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Abstract
Retinoblastoma is the most common primary cancer of the eye in children. The incidence of
second tumors in survivors of bilateral retinoblastoma and in survivors of unilateral
retinoblastoma who presumably carry a germline RB1 mutation is documented. This paper
describes the previously unrecognized association of sinonasal adenocarcinoma as a second
malignancy in retinoblastoma survivors. We present three cases who received radiation therapy as
a part of their treatment and developed sinonasal adenocarcinoma as a second malignancy.
Sinonasal adenocarcinoma should be considered as a second malignancy in retinoblastoma
survivors who present with vague sinus symptoms.
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INTRODUCTION
Retinoblastoma is the most common primary cancer of the eye in children. Although it
represents only approximately 4% of childhood cancer and less than 1% of all human
cancers, it is of widespread interest because the gene responsible for retinoblastoma, RB1,
was the first cancer gene identified and cloned (in 1986) [1]. Retinoblastoma may present in
two ways: hereditary (40%) and non hereditary (60%). RB1 and is located on the long arm
of chromosome 13 [2]. In hereditary retinoblastoma, the mutated gene is presented in all
somatic and germ cells of the patient. A retinoblastoma will develop when a subsequent
somatic mutation inactivates the second allele in a retina cell [3,4].

The incidence of second tumors in survivors of bilateral retinoblastoma and in survivors of
unilateral retinoblastoma who carry the RB1 mutation is well documented and has been
reviewed extensively [3,4,5]. Among these, several studies have demonstrated that the use

Correspondence: Dr. Pooja Bhagia Phone: 212-639-2153 bhagiap@mskcc.org Address: Memorial Sloan-Kettering Cancer Center,
Dept. of pediatrics, Box 139, 1275 York Avenue, NY, NY 10065 .

The authors have no conflicts of interest to declare.

NIH Public Access
Author Manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2013 December 19.

Published in final edited form as:
Pediatr Blood Cancer. 2011 October ; 57(4): . doi:10.1002/pbc.23161.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of external beam radiation therapy for the treatment of retinoblastoma can increase the risk
significantly of subsequent tumors developing if given in the first year of life or at high
doses. Nearly 95% of all children in the United States with retinoblastoma survive the
primary disease. Approximately 0.5%-1% of those with bilateral disease go on to have
second non-ocular tumors each year and approximately 25% of these patients die of these
tumors by 50 years of age [5].

This paper summarizes the previously unrecognized association of sinonasal
adenocarcinoma as a second malignancy in retinoblastoma survivors.

METHODS
We saw a patient in clinic who is a long term survivor of retinoblastoma and subsequently
developed sinonasal adenocarcinoma as a second malignancy. We carried out a search in
Pub med and Medline by using the phrases “retinoblastoma and second malignancies” and
“retinoblastoma and sinonasal adenocarcinoma”. Our search did not reveal any reported
cases. Hence we decided to report this unusual entity. We did a retrospective review of our
database and the National Cancer Institute (NCI) database and found 2 other cases of
sinonasal adenocarcinoma among the 277 cases of second malignancies in retinoblastoma
survivors.

Case 1
Thirty year old male with a history of retinoblastoma of the left eye at the age of two weeks
and a positive family history, treated with radiation therapy, presented initially with
symptoms of runny nose and congestion to his primary physician. He was advised to use
Saline nasal drops. Symptoms worsened and he developed difficulty breathing, epistaxis and
headache. CT and MRI of maxillofacial area showed mass in the right nasal cavity
extending through the cribriform plate, displacing the dura posteriorly and involvement of
left side of the posterior nasopharynx and fossa of Rosenmüller on the right. Preoperative
MRI showed 5.3 cm mass entering the body of sphenoid sinus, ethmoid air cells, nasal
cavity, posterior nasopharynx and the anterior cranial fossa superiorly. Resection of mass
was done. Pathology report showed sinonasal papillary adenocarcinoma, intermediate grade
with moderate to marked tumor necrosis and abundant mitoses, positive for CK7 and CEA
and tumor involved bone. Morphologic features of the tumor were suggestive intestinal type
phenotype but the immunophenotype was consistent with non-intestinal type of sinonasal
adenocarcinoma (non-ITAC). Post-operative MRI was consistent with a gross total
resection. He was treated with proton beam therapy to a maximum dose of 66.6 CGE to the
affected area. He is now disease free for 15 months post diagnosis.

Case 2
Sixty-eight year old white male with a history of bilateral retinoblastoma for which he was
treated with radiation therapy dating to childhood presented to his local ENT for ‘sinus
problems’. CT scan of the sinus was done which showed a 1×1.3 cm left nasal cavity soft
tissue mass. Biopsy showed intestinal type sinonasal papillary adenocarcinoma. His past
history was significant for soft tissue sarcoma of the knee and bladder cancer. He underwent
orbital exenteration with free flap reconstruction followed by radiation to the site. He is now
disease free 25 months post diagnosis.

Case 3
Forty-six year old white male with a history of bilateral retinoblastoma as an infant , treated
with left eye enucleation and 4000cGy radiation to the right eye, presented with symptoms
of clear nasal discharge for few weeks prior to diagnosis. MRI revealed a 14mm ×15mm
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right nasal polyp. Biopsy showed adenocarcinoma, non-intestinal type, moderately to poorly
differentiated with neuroendocrine features. He underwent endoscopic right medial
maxillectomy, total ethmoidectomy and sphenoidectomy. There was no residual tumor after
the procedure. No radiation was administered. He is disease free 9 months post diagnosis.

