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Chapter 15: Non-Head and Neck 
Solid Tumors in Patients with 
Fanconi Anemia

Introduction
Cancer is a major concern in FA patients. This chapter will describe the most 
common types of non-head and neck solid tumors in patients with FA, the 
incidence and risk of developing these tumors, and the influences of age and 
genetic predisposition on cancer diagnosis. Specifically, cancer types and risks 
have been determined from case reports and case series in the literature from 
1927 through 2012 (Figure 1A), and from follow-up of four cohorts in the 
US, Germany, and Israel, published from 2003 through 2010 (Figure 1B) (1-5). 
This chapter will focus on solid tumors, and compare the numbers, ages, and 
observed/expected risk ratios [adjusted for age, sex, and birth cohort, compared 
with data from SEER (6)] of the more “common” solid tumors with those solid 
tumors that are considered to be “rare,” in order to provide perspective.

Types of Solid Tumors
According to case series and case reports, the most common types of solid 
tumors that occur in patients with FA include head and neck squamous cell 
carcinomas, as well as gynecologic cancers (primarily vulvar and cervical 
cancers). These are discussed in Chapter 14 and Chapter 6, respectively. The 
following types of solid tumors occur less frequently than head and neck 
cancers and gynecologic cancers in patients with FA:

• Liver carcinomas (sometimes called “hepatocellular”)

• Liver adenomas (these tumors are considered to be benign, but are not 
always clearly diagnosed until a biopsy has been performed) 

• Brain tumors

• Kidney tumors (frequently of a type known as Wilms’ tumor) 

• Esophageal tumors

• Neuroblastomas (tumors that develop from nerve tissue)

• Breast tumors 
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Figure 1. Number of solid tumors in patients with FA. A) 289 solid tumors 
reported in 2,250 literature case reports and series, from 1927 to 2012. 147 
were “common” and 142 were “rare”. Adapted from Shimamura and Alter (1).  

B) 67 solid tumors reported in 459 patients in 4 cohort studies conducted by the 
National Cancer Institute (NCI), the Israeli Fanconi Anemia Registry (ISFAR), 
the German Fanconi Anemia Registry (GEFA), and the North American Survey 
(NAS) (2-5). 
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Figure 2. Ratio of observed to expected cancers in FA cohorts. The 
standardized incidence ratio (SIR) compares the observed numbers of cases 
to those expected from the US national cancer statistics (called SEER, for 
Surveillance, Epidemiology, and End Results), after adjustment for age, sex, 
and birth cohort. The SIR data are plotted on a logarithmic scale, because the 
values range from 10 to more than 1000. 

A few additional types of solid tumors have been reported in only 2 to 4 pa-
tients with FA:

• Lung tumors

• Stomach tumors

• Lymphomas (tumors that originate from the lymph nodes)

• Dermatofibromas (benign tumors that form on the skin)

• Osteosarcomas (tumors that form in the bones)

• Retinoblastomas (tumors that form in the retina of the eye) 

• Bladder cancer

• Hepatoblastomas (tumors that form in the liver)

• Colon cancer

Some patients with FA develop multiple cancers. Of the 2,250 patients 
described in case series and case reports, 31 patients had 2 or 3 different types 
of solid tumors, and 22 patients had 1 or more solid tumors in addition to acute 
myelogenous leukemia (AML) (1).
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Incidence and Risk of Solid Tumors
Approximately 1 out of every 10 patients with FA in case reports, case series, 
and cohort studies had a solid tumor. However, this statistic does not take age 
into account. Combined data from the four cohort studies of patients with FA 
indicate that a solid tumor of any type is a major adverse outcome in FA: One 
estimate suggests that approximately 1 out of every 4 patients with FA will 
develop a solid tumor by the age of 45 (2-5), and the theoretical risk in patients 
with normal bone marrow increases to nearly 3 out every 4 patients, since these 
patients will live long enough to develop a cancer (2). Therefore, solid tumors 
may be increasingly diagnosed in patients with FA as more patients survive 
hematopoietic stem cell transplantation (HSCT) and as mild cases of FA, such 
as patients with hematologic mosaicism (i.e., patients in whom a bone marrow 
stem cell has undergone a genetic event leading to correction of one of the 
mutated genes), are recognized more often (5,9).  

