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Abstract

Background: Hepatic metastasis from retinoblastoma (RB) is rare. We evaluated clinical features, imaging manifestations,
treatment, and prognosis in these patients. Procedure: Clinical data of five patients diagnosed with hepatic metastases of
RB at the Department of Pediatrics in Beijing Tongren Hospital between January 2009 and January 2019 were analyzed
retrospectively. Results: Two patients had bilateral lesions, while three had unilateral lesions. Among the seven eyes with
lesions, six and one were classified as stage E and C, respectively (International Integrated Reporting Council staging). On
computed tomography (CT), low-density foci were observed (three, multiple foci and two, single foci). After chemotherapy,
tumor regression was observed in four patients, while there was no response in one patient. Three patients who underwent
enucleation were at high risk for extensive choroidal invasion. All patients had severe disease with multiple system involvement,
including central nervous system (CNS) and bone metastases. Neuron-specific enolase (NSE) and lactate dehydrogenase (LDH)
levels were significantly elevated in all patients; after treatment, they decreased in four patients and remained unchanged in
one patient with end-stage disease. Two patients died, with survival durations of 1 and 3 months following the diagnosis of
hepatic metastasis. Three patients survived and continued treatment. Conclusion: Hepatic metastasis from RB is rare and
usually occurs with CNS and bone metastases. On CT, hepatic foci could be indicated by low-density lesions with calcification.
Chemotherapy could be effective for hepatic metastases. The prognosis of these patients is poor; however, hepatic metastasis

is not a direct cause of death.

Introduction

Retinoblastoma (RB) is the most common intraocular malignancy in infancy and childhood, with a reported
incidence of one per 15,000-20,000 live births.! RB accounts for 3% of all pediatric cancers.? The overall
survival rate of RB among children diagnosed early at the localized intraocular phase was reported to exceed
95%> 4; however, delayed diagnosis and treatment, which are common in developing countries, may lead
to extraocular metastasis, visual loss, and death. The sites of RB distant metastases include the central
nervous system (CNS), bone, bone marrow, lymph nodes, and other organs® ?; hepatic metastases are rare.
The objective of this study was to evaluate and summarize the clinical features, imaging manifestations,
treatment, and prognosis of patients with RB having hepatic metastases.

Methods

A total of 2,200 patients with RB were admitted at the Department of Pediatrics in Beijing Tongren Hospital,
Beijing, China, between January 2009 and January 2019. This hospital is one of the largest and best tertiary
eye centers in China. Among the patients with RB, five patients with hepatic metastases were eligible for this
study, and their clinical data were analyzed retrospectively. The study protocol was approved by the Medical
Ethics Committee of the Beijing Tongren Hospital, and written informed consent was obtained from the
patients or guardians (in the case of minors) for the publication of this report and associated images. Serum



biochemistry, neuron-specific enolase (NSE), alpha fetoprotein (AFP), bone marrow cytology, cerebrospinal
fluid cytology, superficial lymph node ultrasound, abdominal computed tomography (CT), and contrast-
enhanced magnetic resonance imaging (MRI) of the orbits were performed on all patients. Positron emission
tomography (PET)-CT was recommended for all five patients; however, two patients declined for financial
reasons.

Multi-drug combination chemotherapy including vincristine, etoposide, carboplatin/cisplatin, cyclophos-
phaminde/isfosfamide, and topotecan was administered.® Intrathecal injection of methotrexate, cytosine
arabinoside, and dexamethasone was administered when the CNS was involved.®

Abdominal CT and contrast-enhanced MRI of the orbit were performed after every two or three chemother-
apy cycles. Radiotherapy after chemotherapy and autologous peripheral blood stem cell transplantation
(APBSCT) were scheduled. Adverse reactions to radiotherapy and chemotherapy were evaluated according
to the Common Terminology Criteria for Adverse Events guidelines.!!

Results

Of the enrolled patients, four were male, and one was female. One patient had hepatic metastases at the
time of first RB diagnosis, and four were diagnosed with hepatic metastases at the time of relapse or disease
progression. The interval between the first symptom and hepatic metastasis ranged from 1-41 months.
Three patients had unilateral tumors (two left and one right), while two had bilateral tumors. Using the
International Integrated Reporting Council staging, of the seven enrolled eyes, six were classified as stage E,
and one was classified as stage C. Detailed clinical characteristics are shown in Table 1.

The hepatic lesions were mainly observed on abdominal CT. Three patients had multiple lesions, while two
had single lesions. All lesions were low-density foci. One had significant calcification, and four had no
calcification. Mild enhancement was seen in two patients, and no enhancement seen in the other three. After
chemotherapy, tumor regression was observed in four patients, while no response was seen in one patient.
Representative CT results are shown in Fig. 1 and Fig. 2.

All the administered treatments are shown in Table 2. Though scheduled, no patient underwent radiotherapy
and APBSCT. Two patients died, and in one case, the tumor progressed before radiotherapy and stem cell
collection. The other two patients are still receiving chemotherapy; radiotherapy and APBSCT will be
performed after they have achieved complete remission. Three patients who underwent enucleation had
high-risk pathological factors for extensive choroidal invasion. Detailed pathological examination results are
shown in Table 3.

Complications of chemo-radiotherapy were evaluated; headache, vomiting, fever, and myelosuppression were
common and disappeared after treatment. Neither hemorrhagic cystitis nor peripheral nervous system
damage was found.

