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Abstract 
Context  The risk of second primary malignancies in hereditary retinoblastoma 

subjects has been examined in many studies, but no study has been done on 
a possible relation between specific RB1 germline mutations and the risk of 
second primary malignancies in a nationwide well-documented cohort. 

Objective  To investigate the RB1 genotype in relation to second malignancy risk 
in subjects with hereditary retinoblastoma.

Design, Setting, and participants Extensive follow-up procedures of hereditary 
retinoblastoma subjects of the Dutch retinoblastoma cohort (1862-2005) 
were conducted during the period of September 2005 to June 2007. 
Hereditary retinoblastoma subjects with and without a second primary 
malignancy were genotyped for mutations in RB1.

Main outcome measure   Risks of second primary malignancy incidence among 
hereditary retinoblastoma subjects with specific documented RB1 mutations 
were examined and compared on the basis of patient characteristics.

Results   Of the 199 hereditary retinoblastoma subjects with a known RB1 
mutation, 44 developed a second primary malignancy after a median follow-
up of 30.2 years (range = 1.33-76.0). Risk was significantly associated with 
radiotherapy for retinoblastoma (hazard ratio (HR) = 3.94; 95% confidence 
interval (CI), 1.73-8.98; P<.001), and there was a trend toward higher 
second primary malignancy risk for hereditary retinoblastoma subjects with 
a nonsense or frameshift mutation vs. other RB1 mutations (HR = 1.58; 
95% CI, 0.82-3.07; P = .17). 

Conclusions   Although no statistically significant genotype-phenotype correla-
tions emerged between hereditary retinoblastoma subjects with a documented 
RB1 mutation and second malignancies, we observed a trend towards higher 
second primary malignancy risk for hereditary retinoblastoma subjects with 
a nonsense or frameshift mutation compared to other RB1 mutations.
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Introduction 
Retinoblastoma is the most common primary intraocular malignancy of child-
hood1. Mutational inactivation of both alleles of the RB1 tumorsuppressor gene 
in the developing retina initiates the formation of retinoblastoma2,3. The RB1 
gene consists of 27 exons and is located on chromosome 13q14 (GenBank 
accession number L11910, MIM#180200). The gene encodes a ubiquitously 
expressed nuclear protein, that is involved in cell cycle regulation, cellular dif-
ferentiation and survival4, and contains a protein interaction domain that is 
called the “pocket”5. About 40% of retinoblastoma patients have a hereditary 
predisposition, caused by a heterozygous germline mutation in the RB1 gene6. 
Over 600 different pathogenic mutations have been described. Patients with 
nonhereditary retinoblastoma only have one eye affected, no germline mutation 
in the RB1 gene and two somatic retinal RB1 mutations. 
 Loss of function is the initiating event in retinoblastoma, both in hereditary 
and in nonhereditary cases, and increases the risk of osteosarcoma in children2,7. 
Abnormalities in the RB signaling pathway, have also been observed in many 
sarcoma tissues of patients without a history of retinoblastoma8, and >90% of 
non-smalll lung cancer9. 
 As is known from long-term follow-up studies10-12, hereditary retinoblas-
toma subjects have a strongly increased risk for second primary malignancies12, 
(including osteosarcoma, soft tissue sarcoma, melanoma and epithelial cancers) 
which is associated with excess mortality10,13-15. So far, it has not been examined in 
a large cohort of retinoblastoma patients whether specific RB1 mutations might 
be associated with greater risk of second malignancy.
 The objective of the present study was to investigate the RB1 genotype in 
relation to second malignancy risk in hereditary retinoblastoma subjects. 