The most frequent solid tumors in patients with FA appear to be squamous 
cell carcinomas of the head and neck, and gynecologic cancers. However, the 
relative risk of developing several types of rare cancers is very high. Therefore, 
patients with FA should be monitored closely for the development of any 
solid tumor. 

Standardized incidence ratios (SIRs) based on the incidences of cancer 
observed in cohort studies of patients with FA and those expected for the 
general population (6) (after accounting for age and sex) reveal that the “rare” 
cancers of the esophagus and liver occur with high risks in the FA population. 
These tumors, as well as brain and breast, are extremely infrequent in the 
non-FA population, and thus have high ratios of observed to expected, or SIR 
(Figure 2). 

Age at Cancer Diagnosis
Most of the solid tumors in patients with FA that have been reported occurred 
when the patient was age 20 or older, although liver tumors were reported in 
teenage patients with FA and are perhaps related to the use of androgens for 
bone marrow failure. In addition, neuroblastomas and tumors of the brain and 
kidney were reported in children below age 10, and were found primarily in 
patients carrying mutations in both copies of the FANCD1/BRCA2 gene (7). 
Cancers of the esophagus, breast, lung, and stomach were reported in patients 
with FA starting at age 20 (Figure 3A and B). Case series and case reports 
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suggest that patients with FA who have undergone HSCT tend to develop 
head and neck squamous cell carcinoma starting in teenage years, whereas 
patients who have not received a transplant tend to develop head and neck 
squamous cell carcinoma starting at around age 20. In approximately 35% of 
the cancer cases reported in patients with FA, the diagnosis of solid tumors 
or AML preceded the diagnosis of FA; therefore, physicians may sometimes 
fail to recognize patients with undiagnosed FA who have cancer as their first 
manifestation (8, 9).

As shown in Figure 1B, the types of cancers reported in cohort studies of 
patients with FA are very similar to those reported in the literature in case series 
and case reports: Head and neck squamous cell carcinomas and gynecologic 
cancers are the most common, followed by cancers of the esophagus, brain, 
breast, and liver. In addition, cohort studies revealed that brain tumors occurred 
primarily in patients with mutations in the FANCD1/BRCA2 gene. Of the 459 
patients participating in the cohort studies, 15 had multiple cancers. Of these 15 
patients, 12 had 2 or 3 solid tumors, and 3 patients had a solid tumor and AML. 
The ages at diagnosis of cancer were also similar in the case series and case 
reports and cohort studies: Most of the common and rare solid tumors occurred 
between the ages of 20 to 40, brain tumors developed at age 10 or younger, and 
lung cancer occurred after age 40 (Figure 3C and D).

Figure 3. Age at cancer diagnosis in patients with FA. A and B, literature case 
series and case reports. C and D, cohort studies. X-axis abbreviations: HNSCC, 
head and neck squamous cell carcinoma; p BMT, after bone marrow transplant; 
Brn, brain; LivC, liver carcinoma; LivAd, liver adenoma; Ren, renal; Esoph, 
esophagus; Nbl, neuroblastoma; Brst, breast; Stom, stomach. The numbers 
above the boxes indicate how many cases are in each box. The line in the box 
is the median, the ends of the lines are the minimum and maximum values, 
the bottom and top of the boxes mark the first and third quartiles, and the dots 
above the lines are statistical outliers. Figure shown on next page.
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Genes and Cancer
Recent studies suggest that patients with FA who have mutations in both 
copies of the FANCD1/BRCA2 gene have highly predictable patterns of tumor 
development (7,10). Among 27 patients with mutations in this gene, 2 had no 
cancer, 19 had 1 cancer, 3 had 2, and 3 had 3 cancers. There were a total of 34 
cancers: 12 brain tumors, 10 AML, 7 Wilms’ tumors, 4 acute lymphoblastic 
leukemia (ALL), and 1 neuroblastoma (Table 1). Five out of 6 patients with 
at least one copy of a mutation known as the IVS7 variant (either +2T>G 
or +1G>A) developed AML, whereas only 5 out of 21 patients with other 
mutations developed AML. Brain tumors were found in 3 out of 3 patients with 
the 6174delT mutation, 4 out of 4 patients with the 886delGT mutation, as well 
as 1 patient with both mutations. Two of 19 patients with other mutations also 
developed brain tumors. A specific mutation was not clearly identified for the 7 
patients with Wilms’ tumors. 
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Table 1. Number of cancers in patients with mutations in both FANCD1/
BRCA2 genes.*

