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ABSTRACT 

Background: Cystic fibrosis (CF) is an autosomal recessive inherited chronic disorder that predisposes adults to gastrointestinal 
malignancies. The latter has not been observed in children, perhaps due to the limited documentation of the copresentation of 
childhood cancer in CF. The following review will provide a comprehensive overview of the relevant literature on this subject. 
Methodology: The objective of this study was to identify cases in Belgium over a 25-year period and to review the literature for 
similar cases. Our secondary objective was to identify areas of attention during oncological management based on the clinical 
cases and extant literature. 
Results: Four cases were diagnosed in Belgium and a further 10 cases were identified in the literature. These fourteen cases 
exhibited a 1:1 male-to-female ratio. Four cases were hematological malignancies, and 10 cases were solid tumors, predominantly 
neuroblastomas and osteosarcomas. No specific age group predominated at the time of diagnosis of the malignancy. As the 
literature indicated that organs were at risk in all systems, at increased risk for treatment toxicities, and a need for increased 
nutritional and antimicrobial support. The threshold for intervention with supportive care should be substantially lower than in 
non-CF patients. These patients are predisposed to an increased risk for premature morbidity and mortality. 
Conclusion: Short and long-term CF-specific survivorship care plans should be developed based on both disease entities in 
anticipation of compounded risks for early cardio-respiratory disease and an increased awareness of secondary cancer screening. 
Research into the copresentation of these diseases should be promoted. 

Abbreviations: B-ALL, B-cell acute lymphoblastic leukemia; CF, cystic fibrosis; CFLD, cystic fibrosis-related liver disease; CFTR, cystic fibrosis transmembrane conductance regulator; CFRD, cystic 
fibrosis-related diabetes; DIOS, distal intestinal obstruction syndrome; DKA, diabetic ketoacidosis; GI, gastrointestinal; PERT, pancreatic enzyme replacement therapy; PTLD, posttransplant 
lymphoproliferative disease; PwCF, persons with cystic fibrosis. 
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 Introduction 

ystic fibrosis (CF) is an autosomal recessive inherited disorder
ffecting the CF transmembrane conductance regulator (CFTR)
rotein, causing a chronic, life-limiting damage to the lungs,
ancreas, and other gastrointestinal and endocrine organs [ 1 ].
mpairment of the transport over the CFTR -channel leads to
ysregulated hydration and pH levels in the mucosal surfaces and
pithelial secretions [ 1 ]. Complications include impaired mucus
learance from the lungs, facilitating pulmonary colonization and
acterial infection [ 1 ]. The incidence of CF is one in 2500 to 3500
n Caucasian groups, one in 17,000 in black ethnic groups, and
ne in 31,000 in Asiatic groups [ 2, 3 ]. 

he dysregulation of the CFTR -gene and, consequently the
ranscellular transportation of substances, increases the predispo-
ition to cancerous transformation of colorectal, pancreatic, and
espiratory malignancies [ 4 ]. Furthermore, the chronic inflam-
ation and the dysregulated immune response create a pro-
ncogenic environment [ 4 ]. Mutations in the CFTR gene have
een linked to an increased risk of various cancers, because CFTR
ene functions as a tumor suppressor, and its dysfunction can
ead to carcinogenesis through several mechanisms, including
pigenetic silencing and dysregulation of signaling pathways [ 5 ].
his connection is present in both persons with CF (PwCF) and
eterozygous carriers of CFTR mutations [ 6 ]. 

n general, the incidence of malignancies in PwCF is similar
o that in the general population and the risk is even lower
or malignant melanoma [ 7, 8 ]. The malignancies associated
ith CF that have a higher incidence, such as breast cancer,
olorectal cancer, and pancreatic tumors, are primarily found
n adults [ 8 ]. Historical data suggest that PwCF do not have
n elevated overall cancer risk, but adult PwCF do demonstrate
 threefold to sixfold increased risk of developing malignan-
ies of the gastrointestinal tract [ 9, 10 ]. This risk significantly
ncreases when receiving a lung transplant due to the need for
mmunosuppressive medication [ 9, 10 ]. 

hildhood cancer is a heterogeneous group of malignancies [ 11 ].
nlike adult tumors, childhood malignancies often originate
rom primordial or embryonic cells and may involve somatic or
ermline mutations, often being associated with syndromes [ 11 ].
he global age-standardized incidence rate of childhood cancer is
0.5 per 100,000 children under 18 years, or one in 9524 children
 12 ]. The incidence of childhood cancer in children living with
F is not documented. The calculated synchronous cumulative
ncidence of CF and childhood cancer is one in 23,810,000 for
aucasian children, one in 161,908,000 for black children, and
ne in 295,244,000 for Asian children. A case series from Austria
dentified 11 cases of malignancy in 229 patients followed at a CF
enter over a 24-year period, of whom three were below the age of
8 years [ 13 ]. A study conducted in the United Kingdom reported
hat 5% of PwCF who develop cancer are children [ 14 ]. 

hen a child is diagnosed with cancer and has a comorbidity,
areful assessment of their overall health and organ function
s a crucial consideration during cancer treatment. Medication
nteractions, polypharmacy, and increased toxicity risks must
e monitored, and multidisciplinary coordination should ensure
alanced management of both the malignancy and any coexisting
of 16

t

conditions [ 15 ]. Due the low incidence of malignancies in PwCF,
especially in children, there is little known regarding the effect of
CF, oncological diagnoses, and the management of both disease
entities on each other [ 15 ] as well as the prevention of further
deterioration of CF during management to prevent death [ 16 ]. 

