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Purpose: Retinoblastoma (RB) is the most common intraocular malignancy in infancy and childhood. This study evaluated the
clinical and imaging features, treatment, and prognosis of patients with recurrent RB with limb bone metastases and without central
nervous system involvement.

Patients and Methods: The clinical data of five patients with RB with limb bone metastases who were diagnosed at the Department
of Pediatrics in Beijing Tongren Hospital between January 2015 and January 2021 were analyzed retrospectively.

Results: Three males and two females were included (seven eyes: four group E and one each of group D, C, and B). The most
common symptom was pain. Three patients had bone marrow and lymph node metastases. Three patients had single and two had
multiple skeletal lesions. The main bones that were involved were the femur, humerus, talus, and ulna. The simultaneous involvement
of the bone marrow and cortex was also observed. Serum neuron-specific enolase (NSE) levels were significantly elevated in four
cases and slightly elevated in one case; primary intravenous chemotherapy resulted in a decrease in NSE levels and the gradual
resolution of the bone lesions. Two patients died at the time of follow-up and three were in complete remission. The results of the
statistical analysis showed that anterior chamber invasion was correlated with prognosis, and there was significant difference in the
decrease in the serum NSE levels after intravenous chemotherapy.

Conclusion: Regular lifelong follow-up of patients with RB is warranted to identify bone metastases earlier. Anterior chamber
invasion may be a risk factor. The simultaneous involvement of the bone marrow and cortex is characteristic manifestations in images
of RB with bone metastases. Multidisciplinary treatment especially intravenous chemotherapy is useful, at least at the beginning.
Keywords: recurrent, NSE, SRE, pathological fracture, pamidronate, osteoclast inhibitors

Introduction

Retinoblastoma (RB) is the most common intraocular malignancy in infancy and childhood. It accounts for 3% of all
pediatric cancers and has a reported incidence of one per 15,000-20,000 live births.'* The overall survival rate in
patients with an early diagnosis of localized intraocular disease exceeds 95%;** however, delayed diagnoses and
treatment, which are common in developing countries, may lead to extra-ocular and distant metastases. The sites of
distant RB metastases include the central nervous system (CNS), bone, bone marrow, lymph nodes, and other organs.”®
CNS metastasis is the most common, and it is usually fatal. Therefore, attention has been focused on the CNS metastasis
of RB, andCNS invasion has been regarded as an independent group in the M1B in American Joint Committee on Cancer
(AJCC) staging system. However, there is no authoritative study on RB patients with bone metastases in the M1a stage.
Bone metastases usually involves the skull and axial bones with distant limb bone metastases being rare. Bone metastases
can be confused with second primary tumors, such as osteosarcomas and Ewing’s sarcomas. Therefore, we aimed to
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evaluate and summarize the clinical characteristics, imaging features, treatment, and prognosis of RB patients with limb
bone metastases and without CNS metastases.

Materials and Methods

Patients

A total of 1032 patients with RB were treated at the Department of Pediatrics in Beijing Tongren Hospital, Beijing,
China, between January 2015 and January 2021. Of these RB patients, 671 underwent enucleation and their diagnoses
were provenhistopathologically, while 361 were diagnosed clinically. In total, five patients who were diagnosed with limb
bone metastasis without CNS involvement were eligible for inclusion in this study, and their clinical data were analyzed
retrospectively. The initial assessment of all the patients included serum biochemistry, neuron-specific enolase (NSE)
evaluation, bone marrow cytology, cerebrospinal fluid cytology, superficial lymph nodes ultrasound, computed tomo-
graphy (CT)/magnetic resonance imaging (MRI) of the diseased limb, orbital enhanced MRI, cranio-cerebral MRI, and
18F-deoxyglucose positron emission tomography (PET/CT). The lactate dehydrogenase (LDH) levels were was deter-
mined using the lactic acid substrate method with a Beckman AUS800 biochemical analyzer. The NSE was determined
using electrochemiluminescence with a Roche E801 instrument and supporting reagents.

Treatment Protocols

Multi-drug combination chemotherapy including carboplatin/cisplatin, cyclophosphamide/ifosfamide, vincristine, and
etoposide was administered. Pamidronate was used in patients with hypercalcemia and obvious bone pain. Patients with
an involvement of the weight-bearing limbs and who were prone to pathological fractures underwent surgical interven-
tions. After chemotherapy, the patients were scheduled for radiotherapy and autologous peripheral blood stem cell
transplantation (APBSCT). The adverse reactions to radiotherapy and chemotherapy were evaluated according to the
National Cancer Institute Common Terminology Criteria for Adverse Events version 5.0.

