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O n e  o f  t h e  m o s t  c o n c e r n i n g  c o m p l i c a t i o n s  o f 
myelosuppressive therapies for pediatric cancer and 
hematopoietic cell transplant (HCT) patients is fever and 
neutropenia (FN). Prompt recognition, risk assessment, 
and appropriate management of FN is crucial to minimize 
morbidity and mortality. In a recent update of international 
FN clinical practice guidelines (CPGs), Lehrnbecher et al. 
provide an updated review of evidence in the management 
of FN in pediatric oncology and HCT patients (1).

The initial edition of these CPGs was published in 2012 
and included systematic reviews of the literature focused 
on key clinical questions in pediatric FN (2). Lehrnbecher 
and team utilized systematic reviews and meta-analyses of 
primarily nonrandomized studies, due to the paucity of 
randomized clinical trials (RCTs) in pediatric FN at the 
time, to formulate answers to these questions and establish 
clear practice recommendations. In the subsequent 2017 
update of the CPGs, the team added analysis of recent and 
relevant RCTs to the previously examined observational 
studies of pediatric FN, increasing the quality of evidence 
evaluated and presented (3). In the most recent update, 
review of evidence was limited to only RCTs, further refining 

the evidence base and clarifying multiple conditional 
recommendations (1).

The key changes in the 2023 version of the CPGs 
were the new recommendations to (I) discontinue empiric 
antibacterial therapy in clinically well and afebrile patients 
with low-risk FN if blood cultures remain negative at  
48 hours despite no evidence of marrow recovery and 
(II) pre-emptively initiate antifungal therapy for invasive 
fungal disease in high-risk patients not receiving anti-mold 
prophylaxis. The first recommendation was made based 
on two recent RCTs showing that therapy cessation was 
non-inferior to continuing therapy (4,5). The second new 
recommendation was based on an RCT showing that pre-
emptive therapy reduced the median duration of antifungal 
therapy in a high-risk FN population (6). The final addition 
to the 2023 CPG was a good practice statement to initiate 
empiric antibacterial therapy as soon as possible in clinically 
unstable FN patients.

Risk stratification

Risk stratification plays a pivotal role in determining the 
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appropriate management strategies for pediatric oncology 
and HCT patients with FN. Both the 2012 and 2017 CPGs 
cite a prior systematic review identifying six unique risk 
assessment models and scoring systems for identifying low-
risk FN patients (key components summarized in Tab. 3 of 
Phillips et al., 2012) (7). The authors highlighted these six 
diverse risk assessments as each had been cross-validated 
or applied to at least one additional dataset. The diversity 
of these risk stratification models was quite broad however. 
For example, one of the six risk stratification models 
utilized only monocyte count and HCT status to stratify 
patients, whereas other models used variations of complex 
scoring systems that included clinical factors such as viral 
respiratory symptoms and lab values such as C-reactive 
protein (CRP) or cytopenias. Given the broad scope of the 
FN CPGs and international target audience, the authors 
are wary to choose one of the six validated approaches and 
rather recommend that each individual center adopt one 
of the risk stratification approaches and incorporate it into 
routine clinical practice based on ability to implement 
necessary rules, laboratory turnaround time, etc. (2,3). The 
hesitation of the CPG authors in selecting a single FN risk 
assessment strategy is warranted, as each risk assessment 
underperforms in accuracy when applied to a new dataset. 
Importantly geographic variations in validity were also 
highlighted as limiting to broad generalizability (7).

