ORIGINAL STUDIES

Role of Management Strategies in Reducing Mortality From
Invasive Fungal Disease in Children With Cancer or Receiving
Hemopoietic Stem Cell Transplant

A Single Center 30-year Experience

Elio Castagnola, MD, PhD,* Francesca Bagnasco, PhD,} Loredana Amoroso, MD,  Illaria Caviglia, PhD,*
Silvia Caruso, PhD,1 Maura Faraci, MD,§ Michaela Calvillo, MD, ¥ Cristina Moroni, MD, *
Roberto Bandettini, MD,Il Giuliana Cangemi, PhD,I Gian Michele Magnano, MD, **

Piero Buffa, MD, 17 Andrea Moscatelli, MD, }} and Riccardo Haupt, MD7

Background: In the last decades, several diagnostic and therapeutic strate-
gies have been implemented for management of invasive fungal diseases
(IFD) in patients with cancer or receiving allogeneic hemopoietic stem cell
transplant. Few data are available on their impact on mortality in children.
Methods: All IFD episodes diagnosed at tertiary care center during a
30-year period between 1983 and 2012 were analyzed for 90-day mortality
and risk factors. Diagnoses were coded according to international (Euro-
pean Organization for Research and Treatment of Cancer/Invasive Fungal
Infections Cooperative Group and the National Institute of Allergy and
Infectious Diseases Mycoses Study Group) criteria. Four treatment eras
(1983-1990, 1991-1999, 20002005 and 2006-2012) were defined accord-
ing to availability of diagnostic technologies, new antifungal drugs and use
of a diagnostic-driven approach without empiric antifungal therapy.
Results: A total of 198 IFD were diagnosed in 191 patients; 71.2% were
proven/probable infections; 39.9% were caused by yeasts and 31.3% by molds.
Within 90 days from IFD diagnosis, 58 (30.4%) patients died for a 28.3%
cumulative probability of death. A multivariable analysis showed that the high-
est risk of death was associated with alternative donor-hemopoietic stem cell
transplant [hazard ratio (HR): 3.96] and mold etiology (HR: 1.34). The risk of
death significantly decreased across the treatment eras, with almost a 3-fold
reduced risk for patients diagnosed during the 20062012 period (HR: 0.24).
Also if the variable year of diagnosis was considered as continuous, the hazard
of death significantly decreased by 5% per year (HR: 0.95).

Conclusions: New management strategies resulted in a better progno-
sis of IFD in children with cancer or hemopoietic stem cell transplant. A
diagnostic-driven approach was not associated with an increase in mortality.
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I nvasive fungal diseases (IFD) represent severe complica-
tions in pediatric cancer patients. Their highest incidence is
observed among children receiving treatment for acute leukemia
(especially myeloid or relapsing lymphoblastic) or in recipients
of allogeneic hemopoietic stem cell transplant (HSCT)."7 The
prognosis of IFD is often discouraging, and even if pediatric
patients seem to show a lower mortality rate than adults,' the risk
of death remains high.!#?®

In the last years, new diagnostic approaches including seri-
ated computed tomography (CT) scan and fungal antigen detec-
tion®!® as well as the availability of new antifungal drugs have
improved the prognosis of IFD also in children.!'"!* Empiric anti-
fungal therapy of persistent febrile neutropenia has been a cor-
nerstone in the management of cancer patients for many years.
However, recent data from adults showed the feasibility of a clini-
cally driven approach, the so-called preemptive or may be better
“diagnostic-driven” therapy, calling for the administration of anti-
fungal therapy only in a persistently febrile neutropenic patient
with either a positive radiologic (eg, chest CT scan) or microbio-
logic result (eg, galactomannan detection in serum or bronchoal-
veolar lavage, glucan detection in serum, cytologic detection of
fungal hypha or positive culture on sputum or bronchoalveolar
lavage fluid) suggestive of IFD.'*!> With this approach, the use of
antifungal treatments was less widespread, but mortality rate was
not different from that obtained with the standard strategy calling
for administration of antifungal therapy in all patients at risk with
persistent febrile neutropenia.