The aim of this descriptive case series was to evaluate the charac-
teristics of children with CF developing pediatric malignancies in
Belgium and in the literature and to provide practical overview in
the diagnosis, treatment, and follow-up of these children. 

2 Methodology 

All Belgian pediatric oncology units were invited to include
PwCF under the age of 18 years diagnosed with pediatric tumors
between 2000 and 2024. Data on both the CF and oncological
management were sourced. Individual consent was granted to use
patient data. 

A comprehensive literature search was conducted via PubMed,
Google Scholar, Web of Science, and Researchgate as well as gray
literature and reference screening of identified articles (Figure 1 ).
There were no restrictions on language or publication date.
The search used the keywords “cystic fibrosis” AND “childhood
cancer” or “tumor”; “cystic fibrosis” AND “cancer” AND “child”;
and/or “adolescent” and/or “infant” (Table S1 ). Inclusion criteria
included case reports, case series, reviews, and research studies
that included cases or discussions of synchronous childhood
cancer and CF topics. Records were excluded if the articles only
discussed synchronous adult cancer and CF topics and cases.
Additional cases were identified by consulting cited references
of the identified articles. Since the incidence of synchronous
childhood cancer and CF is low, the decision was taken to select
all articles containing at least one pediatric case based on the title
and abstract. From a total of 122,632 records identified, 13 records
containing one or more pediatric CF synchronous cancer case
were included. 

According to institutional policies, ethical approval was not
required for this retrospective case series. The study was con-
ducted in accordance with the Declaration of Helsinki. Written
informed consent for publication of clinical details was obtained
from the patients and/or their legal guardians. All identifying
information has been anonymized. 

3 Results 

3.1 Case Presentations in Belgium 

In the 24-year period under consideration, only four Belgian
children under medical care for CF developed a childhood
malignancy. Table 1 shows the characteristics of all four cases. 

In 2009, an 11-month-old male was diagnosed with embryonal
hepatoblastoma with pulmonary metastasis. The patient was
identified as a PwCF through neonatal screening and confirmed
with genetics at 1 month. In 2019, a 16-year-old male was
diagnosed with embryonal carcinoma of his right testis. The
patient was diagnosed with CF at the age of four after developing
Pediatric Blood & Cancer, 2026
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FIGURE 1 PRISMA flow diagram 
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 chronic lung disease. In 2021, a 12-year-old male was diagnosed
ith B-cell acute lymphoblastic leukemia (B-ALL) after the
atient was identified as PwCF through neonatal screening and
onfirmed with genetics at 1 month. The fourth patient is a 4-
ear-old female who was diagnosed in 2024 with B-ALL after the
atient was identified as PwCF through neonatal screening and
onfirmed with genetics at 1 month. Three of the four patients are
n remission with the fourth in remission and currently receiving
er maintenance treatment for B-ALL. 

.2 Case Studies From International Literature 

 review of the literature revealed eight cases of childhood cancer
iagnosed in children with CF between 1983 and 2025. From an
ustrian case series of 11 PwCF that developed malignancies,
hree patients were children [ 13 ]: a 9-month-old girl with neu-
oblastoma, and a 14-year-old and 17-year-old girl with B-ALL.
he two patients with B-ALL succumbed to treatment-related-
oxicity, a development that was not related to their CF diagnosis,
hile the patient with neuroblastoma died of disease progression
fter relapse. The remaining seven cases are briefly summarized
n Table 2 . These cases included a male neonate and a 1-year-
ld male diagnosed with neuroblastoma [ 17 ], a 5-year-old male
ediatric Blood & Cancer, 2026
[ 18 ] and a 13-year-old male with colonic adenocarcinoma [ 19 ],
a 16-year-old male diagnosed with osteosarcoma [ 20 ], a 9-year-
old female with an Askin tumor [ 21 ], and a 3-year-old girl with
bilateral Wilms tumor [ 22 ]. 

In summary, these 10 cases exhibited a 1:1 male-to-female ratio.
Of the cases examined, only two were hematological malig-
nancies, with the remaining eight cases consisting of solid
tumors, predominantly neuroblastomas and osteosarcomas. The
analysis revealed that no specific age group predominated at the
time of diagnosis of the malignancies. None of the cases were
posttransplant patients. 

