
	 1	

 
 

Germline sequencing in childhood 
cancer 

 
What can germline sequencing yield in terms of 

understanding predisposition in childhood cancers, and 
how can this knowledge be applied in childhood cancer 

care? 
 

Oda Molstad Johansen 

 

Project thesis 

 

Faculty of Medicine 
Pediatric Medicine 

 

Supervisor: Monica Cheng Munthe-Kaas  

Co-supervisor: Ellen Ruud 

 
2020 



	 2	

Abstract 
Objective: The aim of this literature review is to gather findings done by major international 

studies, reviewing how far germline sequencing has come in childhood cancer care, and if and 

how finding of cancer predisposition syndromes affect therapeutic aspects of childhood 

cancer care.   

 

Background: The survival of childhood cancer patients has exceeded 80% in most western 

countries, however further improvements of the survival rate has not come since the 

beginning of the 2000s. As much research has been done of tumor genome and personalized 

treatment regarding the tumor´s genome, I will in this thesis investigate if and how the 

germline alterations in cancer patients may result in further advances in the childhood cancer 

care.  

 

Method: Three literature searches were performed using the PubMed database from 

September 2019-October 2019. This resulted in the selection of 13 articles that were analyzed 

and presented in results. In addition to this, I participated in a meeting with pediatric 

oncologists and medical geneticists where ethical impacts and feasibility of implementing 

genetic testing of childhood cancer patients was discussed.  

 

Results and conclusions: On average 10% of childhood cancer patients enrolled in the 

studies analyzed in this thesis proved to have cancer predisposition alterations. This is a 

significant finding, which proves that childhood cancers are in some cases inherited. 

Surveillance protocols for different cancer predisposition syndromes have been suggested, but 

lack to result in advances in survival for the vast majority of these cancer predisposition 

syndromes. In some, like the Li-Fraumeni Syndrome, surveillance protocols have proven to 

increase survival of the patients. For treatment, few advances have been made on basis of 

cancer predisposition syndromes, but pharmacogenetic alteration were found in several 

patients, resulting in a need of further research on this topic. Implementing germline 

sequencing is feasible as of today, and has the potential to increase survival of childhood 

cancer patients.  
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Introduction  
	
Childhood cancer survival rates have increased dramatically since in mid 1970s, and the 5-

year survival rate has now exceeded 80% in most western countries(1). However, cancer is 

still the second leading cause of death among children in Europe(2). In Norway, 150-200 

children are diagnosed with cancer annually, and like in the USA and Europe, close to 20% of 

these patients do not survive their cancer diagnosis(3). Although the number of survivals of 

childhood cancer has improved tremendously since 1975, a large percentage of the patients 

will suffer from long-term effects of treatment, and a vast majority of the patients will suffer 

from a chronic health condition by the time they reach the age of 40 years(4). Survival rates 

exceeding 80% must be seen as a great advance in treatment of cancer in children, however, 

for the past 20 years there has been little further advancements in treatment and survival rates.  

The close to 20% of the children who do not survive their cancer diagnosis seen together with 

large number of patients that suffer from long term effects of treatment, pushes the questions 

of how to find a treatment that secures the survival of close to all patients, and of how 

changes in treatment strategies can reduce the amount of long-term effects for this group of 

patients.  

	
Over the past few decades, there has been a lot of focus on tumor tissue genetics and 

personalized treatment strategies, and this is increasingly being integrated into cancer 

treatment. The focus of this paper however, will be on the germline genetics and childhood 

cancer care. With the rapid increase in knowledge of mutations and their correlation to 

diseases, will this unravel more of the etiology behind childhood cancer development, and can 

this knowledge lead to new treatment strategies that improve the survival rates and decrease 

the long term effects of the treatment of childhood cancers? 

 

 

In this thesis I will investigate the issues discussed above. I will first describe the methods for 

literature selection that I have applied in order to explore the theme. I will then present some 

background and definitions regarding the genetic methods and status of genetic testing today, 

as these genetic terms are of importance for the understanding of the results in this thesis. In 

the main body of this work, the results, I have then chosen to focus on the following 

questions:  

1) Is there evidence for genetic predispositions in childhood cancer?  
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2) Are there therapeutic consequences of finding a cancer predisposition syndrome in 

children with cancer? 

3) Are there ethical concerns of germline testing in children that need to be addressed? 

 

Finally, I will attempt to summarize my findings to discuss whether or not germline testing in 

children with cancer is warranted and feasible.  

 

Methods 
	
The literature search was done using the PubMed data base. Three searches were completed 

in order to gather data which included both predisposition and therapeutic consequences. The 

literature search was done between August 2019 and finished November 2019.  

 

The first search was performed using the key words: ´pediatric´, ´cancer´, ´germline´, 

´sequencing´. These were combined with AND. This resulted in 859 results. Limiting the 

search to results from the last five years narrowed down the results to 514 results. Further 

limitations were only articles in English, which left me with 510 results. After a quick 

overview, several articles proved not to involve pediatric patients, and a limitation on age 

selected to the following criteria was chosen: Child: birth-18 years, which then left me with 

245 results. Reading thorough the titles and abstracts of these articles, the vast majority were 

excluded due to being reviews articles, focusing solely on one cancer diagnosis, including too 

few patients to give significant results and by otherwise not being relevant for this thesis. In 

total search one left me with four major studies. 

 

The second literature search was done using he key words: ´Cancer`, `Predisposition`, 

`Surveillance`, `Germline` and `Children`. These search words were combined with AND. 

Some of the same exclusion criteria were used as in the search for predisposition, meaning: 

age set to Children: birth-18 years and English language. Time span were set to the past ten 

years. This resulted in 93 results. Reading through title and abstract, and excluding articles 

that was not relevant for the aim of this thesis, and studies that did not present new results, 

resulted in 6 articles being chosen for analysis.  
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The third literature search was performed in order to find treatment strategies affected by 

germline sequencing in childhood cancer patients. The key words used were: ´Pediatric´, 

´cancer´, ´predisposition´, ´syndrome´ and ´treatment´. This gave 613 results. Limiting to the 

past 5 years, reduced the results to 376 results. Adding only articles in English gave 368 

results, and by adding age: children-18 years as a last exclusion criteria left me with 191 

articles. Of these the titles and abstracts were read through, and as most of these articles did 

not conclude in germline alteration affected treatment, four articles that were able to present 

findings were selected, after removing duplicates of articles already included in previous 

searches.  

