on aspirate differential, with positive 
KRAS and TET2 mutations on next-generation sequencing analysis. 
There was no evidence of a BCR/ABL1 fusion on fluorescence in 
situ hybridization (FISH), and chromosomal analysis demonstrated 
a normal karyotype. At this time, the patient met the WHO criteria 
for a CMML-2 diagnosis. A follow-up bone marrow biopsy closer 
to discharge showed a 33% blast count pointing towards a CMML-2 
transformation into AML. Remarkably, he was able to improve and 
was discharged from the hospital. He was admitted again to the hospi-
tal to initiate chemotherapy. Such complex cases are rarely reported. 
Here we discuss the diagnosis and treatment of CMML transformed 

into AML as well as the rarity of cardiac myeloid sarcomas with an 
in-depth literature review.
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Introduction

Chronic myelomonocytic leukemia (CMML) is a clonal stem 
cell disorder with both myelodysplastic/myeloproliferative 
features defined by sustained monocytosis (> 1 × 109/L ab-
solute count or > 10% of the leukocyte count), bone marrow 
dysplasia with less than 20% blasts, and the exclusion of other 
myeloid diseases based on genetics [1, 2]. CMML is a dis-
ease of elderly men with the average age of diagnosis around 
70 years old and a male to female ratio of over 2:1 [3]. Pa-
tients with CMML can present with a wide variety of symp-
toms including severe cytopenias causing bleeding and infec-
tion, splenomegaly or, rarely, extramedullary invasion. Rare 
cases of CMML have been known to invade the gums, liver, 
or spleen and can present as an extramedullary collection of 
immature monocytes or dendritic cells. CMML presenting as 
a fluid collection in the pleura, pericardium or abdomen is an 
even more rare event [4-6].

Patients who are diagnosed with CMML, specifically, 
CMML-2 and myeloproliferative subtypes, are at a high risk of 
their disease transforming into acute myeloid leukemia (AML). 
Approximately 15-30% of all CMML cases will transform into 
AML with CMML-2 subtype being the highest risk and, rarely, 
AML can infiltrate other organs and present as myeloid sarco-
mas [7]. Myeloid sarcomas are extramedullary tumors that arise 
from the accumulation of blasts and other myeloid cells such as 
neutrophils or monocytes. They can appear in most places in 
the body, although cardiac infiltration is extremely rare. My-
eloid sarcomas usually present concurrently with a new AML 
diagnosis or at relapse of an already established AML diagnosis 
and occur in roughly 5-10% of AML cases [8]. Primary mye-
loid sarcoma leading to an AML diagnosis accounts for < 2% of 
cases according to a case series from 2003 and has an incidence 
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of two cases per million adults [9, 10].
Here, we present a case of CMML-2 transformed into 

AML with myeloid sarcoma involving the pericardium. This 
case highlights the unique presentation of myeloid sarcoma co-
occurring with a CMML-2 diagnosis that was finally revealed 
after the patient had multiple pericardial effusions. We discuss 
the timeline of events, diagnostics, and treatment of this rare 
case. We also review CMML and myeloid sarcoma with an 
emphasis on diagnosis, treatment, and prevalence. Given the 
rarity of these diseases, this case offers a special opportunity 
to discuss both.

