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Abstract Hereditary patients with a history of treated
retinoblastoma (RB) have a greatly increased risk of a
broad spectrum of secondary malignancies appearing many
years later, with a high incidence in the head and neck
region. Leiomyosarcomas (LMS) account for up to 58% of
these tumors. LMS in the sinonasal region generally are
uncommon and are associated with a locally aggressive
course and have a poor prognosis. RB may occur in two
forms. The hereditary form is generally bilateral but can
present unilaterally with a positive family history and
typically exhibits a germline mutation in the RB1 gene on
chromosome 13. The non-hereditary form is usually uni-
lateral but can show the same germline mutation in up to
10% of cases. Patients with hereditary RB have been
shown to have a significantly higher cumulative risk of
developing secondary malignancies than those with the
non-hereditary form (28 vs. 1.44% respectively). Most
reported cases of sinonasal LMS are in patients with a
history of the bilateral hereditary form of treated RB. We
report a case of LMS of the nasal sinus area in a 35-year-
old African American male with a history of non-heredi-
tary unilateral RB and radiation therapy. To the best of our
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knowledge, this is the first reported case of sinonasal LMS
arising in a patient with a history of non-hereditary uni-
lateral RB. The clinical history, radiology, and pathology
are presented along with a brief discussion of the literature.
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Introduction

Patients with a history of treated hereditary retinoblastoma
(RB) have a greatly increased risk of a broad spectrum of
secondary malignancies appearing many years later [1]. A
high number of these tumors arise in the head and neck
region. Leiomyosarcomas (LMS) account for a high pro-
portion of these malignancies; however, LMS in the sino-
nasal region generally are uncommon and are associated
with a locally aggressive course and have a poor prognosis
[2, 3].

Materials and Methods

A case of LMS of the nasal sinus area was identified in a
patient with a history of treated non-hereditary unilateral
RB and radiation therapy. The clinical history, radiology,
and pathology are presented along with a brief discussion
of the literature.

A search of the English-language literature was per-
formed in PubMed using the terms “leiomyosarcoma” and
“retinoblastoma” from 1970 until 2010. Cases were
included if they met the following criteria: (1) history of
retinoblastoma, (2) secondary malignancy of leiomyosar-
coma clearly identified as sinonasal tract. Cases which
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described LMS primarily arising in the orbit or maxilla
were excluded.

Case Report

A 35-year-old African American male presented with a
6 month history of severe right-sided nasal obstruction,
sinus pressure, epistaxis, loss of sensation, and intermittent
pain (at a scale of 8 of 10) in the right facial area. He
reported a history of RB of the right eye at the age of
1 year which was treated with surgery and radiation ther-
apy. The patient had no positive family history for RB, and
the case was apparently sporadic.

CT and MRI imaging revealed an 8.04 cm tumor mass
in the central ethmoid sinuses and cribriform plate at skull
base with extension into the right maxillary sinus, the right
floor of the orbit, and the left sphenoid sinus. The lesion
spared the frontal sinus. It also appeared to be impinging
on the left orbit. The posterior aspect appeared to extend
into the skull base, pterygoid bones, clivus, and sphenoid
(Fig. 1a, b).

Initial biopsy diagnosis at an outside institution was a
high-grade sarcoma with negative immunohistochemical
(IHC) markers for keratin and CD34. The tumor was felt to
be most likely consistent with a post radiation sarcoma.
The patient was referred to Shands Hospital at University
of Florida for treatment consultation where a review of the
slides was performed. The biopsy demonstrated a high
grade sarcoma composed of spindle-shaped cells arranged
in fascicles featuring cigar-shaped nuclei with marked
pleomorphism and a high mitotic rate with atypical mitotic
figures. Significant tumor necrosis was present (Fig. 2a—e).
The impression from H&E stained sections was a high
grade LMS which was confirmed by the additional IHC
stains performed in our institution [positive for smooth
muscle actin (Fig. 2f) and negative for CD34, desmin, and

Fig. 1 a Coronal view CT
without contrast, b axial view
CT without contrast showing
destructive sinonasal lesion with
extension to paranasal structures
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myogenin markers]. The patient refused the treatment
options (proton beam therapy or surgical treatment) at our
institution and was lost to further follow-up.

