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Abstract
Background   Retinoblastoma patients have a strongly increased risk of second 

malignancies, and survivors with a third or subsequent malignancy are 
increasingly observed. It has not been examined whether survivors who devel-
oped a second malignancy have a greater risk of a subsequent malignancy.

Methods   Data from the Dutch retinoblastoma registry were used to quantify 
third malignancy risk using various measures. The risk of a third malignancy 
was first compared with cancer risk in the Dutch population. Cox model 
analysis with a time-dependent covariate was used to compare subsequent 
malignancy risk and survival among patients with and without a second 
malignancy. 

Results   After a median follow-up of 28.6 years 129 of 1028 Dutch retinoblas-
toma patients had developed a second malignancy, of whom 11 were also 
observed with a third malignancy. In patients with a second malignancy, 
risk of a third malignancy was increased 8-fold (95% confidence interval 
(CI), 4.09-14.7) compared with the general population. The hazard ratio 
(HR) of a third malignancy after a second malignancy was more than 7-fold 
(HR = 7.56; 95% CI, 3.87-14.83) increased compared to the risk of a second 
malignancy after retinoblastoma, adjusted for heredity and treatment. 
Radiotherapy increased the risk 3-fold. A third malignancy modeled as a 
time-dependent multivariable covariate, was associated with worse survival 
compared with patients only diagnosed with a second malignancy (HR = 
5.02; 95% CI, 1.66-15.2).

Conclusion   Survivors of retinoblastoma who already developed a second primary 
malignancy have an even higher risk of subsequent primary malignancies 
than retinoblastoma survivors without a second malignancy. Treating physi-
cians and patients should be aware of this higher risk. 
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Introduction
The most common intraocular malignancy of infancy and childhood is retino-
blastoma. Retinoblastoma patients can be classified into two groups: nonhe-
reditary and hereditary. Hereditary retinoblastoma patients are those who have 
bilateral disease, a positive family history and/or a germline mutation in the 
RB1 gene. Those with unilateral disease, no family history and no mutation 
found in the RB1 gene have nonhereditary retinoblastoma. It has been well 
documented in large cohort studies that survivors of hereditary retinoblastoma 
have a strongly increased risk of second primary malignancies1-11. Since modern 
cancer treatment protocols have increased survival of patients who developed 
second primary malignancies, survivors with a third or subsequent malignancy 
are also increasingly observed. Until now, only one study specifically reported 
on the incidence and survival of third and additional malignancies12. However, 
no study has reported on the magnitude of the risk and survival of a third cancer 
among retinoblastoma patients. It might be speculated that those patients who 
already developed a second malignancy are more prone to develop subsequent 
malignancies, for example because of specific mutations in the RB1 gene. 
Therefore, the cohort of Dutch retinoblastoma patients was used to evaluate 
whether retinoblastoma survivors who have already developed a second primary 
malignancy have a greater risk and worse survival of a third malignancy, com-
pared to the risk increase and survival associated with second malignancy in 
retinoblastoma survivors. 

Methods

Study population
This study is based on the Dutch retinoblastoma register. Methods used for 
follow-up have been described elsewhere7. In total, data of 1028 Dutch retino-
blastoma patients diagnosed from 1862-2005 were collected. Data collected 
concerned demography, family history of retinoblastoma, tumor laterality, treat-
ment for retinoblastoma, second and subsequent cancers, date and (underlying) 
cause of death, and when available mutations in the RB1 gene.
 The occurrence of any subsequent cancer was ascertained by pathology 
reports, hospital or physician records, or death certificates. Pineoblastomas were 
excluded because a pineoblastoma is histologically identical to a retinoblas-
toma13. Basal cell carcinomas of the skin were also excluded because they are not 
registered in the Netherlands Cancer Registry14. 
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 Tumors were classified as in the field of radiation if they originated in the lids, 
orbits, periocular sinuses, temporal bones, or skin overlying the temporal bone 
region. All other locations were classified as outside the field of radiation10.
 For this study we included all 1028 Dutch retinoblastoma patients of whom 
data were available. Of these 1028 retinoblastoma patients, 129 patients devel-
oped a second primary malignancy and consequently were at risk for a third 
primary malignancy.

