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ﬂBSTRACT \

Background: Invasive fungal infections are the cause of significant morbidity and mortality among
cancer patients of any age group. This research aimed to determine the frequency and treatment
outcome of invasive fungal infections in children with hematological malignancies.

Methods: This cohort study was performed at the Department of Pediatric Oncology, Combined
Military Hospital, Rawalpindi, Pakistan, from January 2022 to June 2023. Children of either gender
aged less than 18 years diagnosed with hematological malignancies were included adopting a
non-probability consecutive sampling technique. Treatment followed “Berlin-Frankfurt-MUnster
(BFM)" based protocols. Outcome in the form of mortality was noted by the end of the study period.

Results: A total of 240 cases of various types of hematological malignancies during the study period
and 41 (17.1%) cases were found to have invasive fungal infections. In 41 invasive fungal infections,
28 (68.3%) were male. The mean age was 6.35+3.72 years. Invasive fungal infection was found to be
possible, probable, and proven in 34 (82.9%), 6 (14.6%), and 1 (2.4%) cases respectively.
Amphotericin B was the most frequent anfi-fungal, advised in 23 (56.1%) cases whereas voriconazole
was given in 14 (41.5%) patients. The mean duration of treatment was 21+19 days (ranging between
2 to 84 days). Mortality was reported among 10 (24.4%) cases.

Conclusion: The frequency of IFS was 17.1% among children with hematological malignancies.
Mortality was relatively high (24.4%) among children with IFls which warrants early identification and
freatment of IFls among children with hematological malignancies.
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INTRODUCTION

Invasive fungal infections (IFls) are the cause of
significant morbidity and mortality among cancer
patients of any age group'. IFls are more likely to
develop (approximately 10% or more) in patients
having “acute myeloid leukemia (AML)”, recurrent
acute leukemia, high-risk acute lymphoblastic
leukemia, and recipients of allogeneic
“hematopoietic stem cell fransplantation (HSCT)"” in
particular?. The increased use of chemotherapeutic
agenfts in  heavy doses has heightened
immunosuppression, raising the occurrence of [Fs3.
Although non-culture methods for detfecting
infections like p-glucan and galactomannan assays,
lateral-flow devices, and fungal “polymerase chain
reaction (PCR)" have emerged, their
standardization is incomplete, and limitatfions
persist.* Despite progress in  nonculture-based
methods and antifungal freatments, prompfly
diagnosing and managing IFls remains challenging.
“European Organization for Research and
Treatment of Cancer / Invasive Fungal Infections
Cooperative Group and The National Institute of
Allergy and Infectious Diseases Mycoses Study
Group (EORTC/MSG)" describes IFls as proven,
probable, or possible’. Data shows that in 7.4%
patients experiencing allogeneic HSCT had proven
and probable invasive lillnessé. Proven and probable
Invasive mold illnesses have been found to be 17.9%
more common in AML patients receiving their first
remission-inducing freatment’. These studies mainly
targeted the adult population®6738,

Unfortunately, insights from adult studies are not
directly applicable to children, given their distinct
underlying malignancies, treatments, outcomes,
and fewer age-related comorbidities. Moreover,
advancements in  diagnostic tests, antifungal
agents, and supportive care algorithms have
improved outcomes of IFls in the recent decades.>¢
Understanding the local epidemiology and
outcomes of IFls is crucial for designing antifungal
freatment approaches for vulnerable populations.
Unfortunately, there is Iimited local data
characterizing IFls in  pediatric hematological
malignancy cases in Pakistan. The objective of this
study was fo deftermine the frequency and
freatment outcome of invasive fungal infections in
children with hematological malignancies.

METHODS

This cohort study was performed in the Department
of Pediatric Oncology, CMH, Rawalpindi, Pakistan,
from January 2022 to June 2023. Approval from the
“Institutional Ethical Committee” was obtained
(letter number: 456). Informed and written consents
were acquired from parents/guardians of all
patients. Children of either gender aged less than 18
years diagnosed with hematological malignancies
were included. Parents or guardians of children who
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refused to be part of this study were excluded from
this study. No specific sample size calculations were
made for this research and we included all cases
fulfiling the inclusion criteriac and avoiding the
exclusion criteria. Non-probability consecutive
sampling technique was adopted.

