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Abstract We conducted a systematic review of 72 studies to
characterize trilateral retinoblastomas. Kaplan-Meier analysis
was used to estimate survival, and statistical significance was
assessed by using a log-rank test. We analyzed 211 cases of
trilateral retinoblastomas. The average age of onset of retino-
blastoma was 0.79 + 1.38 years, and the average latency pe-
riod between the onset of retinoblastomas and trilateral retino-
blastomas was 1.49 + 1.76 years. The brain tumors were found
before the retinoblastoma diagnosis in 6 cases (3.1%), concur-
rently in 61 cases (32.1%), and after the retinoblastoma diag-
nosis in 123 cases (64.7%). Pineal tumors were found in 155
cases (73.4%) and sellar tumors in 46 cases (21.8%). The
overall median survival was 10.3 months (95% CI, 8.5-13)
and the 5-year survival rate was 15.7%. Central nervous sys-
tem symptoms were variable and associated with shorter sur-
vival in univariate and multivariate analyses. The survival
time in patients who received high-dose chemotherapy with
stem cell transplant was significantly longer (p = 0.0067) than
that of with or without conventional chemotherapy. Twelve
long-term survivors were reported, and of these, six patients
were treated with high-dose chemotherapy with stem cell
transplant and six patients were treated with conventional che-
motherapy. It is important that survivors continue to undergo
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regular medical surveillance in order to detect trilateral retino-
blastoma at a potentially curative stage. Trilateral retinoblas-
toma patients with an irradiation history had shorter survival
than those without irradiation history for retinoblastoma.
High-dose chemotherapy should be considered as a potential
treatment option for trilateral retinoblastomas.
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Introduction

Retinoblastoma (RB) is frequently occurring genetic diseases
in the pediatric population with an incidence of one per
15,000-20,000 infants [24]. It is initiated by mutations in the
RBI tumor-suppressor gene [32]. RB presents with bilateral
disease in 40% of patients and unilateral disease in the remain-
ing 60% [1]. Patients with a family history and/or bilateral RB
or constitutional RB1 mutation are classified as having hered-
itary RB, whereas those with unilateral RB and a negative
family history are classified as having non-hereditary RB.
Patients with hereditary RB have a significant risk of devel-
oping a second malignancy due to mutation in the second
copy of the RB1I gene in other tissues [32]. Knudson proposed
the “two-hit hypothesis” to explain the pathogenesis of heri-
table and non-heritable RB, namely that two mutations
inactivating both copies of the RB/ gene in the same cell are
sufficient to initiate a tumor [49].

In 1977, Jakobiec et al. [37] first recognized the association
of bilateral RB with intracranial tumors, which was subse-
quently termed trilateral RB by Brader et al. in 1980 based
on the pineal gland’s role as a “third eye” in lower vertebrates
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[7, 92]. Trilateral RB is now considered to be a syndrome of
RB associated with primitive neuroectodermal tumors in the
pineal gland, suprasellar region, or other midline brain struc-
tures [21, 31]. These tumors have an RB-like appearance with
Flexner-Wintersteiner or Homer-Wright rosettes. Trilateral
RB is found in approximately 0.6—12.7% of patients with
unilateral or bilateral germline RB [11, 22, 61].

Recently, a few reports have attempted to further study
cases of trilateral RB [21, 61]. Despite recognition that the
occurrence of trilateral RB is an important problem, there
are very few studies addressing the therapeutic management
and outcomes of these patients following their diagnosis,
which makes it difficult to define an optimal treatment strate-
gy. In this review, we performed a meta-analysis on 211 pa-
tients with trilateral RB based on data from 72 studies that
were published previously to clarify the characteristics, out-
comes, and therapeutic management of trilateral RBs.

Methods

Literature selection process for studies included
in the review

We conducted a systematic literature search for articles on
“trilateral retinoblastoma” in the PubMed database through
November 30, 2016. We used the following terms in combi-
nation in the search: “trilateral retinoblastoma,”
“pineoblastoma,” “pineal region tumor,” “sellar tumor,”
“sellar region tumor,” and “retinoblastoma.” The inclusion
criteria were as follows: (1) full-text articles reporting data
from individual cases of trilateral RBs written in English. (2)
Trilateral RB was diagnosed by histology, magnetic resonance
imaging (MRI), or computed tomography (CT). The exclu-
sion criteria were (1) articles reporting a meta-analysis. The
reference lists of all included articles were also investigated to
identify other eligible papers.

