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Abstract

Background: Invasive fungal diseases (IFD) are important causes of mortality in children with cancer. We aimed to determine

the extent of survival in patients treated for IFD in the last nine years at our center. Procedure: a retrospective cohort of

patients treated from January 1, 2011 to December 31, 2019. Weibull distribution was used to parameterize hazard ratios and

accelerated failure time models, for the outcome “death attributed to IFD”. Results: We analyzed 152 patients with IFD (133

proven and 19 probable), with median age of 97 months. The most frequent diagnoses were leukemia (39, 25.7%) and central

nervous system tumors (36, 23.7%). Thirty-seven patients received prophylaxis with fluconazole (24.3%). There were 133 fungi

isolates, and most frequent were Candida species in blood (84, 55.2%). Forty-three deaths were attributed to IFD (28.3%).

Survival probabilities were lower for pulmonary IFD (46.9%, p = 0.0017), leukemia (62.5%, p = 0.004), and neutropenia <500

cells/mm3 (55.4%, p < 0.0001). For Candida fungemia, survival probabilities were 76.6% (p = 0.043). In Weibull models,

diagnosis of leukemia shortened survival times by a factor of 0.006, relapse of disease by 0.05, lymphoma by 0.04, pulmonary

IFD by 0.04, and neutropenia by 0.015. Hematopoietic stem cell transplantation did not affect the survival times, as well as

prophylaxis with fluconazole. Conclusions: Host factors, like neutropenia, relapse of disease and hematologic malignancies, are

determinant in the survival times of children with IFD, as well as pulmonary involvement. Fluconazole prophylaxis and HSCT

do not affect the hazards of death.

Introduction

Invasive fungal diseases (IFD) are important causes of morbidity and mortality in immunocompromised
children and adolescents with cancer. Factors that have been linked to the development of IFD in children
and adults are the underlying malignancy (mainly acute leukemia), presence of profound and long-lasting
neutropenia, high intensity of the chemotherapeutic regimen, hematopoietic stem cell transplantation, and
previous antibiotic therapy.1 Candida species (spp.) are commonly found in the gastrointestinal tract, and
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. may cause invasive infections in the immunocompromised host when mucosal barrier is disrupted, or normal
gastrointestinal flora is modified by antimicrobial treatment.2 Filamentous fungi, including the Zygomycetes
class, Fusarium and Aspergillusspecies have also become epidemiologically relevant in this population.3

The main objective of this study was to determine the extent of survival of children and adolescents with
cancer, treated for IFD in the last nine years, at a referral center for the treatment of childhood cancer in
Brazil. In addition, we aimed to analyze which factors could be determinant to shorten survival.

Methods

We analyzed a retrospective cohort of patients who were treated at our institution, the Institute of Pediatric
Oncology - Support Group for Adolescents and Children with Cancer/Federal University of Sao Paulo (IOP-
GRAACC/UNIFESP), from January 1, 2011 to December 31, 2019. Patients aged 0 to 18 years, diagnosed
with cancer, submitted or not to hematopoietic stem cell transplantation, were included. We analyzed only
patients who had proven or probable invasive fungal infection, as defined by the consensus from the European
Organization for Research and Treatment of Cancer and the Mycoses Study Group Education and Research
Consortium.4 The study was approved by the Ethics and Research Committee of the Federal University of
São Paulo.

Variables collected included the subject’s demographic characteristics, underlying disease, type and site of
IFD, antifungals drugs, and outcomes. Death was considered as resulting from the fungal infection when it
occurred because of clinical deterioration with evidence of a proven or probable IFD.

For survival analyses, we used the Weibull distribution to parameterize hazard ratios and accelerated failure
time models (AFT). An AFT model assumes that the effect of a covariate is to accelerate or decelerate the
life course of a disease by some constant.5Conditions like the diagnoses, relapse of disease, hematopoietic
stem cell transplant, use of antifungal drugs at the time of diagnosis of IFD, presence of neutropenia, age,
and site of infection were tested in models for the outcome “death caused by IFD”. Kaplan Meier curves
were also made for this outcome, with comparisons using the Log Rank test (Mantel-Cox). All the statistical
tests were performed with R software, version 4.0.2 (The R Foundation for Statistical Computing, 2020).

Results

We analyzed 152 IFD (133 proven and 19 probable). All probable IFD were pulmonary aspergillosis, with
high-resolution computerized tomography scans presenting dense, well-circumscribed lesions with a halo
sign, air crescent sign, cavities or segmental or lobar consolidation, with galactomannan antigen detected
in plasma. Table 1 depicts the demographics and other characteristics of patients. There were 133 fungal
isolates in 133 patients (table 2).

[Table 1]

[Table 2]

There were 43 deaths attributed to IFD (28.3%), and survival probabilities were lower for pulmonary IFD
(46.9%, log rank test p = 0.0017), for the diagnosis of leukemia (62.5%, p = 0.004), and neutropenia <500
cells/mm3 (55.4%, p < 0.0001). For Candida fungemia, survival probabilities were higher (76.6%, p = 0.043).
Figure 1 depicts the Kaplan Meier survival curves for these conditions. Table 3 shows the Weibull hazard
ratios and accelerated failure time models for the event “death caused by IFD”.