Fever entailed a temperature exceeding 38.5°C
once or 38-38.5°C twice within 4 hours. Neutropenia
had an absolute neutrophil count <500/mm.
B-d-Glucan above 80 pg/ml was nominated as
raised. Invasive fungal disease (IFD) was defined as
a proven, probable, or possible infection as per the
EORTC/MSG consensus group.® Proven IFD “require
detection of a fungus by culture in blood or an
otherwise sterile compartment, or histopathological
evidence of fungal elements in affected fissue™.
Probable IFD was defined by “the presence of host
factors (e.g., severe and prolonged neutropenia,
allogeneic HSCT), clinical criteria [e.g., lower
respiratory  fract infection with computerized
tomography (CT) imaging demonstrating lesions
suggestive of an IFD], and mycological criteria [e.g.,
culture of a mold in sputum or broncho-alveolar
lavage (BAL), detection of galactomannan (GM) in
serum (optical density index of >1.0 (one sample) or
>0.5 (two samples) or BAL (cut-off 1.0)]".
PCR-positive test results were not considered as a
determining factor for classifying a fungal infection
as a probable IFD. Instead, patients who exhibited
suitable host factors and presented significant
clinical evidence indicative of IFD, but lacked
mycological confirmation, were categorized as
individuals with possible IFD.

Demographic and disease-related data, laboratory
diagnostics, imaging, and antifungal drug use
information were recorded. Treatment followed
“Berlin-Frankfurt-MUnster (BFM)" based protocols.
Empirically supported or preventative mold-active
anfifungal agents were administered accordingly.
Antifungal prophylaxis varied as per local standard
procedures. Data analysis was performed using
“Statistical Package for Social Sciences (SPSS)”,
version 26.0. The chi-square test was used to
compare data considering p<0.05 as significance.

RESULTS
A ftotal of 240 cases of various types of
hematological malignancies during the study

period and 41 (17.1%) cases were found to have
invasive fungal infections. These 41 (17.1%) cases of
invasive fungal infections were further analyzed. In
41 invasive fungal infections cases, 28 (68.3%) were
males. The mean age was 6.35£3.72 year ranging
between 1 to 14 years. Most common type of
disease was acute lymphoblastic leukaemia, 20
(48.8%), while 12 (29.3%) cases were of acute
myeloid leukaemia. The most frequent types of signs
and symptoms were fever, cough, chest crepitation,
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and shortness of breath, reported in 38 (92.7%), 26 opacities/nodules, and ground glass haze/opacities
(63.4%), 14 (34.1%), and 13 (31.7%) cases as the most frequent findings, observed in 13 (31.7%)
respectively (table-1). High-resolution computed cases each, respectively

fomography (HRCT) findings revealed alveolar

Table 1: Demographic and Clinical Characteristics (n=41)

Gender Male 28 (68.3%)
Female 13 (31.7%)
Age (years) <5 17 (41.5%)
5-12 20 (48.8%)
13-14 4 (9.8%)
Disease type Acute lymphoblastic leukaemia 20 (48.8%)
Acute lymphobilastic leukaemia relapse 7 (17.1%)
Acute myeloid leukaemia 12 (29.3%)
Acute myeloid leukaemia relapse 2 (4.9%)
Frequency of signs and Fever 38 (92.7%)
symptoms Shortness of breath 13 (31.7%)
Cough 26 (63.4%)
Chest crepitation 14 (34.1%)
Cyanosis 3 (7.3%)
Mucositis 2 (4.9%)
Abdominal pain 1(2.4%)
High-resolution computed Alveolar opacities / Nodules 13 (31.7%)
tomography findings Ground glass haze/opacities 13 (31.7%)
Aspergillosis 5 (12.2%)
Pleural effusion 4 (9.8%)
Cavitatory lesions / Nodules 3 (7.3%)
Tree in bud appearance 1(2.4%)
Nodules in liver and spleen 1(2.4%)
Atelectasis 1 (2.4%)

Table 1: shows details about the demographics, and clinical and radiological findings of patients.

Figure 1 shows HRCT findings of a patient showing multiple round opacities in bilateral lung parenchyma with
ground glass opacities.
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Figure-1: Multiple Round Opacities in Bilateral Lung Parenchyma with Ground Glass Opacities

All patients had neutropenia. B-d-Glucan was raised in 6 (14.6%) cases. Blood culture was negative in all 41
cases as no growth was found in samples of any of the cases. Invasive fungal infections were found to be
possible, probable, and proven in 34 (82.9%), 6 (14.6%). and 1 (2.4%) cases respectively. Amphotericin B was
the most frequent anti-fungal, advised in 23 (56.1%) cases whereas voriconazole was given in 14 (41.5%)
patients. One patient (2.4%) was advised of Posaconazole. The mean duration of freatment was 21+19 days
(ranging between 2 to 84 days). Mortality was reported among 10 (24.4%) cases while the remaining 31
(75.6%) patients improved.