Case Report

Investigations

A 59-year-old male without significant past medical history 
had his first pericardial effusion identified in December of 
2024 but was too small to drain. Notably, his complete blood 
count with differential back in September of 2018 revealed a 
monocytosis (1.5 × 103/µL) with no other abnormalities seen 
along with a normal blood smear. His next complete blood 
count with differential was done in December 2024 when he 
had his first pericardial effusion and it continued to show a 
monocytosis (7.2 × 103/µL) without blasts or other immature 
cells, but it was not until the following admission when further 
investigations were done. In February 2025, he presented to an 
outside hospital with shortness of breath on exertion and a syn-
copal episode. His echocardiogram on arrival to the hospital 
showed a new, large pericardial effusion with evidence of early 
tamponade and he underwent an uncomplicated pericardiocen-
tesis with 700 cc of sanguineous output. He was also found to 
have splenomegaly with a complete blood count with differen-
tial showing a white blood cell count of 17.6 × 103/µL, platelet 
count of 112 × 103/µL, hemoglobin 13.3, and monocytosis of 
8.61 × 103/µL. Once again, no blasts or other immature cells 
were seen in the differential and his blood smear was normal. 
The etiology of his pericardial effusion remained unclear at 
that time with cytology negative for any malignant cells, and 
he was discharged with outpatient follow-up with hematology 
for cytopenias and cardiology for serial echocardiograms. He 
had not yet seen the hematologist outpatient when soon af-
ter his February discharge, in early March 2025, he developed 
worsening shortness of breath with increasing pericardial effu-
sion and signs of right ventricular collapse on echocardiogram. 
Another emergent pericardiocentesis yielded 250 cc of hemor-
rhagic fluid. This began a prolonged and complex hospital stay 
until early April of the same year. On arrival, a complete blood 
count with differential revealed a white blood cell count of 14.3 
× 103/µL with persistent absolute monocytosis to 6.3 × 103/
µL and worsening thrombocytopenia of 73 × 103/µL. Again, 
no blasts or other immature cells were seen at this time. Af-
ter drainage, the patient subsequently had return of symptoms 
lasting a few days with associated resting tachycardia follow-
ing placement of the pericardial drain. The drain had minimal 
output despite evidence of a reaccumulating complex pericar-
dial effusion on bedside echocardiogram, so he was transferred 

to a tertiary care center for evaluation by thoracic surgery and 
consideration of a pericardial window. Upon transfer, he had 
a sudden decompensation due to obstructive shock secondary 
to cardiac tamponade. He underwent an emergent subxiphoid 
pericardial window placement complicated by significant clot 
burden in the pericardial sac. A few hours after this procedure, 
the patient decompensated again and his pericardial drain was 
found to be clotted off, so he returned to the operating room 
for complete pericardiectomy under cardiopulmonary bypass 
with mediastinal washout and removal of 200 cc of hemor-
rhagic fluid.

Diagnosis

The pericardial effusion samples from his hospital admissions 
were inflammatory and hemorrhagic in nature and did not re-
veal any leukemia cells. Given the patient’s abnormal cell lines 
with concerning monocytosis, thrombocytopenia, and anemia, 
he underwent his first bone marrow biopsy early during the 
March admission. This bone marrow biopsy showed hypercel-
lularity with 19% blasts and abnormal monocytes with multilin-
eage dysplasia on aspirate differential, with positive KRAS and 
TET2 mutations on next-generation sequencing analysis. Flow 
cytometry revealed CD34+ blasts at 1% with 28% monocytosis 
with CD56+ and no clonal or abnormal lymphoid populations. 
There was no evidence of a BCR/ABL1 fusion on fluorescence 
in situ hybridization (FISH), and chromosomal analysis dem-
onstrated a normal karyotype. At this time, he met the 2016 
WHO criteria for CMML-2 diagnosis by having a persistent 
monocytosis, blasts 5-19%, negative BCR/ABL with other my-
eloproliferative disorders ruled out, and the following genetic 
re-arrangements not detected: PDGFRA, PDGFRB, FGFR1, 
or PCM1-JAK2. He then subsequently underwent a biopsy of 
his pericardium after his bone marrow revealed CMML-2 with 
likely evolving AML. Figure 1 depicts the cardiac tissue sample 
used to diagnose cardiac myeloid sarcoma. Figure 2 shows cells 
staining positive for myeloperoxidase revealing the myeloblasts 
confirming leukemic involvement in the pericardium. The biop-
sy of his pericardium revealed findings consistent with myeloid 
sarcoma. A repeat bone marrow biopsy in early April during this 
same admission showed an increased manual differential count 
of blasts/promonocytes of 33% with multilineage dysplasia, 
consistent with CMML-2 transformation into AML. The mono-
cyte count increased to 40% with aberrant CD14 marker expres-
sion per flow cytometry. Figure 3 shows myeloblasts present in 
the bone marrow. Figure 4 depicts the echocardiogram showing 
the large pericardial effusion causing tamponade and then its 
resolution following drainage.

