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ABSTRACT

Introduction. Patients with a history of chemotherapy or stem
cell transplantation (SCT) and prolonged neutropenia are at risk
for hepatic and/or splenic seeding of Candida. In our experi-
ence, hepatosplenic candidiasis (HSC) without documented
candidemia often remains unrecognized.
Case presentations. We describe three cases of HSC without
documented candidemia and the challenges in establishing
the diagnosis and adequately treating this condition. The first
patient had a history of SCT for treatment of breast cancer and
was scheduled for hemihepatectomy for suspected liver metas-
tasis. A second opinion at our institute resulted in the diagnosis
of hepatic candidiasis without prior documented candidemia,
for which she was treated successfully with fluconazole. The
second case demonstrates the limitations of (blood and tissue)
cultures and the value of molecular methods to confirm the
diagnosis. Case 3 illustrates treatment challenges, with ongoing
dissemination and insufficient source control despite months of
antifungal therapy, eventually resulting in a splenectomy.
Literature review. A structured literature search was per-
formed for articles describing any patient with HSC and

documented blood culture results. Thirty articles were avail-
able for extraction of data on candidemia and HSC. Seventy
percent (131/187) of patients with HSC did not have docu-
mented candidemia. The majority of HSC events were
described in hematologic patients, although some cases were
described in patients with solid tumors treated with SCT
(n 5 1) or chemotherapy and a history of leukopenia (n 5 2).
Current guidelines and practices for diagnosis and treatment
are described.
Conclusion. Clinicians should be aware that HSC most often
occurs without documented candidemia. In case of persistent
or unexplained fever or lesions in the liver and/or spleen, a his-
tory of neutropenia should place disseminated candidiasis in
the differential diagnosis. HSC is not limited to hematological
patients and may occur in patients with solid tumors treated
with bonemarrow-suppressing chemotherapy or SCT. In the lat-
ter group, HSC as alternative diagnosis for hepatic metastasis
should be considered when lesions are not typical for metasta-
sis. This might prevent unnecessary surgery or inappropriate
treatment.The Oncologist 2017;22:989–994

Implications for Practice: Timely diagnosis of hepatosplenic candidiasis (HSC) is challenging, but can prevent further complications and
dissemination, and may even prevent unnecessary invasive procedures. Clinicians should realize that HSC often occurs without
documented candidemia and that sensitivity of blood cultures for candidemia is limited. HSC is not strictly limited to hematologic
patients and might also occur in patients with solid tumors treated with intensive chemotherapy or stem cell transplantation. Increased
awareness for HSC in patients with any history of neutropenia is of importance to increase detection and prevent serious sequelae.

INTRODUCTION

Candida spp. are able to cause invasive disease and candidemia,
which can result in deep-seated infections [1]. As sensitivity of
blood cultures for candidemia is limited, many invasive Candida

infections may develop without positive blood cultures [2, 3].

Hematologic and also oncologic patients who receive
chemotherapy and/or stem cell transplantation (SCT) often
experience a (prolonged) period of neutropenia and mucosi-
tis. The combination of compromised cellular defense and
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breach in intestinal mucosal integrity results in an increased
risk of Candida translocation and deep-seated infections,
most commonly involving the liver and spleen [4, 5]. Hepa-
tosplenic candidiasis (HSC) often becomes apparent only
after neutrophil recovery, adding to the challenge in making
the diagnosis [5, 6].

Clinicians might not be aware that HSC often occurs without
prior documented candidemia. Underrecognized HSC may be
mistaken for metastases and can have serious consequences for
patients, especially when additional, inappropriate treatment

such as surgery and chemo- or immunotherapy is initiated. To
emphasize the importance of diagnosing HSC without prior
documented candidemia, we here present three illustrative
cases and a review of the literature on HSC and candidemia.

