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Abstract
An 11-year-old boy with acute lymphocytic leukemia 
(ALL) contracted disseminated candidiasis during induc-
tion therapy, which was complicated with rupture of a 
fungal cranial aneurysm. Ventricular drainage and coil 
embolization of a residual aneurysm in combination 
with intensive antifungal therapy rescued the patient. 
Although clinical improvement was achieved, high fever 
and elevated levels of C-reactive protein and β-D-glucan 
continued for more than 10 mo. One year later, the ALL 
relapsed during maintenance therapy with methotrex-
ate and 6-mercaptopurine. After salvage chemotherapy, 
the patient received unrelated bone marrow transplan-
tation (BMT) in a non-complete remission condition and 
survived. During subsequent chemotherapy and BMT, no 
recurrence of the fungal infection was observed under 
the prophylactic anti-fungal therapy with micafungin.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Chronic disseminated candidiasis and resulting 
fungal intracranial aneurysm is a life-threatening com-
plication during the induction therapy of leukemia with 
a poor survival rate. However, intensive and patient an-
ti-fungal treatment made the patient receive unrelated 
bone marrow transplantation successfully. 
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INTRODUCTION
Disseminated fungal infection in acute leukemia patients 
is a serious complication, not only because it is difficult 
to manage and cure, but it also interferes with continua-
tion and completion of  the standard treatment regimen 
for leukemia, which consequently leads to an unfavorable 
outcome. We experienced an acute lymphocytic leukemia 
child who contracted a disseminated candidiasis with a 
resultant rupture of  intracranial fungal aneurysm during 
the induction chemotherapy. Our clinical experience in 
this patient is very useful and informative for physicians 
in this field. 

CASE REPORT
An 11-year-old boy with B-precursor acute lymphocytic 
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leukemia (ALL) was admitted to our hospital. After 
confirming a good response to preceding prednisolone, 
TCCSG L09-16 (UMIN000003375) high risk (HR) in-
duction chemotherapy was started. Two weeks later, the 
patient’s white blood cell count (WBC) fell below 100/μL 
and fever was noted on day 19. Serum C-reactive protein 
(CRP) level was 2.38 mg/dL. Intravenous antibiotic [ce-
fpirome sulfate (CPR)] was started on the same day. On 
the 22nd d, the patient’s β-D-glucan level was below 6.0 
pg/mL. Panipenem/betamipron (PAPM/BP) was ad-
ministered instead of  CPR, but changed to meropenem. 
Micafungin (MCFG; 6 mg/kg per day) was added and 
induction therapy was discontinued on the 29th d. The 
values of  β-D-glucan and CRP increased to 27.4 pg/mL 

and 10.52 mg/dL, respectively, on the same day. Granu-
locyte colony-stimulating factor was started on the 37th 
day and liposomal amphotericin B (L-AMB; 6 mg/kg 

per day) was administered instead of  MCFG on the 40th 
day. Whole-body computed tomography (CT) on the 40th 
day revealed no diagnostic findings. WBC increased to 
3500/μL (neutrophils > 90%) on the 44th d. MCFG was 
re-started on the 48th d in addition to L-AMB. Although 
a repeated blood culture was negative, serum Candida an-
tigen value was greater than 2 ng/mL on the 49th d. On 
the 51st d, the patient began to complain of  an intermit-
tent temporal headache. Whole-body CT on the 54th d 
revealed multiple lesions in the liver (Figure 1) and flucy-
tosine (5-FC; 150 mg/kg per day) was added. On the 56th 
day, the patient’s consciousness level suddenly dropped 
and he experienced vomiting and incontinence. CT and 
magnetic resonance imaging (MRI) (Figure 2) indicated 
subarachnoid hemorrhage and drainage from both lateral 
ventricles was performed. The cerebrospinal fluid (CSF) 
was bloody and negative for bacteria and fungi. On the 
next day, brain angiography revealed an aneurysm with a 
diameter of  7 mm on the right basilar artery and coil em-
bolization was successfully performed on the same day. 

