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Abstract

Fanconi anemia (FA) is an inherited DNA repair disorder, caused by mutations in one of 20 
FA genes. The c.67delG FANCC mutation is common in Dutch FA patients and associated 
with a mild phenotype, but data on course of disease are scarce.
In this study, we analyzed the epidemiology and genotype of the Dutch FA cohort and 
described the phenotype and course of disease of patients with homozygous c.67delG 
mutations. 
Of the 137 FA patients in the Dutch database 84 are alive. Mutation screening (n=118) 
revealed 46 (39%) patients with FANCC mutations. C.67delG mutations were found in all 
FA-C patients; homozygous in 32 and compound heterozygous in 14 patients.
Homozygous c.67delG patients showed none or relatively mild congenital abnormalities. 
However, 61% developed progressive bone marrow failure, 48% received a stem cell 
transplantation (median age 12.3 years) and 26% of the adult patients developed solid 
tumors (median age 36.0 years). Median age at death (n=10) was 26.1 years. Cumulative 
survival was 54% (SE 13.1%) at age 35.
Homozygous c.67delG patients, initially presenting with a mild phenotype, have a high 
risk to develop life-threatening bone marrow failure and solid tumors, indicating that 
surveillance protocols should not be relaxed for this genetic subgroup.
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Introduction

Fanconi anemia (FA) is a hereditary DNA repair disorder characterized by congenital 
abnormalities, bone marrow failure (BMF) and a high risk of malignancies, particularly 
leukemia and squamous cell carcinoma (SCC).1,2 The proteins encoded by the 20 currently 
known FA genes act together in the FA pathway that organizes DNA repair.3,4 
Worldwide, FANCA (64%), FANCC (12%) and FANCG (8%) are the predominant genes 
causing FA.5 Severity of congenital abnormalities, age at onset of BMF, risk of malignancies 
and survival vary between FA subgroups and certain mutations can cause a distinct clinical 
phenotype.6-9 Genotype-phenotype correlations are important in clinical management and 
patient counseling. 
The estimated FA carrier frequency in the United States is 1:181.10 Due to a founder 
effect, higher carrier frequencies are found in certain ethnic groups (e.g. Ashkenazi Jews, 
Afrikaner population in South Africa and Spanish Gypsies).10-12 A well-known FANCC 
founder mutation in Ashkenazi Jews is c.456+4A>T, also known as IVS4+4A>T. This splice 
site mutation is associated with severe congenital abnormalities and early onset of BMF.13-

15 Another FANCC founder mutation is c.67delG, previously known as 322delG.15 This 
Northern European exon 1 frameshift mutation is prevalent in Dutch patients, probably 
originated in the Netherlands and is also present in North American Mennonites.9,16,17 
Due to expression of a FANCC isoform with partial function, the c.67delG mutation is 
associated with a mild phenotype, but data on course of disease are scarce.9,13,15,18,19 
In this study, we analyze the epidemiology and genotype of the Dutch FA cohort. We 
describe the clinical characteristics of FA-C paftients, focusing on phenotype and course 
of disease in homozygous c.67delG patients to determine whether treatment guidelines for 
this patient group could be adjusted.

Study design

Patient registry

In 2007, Dutch FA treatment guidelines, including a patient registry, were implemented by 
the Dutch Childhood Oncology Group (DCOG). After informed consent, newly diagnosed 
and known FA patients were included in the registry. Clinical data at diagnosis and yearly 
follow-up were collected and stored encoded in the DCOG database. Informed consent was 
waived for deceased patients or patients lost to follow-up. 

Epidemiology

FA prevalence was defined as the total Dutch population divided by the number of FA 
patients currently alive, both measured on July 15, 2016. Birth prevalence was defined as 
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the annual birthrates of the last 25 years (1990-2014) divided by the number of FA patients 
born between January 1990 and January 2015. Total population and annual birthrates were 
extracted from the Dutch Central Bureau for Statistics (www.cbs.nl).

Patient characteristics and outcome

Patient characteristics, including age, gender, genotype and congenital abnormalities were 
collected. Age at diagnosis was analyzed as a measure of disease severity, as severely affected 
patients are generally diagnosed earlier than mildly affected patients.15 In families with ≥ 
2 affected children, age at diagnosis was analyzed in probands, since subsequent family 
screening influences age at diagnosis of affected siblings. 
To study the course of disease, we analyzed the development of cytopenia, progressive 
BMF, age at stem cell transplantation (SCT), hematological malignancies and solid tumors. 
Cytopenia was defined as anemia, leukopenia and/or thrombocytopenia. Progressive BMF 
was defined as persistent transfusion need and/or severe neutropenia (neutrophil count < 
0.5x109/l). Finally, we analyzed overall survival, defined as time between birth and date of 
death from any cause or last follow-up. 

Statistical analysis

Continuous variables are displayed as mean, range and median. Discrete variables are 
displayed as counts and proportions. The Kaplan-Meier method was used to analyze overall 
survival. 

Results and Discussion

The Dutch FA cohort

To date, 137 Dutch FA patients (76 male) have been identified of whom 84 are currently 
alive. A few patients have been reported previously.20-22 With a population of 17 million 
people, the prevalence of FA in the Netherlands is approximately 1:208.000. On average, 
3.4 children with FA are born annually (range 0-7, estimated birth prevalence 1:57.000). 
Mean age of the patients currently alive is 16.8 years (range 0.5-47.7) of whom 35 (42%) are 
≥ 18 years, illustrating the markedly increased lifespan in FA.2 Median age at death (n=48, 
unknown current status n=5) was 12.4 years (range 0.0-39.4). Cause of death was SCT-
related (n=19), SCC (n=10), non-SCC cancer (n=2), acute lymphoblastic leukemia (n=2), 
BMF (n=4), perinatal cause (n=4) and other/unknown (n=7).