We initially identified 24,491 articles concerning trilateral
RB. After articles were excluded based on our present inclu-
sion and exclusion criteria, finally 72 articles with a total of
211 patients were included in this review (Fig. 1) [2-6, 820,
22,23, 26-29, 31, 3342, 44, 46, 48, 50-60, 62-64, 67-83,
85, 86, 88, 89, 91, 93].

Several parameters were collected, including patient sex
and age at RB diagnosis; family history and bilateral/
unilateral lesion of RB; latency period from RB to the diag-
nosis of a brain tumor; treatment for RB; histopathology of the
brain tumor; largest brain tumor diameter and its location and
treatment; and overall survival (OS) time of patients with tri-
lateral RB. We defined RB and trilateral RB diagnosed within
3 months as concurrent disease, and 3 months before as before
RB, and 3 months after as after RB, respectively.
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Fig. 1 Flowchart of the selection process for studies included in this
systematic review

Statistical analyses

OS was defined from the date of diagnosis of trilateral RB to
the date of death or last follow-up. Kaplan-Meier analysis was
used to estimate the OS and the cumulative incidence for
trilateral RB, and statistical significance was assessed using
a log-rank test. We compared groups using hazard ratios and
95% confidence intervals (CI) obtained from a logistic regres-
sion model with respect to clinical variables that were assessed
by both univariate and multivariate analyses with stepwise
selection. All probability values were set at P < 0.05, two-
sided. We used JMP software version 10 (SAS Institute Inc.,
Tokyo, Japan) for all statistical calculations.

Results
Trilateral retinoblastoma in the literature

During our review of the literature, we identified 211 (58
boys, 92 girls, and 61 unknown) cases of trilateral RB between
1977 and 2015 (Supplementary Fig. 1A). The average age of
onset of RB was 0.79 + 1.38 years (95% CI, 0.59-0.99). The
majority (146, 76.8%) were diagnosed at less than 1 year of
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age (Supplementary Fig. 1B). Bilateral RB affected 153 (72.5%),
unilateral RB 22 (10.4%), and unknown 36 (17.0%). Enucleation
of the eye was performed in 98 (46.4%), external-beam radio-
therapy (EBRT) was delivered in 79 (37.4%), brachytherapy in
16 (7.5%), chemotherapy in 42 (19.9%), photocoagulation in 23
(10.9%), cryotherapy in 40 (18.9%), and hyperthermia in 2
(0.9%), respectively (Table 1). The average total irradiation (IR)
dose delivered to the eye lesion was 46.7 + 22.5 Gy (95% CI,
39.6-53.8).

The brain tumors were found to be pineal in 155 cases
(73.4%), sellar in 46 cases (21.8%), and cerebellar in 2 cases
(0.94%), respectively. Two cases (0.94%) had bilateral RB, a

Table 1  Characteristics of patients with trilateral retinoblastoma.

Characteristics

Bilateral RB, n (%) 153 (72.5)
Familial RB, n (%) 48 (25.9)
Median age at RB diagnosis (year) 043
Median latency time RB to trilateral RB (year) 1.16
Gender, n (%)

Male 58 (27.4)

Female 92 (43.6)
RB-brain tumor latency correlation

After RB 123 (64.7)

Concurrent 61 (32.1)

Before RB 6(3.1)
Treatment for intraocular RB n (%)

Enucleation 98 (46.4)

EBRT 79 (37.4)

Brachytherapy 16 (7.5)

Chemotherapy 42 (19.9)

Photocoagulation 23 (10.9)

Cryotherapy 40 (18.9)

Hyperthermia 2(0.9)
Brain tumor location

Sellar 46 (21.8)

Pineal 155 (73.4)

Cerebellar 2(0.94)

Sellar + pineal 2(0.94)
Brain tumor size

220 mm 57 (27.0)

<20 mm 30 (14.2)
CNS symptoms

Yes 66 (31.2)

No 49 (23.2)
CSF dissemination

Yes 34 (16.1)

No 57 (27.0)

CNS central nervous system, CSF cerebrospinal fluid, EBRT external-
beam radiotherapy, RB retinoblastoma

pineal tumor, and another primary sellar region tumor (Table 1).
The average latency period between RB and the onset of trilateral
RB was 1.49 + 1.76 years (Supplementary Fig. 1C). The brain
tumors were found before RB diagnosis in 6 cases (3.1%), con-
currently in 61 cases (32.1%), and after RB diagnosis in 123 cases
(64.7%), respectively (Supplementary Fig. 1D). The largest brain
tumor diameter was > 20 mm in 57 cases (27.0%) and < 20 mm
in 30 cases (14.2%). Central nervous system (CNS) symptoms
before trilateral RB diagnosis were identified in 66 cases (31.2%)
and were not present in 49 cases (23.2%). Cerebrospinal fluid
(CSF) dissemination at trilateral RB diagnosis was found in 34
cases (16.1%) and not found in 57 cases (27%) (Table 1).

