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Mucormycosis generally develops under immunocompromised conditions, including hematological
malignancies and solid organ or hematopoietic stem cell transplantation. Although mucormycosis usu-
ally affects the lungs and paranasal sinuses, sporadic cases of invasive mucormycosis of the liver have
been reported. We hereby report a patient with myelofibrosis who developed hepatic mucormycosis
diagnosed by post-mortem examination. An extensive literature review identified 13 reported cases of
hepatic mucormycosis, including ours, without lung involvement. Most of the underlying diseases or
Keywords: cor}ditions were hematological fnaligna)ncies and sqlid organ t.ra.n‘splantation. Thr.ee cases had splenic
Hepatic mucormycosis lesions and four had gastrointestinal lesions, suggesting the possibility of translocation to the liver and/or
Liver spleen from the gastrointestinal tracts. Hepatic mucormycosis should be recognized as one of the pre-
sentations of invasive mucormycosis, especially when hepatic nodules are found in immunocompro-
mised patients such as those with hematological malignancy or recipients of solid organ transplantation.
© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Mucormycosis has been well recognized as a life-threating
invasive fungal infection most commonly occurring in immuno-
compromised patients [1]. Underlying conditions commonly asso-
ciated with mucormycosis include prolonged neutropenia,
hematological malignancies, solid organ or hematopoietic stem cell
transplantation, and diabetes mellitus. The prognosis of mucor-
mycosis remains poor, especially in patients with hematological
malignancies. A recent French study analyzing the registry data
showed that the 90-day mortality rate of mucormycosis was 60% in
patients with hematological malignancies [2]. Mucormycosis usu-
ally affects the lungs and paranasal sinuses. However, any other
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organs could also be involved. We encountered a case of hepatic
mucormycosis presenting as multiple nodular lesions in the liver
without respiratory organ involvements, which developed during
the clinical course of myelofibrosis with neutropenia and cortico-
steroid treatment. Since only sporadic cases of hepatic mucormy-
cosis have been reported, we here report the clinical course of our
case along with an extensive review of the cases reported in the
literature in order to clarify the clinical characteristics of hepatic
MUucormycosis.

2. Case report

A 75-year-old man had received steroid therapy (prednisolone,
20 mg per day) and multiple red blood cell transfusions over 18
months in order to relieve his symptoms associated with primary
myelofibrosis. Although his serum ferritin level increased to more
than 2000 ng/ml due to red blood cell transfusions, he was free from
impaired glucose tolerance. In addition, he suffered from persistent
severe neutropenia (less than 0.5x10°/L). He was admitted to the
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hospital because of high-grade fever and pneumonia, for which
cefepime followed by meropenem was ineffective. Although both
serum galactomannan and (1,3)-B-D-glucan (B-D-glucan) were
negative, intravenous voriconazole (VRCZ) at a daily dose of 6 mg/kg
was empirically initiated at Day 10 after admission, which reduced
his fever. VRCZ was given for 2 weeks. However, he subsequently
developed high-grade fever again at Day 24 after admission, which
was accompanied by right upper abdominal pain. Laboratory data
demonstrated mild liver dysfunction (AST 71 U/L and ALT 72 U/L) and
markedly elevated C-reactive protein (19.19 mg/dL) and procalcito-
nin (99.99 ng/ml) values in addition to the preexisting neutropenia
(0.3x10°/L). Both serum galactomannan and B-D-glucan remained
negative. A computed tomography (CT) scan showed multiple low-
density lesions in the liver and one isolated low-density lesion in
the spleen, but no new lesions in the lungs (Fig. 1). Neither CT scan
nor magnetic resonance imaging was performed to evaluate the
lesions in the brain or paranasal sinuses. Repeated blood cultures
failed to grow any pathogens. Based on these findings suggestive of
fungal infection, VRCZ was switched to liposomal amphotericin B
(3 mg/kg/day). Although liposomal amphotericin B administration
was continued, the patient succumbed two weeks after the onset of
abdominal pain. A postmortem examination revealed multiple
yellowish or whitish nodules of up to 2 cm in diameter in the liver
(Fig. 2). In addition, a single nodule of 4.5 cm was also observed in the
spleen. Histological examinations of these nodular lesions in the liver
revealed coagulative necrosis and perivascular or vascular invasion,
including invasion into the portal vein, hepatic artery and central
vein, by irregularly broad pauciseptate hyphae, indicative of fungi
which belong to species of subphylum Mucoromycotina (Fig. 3).
Similar findings were also observed in the splenic lesions. Lesions of
mucormycosis were not identified in the lungs, gastrointestinal tract,
or any organs other than the liver and spleen. Molecular methods
using polymerase chain reaction were attempted to identify the
specific pathogen in the formalin-fixed and paraffin-embedded tis-
sue sample. However, definite results could not be obtained. Based
on these findings, mucormycosis involving the liver and spleen was
histologically diagnosed.