Table 2: Comparison of Disease Types Concerning Gender, Age, Invasive Fungal Infection Type,
and Outcomes

13 (65.0%) 6 (85.7%) 8 (66.7%) 1 (50.0%)
Female 7 (35.0%) 1(14.3%) 4 (33.3%) 1 (50.0%)
<5 13 (65.0%) 1(14.3%) 2 (16.7%) 1 (50.0%) 0.121
5-12 6 (30.0%) 5 (71.4%) 8 (66.7%) 1 (50.0%)
13-14 1(5.0%) 1(14.3%) 2 (16.7%) -
Possible 16 (80.0%) 5(71.4%) 12 (100%) 1 (50.0%) 0.394
Probable 3 (15.0%) 2 (28.6%) - 1 (50.0%)
Proven 1(5.0%) - - -
Mortality 3 (15.0%) 4 (57.1%) 3 (25.0%) - 0.128
Improved | 17 (85.0%) 3 (42.9%) 9 (75.0%) 2 (100%)
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Table 2 shows showing comparison of disease types concerning gender, age, invasive fungal infection type,
and outcomes. No statistically significant associations were observed (p>0.05). Mortality rates were reported
fo be in ALL, ALL relapse, AML, and AML relapse patients as 15.0%, 57.1%, 25.0%, and 0% but these findings

remained statistically insignificant.

DISCUSSION

In the present study, the prevalence of IFls was
noted to be 17.1% among children with hematologi-
cal malignancies. Amphotericin B was the most
frequent anti-fungal, used in 56.1% of cases whereas
voriconazole was given 41.5% of patients. The mean
duration of freatment was 21x19 days (ranging
between 2 to 84 days). Of patients, 75.6% improved
following anti-fungal  freatment.  Our  study
employed a sfringent classification system for
invasive fungal infections, providing insights into the
spectrum of disease severity. The diverse antifungal
tfreatment approaches, including Amphotericin B,
voriconazole, and Posaconazole, reflected the
complexity of managing these infections.

In a study conducted by a study from Taiwan, the
overall occurrence rates of IFls and confirmed/prob-
able IFls in pediatric patients with AML were 20.5%
and 11.5% respectively!'. Another study revealed
that blood culture sensitivity for diagnosing invasive
candidiasis and aspergillosis was only 21.3% and
1.1% respectively, when compared to autopsy-con-
firmed infections.? Mor et al found that the preva-
lence of all IFls and confirmed/probable IFls was
39.4% (26 out of 66) and 13.6% (9 out of 66) respec-
fively'®. In another study, Kobayashi et al document-
ed an IFl frequency of 21.6% (11 out of 51)". The
sfudy pointed to a frequency of around 5% for
confirmed/probable IFls'?13,

In this study, 41 patients were included that had
proven, probable, or possible IFDs. The percentage
of possible IFDs in this study was higher than in previ-
ous studies, possibly resulting from comprehensive
imaging studies performed when signs and symp-
toms suggested IFD presence despite negative
microbiological tests''4, Study designs, IFI definition,
characteristics of studied cases, and treatment
protocols were somewhat different in the studies
that prevent direct comparisons.

Our study findings reported that children with ALL
face a higher IFD risk compared to those with AML or
with relapsed leukaemia, this group needs deep
analysis for various reasons. Pediafric cancer
patients with ALL represent the largest IFD risk group,
and the greatest number of IFD diagnoses occur in
pediatric ALL patients'>. While most researchers do
not differentiate among ALL risk groups that receive
varying treatment intensities affecting IFD risk, our
study reveals a considerably high IFD frequency in
ALL patients's. Opfimizing antifungal prophylaxis
indication and duration is possible. However, accu-
rately predicting individual IFD risk in ALL patients
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remains unclear. Our analysis exhibited 75.6% favor-
able response rate (complete or partial remission)
among patients. The significantly reduced mortality
relative to earlier studies was possible because of
improved supportive care, advanced diagnostic
tools, and access to potent antifungal com-
pounds'-'?. Data from Italy reported the mortality
rate in IFls to lie between 30-80% 2. Reports exhibit-
ing high mortality rates from the US (50%) are also on
view but the duration of the evaluation period is an
important factor when we describe mortality rates
of IFls among hematological malignancy cases?'. In
AML, mortality rates due to IFls range between
20-50% whereas data from Greece showed that
reported mortality rates in IFls range between
20-70%%*. Differences in mortality rates due to IFls
could be aftributed to the extent of immune
suppression, related factors, site as well as severity of
infection, underlying pathology, and time to treat-
ment initiation 232425,

Being a single-center study and a relatively small
overall sample size of IFI cases of this study were
some of the limitations of this study. Further prospec-
tive trials should be planned to further estimate the
existing and future burden of IFls among children
with hematological malignancies.

