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Abstract

The number of patients with hematological malignancies who develop invasive fungal disease (IFD)
has increased dramatically in recent decades. This increase is attributed to impairment of the host
immune system due to intensive cytotoxic chemotherapies, use of corticosteroids and profound im-
munosuppression after hematopoietic stem cell transplantation (HSCT). Additionally, the increasing
prevalence of fungal infections caused by emerging and rare pathogens, IFD of mixed etiology or of
atypical localization is observed. There are also much more patients with IFD who do not belong to
a well-described risk group, like patient with lymphoproliferative disorders. Within this heterogeneous
group of patients, IFD epidemiology is not well defined and antifungal prophylaxis practices vary.

The aim of this paper is to present the case of a 58-year-old patient with refractory Hodgkin disease,
focusing on infectious complication after subsequent lines of chemotherapy. During deep and prolonged
neutropaenia the patient developed symptoms of pneumonia. Despite antifungal prophylaxis with flu-
conazole, IFD of mixed etiology with the presence of Candida glabrata and Aspergillus fumigatus was
diagnosed. The infection showed a poor response to monotherapy with liposomal amphotericin B, but
was successfully treated with therapy involving micafungin. Analysis of the presented case demon-
strated the necessity of new approaches to the prevention of IFD in patients with lymphoproliferative
disorders heavily pretreated with numerous chemotherapy protocols. Prolonged neutropenia and high
corticosteroid exposure put these patients in high risk of IFD like patients with acute myeloid leukemia/

myelodysplastic syndrome or after allogeneic HSCT.
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Introduction

Invasive fungal disease (IFD) remains an important
cause of morbidity and mortality in patients with haema-
tological malignancies, especially those undergoing inten-
sive chemotherapy or haematopoietic stem cell transplanta-
tion (HSCT). Aspergillus and Candida remain the leading
fungal pathogens, but increasing incidence of rare fungal
infection, and IFD of mixed aetiology or of atypical local-
isation have been observed recently.

Despite the availability of new antifungal drugs, the
outcome of IFD remains poor, with a mortality rate of 20-
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70%, depending on the risk group. The diagnosis is often
established late in the course of infection, when fungal
burden is high and therapy is less likely to be effective.
Identification of patients at risk is crucial for improvement
of antifungal treatment results. Progress in anti-neoplas-
tic treatment, and the use of aggressive chemotherapy and
new drugs affecting the immune system have rapidly ex-
panded the patient populations predisposed to IFD devel-
opment [1-4].

Herein we report a case of severe pulmonary fungal
infection of mixed aetiology in a heavily pretreated patient
with refractory Hodgkin lymphoma (HL).
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Fig. 1. CT scan of the chest before the initiation of micafungin treatment (A) and after 4 weeks of the fungal therapy (B)

Case report

A 58-year-old man was diagnosed in 2010 with mixed
cellularity classical HL (CD30+, CD15+, CD20-, Ki67+,
CD3—, EMA—, LCA-) in clinical stage II according to Ann
Arbor classification with the presence of B symptoms (fe-
ver and drenching night sweats). PET-CT (positron emis-
sion tomography—computed tomography) scan revealed the
presence of metabolically active cervical, supraclavicular,
and left axillary lymph nodes. After the consideration of
clinical risk factors, the patient was classified to interme-
diate stage according to the German Hodgkin Study Group
(GHSG). His initial treatment consisted of six cycles of
ABVD (adriamycin, bleomycin, vinblastine, dacarbazine)
followed by involved-field radiotherapy (IFRT) of axillary
and supraclavicular lymph nodes, according to Centre poli-
cy. The refractory and progressive disease was diagnosed
based on PET-CT reassessment and the patient underwent
treatment salvage therapy according to ESHAP (etoposide,
cisplatin, cytarabine, methylprednisolone), then IVE (ifos-
famide, epirubicin, etoposide) and GEM-P (gemcitabine,
cisplatin, methylprednisolone) protocols. ESHAP and IVE
chemotherapies were well tolerated, whereas severe neutro-
paenia with absolute neutrophil count (ANC) < 0.5 G/l was
observed after GEM-P treatment.