In spite of the knowledge that in children serial CT scans
and fungal antigen detection, especially galactomannan, may have
performances similar to that observed in adults,>'®?° no data are
available about the effectiveness of a diagnostic-driven approach
for the treatment of IFD in pediatrics, especially in terms of impact
on mortality. The most recent guidelines for therapy of febrile neu-
tropenia in children state that “a preemptive approach may be fea-
sible in centers with adequate experience and facilities, [omissis]
research describing the safety and effectiveness of this approach
is needed”.?! Aim of the present study was to describe changes in
mortality due to IFD in a tertiary care cancer center according to
changes in management strategies.

METHODS
All children with cancer or a non-neoplastic disease requir-
ing allogeneic HSCT admitted at “Istituto Giannina Gaslini,”
Genoa, Italy (a tertiary care hospital for the treatment of children
with cancer and HSCT) between 1983 and 2012 and who devel-
oped at least 1 IFD were eligible for this study.
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Institutional database, active since 1970, prospectively col-
lects demographic and baseline clinical information on all children
admitted to the department of Hematology and Oncology of Istituto
Giannina Gaslini. Data on etiology and localization of all IFD diag-
nosed since 1983 are also stored in an ad hoc database. Informa-
tion has been collected retrospectively for cases diagnosed before
1989 and prospectively thereafter. Each infectious case was defined
according to the last revision of the criteria adopted by the Euro-
pean Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of
Allergy and Infectious Diseases Mycoses Study Group.? All cases
occurring before the publication of the criteria were reviewed and
retrospectively classified. Some of these IFD have been previously
published in studies on epidemiology or therapy of IFD or as case
report(s). A list of these publications is available as Supplemental
Digital Content 1, http://links.lww.com/INF/B718.

For each episode of IFD the following data were collected
on the affected patient: (1) gender; (2) underlying disease [catego-
rized as acute leukemia/lymphoma (including acute lymphoblas-
tic leukemia, non-Hodgkin lymphoma, acute myeloid leukemia,
hemophagocytic lymphohistiocytosis or myelodisplastic syn-
drome), solid tumor, or non-neoplastic disease]; (3) age at diagno-
sis of [FD; (4) type of treatment for the underlying disease [chemo-
therapy (for acute leukemia/lymphoma this included both induction
and consolidation, and excluded maintenance treatment), autolo-
gous HSCT, allogeneic HSCT from a matched related donor or an
alternative donor (AD)] ; (5) underlying disease status at infec-
tion [relapsing/resistant malignancy or acute graft vs. host disease
(aGvHD)]; (6) type of IFD (possible IFD, proven-probable IFD
with deep organ involvement, proven isolated fungemia); (7) type
of identified pathogen (yeast, mold or none in case of possible IFD)
based on histology, culture growth or antigen detection and (8) year
of diagnosis of IFD, as surrogate of different management strate-
gies adopted over the years according with the availability of new
technologies and drugs (definitions are available as Supplemental
Digital Content 2, http://links.lww.com/INF/B716).%16-18:20.23-25

Mortality was evaluated either at 90 days since IFD diagno-
sis, it represent a standard for efficacy evaluation of IFD manage-
ment as in clinical trials,* and at last follow up. Since sometime, it
was very difficult to differentiate between death with or because of
IFD, we decided to evaluate overall and not attributable mortality.
Dataset was closed at December 31, 2012.

Statistical Analysis

Descriptive statistics were performed in terms of absolute
frequencies and percentages for qualitative data, and the Pearson’s
¥ test or Fisher’s exact test, if appropriate, was applied to compare
proportions. Quantitative data were described in terms of median
values and min/max values due to their non-normal (Gaussian) dis-
tribution. In case that the same subject was affected by >1 IFD,
these were considered as multiple events and risk factors relative to
the fungal disease were modeled as a time-dependent covariate by
the counting process approach.

The 90-day cumulative risk of death after invasive fungal
disease was calculated by the Kaplan-Meier method and the 95%
confidence interval (CI) of the estimates were calculated according
to Greenwood’s formula. Log-rank test was used to assess differ-
ences between risk factors.