Methods

Patients
In the Netherlands we have data available of Dutch retinoblastoma subjects 
diagnosed from 1862 onwards. The Dutch retinoblastoma registry contains 
data on 1028 subjects (96.3%), after exclusion of five patients because of retino-
mas (tumours with spontaneous growth arrest), four patients with an unknown 
birth date, and 31 patients who were lost to follow up after extensive follow-
up procedures12. Data were collected regarding demography, family history 
of retinoblastoma, tumor laterality, treatment for retinoblastoma (including 
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radiotherapy fields and energy type, and chemotherapeutic agents), reports on 
invasive cancers, and date and (underlying) cause of death. 
 Patients with bilateral disease, a positive family history of retinoblastoma, or 
a germline mutation in the RB1 gene found by chromosomal or DNA analy-
sis were classified as hereditary. The remaining patients, those with unilateral 
retinoblastoma, no family history of retinoblastoma, and no mutation detected 
in the RB1 gene, were classified as having nonhereditary retinoblastoma. 
 Eligible subjects for the current study included all hereditary retinoblastoma 
patients from the Dutch retinoblastoma cohort (1862-2005), in whom a ger-
mline RB1 mutation was documented. Both living and deceased retinoblastoma 
patients were eligible: if a retinoblastoma patient had died before DNA-testing 
could be performed, but a RB1 mutation was determined in the family, the 
patient was considered to be a carrier of the familial mutation. Hereditary 
retinoblastoma patients in whom no mutation was detected were excluded. 
 Of the 1028 retinoblastoma patients, we identified a total of 409 (39.8%) 
hereditary cases [three additional patients were reclassified from nonhereditary 
to hereditary retinoblastoma since an earlier report]12. Of the 409 hereditary 
cases, 177 patients were excluded because no DNA analysis could be performed. 
Of these 177 excluded patients, 131 had died and had no living family members 
with retinoblastoma who could be tested, 24 patients did not respond to an 
invitation to participate in the study, 11 patients refused to participate in the 
study, and another 11 patients refused DNA analysis. An additional 33 patients 
were excluded because available DNA analysis did not detect a RB1 mutation. 
The remaining 199 patients were included in this study; 168 of these were alive 
at the time of inclusion. 
 Of all eligible subjects, invasive subsequent cancers were confirmed by 
pathology reports, hospital or physician’s records, or death certificates12, and 
coded according to the International Classification of Diseases for Oncology 
(ICD-O-3). This study was approved by the Medical Ethics Committees of all 
participating hospitals, and was conducted in accordance with the principles of 
the Helsinki declaration.

Mutation screening
Since the beginning of the 1990s all newly diagnosed retinoblastoma patients 
in the Netherlands undergo germline RB1 mutation analysis. Patients who were 
diagnosed before that time and who wanted to participate in the study were 
invited to undergo DNA-testing, and were offered genetic counselling.
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DNA analysis included direct sequencing of exons 1 and 15, and the RB1 
promoter and Denaturing Gradient Gel Electrophoresis (DGGE) analysis of 
the other exons and flanking intronic sequences. To detect large deletions and 
duplications Multiplex Ligation-dependent Probe Amplification (MLPA) analy-
sis was performed. If warranted, e.g. when dysmorphism or mental retardation 
was noted, karyotyping was performed to detect chromosomal rearrangements.

Statistical Methods
We first compared the frequency of second primary cancers among hereditary 
retinoblastoma survivors with specific documented RB1 mutations, and tested 
for differences using chi-squared tests.
 Furthermore, the incidence of second primary malignancy in hereditary retin-
oblastoma subjects with documented RB1 germline mutations, was compared 
with cancer incidence in the Dutch population. Time at risk for subsequent 
cancers began at diagnosis of retinoblastoma and ended at the date of second 
malignancy diagnosis, emigration, the date last known to be alive, the date 
of death, or the closing date of our study June 30, 2007, whichever occurred 
first. 
 The expected numbers of second malignancies, taking into account the 
person-years of observation in the Dutch retinoblastoma cohort, were com-
puted with the use of sex-, age-, and calendar year-specific cancer rates from 
the Eindhoven Cancer Registry16 up to 1990 or, for the period after 1990, 
from the Netherlands Cancer Registry17-19. Cancer incidence data for the whole 
country were not available for the total study period. The standardized inci-
dence ratio (SIR) for second malignancies was calculated as the ratio of the 
observed number of second malignancies to the expected number, and the 95% 
confidence interval (CI) was calculated based on the Poisson distribution20. 
 Multivariable Cox regression analysis was performed to quantify the effects 
of specific RB1 mutations on second primary cancers.
 All data were analysed using SPSS statistical software (SPSS, Chicago, IL).

Results
The general characteristics of the study population are presented in Table 1. 
Between 1862 and 2005, 199 hereditary retinoblastoma patients were diagnosed 
with a known germline mutation in the RB1 gene or with a family member car-
rying a documented mutation. The median period of follow-up of all subjects 
was 30.2 years (range = 1.33-76.0). The median duration of follow-up was 44.6 
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years (range = 5.07-76.0) for hereditary retinoblastoma subjects who developed 
a second primary malignancy, and 24.8 years (range = 1.33-69.7) for those 
without a second primary malignancy (P<.001). The median follow-up times 
among bilaterally and unilaterally affected RB1 mutation carriers were 28.1 
years (range = 1.33-72.0) and 34.1 years (range = 1.55-76.0), respectively. The 
proportion of bilaterally and unilaterally affected subjects with a nonsense or 
frameshift mutation was statistically significantly different (P = 0.03).
 After being diagnosed with retinoblastoma, 44 carriers of a RB1 mutation  
from 31 different families developed a second primary malignancy. Table 2 
shows the different types of second primary cancers in survivors of unilateral or 
bilateral retinoblastoma. In both unilateral and bilateral retinoblastoma subjects, 
the most frequently observed second malignancies were melanoma and epithe-
lial cancers. The median age at time of second primary malignancy diagnosis 