Brain AML ALL Wilms Neuroblastoma

Total 12 10 4 7 1

As 1st Cancer 8 8 3 6 0

As 2nd Cancer 3 2 0 0 1

As 3rd Cancer 1 0 1 1 0

Median age in 
years at cancer 
diagnosis (range)

3.3 (1.3-9) 2 (0.9-6.3) 5.1 (4.9-10) 1 (0.5-6.6) 1.1

*Adapted from Alter et al. (7)
Abbreviations: Acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL)

Future Challenges
Although the prognosis for people with FA is better than ever, many challenges 
remain. Future research should strive to improve strategies for cancer 
screening and prevention, particularly for cancers to which patients with FA are 
vulnerable. Avoiding tobacco and alcohol, combined with good oral hygiene, 
can help mitigate some environmental carcinogens, but these strategies alone 
are clearly not sufficient to prevent cancers in patients with FA. The vaccines 
against the human papillomavirus (HPV) that are currently available are 
prophylactic rather than therapeutic, and while they may help to prevent new 
cases of gynecologic squamous cell carcinomas, these vaccines may not reduce 
the incidence of head and neck squamous cell carcinoma, particularly of the 
oral cavity (11). Screening methods and case management strategies that address 
the DNA repair defect in patients with FA may help to improve the treatment 
and prevention of cancer in these patients, but remain open research questions. 
As the number of patients with defined genotypes and mutations increases, 
the prognostic value of gene-cancer associations will improve, which may 
ultimately lead to earlier targeted screening and directed interventions.

Editor’s note: Screening guidelines for organ-site specific cancers are discussed 
in previous chapters, including Chapter 14 (head and neck squamous cell 
carcinoma) and Chapter 6 (gynecologic cancers). In addition, Chapter 
20 provides a comprehensive list of all screening recommendations for 
individuals with FA.



Fanconi Anemia: Guidelines for Diagnosis and Management 

294

Chapter Committee
Blanche P. Alter, MD, MPH, FAAP*, and Philip S. Rosenberg, PhD
*Committee Chair

References
1.   Shimamura A, Alter BP (2010) Pathophysiology and management of 

inherited bone marrow failure syndromes. Blood Rev 24:101-122.

2.   Rosenberg PS, Greene MH, Alter BP (2003) Cancer incidence in persons 
with Fanconi anemia. Blood 101:822-826.

3.   Rosenberg PS, Alter BP, Ebell W (2007) Cancer risks in Fanconi anemia: 
experience of the German Fanconi Anemia (GEFA) registry. Haematol 
93:511-517.

4.   Tamary H, et al. (2010) Frequency and natural history of inherited bone 
marrow failure syndromes: the Israeli Inherited Bone Marrow Failure 
Registry. Haematol 95:1300-1307.

5.   Alter BP, et al. (2010) Malignancies and survival patterns in the National 
Cancer Institute inherited bone marrow failure syndromes cohort study.  
Br J Haematol 150:179-188.

6.   Ries L, et al. (2008) SEER Cancer Statistics Review, 1975-2005. 
Available: http://seer.cancer.gov/csr/1975_2005/ 

7.   Alter BP, Rosenberg PS, Brody LC (2007) Clinical and molecular features 
associated with biallelic mutations in FANCD1/BRCA2. J Med Genet  
44:1-9.