CONCLUSION

The frequency of IFSs among children with hemato-
logical malignancies was noted to be 17.1%. Acute
lymphoblastic leukaemia emerged as the most
common underlying disease, underlining the vulner-
ability of certain malignancies to fungal infections. A
mortality rate of 24.4% underscores the crifical
nature of IFls in pediatric hematological malignan-
cies.

CONFLICT OF INTEREST
The authors have no conflict of interest.

ETHICAL APPROVAL

The permission was obtained from the Ethical Com-
mittee / Institutional Review Board of Combined
Military Hospital, Rawalpindi, Pakistan through letter
number 456, dated 26-09-2023.

AUTHORS CONTRIBUTIONS

RM did Data collection, drafting was responsible for
the data’s integrity; RT designed and conceived the
idea, supervised, and proofread; AAR did manu-
script editing, data analysis, and data interpretation;
QUA did Manuscript editing, proofreading, and
critical revisions; AA did Manuscript editing, data
analysis, data interpretation; FSR did manuscript

DOI: https://doi.org/10.36283/ziun-pjmd 14-1/010



editing, proofreading, critical revisions and

approved for publication.

REFERENCES

1. Oberoi JK, Sheoran L, Sagar T, Saxena S. Invasive
fungal infections in hemato-oncology. Indian J Med
Microbiol. 2023 Jul-Aug;44:100353. doi:
10.1016/j.iimmb.2023.01.011

2. Bossu G, Di Sario R, Muratore E, Leardini D, Pession
A, Esposito S, Masetti R. Novel Insights info Fungal
Infections Prophylaxis and Treatment in Pediatric
Patients with Cancer. Antibiotics (Basel). 2022 Sep
27;11(10):1316. doi: 10.3390/antibiotics11101316

3. Aziz Z, Naseer H, Altaf A. Challenges in Access to
New Therapeutic Agents: Marginalized Patients With
Cancer in Pakistan and the Need for New Guide-
lines. JCO Glob Oncol. 2022;8:2100132.
doi:10.1200/G0.21.00132

4. Freeman Weiss Z, Leon A, Koo S. The Evolving
Landscape of Fungal Diagnostics, Current and
Emerging Microbiological Approaches. J Fungi
(Basel). 2021;7(2):127. doi:10.3390/jof7020127

5. Pappas PG, Chen SC, Donnelly JP. The Evidence
Supporting the Revised EORTC/MSGERC Definitions
for Invasive Fungal Infections. Clin Infect Dis. 2021
Mar  12;72(Suppl 2):577-S78. doi: 10.1093/cid/-
ciaal765

6. Liu YC, Chien SH, FanNW, Hu MH, Gau JP, Liu CJ, et
al. Incidence and risk factors of probable and
proven invasive fungal infection in adult patients
receiving allogeneic hematopoietic stem cell frans-
plantation. J Microbiol Immunol Infect
2016;49:567¢e74.

7. Yang XY, Chen WT. Burden of invasive mold
disease in patients with acute myelogenous leukae-
mia and in stem cell fransplant recipients. J Microbi-
ol Immunol Infect 2017;50:261e2.

8. Wang SM, Yang YJ, Chen JS, Lin HC, Chi CY, Liu
CC. Invasive fungal infections in pediatric patients
with leukemia: emphasis on pulmonary and derma-
tological manifestations. Acta Paediafr Taiwan.
2004;46:149e55.

9. Kami M, Machida U, Okuzumi K, Matsumura T, Mori
SI, Hori A, et al. Effect of fluconazole prophylaxis on
fungal blood cultures: an autopsy-based study
involving 720 patients with haematological malig-
nancy. Br J Haematol. 2002;117:40e6.

10. Mor M, Gilad G, Kornreich L, Fisher S, Yaniv |, Levy
I. Invasive fungal infections in pediatric oncology.
Pediatr Blood Cancer. 2011;56:1092e7.

11. Kobayashi R, Kaneda M, Sato T, Ichikawa M,
Suzuki D, Ariga T. The clinical feature of invasive
fungal infection in pediatric patients with hemato-
logic and malignant diseases: a 10-year analysis at a
single institution at Japan. J Pediatr Hematol Oncol.
2008;30:886e90.