In the multivariable analysis, all variables, except “HSCT
(yes or no)” that was already incorporated in the “type of treat-
ment of the underlying disease” and “diagnosis of IFD (proven/
probable or possible)” that was strictly associated with the vari-
able “type of identified pathogen (yeast, mold or none for possi-
ble IFD),” were included in an extensions of the Cox model with
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the counting process approach (the Andersen-Gill model).?””-** To
select the best fit of the model, a backward selection procedure was
used. The hazard ratio (HR) with the 95% CI was evaluated using
a robust estimate of variance to incorporate the intraindividual cor-
relation and the likelihood ratio test was calculated to measure the
effect of each predictor.

All tests were 2-tailed and a P-value < 0.05 was considered
statistically significant. All analyses were performed using Stata
(Stata Corporation, 2009; StataCorp. Stata Statistical Software,
Release 11.0 College Station, TX).

RESULTS

During the 30-year period covered by this study, 198 epi-
sodes of IFD were observed in 191 patients. Seven patients had
2 episodes of IFD for a total of 198 infections. Table 1, first col-
umn, reports on the demographic characteristics of the patients,
their underlying disease and treatment. Male gender was prevalent
(60.2% of cases) and acute leukemia/lymphoma was the most fre-
quent tumor type category (68.1%). At diagnosis of IFD, many chil-
dren were <10-year old, the infection mostly occurred during stand-
ard antineoplastic chemotherapy (59.6% of cases), or AD-HSCT
(22.2% of cases), and was observed in absence of relapsing/refrac-
tory underlying disease (68.2%). The most frequent diagnosis was
proven/probable IFD (71.2%), and yeasts represented the most fre-
quently identified pathogens (39.9%). Finally, there was an increase
in the mean number of IFD diagnosed per year from the earliest to
the last period.

Details on etiology and localization of the 198 IFD are avail-
able as Supplemental Digital Content 3, http://links.lww.com/INF/
B717. Candida non-albicans represented the most frequently iso-
lated yeast (50% of cases), while Aspergillus (including cases diag-
nosed by means of positive galactomannan antigen) represented
the most frequently identified mold (74% of mold infections). As
regards localization of IFD with deep organ involvement, lungs
were the most frequent localization in proven-probable IFD (61%,
cases), while 9% of episodes were defined as disseminated.

Analysis of Mortality and Associated Risk Factors

Within 90 days from diagnosis of IFD, 58 (30.4%) patients
died for a 28.3% (95% CI: 22.5-35.2) cumulative probability of
death. As shown in Table 1, the factors associated with a signifi-
cant higher risk of mortality were: infection following HSCT, in
particular AD-HSCT, a diagnosis of proven/probable IFD with
deep organ involvement and an infection due to molds. Table 2
summarizes the results of the multivariable analysis 90-day mortal-
ity. According to this model, children receiving AD-HSCT had an
almost 4-fold increased probability of death compared with those
receiving standard chemotherapy, while no significant difference
was present for children receiving autologous or matched related
donor-HSCT as shown by the 95% CI including 1. Patients with
IFD due to yeasts had reduced risk (HR: 0.38) of death when com-
pared with those with possible IFD, while the risk of death was
similar for proven/probable IFD due to molds and possible IFD.
In a model in which possible IFD where not considered and yeasts
infections where used as reference, children with infection due to
molds had a 2.91-fold increased risk of death (95% CI: 1.41-6.03).
A significant decrease in mortality over the years was evident both
when time was treated as a categorical variable (delimitated by the
availability of new drugs and diagnostic techniques), with a HR
of 0.24 in 2006-2012 compared with 1983—-1990 (Table 2), or a
continuous one, with a 5% decrease per year (HR: 0.95, 95% CI:
0.91-0.99, P =0.02).

Finally, in a further analysis performed with a purely explor-
ative aim, very long-term survival of patients with at least 1 IFD
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TABLE 1.