Table 1. Selected characteristics of hereditary retinoblastoma subjects
Bilateral Unilateral Total

Characteristics* No. of  
patients 

(%) No. of  
patients

 (%) No. of  
patients 

(%)

Total no. of patients 148 (100) 51 (100) 199 (100)
Sex
   Male 66 (44.6) 25 (49) 91 (45.7)
   Female 82 (55.4) 26 (51) 108 (54.3)
Age at retinoblastoma diagnosis
   <1 112 (75.7) 37 (72.5) 149 (74.9)
   1-2 20 (13.5) 8 (15.7) 28 (14.1)
   2+ 16 (10.8) 6 (11.8) 22 (11.0)
Mutation type
   Nonsense or frameshift 93 (62.8) 23 (45.1) 116 (58.3)
   Splice 23 (15.5) 11 (21.6) 34 (17.1)
   Large rearrangement 24 (16.2) 12 (23.5) 36 (18.1)
   Promotor 2 (1.4) 0 2 (1.0)
   Missense 6 (4.1) 5 (9.8) 11 (5.5)
Treatment for retinoblastoma
   Surgery only 20 (13.5) 37 (72.6) 57 (28.6)
   Chemotherapy only 8 (5.4) 2 (3.9) 10 (5.0)
   Radiation only 92 (62.2) 4 (7.8) 96 (48.2)
   Radiation, chemotherapy 26 (17.6) 1 (2.0) 27 (13.6)
   Missing 2 (1.4) 7 (13.7) 9 (4.5)
Second primary malignancy diagnosed
   Yes 37 (25.0) 7 (13.7) 44 (22.1)
   No 111 (75.0) 44 (86.3) 155 (77.9)
Vital status at the end of follow-up
   Alive 127 (85.8) 41 (80.4) 168 (84.4)
   Dead 21 (14.2) 10 (19.6) 31 (15.6)
* Unilateral retinoblastoma subjects: 20 sporadic cases and 31 familial cases (17 cases were the first in 

their family with retinoblastoma, 14 cases were not the first with retinoblastoma in their family). Bilateral 
retinoblastoma subjects; 68 sporadic cases and 80 familial cases (18 cases were the first in their family with 
retinoblastoma, 62 cases were not the first in their family with retinoblastoma). 
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was 32.2 years (range = 4.88-71.9) for subjects with bilateral disease and 57.1 
years (range = 31.2-61.8) for unilateral retinoblastoma survivors (P = .007).   
 We investigated a possible associations between the location of RB1 germline 
mutations found in our study cohort, and the occurrence of second primary 
malignancies (Figure 1). Mutations were found scattered across most of the 
RB1 gene, with the exception of exons 4, 5 and 11 and at the 3’ end of the 
gene: exons 26 and 27. 
 Table 3 shows the type of RB1 mutation in relation to the occurrence of a 
second primary malignancy. Of all RB1 mutations found in our cohort, 58.3% 

Table 2. Type of second primary malignancy among bilateral and unilateral retinoblastoma 
subjects

Bilateral (n = 37)
(%)

Unilateral (n = 7)
(%)

Second primary malignancy
   Soft tissue sarcoma 8

(21.6)
1

(14.3)
   Bone cancer  6

(16.2)
0

   Melanoma 10
(27.0)

1
(14.3)

   Epithelial cancer 12
(32.4)

4
(57.1)

   Other cancers* 1
(2.7)

1
(14.3)

Percentages may not total 100, due to rounding.
* Among the bilateral subject a brain cancers was observed, and a malignancy not otherwise specified among the 

unilateral patient.

Table 3. Type of mutation in relation to the occurrence of a second primary malignancy
Second primary malignancy
Yes (n = 44) No (n = 155)

(%)
Type of mutation Any second 

malignancy
(%)

Sarcoma*
(n=15)

(%)

Other
(n=29)

(%)
Nonsense and frameshift 31

(70.5)
11 

(73.3)
20

(69.0)
85 

(54.8)
Splice 7

(15.9)
2

(13.3)
5

(17.2)
27

(17.4)
Large rearrangement 6

(13.6)
2 

(13.3)
4

(13.8)
30 

(19.4)
Missense 0

(0)
0

(0)
0

(0)
11

(7.1)
Promoter 0

(0)
0

(0)
0

(0)
2

(1.3)
Percentages may not total 100, due to rounding.
* Including soft tissue sarcoma, osteosarcoma, and chondrosarcoma.
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Figure 1. Localization of mutations found the RB1 gene in all included hereditary retino-
blastoma patients (n=199). 