3.3 Literature Review and Discussion 

Despite the absence of documented disparities in the prevalence
of childhood cancer among children with CF, the underlying
pathophysiology of CF may nevertheless warrant additional
attention when evaluating cancer-related symptoms. The chal-
lenge lies in the fact that the spectrum of CF disease can
result in a delayed diagnosis of malignancies due to presence of
overlapping symptoms, such as chronic cough, weight loss, and
fatigue. The base line inflammation and chronic infections in CF
3 of 16
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an also obscure cancer-specific signs on radiological imaging.
iven these findings, it is imperative for healthcare providers to
aintain vigilant monitoring for potential malignancies in PwCF,
specially when persistent or unexplained symptoms arise. The
mportance of early detection and intervention in improving
ancer-related outcomes for this vulnerable population cannot be
verstated. 

etween 2004 and 2022, there were 9618 children aged 0–18 years
iagnosed with cancer in Belgium of which only four were PwCF.
lthough the sex-distribution for childhood cancers in CF were
qual. Most studies on overall cancer risk in CF, focused on
dults with gastrointestinal or colorectal malignancies, show an
qual or male-predominant distribution [ 23, 24 ]. The mean age
f the four Belgian patients was 8.2 years compared with 4–6
ears globally. All four children were cured or in remission from
heir malignancies, which is in line with the 83% 10-year overall
urvival for children under 16 years documented in Belgium.
ne patient, 25%, developed a secondary malignancy which is
igher than the 5–10% cumulative incidence rate over 30 years
ecorded in children. Although the pulmonary function of the
roup changed approximately by 10% each, the values remained
ithin normal values for their age groups. The outcomes for
wCF diagnosed with childhood cancer are comparable to non-
F patients treated for childhood cancer, but the very small
ample size makes it statistically unreliable for the purpose of
rawing conclusions. 

n the pediatric cases, solid tumors were observed to be partic-
larly prevalent, with neuroblastoma and osteosarcoma being
ost encountered, but the data cannot show any specific tumor-
ype predilection in children, because the numbers are far too
mall. CFTR has also been demonstrated to function as a tumor
uppressor gene in the intestine, when not functioning, leads
o gastrointestinal malignancies in adults [ 25, 26 ]. Neuroblas-
oma, a pediatric cancer, originates from neural crest derivatives,
hile osteosarcoma arises from mesenchymal bone precursors,
oth relying on CFTR in maintaining physiological homeostasis
 25, 26 ]. CFTR is not associated in the pathogenesis of either
onditions; therefore, we postulate that the finding is coinci-
ental or a reporting bias due to the limited number of cases
ublished. 

he impact of the pathophysiology of CF, such as persistent
eutrophilic inflammation, immune dysregulation, and auto
mmune-like responses, on oncological treatment can potentially
orsen the CF bacterial status and limit optimal oncological
are during treatment. One such example is the overreaction
o foreign proteins, like asparaginase (an enzyme derived from
acteria, often E. coli or Erwinia ), which was also evident in
he fourth Belgian patient. The patient diagnosed with B-ALL
eveloped allergies as well as antibodies, or silent inactiva-
ion, against E coli asparaginase and Erwinia asparaginase.
he likelihood of developing allergic reactions against E coli
sparaginase is 3–37% [ 27 ], developing antibodies against E
oli asparaginase 30–70% [ 28 ] and antibodies against Erwinia
sparaginase 8–38% [ 29, 30 ]. The likelihood of a single patient
eveloping all these reactions is approximately 5–8% [ 30 ]. In a
isease that predisposes to immunological comorbidities, such
s CF, it is imperative that patients are observed with utmost
igilance. 
ediatric Blood & Cancer, 2026
In the context of concurrent management of CF and a childhood
malignancy, there is an increased requirement for patient-
directed management and supportive care. This includes antimi-
crobial prophylaxis (see Table 3 ) and CF-disease modulators due
to repeated infections during neutropenia. 

3.3.1 Infection Screening and Antimicrobial Therapy 

Infection prevention strategies are imperative to reduce the
burden of respiratory infections. Given the potential preexisting
colonization of PwCF with pathogens at the time of diagnosis
and at the onset of chemotherapy-induced neutropenia, the
threshold for antimicrobial therapy should be lower than in
non-CF patients with empirical antibiotic strategies adapted to
colonization [ 31–34 ]. No universal guidelines mandate screening
for all children diagnosed with cancer, but it is recommended
for those at high infection risk or patients with specific comorbid
diseases. Therefore, we recommend establishing the colonization
pattern of all PwCF diagnosed with childhood cancer. 

Bronchoscopy with bronchoalveolar lavage (BAL) in childhood
cancer patients, although safe with a high diagnostic yield, is not
routinely indicated, but depends entirely on clinical indications.
The CF-based indications for the frequency of BAL are thus indi-
cated during oncological management with additional screening
per indication during acute episodes. 