 

The three searches left me with a total of 13 articles for analysis. As the articles analyzed in 

this thesis were used in results and discussion in several categories, all articles are presented 

in Table 1 below.  

Title Authors Published year  

Implementation of next generation 

sequencing into pediatric 

hematology-oncology practice: 

moving beyond actionable alterations 

Oberg, J. A. 
Glade Bender, J. L. 
Sulis, M. L., et al. 

2016 

Diagnostic Yield of Clinical Tumor 

and Germline Whole-Exome 

Sequencing for Children With Solid 

Tumors 

Parsons, D. W. 
Roy, A. 
Yang, Y., et al. 

2016 

Integrative Clinical Sequencing in 

the Management of Refractory or 

Relapsed Cancer in Youth 

Mody, R. J. 
Wu, Y. M. 
Lonigro, R. J., et al. 

2015 

Germline Mutations in 

Predisposition Genes in Pediatric 

Cancer 

Zhang, J. 
Walsh, M. F. 
Wu, G., Et al. . 

2015 

Chest wall leiomyosarcoma after 

breast-conservative therapy for early-

stage breast cancer in a young 

woman with Li-Fraumeni syndrome 

Henry, E. 
Villalobos, V. 
Million, L., et al 

2012 
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The genomic landscape of pediatric 

cancers: Implications for diagnosis 

and treatment 

Sweet-Cordero, E. A. 
Biegel, J. A. 

2019 

Retinoblastoma and Neuroblastoma 

Predisposition and Surveillance 

Kamihara, J. 
Bourdeaut, F. 
Foulkes, W. D., et al. 

2017 

Recommendations for Childhood 

Cancer Screening and Surveillance 

in DNA Repair Disorders 

Walsh, M. F. 
Chang, V. Y. 
Kohlmann, W. K., et al. 

2017 

Familial colon cancer syndromes: an 

update of a rapidly evolving field 

Patel, S. G. 
Ahnen, D. J. 

2012 

Milestones of Lynch syndrome: 

1895-2015 

Lynch, H. T. 
Snyder, C. L. 
Shaw, T. G., et al.  

2015 

Recommendations for Surveillance 

for Children with Leukemia-

Predisposing Conditions 

Porter, C. C. 
Druley, T. E. 
Erez, A., et al.  

2017 

Clinical Management and Tumor 

Surveillance Recommendations of 

Inherited Mismatch Repair 

Deficiency in Childhood 

Tabori, U. 
Hansford, J. R. 
Achatz, M. I., et al. 

2017 
 

Biochemical and imaging 

surveillance in germline TP53 

mutation carriers with Li-Fraumeni 

syndrome: 11 year follow-up of a 

prospective observational study 

Villani, A. 
Shore, A. 
Wasserman, J. D., et al.  

2016 

Table	1Overview	of	the	articles	analyzed	for	this	thesis 

As part of this thesis, I have also participated in meetings with pediatric oncologists and 

medical geneticists in May 2015, where ethical concerns of genetic testing of children and the 

feasibility of implementations were discussed. These meetings have also been use as a basis 

for the topics discussed in the discussion of ethical considerations in this thesis.  

 

Genetic terms and definitions 
Genetics is an area within medicine with a short history, being introduced as a specialty in 

Norway as one of the first countries in the world in 1972(5). During the past few decades, 
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investigation of the human genome has been on the rise and has played an important role in 

ongoing medical research. Information about the genome has become a cornerstone in 

diagnostics and treatment of several diseases. With the introduction of next generation 

sequencing (NGS), genome sequencing has become a more time-efficient way of examining 

the genome, with the possibility to sequence the entire human genome, with its three billon 

base pairs, in one day(6). There are today many alternatives regarding genome testing, as next 

generation sequencing offers different ways of examining the genome, including whole 

genome sequencing (WGS) and whole exome sequencing (WES). In addition, many genome 

panels are becoming readily available. Following is a brief explanation of what these 

techniques and testing alternatives actually are, and their significance to the field of germline 

cancer genetics.  

 

WGS involves analyzing the entire human genome with its three billon bases. This is the most 

comprehensive way of examining the genome, and includes the analysis of the introns as well 

as the exomes. The National Health Service (NHS) in England launched that from 2019 all 

pediatric cancers patients would be offered a WGS analysis, making England the first country 

to include genome sequencing as a standard part of cancer treatment and diagnosis(7). In their 

long term plan the NHS presents precision medicine,  refinement of diagnosis and genetic 

screening of family members as the benefit of genetic testing of childhood cancer patients(7). 

Their hope is that by examining the genome of all children diagnosed with cancer will lead to 

new and possibly ground-breaking understanding of the etiology of the diseases and 

opportunity for treatment. 

 

WES is a method that analyses the entire exome, meaning all protein coding genes(6), but 

excluding the analysis of the introns. For many years it was thought that the exome was the 

source to all genetic disorders, however, recent findings show that introns do affect the 

etiology in some degree, leaving the exome in “charge” of approximately 85% of germline 

alterations(8).  

 

Genome panels are yet another way of investigating the genome. These panels consist of 

selected genes of clinical relevance to a diagnosis(9). Performing genome analyses using 

genome panels is the cheapest and most time efficient modality of examining the genome. 

The panels consist of selected genes, and the genome panel examination will not provide 

information of germline alterations in genes not included in the panel. As such, the genome 
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panels are a great way of detecting germline alteration, when it is known what genes that are 

of interest for the disease in question.  

 

Genome panels are already in use in order to detect cancer predisposition alterations for 

hereditary cancers in Norway, and are offered to adults with an accumulation of certain 

cancers, such as breast cancer, ovarian cancer, skin cancer and bowel cancers(10). The 

genome panel for hereditary cancers in use consist of 20 genes with known predisposition for 

the development of cancers in early adulthood and includes the genes APC, BMPR1A, 

BRCA1, BRCA2, CDH1, CDK4, CDKN2A, HOXB13, MLH1, MSH2, MSH6, MUTYH, 

PALB2, PMS2, POLD1, POLE, PTEN, SMAD4, STK11 and TP53(10). The existence of such 

panels in the Norway today shows that implementation of such germline examinations is in 

fact feasible, which makes a strong argument that implementing similar testing of childhood 

cancer patients and their families would be very possible.  

 

In the following discussion, we will see that the different genetic testing methods have been 

used in different combinations throughout the studies I refer to.  