The latency period from retinoblastoma to the onset
of trilateral retinoblastoma

A total of 123 cases (64.7%) of trilateral RB were diagnosed after
RB. The median latency period between the diagnosis of RB and
the diagnosis of trilateral RB was 1.49 + 1.76 years (95% CI,
1.24-1.75) (Fig. 2a). There were no differences between latency
periods grouped by bilateral or unilateral RB (p = 0.0801; Fig.
2b). There was a significant difference between latency periods
grouped by with or without radiation treatment for RB
(p < 0.0001, Fig. 2c). There was also a significant difference
between latency periods grouped by with or without chemother-
apy for RB (p = 0.0002, Fig. 2d). There was not a significant
difference between latency periods grouped by with or without
radiation plus chemotherapy for RB (p = 0.5940). There was a
significant difference between latency periods grouped by with
or without radiation treatment for RB within after Rb group (with
IR vs without IR: p = 0.0179, Fig. 2e). There was not a signifi-
cant difference between latency periods grouped by with or with-
out chemotherapy for RB within after Rb group (with chemo vs
without chemo: p = 0.9042, Fig. 2f). There was not a significant
difference between latency periods grouped by with or without
radiation plus chemotherapy for RB (p = 0.6430).

Prognostic factors

The median OS was 10.3 months (95% CI, 8.5—13) and the 5-
year-survival rate was 15.7% (Fig. 3a). The patient outcomes
were analyzed according to several potential diagnostic and
prognostic factors. The median survival for patients with con-
current disease was 32 (95% CI, 14-not reached [NR])
months, with a 5-year survival rate 0of47.0%. For patients with
trilateral RB after RB diagnosis, the median survival was 9
(95% C1, 7-10) months, and the 5-year survival rate was 5.8%
(p <0.0001, Fig. 3b). The median survival for patients with a
pineal tumor was 9.4 (95% CI, 8-13) months, with a 5-year
survival rate of 15.5%. For patients with sellar tumors, the
median survival was 12 (95% CI, 9-23) months, and the 5-
year survival rate was 17.8% (p = 0.4750, Fig. 3c). The me-
dian survival for patients with CNS symptoms was 7 (95% CI,
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6—-8) months, with a 5-year survival rate of 0%. For patients
without CNS symptoms, the median survival was 32 (95% CI,
11-NR) months, and the 5-year survival rate was 48.7%
(p < 0.0001, Fig. 3d). The median survival for patients with
brain tumor diameters > 20 mm was 12 (95% CI, 8.3-21)
months, with a 5-year survival rate of 13.5%. For patients with
brain tumor diameters < 20 mm, the median survival was NR
(95% CI, 13—-NR) months, and the 5-year survival rate was
60.5% (p = 0.0005, Fig. 3e). The median survival for patients
with CSF dissemination was 13 (95% CI, 9—19) months, with
a 5-year survival rate of 11.7%. For patients without CSF
dissemination, the median survival was 24 (95% CI, 12—
NR) months, and the 5-year survival rate was 36.5%
(p < 0.0001, Fig. 3f). Univariate analysis demonstrated that
the RB-trilateral latency period, CNS symptoms, and CSF
dissemination were significantly associated with OS. These
variables were subsequently included in the multivariate
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analysis; however, CNS symptoms were the only significant
variable retained in the model (Table 2).

Treatment results for trilateral retinoblastomas

Treatment outcomes were further analyzed in patients with tri-
lateral RB (Fig. 4, Table 3). A total of 87 patients (41%) were
reported after 2000 and 124 (59%) were reported before 2000.
Histological verification was performed in 95 (45%) but not
performed in 116 (54.9%). A subtotal or partial tumor resection
was conducted in 35 patients and a biopsy in 19 patients.
Cranial radiotherapy was performed in 84 patients, and total
neuroaxis irradiation was performed in 18 patients.
Chemotherapy using several agents was prescribed for 127 pa-
tients at the physician’s discretion and high-dose chemotherapy
with stem cell transplant (HDCT) was performed in 23 patients.
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Fig. 3 Kaplan-Meier survival
analysis in patients with trilateral
retinoblastoma. The x-axis
represents the survival time
(month) and the y-axis represents
the survival rate. a Overall cohort.
b Comparing groups classified
according to RB and brain tumor
latency time as trilateral RB be-
fore RB [before RB], concurrent
[concurrent], or after RB [after
RB]. ¢ Comparing groups of the
brain tumor location as sellar
[Sellar] or pineal [Pineal] region.
d Comparing groups classified
with CNS symptoms [(+)] or
without CNS symptoms [(—)]. e
Comparing groups classified
based on the largest brain tumor
diameter as smaller than 20 mm
[< 20 mm] or larger than 20 mm
[>20 mm]. f Comparing groups
classified based on presence [M1]
or absence [MO] of cerebrospinal
fluid dissemination