Invasive fungal and mold infections add to both short- and
long-term morbidity and mortality in pediatric oncology [ 1 ].
Aspergillus fumigatus has also been associated with worse
respiratory outcome in PwCF [ 35 ]. However, treatment with
prophylactic antifungals remains controversial and does not cor-
relate with enhanced pulmonary function [ 36 ]. Yet, repeated or
prolonged episodes of neutropenia due to chemotherapy or stem
cell transplantation are indications for prophylactic antifungal
treatment during oncological management, independent of CF
status. 

3.3.2 Supportive Care 

During both intensive and maintenance chemotherapy treat-
ment, a number of mitigation strategies are of vital importance
as supportive care for the oncological management, but also
to prevent deterioration of the clinical CF status ( see Table 3 )
[ 37 ]. It is important to provide aggressive nutritional support
to maintain already increased cellular demands. Physiotherapy
should preventatively be initiated to prevent both pulmonary
and musculo-skeletal deterioration [ 38 ]. Close surveillance of
organ functions should be regularly planned based on combined
tumor-specific protocols and CF-guidelines [ 37 ]. 

Continuous pharmacovigilance is imperative when prescribing
therapy for PwCF. Polypharmacy in CF necessitates dosage
adjustment due to potential CYP450 induction or inhibition. Con-
comitant administration with chemotherapeutic and supportive
agents increases the likelihood of pharmacological interactions,
including QT prolongation, nephrotoxicity, and hypersensitivity
reactions [ 39 ]. Such interactions may compromise treatment
9 of 16
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TABLE 3 Antimicrobial prophylaxis considerations and mitigation strategies during immunosuppressive therapy with GRADE strength of 
recommendation and level of evidence [ 30–33 ]. 

Prophylaxis Reason Recommendations 

Infection-related considerations 
Bacterial infections Prevent Gram-negative (e.g. Pseudomonas 

aeruginosa ) and Gram-positive infections 
during neutropenia; CF patients often 

colonized 

During prolonged chemotherapy-related 
high-risk neutropenia (absolute neutrophil 
count < 500/ µL) start levofloxacin [moderate, 

Level II] 
Fungal infections 
CF may predispose to Aspergillus 

Patients at high risk for Candida and 
Aspergillus infections with 

chemotherapy-induced neutropenia or 
mucositis 

During AML treatment or HSCT with 
prolonged neutropenia start Fluconazole for 
Candida or Posaconazole preferred for 

broader coverage [high, Level I] 
Echinocandins or a mold-active azole [high, 

Level I] 
Viral infections Reactivation of HSV or VZV during 

chemotherapy; immunocompromised state 
increases severity. 

Oral valaciclovir or aciclovir prophylaxis in 
HSV/VZV-seropositive patients receiving 
intensive chemotherapy [high, Level I] 

Pneumocystis jirovecii 
Chemotherapy-related 
immunosuppression increases 
infection risk 

High risk with lymphopenia, steroids, or 
certain cancer regimens and HSCT 

Trimethoprim–sulfametoxazol is first line. 
Alternatives: pentamidine, dapsone, 

atovaquone if trimethoprim–sulfametoxazol 
is not tolerated. 

Mycobacterial infections 
No routine screening during 
oncological management, but 
increased in CF 

Nontuberculous mycobacteria common in 
CF but no routine prophylaxis unless prior 

history or high risk 

Consider azithromycin in select CF patients 
with recurrent nontuberculous 
mycobacteria, but caution with 

resistance/side effects [low-moderate, Level 
III-IV] 

Supportive care considerations 
Immunoglobulin replacement CF may impair mucosal immunity; 

chemotherapy impairs humoral immunity. 
Intravenous immunoglobulins if IgG 

< 400 mg/dL or with recurrent infections. C 

Special consideration in B-cell depleting 
therapy like rituximab [moderate, Level II] 

Vaccination 
Vaccination during chemotherapy 
may result in suboptimal immune 
responses and not advised 

Prevent vaccine-preventable infections (e.g., 
influenza, pneumococcus, and seasonal 

infections like COVID-19) 

Annual flu vaccine, PCV/PPSV23, COVID-19 
vaccine. 