8.   Alter BP (2003) Cancer in Fanconi anemia, 1927-2001. Cancer  
97:425-440.

9.   Alter BP, Joenje H, Oostra AB, Pals G (2005) Fanconi anemia: adult head 
and neck cancer and hematopoietic mosaicism. Arch Otolaryngol Head 
Neck Surg131:635-639.

10.  Alter BP (2006) The association between FANCD1/BRCA2 mutations and 
leukemia. Br J Haematol133:446-448.

11.  Alter BP, et al. (2013) Squamous cell carcinomas in patients with Fanconi 
anemia and dyskeratosis congenita: a search for human papillomavirus.  
Int J Cancer 133:1513-1515.


	Fanconi Anemia: Guidelines for Diagnosis and Management
	Table of Contents  
	Introduction
	Chapter 1: Diagnosis and Evaluation
	Chapter 2: Laboratory Diagnostics
	Chapter 3: Hematologic Abnormalities in Patients with Fanconi Anemia
	Chapter 4: Gastrointestinal, Hepatic, and Nutritional Problems
	Chapter 5: Hand and Arm Abnormalities
	Chapter 6: Issues Facing Women with Fanconi Anemia: Improved Survival and New Dilemmas
	Chapter 7: Endocrine Disorders
	Chapter 8: Hearing and Ear Abnormalities in Fanconi Anemia
	Chapter 9: Dermatologic Issues
	Chapter 10: Oral and Dental Health Care
	Chapter 11: Hematopoietic Stem Cell Transplantation
	Chapter 12: Long-Term Follow-Up After Transplantation
	Chapter 13: Novel Stem Cell Treatment Options
	Chapter 14: Head and Neck Cancers in Patients with Fanconi Anemia
	Chapter 15: Non-Head and Neck Solid Tumors in Patients with Fanconi Anemia
	Chapter 16: The Adult Patient with FA
	Chapter 17: Genetic Counseling
	Chapter 18: Psychosocial Issues
	Chapter 19: The Grieving Process and the Physician’s Role: A Mother’s Perspective
	Chapter 20: Clinical Management Checklist
	Abbreviations and Important Terms
	Appendix
	Index

	Introduction
	General Considerations

	Chapter 1: Diagnosis and Evaluation
	Introduction
	Scientific Background
	Diagnosis
	Index of suspicion
	Acknowledgments
	Chapter Committee
	References

	Chapter 2: Laboratory Diagnostics
	Introduction
	Test 1: Chromosome Breakage in Periphera
	Test 2: Mutation Analysis 
	Limitations of next generation sequencin
	Test 3: Bone Marrow Chromosome Analysis 
	Chapter Committee
	References

	Chapter 3: Hematologic Abnormalities in 
	Introduction
	Bone Marrow Dysfunction
	Treatment Options for Bone Marrow Failur
	Management Guidelines for Bone Marrow Fa
	Supportive Care for Patients with Severe
	Chapter Committee
	References

	Chapter 4: Gastrointestinal, Hepatic, an
	Introduction
	Gastrointestinal Tract Anatomic Abnormal
	Gastrointestinal Symptoms
	Poor Weight Gain 
	Overweight and Obesity in FA 
	Cancer Screening 
	Good to Know
	Nutrition as Therapy
	Chapter Committee
	References

	Chapter 5: Hand and Arm Abnormalities
	Introduction
	Initial Evaluation
	Thumb Anomalies
	Radial Deficiency
	Emotional Issues
	Transition from Childhood to Adulthood
	Chapter Committee
	References

	Chapter 6: Issues Facing Women with Fanc
	Introduction
	Menarche 
	Sexuality and Contraception
	Cancer Screening and Treatment
	Reproductive Lifespan, Fertility, and Pr
	Menopause
	Good to Know
	Future Research Directions
	Chapter Committee
	References