Treatment and outcomes

Following his pericardiectomy, the patient’s cardiac manage-
ment was stabilized in the cardiovascular intensive care unit 
(ICU). He required multiple transfusions of platelets and packed 
red blood cells, as well as 2 units of fresh frozen plasma (FFP). 
His subsequent inpatient stay was prolonged due to hypoxic 
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respiratory failure and increasing oxygen requirements; imag-
ing revealed large bilateral pleural effusions requiring chest tube 
placement yielding 1,350 cc of sanguinous fluid. Cytology from 
the pleural fluid was negative for leukemic involvement. The 
patient’s symptoms improved with aggressive diuresis, and he 
was successfully weaned to room air. His chest tube was re-
moved, and he was discharged in stable condition on colchicine. 
Since the patient tolerated the pericardiectomy well, the deci-
sion was made to treat him as secondary AML ineligible for in-

Figure 1. The myocardium and surrounding adipose tissue are archi-
tecturally effaced by an infiltrating lesion composed of immature mon-
onuclear cells demonstrating fine chromatin. Hematoxylin and eosin 
(H&E)-stained sections of the pericardium demonstrated fibrovascular 
and fibroadipose tissue with a variably dense infiltration of medium 
sized cells with irregular nuclear membranes, conspicuous nucleoli, 
and variable amounts of clear cytoplasm, consistent with atypical/im-
mature monocytic cells. These atypical cells formed diffuse sheets in 
some areas and were seen with large numbers of mature granulocytes 
in other areas. The immature cells demonstrated positive staining 
for CD45, CD43, CD34, CD68, and CD163. They were negative for 
CD117, TdT, CD3, CD20, CD56, calretinin, and WT1. The Ki-67 prolif-
eration index was variably elevated. This atypical monocytic infiltration 
is diagnostic of myeloid sarcoma (H&E, × 400). Arrow indicating imma-
ture mononuclear cells infiltrating the cardiac tissue.

Figure 2. The immature mononuclear cells stain positive for myelop-
eroxidase, confirming the diagnosis of myeloid sarcoma (myeloperoxi-
dase, × 400). Arrow indicating the light gold staining of the cells positive 
for myeloperoxidase.

Figure 3. Wright Giemsa stain of the bone marrow demonstrating my-
eloblasts (× 1,000). Arrow indicating myeloblasts.

Figure 4. (a) A large pericardial effusion with RV collapse clinically 
correlating with cardiac tamponade. (b) Resolution of the pericardial 
effusion status after pericardiocentesis. Arrows indicating the fluid col-
lection around the pericardium with RV collapse (a) with subsequent 
resolution after drainage (b). LA: left atrium; LVOT: left ventricular out-
flow tract; RV: right ventricle.
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tensive 7+3 chemotherapy with understanding that he would be 
on the path for bone marrow transplant. The patient was started 
on decitabine 20 mg/m2 and venetoclax. A repeat bone marrow 
biopsy will be planned for week 3 of treatment. Further discus-
sions surrounding transplant timing and feasibility would take 
place pending marrow results. Luckily, this patient survived af-
ter numerous days recovering in the cardiac ICU after pericar-
diectomy and pericardial window placement and is now living a 
remarkably normal life while starting treatment.

Discussion

CMML is an extremely rare disease with a reported incidence 
of four cases per 100,000 persons/year [11]. Many patients are 
asymptomatic at diagnosis and have only a mild monocyto-
sis at presentation, but very few can present with inflamma-
tion of serous membranes with fluid accumulation around the 
pericardium or pleura. A 2021 retrospective study by Kaur et 
al looked at 9,723 cases of effusions in leukemic patients and 
only 40 (0.4%) showed true leukemic involvement. Of the 40 
cases, only one was CMML and only three cases involved the 
pericardium highlighting the rarity of such an event [12]. Spe-
cifically, regarding acute leukemia, a 2010 retrospective study 
with 2,592 AML and acute lymphocytic leukemia (ALL) pa-
tients revealed a pericardial effusion incidence of 21%. How-
ever, very few of the samples actually had leukemia cells on 
cytology and most were hemorrhagic or serosanguinous [13]. 
There have been a few case reports published on CMML pre-
senting as a pericardial effusion with positive cytology leading 
to confirmation with bone marrow biopsy [6, 14-17]. How-
ever, having CMML transform into AML and then present as a 
cardiac myeloid sarcoma causing recurrent pericardial effusions 
represents a unique case.