Avoid live vaccines during intensive 
immunosuppression and chemotherapy 

treatment [high, Level I] 
CF-specific inhaled antibiotics Chronic colonization with Pseudomonas or 

Burkholderia in CF patients or at physician 
discretion for MRSA, Achromobacter 

xylosidans , Stenotrophomonas maltophilia , 
and NTM infections 

Continue if previously prescribed for airway 
suppression; evaluate on a case-by-case basis 
during cancer treatment; the threshold to 
commence inhaled antibiotics should be 

lower during oncology treatment. 
Mitigation strategy 
Infections Employ strict neutropenic precautions and close infection surveillance [high, Level I] 

Perform frequent respiratory sampling of sputum cultures or throat swabs for surveillance 
[high, Level I] 

Treat respiratory infections immediately and aggressively, initiate eradication therapy even if 
the patient is asymptomatic [high, Level I] 

There should be a lower threshold to initiate antibiotics in CF patients with fever or 
neutropenia with investigations directed to a potential source [moderate, Level II–III]. 
Maintain heightened vigilance for atypical CF pathogens like Burkholderia cepacia or M. 

abscessus [moderate, Level III] 

(Continues) 
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TABLE 3 (Continued) 

Prophylaxis Reason Recommendations 

Lung function Close pulmonary monitoring, baseline pulmonary function tests, chest physio support [high, 
Level I] 

Medication dosing [78] Evaluate drug interactions and adjust according to international guidelines; adjust based on 
pharmacokinetics and therapeutic drug monitoring [high, Level I] 

Nutrition [ 38 ] Aggressive enteral or parenteral nutritional support [moderate, Level II] 
Hepatic/gastrointestinal problems 
[79] 
Chemotherapy can cause chemical 
transaminases and predispose to 
liver cel damage 

Monitor liver functions, use pancreatic enzyme therapy, adjust hepatotoxic medication 
[high, Level I] 

If there is evidence of cholestasis or rising liver enzymes, consider adding ursodeoxycholic 
acid [low to moderate, Level II–III] 

Vincristine can cause constipation during treatment. Use laxatives and stool softeners 
proactively in CF patients at risk for constipation or distal intestinal obstruction syndrome 

[high, Level I]. 
Ensure adequate hydration and early use of osmotic agents. If a severe obstruction occurs, 

bowel washouts might be necessary but avoid enemas or bowel washouts during 
neutropenia due to infection risk [high, Level I]. 

Psychosocial problems [80] Provide comprehensive psychosocial support involving the CF care team, oncology team, 
and mental health professionals [Moderate, Level II] 

Abbreviations: CF: cystic fibrosis, AML: acute myeloid leukemia, HSCT: hemopoietic stem cell transplant. 
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dherence and modify oncolytic pharmacokinetics or dosing
fficacy [ 40 ]. 

FTR modulator therapy lowers the requirement for adjunctive
ymptomatic treatments, thereby reducing therapeutic burden.
owever, overlapping toxicities, such as hepatotoxicity and neu-
opsychiatric effects, are shared with oncologic regimens [ 1 ].
iven that CFTR modulators undergo extensive metabolism via
YP3A4 and CYP3A5, the potential for clinically relevant drug–
rug interactions, particularly with CYP3A4 modulators, under-
cores the necessity for heightened awareness in therapeutic
anagement [ 1 ]. 

.4 Respiratory Diseases in CF 

he complexity and potentially deadly nature of respiratory infec-
ions in CF is further compounded by the presence of polymicro-
ial infections during neutropenic events due to chemotherapy
 41 ]. The early and precise detection of pathogens remains
mportant and therefore frequent respiratory sampling is sug-
ested, ideally by expectorating sputum especially when testing
or bacterial and atypical infections, although oropharyngeal
wabbing also has a good yield in viral infections [ 41 ]. It is
mperative that sampling is performed both as surveillance and
ctive identification of organisms during pulmonary exacerba-
ions [ 41 ]. During oncological management, especially during
eutropenia, combined sampling of sputum and swabbing is
dvised, as is pathogen-specific testing using the most sensitive
CR techniques. In most oncological diagnoses, CT-imaging of
he lungs is part of the standard diagnostic work-up. In cases
here it is not, a multidisciplinary team decision should guide
he indication for CT-imaging [ 42 ]. 

rophylactic and targeted treatments should be based on CF
isease severity and oncological treatment at cancer diagnosis
ediatric Blood & Cancer, 2026
[ 41, 43 ]. Pseudomonas aeruginosa infections require immediate
antibiotic treatment, regardless of symptoms, with the eradi-
cation of the infection being the primary objective [ 41, 43 ].
While the protocols for other pathogens are less clearly defined,
increased vigilance is advised for organisms, such as Mycobac-
teroides abscessus and Burkholderia cepacian [ 1 ]. Antimicrobial
susceptibility testing is a poor predictor of clinical response and
treatment should be guided by the pathogen and clinical response
[ 44, 45 ]. The duration of treatment has been the subject of debate
in CF, but mostly exists of a 10- to 14-day course [ 46 ]. Established
airway clearance techniques and use of mucoactive agents in
PwCF apply in equal measure during oncological treatment
[ 46–48 ]. 