Statistical Analysis
Third primary malignancy risk was quantified using various measures. Time 
at risk for a third primary malignancy began at diagnosis of a second primary 
malignancy and ended on the date of third primary malignancy diagnosis, emi-
gration, 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 risk of a third primary malignancy in retinoblastoma survivors was first 
compared with cancer risk in the Dutch population. The expected number of 
third malignancies, taking into account the person-years of observation, was 
determined using age-, sex-, and calendar year-specific incidence rates from the 
Eindhoven Cancer Registry15 and from the Netherlands Cancer Registry16-18. 
Cancer incidence data for the whole country were not available for the total 
study period. The standardized incidence ratio (SIR) was calculated as the ratio 
of the observed number of third primary malignancies to the expected number. 
The 95% confidence interval (CI) was calculated based on the Poisson distribu-
tion19. The absolute excess risk (AER) was calculated by subtracting expected 
from observed third primary malignancies and dividing this figure by the accu-
mulated number of person-years (expressed per 10,000 person-years).
 A Cox model with a time-dependent covariate, allocating follow-up time for 
each patient to the ‘no second primary malignancy’ group until second primary 
malignancy occurrence, was conducted to compare subsequent cancer risk 
among patients with and without a second primary malignancy. For this analy-
sis, time at risk ended either at the date of third primary malignancy diagnosis, 
the date of the second primary malignancy for patients who did not develop a 
third malignancy or the predetermined censoring date, whichever occurred first. 
To compare survival after a third primary malignancy with that after a second 
primary malignancy, a Cox model with a time-dependent covariate, allocating 
follow-up time for each patient with a second primary malignancy to the ‘no 
third primary malignancy’ group until a third primary malignancy occurred, 
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was used. For this analysis, time at risk ended at the date of death or the prede-
termined censoring date (June 30, 2007), whichever came first. The fit of the 
models was evaluated using residual-based graphical methods and goodness-of-
fit test statistics. All P values were two sided; the statistical significance level was 
set at a P<.05.
 Cox models were fitted with the use of Stata statistical software. All other 
analysis were fitted with the use of SPSS statistical software. 

Results
The study population comprised 1028 retinoblastoma patients. The median 
follow-up time from the date of retinoblastoma diagnosis among all patients was 
28.6 years (range = 0-89.7). The median age at diagnosis of a second primary 
malignancy was 44.7 years (range = 2.2-84.9) for those who were only diag-
nosed with a second primary malignancy, and 36.9 years (range = 8.1-69.9) for 
those who also developed a third primary malignancy. Median age at diagnosis 
of a third malignancy was 42.7 years (range = 16.3-77.5). Subject characteris-
tics are shown in Table 1. Among 129 patients a second primary malignancy 
was diagnosed. The second malignancies in this study were diagnosed between 
April 1941 and February 2007, and the third malignancies were diagnosed 
between June 1996 and June 2007. In total, 70 second malignancies and 10 
third malignancies were confirmed by pathology reports. In 59 cases the second 
malignancy and in one case the third malignancy could be confirmed by death 
certificate only. Of all patients with a second primary malignancy, 98 patients 
were classified as hereditary and 31 as nonhereditary. 
 Among the 129 patients with a second primary malignancy, a total of 11 third 
primary malignancies were observed (Table 2). Of all second primary malignan-
cies diagnosed, 22 (36.7%) were located within the field of radiation, whereas 
only 1 (9%) third primary malignancy was located within the field of radiation. 
In the second primary malignancy group as well as in the third primary malig-
nancy group, epithelial cancers were the most frequently observed malignancies, 
followed by soft tissue sarcoma, bone cancer, skin melanoma and other cancers, 
respectively. Data of the 11 patients who developed a third primary malignancy 
are presented in Table 3.
 In patients who developed a second primary malignancy after retinoblastoma, 
the risk of a third primary malignancy was increased 8-fold (95% CI, 4.09-
14.7) compared to the general population, with an excess of 234 malignancies 
per 10,000 person-years (Table 4). When looking at the cancer-specific sites, 
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Table 1. Characteristics of study population

Total Group

Patients diagnosed 
with a second 
primary malignancy 
only

Patients diagnosed 
with a second and 
a third primary 
malignancy

Characteristics        No. of    
       patients 

(%) No. of patients  (%) No. of patients  (%)