The coding parts of exons 1 through 27 are not drawn to scale Black arrows represent sporadic retinoblastoma 
patients, (differences in) grey scale arrows with the same mutation represent (different) families. The round 
ends represent those patients in whom a second primary malignancy was diagnosed. Each arrow or round end 
represent one retinoblastoma patient. Downward-pointing symbols represent mutations in exons, and upward-
pointing symbols represent mutations in introns. The horizontal lines below depict large rearrangements.
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Figure 2. RB1 mutations found among hereditary retinoblastoma subjects diagnosed with a 
second primary malignancy (n = 44). 

The coding parts of exons 1 through 27 are not drawn to scale. Every symbol represents a retinoblastoma subject 
diagnosed with a second primary malignancy. Black symbols represent sporadic hereditary retinoblastoma 
subjects. Greyscale coloured symbols represent subjects of familial retinoblastoma. Downward-pointing symbols 
represent mutations in exons, and upward-pointing symbols represent mutations in introns. The horizontal lines 
below depict large rearrangements.
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was a nonsense or frameshift mutation, 17.1% concerned a splice mutation, 
18.1% was a large rearrangement, 5.5% was a missense mutation, and 1.0% was 
a promoter mutation. In the group of retinoblastoma survivors that developed 
a second malignancy, only nonsense or frameshift mutations, splice mutations 
and large rearrangements were observed. Out of the 22 carriers with a deletion 
involving the whole RB1 gene, one developed a second malignancy. Of the 
9 subjects who were a carrier of a deletion that involves exons coding for the 
pocket domain, three developed a second malignancy. One of five carriers of a 
deletion with both breakpoints within the RB1 gene, but outside the pocket 
domain region, developed a second malignancy. One of the two subjects who 
carried a duplication of exon 3 developed a second primary cancer. No second 
malignancies were observed among RB1 mutation carriers with a promoter 
mutation or a missense mutation. The difference in proportions of second 
primary malignancies among those with a nonsense or frameshift mutation and 
those with an other mutation was borderline statistically significant (χ2 =  3.44; 
P = .06).  
 The mutations found in patients who developed a second malignancy were 
distributed throughout most of the exons of the RB1 gene and did not appear to 
cluster in one region (Figure 2). There was no correlation between the different 
types of second malignancies that were diagnosed in these patients and the type 
of mutation or the region of the gene where the mutation was located. Table 4 
displays the mutations in all patients who developed a second primary tumor, 
along with clinical details, listed according to subcategories of germline RB1 
mutation type. RB1 mutation type in relation to second primary malignancy 
occurrence and treatment is presented in Table 5. 
 Considering treatment for retinoblastoma and the occurrence of second 
malignancies, we observed that 72.7% of all subjects with a second malignancy 
had been treated with radiation for their retinoblastoma. Those with a RB1 
germline nonsense or frameshift mutation and those with a large rearrange-
ment showed no differences in occurrence of second malignancies according to 
treatment with or without radiotherapy. Second primary malignancies among 
hereditary retinoblastoma cases with a splice mutation in the RB1 gene, were 
only observed among those treated with radiotherapy. However, numbers were 
small and this difference was not statistically significant.
 In all RB1 mutation carriers included in this study, the risk of any second 
malignancy was increased 11.5-fold (95% CI, 8.38-15.5), compared with cancer 
risk in the general population. When calculating the second primary malignancy 



92

Chapter 5

Table 4: Descriptions of retinoblastoma patients with a second primary malignancy 
according to subcategories of RB1 mutation type 

Subject 
no.

Mutation description*, † Family‡ Number of RB patients in 
the family without second 
primary malignancy (age)

Site Protein Laterality First in 
family

Therapy Type of second 
primary 
malignancy§

Second primary 
malignancy (age 
at diagnosis)

