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Treatment of Invasive Fungal Disease During Therapy for 
Acute Lymphoblastic Leukemia

Ibrahim Alharbia, d, Amro Nassifb, Yasser B. Hennawic

Abstract

Invasive fungal diseases (IFDs) are one of the leading causes of death 
in acute leukemia (AL) patients. Because of the possibility of fungal 
relapse, patients who survive IFDs may have difficulty in completing 
the whole chemotherapy plan. Our case report presents two cases of 
IFD with aspergillosis in children with precursor B-cell acute lymph-
oblastic leukemia (pre-B-ALL). Two 9-year-old female patients were 
diagnosed with pre-B-ALL that were on the pre-B-ALL protocol: 
CALL08, Arm-C (high-risk arm), and the supportive therapy. They 
were both on Arm-C of the CALL08 protocol (high risk based on 
COG232). Then, the patients experienced severe febrile neutropenia. 
Patient 1 was during consolidation, and patient 2 was during interim 
maintenance I. Both experienced prolonged febrile neutropenia. As 
febrile neutropenia continued for more than 5 days, a fungal workup 
was conducted, including computed tomography (CT) scans of the si-
nuses, chest, and abdomen, as well as serum tests for galactomannan 
and (1→3)-β-D-glucan (BDG). Caspofungin treatment was started. 
Fungal workup results showed lung and liver nodules in one patient 
and lungs, liver, and spleen in the other. There were about 4 weeks 
of severe fevers and neutropenia, despite the use of broad-spectrum 
antibiotics. A decision was taken to interrupt chemotherapy for both 
patients. Voriconazole was added to caspofungin. Biopsies confirmed 
the diagnosis to be severe fungal infection with invasive aspergillosis. 
After that, high fevers and neutropenia slowly recovered, and a re-
peated CT scan of abdomen showed good improvement in the lesion’s 
number and size. After 6 - 8 weeks of interruption, chemotherapy 
was resumed. We observed that with the implementation of combi-
nation antifungal therapy with voriconazole and caspofungin for 6 
weeks and then single antifungal therapy (voriconazole orally) for 
another 6 weeks, both patients recovered and became clinically stable 
and afebrile. Chemotherapy was on hold till they became better. In 
conclusion, primary and secondary antifungal prophylaxis are recom-
mended for ALL patients. Chemotherapy discontinuation is decided 

on an individual basis according to the severity of the fungal infection 
and disease status.
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Introduction

Acute lymphoblastic leukemia (ALL) is considered the most 
common malignancy in children accounting for 25% of all 
pediatric cancers [1]. The most prevalent complication of 
precursor B-cell ALL (pre-B-ALL) is infection. Furthermore, 
there are also gastrointestinal, neurological, metabolic/endo-
crine, drug-related hypersensitivity, and severe psychologi-
cal issues, all resulting either from the disease itself or from 
chemotherapy complications [2]. Chemotherapy can make 
these children extremely immunocompromised and vulnerable 
to infections.

In such immunocompromised patients, opportunistic inva-
sive fungal diseases (IFDs) are the leading cause of morbidity 
and mortality. Moreover, the presence of molds or yeasts in 
deep tissues can persist and become very hard to get rid of 
even with optimal antifungal therapy. In addition, it is not very 
straightforward sometimes to diagnose these infections. We 
need to do biopsy or a culture obtained by a sterile procedure 
to prove the existence of IFD [3]. The most prevalent fungal 
infection in humans is aspergillosis, which accounts for more 
than 85% of IFDs [4].

The opportunistic infection known as invasive aspergil-
losis (IA) is caused by Aspergillus spp. Aspergillus is a sap-
rophytic filamentous fungus that is frequently isolated in the 
environment [5]. Because of difficulties in performing the in-
vasive procedure to diagnose it, a lot of effort has gone into 
creating a non-invasive test for the diagnosis of IA, especially 
techniques to find galactomannan [6]. Aspergillus releases 
galactomannan, a polysaccharide cell wall component, as it 
grows [6, 7]. Consequently, for monitoring IA, a double-sand-
wich enzyme-linked immunosorbent galactomannan assay has 
been licensed [7]. Additionally, (1→3)-β-D-glucan (BDG) is 
an appropriate material to screen for IFDs, because it is a part 
of the fungal cell wall and is not present in bacteria or hu-
man cells. The G-test, which measures BDG in serum using 
a coagulation factor derived from horseshoe crab blood, was 
created initially in Japan [8].

