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ARTICLE INFO ABSTRACT

Article history: Background: Patients with acute myeloid leukemia (AML) are at risk of hepatosplenic

Available online 18 November 2020 candidiasis (HSC). HSC is often associated with prolonged fever and difficulty in definitive
clinical diagnosis. We aimed to explore the incidence, clinical features, image findings and

Keywords: outcomes of HSC among patients with AML in a tertiary hospital, Taiwan.

Acute myeloid leukemia Methods: We did a chart review of patient data in our institute from 2009 to 2012. The

Hepatosplenic candidiasis diagnosis of HSC was based on risk factors, febrile symptoms and image findings.

Antifungal Results: Two hundred and ninety-two patients with AML were analyzed. In total, 1051

Neutropenia chemotherapy sessions were administered. Eleven patients (4 males and 7 females)

experienced HSC (incidence 3.8%, 95% conference interval 2.11-6.72%). Among those with
HSC, the median age was 62. Eight patients developed HSC following induction or re-
induction chemotherapies. Three developed HSC following consolidation chemother-
apies. The median duration of severe neutropenia was 25 days (range 10—142). In all
patients with HSC, multiple hypodense lesions were found in the involved organs by
computed tomography scans. Lesions consistent with HSC could be identified by ultra-
sound in 5 out of 6 patients. Other than liver and spleen, lung was frequently (7 cases) and
kidney occasionally (3 cases) involved. Four patients died within 90 days. Prolonged neu-
tropenia was associated with mortality.

Conclusion: HSC occurred more often during induction or re-induction periods. Lungs are
commonly involved and pleural effusion was frequently seen in CT scans. Pleural effusion
may suggest more serious infections but its clinical relevance should be investigated in
large-scale studies. Prolonged neutropenia is the only prognostic factor. Prophylaxis should
be considered. In the absence of prophylaxis, we advise early image studies and prompt
antifungal treatment in patients at risk for HSC.
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At a glance of commentary
Scientific background on the subject

Hepatosplenic candidiasis may occur in patients with
AML. The standard of care is not established due to
insufficient clinical data and lack of prospective studies.

What this study adds to the field

Hepatosplenic candidiasis occurred more often during
the induction phase. Lungs are commonly involved and
effusions often found. The fungal infection was often
manageable. Prolonged neutropenia is the only prog-
nostic factor.

Patients with leukemia are subject to invasive fungal in-
fections. Hepatosplenic candidiasis (HSC) is a rare type of
invasive fungal infection which is often associated with pro-
longed fever and difficulty in definitive clinical diagnosis [1].
There are no prospective studies of HSC. Therefore, more
cohort studies or case series may contribute to the under-
standing of disease characteristics and improvement of clin-
ical management. To improve understanding of clinical and
image features, as well as outcomes of HSC, we did a chart
review in a tertiary hospital in Taiwan. The study aims to
explore the risk and prognostic factors of HSC among patients
with AML.

Methods

We did a chart review of patient data in our institute from 2009
to 2012. The diagnosis of acute myeloid leukemia (AML) was
made according to the 2008 version of world health organi-
zation diagnostic criteria. Diagnosis of HSC was based on risk
factors, febrile symptoms in conjugation with computed to-
mography (CT) findings. The diagnosis of invasive fungal
disease (IFD) was categorized according to criteria of EORTC/
MSD [2]. No patient had received prophylactic antifungal
agents in the study period. The demographic data included
age and gender. Clinical information collected in this study
included anti-leukemia treatment modalities, status of leu-
kemia (i.e. remission, refractory or relapse), duration of neu-
tropenia and fever, timing to initiate antifungal agents,
microbiology culture results, and the antibiotics used. Results
of image studies (i.e. abdominal sonography and CT scans)
were collected and the findings reviewed. In view of the sub-
acute clinical course of HSC, the outcome was mainly
analyzed by 90-day survival, a common endpoint used in
similar studies [3,4]. In addition, a secondary outcome
endpoint, overall survival was included in analysis.

Most of the analysis in this study was descriptive statistics.
For comparison of numerical variables, non-parametric
Mann—Whitney's U-test was used. For comparison of catego-
rial variables, Fisher's exact test was used. In all analyses,
p < 0.05 was considered significant statistically. The 95%
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Abbreviations: AML: acute myeloid leukemia; ND: not done; OS: overall survival; CRP: C-reactive protein; CR: complete remission; NR: not remission.

Involved organs: H: liver; S: spleen; L: lung; K: Kidney.
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Fig. 1 (A) The typical CT findings of hepatic involvement of
HSC are multiple hypodense microlesions without
enhancement. (B) The typical CT findings of pulmonary
involvement of HSC are multiple nodular lesions and
scattered tree-in-bud pattens.

conference interval of incidence was calculated by the Poisson
process, as described in literature [5].