Follow-Up Analysis

Out-patient or telephonic interviews were conducted until March 20, 2022, or until the patient’s time of death.

Statistical Method

The statistical analyses were performed using the SPSS 21.0 software. The numerical data were expressed as percentages
or rates. A Kaplan-Meier survival analysis was performed with survival time as the outcome. The statistical significance
was set at P <0.05.

Ethics and Empowerment

This study was conducted in accordance with The Code of Ethics of the World Medical Association (Declaration of
Helsinki), and the research protocol was approved by the Medical Ethics Committee of the Beijing Tongren Hospital
[ethics number: 2016—1116]. The parents of all participants provided written informed consent for the publication of this
report and associated images.

Results

Clinical Characteristics

General Condition

The final analysis included five patients (seven eyes), with three being male (60.0%), and two being female (40.0%). All
the patients were older than three years of age at the time of the diagnosis of the metastatic bone disease. In all the cases,
the bone metastases occurred at the time of tumor relapse or progression. The interval between the RB diagnosis and the
bone metastasis was 12—102 months. There were three (60.0%) cases of unilateral RB (two left and one right) and two
(40.0%) cases with bilateral involvement. According to the International Intraocular Retinoblastoma Classification, four
eyes (57.1%) were classified as group E and one eye as each of group D (14.3%), C (14.3%), and B (14.3%). None of the
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patients had a CNS metastasis, while three patients (60.0%) had both bone marrow and lymph node metastases. The
detailed clinical characteristics are provided in Table 1. Although the retinoblastoma stage varied from groups B to E in
the studied eyes, all the patients had advanced retinoblastoma in at least one eye (group D or E). After recurrence, all the
patients were stage IV, according to AJCC stage system.

Bone Metastasis

Single and multiple bone involvement were present in three (60.0%) and two (40.0%) patients, respectively. The single
involvement sites were the femur and humerus. The multiple involvement sites included the talus, vertebrae, iliac, ulna,
and ribs. The details of the bone metastases are shown in Table 2. Figures 14 show representative image results of cases
1, 2, 3, and 4, respectively. These images show the simultaneous involvement of the bone marrow and cortex.

Laboratory Examinations

The results of the laboratory examinations are presented in Table 3. Four patients had significantly elevated serum NSE
and lactate dehydrogenase (LDH) levels with normal serum phosphorus (P) and normal or slightly elevated serum
calcium (Ca) levels. One patient had slightly elevated serum NSE and alkaline phosphatase (ALP) levels with normal Ca,
P, and LDH levels.

Table | Clinical Characteristics of Recurrent RB Patients with a Bone Metastasis

Case | Case 2 Case 3 Case 4 Case 5

Sex Female Male Male Male Female
Age at first symptom (months) 15 34 27 26 22
Age at bone metastasis (months) 117 67 39 47 41
Interval between end of treatment and recurrence (months) 89 5 10 4 9
Symptom (eye)

Leukocoria YES YES NO YES YES

Strabismus NO NO NO NO NO

Visual impairment NO NO NO NO NO

Exophthalmos NO NO YES NO NO

Periorbital neoplasm NO NO NO NO NO
Laterality Bilateral Left Left Right Bilateral
Family history NO NO NO NO NO
IIRC stage

Right D N/A N/A E C

Left B E E N/A E
History of retaining eye treatment YES YES NO YES YES
Other organ involvement at the time of bone metastasis
diagnosis

CNS NO NO NO NO NO

Bone marrow NO NO YES YES YES

Lymph nodes NO NO YES YES YES

Abbreviations: RB, retinoblastoma; IIRC, International Intraocular Retinoblastoma Classification; CNS, central nervous system.
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Table 2 Details of the Bone Metastases of Recurrent RB Patients

Case | Case 2 Case 3 Case 4 Case 5

Symptom (bone)

Limb pain YES YES YES YES YES

Pathological fracture NO NO NO NO YES
Imaging features

Figure Figure | Figure 2 Figure 3 Figure 4 /

Bone destruction YES YES YES YES YES

Periosteal reaction YES NO YES YES YES

Soft tissue swelling YES YES YES YES YES

Intramedullary neoplasm YES NO YES YES NO
Bone metastasis site Right femur Right talus, Right ulna, left rib, Right femur Right humerus

thoracic right iliac,
vertebra, rib, maxillofacial bone
iliac

Abbreviation: RB, retinoblastoma.