CASE 1
A 37-year-old female presented for a second opinion at our
institute with respect to liver lesions, for which a hemihepatec-
tomy was scheduled elsewhere, as metastases from a previous
breast cancer or aspergilloma were suspected. Nineteenmonths
prior (at t 5 0), a cT2Nmicro (sentinel node) triple-negative breast
cancer was diagnosed, for which neoadjuvant chemotherapy
was initiated. She received dose dense doxorubicin1 cyclo-
phosphamide followed by twice low-dose cyclophosphamide1

thiotepa1 carboplatin followed by SCT. She subsequently
developed pulmonary consolidations 4 months after treatment,
for which voriconazole was initiated. Antifungal treatment was
ceased soon thereafter because of rapid clinical recovery and
negative microbiological results for Aspergillus infection. Breast-
conserving surgery at 5 months revealed complete pathological
response (yT0N0) and was followed by radiotherapy. At 11
months, she was admitted for a short period of time with an
influenza B infection. Computed tomography (CT) imaging dur-
ing admission revealed several liver lesions, which, in retrospect,
were already present on previous imaging. Fine needle aspira-
tion biopsy (FNAB) showed necrosis; tumor necrosis was not
ruled out. Additionally, possible fungal hyphae were seen. Core
needle biopsy of a liver lesion showed fibrosis, chronic inflam-
mation, and hemorrhage, but no signs of fungi. Follow-up CT at
14 months showed decline of the liver lesions, although at 18
months a lesion in segment VII had increased from 1.5 to
3.5 cm in diameter (Fig. 1A and 1B), while a lesion in segment
VIII remained 1 cm in diameter. At presentation for second opin-
ion, the patient was in good health. Routine blood cell count,
inflammation parameters, and renal and liver tests were nor-
mal, with only a mild thrombocytopenia. Revision of the FNAB
and core needle biopsy taken elsewhere resulted in the conclu-
sion that the Grocott stain of the FNAB showed spores inter-
mingled with hyphae and pseudohyphae, consistent with
Candida spp. (Fig. 2) [7]. Panfungal and Candida polymerase
chain reaction (PCR) testing on an unstained histological slide

Figure 1. Case 1: Contrast-enhanced abdominal computed tomog-
raphy scans of the lesion in segment VII at t 5 14 months after
diagnosis of breast cancer (A), at t 5 18 months (B), and at t 5 27
months when fluconazole treatment was completed (C). Initial
growth and, after treatment, regression of liver lesions was seen.

Figure 2. Case 1: Microscopic image of Grocott methenamine sil-
ver stain of fine needle aspirate of a liver lesion. Multiple fungal
spores intermingled with hyphae and pseudohyphae can be seen,
consistent with Candida spp.
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was inhibited and therefore not interpretable. The diagnosis of
hepatic candidiasis was supported by positive Candida antibody
(mannan) serology (23.4 AU/mL, cut-off for positive test is>5.0
AU/mL). Serum Candida antigen (anti-mannan) and beta-D-
glucan tests were negative. Outpatient treatment with flucona-
zole 400 mg once daily administered orally was initiated at 21
months. Follow-up CT at 27 months showed regression of the
liver lesions (Fig. 1C), and fluconazole therapy was ceased. The
patient remains in good health at the time of writing this paper,
with stable follow-up imaging.

CASE 2
A 63-year-old male had received two courses of remission-
induction chemotherapy for myelodysplastic syndrome (MDS)-
refractory anemia with excess blasts 1 according to standard
protocol (first course idarubicine1 cytarabine and second
course daunorubicin1 cytarabine) plus lenalidomide (HOVON
132 trial, EudraCT number 2013-002843-26). The first course
was complicated with an Enterococcus faecium catheter-related
bloodstream infection (CRBSI), with 2 days of intensive care
unit admission. Antibiotic treatment consisted of meropenem,
vancomycin, and anidulafungin, which was soon ceased after
catheter removal. During the second course, he experienced
fever and night sweats while in neutropenia without a clear
focus of infection and was treated empirically with meropenem,
vancomycin, and liposomal amphotericin-B. Blood cultures
were positive with E. faecium and Staphylococcus hominis, and
a peripheral-inserted central catheter was first exchanged and
later removed, as another CRBSI was suspected. Surveillance
throat cultures were positive for Candida albicans and C. glab-

rata. After discharge from the hospital, the night sweats ceased,
although at the time of neutrophil recovery, increasingly