The patient’s condition was stabilized. His conscious-
ness level occasionally fluctuated according to increased 
ventricular pressure, which rapidly improved on adjust-
ment of  ventricular drainage. 

Because induction therapy for ALL was discontin-
ued, maintenance therapy consisting of  daily 6-mercap-
topurine and weekly methotrexate was started on the 
76th d. High-grade fever and elevated CRP levels were 
sustained, although the patient was clinically improving. 
Unexpectedly, the plasma β-D-glucan level gradually 
increased to more than 500 pg/mL. A CT scan on the 
265th d revealed complete disappearance of  multiple 
lesions in the liver. Five months later, CRP and β-D-
glucan levels began to decrease slowly. 5-FC and L-AMB 
were discontinued on the 265th d and 335th d, respec-
tively (Figure 3). On the 319th d, a ventricle-peritoneal 
shunt was performed. Ten months later, WBC gradually 
decreased with the progression of  thrombocytopenia. A 
bone marrow examination on the 356th d confirmed the 
first relapse of  ALL. Although the patient’s β-D-glucan 
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Figure 1  Computer tomography scan images of the liver.  Computed tomography (CT) scans of the liver performed on the 51st (A) and 239th d (B) are presented.
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Figure 2 Three-dimensional reconstituted image of the intracranial aneu-
rysm (A) and computer tomography scan (B). A: Arrows indicate intracranial 
aneurysm; B: Arrows indicate dilated ventricles and subdural hemorrhage. 
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level was still above 50 pg/mL, induction therapy based on 
the BFM95 protocol was started. After being in remission, 
he relapsed on the 680th d and on the 825th d. He received 
unrelated bone marrow transplantation (BMT) during 
non-remission status on the 839th d with a myeloablative 
conditioning regimen consisting of  total body irradiation 
(TBI; 12 Gy), cyclophosphamide (60 mg/kg × 2) and 
etoposide (60 mg/kg). Graft versus host disease prophy-
laxis consisted of  tacrolimus and short term methotrex-
ate. Engraftment was on the 16th d and he became free 
of  red cell and platelet cell transfusion on the 15th and 
37th d after BMT respectively. He has been in remission 
for more than 3 mo after BMT. During the subsequent 
chemotherapy/BMT and thereafter, no recurrence of  
fungal infection was observed under the prophylactic 
use of  MCFG. 

DISCUSSION
Fungal infections account for 4% to 9% of  neutropenic 
infections in patients with hematological malignancy[1]. 
Additionally, it has been reported that patients with ALL 
are at the highest risk for invasive candidiasis during the 
neutropenic period following induction chemotherapy[2]. 
Disseminated candidiasis is a rare, life-threatening extend-
ed form of  Candida infection and its mortality exceeds 

10%-50%[3]. Fungal aneurysms of  the intracranial circu-
lation are an extremely rare complication and clinically 
differ from the more common bacterial “mycotic” aneu-
rysms, which are usually associated with infectious endo-
carditis[4-6]. Contrary to bacterial “mycotic” aneurysms, 
fungal aneurysms usually affect the circle of  Willis and 
the proximal arterial tree, and surgical treatment is ex-
tremely difficult[6]. Mortality related to fungal aneurysms 
is extremely high and it exceeds 80%-90% when the an-
eurysms rupture[7,8]. According to the literature, cases of  
pediatric fungal aneurysm are very rare and most of  them 
are complicated in patients with chronic mucocutaneous 
candidiasis, a rare primary immunodeficiency[9-11]. 