Nonsense or frameshift
1 g.2121dupC F22 NA Exon 1 Bil Yes RT Epithelial B (59)
2 g.5446G>T F11 1 Exon 2 E54X Bil Yes Enucl Epithelial Bl (52)
3 g.5505_5506dup F12 1 (12) Exon 2 Bil Yes RT + CH Other (44)
4 g.45855del F16 4 (59,40,14,6) Exon 6 Bil No RT Osteosarcoma (5)
5 g.59702_59703dup F17 2 (4†, 29) Exon 8 Ul Yes Enucl Epithelial Pc (56)
6 g.59702_59703dup F17 Exon8 Bil No RT Epithelial Bl (51)
7 g.59702_59703dup F17 Exon8 Bil No RT + CH Epithelial L (39)
8 g.59695C>T F31 NA Exon 8 R255X Bil Yes RT Osteosarcoma (12)
9 g.64348C>T F4 0 Exon 10 R320X Bil Yes Enucl Epithelial C (49)
10 g.64348C>T F4 Exon 10 R320X Bil No RT Melanoma (25)
11 g.65386C>T F5 2 (26,1†) Exon 10 R358X Bil Yes RT + CH Sarcoma LMS (41)
12 g.70261C>T F6 2(47,41) Exon 12 Q383X Ul Yes Enucl Epithelial Bl (62)
13 g.76430C>T F8 3 (26,11,49) Exon 14 R445X Bil Yes Enucl Epithelial L (65)
14 g.76430C>T F8 Exon 14 R445X Bil No Enucl Melanoma (23)
15 g.76430C>T F8 Exon 14 R445X Bil No RT Melanoma (37)
16 g.76430C>T F8 Exon 14 R445X Bil No RT Melanoma (45)
17 g.76430C>T F8 Exon 14 R445X Bil No RT Melanoma (21)
18 g.76898C>T F23 NA Exon 15 R467X Bil No RT + CH Melanoma (28)
19 g.78238C>T F9 1 (54) Exon 17 R552X Bil Yes RT Sarcoma LMS (33)
20 g.78238C>T F9 Exon 17 R552X Bil No RT + CH Osteosarcoma (12)
21 g.150037C>T F10 0 Exon 18 R579X Ul Yes Missing Other (59)
22 g.150037C>T F10 Exon 18 R579X Bil No RT Melanoma (35)
23 g.150037C>T F24 NA Exon 18 R579X Bil No RT Osteosarcoma (10)
24 g.153211T>A F25 NA Exon 19 Y606X Bil No RT Melanoma (35)
25 g.156787_156788

delGC
F13 3 (42†, 70,51) Exon 20 Bil No Enucl Epithelial Cx (72)

26 g.156787_156788
delGC

F13 Exon 20 Ul No Enucl Sarcoma Unknown location (50)

27 g.160832G>T F14 2 (53,50) Exon 21 E737X Ul Yes Enucl Epithelial O (58)
28 g.160832G>T F14 Exon 21 E737X Bil No RT Osteosarcoma (20)
29 g.162266del F26 NA Exon 23 Bil No RT + CH Chondrosarcoma (26)
30 g.162237C>T F27 NA Exon 23 R787X Bil No RT + CH Sarcoma LMS (32)
31 g.162237C>T F28 NA Exon 23 R787X Bil No RT Sarcoma Lipo (12)

Splice mutation
32 g.73869G>A F7 1 (29) Exon 13 Q444Q exon 13 skipped Bil Yes RT Epithelial L (48)

33 g.45867G>A/
IVS6+1G>A

F20 NA Intron 6 Bil No RT Epithelial B (57)

34 g.76491G>T/
IVS14+5G>T

F21 NA Intron 14 Bil No RT Melanoma (51)

35 g.149997G>A/
IVS17-1G>A

F19 NA Intron 17 Bil No RT Sarcoma Rhab (8)

36 g.160729G>C/
IVS20-1G>C

F1 0 Intron 20 Bil Yes RT Epithelial Bl (62)

37 g.160729G>C/
IVS20-1G>C

F1 Intron 20 Bil No RT Sarcoma His (31)

38 g.160729G>C/
IVS20-1G>C

F1 Intron 20 Bil No RT Epithelial B (43)

Large rearrangements
39 g.39446-?_39561+?dup F15 1 (5) Duplication exon 3 Ul Yes Enucl Melanoma (31)
40 c.-138-?_27841+?del F3 2 (45,9) Deletion RB1 Bil No RT Sarcoma Rhab (11)
41 Del exon 10 or 10 and 11 F2 2 (17,15) Deletionexon 10/11 Bil Yes RT Melanoma (31)
42 g.39446-?_78279+?del F29 NA Deletion exon 3-17 Bil No RT Sarcoma LMS (32)
43 g.45799-?_78279+?del F30 NA Deletionexon 6-17 Bil No RT Epithelial Seb (38)
44 g.61730-?_g177078+?del F18 2 (68,42) Deletionexon 9-27 Ul Yes Enucl Epithelial C  (57)

Abbreviations: RB, retinoblastoma; NA, Sporadic retinoblastoma patient; Bil, bilateral disease; Ul, unilateral 
disease; RT, radiation therapy; CH, chemotherapy; Enucl, enucleation; B, breast cancer; Bl, bladder cancer; Pa, 
pancreatic cancer; L, lung cancer; C, colon cancer;  LMS, leiomyosarcoma; Cx, cervical cancer; O, ovarian cancer;  
Lipo, liposarcoma; Rhab, rhabdomyosarcoma; His, histiocytoma; Seb, sebaceous adenocarcinoma.
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Table 4: Descriptions of retinoblastoma patients with a second primary malignancy 
according to subcategories of RB1 mutation type 

Subject 
no.