Pathological Findings

Of the 1032 RB patients, 671 underwent enucleation and were provenhistopathologically. Of the 671 patients, 368 had a
high risk factor. However, not all of the five patients that were studied had a high risk factor. The details of the pathology
are shown in Table 4. One patient showed high simultaneous pathological risk in the anterior chamber, choroid and
sclera, and one patient a high pathological risk in the anterior chamber.

Treatments
All five patients underwent enucleation either immediately after the RB diagnosis (one patient) or after failure of eye-
preserving treatments including intraocular local treatment, ophthalmologic artery interventional therapy, and intravenous
chemotherapy (four patients). The treatment methods used in these patients after the initial diagnosis of RB is shown in
Table 5.

One patient underwent resection of the diseased bone and had an artificial bone insertion. One patient with bone
marrow and lymph node metastases underwent APBSCT. Two patients underwent radiotherapy for the bone lesions.

The complications of the chemoradiotherapy were evaluated, and these included primarily headache, vomiting, fever,
and myelosuppression, which improved after treatment. There were no cases of hemorrhagic cystitis or peripheral
nervous system damage.

In all five patients, the serum NSE levels decreased, and the bone tumor regressed gradually after intravenous
chemotherapy.

Prognosis

Two patients died at the time of follow-up and three were in complete remission. The survival times after the diagnoses
of bone metastases of the two deceased patients who died of tumor progression, was seven and 14 months. The three
patients who survived completed their treatment and were in complete remission at the time of follow-up, with r disease-
free times of 23, 29, 36 months after the diagnoses of bone metastases.
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Figure | Representative imaging results from the patient with metastatic retinoblastoma to the bone in case | in Table I. (A and B) CT scans showing significant bone
destruction, soft tissue swelling, and intramedullary neoplasm. The red arrow showing obvious bone destruction. (C) Simultaneous magnetic resonance images showing
serious bone destruction and soft tissue swelling. The red arrow showing obvious swelling of soft tissue around the diseased bone. (D—G) Positron emission tomography/CT
scans showing visible thickening in the middle and distal shaft of the right femur, the soft tissue in the medullary cavity, discontinuous bone cortex, bite-like bone destruction
with diffuse periosteal reaction, an uneven increase of radiation uptake, and soft tissue swelling around the lesion. Maximum standardized uptake value: 8.42. (H)
Postoperative PET/CT.

Abbreviation: PET/CT, positron emission tomography/CT.

Figure 2 Representative imaging results of case 2 in Table |I. (A-C) CT scans showing significant bone destruction, and intramedullary neoplasm. The white arrow showing
bone destruction and intramedullary masses. (D-H) Simultaneous magnetic resonance images showing serious bone destruction and soft tissue swelling. The white arrow
showing obvious bone destruction and soft tissue swelling.
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Figure 3 Representative imaging results of case 3 in Table |. (A) X-ray showed “sun-ray” manifestation. The white arrow indicates the “sun-ray” sign. (B and C) CT showed
significant bone destruction. The white arrow indicates bone destruction. (D) Emission computed tomography showed radioactive concentration zone of right ulna. The
black arrow shows the radioactive concentration area, indicating the possibility of metastasis.

Statistical Results

The statistical analyses indicated that the pathological risk factor for the anterior chamber was related to prognosis, and
that there was a statistically significant difference in the decrease in the serum NSE levels after treatment. However,
combined with the fact that the sample size was small, this maybe a bit of a lack of convincing. In the future, more cases
will be accumulated in order to expand the sample size for to obtain statistical evidence with greater power.

Discussion

Although the long-term survival of patients with RB is improving, the prognosis of patients with distant metastases,
especially CNS metastases, remains poor.8 Therefore, attention has been focused on the CNS metastasis of RB, but there
is no authoritative study on RB patients with bone metastases. Bone metastases usually occur in the skull and axial
bones.> This study described a series of rare cases of RB with limb metastases without CNS involvement. Our findings
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Figure 4 Representative imaging results from case 4 in Table I. (A and B) CT scans showing significant bone destruction. The white arrow indicates obvious bone
destruction in the upper femur. (C—I) Simultaneous magnetic resonance images showing serious bone destruction and soft tissue swelling. The white arrow indicates bone
destruction and soft tissue swelling in the upper femur.

will contribute to a greater understanding of the diversity of RB, and help pediatricians and ophthalmic oncologists
formulate a more comprehensive evaluation of the patients with RB.