Results of the laboratory investigations are shown in Table 4. Serum NSE and LDH levels increased signifi-
cantly in all the patients. After treatment, NSE levels decreased in four patients and were unchanged in one.
Liver metabolism indexes and AFP levels were within the normal range. All patients were followed until
October 31, 2020 or until death. Two patients died, while three survived. The overall survival durations
of the two deceased patients after the diagnosis of hepatic metastasis were 1 month and 3 months; one
of them experienced remission after chemotherapy, but died from severe infection in the myelosuppression
stage, while the other died of multiple organ failure due to tumor progression. The three surviving patients
underwent follow-up at 6, 18, and 3 months, respectively. After the diagnosis of hepatic metastasis; two had
partial remission, and one experienced tumor progression. All the surviving patients are still under therapy.

Discussion

RB is the most common intraocular malignancy in infancy and childhood. Recently, more patients have
achieved long-term survival. We searched PubMed, Ovid, and MEDLINE using the terms “RB, hepatic
metastasis,” “RB, liver metastasis,” “RB, hepatic metastases,” “RB, liver metastases,” but no relevant



articles were found. Only one article on metastatic RB mentioned cases of hepatic metastasis, but it did
not include a detailed description and analysis.” We describe a series of rare hepatic metastatic RB cases to
provide pediatric oncologists and ophthalmological oncologists with a deeper understanding of the biological
diversity of RB, which is useful in the comprehensive evaluation of the patients.

The common symptoms of RB include leukocoria, strabismus, visual loss, ocular swelling, exophthalmos,
etc. In this study, three patients had periorbital neoplasms, which corresponded to the severity and stage of
the primary tumor. Only one patient with terminal-stage disease had hepatomegaly (Fig. 2).

As the liver receives an abundant double blood supply from the hepatic artery and portal vein, it is a common
metastatic site for many malignant tumors.'?> However, hepatic metastasis is rare in RB. In this study, all
patients had severe disease with multiple system involvement, including the CNS, bone marrow, bone, and
lymph nodes. CNS and bone metastases occurred in all the patients (Table 1). Therefore, we believe that
hepatic metastasis from RB occurs in the advanced stage when several organs and systems are involved,
including the liver. The liver is neither the only metastatic site nor a susceptible organ for RB.

High-risk pathological factors of RB include invasion of the optic nerve posterior to the ethmoid plate
(including optic nerve stumps) and extensive invasions of the choroid, sclera, anterior chamber, iris, and
ciliary body.'® These factors are related to a high risk for metastasis and dissemination. Only three of the
patients in this study underwent enucleation, and each had extensive invasions of the choroid (Table 3). We
infer that hepatic metastasis might occur in the course of spread through the choroid. However, due to our
study’s limited sample size, there is need for further evidence-based verification of the correlation between
hepatic metastasis and extensive invasions of the choroid.

NSE is an important indicator of neurogenic tumors.'In all five patients, NSE levels were elevated signif-
icantly at the time of hepatic metastasis diagnosis, which was consistent with distant metastasis. After
chemotherapy, NSE levels decreased in four patients, while exophthalmos was relieved, and the periorbital
neoplasm shrank. NSE levels remained high in one patient with end-stage disease, who died 1 month after di-
agnosis of hepatic metastasis. However, NSE levels are generally elevated in patients with distant metastasis;
therefore, it could not be used as a diagnostic index for patients with RB showing hepatic metastases.

AFP is synthesized by the liver and is closely related to primary liver malignancies; however, AFP levels
are often normal in patients with hepatic metastases.!> AFP was measured in three patients in this study,
and the values were within the normal range. We also analyzed biochemical indicators of liver metabolism
(Table 4). We found elevated LDH levels, but they could be associated with extensive metastasis and a high
tumor burden. Considering the high sensitivity and poor specificity of LDH, it cannot be used as a tumor
marker for hepatic metastasis from RB.

Imaging methods for diagnosing hepatic metastases include ultrasound, abdominal CT, and PET-CT.16-18

Imaging findings vary considerably among patients. They could involve low-density foci on CT (due to the
lack of blood supply to metastases) and intratumoral necrosis. All the CT studies in this series showed
hepatic metastases with low-density lesions; some were diffuse, while some were isolated, and some cases
involved multiple foci, while others involved single foci. Calcification was obvious in the tumor in one
patient and was even more obvious after treatment. This reminds us of the characteristic calcified plaques
of intraocular lesions of RB; whether they are related or not needs further verification.

The prognosis of RB with distant metastasis is poor, especially when the CNS is involved.? 1929 All the
patients had CNS metastases, from which two died, one had disease progression, and the other two achieved
partial remission and underwent active treatment. Considering CNS involvement, the prognosis is not good.
However, in terms of hepatic metastases only, four of the five patients achieved partial remission after
chemotherapy, while one showed no response to treatment. Two patients died, and one showed disease
progression. The causes of death and disease progression were not hepatic metastases. Therefore, we
speculate that chemotherapy is effective for hepatic metastases, and hepatic metastasis is not a direct cause
of death.



The prognosis of patients with RB having hepatic metastases is worse than that of patients with RB having
other metastases, including metastases in the bone marrow, bone, and lymph nodes. However, this may be
because hepatic metastasis occurs in the end-stage period and with CNS involvement. To an extent, this
also confirms that CNS involvement is a very important prognostic factor.

To conclude, hepatic metastasis of RB is rare, occurs as distant metastases, and usually occurs with CNS and
bone metastases. Systemic assessment is necessary in extensive metastasis, and abdominal CT can be helpful
in screening for hepatic metastasis, which is characterized by low-density lesions with calcification. Presently,
NSE, AFP, and LDH cannot be used as tumor markers for early detection of RB hepatic metastasis. In
future, we need to look for appropriate indicators. Aggressive chemotherapy may be effective in controlling
the progression of hepatic metastases, but the prognosis is poor, due to multiple organ metastases, especially
CNS metastases. However, hepatic metastasis is not a direct cause of death. We should focus on looking for
an effective treatment for RB with CNS metastases.
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