elevated liver enzymes were seen, in particular ALP (755 U/L)
and GGT (224 U/L). Ultrasound imaging showed no focal liver
lesions, but subsequent magnetic resonance imaging (MRI)
revealed hepatosplenomegaly and multiple T2 hyperintense
lesions (Fig. 3A). The scheduled allogeneic SCT was postponed.
Histopathological analysis of a core needle biopsy of the liver
was consistent with abscess. Microbiological analysis with
microscopy and culture showed no evidence for infection with
(myco)bacteria or fungi, and serology did not indicate a parasitic
infection. As no pathogen had been identified, the patient was
treated empirically with 3 weeks of intravenous (IV) ciprofloxa-
cin, metronidazole, vancomycin, and anidulafungin (200 mg
daily). Additional molecular analysis (PCR) of the biopsy was
negative for Aspergillus and mycobacteria, and the material was
sent to a mycological reference center (Radboud University, Nij-
megen, The Netherlands) for panfungal PCR. Panfungal PCR
result was positive, and subsequent sequencing indicated pres-
ence of C. albicans and C. tropicalis DNA. Meanwhile, an MRI 2
weeks after start of empirical antimicrobial treatment showed a
decrease of the hepatic lesions (Fig. 3B); unfortunately, this
scan also revealed a mass suspect for colon carcinoma. As the
diagnosis of disseminated candidiasis was made, the patient
received 2 months of additional treatment with fluconazole
(400 mg daily). During this period, he underwent a hemicolec-
tomy for a pT3N0 colon carcinoma. MDS treatment will be con-
tinued once he has recovered from surgery. Follow-up CT
imaging did not show focal liver lesions, and liver tests (ALP and
GGT) have improved drastically.

CASE 3
Eight years ago, a 47-year-old male with mantle cell lymphoma
(MCL) was treated with three courses of rituximab1

Figure 3. Case 2: T2-weighted magnetic resonance image of the liver before (A) and after (B) 2 weeks of empirical treatment of liver
abscesses with ciprofloxacin, metronidazole, and anidulafungin. Hepatosplenomegaly and multiple focal hepatic lesions can be seen. The
lesions decreased during antibiotic treatment.

Figure 4. Case 3: Ultrasound (A), contrast-enhanced computed tomography (B), and fluorodeoxyglucose (FDG) positron emission tomog-
raphy (FDG-PET) (C) images of splenic lesions. Ultrasound shows multiple hypoechogenic lesions, CT shows splenomegaly with inhomoge-
nous enhancement of the spleen, and FDG-PET shows extensive multifocal FDG uptake in the spleen, consistent with inflammation.
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cyclophosphamide1 doxorubicin1 vincristine1 prednisone
(R-CHOP) followed by two courses of high-dose cytarabine
combined with rituximab. During the latter course, he devel-
oped fever and was treated empirically with imipenem,
pending the culture results. Soon after initiation of antibiotic
therapy, he developed purple skin lesions, suggestive of candi-
demia, for which voriconazole was added to the antibiotic
treatment. No candidemia or bacteremia was demonstrated;
however, C. tropicalis was cultured from a skin biopsy. Ophthal-
mic examination revealed no ocular candidiasis. However,
abdominal ultrasound showed splenomegaly with multiple
hypoechogenic splenic lesions with a hyperechogenic center,
consistent with Candida micro-abscesses (Fig. 4A). On fluoro-
deoxyglucose (FDG) positron emission tomography (PET) CT
(FDG-PET-CT), splenomegaly was visible with inhomogenous
enhancement of the spleen and extensive multifocal FDG
uptake in the spleen (Fig. 4B and 4C). Furthermore, regression
of lymphoma masses was seen. On the presumptive diagnosis
of splenic candidiasis, the patient was treated consecutively
with caspofungin, high-dose fluconazole (800 mg daily), and
conventional amphotericin-B, as fever either persisted or
quickly recurred after initial response. After 5 weeks of conven-
tional amphotericin-B therapy, the maximum cumulative dose
was reached and therapy was ceased. After discharge, the
patient developed fever and was readmitted and high-dose flu-
conazole (600 mg twice daily) was initiated, as persistent inva-
sive candidiasis was suspected. FDG-PET imaging revealed
additional FDG-positive lesions in the bones, which could be
Candida seeding or lymphoma. Treatment was switched to IV
anidulafungin 100 mg daily for 2 months, and additionally a
splenectomy was performed in an attempt to control the pre-
sumptive source of the ongoing Candida seeding. Cultures
remained negative, but pus from the spleen was calcofluor
positive (fungal stain for microscopy). Imaging performed after
splenectomy revealed progression of lesions, with new renal
and myocardial localization. Eventually, treatment was pro-
longed with fluconazole 800 mg orally twice daily for a year.
Follow-up imaging (FDG-PET CT) 6 months after splenectomy
finally showed complete resolution of all infectious foci.
Unfortunately, in December 2014, recurrent MCL was diag-
nosed. The patient was retreated with three courses of R-
CHOP followed by two course of high-dose cytarabine com-
bined with rituximab consolidated by BEAM chemotherapy
(carmustine1 etoposide1 cytarabine1melphalan) and auto-
logous SCT, with achievement of complete remission.