Mutation description*, † Family‡ Number of RB patients in 
the family without second 
primary malignancy (age)

Site Protein Laterality First in 
family

Therapy Type of second 
primary 
malignancy§

Second primary 
malignancy (age 
at diagnosis)

Nonsense or frameshift
1 g.2121dupC F22 NA Exon 1 Bil Yes RT Epithelial B (59)
2 g.5446G>T F11 1 Exon 2 E54X Bil Yes Enucl Epithelial Bl (52)
3 g.5505_5506dup F12 1 (12) Exon 2 Bil Yes RT + CH Other (44)
4 g.45855del F16 4 (59,40,14,6) Exon 6 Bil No RT Osteosarcoma (5)
5 g.59702_59703dup F17 2 (4†, 29) Exon 8 Ul Yes Enucl Epithelial Pc (56)
6 g.59702_59703dup F17 Exon8 Bil No RT Epithelial Bl (51)
7 g.59702_59703dup F17 Exon8 Bil No RT + CH Epithelial L (39)
8 g.59695C>T F31 NA Exon 8 R255X Bil Yes RT Osteosarcoma (12)
9 g.64348C>T F4 0 Exon 10 R320X Bil Yes Enucl Epithelial C (49)
10 g.64348C>T F4 Exon 10 R320X Bil No RT Melanoma (25)
11 g.65386C>T F5 2 (26,1†) Exon 10 R358X Bil Yes RT + CH Sarcoma LMS (41)
12 g.70261C>T F6 2(47,41) Exon 12 Q383X Ul Yes Enucl Epithelial Bl (62)
13 g.76430C>T F8 3 (26,11,49) Exon 14 R445X Bil Yes Enucl Epithelial L (65)
14 g.76430C>T F8 Exon 14 R445X Bil No Enucl Melanoma (23)
15 g.76430C>T F8 Exon 14 R445X Bil No RT Melanoma (37)
16 g.76430C>T F8 Exon 14 R445X Bil No RT Melanoma (45)
17 g.76430C>T F8 Exon 14 R445X Bil No RT Melanoma (21)
18 g.76898C>T F23 NA Exon 15 R467X Bil No RT + CH Melanoma (28)
19 g.78238C>T F9 1 (54) Exon 17 R552X Bil Yes RT Sarcoma LMS (33)
20 g.78238C>T F9 Exon 17 R552X Bil No RT + CH Osteosarcoma (12)
21 g.150037C>T F10 0 Exon 18 R579X Ul Yes Missing Other (59)
22 g.150037C>T F10 Exon 18 R579X Bil No RT Melanoma (35)
23 g.150037C>T F24 NA Exon 18 R579X Bil No RT Osteosarcoma (10)
24 g.153211T>A F25 NA Exon 19 Y606X Bil No RT Melanoma (35)
25 g.156787_156788

delGC
F13 3 (42†, 70,51) Exon 20 Bil No Enucl Epithelial Cx (72)

26 g.156787_156788
delGC

F13 Exon 20 Ul No Enucl Sarcoma Unknown location (50)

27 g.160832G>T F14 2 (53,50) Exon 21 E737X Ul Yes Enucl Epithelial O (58)
28 g.160832G>T F14 Exon 21 E737X Bil No RT Osteosarcoma (20)
29 g.162266del F26 NA Exon 23 Bil No RT + CH Chondrosarcoma (26)
30 g.162237C>T F27 NA Exon 23 R787X Bil No RT + CH Sarcoma LMS (32)
31 g.162237C>T F28 NA Exon 23 R787X Bil No RT Sarcoma Lipo (12)

Splice mutation
32 g.73869G>A F7 1 (29) Exon 13 Q444Q exon 13 skipped Bil Yes RT Epithelial L (48)

33 g.45867G>A/
IVS6+1G>A

F20 NA Intron 6 Bil No RT Epithelial B (57)

34 g.76491G>T/
IVS14+5G>T

F21 NA Intron 14 Bil No RT Melanoma (51)

35 g.149997G>A/
IVS17-1G>A

F19 NA Intron 17 Bil No RT Sarcoma Rhab (8)

36 g.160729G>C/
IVS20-1G>C

F1 0 Intron 20 Bil Yes RT Epithelial Bl (62)

37 g.160729G>C/
IVS20-1G>C

F1 Intron 20 Bil No RT Sarcoma His (31)

38 g.160729G>C/
IVS20-1G>C

F1 Intron 20 Bil No RT Epithelial B (43)

Large rearrangements
39 g.39446-?_39561+?dup F15 1 (5) Duplication exon 3 Ul Yes Enucl Melanoma (31)
40 c.-138-?_27841+?del F3 2 (45,9) Deletion RB1 Bil No RT Sarcoma Rhab (11)
41 Del exon 10 or 10 and 11 F2 2 (17,15) Deletionexon 10/11 Bil Yes RT Melanoma (31)
42 g.39446-?_78279+?del F29 NA Deletion exon 3-17 Bil No RT Sarcoma LMS (32)
43 g.45799-?_78279+?del F30 NA Deletionexon 6-17 Bil No RT Epithelial Seb (38)
44 g.61730-?_g177078+?del F18 2 (68,42) Deletionexon 9-27 Ul Yes Enucl Epithelial C  (57)

