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Abstract
Introduction: The deficit in knowledge regarding pediatric cancer genetics along the medical training spectrum is unknown. 

Methods: 35 survey items were presented to 95 physicians and 145 students to evaluate their pediatric cancer syndrome knowledge. 

Results: There were several questions which the majority of students and physicians did not answer correctly. Physicians were less likely than students to know some 
aspects of pediatric hereditary cancer. Physicians with genetics training were more likely to answer some items correctly. 

Conclusions: Pediatric cancer genetics should be thoroughly addressed in medical school education and in CME training, as current knowledge may be limited. This 
may be an issue as the practicing physicians are the ones who are ultimately responsible for their patients. 
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Introduction
It is estimated that 5-10% of all pediatric cancer diagnoses are 

hereditary [1-7]. Assessing the pediatric population for hereditary 
cancer syndromes and early detection and treatment of cancer 
significantly enhances the likelihood for survival [2]. The general 
standard for risk assessment of hereditary cancers in the pediatric 
population involves taking a detailed family and medical history and if 
appropriate, genetic testing. This process requires physician knowledge 
of the features of each syndrome, as well as an understanding of when 
testing is appropriate [8].

The American Society of Clinical Oncology (ASCO) and the 
National Society of Genetic Counselors (NSGC) recommend that 
genetic testing be offered when the individual has personal or family 
history features suggestive of susceptibility to a genetic cancer 
condition. The test can be adequately interpreted, and the results will 
aid in diagnosis or influence the medical or surgical management of 
the patient or family members at risk of hereditary cancer [3,7]. The 
American Academy of Pediatrics stated that “genetic testing of children 
and adolescents to predict late-onset disorders is inappropriate when 
the genetic information has not been shown to reduce morbidity and 
mortality through interventions initiated in childhood” [9-10]. Thus, 
it is critical that physicians know when they should and should not 
recommend genetic testing for a child since not all genetic testing and 
interventions may be beneficial for certain genetic cancers.

Few pediatric hereditary predisposition syndromes have 
established protocols for testing and treatment.11 Syndromes with 
established protocols for assessment and medical management include 
Von Hippel-Lindau, Multiple Endocrine Neoplasias Types I and 

II, PTEN Hamartoma Tumor Syndrome, Familial Paraganglioma/
Pheochromocytoma Syndrome, Peutz-Jegher Syndrome, Li-Fraumeni 
Syndrome, Beckwith Wiedmann Syndrome, neurofibromatosis type 
1, and hereditary retinoblastoma [1, 12-14]. Other syndromes do not 
have established protocols. 

The level of physician knowledge regarding pediatric hereditary 
syndromes is currently unknown [1]. Additionally, knowledge in this 
area has not been assessed along the medical training continuum, 
from pre-clinical medical students to clinical medical students to 
clinical practice. Thus, the educational stages at which knowledge may 
be lacking is unknown. We sought to explore how increased levels of 
education and training affect knowledge about hereditary cancer and 
cancer syndromes in the pediatric population. 

Methods
Study design

This study was approved by the New York Institute of Technology 
(NYIT) Institutional Review Board as an exempt study. A survey of 35 
questions was administered to 95 physicians and 145 medical students 
evaluating their knowledge and practice patterns regarding hereditary 
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cancer syndromes. Subjects were recruited via email invitations 
sent from April 2014 to August 2014 through the NYIT College of 
Osteopathic Medicine (NYIT-COM) alumni association database and 
The American College of Osteopathic Pediatricians (ACOP) database. 

Survey items

Knowledge-based questions were consistent with national clinical 
guidelines and general knowledge about hereditary pediatric cancer 
syndromes derived from the literature.1-7,11-15 Survey questions were 
vetted by a multi-disciplinary team of physicians including two 
pediatricians, one family medicine physician and one internist/medical 
geneticist. The questions were categorized as: General Knowledge, 
Colorectal Cancer, Retinoblastoma, Endocrine Cancer, and Other, 
which included the following syndromes: neurofibromatosis, Li-
Fraumeni syndrome, Wilms tumor, Fanconi Anemia, Bloom 
syndrome, and ataxia telangiectasia. The specific items are shown in 
the tables. 