Total no. of cases 1028 (100) 118 (100) 11 (100)
Sex
   Male 543 (52.8) 66 (55.9) 4 (36.4)
   Female 485 (47.2) 52 (44.1) 7 (63.6)
Laterality
   Unilateral 692 (67.3) 41 (34.7) 4 (36.4)
   Bilateral 336 (32.7) 77 (65.3) 7 (63.6)
Treatment for retinoblastoma
   Surgery 702 (68.3) 62 (52.5) 4 (36.4)
   Radiotherapy 196 (19.1) 37 (31.4) 6 (54.5)
   Radiotherapy and 
   chemotherapy

66 (6.4) 16 (13.6) 1 (9.1)

   Chemotherapy 25 (2.4) 1 (0.8) 0 (0)
   Other* 39 (3.8) 2 (1.7) 0 (0)

Vital status
   Alive 667 (64.9) 36 (30.5) 6 (54.5)
   Dead 361 (35.1) 82 (69.5) 5 (45.5)
   Dead due to a  
   subsequent cancer

85 (23.5) 80 (97.6) 5 (100)

Percentages may not run up to 100 due to rounding.
* Other treatments include: 13 patients who did not receive any treatment (retinoblastoma patients diagnosed 

before 1930); 3 patients treated with photocoagulation, and 23 patients of whom the treatment is unknown (17 
cases had unilateral retinoblastoma).

Table 3. Data of the 11 retinoblastoma subjects who were observed with a third malignancy

Subject 
no. Gender

Laterality of retino-
blastoma*

Treatment for 
retinoblastoma

Site of second malignancy
(Location)

Age (yrs) at second 
malignancy 
diagnosis

Site of third malignancy
(Location)

Age (yrs) at third 
 malignancy 
diagnosis Vital status

1 Male Unilateral Surgery Epithelial (Lung) 69.9 Epithelial  (Bladder) 77.5 Alive
2 Female Unilateral Surgery Epithelial (Bladder) 69.8 Soft tissue (Retroperitoneum) 70.2 Alive
3 Male Unilateral Surgery Other (Chronic lymphoid leukemia) 58.0 Epithelial (Nasopharynx) 60.5 Dead
4 Male Unilateral Surgery Soft tissue (Orbita) 55.7 Epithelial (Lung) 59.6 Dead
5 Female Bilateral Radiotherapy Epithelial (Breast) 42.8 Soft tissue (Uterus) 54.8 Alive
6 Female Bilateral Radiotherapy Skin melanoma (Knee) 36.9 Soft tissue (Uterus) 42.0 Alive
7 Female Bilateral Radiotherapy Bone (Knee) 18.4 Bone  (Femur) 35.8 Dead
8 Female Bilateral Radiotherapy Soft tissue (Bladder) 32.5 Epithelial (Uterus) 42.7 Alive
9 Male Bilateral Radiotherapy Skin melanoma (Arm) 25.5 Skin melanoma (Back) 38.5 Dead

10 Female Bilateral Radiotherapy and 
chemotherapy

Bone (Femur) 25.9 Skin melanoma (Trunk) 33.4 Alive

11 Female Bilateral Radiotherapy Soft tissue (Zygoma) 8.0 Bone (Orbita) 16.3 Dead
* Of the unilateral patients, one patient (subject no. 2) had family members with retinoblastoma. The other three 

unilateral patients had no family members with the disease. For these patients no DNA analysis were available. 
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Table 2. Cancer site specific data of study population.
Diagnosed as second 
primary malignancy 
(n=129)

Diagnosed as third 
primary malignancy 
(n=11)

Cancer site No. of cancers (%) No. of cancers (%)
Soft tissue 28 (21.7) 3 (27.3)

Bone cancer 18 (14.0) 2 (18.2)
Skin melanoma 14 (10.9) 2 (18.2)
Epithelial cancer* 56 (43.4) 4 (36.4)
Other† 13 (10.1) 0 (0)

* Epithelial cancers include cancers of lung, breast, bladder, prostate, cancer of the digestive organs (stomach, 
colon, small intestine, rectum, and pancreas), and cancers of uterus, ovary, and kidney and other unspecified or 
unknown cancers of the urinary organs.

† Other cancers include three cancers not otherwise specified, two brain cancers (no pinealoblastoma), two 
non-Hodgkin lymphomas, two leukemia’s, one Hodgkin lymphoma, one multiple myeloma, one squamous cell 
carcinoma of skin, and one other malignant neoplasm of skin.