Distant metastases can be identified either at the time of RB diagnosis or at illness recurrence. Distant metastases
usually occur within one year of RB diagnosis, and patients without evidence of metastatic disease for more than five
years after diagnosis have usually been considered to be completely cured.'® In this study, while all the patients were
diagnosed with bone metastases at the time of RB recurrence, the interval between the RB diagnosis and recurrence
varied between 12—-102 months. Based on this observation, and the inconsistencies with the intervals reported in the
literature, we recommend that all patients with RB should receive regular lifelong follow-up, including local eye
examinations, serum tests, and imaging. Furthermore, patients with a history of RB who present with symptoms such
as limb pain and masses should undergo a detailed assessment to exclude possible bone metastases.

High-risk pathological factors for distant metastases include invasion of the optic nerve to involve the ethmoid plate,
choroid, sclera, anterior chamber, iris, or ciliary body.9’“’12 However, some studies have suggested that the anterior
chamber invasion is not a pathological high-risk factor.'**'* Two patients in this study had anterior chamber involvement,
and both died at follow-up. The other three had no pathological high-risk factors. The results of the statistical analysis,
showed that the anterior chamber invasion was correlated with prognosis. These findings suggested that the anterior
chamber involvement is a high-risk pathological factor of RBand it is related to prognosis. However, the other three
patients without high-risk pathological factors still developed bone metastases, which demonstrated the importance of
clinical vigilance in identifying bone metastases during treatment and follow-up.

It has been unclear whether intravenous chemotherapy before enucleation can change the risk of disease progression.
Some studies have proposed that preoperative chemotherapy may reduce the risk grade and affect the postoperative
treatment plan,'> while, others have reported that, although chemotherapy changed the high-risk pathological factors, it
did not affect the overall survival rate of patients with intraocular RB.'® Four of the patients in this study underwent
enucleation after intravenous chemotherapy, and two had high-risk pathological factors. Therefore, patients with early
RB may have distant metastases without obvious symptoms, and chemotherapy may result in micro-metastasis dormancy
or conceal high-risk pathological factors, which may then led to suboptimal postoperative treatment. These observations

demonstrated the importance of thorough assessments to rule out bone metastases before eye-conserving treatment.
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Table 3 Laboratory Results of Recurrent RB Patients with Bone Metastases
Laboratory Index Normal Range Case | Case 2 Case 3 Case 4 Case 5
ALP (U/L) 50-360 385 179 190 149 171
LDH (U/L) 110-295 208 413 2990 1484 1011
Ca (mmol/L) 2.2-2.6 2.45 2.47 2.94 2.58 248
P (mmol/L) 1.2-2.2 1.67 1.58 1.72 1.53 1.75
NSE (ng/mL) 0-16.3 18.6 163 >740 539.4 165.2
NSE after chemotherapy (ng/mL) 0-16.3 12.7 25.7 16.4 19.59 16
Abbreviations: RB, retinoblastoma; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; Ca, calcium; P, phosphorus; NSE,
Table 4 Pathological Findings of Recurrent RB Patients with Bone Metastases
Case | Case 2 Case 3 Case 4 Case 5
Enucleation after chemotherapy YES YES NO YES YES
Cribriform plate NO YES NO NO NO
Optic nerve exclude ends NO NO NO NO NO
Optic nerve ends NO NO NO NO NO
Choroid NO YES NO NO NO
Anterior chamber NO YES NO YES NO
Sclera NO YES NO NO NO
Table 5 Treatment for Retinoblastoma Provided in Each Case After the Initial Diagnosis of RB
Case | Case 2 Case 3 Case 4 Case 5
Laser therapy YES NO NO NO NO
Cryotherapy YES NO NO YES NO
Intraocular injection NO NO NO YES NO
Super-selective ophthalmic artery chemotherapy YES YES NO YES NO
Intravenous chemotherapy YES YES NO YES YES
Enucleation YES YES YES YES YES

Abbreviation: RB, retinoblastoma.

Bone metastases includes osteolytic, osteogenic, and mixed lesions. Skeleton-related events (SRE) include pain,
pathological fractures, hypercalcemia, and spinal cord compression. Pain is the most common SRE caused by tumor-
related intimal nerve compression, injury, or pathological fractures. Pathological fractures tend to occur in osteolytic

lesions, and hypercalcemia only occurs in osteolytic lesions. Our findings were consistent with those of previous reports,

with all patients having either pain symptoms, pathological fracture, or hypercalcemia.