Statistical analyses 

Analyses were conducted using SAS version 9.1 (SAS Institute, 
Cary, NC). First- and second-year medical students were categorized 
as “preclinical”, while third- and fourth-year students were categorized 
as “clinical.” Data were analyzed comparing physicians with preclinical 
and clinical students. Additionally, physicians who reported having 
training in genetics were compared to those without training. 
Differences between groups were tested using a Chi-Square statistic for 
categorical variables and ANOVA for continuous variables. Because 
a statistically significant difference was found between groups, age-
adjusted odds ratios and their 95% confidence intervals (CIs) were 
estimated using unconditional logistic regression models. Odds ratios 
were calculated for those who answered each question correctly, versus 
incorrectly or indicating that they did not know the answer. Statistical 
significance was assessed using a two sided test at the alpha=0.05 level.

Results
From the NYIT-COM alumni association database, of the 3,975 

members who received an email, 46 proceeded to complete the survey. 
From the ACOP, of the 450 who received an email, 52 completed the 
survey. Three participants were excluded for missing responses. Our 
physician response rate was 2.2%. The survey was also sent to 1,199 
medical students of NYIT-COM in their 1st, 2nd, 3rd and 4th years, and 
148 completed the survey with a response rate of 12.3%. Three students 
were excluded for missing responses. Demographics, field of practice, 
genetics training, and confidence in knowledge about genetics is shown 
in Table 1. 

Table 2 shows the frequency distributions, age-adjusted odds ratios 
and 95% confidence intervals comparing knowledge of general topics 
in hereditary cancer genetics between preclinical students, clinical 
students, and physicians. For the statement “a hereditary gene mutation 
can occur for the first time in a child even if neither parent carries the 
mutation,” practicing physicians were more likely to identify this as true 
than preclinical students (OR 6.55, 95% CI 1.16, 37.14) but the same 
difference did not occur between practicing physicians and clinical 
students. Regarding the item, “Predictive genetic testing for adult-
onset conditions generally should be deferred unless an intervention 
initiated in childhood may reduce morbidity or mortality,” practicing 
physicians were less likely than clinical students to identify this as true 
(OR 0.31, 95% CI 0.11, 0.84). 

Table 3 looks at the age-adjusted odds ratio, 95% CI and p-values for 
each knowledge-based question concerning specific cancers and cancer 
syndromes. For the statement “For those with FAP, the penetrance of 
colonic adenomatous polyposis and colon cancer is virtually 100% in 
untreated individuals,” clinical students were more likely to identify 
this as true than preclinical students (OR 5.57, 95% CI 1.99, 15.55) and 
physicians were less likely to identify this as true than clinical students 
(OR 0.14, 95% CI 0.04, 0.49). For the statement “For those with FAP, 
colon cancer screening should begin in childhood (under 18 years of 
age),” clinical students were more likely to identify this as true than 
preclinical students (OR 2.32, 95% CI 1.09, 4.92). For the statement, 
“Lifelong colonoscopy and EGD every 2–3 years starting in late teenage 
years is recommended for those with for Peutz-Jeghers syndrome,” 
clinical students were more likely to identify this as true than preclinical 
students (OR 2.13, 95% CI 1.03, 4.41). For the statement, “In regards to 
MEN 2B, RET molecular genetic testing should be performed as soon 
as possible after birth in all children known to be at risk,” physicians 
were less likely to identify this as true than preclinical students (OR 
0.16, 95% CI 0.03, 0.78) and clinical students (OR 0.25, 95% CI 0.08, 
0.86). For statement, “Wilms tumor can be associated with a hereditary 
syndrome,” clinical students were more likely than preclinical students 
to identify this as true (OR 4.73, 95% CI 1.91, 11.72). For statement, 
“Fanconi Anemia, Bloom syndrome, and ataxia telangiectasia are 
all cancer-predisposing syndromes that involve recessive genetic 
inheritance,” physicians were more likely than preclinical students to 
identify this as true (OR 5.09, 95% CI 1.22, 21.32). There were some areas 
in which the majority of participants did not know the correct answer. 
For example, for the statement “a child with an adrenocortical tumor 
automatically has an increased risk for a hereditary cancer syndrome,” 
24.6% (n=17) of preclinical students, 25.0% (n=19) of clinical students 
and 28.4% (n=27) of physicians knew the correct answer. 