Hematological malignancies, particularly acute myeloid 
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leukemia (AML), ALL, and allogeneic hematopoietic stem 
cell transplantation (HSCT) recipients, are associated with IA 
in patients [3, 4]. Extreme neutropenia brought on by chemo-
therapy (especially lasting > 7 days; absolute neutrophil count 
(ANC) 500 cells/mm3) continues to be the single biggest risk 
factor for IA [9].

Fever unresponsive to broad-spectrum antibiotics in neu-
tropenic patients is a common early symptom that should war-
rant additional investigation. Coughing or chest pain with or 
without hemoptysis, both symptoms of pulmonary infarction 
caused by fungal-induced vascular blockage, have been re-
corded on rare occasions. The critically ill intensive care unit 
(ICU) patient with IA, on the other hand, is largely mechani-
cally ventilated and may have decreasing lung function and 
refractory fever. Progression to disseminated disease is a com-
mon consequence that goes unnoticed, especially in individu-
als who have a severe or advanced underlying condition. Cer-
ebral dispersion can reveal itself late in the form of seizures or 
other focal neurological symptoms, although it is uncommon 
to have a primary extrapulmonary organ at presentation [9].

We present two challenging cases of 9 years old patients 
diagnosed with pre-B-ALL and both cases were complicated 
with IFD (aspergillosis). Therefore, the chemotherapy was in-
terrupted in both cases.

Case Reports

Case 1

Case 1 was a 9-year-old girl with a 2-week history of fevers, 
pallor, and pancytopenia. The physical examination revealed 
no abnormalities, except that the patient had pale skin with-
out ecchymosis or petechiae. Complete blood count (CBC) 
showed 2-cell line pancytopenias as well as peripheral blood 
blasts. The white blood cell (WBC) level was 6.8 × 109/L. He-
moglobin level was 8.6 g/dL, hematocrit (Hct) volume was 
24.8%, platelets level was 86 × 109/L, and total bilirubin was 2 
µmol/L. Lactate dehydrogenase (LDH) was 702 U/L and went 
up to 4,000 U/L with the start of induction. Bone marrow as-
piration showed 95% blasts, and the flow cytometry showed 
pre-B-ALL. Results were consistent with pre-B-ALL and the 
RUNX1 was positive. The recommended plan for manage-
ment was the pre-B-ALL protocol: CALL08, Arm-C (high-
risk Arm) and the supportive therapy.

She was stable and had no major events during 1.5 years 
after the pre-B-ALL protocol, and then suddenly she started to 
experience severe febrile neutropenia. There was a belief that 
her family gave her herbal treatment, but we could not prove 
it. This sudden onset of deterioration could not be caused or 
explained by us. As she initially tolerated well chemotherapy.

Despite empirical antibiotics, the patient was still hav-
ing more than 5 days febrile neutropenia with negative blood 
culture. Therefore, a fungal workup including a CT scan and 
empirical caspofungin was started. However, two questionable 
lung nodules were found in the CT scan that may be fungal. 
Accordingly, liposomal amphotericin B was started and caspo-
fungin was discontinued. After about 4 weeks of severe fevers 

and neutropenia, a decision was made to give her granulocyte 
colony-stimulating factor (G-CSF) at 5 µg/kg/day subcutane-
ously (SC). After 3 days, her neutrophil count increased to > 
3,000 × 109/L. Interim maintenance I of Arm-C of the CALL08 
protocol was started and intravenous (IV) vincristine, intrath-
ecal (IT) methotrexate, IV methotrexate, and L-asparaginase 
were given. We concluded that IFD is probably due to pro-
longed febrile neutropenia. Therefore, we made the decision to 
start G-CSF (Filgrastim) to raise neutrophil count.

