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Abstract
Background
Second primary neoplasms (SPNs) are a recognized late effect of treatment for childhood cancer. Thyroid SPNs
can develop after exposure to low-dose radiation, due to the radio-sensitivity of the thyroid gland. The risk of
radiotherapy-related secondary cancers in children with congenital retinoblastoma has led to reduced use of
external beam radiotherapy (EBRT) as a treatment. Recently, tumor reduction with chemotherapy with or
without focal surgery is most commonly undertaken and EBRT is avoided as much as possible and is considered
only as the last treatment option prior to enucleation.

Case presentation
A 17 year old female patient was presented to our clinic with a painless mass in the neck of insidious onset and
progressive course for two months duration. Subsequently she was diagnosed as having a thyroid swelling on
the left lobe which is clinically a solitary nodule. The patient was running the routine laboratory investigations
and Complete Blood Count which were all normal. Neck ultrasound examination, Color Doppler interrogation
and Fine Needle Aspiration Cytology (FNAC) revealed follicular neoplasm.
The patient scheduled for surgical hemi-thyroidectomy of the left lobe. Histopathological examination was done
revealing follicular carcinoma of the thyroid gland. By taking history from the patient family, the patient had got
a past history of congenital retinoblastoma with external beam radiotherapy since she was six months.

Conclusion
This case study emphasizes that the high risk of second cancers in congenital retinoblastoma is significantly
influenced by treatment. External beam radiotherapy has the strongest effect. Clinicians need to be particularly
aware of the risks of low-dose exposure after radiation fields administered to areas adjacent to the thyroid
region.

Keywords: Second primary Neoplasm; Childhood cancer; External beam radiotherapy; Congenital
retinoblastoma.
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Introduction
Retinoblastoma is a childhood tumor with excellent
survival rates in developed countries, but late
effects are a major concern. Cumulative incidence
ratios were significantly raised after external beam
radiotherapy compared with patients who received
enucleation or focal treatment. This impact of
radiotherapy has been reported previously in large
American, UK, and Dutch cohorts (1,2). Almost all
children with bilateral retinoblastoma are
heterozygous for an oncogenic alteration of the
RB1 gene (germline mutations). By contrast,
oncogenic alterations of the RB1 gene are confined
to the tumor (somatic mutations) in most children
with isolated unilateral retinoblastoma. As the risk
of second primary malignancy (SPM) depends
vastly on laterality and family history, it is to be
expected that genetic factors influence the type and
incidence of SPM in addition to treatment-related
factors. In fact, in a recent study it was found that
risk of SPM is higher in bilateral retinoblastoma
survivors with a presumed inherited germline
mutation compared to patients who had a germline
mutation of de novo origin(3). In addition to the
oncogenic RB1 alteration, treatment intensity and
modality carry a substantial impact on SPM
development. External beam radiotherapy (EBRT)
has been described as a major risk factor for later
development of SPM (1).

External beam radiotherapy (EBRT), a modality of
treatment used to control congenital retinoblastoma
(RB), was found to save globes and vision.
However, this modality carries the risk of
developing secondary cancers in children and this
may itself be a threat to the patient and mandate
follow up for life (4). However, the use of EBRT
was found to increase the lifelong risk of secondary
cancers in children with constitutive RB1
mutations. It was also found to affect the growth of
the soft tissue and bone around the eye. At present,
radiotherapy is usually performed when all other
treatments have failed or when tumors are large and
cannot be controlled by focal surgery. Control of
congenital retinoblastoma by saving vision and eye
were well established goals regardless of whether
RB is unilateral or bilateral. Focal surgical
treatment, such as cryotherapy, thermotherapy, or
laser therapy, can control the tumor, save vision,
and preserve cosmesis when tumors are at an early
stage (5). Alarmingly, the highest incidence rate of
second cancers was found in the group of

congenital retinoblastoma survivors with combined
or metachronous chemotherapy and external beam
radiotherapy. This finding is consistent with data
from an American cohort of congenital
retinoblastoma survivors when chemotherapy
consisting of alkylating agents raised the risk to
develop sarcoma in children who had been
irradiated for treatment of retinoblastoma. The
incidence of second cancer after chemotherapy
without radiotherapy was low (6).
.
Childhood cancer survivors are at an increased risk
of late effects of treatment, including the
development of second primary neoplasms (SPNs)
including thyroid cancer as the thyroid gland is a
highly radiosensitive organ (7).Thyroid cancer has
been frequently reported as a second primary
neoplasm(SPN) after treatment for childhood
cancers including Hodgkin's disease,
neuroblastoma and other malignancies that involve
radiation to the neck region (8-10).

This case study highlighted the relatively high risk
of thyroid cancer in survivors of childhood cancer,
particularly those treated at a young age, and its
presentation early in the period of surveillance after
completion of treatment. Clinicians need to be
particularly aware of the risks of low-dose
exposure after radiation fields administered to areas
adjacent to the thyroid region.