Preclinical Students 
(Years 1 and 2)

N=69

Clinical Students 
(Years 3 and 4)

N=76

Physicians
N=95

P-value

Mean Age (SD) 25.02 (3.02) 27.07 (4.00) 45.51 (12.59) <.0001
N (%) N (%) N (%)

Gender: Female 42
(60.90)

49
(64.50)

51
(53.70)

0.39

Pediatrics Medicine NA NA 38 (40.00) NA
Family Medicine NA NA 17 (17.90) NA
Other Pediatric Specialty NA NA 40 (42.10) NA
Had genetics training in medical school NA NA 52 (54.70) NA
Had genetics training during residency NA NA 34 (35.80) NA
Had CME genetics training NA NA 18 (18.90) NA
Feels confident in genetics knowledge NA NA 28 (29.50) NA

Table 1: Demographics and Characteristics of Medical students and Physicians.
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Table 4 shows the age-adjusted odds ratio, 95% CI and p-values 
for knowledge-based questions concerning general statements about 
cancer genetics and syndromes for those who did and did not receive 
genetics training at different points of their medical career. There were 
no significant differences between those with and without training.

Table 5 looks at the age-adjusted odds ratio, 95% CI and p-values 
for each knowledge-based question about specific cancers and cancer 
syndromes for physicians who did and did not receive genetics training 
at different points of their medical career. Any training in cancer 
genetics was associated with an increased likelihood of identifying 
that, “A 16-year-old individual found to have multiple adenomatous 
polyps at a colonoscopy is at a high risk for a hereditary colon cancer 
syndrome even in the absence of a significant family history” (OR 3.86, 
95% CI 1.29, 11.57). Similarly, training was associated with an increased 
likelihood of knowing that, “Those with juvenile polyposis syndrome 
should have lifelong monitoring for rectal bleeding,” (OR 2.97, 95% 
CI 1.10, 8.01). Those with training, compared to those without, were 
also more likely to know that, “Those with neurofibromatosis type 2 
should have cranial MRI annually beginning at age 10-12 years until at 
least the fourth decade of life,” (OR 2.75 95% CI 1.06, 7.13). No other 
significant differences were found between the two groups. 

Discussion
Our results show that knowledge is lacking at all stages of medical 

education in several areas of pediatric cancer genetics. In some cases, 
medical students had greater knowledge than practicing physicians, 
which may be due to a discontinuation of certain aspects of medical 
education once medical school ends. This may be an issue as the 
practicing physicians are the ones who are ultimately responsible for 
their patients. CME training is then crucial in this area.

Previous studies support our findings for the need of CME 
training. A recent study showed that less than half of general 
pediatricians felt competent in providing healthcare to patients related 
to genetics and genomics. Additionally, less than half reported access 
to adequate resources to aid in ordering appropriate testing. Similarly, 
approximately 40% of pediatricians were aware of only one or none of 
twelve national resources regarding genetic information and services 
[16].

Studies also highlight the need for cancer genetics training at a 
basic level, specifically for taking and interpreting family history at 
the pediatric residency level [16-18]. A study comparing residents in 
internal medicine-pediatrics and pediatrics showed no increase in 
knowledge of cancer genetic-related information with higher levels of 
training [17]. Rather, pediatric residents were less likely to ask about 
family history of early colorectal cancer or colon polyps compared to 
medicine-pediatric residents, which may indicate inadequate training 
of hereditary cancer within the field of pediatrics itself [17]. Our 
study found that CME training in cancer genetics was associated with 
increased knowledge, suggesting that more CME training needs to be 
made available to physicians in order to ensure patients with specific 
genetic needs receive sufficient and appropriate care. Pediatricians 
have cited CME opportunities related to genetics and increased 
understanding of genetics as factors that would provide incentive to 
more effectively integrate genetic-based medicine into their practices 
[16].  