Table 3. Data of the 11 retinoblastoma subjects who were observed with a third malignancy

Subject 
no. Gender

Laterality of retino-
blastoma*

Treatment for 
retinoblastoma

Site of second malignancy
(Location)

Age (yrs) at second 
malignancy 
diagnosis

Site of third malignancy
(Location)

Age (yrs) at third 
 malignancy 
diagnosis Vital status

1 Male Unilateral Surgery Epithelial (Lung) 69.9 Epithelial  (Bladder) 77.5 Alive
2 Female Unilateral Surgery Epithelial (Bladder) 69.8 Soft tissue (Retroperitoneum) 70.2 Alive
3 Male Unilateral Surgery Other (Chronic lymphoid leukemia) 58.0 Epithelial (Nasopharynx) 60.5 Dead
4 Male Unilateral Surgery Soft tissue (Orbita) 55.7 Epithelial (Lung) 59.6 Dead
5 Female Bilateral Radiotherapy Epithelial (Breast) 42.8 Soft tissue (Uterus) 54.8 Alive
6 Female Bilateral Radiotherapy Skin melanoma (Knee) 36.9 Soft tissue (Uterus) 42.0 Alive
7 Female Bilateral Radiotherapy Bone (Knee) 18.4 Bone  (Femur) 35.8 Dead
8 Female Bilateral Radiotherapy Soft tissue (Bladder) 32.5 Epithelial (Uterus) 42.7 Alive
9 Male Bilateral Radiotherapy Skin melanoma (Arm) 25.5 Skin melanoma (Back) 38.5 Dead

10 Female Bilateral Radiotherapy and 
chemotherapy

Bone (Femur) 25.9 Skin melanoma (Trunk) 33.4 Alive

11 Female Bilateral Radiotherapy Soft tissue (Zygoma) 8.0 Bone (Orbita) 16.3 Dead
* Of the unilateral patients, one patient (subject no. 2) had family members with retinoblastoma. The other three 

unilateral patients had no family members with the disease. For these patients no DNA analysis were available. 
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Table 4. Risk of third malignancies in Dutch retinoblastoma subjects, including time since 
second primary malignancy diagnosis.

Risk of third primary 
malignancies*

Time since second primary malignancy 
diagnosis†
0-4 y (n=129) 5-9 y (n=28) ≥10 y (n=13)

Cancer Site O SIR
(95% CI)

AER O SIR 
(95% CI)

O SIR 
(95% CI)

O SIR 
(95% CI)

All sites 11 8.19
(4.1-14.7)

234 3 3.70
(0.8-10.8)

4 12.9 
(3.5-33.0)

4 12.4 
(3.4-31.9)

Bone 2 558
(67.6–2015)

48.5 0 0
(0-1826)

1 1212
(30.7-6750)

1 1370
(34.7-7632)

Soft tissue 3 222
(45.8–649)

72.5 1 134
(3.4-748)

1 330
(8.4-1840)

1 330 
(8.3-1833)

Skin melanoma 2 31.0
(3.8–112)

47.0 0 0
(0-111)

1 67.3
(1.7-375)

1 60.7
(1.5-338)

Epithelial 
cancers‡ 

4 17.4
(4.7–44.4)

91.5 2 14.1 
(1.7-50.9)

1 21.2 
(0.5-118.3)

1 24.1 
(0.6-134)

Abbreviations: O = observed number of cases; SIR = standardized incidence ratio; CI = confidence interval;  
AER = absolute excess risk (observed numbers of cancers minus expected number of cancers per person-years 
multiplied by 10,000); n = number of subjects in each period.
* In total 129 patient with 412 person-years were at risk.
† Person-years at risk in each period were as follows: 0-4 y, 233 person-years; 5-9 y, 93 person-years; ≥10 y, 51 

person-years.
‡ Epithelial cancers including cancer of pharynx, lung, uterus, and bladder.

