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Abstract
Background: Retinoblastoma (Rb) is a rare intraocular malignant tumor in children 
with high overall survival. Predisposition to Rb is linked to RB1 germline muta-
tions with high penetrance, but rare RB1 low‐penetrance variants are also known. Rb 
survivors are at risk of second primary malignancies (SPMs), mostly osteosarcoma 
and soft‐tissue sarcoma. Nevertheless, the risk of primary osteosarcoma developing 
without prior Rb has not been reported in RB1 germline mutation carriers.
Methods: We report a patient in whom osteosarcoma developed at age 17 as a first 
primary malignancy within a family context of sarcoma.
Results: Unexpectedly, genetic testing identified a low‐penetrance germline muta-
tion in RB1 [NM_000321.2: c.45_76dup; p.(Pro26Leufs*50)]. In eight additional 
similar cases from published and unpublished reports of families, first primary osteo-
sarcomas and sarcomas mostly developed in RB1 low‐penetrance mutation carriers 
without prior Rb.
Conclusion: We propose that first primary sarcoma and osteosarcoma could be 
a novel clinical presentation of a RB1‐related hereditary predisposition syndrome 
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1  |   INTRODUCTION

Retinoblastoma (Rb) is a rare intraocular malignant tumor 
in children that is due to biallelic inactivation of the tumor 
suppressor gene, RB1, in the developing retina. Both auto-
somal‐dominant hereditary and nonhereditary forms coexist. 
Hereditary Rb is linked to RB1 germline mutations with an 
autosomal‐dominant mode of inheritance and high pene-
trance. Hence, germline carriage most often leads to bilateral 
Rb, with a median‐age of 1 year at diagnosis. First‐line treat-
ment depends on the phenotypic presentation and includes 
surgery (enucleation), local and systemic adjuvant treatment, 
and various conservative treatments, reaching a 95% overall 
survival in industrialized countries. External beam radiother-
apy is now avoided because it maximizes the risk of second 
primary malignancies (SPMs, see below) in the field of irra-
diation (Marees et al., 2008; Temming et al., 2017).

RB1 germline carriers in whom Rb develops are also at risk 
of SPMs (i.e., 20% at age 30 and 50% at age 50 [Marees et 
al., 2008]). The spectrum of SPMs classically includes, in de-
creasing order of frequency, osteosarcoma, soft‐tissue sarcoma, 
melanoma and epithelial carcinoma (mostly lung and bladder). 
SPM screening is a well‐known but still unsolved top prior-
ity objective in clinical management of Rb survivors because 
SPMs are the major cause of death in adulthood (Aerts et al., 
2004). Classically, SPM risk management includes medical ad-
vice about additional cancer risk factors such as avoiding smok-
ing, excessive UV exposure, and other DNA‐damaging agents. 
It also includes enhanced awareness by patients and health pro-
viders of any symptom or sign that might signal a non‐Rb can-
cer, such as an unexplained lump or inflammatory bone pain. 
Routine screening by imaging of non‐Rb SPM is neither recom-
mended in international guidelines nor currently implemented.

Still, atypical Rb families displaying low penetrance 
(unaffected germline carriers) and variable expressivity (bi-
lateral, unilateral, and retinoma cases) have been described 
(Harbour, 2001). These families carry rare RB1 low‐pene-
trance pathogenic variants. The SPM risk in these carriers 
is controversial. Indeed, Dommering et al. suggested a lesser 
risk of SPMs, whereas Chaussade et al. reported similar SPM 
frequency in both low‐ and high‐penetrance variant carriers 
(Chaussade et al., 2018; Dommering et al., 2012). Regardless, 

the significant risk of an osteosarcoma developing as an SPM 
in Rb survivors is well established, whereas the risk of such 
a cancer developing as a first primary malignancy without 
prior Rb in RB1 germline mutation carriers has not been de-
lineated (Temming et al., 2017).