Abbreviations: RB, retinoblastoma; NA, Sporadic retinoblastoma patient; Bil, bilateral disease; Ul, unilateral 
disease; RT, radiation therapy; CH, chemotherapy; Enucl, enucleation; B, breast cancer; Bl, bladder cancer; Pa, 
pancreatic cancer; L, lung cancer; C, colon cancer;  LMS, leiomyosarcoma; Cx, cervical cancer; O, ovarian cancer;  
Lipo, liposarcoma; Rhab, rhabdomyosarcoma; His, histiocytoma; Seb, sebaceous adenocarcinoma.

* Italicized cases represent family members also affected with a second primary malignancy.
† Reference sequence GenBank #L11910.
‡ Family numbers 1-18: have more affected family members with RB; family numbers 19-31: isolated patients.
§ Subject no. 3 was diagnosed with brain cancer (histology not known) and subject no. 21 with a malignancy not 

otherwise specified.
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Table 5. Type of mutation in relation to second primary malignancy and treatment.
Radiotherapy
(n=123)

No radiotherapy
(n=76)

Second primary malignancy Second primary malignancy
Type of mutation Yes

(n=32)
(%)

No
(n=91)

(%)

Yes
(n=12)

(%)

No
(n=64)

(%)
Nonsense or frameshift 21

(65.6)
52

(57.1)
10

(83.3)
33

(51.6)
Splice 7

(21.9)
12

(13.2)
0

(0)
15

(23.4)
Large rearrangement 4

(12.5)
19

(20.9)
2

(16.7)
11

(17.2)
Missense 0 7

(7.7)
0

(0)
4

(6.3)
Promoter 0 1

(1.1)
0

(0)
1

(1.6)
Percentages may not total 100, due to rounding.

risk for those who had a nonsense or frameshift mutation the standardized inci-
dence ratio (SIR) was 13.9 (95% CI, 9.47-19.8), whereas the SIR was 8.18 (95% 
CI, 4.36-14.0) for those with an other mutation type (P = .13).
 When assessing the occurrence of second malignancy in relation to type of 
mutation, laterality, gender, treatment, or isolated occurrence versus famil-
ial, multivariable Cox model analysis showed that only subjects who received 
radiotherapy, alone or in combination with chemotherapy, had a significantly 
elevated risk of developing second malignancies, compared with subjects who 
received other treatments (HR = 3.94; 95% CI, 1.73-8.98; P<.001). A some-
what elevated risk of a second primary malignancy was found in patients with a 
nonsense or frameshift mutation (HR = 1.58; 95% CI, 0.82-3.06; P = .17), but 
this did not reach significance. All Cox model analyses were adjusted for age 
and treatment. 