Results

Two hundred and ninety-two patients with AML were
analyzed. In total, 1051 chemotherapy sessions were admin-
istered. Eleven patients (4 males and 7 females) experienced
HSC (incidence 3.8%, 95% conference interval 2.11—6.72%).
According to the EORTC/MSD definitions [2], three patients
had proven (2 with candidemia and 1 diagnosis by liver biopsy)
and the other 8 patients possible invasive fungal disease. All

patients presented with fever. In retrospective review of
medical records, patients did not report abdominal pain and
physical examinations did not revealed right upper quadrant
tenderness or knocking pain. Their median age was 62 (range
32—74) years old. HSC developed following induction chemo-
therapy in 5, re-induction chemotherapy in 3 and consolida-
tion in 3 patients. The chemotherapy regimens included
daunorubicin + cytarabine, high dose cytarabine,
fludarabine -+ cytarabine + G-CSF and
mitoxantrone + etoposide + cytarabine. The details of che-
motherapies were summarized in Table 1. All patients had
severe neutropenia, defined as absolute neutrophil count less
than 0.5 x 10%L, prior to HSC. No other risk factors such as
corticosteroids, T cell suppressants or primary immunodefi-
ciencies were identified in any patient.

The median duration of severe neutropenia was 25 days
(range 10—142 days).

All patients received computed tomography (CT) scans. In
all patients, multiple hypodense lesions were found in the
involved organs. In addition to fungal lesions, pleural effusion
was found in 5 patients (45.5%) in CT scans. The effusion was
not studied in any patient. Other than liver and spleen, lung
was frequently (7 cases) and kidney was occasionally (3 cases)
involved. Abdominal ultrasound was done in 6 patients. Le-
sions which were consistent with HSC could be identified in 5
patients. However, most such lesions were interpreted as
cysts or non-specific nodules and only lesions larger than 1 cm
(range 1.0—-3.9 cm) were identified by ultrasonography.

The typical CT images of hepatic and pulmonary involve-
ment were shown [Fig. 1A]. Hepatic involvement presented
with multiple hypodense microlesions without enhancement.
Pulmonary involvement presented with multiple nodular le-
sions and scattered tree-in-bud pattens and focal consolida-
tions [Fig. 1B].

In blood biochemical assays, C-reactive protein (CRP) was
checked in 10 patients, all of them had elevated levels and the
median level was 151 mg/L. Serum AST and ALT levels were
available for all 11 patients, 6 (54.5%) patients had elevated
AST, and 7 (63.6%) had elevated ALT. Serum alkaline phos-
phatase was elevated in 4 of 6 patients (66.7%) with available
data. Serum y-GT was elevated in 3 of 5 patients (60%) with
available data. Serum bilirubin was elevated in 2 of 7 patients
(28.6%) with available data.

Fungus was isolated by blood cultures in two patients, both
had Candida tropicalis.

The offending species of fungus was not identified in any
other patient. A tissue culture obtained by a hepatic lesion

Table 2 Analysis of factors associated with survival among patients with acute myeloid leukemia.

Death =90 days (n = 4) Alive>90 days (n = 7) p value

Median age in years (range) 35 (32—67) 63 (51-74) 0.1091
Gender (M/F) 0/4 4/3 0.1939
Remission 0 3 0.2364
Neutropenia duration (days) 100 (21-142) 18 (10-32) 0.0424
Time to antifungal treatment (days)® 5.5 (2—10) 15 (5-21) 0.191

With pleural effusion 3 2 0.179

Candidemia 0 2 0.3818

@ From fever to initiation of antifungal treatment.
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biopsy revealed no growth of microorganisms in one patient
but invasive fungus infection was confirmed by the pathology
report (case No 2 in Table 1). Co-infections were confirmed in 4
patients. (Staphylococcus haemolyticus in case 1; Staphylococcus
aureus in case 3; Acinetobacter baumanii in case 4; Staphylococcus
epidermidis and Aeromonas sobria in case 6). The demographic,
clinical features and image findings were summarized in
Table 1.

Various antifungal agents were used for HSC treatment in
the present study. Among 11 patients, 5 were initially treated
with amphotericin-B and 6 with caspofungin. Antifungal
treatment was changed in 9 patients. Overall, treatment was
successful in 10 patients, whose fever subsided and patients
were discharged. The antifungal agents were listed in Table 1.

All patients had received antibiotics before empirical
antifungal treatment. The median time from fever episodes to
initiation of antifungal agents was 9 days (range 2—21 days).
The median survival after confirmed diagnosis of HSC (by CT
scan) was 201 days. As of writing of this article, only one pa-
tient is still alive. Four patients died within 90 days of
confirmed HSC. Analysis of factors contributing to 90-day
mortality was summarized as Table 2. In brief, mortality was
associated with longer neutropenia duration. Such associated
was statistically significant (p = 0.0424) even with a small case
number. Ninety-day mortality was not associated with age,
gender, status of remission, progression to candidemia,
presence of pleural effusion or time to initiate antifungal
treatment.