Analysis of Factors Associated With Mortality Within 90 Days From Diagnosis of IFD in Children

Receiving Antineoplastic Chemotherapy or Hemopoietic Stem Cell Transplant

Cumulative 90-day probability Log-rank Test,

Total N (%) No of deaths of death (95% CI) P-value
Gender
Female 76 (39.8) 20 25.0 (16.7-36.3) 0.5067
Male 115 (60.2) 38 30.4 (22.9-39.7)
Underlying disease
Leukemia/lymphoma 130 (68.1) 42 30.0 (22.9-38.7) 0.1861
Solid tumor 44 (23.0) 9 18.2(9.5-33.1)
Non-neoplastic disease 17 (8.9) 7 41.2 (22.2-67.5)
Total 191 58 28.3 (22.5-35.2) —
Invasive fungal Disease
Age at diagnosis of IFD (years)
<10 114 (57.6) 27 23.1(16.3-31.9) 0.0521
>10 84 (42.4) 31 35.9 (26.4-47.6)
Type of treatment for underlying disease
Chemotherapy 118 (59.6) 25 19.8 (13.6-28.3) 0.0002
Autologous HSCT 22 (11.1) 6 25.0 (11.2-50.1)
MRD HSCT 14 (7.1) 4 30.8 (12.8-62.7)
AD-HSCT 44 (22.2) 23 52.4 (38.4-67.9)
HSCT
No 118 (59.6) 25 19.8 (13.6-28.3) 0.0009
Yes 80 (40.4) 33 41.3 (31.2-53.3)
Relapsing/resistant underlying diseases
No 135 (68.2) 34 24.8 (18.3-33.1) 0.1139
Yes 63 (31.8) 24 36.2 (25.3—49.9)
Diagnosis of IFD
Invasive possible 57 (28.8) 17 29.1(18.9-43.1) 0.0268
Proven/probable with deep organ involvement 79 (39.9) 29 36.0 (26.3-47.9)
Proven isolated fungemia 62 (31.3) 12 18.1(10.4-30.2)
Type of identified pathogen (by means of histology, cultures, antigen detection)
Not identified (possible IFD) 57 (28.8) 17 29.1(18.9-43.1) 0.0008
Yeast 79 (39.9) 14 16.7 (10.1-26.9)
Mold 62 (31.3) 27 43.1(31.6-56.8)
Year of diagnosis of IFD, n (mean/year)
1983-1990 39 (4.9 13 32.4 (19.9-49.9) 0.839
1991-1999 45 (5.0) 13 27.9 (16.9-43.9)
2000-2005 54 (9.0) 17 28.8 (18.5-43.2)
2006-2012 60 (8.6) 15 25.4 (16.2-38.6)
Total 198 58 — —

MRD, matched related donor; AD, alternative donor.

TABLE 2. Multivariable Analysis of Risk Factors for
90-days Mortality From Invasive Fungal Disease

HR 95% C1 LRT, P-value
Type of treatment
for underlying
disease
Chemotherapy ref. — 0.0005
Autologous 0.94 0.37-2.39
HSCT
MRD HSCT 1.49 0.54-4.11
AD-HSCT 3.96 1.99-7.85
Type of identified pathogen (by means of
histology, cultures, antigen detection)
Not identified ref: — 0.0014
(possible IFD)
Yeast 0.38 0.16-0.91
Mold 1.34 0.68-2.63
Year of diagnosis of IFD
1983-1990 ref. — 0.0242
1991-1999 0.36 0.15-0.85
2000-2005 0.33 0.13-0.83
2006-2012 0.24 0.09-0.60

LRT, likelihood ratio test; ref, reference; MRD, matched related donor; AD,
alternative donor.
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was also evaluated and 52 further patients were found to be dead
after a median of 9.4 months (range 3.1-139.2) from diagnosis. The
estimated overall 20-year survival after IFD was 35.9% (95% CI:
27.5-43.9). Variables significantly associated with poorer survival
were AD-HSCT as part of treatment of the underlying disease, ear-
lier era of treatment and relapsing/refractory underlying diseases
with a HR of 2.64 (95% CI: 1.73-4.01; data not shown).