 

Results 
Following is a presentation of the major findings done after analyzing the articles mentioned 

in methods. The results are organized into three main themes:  

1) Cancer predisposition  

2) Therapeutic impacts of germline sequencing 

3) Ethical concerns of implementing germline sequencing. 

 

1. Is there evidence for genetic predisposition in childhood cancer?  

Genetic inheritance has previously not been thought to be of much relevance in childhood 

cancer. However, recent genetic research investigating cancer predisposition syndromes in 

childhood cancer patients, shows that in fact a significant number of patients proven to have a 

cancer predisposition syndrome found after their cancer was diagnosed, ranging from 8-14% 

of the patients(11-14). Identifying genes that result in predisposition for childhood cancer has 

been of great interest when investigating the genome of pediatric cancer patients. In this 

section, the prevalence of germline alterations in pediatric cancer patients is presented, as well 
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as the most common and important genes in childhood cancer predisposition found in the 

published literature(11-14).  

	

In an article published by Zhang et al. as part of the St Jude-Washington University Pediatric 

Cancer Genome Project, an investigation of the prevalence and spectrum of germline 

mutations with predisposition for the development of pediatric cancers was performed. To do 

so WES and/or WGS was performed on 1120 pediatric cancer patients´ germline, all of these 

younger than 20 years old. Investigation of the genome of the tumor was excluded from the 

study, focusing strictly on germline DNA sequencing. In their study 565 genes were initially 

chosen for analysis, later shortened to focus on 60 of the 565 selected genes with known 

pathogenic or likely pathogenic impact on the development of childhood cancer(14). The 

study concluded that 8,5% of the patients had germline mutations in genes known to be of 

importance cancer predisposition(14). Of the mutated genes TP53 stands out as the most 

common mutation in this study, found in 50 of the 95 patients with a known germline 

mutation(14). Other genes of high interest were pointed out to be APC, BRCA2, NF1, PMS2, 

RB1 and RUNX1. The study also revealed how the patients´ family history only indicated the 

presence of an inherited germline mutation in 40% of the patients. In other words, 60% of the 

patients had no clinical indication of germline cancer predisposition, and the predisposition 

would not have been detected if they had not enrolled in the study.  

 

Another article, published by Mody et al., as part of the Peds-MiOncoSeq study,  included 

102 pediatric cancer patients with hematological and sold tumor malignancies, both CNS and 

non-CNS-tumors(13). In these patients both tumor and germline DNA were sequenced using 

WES. The study found germline mutations in 10% of the patients, and as in the study by 

Zhang et al, family history did in the majority of the cases not indicate the underlying 

predisposition revealed in the study. Cancer predisposition syndromes found in this study 

included Li-Fraumeni Syndrome (mutations in TP53), DICER1 syndrome (mutations in the 

gene DICER1) and SMARCA4 related small cell ovarian cancer hypercalcemic type(14).  

 

A third article, published by Oberg et al., was part of The Precision in Pediatric Sequencing 

(PIPseq) Program at Columbia University Medical Center. In this study WES were performed 

on both tumor and germline samples(11). This study included 101 patients, of these, 90 

patients underwent germline sequencing. The study found “known or likely pathogenic 

germline alterations were discovered in 18/90 patients (20%), with 14% having germline 
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alterations in cancer predisposition genes”(11). Of these 18 patients, pathogenic mutations 

were known or suspected only in 2. In conclusion Oberg et al. states that “Our results 

demonstrate the feasibility of incorporation clinical next generation sequencing into pediatric 

hematology-oncology practice(…)”(11). Finding that such a significant percentage of 

germline alteration which resulted in a high risk of developing cancers in childhood or early 

adulthood were detected in patients where no genetic predisposition was suspected, does raise 

awareness that germline alterations may very likely be detected even if family history 

indicates otherwise. These findings are of great importance when discussing the 

implementation of germline examinations in childhood cancer patients, as cancer 

predisposition syndromes might be found in a much larger number than previously expected.  

 

The final article, published as part of the BASIC3 study led by Baylor College of Medicine 

included 150 patients with childhood cancers. Here, Parsons et al. included patients with solid 

malignant tumors, both CNS and non-CNS-tumors. Hematological cancerous diagnoses, such 

as leukemia diagnoses, were excluded from the study. Both germline and tumor DNA were 

analyzed, using WES. The study found that “germline findings related to patient phenotype 

were discovered in 15 (10%) of 150 cases”(12). Of these patients 8 had dominant cancer 

susceptibility mutations of genes known to be associated with pediatric cancer. The mutated 

genes pointed out were VHL, TP53, DICER1, MSH2, WT1 and KRAS. The study also 

included germline sequencing of the parents of 13 of the children with mutation in genes 

known to be of importance to the development of childhood cancers and found that the 

mutations were inherited in 11 (85%) of the patients, the rest being de novo mutations(12). 

 

In conclusion: Childhood cancer was previously not believed to be inherited. However, the 

newer studies during the past decade that are presented above have actually identified that a 

significant percentage (8-14%) of childhood cancer patients do have germline predisposition. 

These findings have been based on the investigation of already known predisposition 

genes(11-14), raising the question  of whether an even larger percentage of children will in 

fact have a germline predisposition as new predisposition genes are identified.  

 

2. Therapeutic impacts of germline sequencing  

The significant prevalence of childhood cancer predispositions raises the question of whether 

this knowledge can and should impact the course of treatment of childhood cancer patients, 
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and if such findings can contribute to increasing the survival rates, and reduce the long-term 

effects of cancer treatments. In the literature I have gone through, some important areas of 

therapeutic impact have become evident: the impact on treatment decisions and impact on 

surveillance.  

 

2.1 Impact on treatment decisions  

As part of the BASIC3 study Parsons et al. found that of the patients with a pathogenic or 

likely pathogenic germline mutation predisposing for childhood cancer, 89% had at least one 

pharmacogenetic germline variants in VKORC1, CYP2C9 or CYP2C19(12). Although these 

findings did not result in a change in course of treatment in these patients at the time, these 

findings do raise awareness that pharmacogenetic alterations may also be found when 

performing germline sequencing in the patients, which possibly could reveal answers to why 

patients respond differently to chemotherapeutic agents regarding response and side effects. 

Parsons et al. do not further discuss possible impacts of the pharmacogenetic alterations in 

their article, nevertheless, when discovering pharmacogenetics genome alterations in close to 

90% of the patients, further investigations of the impact of these alterations should be 

performed.  