 Our study was subject to certain limitations. It relied on student 
and physician self-report of their area of medical practice and exposure 
to genetic testing and training. We were unable to identify the actual 
content or intensity of genetics education received throughout medical 
school, residency, or CME; this would have been useful considering the 
number of students in the same years that indicated different responses 

Preclinical 
Students

 (Years 1 and 2)
N=69

Clinical 
Students

 (Years 3 and 4)
N=76

Clinical vs Pre-
clinical

ORa (95% CI)
p-value

Physicians
N= 95

Physicians vs Pre-
clinical

ORa (95% CI)
p-value

Physicians vs 
Clinical

ORa (95% CI)
p-value

N (%) N (%) N (%)
Knew that:
  If a person is found to have a hereditary
 cancer mutation, something  can be done to
 prevent the risk for cancer

67 (97.1) 71 (93.4) 0.38 (0.07, 2.07) 82 (86.3) 0.27 (0.03, 2.94) 0.43 (0.09, 2.16)

Genetic sequencing will not detect all types
 of genetic mutations 61 (88.4) 67 (88.2) 1.19 (0.42, 3.41) 72 (75.8) 0.65 (0.11, 3.80) 2.05 (0.41, 10.21)

Molecular tests other than sequencing must
 be used to detect gene deletions or re-arrangements 43 (62.3) 38 (50.0) 0.64 (0.32, 1.27) 38 (40.0) 0.57 (0.17, 1.90) 0.56 (0.21, 1.50)

A hereditary gene mutation can occur for the first time in a child 
even if neither parent carries the mutation 50 (72.5) 67 (88.2) 3.57 (1.37, 9.32) 83 (87.4) 6.55 (1.16, 37.14) 1.04 (0.26, 4.18)

The same gene mutation can sometimes cause different clinical 
presentations in different children. 68 (98.6) 74 (97.4) 0.44  (0.04, 5.12) 87 (91.6) 0.06 (0.003, 1.21) 0.18 (0.02, 1.47)

Around 10% of all cancer diagnoses in the pediatric age range 
occur in children with a hereditary genetic mutation. 26 (37.7) 27 (35.5) 0.89 (0.44, 1.79) 30 (31.6) 1.19 (0.34, 4.16) 1.06 (0.39, 2.89)

There are not established protocols for testing and treating all 
pediatric hereditary genetic cancers 27 (39.1) 38 (50.0) 1.65 (0.83, 3.29) 32 (33.7) 1.15 (0.33, 4.01) 0.45 (0.16, 1.24)

Predictive genetic testing for adult-onset conditions generally 
should be deferred unless an intervention initiated in childhood 
may reduce morbidity or mortality.

42 (60.9) 52 (68.4) 1.38 (0.66, 2.89) 39 (41.1) 0.29 (0.08, 1.07) 0.31 (0.11, 0.84)

Bilateral tumors in paired organs, multifocal tumors, and multiple 
primary cancers in a single individual often indicate an underlying 
or inherited genetic cause of cancer.

52 (75.4) 57 (75.0) 1.09 (0.48, 2.51) 59 (62.1) 0.58  (0.15, 2.27) 0.92 (0.31, 2.74)

An earlier age of cancer diagnosis can be a feature of an 
underlying or inherited genetic cause of cancer. 52 (75.4) 57 (75.0) 0.99 (0.43, 2.29) 56 (58.9) 1.76 (0.37, 8.32) 0.87 (0.29, 2.55)

aAdjusted for age

Table 2: General Cancer Genetics Knowledge amongst Medical Students and Physicians.
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Preclinical 
Students
 (Years 1 

and 2)
N=69

Clinical 
Students
 (Years 3 

and 4)
N=76

Clinical vs Pre-
clinical

ORb (95% CI)
p-value

Physicians
N= 95

Physicians vs 
Pre-clinical

ORb (95% CI)
p-value

Physicians vs 
Clinical

ORb (95% CI)
p-value

Knew that: N (%) N (%) N (%)
Colorectal Cancer

A 16-year-old individual found to have multiple adenomatous polyps at a 
colonoscopy is at a high risk for a hereditary colon cancer syndrome even in the 
absence of a significant family history

52 (75.4) 62 (81.6) 1.15 (0.51, 2.61) 78 (82.1) 0.90 (0.20,4.09) 1.06 (0.29, 3.95)

Offspring of an affected individual are not at a 10% risk of inheriting the disease-
causing mutation in adenomatous polyposis coli 

43 (62.3) 35 (46.1) 0.53 (0.27, 1.07) 26 (27.4) 0.29 (0.08,,1.04) 0.76 (0.29, 2.03)

For those with FAP, the penetrance of colonic adenomatous polyposis and colon 
cancer is virtually 100% in untreated individuals.