Two months later, the patient had severe neutropenia 
again with fevers and chills. CT of chest, abdomen and sinuses 
showed numerous nodules in the liver, spleen, and kidneys 
(Fig. 1). Patient also developed severe hyperbilirubinemia, but 
transaminases were normal. Total bilirubin increased to 464 
µmol/L and conjugated bilirubin was 181 µmol/L and gamma-
glutamyl transpeptidase (GGT) was 1,097 U/L.

The patient started voriconazole and caspofungin com-
bination therapy. Lung nodule biopsy showed hyphae with 
septate (possible Aspergillus) (Fig. 2). After 9 days, the dose 
of voriconazole was adjusted to 9 mg/kg q 12 h and the pa-
tient continued to improve and nasogastric (NG) feeding was 
started. After 6 weeks, the patient became stable and afebrile. 
Hyperbilirubinemia likely secondary to chemotherapy and an-
tifungal was experienced before and during consolidation and 
resolved. Then the patient is a case of high-risk ALL in remis-
sion, on the day 16 of interim maintenance I. Chemotherapy 
was on hold till she became better.

Case 2

Case 2 was a 9-year-old girl with newly diagnosed B-ALL. 
She had pallor, petechiae, and ecchymosis as presenting com-
plaints. On examination, there was pallor, scattered petechiae, 
mild hepatomegaly, and palpable spleen tip without significant 
lymphadenopathy. Investigations were done and the WBC 
count was 12.6 × 109/L, the Hb was 6.5 g/dL, and the platelet 
count was 94 × 109/L.

Immunophenotyping was done on the provided bone mar-
row specimen by flow cytometry.

It showed an abnormal B-cell population in the CD45 dim 
gate (about 83% of all the cells analyzed). These B cells had 
intermediate nuclear size (based on forward-scatter signal) and 
showed expression of CD10, CD19, CD38, HLA-DR, CD79a, 
cTdT, and CD22.

They also showed aberrant expression of CD13 and CD33 
which can be used for monitoring minimal residual disease 
(MRD). The blast population showed partial expression of 
CD24 and cIgM.

They were negative for CD34, CD20, CD117, MPO, CD3, 
CD5, kappa, and lambda.

Residual lymphocytes constituted about 15% of the ana-
lyzed cells. The overall immunophenotype results were most 
consistent with B-ALL.

A CT scan of chest showed new tiny pulmonary nodules, 
while an abdominal CT scan showed bilateral kidneys with 
scattered focal hypodensities, with the largest being seen in 
the left kidney (Fig. 3). The diagnosis was a case of B-ALL 
and initially she was assigned to standard risk chemotherapy 
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protocol (Arm-A which is COG-331).
She was started on voriconazole at an induction dose of 

9 mg/kg for 1 day, followed by a maintenance dose of 8 mg/
kg given twice per day. Reassessment showed mixed response 
with regressions and reappearance of some nodule, therefore, 
the dose was increased to 14 mg/kg given twice per day. How-
ever, she experienced elevated liver enzymes which could be 
attributed to the use of medications. Liposomal amphotericin 
B was added at 5 mg/kg IV given once per day for 1 month; at 
that time, she had resistant electrolytes imbalance in form of 

low potassium. This is hypokalemia most likely due to the use 
of medication. As a result, she was shifted to oral posaconazole 
100 mg given twice per day orally, but she continued to have 
hypokalemia. Infectious Disease and Nephrology teams con-
sultations were done and they recommended to reduce the dose 
of posaconazole to 100 mg given once per day orally which 
showed marked improvement of hypokalemia and fungal as-
sessment showed static nodules. Plan was to continue chemo-
therapy and antifungal until the end of maintenance chemo-
therapy.

Figure 1. (a) CT scan of the chest. The arrow points to right lung lower lobe, lateral basal segment small, tiny nodule. (b) Abdomi-
nal CT with contrast. The arrow shows numerous nodules in the liver, spleen, and kidneys, specifically pointing to right lower liver 
lobe small nodule. CT: computed tomography.

Figure 2. (a) Ultrasound-guided biopsy of lung nodules showing hyphae with septate (possible Aspergillus). (b) Biopsy of lung 
nodules after fungal treatment.
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Now she is on chemotherapy (Arm-C, delayed intensifica-
tion #1 week 29), posaconazole 100 mg given once per day 
orally and bactrim 50 mg given twice per day orally 2 days 
weekly.