A subsequent assessment of risk stratification approaches 
across ten centers within a single country, France, 
underscored the variability in clinical practice starting 
with inconsistencies in defining a “fever” to the range of 
criteria considered when defining risk of poor outcomes (8). 
Without new evidence to support one FN risk stratification 
strategy over another, high- and low-risk FN in the 
current CPG update remain undefined (1). While an ad hoc  
risk assessment adoption strategy allows tailoring of risk 
stratification among pediatric oncology/HCT centers, 
it somewhat hampers interpretation of many of the key 
clinical questions given the variability of risk assignment. 
Based on this variability, we would encourage caution in the 
application of these CPGs for patients who are stratified 
as low-risk but may have some high-risk features. For 
example, some risk stratification approaches fundamentally 
classify patients with relapsed leukemia as high-risk, while 
other approaches utilize labs values such as cytopenias 
and clinical presenting symptoms to stratify, regardless of 
disease status. Consideration of the context of disease status, 
recent therapy and other characteristics not mentioned in 
stratification approaches is crucial.

FN with novel therapies

One key facet of pediatric oncology that is not addressed 
in the updated CPG’s or the risk stratification systems is 
the particular infection risk for patients receiving novel 
therapies such as targeted drugs, biotherapies and cellular 
therapies which have been increasing in use in pediatric 
oncology over the last decade (9). A recent position paper 
from the European Conference on Infections in Leukemia 
(ECIL) provides updates on current knowledge of infections 
associated with targeted and biotherapies and provides 
recommendations for a rational clinical management 
of prevention and treatment of infections in leukemia 
patients (10). Although this review targets patients with 
leukemia and includes both adults and pediatric patients, 
it provides updated recommendations on both antibody-
based therapies such as inotuzumab ozogamicin (InO) and 
gemtuzumab ozogamicin (GO), targeted small molecules 
like FLT3 and IDH inhibitors and the increasingly 
utilized BCL-2 inhibitor, venetoclax. Currently, InO 
and GO are being investigated in upfront therapy trials 
through the Children’s Oncology Group for high-risk 
pre-B acute lymphoblastic leukemia (B-ALL) and acute 
myeloid leukemia (AML), respectively [InO AALL1732 
(NCT03959085), GO AAML1831 (NCT04293562), 
GO prev ious l y  a s s e s sed  up f ront  in  AAML0531 
(NCT00372593)]. As these therapies are incorporated into 
standard of care regimens for pediatric oncology patients, 
improved knowledge surrounding the risk of infections and 
guidelines for appropriate empiric antimicrobial agents will 
be essential. Another recent review focused particularly on 
pediatric leukemia and lymphoma patients describes the 
risks of both acute infectious complications such as FN and 
longer-term effects of these therapies and their effects such 
as B-cell aplasia and hypogammaglobulinemia (11). Specific 
novel therapies such as pembrolizumab and blinatumomab 
have been associated with quite low rates of FN and severe 
infection, while therapies such as GO and chimeric antigen 
receptor T-cell (CAR-T) therapies have higher risks of 
grade 3 infections and FN. Inclusion of these therapies into 
risk-stratification systems and FN clinical guidelines will be 
crucial as these drugs move forward into upfront oncologic 
regimens.

CAR-T therapies, in particular, exist in a crossover 
between traditional chemotherapy-based oncology and 
myeloablative or reduced intensity stem cell transplantation 
and therefore confer a unique and understudied infectious 
risk. Administered with lymphodepleting chemotherapy 
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and with myelosuppressive cytokine-mediated activity 
itself ,  CAR-T therapies are commonly associated 
with some degree of neutropenia, as well as other 
immunosuppressive effects related to B-cell targeting 
including hypogammaglobulinemia. The ELIANA trial 
that led to the U.S. Food and Drug Administration 
(FDA) approval of tisagenlecleucel in pediatric patients 
reported a 35% occurrence rate of Grade III–IV febrile 
neutropenia and 43% rate of any grade infection among 75 
patients treated (12). A subsequent investigation at St. Jude 
Children’s Research Hospital particularly highlighted the 
characteristics of post-CAR-T infections, including type of 
infection and risk factors for infections (13). Investigators 
found that in 38 patients evaluated, bacterial bloodstream 
infections were the most common infectious complication 
post-CAR-T while viral infections, including reactivations, 
occurred infrequently and fungal infections were quite rare. 
Larger, more robust studies of CAR-T related infectious 
complications in pediatric patients will be needed to 
establish antimicrobial CPGs and empiric anti-infective 
strategies more formally.