45 (65.2) 69 (90.8) 5.57 (1.99,15.55) 44 (46.3) 0.48 (0.14, 1.69) 0.14 (0.04, 0.49)

For those with FAP, colon cancer screening should begin in childhood (under 18 
years of age)

39 (56.5) 56 (73.7) 2.32 (1.09,4.92) 62 (65.3) 1.38 (0.36, 5.31) 1.23 (0.38, 3.97)

Those with juvenile polyposis syndrome should have lifelong monitoring for 
rectal bleeding

45 (65.2) 51 (67.1) 1.13 (0.54 2.40) 63 (66.3) 0.63 (0.17, 2.30) 1.04 (0.37, 2.89)

Lifelong colonoscopy and EGD every 2–3 y starting in late teenage years is 
recommended for those with for Peutz-Jeghers syndrome

37 (53.6) 54 (71.1) 2.13 (1.03, 4.41) 54 (56.8) 1.16 (0.34, 3.90) 0.54 (0.20, 1.49)

Retinoblastoma
Children with retinoblastoma most often initially present with white pupillary 
reflex (leukocoria).

52 (75.4) 60 (78.9) 1.32 (0.59, 2.97) 67 (70.5) 0.86 (0.23, 3.23) 0.65 (0.21, 1.97)

Retinoblastoma is most often diagnosed prior to the age of 5. 54 (78.3) 64 (84.2) 1.49 (0.62, 3.60) 72 (75.8) 0.77 (0.18, 3.32) 0.61 (0.17, 2.15)
The risk for other specific extra ocular primary neoplasms is increased in 
individuals with heritable Rb (Retinoblastoma gene) and in heterozygous carriers 
of a cancer-predisposing RB1 mutation.

48 (69.6) 48 (63.2) 0.68 (0.33, 1.41) 44 (46.3) 0.33 (0.09, 1.18) 0.50 (0.18, 1.34)

Second primary cancers associated with retinoblastoma include osteosarcomas, 
soft tissue sarcomas (mostly leiomyosarcomas and rhabdomyosarcomas), and 
melanomas, all of which may present during adolescence 

52 (75.4) 52 (68.4) 0.74 (0.34, 1.60) 40 (42.1) 0.39 (0.11, 1.39) 0.61 (0.23, 1.66)

Genetic screening of the RB1 gene should be considered in any child with 
bilateral RB

58 (86.6) 63 (85.1) 1.02 (0.36, 2.88) 55 (58.5) 0.53 (0.12, 2.42) 1.14 (0.32, 4.03)

Genetic screening of the RB1 gene should be considered in any child who 
presents with disease at a young age (<1-2 years)

52 (75.4) 59 (77.6) 0.92 (0.39, 2.18) 48 (50.5) 0.29 (0.07, 1.21) 0.60 (0.20, 1.77)

Endocrine Cancers
A child with an adrenocortical tumor automatically has an increased risk for a 
hereditary cancer syndrome

17 (24.6) 19 (25.0) 0.89 (0.40, 1.99) 27 (28.4) 2.05 (0.58, 7.25) 2.18 (0.77, 6.21)

The diagnostic criteria for multiple endocrine neoplasia type 1 (MEN1) syndrome 
are the presence of two of the following three endocrine tumors, which may 
become evident either by overproduction of polypeptide hormones or by growth 
of the tumor itself.

43 (62.3) 59 (77.6) 2.05 (0.95, 4.42) 63 (66.3) 5.23 (0.94,29.02) 0.83 (0.25, 2.71)

In regards to MEN2A, RET molecular genetic testing should be offered to at-risk 
children by age five years, since MTC has been documented in childhood

33 (47.8) 41 (53.9) 1.40 (0.70, 2.80) 34 (35.8) 1.17 (0.34, 4.00) 0.53 (0.20, 1.41)

In regards to MEN 2B, RET molecular genetic testing should be performed as 
soon as possible after birth in all children known to be at risk

26 (37.7) 32 (42.1) 1.15 (0.57, 2.32) 19 (20.0) 0.16 (0.03, 0.78) 0.25 (0.08, 0.86)

Pediatric patients with malignant paragangliomas (PGL) or pheochromocytomas 
(PCC) may have an underlying hereditary mutation  

31 (44.9) 33 (43.4) 1.02 (0.51, 2.04) 21 (22.1) 0.58 (0.16, 2.12) 0.71 (0.26, 1.91)

Other
The risks for cancer in Li-Fraumeni syndrome are relatively low. 35 (50.7) 46 (60.5) 1.75 (0.86, 3.54) 27 (28.4) 1.17 (0.34, 3.98) 1.21 (0.44, 3.35)
Wilmstumor can be associated with a hereditary syndrome. 43 (62.3) 67 (88.2) 4.73 (1.91, 11.72) 70 (73.7) 3.45 (0.74, 16.04) 0.48 (0.12, 1.91)
FanconiAnemia, Bloom syndrome and ataxia telangiectasia are all cancer-
predisposing syndromes that involve recessive genetic inheritance.