Discussion

In these two cases, both patients were diagnosed with pre-B-
ALL and were complicated with IFD (aspergillosis).

The risk of IFDs is highly unpredictable due to the vari-
ability of severity of disease in children with ALL. It seems 
to be the result of interactions between three factors: immu-
nosuppression, organ failure, and exposure to opportunistic 
fungi [10]. Immunosuppression is caused by corticosteroids 
and chemotherapy, leading to dysfunction in cell-mediated, 
humoral, and phagocytic responses, which results in a predis-
position to IFDs [11].

It was discovered that exposure to opportunistic fungi also 
increases the incidence of IFDs. It has been well known that 
Aspergillus species colonies the airways of many individuals 
[12]. In adult patients with newly diagnosed AML, Italian re-
searchers found a substantial link between pre-hospitalization 
exposure to fungus sources and the development of IFDs 
within 30 days after the first session of chemotherapy [13]. 
Inhalation of fungal spores is critical in the development of 
IFDs [13]. IFDs are a leading cause of mortality and morbid-
ly in pediatric patients with AL. It affects 5-15% of pediatric 
patients with AL [14]. The majority of these cases are ALL. 
IA patients are reported to have a death rate of 28-42% three 
months following diagnosis [15].

Our cases showed numerous nodules of severe fungal in-
fection with IA in the liver as well as in the spleen and kid-
neys on repeated fungal workup (CT of abdomen, chest, and 
sinuses). According to a retrospective review, nodules were the 

most common diagnostic radiological finding in 48 (34.6%) 
out of 139 pediatric IA cases [16].

Both patients initially started on liposomal amphotericin, 
and then continued on a combination of caspofungin and vori-
conazole therapy. Because of its excellent efficacy, voricona-
zole belongs to a class of antifungal called triazoles. It acts by 
slowing fungal growth. It is used to treat infections with many 
fungal infections including aspergillosis, candidiasis, coccidi-
oidomycosis, histoplasmosis, penicilliosis, and infections by 
Scedosporium or Fusarium. It is also used as a prophylaxis to 
prevent IFDs. International guidelines recommend administra-
tion of voriconazole as pyrophytic agent against IFDs [17, 18]. 
In addition, voriconazole is the drug of choice for aspergillosis 
[17, 19]. About 86% of patients with IFD who received subse-
quent antifungal prophylaxis would have had reduced fungal 
reactivation risk [18]. Antifungal prophylaxis was also advised 
for AML patients receiving induction chemotherapy [20]. 
Caspofungin is a drug that belongs to Echinocandins class. It 
has a broad-spectrum fungicidal activity against many fungal 
infections including Candida and fungistatic activity against 
Aspergillus species [21]. It is specifically used to treat invasive 
Candidiasis, like esophageal Candidiasis, and IA. It may be 
explored for prophylaxis against IFD in children, adolescents, 
and young adults with AL, according to Fisher et al (2019) [22]. 
In a randomized trial of adolescents and adults with AML, the 
risk of IFDs was reduced with caspofungin prophylaxis and 
that was equivalent to posaconazole prophylaxis [21]. Other 
trials found that voriconazole, amphotericin B, caspofungin, 
or posaconazole, alone or in combination, were effective in 
treating IFDs in ALL individuals [23, 24].

The chemotherapy treatment protocols of both of our 
cases were interrupted for more than 4 weeks. To avoid risk 
of relapse, patients needed to have some form of mild chemo-
therapy in order to keep them both in a continuous remission. 
Based on most recent evidence, they both received IV vincris-

Figure 3. (a) CT scan of the chest. The arrow points to left lung lower lobe, lateral basal segment small, tiny nodule. (b) Abdomi-
nal CT with contrast. The arrow points to multiple nodules in the spleen. CT: computed tomography.
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tine every 2 - 3 weeks as well as IT methotrexate every 3 - 4 
weeks.