 

In the PIPseq study, Oberg et al. found pharmacogenomics germline alterations in two 

patients with germline predisposition, which affected drug sensitivity. Both these mutations 

were found the the UGT1A1 gene(11), a germline alteration known to result in a higher risk 

of severe toxicity in response to chemotherapy(15). Oberg et al. does, as Parsons et al., not 

discuss the implementations of these findings further, however, as in the BASIC3 study, these 

findings are worth noticing as they may be in need of further investigations.  

 

In patients with pathogenic mutations in TP53, Li-Fraumeni Syndrome-Patients, the 

therapeutic approach to treating cancers should be done with the cancer predisposition-

syndrome in mind. Because of the dramatically high risk of developing new cancers later in 

life, patients with pathogenic TP53-mutations should avoid the exposure to radiation 

treatment, as they are sensitive to ionizing radiation and in high risk of developing secondary 

malignancies due to the radiation treatment (16). Due to a risk of causing secondary cancers 

as a result to radiotherapy, treating patients with Li-Fraumeni Syndrome with radiotherapy 

should be avoided as long as other treatment options are still available.  
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Sweet-Cordero and Bagel present in a review of the genomic landscape of pediatric cancers 

how “treatment strategies for children with germline alterations in cancer predisposition 

genes, particularly those involving chromosome instability or DNA repair loci, should, 

whenever possible, minimize the use of radiation or drugs that increase the risk for second 

malignancies”(17). Such recommendations do impact the cancer predisposition syndromes 

and mutations discussed in this paper. For instance Kamihara et al. presents in an article that 

in patients with a known mutation in RB1 or other chromosome instability mutations, 

radiation should be avoided or limited, as patients who did receive radiotherapy had close to 

40% risk of developing a second cancer after the treatment compared to 20% risk in the 

patients who did not receive radiotherapy in the treatment of their retinoblastoma cancer(18).    

 

Hence – both through their association to pharmacogenetic gene alternations and direct 

consequences for treatment choices, the identification of germline predispositions in children 

with cancer may have a very real impact on treatment decisions.  

 

2.2 Impact on surveillance strategies   

An important question concerning the integration of germline sequencing in childhood 

cancers is whether germline findings can, will and should impact the surveillance of the 

paediatric cancer patients with certain germline mutations. In 2016 the American Association 

for Cancer Research (AACR) hosted the AACR Childhood Cancer Predisposition Workshop. 

After this workshop was arranged, a large number international protocols for childhood 

cancer surveillance were suggested. Following, results presented both as part of this 

workshop and unrelated results of suggested surveillance protocols are presented.  

 

One type of cancer predisposition, DNA repair syndromes, tend to result in leukaemia, and 

leukemias usually present rapidly after a short history of symptoms. Hence, there are few 

surveillance strategies that has proven to give results since disease will likely present between 

surveillance visits. For these reasons, Walsh et al., presents in their recommendations for 

childhood cancer patients with DNA repair syndromes,  “although it is clear that the risk of 

cancer is increased, there are limited data defining the true incidence of caner, and almost no 

evidence-based approaches to cancer surveillance in patients with DNA repair 

Syndromes”(19).  
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For patients with germline alterations in the APC gene, the risk of developing gastrointestinal 

cancer during a lifetime is close to 60%(20).  Patel et al. presents recommendations to start 

annual flexible sigmoidoscopy from the age of 10 if the patient presents symptoms, and 

annual colonoscopy by the age of 20-25 if the patients symptoms have not been detected by 

this age(20). In addition to colonoscopy, upper endoscopy is recommended from the patient 

turns 20 years and annual thyroid ultrasounds should be considered from the patient is in their 

late teens. To our knowledge, there are few studies that yet have actually studied the impact of 

such surveillance, although it is established that early detection of GI cancers significantly 

improves treatment and prognosis. 

 

A group of germline alteration with predisposition to cancer is mismatch repair (MMR) 

alterations. Of these Lynch Syndrome is the most abundant and well known cancer 

predisposition syndrome in adults, caused by heterozygous alterations in mismatch repair 

(MMR) proteins such as MLH1, MSH2, MSH6, PMS2 and EPCAM. These MMR-mutations 

commonly lead to colorectal cancer, endometrial cancer, and others including cancers in 

ovaries, pancreas and biliary tract, with onset in early adulthood (21). If biallelic mutations 

occur in the same genes the patient will have Constitutional mismatch repair deficiency 

(CMMRD). This cancer predisposition syndrome results in high risk of development of 

childhood cancers such as brain cancers, hematopoietic cancers, lymphomas, leukaemias and 

gastrointestinal cancers, with a median age of diagnosis of 6 years of age(22). As leukemia 

often occur in these patients, with 30% of of the patients with CMMRD developing a 

leukemia diagnosis in their childhood, finding surveillance protocols that detect leukemia 

early has proven unsuccessful as of today(23). It should be emphasized that CMMRD often 

lead to aggressive cancers, and the leukemias are often acute. As part of the AACR Childhood 

cancer predisposition workshop, an article published investigating the potential surveillance 

for patients diagnosed with CMMRD was published, with suggested surveillance for brain 

cancer and gastrointestinal cancers. Here, Tabori et al. presented a surveillance protocol with 

brain MRI every 6 month, and if symptoms occur, colonoscopy from 6 years of age to 

uncover polyps and every 6 months from polyps are identified.  

 

Li Fraumeni-Syndrome is a cancer predisposition syndrome caused my pathogenic mutations 

in the TP53 gene, a tumour suppressor gene. This syndrome is characterised by early onset 

tumours, variating from leukaemia, sarcomas, breast cancer, brain tumours and adrenocortical 
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carcinomas(24). Villani et al. did a research on the importance of surveillance in patients with 

Li-Fraumeni syndrome, enrolling 89 carriers of a pathogenic TP53 mutation between 2004 

and 2015. 59 of the participants (66%) agreed to surveillance. The patients in the surveillance 

group underwent surveillance in a median of 32 months, and in this time span, a total of 40 

tumours were identified in 19 of the patients. These tumours ranged from premalignant to 

symptomatic tumours(24). As these tumours were detected early, interventions and treatment 

were initiated early, and the study found that the 5-year survival of the patients in the 

surveillance group were 88,8%. In comparison,  the 5-year survival in the non-surveillance 

group was 49%(24). All of the patients who died in the non-surveillance group were 

confirmed diseased as a result of cancer(24). This study is of great importance, as it is to my 

knowledge, the only study that confirms an increased survival due to surveillance. The study 

released their surveillance protocol for the patients included, the protocols for children (0-18 

years), summarized in Table 2 below:  

Cancer diagnoses Surveillance protocol  
Adrenocortical carcinoma - Ultrasound of abdomen and pelvis every 3-4 

months  
- Blood test (17-O progesterone, total testosterone, 

dehydroepiandrosterone sulfate, and 
androstenedione) every 3-4 months  

- 24 hour urine control if feasible annually 
Brain tumours - MRI of the brain, annually  
Soft tissue and bone 
carcinoma  

- Whole body MRI, annually 

Leukaemia or lymphoma - Blood test (complete blood count, erythrocyte 
sedimentation rate, lactate dehydrogenase) every 
3-4 months.  