Here, we report a patient in whom osteosarcoma devel-
oped at age 17 as a first primary malignancy within a family 
context of sarcoma. Multistep genetic testing based on this 
peculiar family medical history and a review of similar hid-
den cases led us to highlight sarcoma as a potential first clin-
ical expression of an RB1 low‐penetrance germline mutation.

2  |   CLINICAL REPORT

At age 17, the proband (IV.1, Figure 1) presented subacute left‐
knee pain and was diagnosed with a first primary malignancy: 
high‐grade osteosarcoma of the left lower end of the femur. 
Because his maternal uncle (III.5) died from osteosarcoma at 
age 12 in the 1970s, the proband was eligible for Li‐Fraumeni 
syndrome testing. TP53‐germline targeted sequencing was 
rapidly performed and the results were negative. Further fam-
ily medical history exploration revealed early‐onset unilateral 
Rb in his first‐degree female cousin (IV.4) at age 4 months in 
the 1990s. The cousin was then referred to the oncogenetics 
department at age 18. Subsequent cancer gene panel sequenc-
ing (including RB1, TP53, CDKN2A, ATM, BRCA2, and MLH1 
among others) revealed a germline heterozygous deleterious 
frameshift variant in exon 1 of RB1 [NM_000321.2: c.45_76dup, 
p.(Pro26Leufs*50)]. The proband (IV.1) carried the RB1 muta-
tion identified. In the meantime, cousin (IV.4), an Rb survivor, 
was diagnosed with a SPM (osteosarcoma of the leg).

Genetic status for the RB1 family germline mutation 
could not be assessed in the deceased uncle who had an 
osteosarcoma (III.5). The proband's maternal grandfather 
(II.2), mother (III.2), maternal uncle (III.3) and cousin 
(IV.5) underwent targeted genetic testing, which confirmed 
that they were the unaffected carriers of the family germ-
line mutation. Eye fundoscopy performed in the proband 
(IV.1), his mother (III.2), his grandfather (II.2), and his un-
affected carrier uncle (III.3), at ages 18, 47, 80, and 27, re-
spectively, and periodically in his unaffected carrier female 

linked to RB1 low‐penetrance germline mutations. In these families, careful screen-
ing of primary non‐Rb cancer and SPMs is required by maintaining enhanced clini-
cal vigilance. Implementing lifelong periodic whole‐body MRI screening might be a 
complementary strategy for unaffected carrier relatives in these families.

K E Y W O R D S
cancer screening, low penetrance, Osteosarcoma, RB1, Sarcoma, whole‐body MRI
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cousin (IV.5) did not reveal any active Rb and excluded 
retinoma.

In the proband (IV.1), a single round flat lesion was ob-
served on the far superior and temporal peripheral retina of 
the right eye (Figure 2a, white arrows). This depigmented le-
sion was well demarcated by a ring or “halo” around its mar-
gin. The lesion was fully in line with a benign tumor of the 
retinal pigment epithelium (i.e., a solitary congenital hyper-
trophy of the retinal pigment epithelium) and not suggestive 
of familial adenomatous polyposis.

The osteosarcoma in both the proband and his cousin (IV.4) 
was treated by induction chemotherapy, resection surgery, and 
adjuvant chemotherapy. At the time of writing, 13 months had 
elapsed since the treatment ended for the proband, and adju-
vant chemotherapy was still ongoing for the cousin: both were 
alive and did not show malignant relapse or other SPMs.