Novel diagnostic strategies

One novel infection investigative technique that is not 
mentioned in Lehrnbecher and team’s updated CPGs is 
the use and timing of cell-free DNA infectious testing. 
Metagenomic next-generation sequencing (Karius® testing) 
of plasma cell-free DNA has emerged as an attractive 
diagnostic modality allowing broad-range pathogen 
detection, noninvasive sampling, and earlier diagnosis (14). 
Although the comprehensive clinical impact of this testing 
technique continues to be studied and further validation of 
the platform is needed, multiple investigations have shown 
its ability to identify otherwise unculturable or undetectable 
infections, particularly in severely immunocompromised 
leukemia and HCT patients (14-16). Specifically in the 
FN setting, this testing platform has shown high rates 
of positive agreement with culture results and reduced 
overall calculated time to diagnosis (TTD) compared to 
standard microbiological testing (17). One of the pitfalls 
of this technique remains the difficulty of obtaining real-
time results, however as the platform improves and TTD 
shortens, the testing could have a significant impact on 
antibiotic stewardship and the minimization of unnecessary 
antimicrobial exposure in FN patients (17). High sensitivity 
techniques such as this to detect commonly cryptogenic 
and highly morbid infections like invasive fungal infections 

or Pneumocystis jirovecii pneumonia earlier may impact 
the testing recommendations and ability to modify 
antimicrobial coverage earlier in high-risk FN patients (18).

International impact and application

As we consider the impact of the evolving landscape of 
pediatric oncology and HCT therapies and infection 
detection strategies, we must also consider how to apply 
these recommendations to resource-constrained global 
settings. Such attention is critical as over 80% of global 
pediatric cancers occur among children living in low- and 
middle-income countries (LMICs) (19). Moreover, despite 
significant gaps in data on the incidence of and mortality 
from childhood cancers in many LMICs, the existing data 
demonstrates nearly four-fold higher mortality rates from 
childhood cancers between regions of Africa and Asia as 
compared to North America (19). In high-income countries 
(HICs), infections are a major contributor to treatment-
related mortality (20) but comparable data are lacking from 
most LMICs, highlighting an important need for future 
research. In other aspects of oncological care, adaptations 
have been published to address contextual differences 
between HICs and LMICs (21). Similar adaptations will 
likely be needed in the management of FN due to these 
contextual differences. For example, access to investigations 
such as blood cultures and imaging are lacking in many 
resource-constrained settings and may be cost prohibitive 
if available, limiting the diagnostic data upon which to 
make evidence-based management decisions (22,23). 
Furthermore, reported rates of drug resistance are also 
higher (24), suggesting the need to adapt recommendations 
for first-line empiric therapies based on local epidemiology. 

Conclusions

Lehrnbecher et al. provide an updated and distinctively 
comprehensive critical review of the literature for pediatric 
FN in oncology and HCT, establishing well-defined CPGs 
for providers across many healthcare settings who care for 
these patients (1). As oncology and stem cell transplantation 
shift to incorporate more precision medicine with targeted 
therapies, lower toxicities and myelosuppression, and 
improved detection of infectious sources, these CPGs will 
need to be continuously evaluated. As highlighted by the 
difficulty defining a generalizable risk stratification approach 
for FN in pediatric oncology and HCT, adaptations will also 
be needed for this CPG to be practical for implementation 
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in resource-constrained settings. As oncologic care continues 
to evolve, separation of FN CPGs by patient population 
and characteristics may become necessary as the growth in 
treatment options adds complexity.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Translational Pediatrics. The article 
has undergone external peer review.