	Chapter 7: Endocrine Disorders 
	Introduction
	Height
	Weight and Nutrition
	Abnormal Glucose or Insulin Metabolism
	Dyslipidemia, Obesity, and Metabolic Abn
	Good to Know
	Hypothyroidism
	Growth Hormone Deficiency
	Cortisol Sufficiency
	Multiple Pituitary Hormone Deficiencies
	Puberty, Hypogonadism, and Fertility
	Bone Mineral Density
	Adults with Fanconi Anemia
	Medications and Treatments That Affect E
	Conclusions
	Chapter Committee
	References

	Chapter 8: Hearing and Ear Abnormalities
	Introduction
	Anatomy and Function of the Ear
	Types and Degree of Hearing Loss
	Signs and Symptoms of Ear and Hearing Ab
	Consequences of Hearing Loss
	Early Identification and Intervention fo
	Amplification
	Surgical Management of Hearing Loss in F
	Family Members of Patients with Hearing 
	Regular Periodic Auditory Monitoring
	Conclusions
	Useful Resources for the Hearing Impaire
	Chapter Committee
	References

	Chapter 9: Dermatologic Issues 
	Introduction
	Skin Appearance on Initial Diagnosis
	Types of Skin Growths Associated with FA
	Skin Cancer Prevention
	Medications and Treatments that Affect t
	Chapter Committee
	References

	Chapter 10: Oral and Dental Health Care 
	Introduction
	Importance of Oral Hygiene
	Oral Hygiene at Home
	Professional Oral Health Care 
	Developmental and Mucosal Changes Associ
	Oral Care Before and After Treatment for
	Chapter Committee
	References

	Chapter 11: Hematopoietic Stem Cell Tran
	Introduction
	Current Expectations of Patient Survival
	Exploring the Possibility of Hematopoiet
	Addressing the Potential Risks of HSCT
	The Transplant
	Alternatives to HSCT
	Abbreviations and Important Terms
	Chapter Committee
	References

	Chapter 12: Long-Term Follow-Up After Tr
	Introduction
	Abbreviations:
	Practical Considerations for Long-Term F
	Chapter Committee
	Good to Know
	Gene Therapy
	Stem Cell Therapy
	Stem Cell Gene Therapy
	Challenges Ahead
	Summary
	Chapter Committee
	References

	Chapter 14: Head and Neck Cancers in Pat
	Introduction
	Surveillance of Head and Neck Cancer
	Treatment of Head and Neck Cancer in Pat
	Conclusions
	Chapter Committee
	References

	Chapter 15: Non-Head and Neck Solid Tumo
	Introduction
	Types of Solid Tumors
	Incidence and Risk of Solid Tumors
	Age at Cancer Diagnosis
	Genes and Cancer
	Future Challenges
	Chapter Committee
	References

	Chapter 16: The Adult Patient with FA
	Introduction 
	Subgroups of Adult Patients with FA
	Solid Tumors in Adult Patients with FA
	Bone Marrow Transplant in the Adult Pati
	Gynecologic and Fertility Issues in the 
	Transition of Care 
	Psychosocial Issues in Adult Patients wi
	Summary
	Chapter Committee
	References

	Chapter 17: Genetic Counseling
	Introduction
	Germline Genetic Testing 
	Associations Between Genetic Mutations a
	Genetic Testing for Unaffected Family Me
	Cancer Risks for Carriers of FA Gene Mut
	Reproductive Issues
	Conclusion
	Chapter Committee
	References

	Chapter 18: Psychosocial Issues 
	Introduction
	Stages of the Journey with FA
	The Parent’s Journey with FA
	Siblings in a family with FA
	The Child’s Journey with FA
	Young Adults and Adults with FA
	Coping with Stem Cell Transplantation 
	Issues Surrounding Death
	Chapter Committee
	References 

	Chapter 19: The Grieving Process and the
	Introduction
	The Physician’s Role: What Helps and Wha
	Postscript

	Chapter 20: Clinical Management Checklis
	Introduction
	Diagnostic Testing for FA
	After an FA Diagnosis: What’s Next?
	Living with FA: General Challenges 
	Living with FA: Body Site-Specific Conce
	Living with FA: Transitioning to Adult M
	Chapter Committee

	Abbreviations and Important Terms
	Appendix
	Participants and Contributors

	Index