During severe neutropaenia the patient stayed in a sin-
gle room, with intensified hygiene measures. The anti-
fungal prophylaxis with fluconazole 400 mg per day was
provided. He was screened with biweekly serum galacto-
mannan test (GM). After the last course of chemothera-
py, neutropaenic fever developed without improvement
after administration of broad spectrum antibiotic therapy.
Microbiological cultures of blood and serum GM were
repetitively negative. High-resolution computer tomog-
raphy (HRCT) of the lungs was performed and revealed
three-centimetre well-circumscribed lesions with air-cres-
cent sign in the right upper lung and multiple smaller
low-density areas with a halo sign in both lungs. The air
crescent signs were highly suggestive of infection by an
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angioinvasive fungus, most commonly Aspergillus. Bron-
choscopy was done, and microbiological culture of bron-
choalveolar lavage (BAL) specimens did not reveal any
fungal pathogens, BAL-GM was also negative. The diag-
nostic evaluation indicated the presence of sufficient clini-
cal evidence consistent with IFD, but without any myco-
logical support, so according to EORTC/MSG definitions
a diagnosis of a possible IFD was established. The antifun-
gal treatment with liposomal amphotericin (AmBisome)
at a dose of 3 mg/kg was initiated. After 10 days of such
therapy the clinical condition of the patient did not im-
prove substantially, as weight loss, productive cough, and
continuing subfebrile temperatures were observed. There
was no improvement in HRCT of the lungs. The patient
underwent repeated diagnostic bronchoscopy, and micro-
biological evaluation of BAL specimens confirmed mixed
fungal infection with the presence of Candida glabrata and
Aspergillus fumigatus; BAL-GM was also positive. The
treatment with micafungin was started at a dose of 100 mg
per day intravenously. After four weeks of the antifungal
therapy, a sufficient clinical response was observed (the
patient’s cough and expectoration were improving, and his
temperature dropped to 37.0°C), and the control HRCT of
the lungs showed substantial improvement: cavitation in
the biggest consolidation and gradual resorption of smal-
ler fungal infiltrations (Fig. 1). The cultures of BAL speci-
men and BAL-GM were negative. The patient was not
monitored by beta D3 glucan and fungal PCR. Significant
adverse events were not observed during the antifungal
treatment. The improvement was stable, and the patient
was able to continue chemotherapy.

Discussion

Patients with Hodgkin lymphoma treated with con-
ventional chemotherapy are considered to be at low risk
of IFD development. Recently published epidemiological
analysis of IFD in lymphoproliferative disorders revealed
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that its prevalence among HL patients is 3.6% [5]. How-
ever, in patients undergoing autologous haematopoietic
stem cell transplantation, who develop prolonged severe
neutropaenia, invasive aspergillosis is seen in 5.5% [6]. As
previously described, HL is characterised by an immune
response in the involved tissues that is predominantly CD4
mediated. The link between ineffective immune response
in the tissue and generalised immune deficiency in HL. may
consist of several components [7]. Recent advances in our
understanding of HL biology and immunology show that
infiltrated immune cells and cytokines in the tumoural mi-
croenvironment may play different roles that seem closely
related to clinical outcomes [8]. However, the association
between immune system abnormality in HL and increased
risk of IFD development has not been established.

The patient presented in our report, treated with sever-
al chemotherapy regimens for lymphoma, was qualified,
according to a recent recommendation, as a patient at low
risk of IFD development, and anti-Candida prophylaxis
was introduced [9]. He received standard doses of fluco-
nazole, which is indicated for prevention of Candida in-
fections in patients with neutropaenia due to cancer che-
motherapy. Despite the prophylaxis, proven IFD of mixed
aetiology with the presence of Candida glabrata and
Aspergillus fumigatus was confirmed based on GM mon-
itoring, early HRCT, and bronchoscopy with BAL. The
study conducted by Chow et al. reported that the duration
of fluconazole treatment is a significant risk factor for the
development of non-albicans Candida species [10]. It is
also known that drug-resistant Candida glabrata infection
is common in cancer patients.

According to a recent recommendation, mould-active
prophylaxis is recommended for patients with high risk
of IFD, especially for patients receiving intensive chemo-
therapy for acute myeloid leukaemia (AML) or myelo-
dysplastic syndromes (MDS), or for patients with corti-
costeroid-requiring graft-versus-host disease following
allogeneic haematopoietic stem cell transplantation (allo-
HSCT). However, recently a higher incidence of IFD in
patients with lymphoproliferative disorders has been ob-
served. It may be attributed to the increasing intensity of
salvage chemotherapy protocols for resistant forms of lym-
phoma comprising high corticosteroid exposure and pro-
longed periods of neutropaenia. This observation argues
for new approaches to the prevention of IFD in this group
of patients. There are no studies to date quantifying the
burden of disease and the role of antifungal prophylaxis
in HD patients. Consistent with findings in other groups
of immunocompromised patients, Aspergillus and Candi-
da are the most frequent IFD pathogens in patients with
lymphoma.

Yeasts, with Candida as the absolutely dominating
pathogen, are part of our normal microflora, and invasive
infections arise only when barrier leakage or impaired
immune function occurs [11]. Yeasts typically enter the
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bloodstream, causing fungaemia or deep-seated tissue in-
fection. Candida infections of the thorax can be associated
with empyaema, tracheobronchial, and mediastinal infec-
tion, as well as pneumonia. Candida pneumonia is rare
and is most often found in the setting of candidaemia with
dissemination to the lung in immunocompromised patients
[12]. Manifestations of Candida pneumonia include cough,
dyspnoea, and fever. Radiographic findings are variable
and can include lobar and multifocal consolidation, as
well as cavitation. Diagnosis of Candida pneumonia is
complicated by a generally low specificity and low posi-
tive predictive value of isolating Candida in respiratory
specimens, which is often interpreted as colonisation. In-
terestingly, Candida invasion of the lung was frequently
reported at autopsy, despite the rare clinical occurrence of
Candida pneumonia. It is not clear whether this dissemina-
tion to the lung represents true infection or is an artefact of
respiratory colonisation or post-mortem seeding [4].