34 (49.3) 47 (61.8) 1.71 (0.85, 3.42) 59 (62.1) 5.09 (1.22, 21.32) 1.84 (0.62, 5.47)

Those with neurofibromatosis type 2 should have cranial MRI annually beginning 
at age 10–12 years until at least the fourth decade of life.

34 (49.3) 31 (40.8) 0.87 (0.43, 1.75) 44 (46.3) 1.27 (0.38, 4.32) 1.50 (0.56, 4.03)

bAdjusted for age

Table 3: Hereditary Cancer Syndromes Knowledge amongst Medical Students and Physicians.

regarding exposure to genetics training. Regarding physician self-
reported medical specialty, most of the respondents indicated they were 
PCPs (General Pediatricians or Family Medicine practitioners), but 
some indicated subspecialties or other specialties without clarification. 
An additional limitation was that student participants came from a 
single institution and our results might not fully reflect the knowledge 
of medical students nationally. Lastly, our limited sample size and low 
response rate may have introduced bias, as physicians and students 
who did not respond to the survey may also have been less likely to 

have actively participated in genetics education or have interests in 
future education concerning the topics addressed in the study.

Conclusion
Notwithstanding these limitations, the strength of this study 

lies in its focus on physician and student knowledge concerning 
pediatric hereditary cancer syndromes, something not widely assessed 
previously. The existing medical literature has emphasized the need 

http://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/disease-causing-mutation/
http://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/disease-causing-mutation/
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Any Training
N=66

No training
N=29

ORc(95% CI)

N (%) N (%)
Knew that:
If a person is found to have a hereditary cancer mutation, something  can be done
 to prevent the risk for cancer

59 (89.4) 19 (65.5) 2.19 (0.64, 7.47)

Genetic sequencing will not detect  all types of genetic mutations 51 (77.3) 21 (72.4) 0.99 (0.36, 2.77)
Molecular tests other than sequencing must be used to detect gene deletions 
or re-arrangements

28 (42.4) 10 (34.5) 1.35 (0.55, 3.31)

A hereditary gene mutation can occur for the first time in a child even if neither parent 
carries the mutation

58 (87.9) 25 (86.2) 1.06 (0.28, 4.00)

The same gene mutation can sometimes cause different clinical presentations in different children. 62 (94.0) 25 (86.2) 1.99 (0.43, 9.17)
Around 10% of all cancer diagnoses in the pediatric age range occur in children with
a hereditary genetic mutation.

23 (34.8) 7 (24.1) 1.54 (0.56, 4.27)

There are not established protocols for testing and treating all pediatric hereditary genetic cancers 27 (40.9) 5 (17.2) 4.47 (1.41, 14.24)
Predictive genetic testing for adult-onset conditions generally should be deferred unless
an intervention initiated in childhood may reduce morbidity or mortality.

28 (42.4) 11 (37.9) 1.30 (0.52, 3.22)

Bilateral tumors in paired organs, multifocal tumors, and multiple primary cancers in a 
single individual often indicate an underlying or inherited genetic cause of cancer.

43 (65.2) 16 (55.2) 1.48 (0.59, 3.73)

An earlier age of cancer diagnosis can be a feature of an underlying or inherited genetic 
cause of cancer.

41 (62.1) 15 (51.7) 1.44 (0.56, 3.69)

cAdjusted for age

Table 4: Physicians with and without Genetics Training-General Genetics Knowledge.