Table 5. Multivariate Cox regression analysis of third malignancy risk, with second 
malignancy as a time-dependent covariate

Risk factor P-value HR 95% CI
Retinoblastoma type <0.001
   Nonhereditary* 1.00
   Hereditary 5.01 3.15-7.95
Treatment for retinoblastoma <0.001
   Surgery only* 1.00
   Radiotherapy 2.94 1.80-4.80
   Radiotherapy and chemotherapy 4.48 2.38-8.43
   Chemotherapy only 5.29 0.69-40.3
   Missing 1.56 0.37-6.49
Second primary malignancy  
(time-dependent covariate)

<0.001 7.56 3.87-14.8

Abbreviations: HR = hazard ratio; CI = confidence interval.
* Reference group.

large SIRs were found, accompanied by high AERs. Taking into account the 
time since second primary malignancy diagnosis, all third primary malignancies 
occurred within 20 years after second primary malignancy diagnosis. 
 Diagnosis of a second primary malignancy was associated with a higher risk 
of subsequent cancers compared to the risk of a second primary malignancy 
after retinoblastoma diagnosis (Table 5). Adjusted for retinoblastoma type and 
treatment, the subsequent cancer risk after a second primary malignancy was 
increased more than 7-fold (HR = 7.56; 95% CI, 3.87-14.8). Treatment with 
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radiotherapy or a combination of radiotherapy and chemotherapy statistically 
significantly increased the risk of subsequent malignancy (HRs of 2.9 and 4.7, 
respectively). Age did not confound the association between second and third 
malignancy risk.
 A third malignancy, modeled as a time-dependent multivariable covariate, 
was associated with worse survival compared with survival in patients only 
diagnosed with a second malignancy. Adjusted for type of malignancy, a third 
malignancy increased the risk of death 5-fold (HR = 5.02; 95% CI, 1.66-15.2). 
Furthermore, patients diagnosed with a third primary malignancy under the 
age of 42 years had worse survival compared with patients diagnosed above age 
42 years (HR = 28.1; 95% CI, 2.38-332 and HR = 3.08; 95% CI, .70-13.6), 
respectively).  
 In 2 of the 11 third primary malignancy patients a fourth and a fifth primary 
malignancy developed. Both patients were females, had hereditary retinoblas-
toma, and were the first in the family. The first patient had bilateral retinoblas-
toma, which was treated with radiotherapy and subsequently developed a Ewing 
sarcoma of the knee, osteosarcoma of the femur, mucoepidermoid carcinoma 
of right parotid, and a unspecified cancer type of ethmoid. The other patient 
had unilateral retinoblastoma, which was treated with surgery only and subse-
quently developed a bladder carcinoma, soft tissue sarcoma (leiomyosarcoma of 
retroperitoneum), sebaceous adenocarcinoma, soft tissue sarcoma (leiomyosar-
coma of upper arm), and a metaplastic carcinoma of hairy scalp. Both patients 
got children who were also affected with retinoblastoma. Only the fifth primary 
malignancy of the patient who received radiotherapy for the original ocular 
disease, developed in the field of radiation. The unilateral patient even devel-
oped a sixth primary malignancy. The unilateral patient was still alive and the 
bilateral patient had died as of the date of this study.