Case Report
A 17 year old female patient was presented to our
clinic with a painless mass in the neck of insidious
onset and progressive course for two months
duration. The patient gave a past history of
congenital retinoblastoma with external beam
radiotherapy since she was six months. Clinical
examination revealed a thyroid swelling on the left
lobe which is clinically a solitary nodule; not
tender, around 3x4 cm, oval in shape, firm in
consistency with no palpable lymph nodes over the
neck, no displacement of the carotid pulses, and no
recent change in the patient voice. The patient was
running the routine laboratory investigations
including hormonal profiles (T3, T4, free T3, free
T4, and TSH) which were totally within normal
limits. Complete Blood Count shows normal values
too. Neck ultrasound examination revealed slightly
enlarged the left thyroid lobe with a well-defined
hypoechoeic focal mass lesion of about
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17x23x25mm in diameters seen at its mid pole,
with no calcifications or cystic changes. Color
Doppler interrogation of the examined thyroid
parenchyma revealed perinodular hyper vascularity
apart from normal vascularity of the rest of the
gland. No other nodules were noticed and the right
lobe was normal. The patient performed Fine
Needle Aspiration Cytology (FNAC) which
revealed follicular neoplasm. Follicular neoplasm
is a terminology that implies a possibility of either
follicular adenoma or follicular carcinoma. The
differentiation by FNAC is impossible and a tissue
biopsy is a must. The patient scheduled for surgical
hemi-thyroidectomy of the left lobe. A routine
procedure was performed. Histopathological
examination was done and the final diagnosis was
established as follicular carcinoma of the thyroid

gland fig. no. 01(11). Detailed history from the
patient family as regard her retinoblastoma
diagnosis was taken. She is the third in row child of
the family to harbor the congenital retinoblastoma.
She was diagnosed at age of 6 months and it was
bilateral disease. The patient received vision
preserved strategy. She is treated by
chemotherapy(carboplatin, vincristine sulfate, and
etoposide phosphate) as a primary mode of
treatment in reducing tumor bulk, followed bylocal
approaches treatment with external beam
radiotherapy with radiation doses of 4000-4500
cGy used with 200 cGy fractions. She also received
laser therapy to the eye that can be used for final
tumor control with preservation of vision and eye.
The patient lost follow up at age of 12 years
because of psychological burden and anxiety.

Fig. No. 01: Histological appearance of a minimally invasive, angioinvasive, follicular thyroid carcinoma.
(a) Microfollicular/solid pattern of growth of the neoplasia surrounded by a thick capsule (HE, × 4),

(b) displaying, focally, capsular invasion (HE, × 4) and (c and d) vascular invasion (HE, × 100).

Discussion
Second cancer occurrence is not limited to a
specific age group and tumors may develop at
various sites(12). Radiotherapy has been shown to
increase risk for second cancers, particularly
sarcomas within the radiation field, in several
patient cohorts in the United States, United
Kingdom, and the Netherlands(13-15).

Past studies of cancer incidence and mortality have
revealed increased risks for secondary cancers in
congenital RB patients, especially after
radiotherapy. However, radiotherapy is still an
important treatment option in patients with
advanced intraocular stages and when there is a
possibility of saving the eyeball and vision (16).
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Reports from studies of survivors of the Chernobyl
accident have reported a high risk of thyroid cancer
in children as a consequence of exposure to low
dose radiation (17-20). As a result thyroid
carcinoma is a complication of irradiation even
when the tissue lies outside the radiation field
where the gland is exposed to scatter irradiation.
The radio sensitivity of thyroid tissue coupled with
the increased vulnerability of the pediatric gland
accounts for the high incidence of thyroid
carcinoma in childhood cancer survivor cohorts as
well as children who were exposed to radioactive
contamination after the Chernobyl nuclear accident
in 1986 (17-20). Childhood cancer survivors who
were under the age of 5 at the time of exposure to
radiation therapy are reported to be at greatest risk

and the risk remains comparatively higher for those
under the age of 10 compared to older age groups
(21).

Before 1960, external-beam energies were
orthovoltage x-rays (35%). After 1960, energies
were 22 to 23 MV betatron (34%), megavoltage
photons (14%), and cobalt-60 (60Co) gamma rays
(8%). Tumor doses to the affected eye ranged from
15 to 115 Gy (average, 48 Gy), with the highest
doses delivered from orthovoltage external-beam
radiation machines. Kleinerman etal lists the
distribution of scatter radiation doses from
orthovoltage and betatron external beam for a
typical Rb treatment for a 1-year-old patient as
shown in table no. 01 (1).

Table No. 01: Radiation Scatter Doses After a Typical Treatment for
Retinoblastoma for a 1-Year-Old Patient

Type of External-Beam Treatment
Organ Site† Orthovoltage‡

Dose (Gy
Betatron§
Dose (Gy)

Brain (average) 3.60 1.60
Pineal gland 4.00 1.40
Eye plus orbit
Untreated side
Treated side