The most common sites of bone metastases have been found to be the spine, sacrum, pelvis, and proximal femur,

with the involved bone structure being mainly the red bone marrow area. Cortical involvement is rare, but can be a
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feature of appendicular bone metastases. All five patients had evidence of the simultaneous involvement of the bone
marrow and bone cortex in this study.

This study suggested that the bone marrow and bone cortex involvement are features of appendicular bone
metastases. However, there is no standard method for the early detection and diagnosis of an appendicular bone
metastasis. Although plain radiographs of the lesions are useful for preliminary evaluation, the sensitivity of this imaging
modality is not high because obvious lesions can be seen on radiographs only when the bone density is reduced by
30-75%.2° Therefore, CT and MRI were used for a more detailed evaluation of the lesions, including lesion size and
extent of invasion, and of the adjacent soft tissue. In addition, a radionuclide bone scan or PET/CT has been used to
screen for bone metastasis.”' In this study, we chose primarily radiographs for the primary examination, radionuclide
bone scanning or PET/CT for the systemic evaluation, and MRI for the local examination.

NSE is an important marker of neurogenic tumors. Therefore, it is valuable as a tumor marker for RB, especially for
evaluating distant metastases.”” Indices of bone metabolism such as Ca, P, and ALP are also invaluable in evaluating
bone metastases. In this study, the NSE levels showed a significant increase in four patients which decreased significantly
after treatment. The decrease in the NSE levels were statistically significant, indicating that intravenous chemotherapy in
the early stage of recurrence was effective. However, elevated NSE levels were associated with non-specific changes in
markers of bone metabolism. Although the elevated NSE levels could be related to the heavy tumor burden, its low
specificity precluded its use as a diagnostic marker of RB bone metastasis. Therefore, clinicians should analyze imaging
findings and laboratory results comprehensively to facilitate the diagnoses.

Multidisciplinary treatment, including intravenous chemotherapy, radiotherapy, surgery, and APBSCT, is recom-
mended for metastatic RB. Osteoclast inhibitors are used to reduce the frequency of SRE in patients with bone
metastases. Treatment with pamidronate and intravenous chemotherapy have resulted in an improvement in local
symptoms and a reduction in the tumor burden, confirming their efficacy in the treatment of RB bone metastases.
After primary comprehensive treatment, all five patients achieved complete or partial remission. Therefore, patients with
RB and bone metastasis should be treated actively. Considering the poor prognosis of RB patients with CNS involve-
ment, we excluded patients with CNS involvement to allow us better understand the prognosis of bone metastasis. Two
patients died of tumor progression during the follow-up, and three patients survived for more than one year. At present,
the overall survival of RB with bone metastases is acceptable, and is significantly better than that of the CNS metastatic
RB, which was consistent with the literature. However, further studies are required to improve our understanding of the
pathogenesis of RB, identify high-risk factors, and ultimately improve patient outcomes.

Differential diagnosis must be made between aRB bone metastasis and an osteosarcoma and Ewing’s sarcoma.
Especially for patients with hereditary RB, if radiotherapy is conducted, the probability of secondary primary tumor is
higher. The supplementary examinations included histopathological examination, immunohistochemistry, molecular
pathology and so on. For example, results of cone rod homeobox positive, FLI1 negative, CD99 negative, cytokinin
negative, or EWSR1 fluorescence in situ hybridization negative, support the diagnosis of bone metastasis rather than
sarcoma.”® At present, the PCR detection of the RB1 gene mutation is an important tool in RB diagnosis. For RB bone
metastases, it is more important to identify similar diseases. Relevant gene detection methodsincludingBCOR, CIC-
DUX4, SS18, EWSR, and FUS-POUSF1 have been used in the differential diagnosis of RB bone metastases.” However,
the patients involved in this study did not undergo relevant gene testing, which is also the deficiency of our research.

Conclusion

Regular lifelong follow-up of patients with RB is warranted to identify bone metastases earlier. Anterior chamber
invasion may be a risk factor. The simultaneous involvement of the bone marrow and cortex are characteristic
manifestations in images of RB with bone metastases. Multidisciplinary treatment, especially intravenous chemotherapy
is useful, at least at the beginning.

Data Sharing Statement

The data that support the findings of this study are available from the corresponding author upon reasonable request.
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