Discussion
To our knowledge, we are the first to examine whether the risk of a third primary 
malignancy is different from the risk of a second primary malignancy among 
retinoblastoma patients. In this study among Dutch retinoblastoma patients we 
observed that having had a second malignancy strongly increases the risk of 
a subsequent malignancy. Retinoblastoma patients treated with radiotherapy 
had elevated risks of third malignancies compared to those treated with surgery 
alone. Also, overall survival was worse for patients diagnosed with a third malig-
nancy compared with patients only diagnosed with a second malignancy.
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 Because of better understanding of retinoblastoma and more effective treat-
ment options since the early 1900s, patients’ cure rates increased and their 
increased risk for second primary malignancies became apparent. Modern 
cancer treatment protocols have prolonged the lives of many retinoblastoma 
patients who developed a second malignancy and third malignancies are 
increasingly observed. Combined results of previous cohort studies  examining 
second malignancies20, suggest that the most frequently observed cancers among 
retinoblastoma patients are soft tissue sarcoma, osteosarcoma, melanoma 
and brain cancers. However, in this report we found that the majority of the 
observed second primary malignancies were epithelial cancers (43.4%). This can 
be explained by our historic database and the associated long-term follow-up. 
As we showed in a previous study7, after long-term follow-up (>40 years) of 
retinoblastoma survivors an emerging excess of epithelial cancers was observed. 
In contrast with retinoblastoma patients in the United States, until the early 
1950s most patients in the Netherlands were treated with surgery alone. As a 
consequence, second malignancies among these patients were observed at older 
ages (>40 years), and were mainly epithelial cancers.
  Studies convincingly show that radiotherapy increases the risk of develop-
ment of subsequent malignancies in hereditary retinoblastoma patients11,21-23. In 
the Dutch retinoblastoma cohort almost 60% of the hereditary patients was 
treated with radiotherapy for retinoblastoma24, whereas in the United States 
studies25 almost 90% of the retinoblastoma patients were treated with radiation, 
and between 1937 and 1965 many of those patients received very high radiation 
doses11. This explains why the previous report on third primary malignancies12 
observed 58% (n = 122) of all second primary malignancies and 54% of all 
third primary malignancies within the field of radiation, whereas only 36.7% 
(n = 22) of all second primary malignancies and 9% (n = 1) of all third primary 
malignancies in our study population were found within the field of radiation.
 Unsurprisingly, the SIRs of developing any type of a third primary malig-
nancy in survivors of a second primary malignancy after retinoblastoma were 
statistically significantly elevated compared to cancer incidence in the general 
population (SIR = 8.19; 95% CI, 4.09-14.7). The SIR for second primary 
malignancy after hereditary retinoblastoma in our previous report7 was 20.4 
(95% CI, 15.6-26.1). The SIR found for third primary malignancies was there-
fore borderline significantly lower than the SIR among all Dutch hereditary 
retinoblastoma subjects (P = .06). This is in contrast with our result from the 
time-dependent multivariable analysis that retinoblastoma patients who devel-
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oped a second primary malignancy have a 7-fold greater risk of a subsequent 
malignancy compared to the risk of a second primary malignancy after retino-
blastoma. This difference can be explained by differences in the time at risk for a 
second or subsequent malignancy. Time at risk for a second primary malignancy 
starts at the date of diagnosis of retinoblastoma, whereas time at risk for a third 
primary malignancy starts at the date of diagnosis of a second primary malig-
nancy. Furthermore, in the present study most third primary malignancies were 
observed at ages when cancer normally occurs in the general population, which 
is in contrast with most observed second primary malignancies7.
  Our study showed that retinoblastoma patients who already developed a 
second primary malignancy have a more than 7-fold greater risk of a subsequent 
primary malignancy compared to the risk of a second primary malignancy after 
retinoblastoma. Radiotherapy used for treatment of retinoblastoma further 
increased this risk with almost 3-fold. As is generally known, hereditary retino-
blastoma patients carry a mutation in the RB1 gene and, consequently, are 
genetically predisposed by the nature of their genotype to develop other malig-
nancies20. Other studies have indicated that the RB1 gene is associated with a 
number of other common cancers26-30, and the RB1-encoded protein (pRb) is 
well known as a general cell cycle regulator, and this activity is critical for pRb-
mediated tumor suppression26. Furthermore, studies have demonstrated that 
children exposed to radiation have high risks of radiation-related malignancies, 
and these risks persist for decades following exposure31. However, it is unknown 
which mechanisms underlie development of a subsequent primary malignancy, 
and why some hereditary retinoblastoma patients develop subsequent primary 
malignancies, whereas others do not. 
 In a previous report on third primary malignancies12 the investigators reported 
5- and 10-year survival rates after diagnosis of the second primary malignancy 
and the third primary malignancy. These rates give insight into the survival 
time of patients after diagnosis of a second or third malignancy. The data 
showed a trend towards higher 5- and 10-years survival rates from third primary 
malignancies. In contrast to these findings, multivariable Cox analysis in our 
study showed an overall poor survival for retinoblastoma patients diagnosed 
with a third malignancy compared with retinoblastoma patients diagnosed 
with a second malignancy only. The results from the study by Abramson and 
colleagues12 might be influenced by treatment for retinoblastoma and the type 
of second and third malignancy. It is known that sarcomas in the head and 
neck region are difficult to treat, and therefore often lethal32. Abramson et al.12 
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reported 14 brain cancers as a second malignancy with very poor survival. It 
might be that these brain cancers were mainly pineoblastomas, because they are 
known to have a poor prognosis33. Furthermore, Abramson et al. included basal 
cell carcinomas into their analysis (n = 3), which might have influenced their 
results. These tumors do not metastasize, are rarely lethal34, and are therefore 
not taken into account in the Netherlands Cancer Registry and in this study. 
 Our study has some limitations. The numbers of third primary malignancies 
were small. Furthermore, because of our old database no medical files on subse-
quent malignancy were available for 59 patients. These malignancies could only 
be confirmed through the death certificates from Statistics Netherlands. Also, 
there might be some potential misclassification of nonhereditary patients due 
to incomplete chromosomal or DNA analysis. Of all hereditary patients, 45% 
was confirmed by DNA analysis. Of all other hereditary patients DNA analysis 
could not be performed, because they died before DNA testing was available or 
refused to donate blood for DNA testing. These patients were defined as heredi-
tary because they had bilateral disease and/or had a positive family history of 
retinoblastoma. 
 In conclusion, our study shows that after a second primary malignancy the 
risk of a subsequent malignancy is increased by more than 7-fold. This risk 
further increases by 3-fold when patients are treated with radiotherapy for their 
retinoblastoma. Furthermore, overall survival was statistically significantly worse 
among retinoblastoma patients diagnosed with a third primary malignancy 
compared with patients diagnosed with a second primary malignancy only. 
Unfortunately, it is unclear which mechanisms underlie development of a sub-
sequent primary malignancy, and why some hereditary retinoblastoma patients 
develop subsequent primary malignancies, whereas others do not. Therefore, we 
conclude that treating physicians should be aware of the fact that survivors of 
retinoblastoma who already have developed a second malignancy have an even 
higher risk of subsequent malignancies than retinoblastoma survivors without a 
second malignancy. Also, ionizing radiation should be avoided in the treatment 
of retinoblastoma itself as well as in the treatment for subsequent malignancies. 