47

3

Exploring the phenotype and course of disease of the Dutch Fanconi anemia mutation

Genotype of the Dutch FA cohort

FA mutation screening, performed in 118 patients, confirmed that the FA-C subtype 
is most prevalent in the Netherlands (39%), followed by FA-A (34%) and FA-G (5%). 
C.67delG mutations were found in all 46 FA-C patients; homozygous in 32 and compound 
heterozygous in 14 patients. 

Table 1. Characteristics of Dutch c.67delG patients

Characteristics homozygous 

c.67delG patients  

General characteristics (n=32)

 gender, male 11 (34%)

 age at diagnosis^ in years  mean (range) 11.1 (3.9-25.9)

    median 10.4

 patients ≥ 18 years 19 (59%)

Congenital abnormalities*

 no abnormalities 8 of 28 (29%)

 skin# 14 of 24 (58%)

 head$ 2 of 24 (8%)

 thumb and/or radius 3 of 24 (12.5%)

 other skeletal 3 of 22 (14%)

 heart 6 of 26 (23%)

 kidney 6 of 26 (23%)

 gastrointestinal 0 of 24 (0%)

 genital 2 of 23 (9%)

Bone marrow failure^

 cytopenia 27 of 31 (87%)

 progressive BMF 19 of 31 (61%)

 SCT 15 of 31 (48%)

 age at SCT in years   mean (range) 13.0 (4.3-30.7)

    median 12.3

Solid tumors

 solid tumors in patients ≥ 18 years 5 of 19 (26%)

 age in years   mean (range) 35.3 (25.9-42.1)

    median 36.0

 type of tumor  SCC 4 (80%)

    non-SCC 1 (20%)
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Table 1. Characteristics of Dutch c.67delG patients (continued)
Characteristics homozygous 

c.67 delG patients  

Follow-up

 follow-up in years   mean (range) 21.9 (3.5-47.7) 

    median 19.5

    patient years 697.7

Current status

 alive 22 (69%)

 current age in years   mean (range) 19.0 (3.5-47.7)

    median 16.8

 deceased 10 (31%)

 age at death in years   mean (range) 28.0 (12.5-38.6)

    median 26.1

 cause of death  BMF 2 (20%)

    SCT-related 3 (30%)

    SCC 4 (40%)

    unknown 1 (10%)

BMF = bone marrow failure; SCT = stem cell transplantation; SCC = squamous cell carcinoma; ^analyzed in 

FA probands;
*number of abnormalities provided per number of patients with available information; #this includes café au 

lait spots, hypopigmentation and/or hypopigmentation; $this includes microcephaly and abnormalities (anato-

mical and functional) of the ears and eyes; ^number of patients provided per number of patients with available 

information

Homozygous c.67delG patients

Characteristics of homozygous c.67delG patients are presented in Table 1. Strikingly, 
we found a male:female ratio of 1:1.9, whereas in the general FA population a male 
predominance of 1.2:1 is reported.2 Since FA type C is an autosomal recessive disorder, 
this male predominance is not well understood and we do not have an explanation for the 
higher female prevalence in homozygous c.67delG patients. 
Median age at diagnosis reported in the general FA population is 6.5 years.2 Homozygous 
c.67delG probands were diagnosed at a median age of 10.4 years, indicating a milder FA 
phenotype. The older age at diagnosis could be explained by the absence of congenital 
abnormalities in nearly a third of the patients and the relatively mild abnormalities reported 
in the remainder. In addition, patients with homozygous mutations were transplanted at an 
older age (median 12.3 years) when compared to the large EBMT cohort recently described, 
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indicating a later onset or less rapid progression of BMF.23 Nevertheless, more than 60% of 
the homozygous patients finally developed progressive BMF.
Hematological malignancies were found in two patients. One patient developed AML-M4 
at age 12 and one patient presented with mediastinal T-cell lymphoma at age nine. 
Lymphomas have been described in FA, but are very rare.2

More than 20% of adult homozygous patients developed SCC, underlining the extraordinary 
high SCC susceptibility in FA.6,24 All patients died within one year after SCC diagnosis, 
illustrating the aggressive nature and limited treatment options of SCC in FA.25

The overall survival of homozygous c.67delG patients illustrates that this specific FA 
subgroup has a grim prognosis with an overall survival of 54% (SE 13.1%) at age 35 (see 
Figure 1).

Figure 1. Kaplan Meier survival curve of Dutch FA patients with homozygous c.67delG FANCC 
mutations.

Compound heterozygous c.67delG patients

Median age at diagnosis in the compound heterozygous patients was 4.4 years (range 
1.0-7.6). Mutation screening identified nine distinct second mutations. All 14 patients 
(10 male) showed congenital abnormalities of whom two had more severe abnormalities 
including esophageal atresia. Eleven (79%) patients developed progressive BMF and 10 
(71%) received a SCT at a median age of 6.8 years (range 5.9-10.2). Interestingly, 12 patients 
were born after 1990, indicative of increasing migration and genetic diversity of the Dutch 
population. No solid tumors were detected yet in this young group.
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Compound heterozygous patients seem to have a more severe phenotype in terms of 
congenital abnormalities, age at diagnosis and age at SCT, however, the small number, the 
genetic heterogeneity and the young age makes it difficult to draw strong conclusions. Longer 
follow-up is needed to study the natural history of patients with compound heterozygous 
c.67delG mutations. 

In conclusion, FA patients with homozygous c.67delG FANCC mutations initially present 
with a mild phenotype. However, they do develop BMF and solid tumors underlining the 
critical importance of lifelong and stringent screening also in this patient group.
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