3  |   DISCUSSION

Here, we report for the first time a patient with an RB1 
germline mutation in whom a first primary osteosarcoma 

developed without prior Rb. The initial reason for the refer-
ral to the oncogenetics department was the aggregation of 
osteosarcomas in two second‐degree relatives, which was not 
directly suggestive of RB1 involvement. Indeed, the initial 
pattern of family medical data was misleading and steered 
genetic exploration toward TP53 sequencing, especially con-
sidering its positivity in up to 10% of children with osteo-
sarcomas (Shaul et al., 2018). Additional medical data from 
one third‐degree relative with early‐onset unilateral Rb and a 
second primary osteosarcoma eventually led to the relevant 
diagnosis of RB1‐related hereditary predisposition syndrome 
(HPS). Of note, the absence of pathogenic variants in known 
or suspected sarcoma genes included in the panel testing 
strengthened RB1 involvement in this family (Ballinger et 
al., 2016; Chan et al., 2017; Jouenne et al., 2017; Tlemsani, 
Leroy, et al., 2018; Tlemsani, Pasmant, et al., 2018). On the 
other hand, we could not rule out that the osteosarcoma de-
veloped in the proband's uncle might have occurred indepen-
dently of the germline RB1 mutation (Taylor et al., 2007). 
In any case, these unusual diagnostic steps could be consid-
ered instructive considering that in clinical practice, pedigree 
presentation varies greatly among families.

F I G U R E  1   Pedigree of reported patient. RB1 m: carrier of the pathogenic variant in RB1 (NM_000321.2: c.45_76dup, p.(Pro26Leufs*50)). 
RB1 wt: RB1 wild type; RB1 ?: RB1 sequencing not performed; TP53 wt: TP53 wild type. b., year of birth; ca., cancer; CHRPE, congenital 
hypertrophy of the retinal pigment epithelium; d., age at death; dx xx, cancer diagnosis at age xx years old; EF, eye fundoscopy; unilat., unilateral
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A literature review retrieved four cases of primary malig-
nancy without prior Rb (sarcoma and nonsarcoma cancers 
but no osteosarcoma) in families with RB1 low‐penetrance 
hereditary mutations. Sarcoma was diagnosed in a female 
carrier of a pathogenic RB1 splice variant (c.2520+6T>C) 
at age 64 (Dommering et al., 2014), leiomyosarcoma in a 
male carrier of the missense variant p.(Arg661Trp) at age 44 
(Dommering et al., 2014); melanoma with no personal his-
tory of Rb in a male carrier of a deletion of exon 4 of RB1 
(Dryja, Rapaport, McGee, Nork, & Schwartz, 1993); and 
leiomyosarcoma in a 69‐year‐old female carrying a missense 
p.(His483Tyr) variant, showing sebaceous cell carcinoma of 
the eyelid 3 years later (Serrano et al., 2011).

A retrospective collection of similar unpublished data 
was initiated within the Institut Curie and a French network 
for Rb: four additional families with RB1 mutations and 
at least one mutation carrier with sarcoma without prior 

Rb were found (pedigrees depicted in Figure S1). In family 
A, osteosarcoma as a first primary malignancy was diag-
nosed at age 65 in the father of the proband [c.55del, p.(-
Glu19Asnfs*48)] and bilateral Rb was diagnosed at age 2 
in the proband. The proband's father (S1A: II.4) had been 
considered an unaffected obligate carrier since metastatic 
bilateral Rb was diagnosed in his sister (S1A: II.3) before 
she was 1 year old. In family B, the proband (S1B: IV.4) had 
been diagnosed with unilateral Rb at age 18 months, and a 
germline RB1 mutation [c.1981C>T; p.(Arg661Trp)] was 
detected. At age 30, his carrier sister (S1B: IV.3) was di-
agnosed with a first primary leiomyosarcoma. Considering 
the co‐occurrence of synovial sarcoma in one maternal aunt 
(S1B: III.14), TP53 sequencing was performed in patient 
IV.3, but findings were normal, whereas RB1 sequencing 
revealed a paternally inherited mutation. In family C, the 
proband (S1C: IV.7) was diagnosed with unilateral Rb at 