DISCUSSION

Clinical Presentation
The cases presented underline that a patient without docu-
mented candidemia but with a history of neutropenia may well
suffer from HSC. A wide range of presenting signs, ranging from
imaging abnormalities only (case 1) to abnormal liver tests
(cases 2) to persistent fever of unknown origin (case 3), chal-
lenge the diagnosis of chronic disseminated candidiasis [8]. In
many cases, HSC becomes apparent only after neutrophil recov-
ery [5, 6]. Deep-seated infections may remain localized without
positive blood cultures [9]. Because of these challenges, we
believe that many cases of HSC remain unrecognized.

Diagnosis
The diagnosis of invasive fungal disease is often difficult to
establish, as illustrated by the consensus definitions of the
EORTC/MSG study group that divides invasive fungal disease
into “possible,” “probable,” and “proven” [10]. Any culture of
yeast from a normal sterile body site or blood, or a histopatho-
logic, cytopathologic, or direct microscopic aspirate or biopsy
that contains yeast cells, classifies as “proven” invasive fungal
disease. There are several diagnostic techniques available for
the diagnosis of chronic disseminated candidiasis. The European
Society for Clinical Microbiology and Infectious Diseases recom-
mends the following investigations as essential for the diagnosis
of chronic disseminated candidiasis: blood cultures, direct
microscopy, histopathology, and culture of tissues/sterile body
fluids [2]. Further recommended investigations are beta-D-
glucan serology and mannan/anti-mannan serology (mannan is
a Candida cell wall constituent, beta-D-glucan is a fungal cell
wall constituent, not specific for Candida) [2]. No recommenda-
tions are made regarding PCR-based techniques, because the
available data are limited and hampered by the use of different
PCR techniques. However, as we demonstrate in case 2, a posi-
tive (validated) PCR result on a biopsy of normally sterile tissue
can confirm the diagnosis. In many cases, the presumptive diag-
nosis of HSC is based on imaging only, as invasive procedures
are not always possible, blood cultures remain negative due to
lack of sensitivity or use of empiric antifungal therapy, serologic
tests might not be available, and confirmation by biopsy lacks
sensitivity due to sampling error [8, 11]. Imaging abnormalities
may range from focal hepatic (case 1) and/or splenic lesions to
multifocal lesions of the entire liver and/or spleen (cases 2 and
3) and may involve other organs such as the kidneys and heart
(case 3).

Literature Review of HSC and Candidemia
To investigate to what extent HSC occurs without documented
candidemia, we systematically searched the literature for stud-
ies that included patients with HSC and documented blood cul-
ture results. A PubMed search was conducted on January 23,
2017, with the following details: hepatosplenic [All Fields] AND
(“candidiasis”[MeSH Terms] OR “candidiasis”[All Fields]). The
search yielded 138 hits after removal of 1 duplicate (see sup-
plemental online Table). Sixty-six studies were excluded
because no full-text article was available (n 5 43) or the full-
text article was not written in English (n 5 23). After screening
of full-text articles, another 42 studies were excluded because
the studies did not describe patients with HSC (n 5 19), did
not study disease caused by Candida spp. (n 5 2), or did not
include data on candidemia, that is, did not mention whether
blood cultures were positive or negative (n 5 21). Thirty
articles, describing 187 patients with HSC and available blood
culture results, remained for extraction of data. Documented
positive blood cultures with Candida were present in only 56
(30%) of these patients. Of these 187 included patients, 181
patients had a hematological malignancy; three of the 181
patients had undergone a previous SCT. Three patients had
solid tumors: two had received chemotherapy for rhabdomyo-
sarcoma (cyclophosphamide, dacarbazine, and doxorubicin;
severely neutropenic) and osteosarcoma (vincristine, predni-
sone, and ifosfamide; rapidly dropping leukocyte count),
respectively, and one underwent autologous SCT for testicular
cancer [8, 12]. One patient without an underlying malignancy
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had primary sclerosing cholangitis and Crohn’s disease treated
with prednisone 10–20 mg during the year prior to diagnosis
of HSC [13]. Loss of integrity of intestinal mucosa in combina-
tion with prednisone may have contributed to Candida seeding
in this patient. In conclusion, the majority of cases has been
describe in patients with hematological malignancies, although
HSC is not limited to hematological patients and may occur in
patients with solid tumors receiving intensive chemotherapy
affecting leukocyte and neutrophil counts.