3.5 Cardiopulmonary Toxicity Considerations 

PwCF face significant risks when receiving cardiopulmonary-
toxic chemotherapy due to their compromised lung function and
systemic vulnerabilities [ 49, 50 ]. Chemotherapy agents, such as
bleomycin, busulfan, and anthracyclines, can exacerbate existing
lung damage, causing pneumonitis, fibrosis, or heart dysfunction
[ 49, 50 ]. The reduced pulmonary reserve increases the possibility
of severe respiratory complications, while the chronic inflamma-
tory state and nutritional deficiencies heighten susceptibility to
cardiotoxic effects, such as cardiac failure or arrhythmias [ 49,
50 ]. Detecting these symptoms remain challenging since dyspnea
and fatigue overlap with baseline CF manifestations. A com-
prehensive array of preventive measures has been established,
encompassing thorough baseline assessments of lung function
and cardiac status, followed by close monitoring throughout
the treatment period [ 49, 50 ]. Adapting treatment to reduce
cardiopulmonary toxicity, adjusting doses, and providing aggres-
sive pulmonary support and nutritional optimization should
continuously be discussed in a multidisciplinary team involving
pulmonologists, cardiologists, oncologists, and dieticians [ 49, 50 ].
11 of 16
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uring oncological management lung function tests are indicated
nce after treatment completion with additional lung function
ests indicated per clinical indication or in chemotherapy reg-
mens with specific pulmonary side effects, such as bleomycin
 51, 52 ]. Performing lung clearance index measurements through
ultiple breath washout is a valuable method for monitoring
entilation inhomogeneity in PwCF, but its potential application
uring oncology treatment is still being investigated [ 53 ]. It is
ighly recommended and increasingly being used in children
ver 3-years old, especially with conditions like CF [ 54 ]. In
ncological management, it may potentially be more beneficial,
ecause it is more sensitive to early small airway disease than
pirometry, requires only tidal breathing without active patient
ooperation, and is feasible in unsedated children [ 54 ]. 

lthough global consensus guidelines are yet to be established,
ardiac ultrasound to evaluate cardiac function and anomalies
re standardly done before initiation and after completion of
hemotherapy, with increased frequency during doxorubicin
herapy, lung irradiation, and stem cell transplant [ 55 ]. During
ate-effects management a cardiac evaluation is indicated every
 years. In summary, the frequency of pulmonary evaluations
hould be based on CF-guidelines and cardiac evaluations
ccording to pediatric oncology guidelines, based on the highest
requency of evaluations respectively. 

.6 Hepatogastric Considerations in CF and 

ncology Treatment 

wCF have been shown to exhibit a marked increase in energy
emands due to chronic inflammation, malabsorption, and
ersistent pulmonary infections [ 56 ]. Cancer treatment further
xacerbates this demand, as chemotherapy and radiotherapy
ncrease metabolic stress. This necessitates close monitoring of
aloric intake, protein consumption, and micronutrient supple-
entation to prevent malnutrition, which can negatively impact
oth CF and oncological outcomes [ 56 ]. 

F patients with pancreatic insufficiency require pancreatic
nzyme replacement therapy (PERT) to ensure adequate diges-
ion and absorption of fats and proteins [ 57 ]. Oncology treat-
ents, especially those affecting the gastrointestinal tract, can
urther impair enzyme function and nutrient absorption, increas-
ng the risk of malnutrition [ 57 ]. It is essential to adjust PERT
osages in response to weight changes, altered stool consistency,
r worsening malabsorption [ 57 ]. 

uring oncological treatment, there is an increased risk of
epatotoxicity predisposing CF patients, who are already at an
ncreased risk to develop liver disease, characterized by fibrosis,
holestasis, and cirrhosis [ 58 ]. Many chemotherapeutic agents,
articularly methotrexate, vincristine, busulfan, and tyrosine
inase inhibitors, are hepatotoxic, thereby potentially exacer-
ating pre-existing liver dysfunction. Close monitoring of liver
nzymes and bilirubin levels are crucial [ 59 ]. Ursodeoxycholic
cid administration may be considered during oncological man-
gement for patients with cholestasis to promote bile flow and
educe liver inflammation especially during stem cell transplant
 59 ]. 
2 of 16
PwCF have an increased predisposition to pancreatitis, pri-
marily in pancreatic-sufficient individuals with CF, due to
pancreatic duct obstruction and genetic factors, compared with
non-CF patients. Certain chemotherapeutic agents, such as l -
asparaginase, 5-fluorouracil, and corticosteroids, further elevate
this risk [ 60 ]. Therefore, symptoms such as abdominal pain,
nausea, and vomiting should not only be evaluated from an
oncological perspective, but also in the context of CF compli-
cations [ 60 ]. Avoiding unnecessary pancreatic-toxic medications
and maintaining hydration within the limitations of CF disease
are essential preventive strategies [ 61 ]. The development of
these complications may occur within hours, with or without
symptoms, such as abdominal pain and vomiting, or silently over
the course of a month, as is the case with pancreatic cysts [ 62 ].
Considering these observations, we propose regular screening, as
illustrated in Table 4 . 

