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Abstract

Mucormycosis is a rare but fatal opportunistic fungal infection. Pa-
tients with hematologic malignancies who use immunosuppressant
and glucocorticoid extensively are susceptible to mucormycosis. We
report a case of an older patient with acute myeloid leukemia (AML)
who was infected with pulmonary mucormycosis during chemothera-
py. With a good balance of chemotherapy-induced myelosuppression
and control of Mucorales infection, the patient got a complete remis-
sion of leukemia by the combination of azacitidine and venetoclax,
and pulmonary mucormycosis was well controlled. But due to poor
compliance, the patient died of asphyxiation as a result of aspiration
of pulmonary necrosis-like substances after discharge. To our knowl-
edge, this is the first case report of an older patient with AML com-
plicated with pulmonary mucormycosis dying of asphyxia from pul-
monary necrosis-like substances. Our article seeks to raise awareness
of proper precautions to be taken in the management mucormycosis.
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Introduction

Mucormycosis has been notorious for its aggressive angioinva-
sion and high mortality. Rarity, nonspecific clinical manifes-
tations and negative blood culture make mucormycosis often
misdiagnosed. Pulmonary mucormycosis is the second most
common type of mucormycosis, with a mortality rate of up to
80% [1]. Patients with hematologic malignancies under chemo-
therapy always suffering immunosuppression are susceptible to
pulmonary mucormycosis. Compared with young acute myeloid
leukemia (AML) patients, older AML patients have more un-
derlying diseases, poor performance state, decreased function of
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multiple organs, more complex karyotypes and gene mutations
with poor prognosis, making allogeneic stem cell transplanta-
tion and high-dose chemotherapy unsuitable for part of older
AML patients. Survival in older AML patients remains poor.

Here we report an older AML patient who was infected
with Mucorales during induction chemotherapy.

Case Report

A 68-year-old male initially presented with neutropenia, dyspnea
and tiredness. He had a history of pulmonary tuberculosis and had
taken rifampicin and ethambutol for 6 months. Blood routine test
demonstrated a white blood cell (WBC) count of 7.81 x 10%/L with
an absolute neutrophil count (ANC) of 0.09 x 10%L, hemoglobin
of 68 g/L, and platelet (PLT) count of 77 x 10%L. Initial bone
marrow smear revealed a hypercellular marrow with 92% blasts,
and flow cytometry confirmed that they were myeloid (CD34*,
CD117*, CD33*, MPO*, CD13", CD38"), raising concern for
AML-MI1. Cytogenetic studies were remarkable for normal karyo-
type with DNMT3A and IDH?2 mutations. He got an Eastern Co-
operative Oncology Group (ECOG) performance status (PS) of 3.
Shortly after admission, the patient developed fever, and sputum
culture suggested Mycoplasma pneumoniae infection. Chest com-
puted tomography (CT) showed progressed areas of consolidation
in the middle-lower lobe of the right lung (Fig. 1a). Levofloxacin
was selected according to the results of drug susceptibility testing.
Considering the severity of infection and high blasts count, the pa-
tient was given a 7-day regimen of azacytidine (AZA) 100 mg/day
as the “bridging chemotherapy”. The patient was discharged after
the pulmonary infection was controlled.

One month later, the patient was admitted for the next cy-
cle of chemotherapy. Blood routine test demonstrated WBC
of 20.58 x 10%L, ANC of 0.69 x 10%L, hemoglobin of 28
g/L and PLT of 99 x 10%/L. Reexamination of bone marrow
smears showed 72% blasts, and chest CT still indicated pneu-
monia but less than before (Fig. 1b). The patient got a fever
of 38.5 °C on day 2 of admission (d-2), and levofloxacin and
tigecycline were used. On day 4 of admission (d1), the pa-
tient was started on a 7-day regimen of AZA (100 mg/day)
and 28 days of venetoclax. Neutropenia (nadir WBC = 0.19
x 10%/L and ANC 0.04 x 10%/L) and thrombocytopenia (nadir
PLT count = 12 x 10%L) were developed 4 days after the start
of chemotherapy (d4). The patient developed gradual exag-
geration of breathlessness, cough and fever (with a maximum
body temperature of 39.2 °C). Repeated blood cultures, throat
swabs, serum galactomannan antigen (GM) test and 1,3-b-D
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Figure 1. Chest CT changes during the course of pneumonia. (a) Large areas of consolidation (white arrow) in the middle-lower
right lobe and pleural effusion during the first hospitalization when the patient was infected with Mycoplasma pneumoniae. (b) On
the second admission, the consolidation (white arrow) in the right middle-lower lobe was significantly absorbed and decreased,
and the pleural effusion disappeared. (c) After 2 weeks of nonspecific antifungal treatment, the consolidation (white arrow) in
the right lobe progressed, accompanied by obstructive inflammation and lymphangitis. Pleural effusion also appeared. (d) Video
bronchoscopy image showing a black fungating mass in the right principal bronchus (white arrow). (e) No further progression in
the right lobe (white arrow) after 26 days of anti-mucor therapy. CT: computed tomography.