3. Review of the literature on hepatic mucormycosis

Basically using the PubMed online database, we searched the
English-language literature published from 2000 to 2017 for the
terms “hepatic mucormycosis” and “liver mucormycosis”, and
identified 105 reports. Among these reports, we selected the pa-
tients with mucormycosis involving the liver, but excluded cases of
hepatic mucormycosis with disseminated systemic infection or

Fig. 1. Computed tomography scan image of the abdomen. Arrows indicate the mul-
tiple low-density nodular lesions in the liver and a single lesion in the spleen.

Fig. 2. Macroscopic findings of the liver by autopsy. Multiple yellowish or whitish
nodules were observed in the liver.

respiratory organ involvements. Consequently, we identified 13
cases of hepatic mucormycosis [3—15]. Among the cases, species
were documented only in two cases (Rhizopus oryzae in Case 5;
Absidia corymbifera in Case 7). The characteristics of the 14 cases,
including our present case, are summarized in Table 1. The median
age was 48 years with a wide range from 2 to 75 years. All patients
had underlying immunocompromised conditions, with the most
common being acute leukemia or other hematological malig-
nancies (Cases 6—13, and our present case) followed by liver or
kidney transplantation (Cases 1—3). At the onset of mucormycosis,
most cases of hematological malignancies had neutropenia, and
half of them were placed on systemic corticosteroids.

Half of the cases had multiple lesions (57%) in the liver. Four
cases, including ours, had concurrent splenic lesions. Although the
data were limited, there was clear evidence of gastrointestinal tract
lesions in 4 cases. In one of these cases, Case 4, the onset of
gastrointestinal lesions preceded the onset of hepatic lesions.
Treatments for mucormycosis varied: the most commonly used
agent was amphotericin B or liposomal amphotericin B followed by
posaconazole. Surgery or drainage was applied in 7 cases in com-
bination with an anti-fungal agent, while Case 3 underwent surgery
alone. The outcome was death in half of the cases, while the other
patients successfully recovered.

4. Discussion

Our case of histologically diagnosed mucormycosis presented
with high-grade fever and abdominal pain in the presence of neu-
tropenia and systemic corticosteroid treatment, and the mucormy-
cosis affected only the liver and spleen. The onset was acute and the
outcome was dismal. Mucormycosis, which is one of the critical
invasive fungal infections, has been well recognized as an infection
that usually occurs under immunocompromised states such as he-
matological malignancies, solid organ or hematopoietic stem cell
transplantation, and diabetes mellitus [1]. Mucormycosis commonly
involves the paranasal sinuses and lungs and is thus considered an
airborne infection. Previous studies demonstrated that the lungs and
paranasal sinuses accounted for over 60% of the involved sites of
mucormycosis [16,17]. Therefore, our experience with the present
case of hepatic mucormycosis without respiratory organ involve-
ment prompted us to review the literature on hepatic mucormycosis.

Based on our extensive search of the literature, only 14 cases of
hepatic mucormyocosis, including our present case, fulfilled our
selection criteria. The underlying conditions of hepatic mucormy-
cosis cases are basically the same as those of mucormycosis in
general. These include hematological malignancies, solid organ
transplantation, neutropenia, and systemic corticosteroid admin-
istration. It was of note that splenic and gastrointestinal tract le-
sions were also identified in some of these cases. In particular, it
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Fig. 3. Histological findings of the liver. a) Hematoxylin-eosin staining showed the coagulative necrosis in both portal triad and cords of hepatocytes. b) Grocott's methenamine
silver staining of the same site of a) showed extensive proliferation of pauciseptate hyphae. c) High power view of b) showed invasion of paucisepate hyphae into the lumen of the
portal vein. d) Another site of a—c) showed invasive proliferation of hyphae with penetration into the liver cell cords and small vessels. e) High power view of Grocott's methe-
namine silver staining showed irregularly contoured thin cell-walled pauciseptate hyphae which branch predominantly at right angles. (original magnifications: a and b: x100, b

and c: x200, d: x400).