Gastrointestinal dysmotility in CF increases the likelihood of con-
stipation and distal intestinal obstruction syndrome (DIOS),
which can be worsened by chemotherapy, such as vincristine,
dehydration, opioid pain management, and reduced physical
activity [ 58 ]. Laxatives should be used proactively in at-risk
patients [ 58 ]. Bowel washouts may be required in severe DIOS
cases, but are not recommended during periods of neutropenia
as this may cause life-threatening infections [ 58 ]. 

Small intestinal bacterial overgrowth (SIBO), present in 30–70%
of children with CF [ 63 ], where intestine has increased perme-
ability due to chronic inflammation and dysbiosis [ 61 ]. Clinical
signs attributed to SIBO are abdominal bloating, diarrhea,
malabsorption, bacterial translocation, and sepsis, especially in
neutropenic patients [ 56, 61 ]. This may be increased during
episodes of chemotherapy-related mucositis. Therefore, intra-
venous antibiotics should be prioritized for febrile episodes in
these patients and the threshold for feces-related investigations
should be low [ 61 ]. The utilization of probiotics in patients
receiving chemotherapy remains a subject of debate, but is not
generally recommended [ 64 ]. 

3.7 Endocrinological and Dietary Considerations 
in CF During Oncological Treatment 

During oncological therapy, infections, stressful procedures, such
as surgery, and drug-related allergic reactions may affect glu-
cose metabolism due to stress responses in the body [ 65, 66 ].
Radiotherapy or surgery to especially the hypothalamus and
hypophysis or any hormone-producing or -regulating organ can
reduce the capacity of the body to regulate hormones further n
PwCF who potentially already have a reduced capacity. Glucose
tolerance in PwCF should be tested annually using a 2-h 75-g
oral glucose tolerance test, starting at 10-years old with additional
testing per clinical indication during oncological treatment [ 66 ]. 

In combination with oncological treatment, PwCF with exocrine
pancreatic insufficiency have an insulin deficiency that worsens
with age, and insulin secretion is reduced even in those with nor-
mal glucose tolerance [ 59, 60 ]. With impaired glucose tolerance,
diabetes become more prevalent, a condition known as CF-
related diabetes [ 59, 60 ]. In CF, as in diabetes, the insulin response
to a glucose load or meal is reduced in amplitude and delayed
Pediatric Blood & Cancer, 2026
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TABLE 4 Toxicity screening suggestions during pancreatic-toxic chemotherapy administration 

Investigation Frequency Motivation 

Electrolytes and liver enzymes Weekly Secretory and hormonal dysregulation with 
concomitant hepatotoxicity, prone to hyponatremia 

and hypokalemia 
Lipase or amylase Weekly Predisposition to pancreatitis 
Abdominal ultrasound Monthly Development of pancreatic cysts 
Urine glucose monitoring Weekly Endocrine function deregulation 
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ompared with healthy individuals, while basal insulin secretion
s relatively preserved [ 61 ]. The primary cause of impaired glucose
olerance in CF is insulin deficiency, which should be treated
ith insulin [ 59, 60 ]. Patients receiving oncological treatment
ith poor nutritional status have poorer outcomes. Therefore,
dentifying CF-related diabetes in need of insulin is paramount
s insulin improves lung function and nutritional status in PwCF
 61 ]. In oncology care, monitoring glucose levels and inform-
ng the pediatric endocrinologist is essential because certain
hemotherapy drugs (e.g., dexamethasone) can affect glucose
etabolism, and nonchemotherapy agents or hyperhydration
ay be given in glucose-containing solutions [ 59, 61 ]. 

hen PwCF do develop hypoglycemia, the internationally rec-
mmended algorithms for the diagnosis of the underlying cause
hould be followed [ 65, 67 ]. Diabetic ketoacidosis (DKA) is rare
n CF-related diabetes but can still occur [ 65, 66 ]. The treatment
f DKA should be performed in accordance with national or
nstitutional guidelines [ 67 ]. 

ith pre-existing CF-related diabetes, or during the development
f diabetes secondary to oncological treatment, the dietary advice
s not the same as in other forms of diabetes and that a “diabetes
iet” may not be indicated. Families should be discouraged from
educing calorie intake to avoid insulin treatment. During onco-
ogical treatment, chemotherapy-induced nausea and vomiting,
astrointestinal infections or radiotherapy, and surgery-related
rocedures will reduce intake, all measures to promote caloric
ntake should be preserved. These include antiemetics, man-
gement of mucositis and infections, and maintaining a low
hreshold to place a naso-gastric or nasoduodenal feeding tube
 67 ]. Guidance from a dietician regarding adequate nutrition
emains a priority, and a diet high in calories and fats, comprising
5–40% of calories, should be continued [ 67 ]. This combination
ptimize diabetes regulation and promote weight gain, which
s essential to counter the catabolic effect of the tumors and
ncological treatments. Food intake should not be reduced to
egulate blood glucose levels, but meals and snacks should be
aten regardless of blood glucose levels to promote continuous
egulation [ 67 ]. Protein intake should be 1.5–2.0 times the daily
ecommended intake [ 67 ]. A high salt diet, especially in warm
onditions and/or with increased sweating, should be maintained
 67 ]. If the loss of weight exceeds 10% of the body weight at
iagnosis despite oral or naso-tube feeding, intravenous feeding
ust be started. 