glucan test (G test) were negative. Due to the low PLT count,
bronchoalveolar lavage (BAL) was not performed. Biapenem,
ceftizoxime, piperacillin-tazobactam, meropenem and colis-
timethate sodium, were given either singly or in combination,
successively, as empirical antibacterial drugs; caspofungin,
posaconazole (Pcz), and voriconazole were successively sup-
plemented as antifungal drugs, but the PS of the patient did
not improve significantly. On auscultation, breathing sounds
of the right lobe gradually become undetectable. Chest CT in-
dicated the progression of pneumonia (Fig. 1c). The dose of
venetoclax began to reduce at d11 (d1: 100 mg, d2: 200 mg,
d3 - d10: 400 mg, d11 - d15: 200 mg, d15 - d28: 100 mg)
due to severe neutropenia, thrombocytopenia and use of in-
hibitor of CYP3A (Pcz, voriconazole), but the 28-day course
was never interrupted. On d18, the patient’s blood count began
to recover, and PLT count reached 199 x 10%L, so that BAL
was performed immediately. Video-bronchoscopy showed
that an endobronchial fungating mass leading to luminal ob-
struction in the right principal bronchus (Fig. 1d). Both the
fungal culture and sequencing from BAL fluid were positive
for Rhizopus microsporus. Amphotericin B cholesteryl sulfate
complex for injection (ABCD) 3 mg/kg once a day (qd) was
initiated on d21. Pcz 400 mg twice a day (bid) and meropenem
1 g every 8 h (q8h) was continued. Persistent fever subsided
within 24 h after using ABCD. To improve the antifungal ef-
fect [2], ABCD nebulizer therapy was added on d24. On d36,
the antibiotic was downgraded from meropenem to cefazoxi-
me for bacterial prophylaxis. Cough was the most prominent
symptom in this patient. Methylprednisolone was effective in
relieving the cough and was not completely discontinued until

the d50. Upon hematologic recovery, clearance of peripheral
blasts was noted on d25. Twenty-six days later, the patient’s
clinical symptoms and performance state were significantly
improved, and chest CT showed no further progression (Fig.
le). Blasts counts were reduced to 2% in bone marrow smears
on d54. Antifungal therapy (ABCD + Pcz) was continued for a
total of 39 days. The clinical course and timeline of the treat-
ment course were summarized in Figure 2. According to the
plan, the patient needed to undergo the next cycle of chemo-
therapy in a week, but for personal reasons, the patient asked to
go home for a rest. The patient was discharged with stepdown
treatment of Pcz 400 mg orally bid. Unfortunately, the patient
died 7 days after discharge. The family said that the patient
was generally fine at home, but suddenly developed a violent
cough and coughed up large amounts of dark red “necrosis-like
substances” and died at home within minutes. No autopsy was
performed, but the patient is presumed to have died of asphyxi-
ation due to aspiration of pulmonary necrosis-like substances.

Discussion

Mucorales is one of the most important opportunistic fungal in-
fections after candidiasis and aspergillosis, and it often infects
patients with severe underlying diseases. In acute leukemia,
voriconazole is increasingly used to prevent and treat aspergil-
losis, which also selectively increases the risk of mucormy-
cosis [3, 4]. Mucorales organisms are angio-invasive, causing
intravascular thrombosis and infarction of surrounding tissues.
After being infected with Mucorales, the body’s immune cells
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Figure 2. The clinical and treatment course of the patient. The first day of chemotherapy is considered as day 1 (d1). ANC:
absolute neutrophil count; PCT: procalcitonin; AZA: azacytidine; Pcz: posaconazole; ABCD: amphotericin B cholesteryl sulfate

complex for injection.

eliminate it by producing oxidative metabolites and defensins.
Neutrophil dysfunction or neutropenia in patients with leuke-
mia cannot produce sufficient immune mediators against Mu-
corales. Mucorales mostly invades naso-orbito-brain, followed
by lung and skin [5, 6]. Patients with hematologic malignan-
cies most often suffer from pulmonary type [7].