was evident that the onset of gastrointestinal tract lesions preceded
hepatic lesion development in one case (Case 4). Based on the
evidence of fungal involvement of the liver, spleen, and/or gastro-
intestinal tract with sparing the respiratory organ in these cases,
the fungal infection could be thought to originate from the
gastrointestinal tract and subsequently invaded the liver and
spleen through the vasculatures [14]. Indeed, the findings of a
recent Japanese study on autopsy cases of mucormycosis showed
that the gastrointestinal tract and the liver were the most
commonly involved sites among the 40 cases of gastrointestinal
mucormycosis, which appears to reinforce our hypothesis [17].
Failure to detect the lesions in the gastrointestinal tracts in some of
the cases, including our case, could be explained by the tiny lesions
which could not be detected by biopsy or autopsy or the resolution
of the lesion by antifungal agents. Therefore, mucormycosis is an
airborne infection that invades the respiratory organs, but could

also invade the gastrointestinal tract, resulting in the subsequent
development of hepatic and splenic lesions.

There is little evidence to support the superiority of any treatment
option for mucormycosis over any of the other available approaches.
Nonetheless, antifungal agents, surgery, and control of the underly-
ing condition contributing to the immunosuppressive states are
strongly recommended for the management of mucormycosis [18].
There are several potentially effective agents for mucormycosis,
including posaconazole, high doses of amphotericin B or its lipo-
somal formulation, or combination treatments of these agents.
Indeed, amphotericin B/liposomal amphotericin B and/or pos-
aconazole have been used in most of the reported cases of hepatic
mucormycosis. Because of the small number of cases, it is difficult to
draw any definite conclusions regarding the efficacy of these treat-
ments. However, it was found that half of the cases recovered from
hepatic mucormycosis with anti-fungal agents alone or in

Table 1

Characteristics of reported cases of hepatic mucormycosis.
Case Age Sex Underlying conditions Hepatic Splenic Gl tract Treatment Outcome

Disease, treatment Neutropenia  Steroid lesion pattern lesion lesion

1¥ 2 Male Liver transplantation No Yes Single No None AMPH-B, surgery Dead
2% 23 Female Liver transplantation N.D. Yes Single No None L-AMB, PCZ Recovered
3% 50 Female Kidney transplantation, DM No Yes Single No None Surgery Dead
45 50 Male Renal failure, hemodialysis N.D. No Single No Yes PCZ Recovered
57) 14 Male Papillon-Lefevre syndrome No No Multiple No None L-AMB, drainage Recovered
6% 48 Female Acute leukemia Yes Yes Multiple No Yes AMPH-B, surgery Dead
79 4 Male Acute leukemia Yes No Single No Yes L-AMB, PCZ, surgery Recovered
810 58 Male Acute leukemia, DM N.D. No Single No None L-AMB, PCZ, surgery Dead
g!v 21 Male Acute leukemia Yes Yes Multiple No None L-AMB, surgery Recovered
10'» 71 Male Chronic lymphocytic leukemia  N.D. N.D. Multiple Yes None N.D. Dead
11'3 58  Female Acute leukemia Yes No Multiple No None AMPH-B, PCZ, drainage  Recovered
1219 12 Male Acute leukemia Yes Yes Multiple Yes Yes None Dead
13" 42 Male Malignant lymphoma No No Multiple Yes None AMPH-B Recovered
Present case 75 Male Myelofibrosis Yes Yes Multiple Yes None L-AMB Dead

GI, gastrointestinal; N.D., not described; DM, diabetes mellitus; AMPH-B, amphotericin B; L-AMB, liposormal amphotericin B; PCZ, posaconazole.



D. Karigane et al. / ] Infect Chemother 25 (2019) 50—53 53

combination with surgical intervention or drainage. Therefore, we
deem that the prognosis of hepatic mucormycosis would not be as
dismal as that of disseminated or pulmonary mucormycosis, both of
which have been reported to have a mortality over 70% [2,16,19].
We conclude that hepatic mucormycosis should be recognized
as a cause of nodular lesions in the liver, especially when devel-
oping in immunocompromised patients with hematological ma-
lignancies and solid organ transplant recipients. An accumulation
of more cases is warranted to further elucidate the clinical char-
acteristics and optimal treatment for hepatic mucormycosis.
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