Discussion

HSC is an uncommon type of invasive fungal infection with an
incidence of 3—29% in patients with acute leukemia [1,6]. In
the two articles from Taiwan. Ma et al. reported an incidence
of 9.8% among acute leukemias and Chen et al. reported an
incidence of 4.3 per 100 patient-years for acute lymphoblastic
leukemia and 3.6 per 100 patient-years for AML [1,3]. The
incidence of 3.8% for AML in the present study appears to be
comparable to other studies. HSC has been recognized since
the 1980's [7—9], but the standard of care remains unestab-
lished in the absence of randomized control trials [10]. How-
ever, the clinical features of HSC can be understood from
studies of large cohorts or case series, including the present
study [1,9-16]. It should be noted that the present study is
limited by retrospective nature and small case number.
However, the results may still lay a foundation for subsequent
development of optimal.

Risk factors of hepatosplenic candidiasis

The risk factors of HSC, as in other invasive fungal infections,
are prolonged neutropenia, use of corticosteroids, other T cell
suppressants or primary immunodeficiencies [2]. Neutropenia
is common in hematology patients receiving intensive che-
motherapies. As a result, HSC occurs in both AML and acute
lymphoblastic leukemia [1,9,13,16]. For AML, risk for invasive
fungal infection is more significant during induction and re-

induction periods, in which leukemia is not in remission
[17]. In the present study, much more patients (N = 8) devel-
oped HSC in the non-remission (i.e. receiving induction or re-
induction chemotherapy) than patients in the remission
phase (i.e. receiving consolidation chemotherapy). It demon-
strated that HSC, like other invasive fungal infections, occurs
more often in induction periods. Such difference in risk may
result from the period of neutropenia, as neutropenia may
date back to the time before initiating chemotherapy in pa-
tients with new diagnosis, refractory or relapsed AML. It is
important to note that none of our patients received anti-
fungal prophylaxis in the study period. In recent years, anti-
fungal prophylaxis given during induction chemotherapy has
significantly reduced the incidence of invasive fungal infec-
tion for patients with AML [17,18]. If prophylaxis becomes a
standard practice, HSC may become a truly rare complication
in AML.

Partly due to its rarity, HSC can be overlooked in clinical
practice [8]. As the yield of laboratory microbiology studies is
low, early diagnosis mainly relies on image studies [7,11,19,20].

Image findings of hepatosplenic candidiasis

Sonography is commonly the first image study in patients
with suspected abscess or fever of unknown origins. For HSC,
the sensitivity of sonography is known to be inadequate for
accurate diagnosis [11]. The CT scan has been proved to be the
most valuable diagnostic tool in image diagnosis of HSC [7].
The typical CT findings were multiple hypodense lesions in
the liver. Such lesions were not enhanced by contrast medium
in our experience. Although the sensitivity of detecting such
lesion by CT scans is high, hypodense lesions may result from
diverse other etiologies such as cysts, metastases, focal fat,
hamartomas and abscesses [21]. It is important to correlate
with clinical information for accurate diagnosis and proper
treatment. In the lungs, the CT findings were more variable,
ranging from consolidation, cavitation, infiltration of the tree-
in-bud pattern and multiple small nodules [22]. Multiple pul-
monary nodular infiltrates were the most common finding in
the present study. Such findings were consistent with previ-
ously published literature [22]. Nevertheless, such pulmonary
infiltrates are not specific for fungal infections. It is important
to correlate with clinical information and image findings from
other involved sites. In this regard, the CT scan has an addi-
tional benefit of evaluating multiple solid organs, such as
liver, spleen, lung and kidney. For abdominal ultrasound, in
the present study, suspicious lesions could be identified by
sonography in 5 of 6 patients. As physicians performing
sonographic examinations (all gastroenterologists in our
hospital) were not aware of patients' clinical susceptibility of
HSC, these lesions were often interpreted as non-specific cysts
or nodules. If the physicians are highly alert of HSC, the
sensitivity of sonography can be up to 83%. The caveat of
sonographic diagnosis is the lesion size. In our experience,
lesions of HSC should be at least 1 cm in order to be detected
by sonography. The utility of F18-FDG PET/CT scans has been
reported in recent studies and may become a useful image
tool for diagnosis of HSC in the future [23,24].


https://doi.org/10.1016/j.bj.2020.11.006
https://doi.org/10.1016/j.bj.2020.11.006