81

Risk of third malignancies and death after a second malignancy in retinoblastoma survivors

Reference List

 1. Abramson DH, Ronner HJ, Ellsworth RM. Second tumors in nonirradiated bilateral retinoblas-
toma. Am J Ophthalmol. 1979;87:624-627.

 2. Desjardins L, Haye C, Schlienger P, Laurent M, Zucker JM, Bouguila H. Second non-ocular 
tumours in survivors of bilateral retinoblastoma. A 30-year follow-up. Ophthalmic Paediatr Genet. 
1991;12:145-148.

 3. Draper GJ, Sanders BM, Kingston JE. Second primary neoplasms in patients with retinoblas-
toma. Br J Cancer. 1986;53:661-671.

 4. Eng C, Li FP, Abramson DH et al. Mortality from second tumors among long-term survivors of 
retinoblastoma. J Natl Cancer Inst. 1993;85:1121-1128.

 5. Fletcher O, Easton D, Anderson K, Gilham C, Jay M, Peto J. Lifetime risks of common cancers 
among retinoblastoma survivors. J Natl Cancer Inst. 2004;96:357-363.

 6. Kleinerman RA, Tucker MA, Tarone RE et al. Risk of New Cancers After Radiotherapy in Long-
Term Survivors of Retinoblastoma: An Extended Follow-Up. J Clin Oncol. 2005;23:2272-2279.

 7. Marees T, Moll AC, Imhof SM, de Boer MR, Ringens PJ, van Leeuwen FE. Risk of Second 
Malignancies in Survivors of Retinoblastoma: More Than 40 Years of Follow-up. J Natl Cancer Inst. 
2008;100:1771-1779.

 8. Mohney BG, Robertson DM, Schomberg PJ, Hodge DO. Second nonocular tumors in survivors of 
heritable retinoblastoma and prior radiation therapy. Am J Ophthalmol. 1998;126:269-277.

 9. Moll AC, Imhof SM, Bouter LM et al. Second primary tumors in patients with hereditary retino-
blastoma: a register-based follow-up study, 1945-1994. Int J Cancer. 1996;67:515-519.

 10. Roarty JD, McLean IW, Zimmerman LE. Incidence of second neoplasms in patients with bilateral 
retinoblastoma. Ophthalmology. 1988;95:1583-1587.

 11. Wong FL, Boice JD, Jr., Abramson DH et al. Cancer incidence after retinoblastoma. Radiation 
dose and sarcoma risk. JAMA. 1997;278:1262-1267.

 12. Abramson DH, Melson MR, Dunkel IJ, Frank CM. Third (fourth and fifth) nonocular tumors in 
survivors of retinoblastoma. Ophthalmology. 2001;108:1868-1876.