Peer Review File: Available at https://tp.amegroups.com/
article/view/10.21037/tp-23-368/prf

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://tp.amegroups.
com/article/view/10.21037/tp-23-368/coif).  AH is 
supported by the National Institute of Health – National 
Research Service Award (NIH-NRSA) Research Fellowship 
in Translational & Genomic Pediatric Cancer Epidemiology 
(No. T32CA099936). BKT has received grant funding 
from Merck, the Immune Deficiency Foundation, and the 
Centers for Disease Control and Prevention; honoraria 
from Horizon, Seegene, and Sanofi; and travel support 
from the Doximity Foundation. CLE is a consultant 
with Elixirgen Therapeutics, Inc. and is supported by 
the National Institutes of Health’s National Center for 
Advancing Translational Sciences (NIH NCATS) (Nos. 
KL2TR002492 and UL1TR002494). The authors have no 
other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 

See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Lehrnbecher T, Robinson PD, Ammann RA, et al. 
Guideline for the Management of Fever and Neutropenia 
in Pediatric Patients With Cancer and Hematopoietic Cell 
Transplantation Recipients: 2023 Update. J Clin Oncol 
2023;41:1774-85.

2. Lehrnbecher T, Phillips R, Alexander S, et al. Guideline 
for the management of fever and neutropenia in children 
with cancer and/or undergoing hematopoietic stem-cell 
transplantation. J Clin Oncol 2012;30:4427-38.

3. Lehrnbecher T, Robinson P, Fisher B, et al. Guideline 
for the Management of Fever and Neutropenia in 
Children With Cancer and Hematopoietic Stem-Cell 
Transplantation Recipients: 2017 Update. J Clin Oncol 
2017;35:2082-94.

4. Kumar A, Biswas B, Chopra A, et al. Early Discontinuation 
versus Continuation of Antimicrobial Therapy in Low 
Risk Pediatric Cancer Patients with Febrile Neutropenia, 
Before Recovery of Counts: A Randomized Controlled 
Trial (DALFEN Study). Indian J Pediatr 2021;88:240-5.

5. Santolaya ME, Alvarez AM, Acuña M, et al. Efficacy and 
safety of withholding antimicrobial treatment in children 
with cancer, fever and neutropenia, with a demonstrated 
viral respiratory infection: a randomized clinical trial. Clin 
Microbiol Infect 2017;23:173-8.

6. Santolaya ME, Alvarez AM, Acuña M, et al. Efficacy 
of pre-emptive versus empirical antifungal therapy in 
children with cancer and high-risk febrile neutropenia: 
a randomized clinical trial. J Antimicrob Chemother 
2018;73:2860-6.

7. Phillips RS, Lehrnbecher T, Alexander S, et al. Updated 
systematic review and meta-analysis of the performance 
of risk prediction rules in children and young people with 
febrile neutropenia. PLoS One 2012;7:e38300.

8. Delebarre M, Tiphaine A, Martinot A, et al. Risk-
stratification management of febrile neutropenia in 
pediatric hematology-oncology patients: Results of 
a French nationwide survey. Pediatr Blood Cancer 
2016;63:2167-72.

9. Heipertz AE, Pajtler KW, Pfaff E, et al. Outcome of 
Children and Adolescents With Relapsed/Refractory/
Progressive Malignancies Treated With Molecularly 
Informed Targeted Drugs in the Pediatric Precision 
Oncology Registry INFORM. JCO Precis Oncol 
2023;7:e2300015.

https://tp.amegroups.com/article/view/10.21037/tp-23-368/prf
https://tp.amegroups.com/article/view/10.21037/tp-23-368/prf
https://tp.amegroups.com/article/view/10.21037/tp-23-368/coif
https://tp.amegroups.com/article/view/10.21037/tp-23-368/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Hoover et al. Commentary on a pediatric oncology/HCT febrile neutropenia guideline1912

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2023;12(10):1908-1912 | https://dx.doi.org/10.21037/tp-23-368

10. Maschmeyer G, Bullinger L, Garcia-Vidal C, et 
al. Infectious complications of targeted drugs and 
biotherapies in acute leukemia. Clinical practice guidelines 
by the European Conference on Infections in Leukemia 
(ECIL), a joint venture of the European Group for Blood 
and Marrow Transplantation (EBMT), the European 
Organization for Research and Treatment of Cancer 
(EORTC), the International Immunocompromised Host 
Society (ICHS) and the European Leukemia Net (ELN). 
Leukemia 2022;36:1215-26.