at-soluble vitamin deficiencies must be monitored, as these
utrients are crucial for immune function and tissue repair
ediatric Blood & Cancer, 2026

t

[ 67 ]. There should be a low threshold to supplement PwCF,
given that physiological doses do not impair the efficacy of
chemotherapy agents, but support normal organ functions and
prevent complications [ 68 ]. 

3.8 Fertility 

Males with CF are infertile in approximately 97–98 % of cases
due to congenital bilateral absence of the vas deferens, but many
can produce spermatozoa and achieve biological fatherhood via
assisted reproductive technologies [ 69 ]. Females with CF remain
in general fertile, but may experience fertility problems due to
thickened cervical mucus, irregular or absent ovulation [ 70 ]. 

In addition to CF-related infertility, chemotherapy can further
decrease the fertility potential in pediatric patients [ 71 ]. There-
fore, counseling from a fertility expert should be offered before
start of oncological treatment to ensure future reproductive
prospects [ 71 ]. 

3.9 Outcomes Considerations 

Survival outcomes for PwCF who underwent oncological treat-
ment during childhood are poorly documented in the literature.
To predict the potential outcomes when combining long-term
survivorship data for both diseases, it is necessary to consider
the patients’ risk for premature mortality due to decreased pul-
monary and cardiac reserves and increased late effects burdens.
Therefore, clinicians should be especially vigilant in long-term
monitoring and aggressive management of organ dysfunction,
secondary malignancy screening, and multidisciplinary care for
CF patients who survived childhood cancers. This includes
advance care plans and palliative care strategies. 

CF patients who undergo oncological treatment may be predis-
posed to increased risks of developing secondary malignancies
due to posttreatment chronic inflammation, frequent infections,
and oxidative stress that can contribute to mutagenesis [ 72 ].
This is further exacerbated by the interaction of CFTR mutations
with DNA repair genes or cancer susceptibility loci [ 4 ]. Post
lung transplantation PwCF are at a 10-fold increased risk to
develop secondary malignancies compared with non-CF trans-
plant recipients [ 73 ]. Posttransplant lymphoproliferative disease
(PTLD) in PwCF was 1.66 higher than in non-CF patients and
gastrointestinal malignancies were 20 times higher [ 73 ]. Since
the average age for lung transplantation is 20 years, limited
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ediatric data are available [ 74 ]. Yet, the incidence of posttrans-
lant malignancies in children and adolescents is lower and
ainly limited to PTLD [ 73, 74 ]. For children with CF and
reated for cancer, there isn’t convincing evidence that either
he event free survival or overall survival differs from patients
ithout CF diagnosed with childhood independent from specific
ancer types. Of importance is the higher incidence of certain
ancers, especially after transplant, and management complexity
ince CF itself can predispose patients to increased oncological
reatment toxicity, particularly for therapies that affect the lungs.
his increases in cases with established pulmonary fibrosis. The
ncreased risk of toxicity can limit the dosage and duration of
ncological treatment, which could impact the effectiveness of
he treatment itself [ 75, 76 ]. 

.10 Recommendations for Research 

ot all recommendations related to the comanagement of CF
nd malignancies have been validated by clinical trials and are
ased on either CF or oncological guidelines without evidence
hen synchronous diseases occur. The establishment of registry-
evel efforts is imperative for the documentation of childhood
ancer diagnoses and survival in CF cohorts. The objective
f this initiative is to integrate data across oncology and CF
egistries to track outcomes longitudinally. Short- and long-term
F-specific survivorship care plans should be developed based
n the current knowledge of both disease entities in anticipation
f compounded risks for early cardio-respiratory disease and an
ncreased awareness for secondary cancer screening. 

 Conclusion 

lthough there is currently no evidence in the literature yet that
verall childhood cancer risk in CF is increased, but the key
ssue with the synchronous presentation of childhood cancer in
F, is management complexity. The administration of oncology
reatment presents multiple challenges to the CF pathophysiol-
gy, including nutritional depletion, hepatotoxicity, pancreatitis
isk, bacterial and fungal infections, and gastrointestinal compli-
ations. The employment of a multidisciplinary team approach is
ssential to optimize patient outcomes. Monitoring and proactive
anagement of complications can promote optimal oncological
reatment while limiting complications to PwCF. Individualized
are plans should address diagnostic challenges, modify treat-
ent protocols to minimize toxicity, increase supportive care, and
mphasize comprehensive, long-term follow-up tailored to the
ual disease burden. 
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