Discussion

RB may occur in hereditary and non-hereditary forms. The
hereditary form is generally bilateral but can present uni-
laterally with a positive family history and typically
exhibits a germline mutation in the RB1 gene on chro-
mosome 13. The non-hereditary form is usually unilateral
but can show the same germline mutation in up to 10% of
cases [4]. It has been suggested that the germline mutation
predisposes to a lifelong increased risk of many forms of
cancer [5]. Patients with hereditary RB have a higher
cumulative risk of developing secondary malignancies than
those with the non-hereditary form [2, 6, 7]. In one study,
hereditary RB patients had an increased risk of secondary
malignancy 40 years after RB treatment of approximately
28% as compared to 1.44% in patients with the non-
hereditary form [6]. It has also been demonstrated that
hereditary RB survivors had a higher mortality from sec-
ondary malignancies of bone and soft tissue whereas
patients with non-hereditary RB showed a higher mortality
from myeloid leukemia, ovary, and kidney cancers [5]. In
addition, radiation therapy for RB treatment is believed to
further increase the risk for secondary malignancies in
hereditary cases [8].

LMS is uncommonly found in the head and neck region
and has been estimated to compose only approximately 2%
of sinonasal mesenchymal tumors [3]. However, there is an
increased risk of LMS occurring as a secondary tumor in
patients with a history of treated RB regardless of the
history of radiation therapy. MacCarthy et al. [2] found in a
cohort study that LMS is the most often reported secondary
malignancy accounting for 58% of cases followed by other
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Fig. 2 a, b Lower and high
power views of tumor with
central necrosis (arrow),

¢, d fascicles of spindle tumor
cells with necrosis and brisk
abnormal mitoses (arrow and
insert), e prominent nuclear
pleomorphism and f strong
diffuse positivity for smooth
muscle actin (SMA). (H&E
stain: a x10, b x40, ¢ x20,
d x40, e x40 and f, peroxidase-
antiperoxidase immunostain
with anti-SMA x20)

soft tissue sarcomas, osteosarcoma, carcinoma, CNS
tumors, melanoma, leukemia, and other types in order of
decreasing prevalence. Similarly, Kleinerman et al. [1]
found that LMS was the most represented of soft tissue
sarcomas in patients with a history of RB, accounting for
33% of secondary tumors in a cohort study of 963 patients
with RB. Interestingly, both in this study and supported by
the study of Marees et al. [6] it was found that LMS arose
more commonly outside the field of prior radiation therapy,
while the other subtypes more often arose inside the field.
LMS tend to arise later after RB than other soft tissue
sarcomas with 78% of LMS arose 30 years or more after
initial diagnosis as compared to the majority of fibrosar-
coma and rhabdomyosarcoma that arose within the first
20 years of diagnosis [1].

When determining the incidence of sinonasal LMS after
treated RB several difficulties arise. First, there is some
degree of anatomic overlap in the primary tumor origin in
the craniofacial area, which makes classifying tumors that
are purely sinonasal in origin difficult. Table 1 lists 14
reported cases of LMS clearly identified as primarily
arising from the sinonasal tract of patients with a history of
RB selected in addition to the present case [3, 4, 9—14]. In
the large cohort studies of Kleinerman et al. [I1] and
MacCarthy et al. [2] of patients with a history of RB
developing secondary malignancy the studies did not
specify the location in conjunction with the tumor type and

thus patients specifically matching the criteria of sinonasal
LMS could not be identified. In the previously mentioned
cohort study of Kleinerman et al. [1], 963 patients with a
history of RB developed 69 secondary malignancy tumors.
Of these, 23 were identified as LMS. In addition, out of the
69 cases it was identified that the sinonasal tract was the
location of 16 of the tumors. However, the location of the
tumors was not matched to the tumor type. The other large
cohort study of MacCarthy et al. [2] included patients with
secondary tumors, but the locations were also not matched
to secondary tumor type. In addition, ten cases in the lit-
erature of LMS arising in patients with a history of RB
originated in areas adjacent to the sinonasal cavity (orbit,
maxilla) for which it is possible the sinonasal tract was
involved by extension but did not appear to be the original
or significantly involved site [10, 15-20].