18.2
60.0

34.5
45.0

Nasal region 34.0 3.20
Head and neck (soft tissue)
Untreated side
Treated side

9.00
22.0

5.50
11.0

Facial bones 27.5 8.00
Salivary glands¶ 4.25 1.60
Thyroid (average left and right) 2.00 0.90
Breast (average left and right) 0.40 0.40
Upper trunk 0.60 0.45
Lung (average left and right) 0.45 0.40
Kidney (average left and right) 0.13 0.28
Stomach 0.18 0.36
Pancreas 0.16 0.33
Liver 0.16 0.24
Colon 0.10 0.25
Bladder 0.07 0.19
Uterus 0.08 0.20
Rectum 0.07 0.19
Total active bone marrow 1.20 1.00
Dose administered 50 Gy each to lateral and nasal field (4 cm _ 4 cm) for orthovoltage
and 50 Gy to one lateral field for betatron.
†Organs listed in descending order of distance from the treated eye.
‡Half-value layer _ 1.9 mm Cu.
§23 MV photons.
¶Includes partotid, submaxillary, submandibular, and sublingual glands.
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The traditional therapeutic dose of EBRT is 40–50
Gy; however, successful tumor control has been
reported with doses less than 36 Gy (22). Patients
treated with EBRT after cytoreduction with
chemotherapy and repeated focal surgical therapies
may be at greater risk for eye complications, while
cytoreduction modalities may place patients at
greater risks of vascular complications and drug
toxicity (23). A lower dose of radiation may be
considered when radiotherapy is used as a
consolidation treatment followed by other
treatment modalities. The rates of enucleation and
therapeutic radiotherapy were reported to be
significantly lower in patients treated with
chemotherapy plus low-dose prophylactic planned
EBRT than chemotherapy alone (24).

Children’s Cancer and Leukaemia Group [CCLG—
formally the United Kingdom Children’s Cancer
Study Group (UKCCSG)] guidelines in the United
Kingdom recommend annual palpation of the
thyroid gland if the survivor has been treated with
radiation that includes the thyroid (neck, spine,
mantle, mediastinum, total body irradiation). If the
palpation is abnormal, then an ultrasound scan is
recommended (25).

The US Children’s Oncology Guidelines (COG)
also recommend yearly thyroid palpation followed
by ultrasound or fine needle aspiration if there is an
abnormality. COG guidelines recommend that
thyroid examination starts 5 years after treatment
for childhood cancer, with high risk groups being
those treated for childhood cancer at a young age,
female sex, with radiation directly involving the
thyroid area or total body irradiation, with the risk
of thyroid cancer increasing to a maximum after
treatment with radiation of 30 Gy and decreasing
thereafter (26).

The use of EBRT to treat RB has decreased
dramatically over the past four decades, more than
for other types of pediatric cancer. According to the
National Cancer Institute’s Surveillance,
Epidemiology, and End Results database of the
nine original tumor registries (SEER-9), the use of
EBRT for RB has declined from 30% of treatments
in the period from 1973 to 1976 to 2% in the period
from 2005 to 2008 (27).

Expert consensus recommends that radiotherapy is
indicated when other means of saving the eye, such

as chemotherapy and focal therapy, have failed.
When radiotherapy is used, modern high-precision
radiotherapy is recommended to minimize the dose
to the orbital bones, and proton beam therapy
(PBT) could be an excellent treatment option. PBT
can be used in combination with chemotherapy as a
local treatment modality, consolidating the effect of
chemoreduction, or as salvage treatment after other
therapeutic modalities. Depending on the location
of the tumor within the eye, proton beam dosimetry
can minimize the dose to the orbital bone. Careful
selection of patients may contribute to high cure
rates with good vision and good cosmesis without
the need for long-term chemotherapy and may
reduce chemotherapy- and radiotherapy-associated
complications (28).

Due to the more frequent use of chemotherapy in
the 1990s, the international classification of RB
(ICRB) system was designed to better predict
responses to chemotherapy. Although ICRB system
is based on tumor size and location, it also
classifies tumors by the presence or absence of
subretinal and vitreous seeds, as well as by the
extent of retinal involvement, indicated as the
percentage of the total retinal area (7, 29).

Systemic chemoreduction has replaced
radiotherapy as a vision-preserving therapy since
1996. However, there are plausible concerns that
chemotherapeutic agents, especially topoisomerase
inhibitors and alkylating agents may also induce
second cancers. Combining radiotherapy with the
alkylating agent triethylenemelamine was recently
shown to raise the risk for bone tumors and
leiomyosarcoma above the risk for radiotherapy
alone in retinoblastoma survivors. The impact of
systemic chemotherapy without radiotherapy on the
incidence of second cancers in patients with
congenital retinoblastoma remains less defined
(30).

In recent decades, treatment recommendations and
techniques have been changed specifically to
reduce late effects, and the follow-up time is
shortest for patients that received modern
treatment. Thus, it is to be expected that incidence
of second cancers will be lower in the future.

Conclusion
In an effort to avoid radiotherapy-related toxicity,
including secondary malignancy, chemotherapy,
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which was formerly used only for RBs with
extraocular extension or systemic metastasis, is
now regarded as a primary treatment modality,
even in patients with locally advanced intraocular
RB, to reduce tumor size prior to focal therapies.
The use of EBRT in RB patients previously treated
with multiple rounds of systemic and local
chemotherapy, with or without focal surgery, may
yield poorer treatment outcomes than its previous
de novo use, as evaluated by cure and eye
complication rates.
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