Improving Detection
Detection of HSC may first be improved by acknowledging the
limited sensitivity of blood cultures for candidemia. This limited
sensitivity can be partly overcome by taking repeated blood
cultures in a neutropenic patient with unexplained or persistent
fever. Awareness that in 70% of HSC cases there is no prior
documented candidemia may increase clinical suspicion. Multi-
focal lesions of parenchymatous organs on imaging in any
patient with a history of neutropenia should prompt clinicians
to put disseminated candidiasis in the differential diagnosis.
This is especially important in patients with solid tumors in
which candidiasis might be mistaken for metastasis. If a patient
with a history of neutropenia has liver lesions and imaging or
biopsy is not typical for metastasis, one should try to confirm
the diagnosis of HSC. A repeated biopsy may be contemplated,
as the negative test could have been a result of sampling error.
In our opinion, when there are no other signs or symptoms of
metastatic disease, empirical treatment with fluconazole may
even be warranted before additional surgery or chemotherapy
is planned. Finally, when microbiological cultures remain nega-
tive, molecular PCR testing (on biopsy) and Candida serology
could help to establish the diagnosis.

Treatment
There is little evidence about the optimal treatment, and the
optimal duration of treatment likely depends on the level of
immunosuppression at the moment of diagnosis as well as the
months following diagnosis. Empirical treatment is usually initi-
ated with either liposomal amphotericin-B or an echinocandin,
followed by “step-down” therapy with oral fluconazole [11,
14].We feel initial therapy with oral fluconazole for those with-
out severe, systemic symptoms is a reasonable alternative;
besides extent and severity of infection, other deciding factors
include previous antifungal therapy and culture results, toxicity,
and costs. The Infectious Diseases Society of America advises
that treatment should be continued until radiologic lesions are

calcified or resolved, although others define response to treat-
ment as resolution of clinical and biological signs with stable or
reduced lesions on imaging [8, 14]. Antifungal therapy should
be continued throughout additional chemotherapy courses or
SCT to prevent relapse [14].

In case 1, 6 months of oral fluconazole treatment was suffi-
cient and resulted in near resolution of all the liver lesions ini-
tially noted. Moreover, a scheduled hemihepatectomy was
prevented. Case 2 responded well to 3 weeks of intravenous
echinocandin treatment followed by 2 months of fluconazole.
In case 3, treatment remained troublesome (of note, mean-
while in our hospital, conventional amphotericin-B has been
replaced by less toxic liposomal amphotericin-B) and dissemi-
nation was hard to control, finally resulting in a splenectomy.

CONCLUSION
In conclusion, timely diagnosis of HSC is challenging but can
prevent further complications and dissemination and may even
prevent unnecessary invasive procedures. Clinicians should
realize that HSC often occurs without documented candidemia
and that sensitivity of blood cultures for candidemia is limited.
HSC is not strictly limited to hematologic patients and might
also occur in patients with solid tumors treated with intensive
chemotherapy or SCT. Increased awareness for HSC in patients
with any history of neutropenia is of importance to increase
detection and prevent serious sequelae.
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For Further Reading:
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Abstract:

Monoclonal antibodies targeting programmed cell death protein-1 (PD-1) represent a new treatment paradigm in non-small cell
lung cancer. Three phase III trials have demonstrated a survival benefit and improved tolerability of nivolumab and pembrolizumab
when compared with standard second-line chemotherapy. Nevertheless, the adverse events associated with PD-1 inhibitors are
unique; early recognition and treatment are essential. This review summarizes the required monitoring and appropriate manage-
ment of immune-related adverse events in lung cancer patients receiving these agents.
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