11. Kyriakidis I, Mantadakis E, Stiakaki E, et al. Infectious 
Complications of Targeted Therapies in Children 
with Leukemias and Lymphomas. Cancers (Basel) 
2022;14:5022.

12. Maude SL, Laetsch TW, Buechner J, et al. 
Tisagenlecleucel in Children and Young Adults with B-Cell 
Lymphoblastic Leukemia. N Engl J Med 2018;378:439-48.

13. Maron GM, Hijano DR, Epperly R, et al. Infectious 
Complications in Pediatric, Adolescent and Young Adult 
Patients Undergoing CD19-CAR T Cell Therapy. Front 
Oncol 2022;12:845540.

14. Niles DT, Revell PA, Ruderfer D, et al. Clinical Impact of 
Plasma Metagenomic Next-generation Sequencing in a 
Large Pediatric Cohort. Pediatr Infect Dis J 2022;41:166-71.

15. Hogan CA, Yang S, Garner OB, et al. Clinical Impact of 
Metagenomic Next-Generation Sequencing of Plasma 
Cell-Free DNA for the Diagnosis of Infectious Diseases: 
A Multicenter Retrospective Cohort Study. Clin Infect Dis 
2021;72:239-45.

16. Smith L, Bliton K, Turner B, et al. Karius test as a 
noninvasive diagnostic tool in pediatric hematopoietic 
stem cell transplant patients with pneumonia: A case series. 
Pediatr Pulmonol 2023;58:2402-5.

17. Benamu E, Gajurel K, Anderson JN, et al. Plasma 
Microbial Cell-free DNA Next-generation Sequencing in 
the Diagnosis and Management of Febrile Neutropenia. 
Clin Infect Dis 2022;74:1659-68.

18. Foong KS, Mabayoje M, AlMajali A. Clinical Impact of 
Noninvasive Plasma Microbial Cell-Free Deoxyribonucleic 
Acid Sequencing for the Diagnosis and Management 
of Pneumocystis jirovecii Pneumonia: A Single-
Center Retrospective Study. Open Forum Infect Dis 
2022;9:ofac652.

19. Rodriguez-Galindo C, Friedrich P, Alcasabas P, et al. 
Toward the Cure of All Children With Cancer Through 
Collaborative Efforts: Pediatric Oncology As a Global 
Challenge. J Clin Oncol 2015;33:3065-73.

20. Loeffen EAH, Knops RRG, Boerhof J, et al. Treatment-
related mortality in children with cancer: Prevalence and 
risk factors. Eur J Cancer 2019;121:113-22.

21. Howard SC, Davidson A, Luna-Fineman S, et al. A 
framework to develop adapted treatment regimens to 
manage pediatric cancer in low- and middle-income 
countries: The Pediatric Oncology in Developing 
Countries (PODC) Committee of the International 
Pediatric Oncology Society (SIOP). Pediatr Blood Cancer 
2017;64:e26879. 

22. Israëls T, Kambugu J, Kouya F, et al. Clinical trials to 
improve childhood cancer care and survival in sub-Saharan 
Africa. Nat Rev Clin Oncol 2013;10:599-604.

23. Ombelet S, Ronat JB, Walsh T, et al. Clinical bacteriology 
in low-resource settings: today's solutions. Lancet Infect 
Dis 2018;18:e248-58.

24. Global burden of bacterial antimicrobial resistance in 
2019: a systematic analysis. Lancet 2022;399:629-55.

Cite this article as: Hoover A, Thielen BK, Ebens CL. Fever 
and neutropenia in pediatric oncology and stem cell transplant 
patients: an editorial commentary on updated international 
clinical practice guidelines. Transl Pediatr 2023;12(10):1908-1912. 
doi: 10.21037/tp-23-368