DISCUSSION
Sinonasal adenocarcinomas are rare tumors accounting for about 10-20% of all sinonasal
malignancies. Broadly, these tumors are divided into salivary-type adenocarcinomas and
non-salivary adenocarcinomas. Non-salivary adenocarcinomas are divided into intestinal
and non-intestinal types. [6] In our series of 3 cases, two are intestinal type adenocarcinomas
(ITAC) (Figure 1A-B) and one is a high-grade non-intestinal type adenocarcinoma (Figure
1C).

ITAC, as the name implies, morphologically resembles colonic or small intestinal
adenocarcinoma or adenoma. Occupational exposure to wood or leather dust is an
established risk factor [7]. Grossly, these tumors are often polypoid or fungating and may be
hemorrhagic. Microscopically, several architectural patterns (papillary, colonic, solid,
mucinous, mixed) with varying degrees of differentiation (well, moderate, poor) are
recognized and have been used in subtyping and prognosticating ITAC. However, in
general, ITAC has a poorer clinical outcome than non-ITAC and thus it is important to
distinguish between the two [8]. In addition to morphology, immunohistochemistry is
helpful in this aspect as ITAC is often positive for the intestinal markers CK20 and CDX-2
while non-ITAC is not. However, ITAC can also be positive for CK7 similar to non-ITAC.

Non-ITAC is an adenocarcinoma that neither shows minor salivary gland or intestinal-type
features. There are no known etiologic factors. Non-ITAC is divided into low and high
grade subtypes and it is crucial to do so as the former has a better prognosis [9]. Grossly,
these tumors can be flat and invasive or exophytic. Microscopically, low-grade non-ITAC
demonstrates a glandular or papillary architecture without much cytologic atypia. On the
other hand high grade non-ITAC shows a more solid growth pattern with greater cellular
pleomorphism, increased mitoses and necrosis. Additionally, our case of high-grade non-
ITAC showed neuroendocrine features with positive immunohistochemical staining for
chromogranin (Figure 1D) and synaptophysin.

Survivors of retinoblastoma with RB1 germline mutations are at increased risk for
development of a variety of additional non-ocular neoplasms, including osteogenic sarcoma
of the skull and long bones, soft tissue sarcomas, cutaneous melanomas and pineoblastomas
[5,10]. Among patients with hereditary retinoblastoma patients surviving more than 40 years
after retinoblastoma diagnosis, more than half of the absolute excess risk could be attributed
to epithelial cancers [4]. External beam radiation therapy is a contributory factor in the
development of additional tumors in retinoblastoma survivors [11,12, 13]. Our patients
received radiation therapy as a part of their treatment and developed sinonasal
adenocarcinoma as a second malignancy. Although an increased risk for sinonasal cancers
has been reported following radiotherapy for retinoblastoma in a large series of Rb survivors
(10), the histology of these tumors was not provided. Additionally, there have been
individual case reports of leiomyosarcoma [14] and neuroendocrine sinonasal tumors
following radiation for retinoblastoma [15]. However, adenocarcinoma of the sinonasal
cavity has not been previously reported.

Among irradiated hereditary retinoblastoma survivors, the standardized mortality ratio for
subsequent malignant neoplasms was 2.2 times higher for those who were irradiated at 12
months of age or younger that for those irradiated at older ages [16,17]. All our patients
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were irradiated as children. For radiation induced tumors a long latency period is
characteristic. For solid tumors this period is presumed to be at least 10 years [4]. All our
patients developed adenocarcinoma more than 10 years after being treated for
retinoblastoma with radiation therapy. Occupational exposure to hardwood dust has been
associated with intestinal type sinonasal adenocarcinoma[18]. However, none of our patients
had such an occupational exposure. Survivors of childhood cancers other than
retinoblastoma are also at an increased risk for second malignancies due to treatment [19].
Radiation induces 1.8 neoplasms per million person-years per rad in long term childhood
cancer survivors treated with radiation for their primary tumors [20]. Excluding
retinoblastoma, Hodgkin’s lymphoma and Wilm’s tumor are the next most common
childhood tumors that are associated with second malignancies. For all of these diseases,
survivors, especially those who receive radiation as a part of therapy, may develop solid
tumors as second malignancy [19].

Sinonasal adenocarcinomas have not been reported as a second malignancy in
retinoblastoma survivors. All three cases presented with vague sinus symptoms. Thus, in
such cases, the patient, family and the primary physician must be aware that these otherwise
innocent symptoms may be potentially dangerous and hence early detection and a better
outcome may be possible. Hereditary retinoblastoma survivors are at a risk of developing
multiple cancers through their lives. Therefore, lifelong close vigilance is needed. It is a
challenge to manage retinoblastoma survivors whose second malignancy requires radiation
therapy for disease control, knowing that that may increase the risk of a subsequent
malignancy.
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Fig. 1.
Sinonasal adenocarcinoma, intestinal-type, from patient 1 (A) and patient 2 (B) with colonic
and papillary architecture, respectively. Sinonasal adenocarcinoma, high-grade
nonintestinal-type. from patient 3 (C) with neuroendocrine features as evidenced by
immunohistochemical staining with chromogranin (D). 200× magnification.
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