F I G U R E  2   Ultra‐widefield retinal 
imaging (200° with single capture 
acquired with Optos device) of the 
proband (IV.1 [in Figure 1], a and b), his 
mother (III.2, c and d) and his maternal 
grandfather (II.2, e and f), all carrying 
the mutation in RB1 [NM_000321.2: 
c.45_76dup, p.(Pro26Leufs*50)]. (a and b) 
Ophthalmologic examination of the proband 
at age 18, in whom osteosarcoma developed 
at age 17: no history of leukocoria or 
strabismus. Visual acuity was 20/20 in 
both eyes. There was no retinoblastoma 
or retinoma. A single round flat lesion 
appeared on the far superior and temporal 
peripheral retina in the right eye (a, white 
arrows). This depigmented lesion is well 
demarcated with a ring or “halo” around 
its margin and agrees with a benign tumor 
of the retinal pigment epithelium (i.e., 
solitary congenital hypertrophy of the 
retinal pigment epithelium [CHRPE]). 
(c–f) No malignancy developed in the 
47‐year‐old mother (c and d) or the 80‐year‐
old grandfather (e and f) of the proband. 
Ultra‐widefield photographs did not reveal 
any active or spontaneously regressed 
retinoblastoma
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age 2 years (c.264+5G>A mutation). His paternal grand-
father (S1C: II.3) was a carrier and soft‐tissue sarcoma de-
veloped at age 79. In family D, harboring a c.1981C>T; 
p.(Arg661Trp) variant, the proband (S1D: VI.4) was di-
agnosed with unilateral Rb at age 20 months. One of his 
fourth‐degree relatives (S1D: V.4), a 12‐year‐old girl with-
out genetic testing, whose sister (S1D: V.5) was diagnosed 
with bilateral Rb and carried the RB1 germline mutation, 
died from osteosarcoma without prior Rb.

In all these families, mutations were missenses, splice 
mutations leaving pocket domains intact, frameshifts in exon 
1 or large intragenic deletions, all commonly known as low‐
penetrance mutations (Harbour, 2001).

Overall, we propose first primary sarcoma and osteosar-
coma, regardless of family history of Rb, as a novel pheno-
typic indication for RB1 sequencing.

Interestingly, all individuals diagnosed with first pri-
mary sarcoma carried RB1 low‐penetrance alleles. Hence, 
we questioned if the parent of origin effect demonstrating a 
higher Rb risk with paternally inherited low‐penetrance al-
leles holds true with sarcoma risk (Eloy et al., 2016). A pa-
ternal inheritance was observed (3 out of 3 cases) in families 
with p.Arg661Trp carriers affected by first primary sarcoma 
or melanoma without prior Rb (Dommering et al., 2014, fam-
ily S1B, family S1D) but the number of families is too small 
to draw any conclusion.

The main puzzling question is how to explain why the 
retinal tissue was spared from tumorigenesis whereas ag-
gressive cancerogenesis was enabled in the bone or soft tis-
sues, with osteosarcoma or sarcoma development decades 
later. Hypothetically, nongenetic factors could be involved. 
In addition, a theoretical possibility is somatic mosaicism 
with postzygotic reversion of the inherited mutation spar-
ing retinal tissue (Hirschhorn, 2003). Moreover, a digenic 
or oligogenic model involving modifier genes such as 
MDM2 and a tissue‐dependent factor and gene network 
seems relevant (Castéra et al., 2010). This type of model 
could agree with an apparently permissive state for tum-
origenesis of retinal or bone or soft‐tissue cells induced by 
RB1 low‐penetrance mutations. This permissive state could 
be insufficient to drive tumorigenesis by itself but com-
bined with another oncogenic cellular phenomenon might 
lead to cancer.

All adults newly diagnosed as carriers but not affected 
by Rb in the family we report underwent ophthalmologic 
examination with eye fundoscopy, which did not reveal any 
retinoma. This observation could be a first clue suggesting 
that retinal tissue was not the location of poorly aggressive 
tumorigenesis and was completely spared.