Of the 15 cases identified as sinonasal LMS after treated
RB (including the current case), the median age at onset of
secondary LMS was 25 years old, with a range from age
10—45. Gender predilection could not be accurately quan-
tified because many cases did not list the gender, but of the
seven cases where gender was known, all patients were
male. Previous studies showed that the majority of LMS
arising after RB in males occurred in the head and neck,
while LMS after RB in females mainly arose in the pelvic
region [1]. Of the 10 cases that reported the age of RB
treatment, the median time between treatment of RB and
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Table 1 Reported cases of sinonasal LMS and history of RB including present case

Author Age/gender Type RB Time Site of LMS Side
Martin-Hirsch et al. [9] 45 M Bilateral 43 Nasal fossa I
Rubin et al. [10] 120 Bilateral 10.5 Ethmoid sinus NA
Rubin et al. [10] 23U Bilateral 21 Sphenoid sinus NA
Rubin et al. [10] 320 Bilateral 31 Ethmoid sinus NA
Dunkel et al. [4] 12U Bilateral NA Ethmoid sinus 1
Dunkel et al. [4] 23U Bilateral NA Sphenoid sinus C
Dunkel et al. [4] 32U0 Bilateral NA Ethmoid sinus I
Dunkel et al. [4] 10U Bilateral NA Max sinus I
Dunkel et al. [4] 18U Bilateral NA Max sinus 1
Klippenstein et al. [11] 29 M Bilateral 28 Max sinus NA
Newman et al. [12] 40 M Bilateral 39 Ethmoid and max sinus NA
Sedghizadeh et al. [13] 30 M Unilateral with FH 28 Max sinus 1
Ulrich et al. [3] 23 M Bilateral 20 Nasal cavity and bilateral sinus NA
Qureshi et al. [14] 15M Bilateral 13.5 Nasal cavity infratemporal fossa and ethmoid sinus NA
Present case 35M Unilateral without FH 34 Ethmoid, maxillary, sphenoid sinus I

LMS leiomyosarcoma, RB retinoblastoma, U gender unknown, M male, FH family history positive for RB, Time elapsed time between treatment
of RB and diagnosis of LMS (in years), Side LMS arose in relationship to radiation field: (/ ipsilateral, C contralateral, NA not available)

diagnosis of LMS was 26.8 years. The reported cases of
sinonasal LMS complicated the bilateral hereditary form of
treated RB in 13 of the 15 cases. In the only other previ-
ously reported case with history of unilateral RB, the
patient involved had a positive family history for RB as his
three children each subsequently developed unilateral RB
in infancy [13]. Thus to the best of our knowledge, the
present case appears to be the first case of sinonasal LMS
arising in a patient with a history of non-hereditary uni-
lateral RB. By site, 4 out of 15 cases involved the ethmoid
sinus, 2 involved the sphenoid sinus, 4 involved the max-
illary sinus, 1 involved the nasal fossa, and 4 involved a
combination of sites including nasal cavity, ethmoid,
maxillary, and sphenoid sinuses. All patients received
radiation therapy for treatment of RB. The majority of
cases that listed the relationship of the tumor to the field of
radiation reported that the secondary tumor arose on the
ipsilateral side including the current case [4, 9, 13]. One
case reported a secondary tumor arising on the contralateral
side of radiation field [4].

The majority of head and neck LMS are of moderate or
high histologic grade, behave aggressively, and show little
response to chemotherapy or radiation [19, 21].