General assessment of all 
patients with Li-Fraumeni 
Syndrome  

- Complete physical examination including 
particular attention to rapid acceleration in weight 
or height, signs of virilisation and neurological 
examination every 3-4 months.  

Table	2	Summary	of	Villani	et	al.´s	suggested	surveillance	protocol	for	patients	with	Li-Fraumeni	Syndrome(24) 

For the cancer predisposition syndromes mentioned above, studies are convincing in showing 

that surveillance and early detection of cancers are important to reduce mortality for some 

childhood cancer predisposition syndromes. For other cancer predisposition syndromes, 

research is ongoing to provide beneficial surveillance protocols.  

 

3. Ethical considerations of implementing germline sequencing 

In this section, results of importance for ethical concerns are presented. These results have 

been separated into four topics:  
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1) Germline testing of underage children 

2) Impact on family members  

3) Knowledge of genetics today and how to deal with variants of uncertain significance 

4) The feasibility of germline sequencing in childhood cancer patients.  

 

3.1 Germline testing of underage children. 

As germline testing in this thesis involve testing of children, who if aged under 16 years do 

not have the ability to consent on behalf of themselves, parents of these children are given the 

right to consent on behalf on their children. There are several aspects of this that need ethical 

consideration, as the information revealed in genetic testing might have impact on the child’s 

life and psychological well being beyond the actual treatment of cancer. Hence, all studies 

included in this thesis that did perform germline sequencing as part of their research, 

emphasized the importance of genetic counselling before such testing was performed(11-14). 

The genetic counselling performed gave the families information of what the findings 

potentially could have for further surveillance, the meaning of detecting a genetic variant of 

unknown significance and impact of not knowing what the gene variant means, the risk of 

detecting predispositions for other diseases and how other family members could be affected 

by finding cancer predisposition syndromes. All these concerns need to be even more 

stringently addressed since the testing is being done on children that are too young to evaluate 

the impact of testing themselves. In the cases were cancer predisposition syndromes were 

confirmed, the studies stressed that the patients should be offered further information from 

medical geneticists on the known aspects of penetrance and suggested surveillance for the 

cancer predisposition syndrome confirmed(11-14).  

 

3.2 Knowledge of genetics today  

Performing WGS and WES testing, do as presented above come with a risk of incidental 

findings, meaning finding germline alterations of importance to the risk of other diseases. 

Another challenge in germline testing, involving WGS, WES, but also genome panels, are the 

discovery of variants of uncertain significance (VUS). VUS involves finding germline 

alterations with unknown importance of disease, meaning alterations which may be harmless, 

but may also be so far undetected germline predisposition. Finding of VUS has proven to be 

common in performing genome testing, as showed in the article published by Parsons et al., 

where 96% of the patients has findings of VUS(12). As the rate of progress and new 
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discoveries in medical genetics is very rapid, the likelihood of finding answers to what some 

of these VUS alterations mean within few years is quite high.  

 

Finding VUS is always ethically challenging, as germline alterations of unknown significance 

raises several important questions. Firstly, such findings pushes the question of whether or not 

to give the patients and their families information of these findings, as further research may 

provide information of these in fact are important for cancer predisposition at a later time. 

They may of course also prove to be insignificant for cancer predisposition. Not providing 

families with information of such findings, for years later to inform them that these findings 

in fact are pathological is a topic that needs clear guidelines for medical personnel that are 

presented with such findings. Secondly, this findings bring forward an ethical concern for 

medical personnel that are faced with when uncovering VUS, as that of today there are no 

registration systems in place for re-contacting these families when VUS are uncovered.  

 

The lack of protocols for how to deal with VUS is ethically challenging, and national or 

international guidelines should perhaps be put in place as these findings are common and 

problematic. Establishing such guidelines would be essential to pediatric oncologists and 

medical geneticists dealing with cancer predisposition syndromes in children.  

 

 

3.3 Impact on family members 

As presented in the paragraph about cancer predisposition, pathogenic germline mutations 

were found in 8,5-14% of the childhood cancer patients enrolled in the studies(11-14). When 

a predisposition is detected in a child, this will immediately raise the concern of whether other 

family members such as siblings or parents are also affected. For many individuals, whether 

or not to test oneself or other healthy siblings can be a very difficult decision. Some people 

don’t want to know their genetic disposition, especially when there is an uncertainty in how 

penetrable the disease is. Some people want to know as much as they can regardless of what 

the chances are of becoming sick. Some will feel that this knowledge is a psychological 

burden, while others will feel that it is a relief.  Hence, when finding pathogenic or likely 

pathogenic mutations in a pediatric cancer patient, there needs to be a discussion of whether 

or not family members should be offered genetic counselling and testing, and if so, what 
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whether this should extend to all family members including other children. I have here looked 

at how these concerns were addressed in some of the studies discussed above. 

 

Oberg et al. do in their article conclude that for the 14% of the participants in their study with 

confirmed germline mutations predisposing to childhood cancer, the results have “clearly 

broad implications that impact not only the patient but potentially the entire family. Moreover 

the identification of germline risk (in family members) offers opportunities for prevention and 

early screening and detection”(11). In their research, germline sequencing was offered to all 

family members of patients enrolled in the study with a germline mutation resulting in a 

predisposition for cancer.  

 

In none of the four studies presented in this section did family history indicate an inherited 

cancer predisposition syndrome in the majority of the patients(11-14). In the BASIC3 study, 

genomic testing of the patient´s parents were performed, resulting in a discovery that 85% of 

the germline alterations were inherited by a parent. Although information of family history of 

early onset cancers were not presented in this study, such a high percentage of children whose 

mutations were inherited resulted in the initiation of cancer screening for siblings at risk(12). 