Clinical presentations of pulmonary mucormycosis are
not specific, such as persistent hyperpyrexia, cough, dyspnea,
hemoptysis, etc. Imaging findings include local consolidation,
opacity, nodule, cavitation, reverse halo sign, pleural effusion,
etc. Multiple pulmonary nodules (> 10) have some signifi-
cance for pulmonary mucormycosis but are also nonspecific
[8]. The patient had been infected with tuberculosis and Myco-
plasma pneumoniae prior to mucormycosis infection. Pulmo-
nary tuberculosis manifested as multiple pulmonary nodules,
while Mycoplasma pneumoniae manifested as consolidation in
the right lobe, which disturbed the determination of pulmonary
mucormycosis. Among the pathogenic Mucorales, the genera
Rhizopus is the most common. Metagenomics next generation
sequencing (MNGS) from BAL fluid has unique advantages in
the detection of rare pathogens due to its high sensitivity and
lower sample contamination [9]. It shows at least 81% sensi-
tivity of detecting Mucorales DNA [10]. However, bronchos-
copy is still an invasive method that requires a certain number

of PLT count and normal coagulation function. The indications
for bronchoscopy should be relaxed appropriately to facilitate
earlier diagnosis.

The mortality of pulmonary mucormycosis in China is
close to 40% [11]. Bacteremia is the only clinical feature as-
sociated with mortality, while 20% of pulmonary mucormy-
cosis can be complicated with bacteremia [8]. In this case, the
patient experienced myelosuppression after chemotherapy,
but no bacterial infection occurred during the course of the
disease through a combination of antifungal and prophylactic
antibacterial treatment. Surgical intervention is instrumental
for mucormycosis, however, severe thrombocytopenia and
particular sites of infection like the lungs and throat make sur-
gical resection challenging. Antifungal therapy includes am-
photericin, esaconazole and Pcz as monotherapy or in combi-
nation. Although there is no clear evidence that combination is
superior to single agents, amphotericin combined with Pcz is
commonly used in clinical practice. The duration of antifungal
therapy for mucormycosis is unknown, but typically ranges
from months to years [1]. Venetoclax combined with hypo-
methylating agents (HMAs) (decitabine, AZA) for older AML
patients who are unfit for intense chemotherapy has a complete
remission (CR) rate of up to 71% [12, 13]. In this case, the first
course of AZA monotherapy served as a “bridging chemother-
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apy”, allowing for the addition of venetoclax in the next course
when the pneumonia was controlled. Unfortunately, the patient
developed pneumonia again shortly after the initiation of sec-
ond chemotherapy. The pneumonia progressed rapidly during
the myelosuppression phase. Chest CT indicated obstructive
pneumonia in the right lobe. The chemotherapy was not inter-
rupted in spite of pancytopenia and severe infection. Balancing
myelosuppression caused by chemotherapy and controlling
Mucorales infection is necessary, but rapid remission of AML
and restoration of normal neutrophils through chemotherapy
are key to stop the vicious cycle [14]. In this case, intensive
supportive care and a modest reduction in venetoclax dose de-
pending on the patient’s condition resulted in CR of AML, and
pulmonary mucormycosis was also controlled.

The patient died of accidental asphyxiation at home due
to inhalation of necrosis-like substances in the lungs, which
was rarely reported in AML patients with mucormycosis. In
terms of complications of lung mucormycosis, most studies
have focused on hemoptysis, but little attention has been paid
to asphyxia caused by the excretion of necrotic materials from
the lungs. The poor PS and severe thrombocytopenia rendered
the patient inoperable when mucormycosis was initially diag-
nosed. As his condition improved, surgical debridement was
not planned positively. It is a painful lesson that lung debride-
ment should be considered even when the lesion is effectively
controlled. More importantly, during the rehabilitation of mu-
cormycosis, the risk of suffocation of necrotic materials needs
to be closely monitored, especially when debridement has not
been performed.

Learning points

Patients with hematologic malignancy, especially during
chemotherapy, are susceptible to mucormycosis. When mul-
tiple antibiotics, anti-candida and anti-aspergillus therapies
are ineffective, mucormycosis should be highly suspected.
For older AML patients diagnosed with mucormycosis during
chemotherapy, adherence to the chemotherapy and restoration
of neutrophils is key to breaking the vicious cycle. Even if mu-
cormycosis is under control, debridement should be consid-
ered, and suffocation caused by necrotic materials should be
well managed and prevented.
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