DISCUSSION

In this study, we analyzed the risk factors associated to
90-day mortality after an IFD diagnosis in children underlying
antineoplastic chemotherapy or HSCT. The study period was very
long, 30 years, and during this time many changes in management
strategies occurred. In spite of the partially retrospective (from
1983 to 1988) data collection and the definition of some episodes
due to changes in medical knowledge (European Organization
for Research and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group and the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group definitions first time available
in 2002, then revisited in 2008)*>% important considerations may
be driven from our observations.

The first and, in our opinion, most important observation
regards the decrease in mortality observed over the study period.
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As shown by the multivariable analysis, a significant decrease in
mortality was documented both when considering the different eras
delimited by the availability of new drugs and diagnostic technolo-
gies as when the time variable was considered as continuous. This
observation is confirmed by other studies, 333 in which reduced
mortality in patients with invasive aspergillosis has been reported
and mainly attributed to early diagnosis and availability of new
antifungal drugs. Noteworthy, the significant reduction of mortality
observed in our study was paralleled by an increase of the number
of IFD diagnoses. Different factors interact to this observation: on
1 side more aggressive protocols for the treatment of the underly-
ing disease have been introduced into the clinical practice, on the
other hand the management strategies contributed to earlier and
more accurate diagnoses and there was an increased availability of
effective weapons against fungi. However, we must also recognize
that other factors not included in the present analysis (eg, different
supportive care measures) might impact on improved prognosis of
IFD in these patients’ populations. In the last period covered by this
study, empirical antifungal therapy strategy was nearly completely
abandoned in our center, except for rapidly worsening patients
pending results of diagnostic investigations. In spite of this “reduc-
tion” of treatment and the increase in the number of IFD diagnosed,
we observed a significant reduction in mortality. The logical inter-
pretation of these results is that the new diagnostic tools (mainly
galactomannan antigen detection and CT scan) consent an early
diagnosis of IFD. As a consequence physicians are aware timely
of what’s going on in their patients and can act accordingly in a
thoughtful and not empirical way, thanks also to the availability
of effective antifungal drugs with different toxicity profiles, also
indirectly suggesting the feasibility of a diagnostic-driven approach
for IFD in children.

We have also shown that mortality is also influenced by the
etiology of IFD. As expected, patients with yeast infections, mainly
represented by isolated Candida fungemia (57 candidemias/79
Candida infections, 72%) had a better prognosis,' that those with
mold infection. A quite puzzling result of multivariable analysis
was that children with possible IFD had a worse prognosis than
those diagnosed with yeast infection. We have no clear explana-
tion for this phenomenon. A possible interpretation is that a not
negligible proportion of possible IFD is represented either by deep
organ candidiasis,* or true invasive aspergillosis,* that eventually
have a worse prognosis compared with isolated fungemias. On the
other hand, it is also possible that the “possible” IFD were due
to noninfectious causes (eg, pulmonary aGvHD) that have a bad
prognosis as well.

IFD following AD-HSCT had the highest mortality. This
aspect has been already described in adults’! and has been associ-
ated with the presence of uncontrolled aGvHD.* Other authors®*’
have also described that cancer remission is favorably associated
to a better survival after IFD. We could not confirm this observa-
tion because in our study the status of underlying disease did not
affect the 90-day mortality and was removed from the multivariable
analysis. However, when survival analysis of our patients with IFD
was extended to the last visit, the presence of uncontrolled underly-
ing disease (resistant/relapsing malignancy or aGvHD) represented
a significant risk factor for long-term mortality. In fact while the
overall 20-year survival of children with [FD was 35.9%, the over-
all survival of children with cancer treated at our center with at least
1 chemotherapy course or receiving HSCT was 73.6% (95% CI:
70.8-76.2; R.H. personal observations). We can speculate that the
development of an IFD and its treatment might interfere in some
ways, for example, in reducing dose intensity of chemotherapy.
An effect of IFD on long-term mortality has also been recently
suggested in adults with acute leukemia or receiving allogeneic
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HSCT.3*% Further studies are needed to better clarify these possible
interferences between IFD and cancer prognosis.
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