 

Similarly, Zhang et al. found that even though family history previously has been used to 

identify hereditary cancer predisposition, 40% of the patients that were found to have a 

pathogenic or likely pathogenic germline mutations did not have a family history that 

indicated such risks. In their article they point out that the lack of family history that indicated 

the presence of cancer predisposition syndromes “(…) probably resulted from multiple 

factors, including incomplete information of family history, de novo mutations, and 

incomplete penetrance. Furthermore, parents and other first- or second-degree relatives of our 

pediatric patients are often young, and cancer may not have developed yet”(14). Thus they 

conclude that family history should not be the sole indicator for germline sequencing of the 

group, and if a pathogenic or likely pathogenic mutation was found in a patient, genome 

counselling and testing should be offered to first- and second-degree relatives.  

 

In conclusion, all of the four studies mentioned above conclude that when performing 

germline sequencing on pediatric cancer patients, genome counselling and testing should be 

offered to first-degree relatives(11-14). It is now acknowledged that some of the germline 

findings could potentially have major consequences for family members of the patients, 
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leading to a high predisposition of developing cancers, as seen in pathogenic mutations in the 

TP53 gene. Finding pathogenic germline mutations in family members would mean that 

family members would undergo the same surveillance as patients with identified cancer 

predisposition syndromes. None of the studies, however, have explored the psychological 

impact of uncovering a genetic predisposition in these families, and whether or not this has 

been challenging or beneficial, and how to best address this concern. Hence, studies exploring 

these issues are still clearly needed. 

 

3.4 Feasibility  

One central feature of our public health system is that all children, regardless of financial 

background, should have access to the same level of health care. Outlining the feasibility of 

implementing germline sequencing into childhood cancer care in Norway is therefore 

important to map out before potentially being put into action 

 

In the article published as part of the BASIC3 study, led by Baylor College of Medicine, the 

research question was defined as “What is the feasibility and diagnostic yield of clinical 

tumor and germline whole-exome sequencing (WES) in an unselected cohort of children with 

newly diagnosed solid tumors of both the central nervous system and elsewhere?”(12). The 

feasibility of implementing germline sequencing is important to determine before 

recommending the implementation of such testing of pediatric cancer patients, and cost, work 

load and need of equipment and competence of geneticists are of importance.  

 

Although the cost of germline sequencing has dropped dramatically over the past decades in 

the advancements of the introduction of next generation sequencing, the cost still remains 

high. In some of studies incorporated in this thesis the PIPseq study estimated the cost of 

WES (tumor/normal) to be $4459, not including administrative overhead and billing 

costs(11), while Mody et al. reported a cost of $5938 of WES and RNAseq(13). This shows 

how although accessible, performing germline sequencing of pediatric cancer patients, and 

potentially their family members, are indeed a costly endeavor. On the other hand, early 

detection may save costs in terms of early detection, improved treatment and increased 

survival. Hence, this balance needs to be evaluated also on the political level where overall 

health strategies are prioritized. 
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In conclusion, the studies above demonstrate technical and medical feasibility of 

incorporating clinical NGS into pediatric hematology-oncology practice, but we still need to 

have a discussion concerning the overall economic cost, the work load at clinical wards, and 

the ethical concerns, to truly address feasibility. 

 

Discussion  
The main question this thesis set out to answer was “what can germline sequencing yield in 

terms of understanding predisposition in childhood cancers, and how can this knowledge be 

applied in childhood cancer care?”. In order to investigate this, results from the published 

literature was presented above. Using the same categorizations, the following will present a 

discussion of the major results presented in this thesis.  

 

Is there evidence for genetic predisposition in childhood cancer?  

Yes – studies presented earlier in this thesis shows that a significant number of childhood 

cancer patients have germline predisposition for childhood cancer, with 8-14% of the patients 

enrolled in the studies proved to have cancer predisposition germline alterations(11-14). I will 

in this section discuss whether detecting a predisposition in itself is of value (regardless of 

therapeutic consequences), and how this is complicated by the varying penetrance of a 

predisposition. 

 

Offer explanation to disease?   

A strong argument for implementing germline testing as part of the childhood cancer care is 

that the predisposition syndromes can provide answers to why the child developed cancer in a 

young age, an answer sought after in many of the patients´ families. As a cancer diagnoses 

can leave a family in a situation of crisis, such answers are important to many.  

 

The etiology of childhood cancers has been widely unknown for a long time, but as the 

studies presented above shows, 8-14% of childhood cancer patients do have a germline 

alteration with cancer predisposition. One question is whether this knowledge of germline 

alterations can be used to offer the patients and their families an explanation to disease. Using 

germline alteration to explain the development of disease is already being done, for instance 

in SMA (spinal muscle atrophy), where genome analyses are used to determine the deletion 
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on the SMN1 or SMN2 gene(25). Finding deletions in one of the SMN genes are together 

with clinical symptoms used to give patients and their families a certain diagnosis, and as 

such an explanation for the child´s experienced symptoms. Drawing a comparison with 

childhood cancer a genome analysis can in some cases give the patients and their families and 

explanation for the development of the disease. The need of an explanation for the 

development of a serious illness such as cancer is thought to be of great importance for many 

patients and their families. Seeing as a significant number of childhood cancer patients have 

germline alterations predisposing to cancer, the healthcare professionals treating these 

patients have the opportunity to account for the etiology of their disease, information that 

previously was impossible to provide the families with. On the other hand, is it problematic 

and challenging that such information yet cannot be provided to the entire group of patients, 

but is limited to approximately 10%? In contrast to the patients with SMA, opportunity to 

give such explanation to the entire group of patients is not yet possible.  

 

Penetrance of disease  

One challenge to the argument of “offering an explanation of the disease”, is the fact that new 

findings are done in a rapid pace, and that knowledge regarding the penetrance of a 

predisposition is often unknown. Although the penetrance are known to be high in TP53 

mutations, with a 75% risk of cancer in males and 100% in females(24), information of the 

penetrance of many of the other cancer predisposition genes are still unclear, making it 

difficult to give certain recommendations of surveillance and risk in genetic counselling of 

patients and family members. As further research of germline alterations in childhood cancers 

proceed, penetrance can be mapped, providing information that is needed in order to provide 

patients and their families with important information of the diagnoses 

 

Are there therapeutic consequences of finding a cancer predisposition syndrome in 

children with cancer? 