Any Training
N=66

No training
N=29

ORd (95% CI)

Knew that: N (%) N (%)
Colorectal Cancer

A 16-year-old individual found to have multiple adenomatous polyps at a colonoscopy is at a high risk for a hereditary colon cancer 
syndrome even in the absence of a significant family history

58 (87.9) 20 (69.0) 3.86 (1.29,11.57)

Offspring of an affected individual are not at a 10% risk of inheriting the disease-causing mutation in adenomatous polyposis coli 20 (29.0) 85 (30.6) 0.97 (0.33, 2.85)
For those with FAP, the penetrance of colonic adenomatous polyposis and colon cancer is virtually 100% in untreated individuals. 32 (48.5) 12 (41.4) 1.17 (0.46, 2.99)
For those with FAP, colon cancer screening should begin in childhood (under 18 years of age) 47 (71.2)   15 (51.7) 2.60 (0.98, 6.86)
That those with juvenile polyposis syndrome should have lifelong monitoring for rectal bleeding 47 (71.2) 16 (55.2) 2.97 (1.10, 8.01)
That lifelong colonoscopy and EGD every 2–3 y starting in late teenage years is recommended for those with for Peutz-Jeghers 
syndrome

39 (59.0) 15  (51.7) 1.59 (0.64, 3.99)

Retinoblastoma
That children with retinoblastoma most often initially present with white pupillary reflex (leukocoria). 46 (69.7) 21 (72.4) 0.78 (0.28, 2.19)
That retinoblastoma is most often diagnosed prior to the age of 5. 48 (72.7) 24 (82.8) 0.41 (0.13, 1.28)
That the risk for other specific extra ocular primary neoplasms is increased in individuals with heritable Rb (Retinoblastoma gene) 
and in heterozygous carriers of a cancer-predisposing RB1 mutation.

35 (53.0) 9 (31.0) 2.33 (0.90, 6.03)

That second primary cancers associated with retinoblastoma include osteosarcomas, soft tissue sarcomas (mostly leiomyosarcomas 
and rhabdomyosarcomas), and melanomas, all of which may present during adolescence

27 (40.9) 13 (44.8) 0.66 (0.26, 1.67)

That genetic screening of the RB1 gene should be considered in any child with bilateral RB 41 (62.1) 11 (37.9) 2.37 (0.93, 6.06)
That genetic screening of the RB1 gene should be considered in any child who presents with disease at a young age (<1-2 years) 38 (57.6)  10(34.5) 2.27 (0.89, 5.78)

Endocrine Cancers
That a child with an adrenocortical tumor automatically has an increased risk for a hereditary cancer syndrome 22 (33.3) 5 (17.2) 2.47 (0.80, 7.63)
That the diagnostic criteria for multiple endocrine neoplasia type 1 (MEN1) syndrome are the presence of two of the following three 
endocrine tumors, which may become evident either by overproduction of polypeptide hormones or by growth of the tumor itself.

48 (72.7) 15 (51.7) 1.57 (0.60, 4.16)

That in regards to MEN2A, RET molecular genetic testing should be offered to at-risk children by age five years, since MTC has 
been documented in childhood

24 (36.4) 10 (34.5) 1.12 (0.44, 2.84)

That in regards to MEN 2B, RET molecular genetic testing should be performed as soon as possible after birth in all children known 
to be at risk

15 (22.7) 4 (13.8) 3.24 (0.90, 
11.58)

That pediatric patients with malignant paragangliomas (PGL) or pheochromocytomas (PCC) most likely do not have an underlying 
hereditary mutation

13 (19.7) 8 (27.6) 0.49 (0.16, 1.46)

Other
The risks for cancer in Li-Fraumeni syndrome are relatively low. 20 (30.3) 6 (20.7) 1.88 (0.53, 6.66)
Wilmstumor can be associated with a hereditary syndrome. 50 (75.8) 20 (69.0) 1.29 (0.46, 3.63)
FanconiAnemia, Bloom syndrome and ataxia telangiectasia are all cancer-predisposing syndromes that involve recessive genetic 
inheritance.

42 (63.6) 17 (58.6) 1.12 (0.43, 2.92)

Those with neurofibromatosis type 2 should have cranial MRI annually beginning at age 10–12 years until at least the fourth decade 
of life.

34 (51.5) 10 (34.5) 2.75 (1.06, 7.13)

dAdjusted for age

Table 5: Knowledge of Hereditary Cancer Syndromes in Physicians With and Without Genetics Training.
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for more intensive and comprehensive cancer genetic education 
concerning the pediatric population. Our results further underscored 
this need. 

Lessons for Practice:

Continuing medical education on pediatric hereditary cancer 
should be provided to practicing physicians
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