 13. Jakobiec FA, Tso MO, Zimmerman LE, Danis P. Retinoblastoma and intracranial malignancy. 
Cancer. 1977;39:2048-2058.

 14. Visser O, Siesling S, van Dijck JAAM, eds. Incidence of cancer in the Netherlands 1999/2000. 
Utrecht: Vereniging van Integrale Kanker Centra; 2003.

 15. Muir C, Waterhouse J, Mack T. Cancer incidents in five continents. Volume V. IARC Sci Publ. 
1987;5:1-970.

 16. Parkin DM, Whelan SL, Ferlay J, Raymond L, Young J, eds. Cancer incidence in five continents. 
Volume VII. Lyon, France: International Agency for Research on Cancer; 1997.

 17. van der Sanden GA, Coebergh JW, Schouten LJ, Visser O, van Leeuwen FE. Cancer incidence in 
The Netherlands in 1989 and 1990: first results of the nationwide Netherlands cancer registry. 
Coordinating Committee for Regional Cancer Registries. Eur J Cancer. 1995;31A:1822-1829.

 18. van Leeuwen FE, Klokman WJ, Hagenbeek A et al. Second cancer risk following Hodgkin’s 
disease: a 20-year follow-up study. J Clin Oncol. 1994;12:312-325.

 19. Pearson ES, Hartley HO, editors. Biometrika tables for statisticians. London, United Kingdom: 
Biometrika Trust; 1976.

 20. Moll AC, Imhof SM, Bouter LM, Tan KE. Second primary tumors in patients with retinoblastoma. A 
review of the literature. Ophthalmic Genet. 1997;18:27-34.

 21. Abramson DH, Ellsworth RM, Kitchin FD, Tung G. Second nonocular tumors in retinoblastoma 
survivors. Are they radiation-induced? Ophthalmology. 1984;91:1351-1355.

 22. Forrest  AW. Tumors following radiation about the eye. Trans Am Acad Ophthalmol Otolaryngol. 
1961;65:694-717.

 23. Sagerman RH, Cassady JR, Tretter P, Ellsworth RM. Radiation induced neoplasia following 
external beam therapy for children with retinoblastoma. Am J Roentgenol Radium Ther Nucl Med. 
1969;105:529-535.



82

Chapter 4

 24. Marees T, van Leeuwen FE, de Boer MR, Imhof SM, Ringens PJ, Moll AC. Cancer mortality in 
long-term survivors of retinoblastoma. Eur J Cancer. 2009. In press.

 25. Yu CL, Tucker MA, Abramson DH et al. Cause-Specific Mortality in Long-Term Survivors of 
Retinoblastoma. J Natl Cancer Inst. 2009;101:581-91.

 26. Goodrich DW. The retinoblastoma tumor-suppressor gene, the exception that proves the rule. 
Oncogene. 2006;25:5233-5243.

 27. Helman LJ, Meltzer P. Mechanisms of sarcoma development. Nat Rev Cancer. 2003;3:685-694.

 28. Horowitz JM, Park SH, Bogenmann E et al. Frequent inactivation of the retinoblastoma anti-onco-
gene is restricted to a subset of human tumor cells. Proc Natl Acad Sci U S A. 1990;87:2775-2779.

 29. Kansara M, Thomas DM. Molecular pathogenesis of osteosarcoma. DNA Cell Biol. 2007;26:1-18.

 30. Mitra AP, Birkhahn M, Cote RJ. p53 and retinoblastoma pathways in bladder cancer. World J Urol. 
2007;25:563-71

 31. Kleinerman RA. Radiation-sensitive genetically susceptible pediatric sub-populations. Pediatr 
Radiol. 2009;39 Suppl 1:S27-S31.

 32. de Bree R, Moll AC, Imhof SM, Buter J, Leemans CR. Subsequent tumors in retinoblastoma 
survivors: the role of the head and neck surgeon. Oral Oncol. 2008;44:982-985.

 33. Kivela T. Trilateral retinoblastoma: a meta-analysis of hereditary retinoblastoma associated with 
primary ectopic intracranial retinoblastoma. J Clin Oncol. 1999;17:1829-1837.

 34. de Vries E, Coebergh JW, van der Rhee H. [Trends, causes, approach and consequences related to 
the skin-cancer epidemic in the Netherlands and Europe]. Ned Tijdschr Geneeskd. 2006;150:1108-
1115.