In this section, I will further discuss the value of detecting germline dispositions in terms of 

therapeutic consequences.   

 

Effects of germline alterations in treatment strategies 

The three major pillars of treating childhood cancers are as of today, chemotherapy, radiation 

and surgery, and as presented earlier in this thesis this course of treatment has proven efficient 
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in many patients. However, the close to 20% of cancer patients who do not survive has not 

improved over the past 20 years, leaving us with the patients with aggressive and recurrent 

malignancies still in need for new strategies of treatment. Hopes are that with the introduction 

of germline genomics in pediatric oncology an answer might be near.  

 

Identifying germline alterations can already impact how patients should be, or rather should 

not be, treated in patients with some cancer predisposition syndromes. As previously 

presented for patients with germline alteration in the TP53 gene or genes involving 

chromosome instability or DNA repair loci, treatment with radiation should be avoided as far 

as possible due to risk of secondary cancers(24). Hence, when germline alterations provide 

information that change the course of treatment for a patient, a change that possibly can lead 

to increased survival and a decrease in long-term effects, this must be seen a major advance in 

pediatric oncology, and is a strong argument for implementing germline testing for childhood 

cancer patients today. However, although advances in the treatment of childhood cancers for 

patients with certain cancer predisposition syndromes are in place(24), it must be emphasized 

that this is rare, and as of today germline alterations will not affect the course of treatment in 

the vast majority of the childhood cancer patients. It remains to be seen whether an increased 

knowledge of germline alteration may in the future lead to a change in course of treatment in 

a much larger proportion of the patients.  

 

The presence of pharmacogenetic germline alterations need to be addressed in this discussion, 

as such findings were found in some of the studies included in this thesis(11, 12). Although 

this is not set out as part of the research question of this thesis, these discoveries should be 

shown great interest. As some patients do not respond as expected to treatment, finding 

pharmacogenetic alteration could perhaps bring us closer to understanding why this is. As 

further research proceeds in germline alteration in childhood cancer patient, these findings 

need to be emphasized as part of this research. Because the mortality of pediatric cancer 

patients has not decreased much the past two decades, further investigation on both treatment 

strategies and different aspects of germline alterations should possibly be investigated to the 

fullest in order to increase the survival of childhood cancer patients.   

 
Impact of germline alteration in childhood cancer surveillance  

As discussed previously, studies show a wide range of surveillance impact. For TP53 

mutations, Villani et al. found a very significant increase in survival through implementation 
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of surveillance with radiological testing every 3 months. On the other hand, for patients with 

predispositions (such as CMMRD) that lead to leukemia with acute presentations, it is 

unlikely that surveillance either helps detect the condition earlier, or that earlier detections has 

consequence for the treatment of the disease. This leads to several aspects of testing for 

surveillance that need to be discussed.  

 

Firstly, where cancer predisposition syndrome will not influence the surveillance (at least for 

now), the risk of performing germline examinations could potentially lead to great stress 

being put on the family. In such cases one could argue that some patients and their families 

would prefer not being informed of such cancer predisposition syndromes, even though it 

might offer some degree of explanation of the condition. This does raise the question of 

whether information of cancer predisposition syndromes only should be given to the patients 

and their family if there are in fact actionable findings being presented.  

 

Secondly, even in cases where surveillance protocols could lead to increased survival of 

patients with aggressive cancers (such as for Li Fraumeni patients), these surveillance 

protocols are problematic in how invasive they are for the patients. Going to the hospital for 

MRI scans every three moths is not only time consuming for the patient, but could potentially 

have a grave impact on the patient´s life. This is especially problematic as the group of 

patients in discussion here consists of children that have not themselves consented, and that it 

entails life long surveillance. 

 

Thirdly, an important topic to discuss is the impact of additional surveillance of patients will 

have on our health system. Already, the pediatric oncology wards, genetic wards and 

radiological wards are pressed in terms of resources, personnel and facilities. If surveillance 

to be included into the clinical, radiological and genetic wards, there needs to be a significant 

increase in resources in order to implement such surveillance. This is challenging, as an 

increase in resources is wanted in most medical specialties, and in order to get the funds 

needed this topic has to be discussed on a higher political level, with studies showing that 

early detection of cancer will save our health system by reducing mortality and costs of 

treating patients with advanced disease. 
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Specific ethical considerations  

Ethical considerations have been included in the discussions above, but in addition there are 

some specific ethical considerations I would like to discuss separately, including testing of 

children, testing of healthy family members, and methods of gene testing/feasibility, and 

finally how to address these ethical dilemmas in testing of childhood cancer patients in 

general. 

	
	
The ethical challenge of germline testing of underage children  

A controversial topic in genetic testing of children is that they lack the ability to give 

informed consent until they reach the age of 16. As discussed earlier, the surveillance some of 

the cancer predisposition protocols lead to frequent visits to hospitals potentially for a life 

time, and thus performing genetic testing of children can have major consequences for the 

child´s life, without the child being able to consent to such testing and surveillance on behalf 

of themselves. As consent is impossible to get from these patient, it is ethically challenging to 

both give consent to, and to refuse, on behalf of underage patients. For surveillance, it is 

known that not all adults with cancer predisposition syndromes will consent to surveillance, 

perhaps due to the major impacts this have on their life, as seen in the study from Villani et 

al., where initially close to 50% refused surveillance after being diagnosed with Li-Fraumeni 

syndrome(24). Knowing that as adults, many do not want to enroll in surveillance protocols, 

make enrolling children in such surveillance protocols even more challenging.  

 

If one were to decide that the lack of ability to give consent, the children are not to be enrolled 

in surveillance protocols, another ethical concern presents itself, as such surveillance 

protocols in some cases, as seen in Villani et al.´s research, can lead to increased survival of 

the patients(24). Not seeking information, and initiating potentially life saving surveillance, is 

perhaps a larger ethical problem, than performing testing without the child´s consent. If 

surveillance protocols for all cancer predisposition syndromes had proven as efficient and 

with as great results as found in Villani et al.´s research on Li-Fraumeni syndrome, the 

advantages of such testing and surveillance could easily be argued to be of such large benefit 

that genetic testing and surveillance should be implemented on all childhood cancer patients 

with a cancer predisposition syndrome. Since this is not the case, the argument of 

implementing genetic testing for the sake of surveillance alone is still a controversial topic.  