Therefore, chemotherapy schedule in both of our cases 
was interrupted. According to a recent study, patients with 
IFD, despite initially surviving the infections, have considera-
ble risk of persistent infection unless alterations are carried out 
in their chemotherapeutic schedule. Patients who are receiv-
ing chemotherapy and had IFD will be at risk of serious life-
threatening consequences unless chemotherapy is interrupted 
and neutrophil count is allowed to normalize for a long period 
of time [18]. There is a high probability of persistent/recur-
rent fungal infections which is believed to be around 30% in 
patients who survive first IFD if not treated well. In addition, 
these patients may have difficulty in completing the whole 
chemotherapy protocol [25]. Those patients frequently have 
delayed and/or reduction of their chemotherapy doses. Reduc-
tion of chemotherapy doses continues until IFDs is controlled 
[26]. According to the Even et al (2011) study which showed 
that despite an initial satisfactory outcome, the appearance of 
IFD during AL treatment has led to a change in the chemother-
apy protocol, either delaying the following cycle, changing the 
drug, or reducing the dosage [18]. The principle behind reduc-
ing the chemotherapy intensity is to allow full and prolonged 
neutrophil count recovery.

Our cases experienced about 4 weeks of severe fevers and 
neutropenia. We had to interrupt their chemotherapy for a pro-
longed period of time. Regarding which AL is more likely to 
be associated with IFD, researchers from a single Taiwanese 
hospital found in 2011 that invasive fungal sinusitis (IFS) was 
more prevalent in AML patients with persistent neutropenia 
throughout a 15-year period than with ALL [27]. When con-
sidering whether the duration of neutropenia is associated with 
the risk of IDF, Lien et al (2018) found a direct link between 
the length of neutropenia (more than 30 days) and the signifi-
cant risk of IFD [20]. When considering if there are other fac-
tors that can contribute to the risk of IFD in addition to pro-
longed neutropenia, a retrospective investigation by Nicolato 
et al found that prolonged neutropenia, relapse of underlying 
illnesses, extended hospitalization before the first fever, and 
allogeneic HSCT were all risk factors for IFD in ALL. These 
risk factors have also been seen in our case [25]. The genera-
tion of normal neutrophils decreases as leukemia cells prolifer-
ate in the bone marrow [17]. According to another recent study, 
the majority of our patients (88%) were severely neutropenic 
at the time of diagnosis of IFD and the overall median duration 
of neutropenia was longer than 10 days [27].

Previous research has shown that fast and effective anti-
fungal medication combined with sensible treatment modali-
ties can reduce the risk of death in children with ALL and IFD. 
If chemotherapy is held and interrupted for neutrophil count 
full recovery for a sufficient period of time that allow con-
trol of IFD, then chemotherapy can be restarted after a few 
weeks of interruption [27]. The perfect exact timing to resume 
full chemotherapy doses and schedules in these patients is un-
known, although we believe the exact time is most likely when 
fungal lesions are resolved and disappeared on further imaging 
evaluation [23].

What is the optimal duration of time of chemotherapy 

interruption? In our cases, interruption ranged from 4 to 12 
weeks. Previous data have produced similar results. According 
to Tufekci et al (2015), the median time to stop chemotherapy 
was 27 days, and chemotherapy was safely restarted in 50% of 
the patients before 4 weeks duration. IFD was not reactivated 
in any of those patients [27]. In a retrospective assessment of 
hematological malignancies, Tufekci et al (2015) found 61 
adult instances with IFD and discovered a median period of 27 
days for chemotherapy termination (range: 17 - 45 days) was 
appropriate [27].

Conclusion

Primary prophylaxis, empirical or preemptive antifungal med-
ication, and secondary prophylaxis are all options for treating 
patients. Chemotherapy timing is usually decided on an indi-
vidual basis, depending on the severity of the fungal infection 
and the status of the main disease.

Learning points

The presence of an IFD in a pediatric patient with ALL is a ma-
jor challenge. It is difficult, most likely related to chemother-
apy. Risk factors are intensity chemotherapy and neutropenia. 
Multidisciplinary teams such as pediatric hematology-oncolo-
gy, pediatric infectious disease, and allergy immunology can 
improve outcomes and manage this condition more effectively.

Our treatment strategy now was on the rationale that, in 
order to avoid treatment interruptions, we will implement 
maximum measures to address infection control and isolation 
policies. In addition, we would like to keep our patients on fun-
gal prophylaxis especially during first few phases of therapy.
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