In our case, progression of  disseminated candidiasis 
occurred within 3 wk after chemotherapy, which seems 
relatively fast. Once disseminated, a great deal of  time is 
needed to treat the fungal infection even when the neu-
trophil count recovers[12]. It is known that liver lesions 
are not apparent under agranulocytic conditions because 
of  the lack of  inflammation[13]. It may be possible that 
an increase in neutrophils induces excessive inflamma-
tion, which sometimes results in tissue destruction. With 
intensive anti-fungal chemotherapy and surgical and en-
dovascular treatment, our patient survived through the 
early critical episode. However, the subsequent clinical 
course of  the patient was difficult and challenging. Once 
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Figure 3  Clinical course of the patient. Initiation of prednisolone was designated as day 1. WBC: White blood cell;  5-FC: 5-flucytosine; MCFG: Micafungin; CRP: 
C-reactive protein.
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CRP and β-D-glucan levels decreased after surgery, the 
CRP level increased again above 20 mg/dL and the β-D-
glucan level increased gradually. Additionally, high fever 
continued for months. 

In our case, clinical evidence of  disseminated candi-
diasis was based on elevated β-D-glucan levels, the pres-
ence of  serum Candida antigen and multiple liver lesions. 
Repeated blood or CSF cultures could not detect Can-
dida spp. It has been reported that the positive predictive 
value of  blood cultures for Candida is relatively low and 
the typical findings of  a CT scan are clinically valuable 
for diagnosis with serological data[13]. Although histologi-
cal and microbiological evidence could not be obtained, 
it is more likely that intracranial aneurysm was due to 
disseminated candidiasis from the clinical point of  view.
Guidelines for disseminated candidiasis recommend 
fluconazole, amphotericin B, voriconazole or caspofun-
gin[14,15]. MCFG was recently reported to be as effective 
as caspofungin[16]. Because some strains of  Candida, such 
as C. glabrata and C. krusei, are resistant to fluconazole, we 
selected a higher dose of  MCFG for the first-line therapy. 
Considering the severity of  infection, we added L-AMB 
to MCFG. Although elevated CRP and β-D-glucan lev-
els with high fever continued as shown in Figure 3, the 
patient was clinically improving and we continued anti-
fungal therapy. It is well known that humans do not pro-
duce enzymes that metabolize β-D-glucan. There may be 
2 possible explanations for why β-D-glucan was increas-
ing in the middle of  the treatment course: one is that the 
destruction of  Candida was accelerated at that time and 
another is that the Candida antigen was sequestered from 
circulation and drained into systemic circulation at that 
time. In light of  the sustained high level of  CRP and its 
later decrease in parallel with β-D-glucan, the former sce-
nario seems to be more likely. 

Fortunately, our patient survived and received BMT 
successfully with no recurrence of  candidiasis or other 
fungal infections under the prophylactic use of  MCFG 
thereafter. He has been in remission for more than 3 mo 
after BMT, although we have to be careful how long the 
patient remains in remission. With the recent advance of  
anti-fungal drugs, disseminated candidiasis is still a chal-
lenging complication during the treatment of  hemato-
logical malignancy and is difficult to manage. However, 
intensive patient treatment has enabled us to accomplish 
chemotherapy and BMT successfully even in a high-risk 
patient with ALL[17].

COMMENTS
Case characteristics
An 11-year-old boy with acute lymphocytic leukemia who suffered from chronic 
disseminated candidiasis during remission induction chemotherapy.
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Chronic disseminated candidiasis and fungal intracranial aneurysm and its rup-
ture.
Differential diagnosis
Bacterial infection and intracranial hemorrhage due to granulocytopenia and 
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Imaging diagnosis
Whole computed tomography scan revealed multiple masses in the liver. Angi-
ography disclosed intracranial aneurysm.
Treatment
Coiled embolization and long-term chemotherapy with combination of multiple 
anti-fungal drugs
Experiences and lessons
This case report emphasizes the difficulties of management of fungal infection 
during the chemotherapy of leukemia. Once it has occurred, not only control 
of fungal infection but also the control of leukemia is disturbed. However, bone 
marrow transplantation is not a contraindicated choice of therapy.
Peer review
This article is well described and some important messages emerge. This pa-
per will therefore be very useful for hematologists and infectiologists.
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