 



	 25	

Impact on family members 

Parsons et al. found that of the patients with germline alterations predisposing to cancers were 

inherited in 85% of the patients(12). Finding this raises an important question of whether or 

not to perform germline testing of family member. and if so, in which family members. 

Again, there are several aspects that need to be discussed. 

 

First, by bringing healthy family members into quite invasive surveillance protocols, these 

healthy individuals are suddenly treated as they are sick. Such pathologizing of healthy 

individuals is problematic, both economically and the burden put on the patients. Secondly, as 

discussed under the section of cancer surveillance, the surveillance protocols for some of the 

cancer predisposition syndromes are very invasive– and even more so in children that are 

previously healthy. For these so far healthy individuals, surveillance, potentially lasting for a 

life time without finding any tumors, is much more invasive than for the patients with a 

diagnosis already in place. 

	
Methods of germline testing and feasibility  

As presented in the results of this thesis, implementing germline testing of childhood cancer 

patients is technically feasible, but which types of germline testing should be performed is 

still unclear. 

 

The advantages of WES/WGS is the potential of discovering new predispositions. However, 

one challenge is the risk of incidental findings. If testing of the germline was to reveal a 

germline alteration resulting in for instance Huntington’s disease in a childhood cancer 

patient, a major ethical dilemma arises. As this is not information expected to be found by the 

healthcare professionals in charge of the patient´s course of treatment and perhaps not of the 

family, dealing with such information is problematic. As a family, whose child has recently 

been diagnosed with cancers, being presented with another serious diagnosis, must be 

believed to be extremely challenging for the families to cope with.  Another challenge is the 

economic cost of WGS/WES testing.  

 

On the other hand, dedicated panels allows for detecting already selected predispositions at a 

lower cost, but will not yield new discoveries. 
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Discussing what to fund in medicine is difficult, where the right answers do not exist. Still, by 

suggesting expensive germline testing such as WES/WGS, money will need to be taken from 

other areas of medicine, where funding is needed in every field. As the financial aspect of 

such testing is major, the advances germline may not be big enough for the price that needs to 

be paid. Another issue is that in order to organize studies of large enough scales to provide 

valid results for new germline dispositions would require a larger patient population than the 

pediatric cancer patients of Norway could provide. To contribute to such research Norwegian 

pediatric oncologists would have to cooperate with colleagues internationally.  Hence, one 

solution would be to integrate panels into clinical use, while WES/WGS studies are 

performed on a research bases.  

 

Addressing ethical dilemmas 

As discussed throughout, the ethics of testing for establishing an “explanation for disease”, 

impact on therapeutic measures both in terms of treatment and surveillance, challenges 

regarding feasibility and cost, in addition to incidental findings (for WGS/WES) and VUS for 

both panels and WGS/WES – presents a myriad of ethical questions. Many of these questions 

will be different for different families, and will vary according to the state of knowledge at 

time of testing. Hence, genetic counseling becomes essential in any implementation of this 

kind of testing. Medical geneticists have as of today the responsibility of providing genetic 

counselling, however the workload for the medical geneticist will increase with the 

implementation of genetic testing of childhood cancer patients. Perhaps pediatric oncologists 

should get training in the initial genetic counselling, and refer the patients who prove to have 

germline predisposition for childhood cancer to further counselling with medical geneticists. 

This would reduce the workload implementing genetic testing on childhood cancer patients 

will have on medical geneticist, and perhaps speed up the process of genetic testing of this 

group of patients.  

	

Limitations 
This thesis had several limitations. Firstly, the research of germline sequencing and its impact 

on patients is a relatively new field of study, and at this point few studies have been published 

on the topic. Secondly, only a minor percentage of cancer research is done on childhood 

cancers, and while investigating data for this analysis several studies pointed out that findings 

done in adult cancer patients could not be adapted to pediatric cancer care, thus resulting in 
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the exclusion of the vast majority of published articles on the subject. Thirdly, most of the 

studies included in this thesis discussed both the investigation of germline and tumor DNA. 

By excluding tumor genome from this thesis a number of important features in treatment and 

surveillance did not qualify to be included in the thesis. However, the span of this thesis had 

its limits and including both tumor and germline genome in the research question would have 

made it challenging to present all important information.  

Conclusion  
Medical genetics is a rapidly growing field of medicine, with a great potential of revealing 

information of germline alterations that explain cancer predisposition syndromes, determine 

how surveillance of childhood cancer patients should be performed and impact the course of 

treatment. As of today, a large number of germline mutations of importance for cancer 

predisposition have been identified, and surveillance protocols for some of the cancer 

predisposition syndromes are being researched(24). 

 

The introduction of next generation sequencing has led to cheaper and more time efficient 

modalities of examining germline alterations. It is, however, important to differentiate 

between research and clinical application. Whole genome and whole exome sequencing need 

to be performed in order to reveal so far unknown germline alterations that contribute or 

directly lead to major risk of developing childhood cancers. This research will likely increase 

the percentage of cancer predispositions that we operate with today, However, when taking 

into account the cost of WES/WGS, the risk of incidental finding, and the uncertainty 

regarding findings in such analyses, genome panels wit identified genes and known impact 

and surveillance might be a more feasible and ethically sound alternative for application in 

clinical wards.  

 

Germline alterations has not proven to affect the course of treatment in most of the patients 

with germline alterations. However, some cancer predisposition syndromes do require a 

change in the course of treatment, as seen in patients with Li-Fraumeni syndrome, where 

radiation should be avoided as far as possible in order to lower the risk of developing 

secondary cancers. In addition, increased knowledge about phamacogentics will likely also 

impact treatment strategies in the future.  
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As a result of this work, my thoughts are that as major discoveries have been done in finding 

cancer predisposition syndromes, performing germline analyses of childhood cancer patients 

should be implemented for Norwegian childhood cancer patients, in order to uncover cancer 

predisposition syndromes. In terms of clinical application, defined genetic panels with known 

genes are probably more feasible, both ethically and economically, to implement than WGS, 

If cancer syndromes are revealed, first-degree relatives should be offered germline 

examinations in order to implement surveillance of siblings and parents with cancer 

predisposition syndromes, but this should be performed in close collaboration with geneticists 

to ensure adequate information and counseling Surveillance protocols should be followed, 

especially for patients with cancer predisposition syndromes such as Li-Fraumeni Syndromes 

and CMMRD, if and when surveillance protocols are in place for these. However, one should 

be aware of the danger of “making patients” out of healthy children, and therefore strive 

towards surveillance that balances these concerns.  
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