Due to the rarity of cardiac myeloid sarcomas, most infor-
mation we have on them is through case reports or case series 
and no large-scale prospective studies exist that give information 
on survival. A review of cardiac myeloid sarcomas done in 2017 
compiled all published cases of adult and pediatric cardiac my-
eloid sarcomas from 1960 to 2016 and found only 30 with six of 
these patients achieving remission [18]. However, none of these 
patients had a confirmed CMML diagnosis. There is no consensus 
on how to treat cardiac myeloid sarcomas and hematologists will 
need to consider tolerability and cardiac function when deciding 
on a regimen to use. Anthracyclines are a standard of treatment 
in AML, but given their cardiac toxicities, may not be suitable in 
these cases. Intensive induction chemotherapy regimens such as 
etoposide, mitoxantrone, and cytarabine/Ara-C-based regimens 
(EMA) as well as hypomethylating agents (HMAs) have been 
used according to a few case reports. One case report highlights 
a patient who achieved remission after their cardiac myeloid sar-
coma was treated with radiotherapy [19].

Managing myeloproliferative CMML can be difficult and 
those with transformed disease ineligible for intensive chemo-
therapy are treated with HMA with or without venetoclax based 
on the results of the VIALE-A trial [20]. Initially, clinical tri-
als involving myelodysplasia (MDS) patients that confirmed 
the efficacy of azacitidine and decitabine included very few 

CMML patients [21, 22], but smaller follow-up studies focus-
ing on CMML showed an overall response rate between 30% 
and 60% with complete remission in less than 15% of patients 
[23-25]. Median overall survival (OS) ranged between 12 and 
37 months. Patients with CMML who fail a first-line HMA 
have little success when switched to a different agent [26]. The 
DACOTA trial was a randomized phase III trial testing decit-
abine or hydroxyurea in CMML patients. While 63% of pa-
tients in the decitabine arm had a response vs. only 35% in the 
hydroxyurea cohort, treatment with decitabine did not improve 
event-free survival and had a slightly lower median overall 
survival (mOS) (18.4 vs. 21.9 months) [27]. This seems to be 
in contrast with a 2021 study showing modest survival benefit 
with decitabine vs. hydroxyurea (mOS 17.6 vs. 12.6 months) 
[28]. Regardless, because of the high response rate seen in the 
decitabine cohort, this could be a better choice for patients as 
a bridge to transplant. More randomized trials with adequate 
sample size are needed in rare leukemias such as CMML to 
better map out treatment algorithms. The patient presented in 
this case had a complex disease history with CMML turned 
AML presenting as a cardiac myeloid sarcoma and there is no 
standard of treatment for such a complicated case.

Conclusion

CMML presenting as a myeloid sarcoma in the pericardium 
is a rare and deadly phenomenon that needs urgent action to 
prevent hemodynamic collapse from tamponade caused by 
pericardial effusion. The insidious progression of CMML-2 in 
this patient caused a complex hospital stay which ultimately 
led to a successful pericardiectomy. This case highlights the 
challenge of diagnosing and recognizing CMML. He had a 
persistent, mild monocytosis for many years before presenting 
with his first pericardial effusion and no other warning signs 
were present. For example, no immature cells on lab work, fe-
vers, fatigue or weight loss were seen. Unfortunately, his nega-
tive symptoms and, initially, only mild monocytosis caused a 
delay in the diagnosis of the CMML that eventually evolved 
into acute leukemia with extramedullary involvement in the 
form of a myeloid sarcoma. When his symptoms worsened 
with shortness of breath, repeat complete blood counts re-
vealed not only a significant increase in monocytosis, but also 
thrombocytopenia and anemia prompting the initial bone mar-
row biopsy leading to the CMML diagnosis during his hospital 
admission. Earlier referral to a hematologist for surveillance 
and shared decision making regarding an elective bone mar-
row biopsy with further laboratory work may have identified 
this disease earlier. However, the swift treatment and multidis-
ciplinary teamwork of the hematology, critical care, and cardi-
ology teams led to a positive outcome. With such a complex 
and life-threatening disease, multidisciplinary teamwork and 
high resource centers are key to success.

Learning points

CMML transformed into AML presenting as a myeloid sar-
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coma in the pericardium has never been published before.
CMML is hard to diagnose and treat while sometimes 

presenting as a slow growing, mild monocytosis without any 
symptoms.

Standard treatment for CMML involves cytoreduction and 
combination therapy with an HMA and venetoclax.

Cardiac myeloid sarcomas are extremely rare with limited 
information on treatment and outcomes.
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