S256

BIOMEDICAL JOURNAL 44 (2021) S252—-S257

Laboratory data in hepatosplenic candidiasis

No serum markers are specific in diagnosis of HSC. In some
other studies, serum levels of transaminase or alkaline
phosphatase are quite sensitive and therefore may serve as a
screening or adjunctive diagnostic tool [1,8,11,12]. In our
study, more than half patients were found with elevated
hepatobiliary markers, such as AST, ALT, y-GT, and alkaline
phosphatase. These hepatobiliary markers may provide clin-
ical clues of HSC, although none of such markers were sen-
sitive or specific enough in supporting or excluding diagnosis
of HSC. On the other hand, serum levels of CRP were elevated
in all tested patients. Such result was identical to previous
studies [11]. However, since all subjects were febrile patients,
elevated CRP levels might not provide any additional diag-
nostic utility other than confirming the inflammatory
response associated with fever. Based on our experience,
serum parameters are not clinically relevant indicators for
diagnosis of HSC. In our opinion, diagnosis of HSC relies on
clinical awareness and timely image studies.

Sites of infection and outcome in hepatosplenic candidiasis

HSC may spread beyond liver and spleen. Kidney is commonly
involved [7,13,15]. In chronic disseminated candidiasis,
infection could spread to lung, brain and eyes [10]. Interest-
ingly, involvement of lung is as common as spleen in the
present study. Such a dominant trend of pulmonary candidi-
asis has not been found in previous series. In addition, HSC
was associated with pleural effusion in about half patients.
Although the nature of effusion was not studied in any pa-
tient, it is likely to be caused by HSC, at least in some patients.
To our knowledge, pleural effusion has not been mentioned in
any previous study of HSC, including the studies focused on
features of CT scans [7].

In five subjects with pleural effusion, only two had pul-
monary candidiasis by CT scan surveys. Therefore, pleural
effusion was not directly related to pulmonary involvement of
HSC in all patients. On the other hand, HSC progressed to
candidemia in 2 patients (18%). Both patients were infected by
C. tropicalis and both had pleural effusion. It appears to show
that pleural effusion is indicative of more severe infection and
potentially worse outcome. However, with our small case
number, the mortality rate does not reach significance be-
tween patients with and without pleural effusion.

The long-term outcome of patients in the current study is
very poor [9]. Considering that only 3 patients had remission
prior to HSC, such poor outcome is more likely related to
leukemia rather than HSC. The median survival in the present
study was 201 days. Such a long period is not likely caused
directly by HSC or any other acute infectious complications.
Therefore, we had analyzed the possible prognostic factors
using the cutoff duration of 90 days, which in potential was
more directly related to HSC. Such a cutoff duration was also
used in previous literature [3,4]. Although only 4 patients died
within 90 days, some factors showed their clinical relevance.
The duration of neutropenia was a statistically significant
factor associated with 90-day mortality. The poor prognosis
with prolonged neutropenia has been found in other studies
[10,14]. None of other factors, including age, gender, status of

remission, presence of candidemia or pleural effusion, was
significantly associated with outcome. In supportive care, we
believe prompt treatment with effective antifungal agents will
be helpful in management of HSC. However, the time from
febrile episodes to initiation of antifungal agents was not
related to outcome in our small series. It should be noted that
the median time was 9 days from fever to use of antifungal
agents. Since empirical antifungal treatment is a standard
practice [25,26] in management of neutropenic fever, anti-
fungal drugs were not delayed in the practice of most hema-
tologists, as in the cases of the present study.

Treatment of hepatosplenic candidiasis

Treatment of HSC is generally supportive. Various antifungal
agents, including amphotericin-B, echinocandins, fluconazole
and voriconazole, had been used with success. Invasive ap-
proaches were used only for diagnostic purposes and probably
unsuitable for drainage or debridement. If possible, the
duration of neutropenia should be shortened (e.g. by G-CSF). It
is reasonable to speculate that in an era of antifungal pro-
phylaxis, incidence of HSC may be significantly decreased.
Therefore, antifungal prophylaxis should be administered in
patients receiving induction or re-induction chemotherapies.

In summary, our study revealed the incidence was 3.8% in
patients with AML. Patients were more susceptible during the
induction or re-induction periods. Although a CT scan is the
keystone in establishing diagnosis, abdominal sonography
could be useful in case of sufficient clinical correlation. Kidney
and lungs may be involved in addition to liver and spleen.
Progression to candidemia is uncommon but pleural effusion
was frequently seen in subjects with HSC. Pleural effusion
may represent more extensive infections but its significance
requires further investigations. Prolonged neutropenia is a
poor prognosis factor for HSC. We advise early image studies
and prompt antifungal treatment in patients at risk. In addi-
tion, antifungal prophylaxis may significantly reduce such
complications in the future.

Limit of this study

This study is limited by its retrospective nature and small case
number. No data from the control group (i.e. AML patients
without HSC) was available for comparison. Hence, the risk
factors of HSC cannot be examined.
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