Discussion
Our study is the first one examining a relation between specific RB1 germline 
mutations and the risk of second primary malignancies in a nationwide well-
documented cohort. Differences in second malignancy risk or type of second 
tumors might arise, at least in part, from different functional consequences of 
mutations.  
 We did not find a statistically significantly elevated risk of second malignancies 
for a certain class of mutation, nor did a type of mutation seem to predispose 
for a specific tumor type. Occurrence of a second primary malignancy did not 
differ much among cases with a nonsense or frameshift mutation, large rear-
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rangements, and splice mutation (26.7%, 16.7% and 20.6%, respectively). Only 
a slight non-significantly elevated risk of second malignancies was observed 
among those with a nonsense or frameshift mutation (HR = 1.58; 95% CI, 
0.82-3.06; P = .17). 
 Some studies described the RB1 mutations found in a cross-sectional group 
of patients and mentioned that they did not observe an association between 
mutation class and the occurrence of a second primary malignancy21,22. However, 
follow up was generally short or incomplete. In other studies long-term follow 
up of a cohort of retinoblastoma patients was available, but the mutation status 
was not known or not mentioned for these patients10,11,14. 
 Genotype-phenotype correlations for specific types of abnormalities have been 
found in diseases that are caused by mutations in tumor suppressor genes, for 
example adenomatous polyposis coli (APC)23, Von Hippel-Lindau (VHL)24, and 
neurofibromatosis type 2 (NF2)25,26. Genotype-phenotype correlations of RB1 
mutations have been described for specific types of mutations: certain splice 
mutations, promoter mutations, missense mutations and exon 1 mutations lead 
to reduced expressivity (unilateral retinoblastoma) and to incomplete penetrance 
(unaffected carriers) of retinoblastoma22,27-32. This is attributed to residual normal 
activity or reduced expression of the retinoblastoma protein28,29. In our study 
group none of the carriers of a missense or promoter RB1 mutation (n = 13), 
developed a second malignancy. Although not statistically significant, due to 
small numbers, this might be caused by the above mentioned residual activity of 
the retinoblastoma protein. 
 In some diseases the location of a nonsense or frameshift mutation in the 
causative gene leads to a specific phenotypic expression, for example in the APC 
gene23. In hereditary retinoblastoma, nonsense and frameshift mutations are 
largely associated with bilateral retinoblastoma and a penetrance of more than 
90%29, irrespective of the location of the premature stop mutation. This is attrib-
uted to nonsense mediated mRNA decay (NMD), whereby a cellular mecha-
nism of mRNA surveillance prevents the expression of truncated or erroneous 
proteins, by breaking down mutant mRNA containing premature termination 
codons33. NMD most likely is also responsible for the lack of phenotypic dif-
ferences in second malignancy risk, in relation to the position of a truncating 
germline mutation in the RB1 gene. We noted a statistically significant dif-
ference in the proportion of bilateral and unilateral patients for a nonsense or 
frameshift mutation. However, the frequency of second primary malignancies 
between unilateral and bilateral patients did not differ significantly.
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 Large rearrangements in the RB1 gene have been described in around 15% 
of hereditary retinoblastoma patients22,27. This was also seen in our study group 
of retinoblastoma subjects (18.1%). Almost the same percentage was seen in 
the subgroup that developed a second malignancy (16.7%). A relation between 
 penetrance and the location of the breakpoint has been described27: lower retino-
blastoma tumor numbers and incomplete penetrance seem to be associated with 
gross deletions that leave the regions that code for the pocket domain intact and 
preserve the reading frame, and deletions of the complete RB1 gene. In line 
with this observation a smaller risk for second primary malignancies was seen in 
our study for these same deletions: one of 22 cases with a whole gene deletion 
developed a second malignancy, whereas three out of nine with a deletion with 
one breakpoint that includes part of the region coding for the pocket domain 
developed a second primary cancer. However, the numbers were small and this 
finding did not reach statistical significance. 
 Radiotherapy, alone or in combination with chemotherapy, as treatment for 
retinoblastoma statistically significantly increased the risk of a second primary 
malignancy (HR = 3.94; 95% CI, 1.73-8.98; P<.001). Radiation is known 
from many other studies to increase the risk for second malignancies in retino-
blastoma subjects, both inside and outside the field of radiation10,34-38.
 Strengths of our study include the unique large data set of long-term geno-
typed survivors of retinoblastoma. Despite this, some limitations should be 
considered. The possibility to detect mutations in the RB1 gene only exists 
since the past two decades. Our retinoblastoma database consists of patients 
diagnosed since 1862. As a result, many retinoblastoma patients already died 
before it was possible to detect a mutation in the RB1 gene. It was not until 
the beginning of the 1990s, that DNA analysis was performed among all newly 
diagnosed retinoblastoma patients. Therefore this study comprises a relatively 
young and small group of hereditary retinoblastoma subjects. This explains the 
relatively small number of observed soft tissue sarcomas and bone cancers com-
pared to epithelial cancers: most patients diagnosed with a soft tissue sarcoma 
or bone cancer had already died before it was possible to perform DNA analysis. 
The overall SIR in our previous report12 for hereditary retinoblastoma subjects 
was 20.4 (95% CI, 15.6-26.1), whereas the SIR found it this report was only 
11.5 (95% CI, 8.38-15.5). The SIR found among the hereditary retinoblastoma 
subjects included in this study was therefore statistically significantly lower than 
the SIR among all Dutch hereditary retinoblastoma subjects (P = .005). This 
difference can not only be explained by the number but also by the types of 
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second malignancies that were observed. In the present study more epithelial 
cancers than soft tissue sarcoma or bone cancers were observed, whereas in 
our large incidence study12, more soft tissue sarcomas and bone cancers were 
observed. Consequently, the exclusion of quite a few soft tissue sarcomas and 
bone cancers may have limited our ability to detect possible associations between 
specific mutations and sarcoma risk.
 In conclusion, no statistically significant genotype-phenotype correlations 
among hereditary retinoblastoma survivors with a documented RB1 mutation 
and second malignancy risk were observed. However, we observed a trend 
towards higher second malignancy risk among hereditary retinoblastoma sub-
jects with a nonsense or frameshift mutation compared to other RB1 mutations. 
Also, secondary tumors were observed more often in patients who had received 
ionizing radiation for retinoblastoma treatment. The group that we studied 
may have been too small to detect genotype-phenotype correlations between 
documented RB1 mutations and second malignancy risk. Therefore, larger 
international collaborate studies will be needed to follow more retinoblastoma 
survivors in whom molecular testing can be combined with data on second 
malignancy occurrence and possible risk modifiers, such as smoking.   
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