[Figure 1]

[Table 3]

Most of the cases of leukemia (51/56, 91%) were in children older than 4 years; about 72% of the patients
were older than 4 years, but out of the 43 deaths, 38 (88%) were in this age group. Non-Candida and non-
Cryptococcus yeasts caused fungemia in 16 patients, with three deaths (18.7%). In four patients, there were
pulmonary lesions accompanying Candida fungemia, and Cryptococcus was isolated in lung biopsy in one
case; all other cases of fungal pneumonia were associated with filamentous fungi. Pulmonary involvement

2
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. could be correlated in chi-square tests with the diagnosis of leukemia (18/56 cases, 32%, p = 0.01), relapse
of disease (17/41 cases, 41%, p = 0.0002), and neutropenia (23/74 cases, 31%, p = 0.0002).

In the HSCT patients, there were eight deaths (25.8%). Fungemia was diagnosed in 16 patients (51.6%) and
pulmonary fungal infections in 12 (38.7%).

Discussion

In this work, we showed that host factors, particularly neutropenia and hematologic malignancies, are deter-
minant in the survival times of children affected with IFD. The accelerated failure time models estimate the
effects of the variables on acceleration or deceleration on the survival times: so, we demonstrated that the
children with leukemia, besides having multiplied the hazard for death due to IFD by 2.5, also could have
their survival time shortened by a factor of 0.006. Among the several reasons why patients with leukemia are
at risk of dying from IFD, one of the most important is neutropenia, which was prolonged in this cohort, and
was a determinant factor for shortening survival in our analysis. Many patients with leukemia have severe,
prolonged neutropenia caused by the disease itself or chemotherapy, and mucosal lesions that can predispose
to infection.6 We analyzed few cases of lymphoma, but this diagnosis was also a factor to shorten survival
in patients with IFD.

The overall mortality reported here, around 28%, is identical to that reported by Castagnola et al, in 2006.7

After 14 years, we are using the same therapeutic options, and little progress has been made in the de-
velopment of new antifungal agents.8 Another point of similarity with the study of Castagnola et al. was
the lower mortality in patients with fungemia, compared to other IFD.7 The high mortality observed in
pulmonary infections can be explained by several factors: as noted, pulmonary involvement was correlated
with the conditions that most favored mortality from IFD, such as the diagnosis of leukemia, cancer re-
currences and neutropenia. The most life-threatening form of aspergillus infection, pulmonary angioinvasive
aspergillosis, occurs in immunosuppressed or neutropenic patients: the lung shows a necrotizing pneumonia
with areas of hemorrhage and acute and granulomatous inflammation.9 Over the last years, there has been a
reduction of mortality due to invasive aspergillosis in those patients with myeloid leukemia, in whom remis-
sion of malignancy and effective antifungal treatments can be attained, but mortality can grew up to 54%
in relapsed/refractory disease, reflecting the compromised immune status of these patients.10 Pulmonary
zygomycoses andFusarium spp. pneumonia also have high fatality rates.11,12

The use of empirical antifungal drugs at the time of diagnosis of IFD affected the survival negatively, but the
prophylaxis with fluconazole did not. This finding probably means that the children who received empirical
treatment were at higher risk of severe infections, or presented a clinical deterioration, requiring the coverage
with antifungals. The risk of death was also 3.8-fold higher in patients already receiving antifungals at the
time of diagnosis of IFD in the study of Castagnola et al., but these authors analyzed prophylaxis and empiric
use as a single variable.7

Candidemia is now a frequent cause of bloodstream infection, due to the widespread use of central venous
catheters, parenteral nutrition, broad-spectrum antibiotics, and immunosuppressive therapy. Rare opportu-
nistic yeasts are emerging as cause of IFD.13We observed 16 episodes of fungemia caused by these rare yeasts,
but mortality was similar to observed in candidemia.

Allogeneic unrelated HSCT or mismatched donor HSCT put the patient in the highest risk group for IFD.14

Compared with allogeneic HSCT, autologous HSCT is associated with a lower risk of invasive aspergillosis
because the period of pre-engraftment neutropenia is shorter and the possibility of graft-versus-host disease
is absent.15 Although the mortality of our HSCT patients with IFD was still high (25.8%), and the fact that
most were allogeneic, the transplantation was not a factor for shortening survival. One explanation is that
HSCT is the best chance of cure for diseases like myeloid leukemia,16 and most of the patients will recover
from neutropenia.

The most obvious weakness of this study, common to several others of its kind, is the absence of sensitivity
tests to antifungals, not routinely performed in our institution. The results are also limited to patients treated
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. in a single center, and may not reflect practices from other parts of our country or the world.

Conclusions

Host factors, like neutropenia, relapse of disease, and hematologic malignancies, are determinant in the
survival times of children affected with IFD. Pulmonary fungal infections, most caused by filamentous fungi,
are also responsible for shortening survival times in these patients. Fungemia, most caused by Candida
species, seems to lead to a better survival. Fluconazole prophylaxis does not appear to affect the hazards of
death from IFD.
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. Legend of figure 1:

Figure 1. Kaplan Meier survival curves in IFI, for the diagnoses of leukemia, presence of neutropenia, pul-
monary fungal infections and fungemia by Candida species. P-values refer to the log rank test.
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