12. Lehrnbecher T, Varwig D, Kaiser J, Reinhardt D,
Klingebiel T, Creutzig U. Infectious complications in
pediatric acute myeloid leukemia: analysis of the
prospective multi-institutional clinical frial AML-BFM

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (01)

93. Leukemia. 2004;18:72¢e7.

13. Lehrnbecher T, Kaiser J, Varwig D, Ritter J, Groll
AH, Creutzig U, et al. Antifungal usage in children
undergoing intensive freatment for acute myeloid
leukemia: analysis of the multicenter clinical trial
AML-BFM  93. Eur J Clin Microbiol Infect Dis.
2007;26:735€e8.

14. Donnelly JP, Chen SC, Kauffman CA, Steinbach
WJ, Baddley JW, Verweij PE, et al. Revision and
Update of the Consensus Definitions of Invasive
Fungal Disease From the European Organization for
Research and Treatment of Cancer and the Myco-
ses Study Group Education and Research Consor-
tium. Clin Infect Dis. 2020 Sep 12;71(6):1367-1376.
doi: 10.1093/cid/ciz1008

15. Sohail Afzal M. Childhood Cancer in Pakistan.
Iran J Public Health. 2020;49(8):1579. doi:10.18502/i-
iph.v49i8.3908

16. Lehrnbecher T, Groll AH, Cesaro S, Alten J, Attar-
baschi A, Barbaric D, et al. Invasive fungal diseases
impact on outcome of childhood ALL - an analysis
of the international trial AIEOP-BFM ALL 2009. Leuke-
mia. 2023 Jan;37(1):72-78. doi:
10.1038/541375-022-01768-x

17. Amjad A, Wali RM, Anjum S, Mansoor R. Fungal
Infections In Paediatric Patients With Acute Lympho-
blastic Leukaemia While On Induction Chemothero-
py. J Ayub Med Coll Abbottabad. 2019;31(1):8-11.
18.Li D, Li T, Bai C, Zhang Q, Li Z, Li X. A predictive
nomogram for mortality of cancer patients with
invasive candidiasis: a 10-year study in a cancer
center of North China. BMC Infect Dis. 2021;21(1):76.
Published 2021 Jan 15.
doi:10.1186/512879-021-05780-x

19. Jacobs SE, Zagaliotis P, Walsh TJ. Novel antifun-
gal agents in clinical trials. F1000Res. 2021 Jun
28;10:507. doi: 10.12688/f1000research.28327.2

20. Fracchiolla NS, Sciumé M, Orofino N, Guidotti F,
Grancini A, Cavalca F, et al. Epidemiology and
freatment approaches in management of invasive
fungal infections in hematological malignancies:
Results from a single-centre study. PLoS One. 2019
May 9:14(5):e0216715. doi: 10.1371/jour-
nal.pone.0216715

21.Yin X, Hu X, Tong H, You L. Trends in mortality from
infection among patients with hematologic malig-
nancies: differences according to hematologic
malignancy subtype. Ther Adv Chronic Dis. 2023 Jun
21;14:20406223231173891. doi:
10.1177/20406223231173891

22. Valerio M, Vena A, Bouza E, Reiter N, Viale P,
Hochreiter M, et al. How much European prescribing
physicians know about invasive fungal infections
management? BMC Infect Dis. 2015 Feb 21;15:80.
doi: 10.1186/512879-015-0809-z

23.Lee HJ, Cho SY, Lee DG, Park C, Chun HS, Park YJ.
Characteristics and risk factors for mortality of
invasive non-Aspergillus mould infections in patients
with haematologic diseases: A single-centre 7-year
cohort study. Mycoses. 2020 Mar;63(3):257-264. doi:

DOI: https://doi.org/10.36283/ziun-pjmd 14-1/010

65



Frequency and Treatment Outcome of Invasive Fungal Infections in Children with Hematological Malignancies

Invasive fungal infections in crifically ill children:
24. Shafiee F, Soltani R, Meidani M. Invasive fungal epidemiology, risk factors and antifungal drugs.
infections in hematologic malignancies: Incidence, Drugs Context. 2024 Jun 17;13:2023-9-2. doi:
management, and antifungal therapy. J Res Med 10.7573/dic.2023-9-2

Sci. 2023 Sep 29;28:73. doi: 10.4103/jrms.jrms_1072_21

25. Hon KLE, Chan VP, Leung AK, Leung KKY, Hui WF.

10.1111/myc.13038

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (01) DOI: https://doi.org/10.36283/ziun-pjmd 14-1/010