Prognosis of LMS of the sinonasal tract is dependent on
location and extent of tumor. Treatment generally consists
of radical resection, and chemotherapy and radiation ther-
apy have been used with limited success [3]. Tumors
confined to the nasal cavity in which complete excision can
be achieved have a high rate of survival [19]. However, in
many cases of sinonasal LMS complete resection is not
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possible with negative margins, and in these cases mor-
tality is much higher [19].

The histopathologic differential diagnosis for LMS in
this area includes other high grade spindle cell sarcomas:
fibrosarcoma (FS), malignant peripheral nerve sheath
tumor (MPNST), rhabdomyosarcoma (RMS), myofibrob-
lastic sarcoma (or myofibrosarcoma), and the fibrous
monophasic variant of synovial sarcoma. FS is an impor-
tant differential diagnosis especially in the setting of a
patient with a history of previous radiation therapy and the
sinonasal tract is not an uncommon location within the
head and neck for occurrence [22]. FS generally presents
with a more tapered cell nuclei and “herring bone” fas-
cicular pattern than LMS and may show focal areas of
staining for smooth muscle markers reflecting myofibrob-
lastic differentiation but does not show the extent of diffuse
positivity to smooth muscle markers as LMS [23]. MPNST
has been reported rarely in the sinonasal tract and differs
from LMS in showing a characteristic appearance of wavy
or buckled cells and alternating zones of cellular and less
cellular areas which may appear in a vaguely nodular
pattern [22, 24]. Spindled MPNST will be negative for
smooth muscle actin and show focal S-100 positivity,
whereas LMS is the opposite [22]. The pleomorphic form
of RMS may exhibit areas of spindle cell fascicular pattern
[25]. The spindle cell variant of embryonal RMS may also
be seen in the sinonasal tract and may resemble LMS but
generally occurs in young patients [26]. Pleomorphic and
embryonal RMS like LMS are positive for desmin and
SMA, but unlike LMS they are positive for myoglobin or



Head and Neck Pathol (2011) 5:57-62

61

myoD]1 indicating a skeletal muscle origin [24]. Myofib-
roblastic sarcoma (or myofibrosarcoma) may be included
in the differential diagnosis, but these lesions are generally
of a low grade, exhibit fusiform rather than the cigar-
shaped nuclei seen in LMS, have a paler eosinophilic
cytoplasm than LMS, and are only focally positive for
SMA [24]. In addition, staining for h-caldesmon is gener-
ally negative in myofibroblastic sarcoma but positive in
LMS [24]. A final entity to consider is the monophasic
fibrous variant of synovial sarcoma (SS). Rare cases of
both monophasic and biphasic SS have been reported in the
sinonasal tract [27]. Monophasic SS generally exhibits
abundant wiry collagen, branching vascular pattern, and
stromal calcification [22]. This lesion could be differenti-
ated from LMS by the presence of positivity for cytokeratin
staining (AE 1/3) at least in focal areas, CD99 positivity,
and bcl-2 positivity which LMS will not exhibit [22, 28]. In
addition, a specific chromosomal translocation (X; 18) is
associated with SS that is not noted in LMS [27].

Conclusion

Patients with a history of RB have been shown to have a
dramatically increased risk of developing secondary
malignancies later in life likely due to both a genetic pre-
disposition and complications of radiation therapy to the
original tumor. These patients may develop malignancies
in the head and neck and at an earlier age than most
patients developing a primary malignancy in these areas.
Early identification of these tumors is critical due to their
locally aggressive nature and poor prognosis. Given the
excellent survival of treated RB patients, the awareness of
the phenomenon of increased risk of secondary malignancy
in these patients has important implications. Among these
implications is counseling of survivors and the clinical
follow-up with thorough investigation of any symptom or
sign in adult patients for the early detection of secondary
malignancy to prevent a fatal outcome.

Conflict of interest There is no financial conflict of interest related
to this manuscript.
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