Further investigations are required to shed light on mech-
anisms explaining the apparent tissue‐ and individual‐de-
pendent phenomena underlying carcinogenesis in nonretinal 
tissues in these RB1‐mutated patients without prior Rb.

Besides further molecular understanding, clinical manage-
ment is a major issue. In the main family we report, in addition to 
the classical ophthalmologic and oncologic posttreatment mon-
itoring, follow‐up of the proband, his female cousin and above 
all their unaffected carrier relatives was under cautious discus-
sion. Considering family member preferences together with a 
multidisciplinary medical opinion, annual lifelong whole‐body 
MRI was decided in all carrier individuals, beginning as early 
as the genetic carrier status was known. Generalization of this 
option to all unaffected RB1 low‐penetrance germline mutation 
carriers remains to be cautiously assessed. Indeed, how to im-
plement (methods and scheduling) the most efficient and non-
harmful screening of non‐Rb cancer in individuals carrying an 
RB1 reduced‐penetrance germline mutation even if not affected 
by Rb in childhood is a crucial and challenging medical issue. 
In addition to enhanced awareness of any suspicious symptom 
such as a lump or bone pain, routine periodic imaging might 
be an option, in light of the nine family medical histories we 
describe. Nevertheless, at what age such screening should start 
and its detection yield, cost‐effectiveness, harmlessness and ac-
ceptability remain to be ascertained.

Lifelong routine screening of solid malignancies issue 
is analogous to the management of at‐risk individuals diag-
nosed with Li‐Fraumeni syndrome. Indeed, patients carrying 
germline mutations in TP53 are at high risk of a wide range 
of malignancies, including sarcoma. In these child and adult 
patients, early presymptomatic detection of malignancies im-
proves overall survival (Villani et al., 2016). Hence, guide-
lines for surveillance of Li‐Fraumeni patients now include 
annual rapid whole‐body MRI, which is lifelong, specifically 
aimed at screening sarcoma (Kratz et al., 2017). Furthermore, 
whole‐body MRI has been found the best means of imaging 
screening for cancers in children in terms of its safety and 
diagnostic performance (Friedman et al., 2014; Greer, Voss, 
& States, 2017; Guimarães et al., 2017). However, in heredi-
tary Rb survivors, whole‐body MRI monitoring assessed in a 
retrospective pilot study involving 25 patients was not suffi-
ciently sensitive (Friedman et al., 2014).

Further prospective assessment of this type of screening 
by imaging over a longer period of time, with a larger co-
hort, and including a number of RB1 carriers who are not Rb 
survivors is needed to address the challenge of optimizing 
long‐term non‐Rb follow‐up of such carriers.

Although data from somatic sequencing of different types 
of sarcoma are rapidly accumulating and show RB1 monoal-
lelic or biallelic tumor genomic alterations commonly de-
tected in sarcomas (Cancer Genome Atlas Research Network, 
2017; Chen et al., 2014), little is known about the RB1 germ-
line mutation in patients with primary sarcoma and osteosar-
coma. The data we report advocate for considering germline 
sequencing of RB1 in patients with unexplained sarcoma, es-
pecially germline TP53‐negative osteosarcoma, regardless of 
the personal or family history of Rb.
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To conclude, the patients and pedigrees we report shed 
light on an unusual pattern of expressivity and low‐penetrance 
germline variants in RB1 and raise the question of expanding 
the tumor spectrum of RB1‐related HPS with first primary 
sarcoma and osteosarcoma. This would require further inves-
tigations to unravel the underlying mechanisms. Most impor-
tantly, we suggest that sarcoma and osteosarcoma, regardless 
of Rb family history, might be a novel clinical presentation 
requiring RB1 germline testing. We also highlight screening 
of nonretinal cancer and SPM as major issues to address in 
these families. It also prompts a watchful medical, especially 
genetic, management of apparently unaffected carriers of 
RB1 low‐penetrance germline mutation.
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