Candida glabrata is a more commonly seen in patients
with haematological malignancies and neutropaenia [13].
The higher risk of nosocomial invasive candidiasis caused
by C. glabrata is associated with prolonged use of broad
spectrum antibiotics and corticosteroids, aggressive che-
motherapy, prolonged use of central venous catheters [14],
and previous antifungal prophylaxis with fluconazole. In
the study by Farmaciotis et al., 20.5% of isolates were
resistant to fluconazole, 10.3% to caspofungin, and 10
(6.8%) to multiple drugs [15]. The main mechanisms
of azole resistance include alterations in the C. glabrata
ERG11 gene (CgERG11), which encodes the azole target
enzyme, and upregulation of the CgCDR1 and CgCDR2
genes, which encode efflux pumps [16].

Moulds, with Aspergillus as the main organism, are
ubiquitous in nature and the environment, and their conidia
are inhaled on a daily basis. Invasive mould infections typ-
ically arise from the airways. Aspergillosis may present as
a skin/soft tissue, ocular, gastrointestinal, cardiac, sinus,
central nervous system, or disseminated infection, but most
commonly presents as infection limited to the lung [12].

Early diagnosis of IFD is often difficult, and some-
times the only clinical indication for its presence is isolated
persistent fever in patients receiving broad-spectrum anti-
biotics together with subsequent non-specific pulmonary
infiltrates on high-resolution computed tomography, with-
out any microbiological documentation of its aetiology
[1]. The autopsy data also revealed that 45% of patients
with proven aspergillosis had repeatedly negative galacto-
mannan test results prior to death — thus underscoring the
importance of autopsy evidence for evaluating the perfor-
mance of new diagnostic tests [4]. It is possible that IFD
diagnoses are delayed in these patients because they lie
outside traditional risk groups due to uncertainty surround-
ing IFD risk, the paucity of data on IFD epidemiology, and
the absence of standardised antifungal prophylaxis recom-
mendations among evolving disease treatments [5].
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In the patient presented in our report, infectious com-
plications with mixed pathogens were diagnosed and treat-
ed according to ECIL and IDSA recommendations. Echi-
nocandins are highly active against most Candida species,
including C. albicans and C. glabrata. Activity of the latter
is particularly important because resistance to widely used
azole antifungals often complicates treatment of C. glabra-
ta infections. Consequently, echinocandins have been ele-
vated recently to first-line agents for treatment of invasive
C. glabrata infection [17]. However, increasing echino-
candin resistance among Candida spp. poses an emerging
threat. According to the new definitions, rates of caspo-
fungin non-susceptibility among C. glabrata clinical iso-
lates range from < 10% [18] to as high as 62% [19]. True
resistance (MIC of > 1 pg/ml) is strictly associated with
mutations in B-1,3-glucan synthase gene FKS1 or FKS2.
Laboratory studies showed that mutants exhibit reduced
susceptibility to caspofungin and, paradoxically, demon-
strate increased susceptibility to micafungin (Mycamine,
Astellas Pharma Europe B.V., Leiderdorp, Netherlands)
[20]. Micafungin is approved for the treatment of candi-
daemia, invasive candidiasis, oesophageal candidiasis (for
which intravenous therapy is appropriate), and prophylaxis
of Candida infection in patients undergoing allo-HSCT, or
patients who are expected to have neutropaenia for at least
10 days [21].

Invasive aspergillosis should be treated promptly and
aggressively. According to recommendations of the Fifth
European Conference on Infections in Leukaemia (ECIL-5),
voriconazole remains the first-line treatment in invasive
aspergillosis. It is followed by recommendations for
LAmB (liposomal amphotericin B) and then ABLC (am-
photericin B lipid complex) [22]. The options for salvage
therapy include voriconazole (if not used in the first line),
caspofungin, LAmB, ABLC, posaconazole, and combina-
tion therapy. In Europe micafungin is not licensed for the
treatment of IA. A number of groups, mostly from Japan,
have carried out clinical studies investigating the efficacy
of micafungin in the treatment of Aspergillus infections
in a variety of clinical settings. The results indicate that
micafungin is efficacious as monotherapy and in combi-
nation therapy for the treatment of a range of deep-seated
Aspergillus infections, with success rates similar to other
commonly used antifungals. The major limitation is that
there are currently no randomised studies comparing mi-
cafungin with standard antifungal therapy [21].

Analysis of the presented case demonstrates the need
for new approaches to the prevention of IFD in patients
with lymphoproliferative disorders treated with subsequent
chemotherapy protocols. Prolonged neutropaenia and high
corticosteroid exposure put these patients at high risk of
IFD, like patients with AML/MDS or after allo-HSCT.
GM monitoring, early HRCT, and bronchoscopy with
BAL are the best methods for early diagnosis of IFD. Our
observations based on the presented case confirm the ef-
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ficacy of micafungin in the salvage treatment of invasive
pulmonary candidiasis with Candida glabrata pathogen
(recommendation IIA according to ECIL-5) complicated
by invasive aspergillosis.
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