The median survival for patients reported after 2000 was 19
(95% CI, 13-33.6) months, with a 5-year survival rate of
31.5%. For patients reported before 2000, the median survival
was 8 (95% CI, 6-9) months and the 5-year survival rate was

Table 2 Patient characteristics
associated with overall survival
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3.5% (p < 0.0001, Fig. 4a). The median survival for patients
with histological verification was 10 (95% CI, 7-15) months
with a 5-year survival rate of 12.0%. For patients who reported
without histological verification, the median survival was 12

Variable Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value
Age 1.16 (0.16-5.07) 0.8618 4.04 (0.69-15.0) 0.1088
Gender 0.96 (0.66-1.39) 0.8569 0.86 (0.56-1.31) 0.4973
Brain tumor location 0.96 (0.66-1.45) 0.8766 0.77 (0.44-1.39) 0.3979
RB-brain tumor latency 5.31 (1.56-17.25) 0.0077 0.10 (0.001-8.88) 0.10489
CNS symptoms 2.82 (1.82-4.46) < 0.0001 2.56 (1.53-4.40) 0.0003
Brain tumor size 1.68 (0.97-3.06) 0.062 0.92 (0.43-2.01) 0.8422
CSF dissemination 0.52 (0.32-0.87) 0.0139 0.70 (0.40-1.27) 0.2445

CI confidence intervals, CNS central nervous system, CSF cerebrospinal fluid, HR hazard ratio, RB
retinoblastoma

@ Springer



44

Neurosurg Rev (2019) 42:39-48

Fig. 4 Kaplan-Meier survival
analysis in patients with trilateral
retinoblastomas. The x-axis
represents the survival time
(months) and the y-axis represents
the survival rate. a Comparing
groups classified as either total/
subtotal or partial resection [total/
partial], biopsy [Biop], or without
surgery [Surg (—)]. b Comparing
groups classified as with
[Histology (+)] or without
[Histology (—)] histological veri-
fication. ¢ Comparing groups
classified as with conventional
cranial irradiation [Conv IR (+)],
total neuroaxis irradiation therapy
[Total axis IR (+)], or without ir-
radiation therapy [IR (-)]. d
Comparing groups classified as
with conventional chemotherapy
[Conv Chemo (+)], high-dose
chemotherapy with stem cell
transplant [HDCT (+)], or without
chemotherapy [Chemo (—)]

(95% CI, 8-14) months and the 5-year survival rate was
19.7% (p = 0.7386, Fig. 4b). The median survival for patients
who underwent subtotal or partial tumor resection was 13
(95% CI, 7-19) months with a 5-year survival rate of
17.2%. For patients who underwent only biopsies, the median
survival was 12 (95% CI, 4-23) months and the 5-year sur-
vival rate was 0% (p = 0.9408, Fig. 4c). The median survival

Table 3 Therapeutic modalities
associated with OS
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for patients who underwent conventional cranial radiotherapy
was 10 (95% CI, 7.5-12) months with a 5-year survival rate of
3.3%. The median survival for patients who underwent total
neuroaxis radiotherapy was 12 (95% CI, 6-31) months with a
5-year survival rate of 0%. Patients who did not receive radio-
therapy had a median survival of 13 (95% CI, 8§—19) months
with a 5-year survival rate of 31.8% (p = 0.0088, Fig. 4d). The

Variable Univariate Multivariate
HR (95% CI) P value HR (95% CI) P
value
Surgery (total/partial vs biopsy or no surgery) 0.82 (0.42—-1.64) 0.8488  0.52(0.22-1.27)  0.1482
Radiation therapy (no IR therapy vs total axis 0.73 (0.39-1.30) 0.0479  3.76 (1.66-9.60)  0.001
1R)
Chemotherapy (HDCT vs no chemotherapy) 349 (1.84-734) <0.0001 2.89(1.32-7.11)  0.0067

CI confidence intervals, HR, hazard ratio, HDCT high-dose chemotherapy, /R irradiation therapy, OS overall

survival
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median survival in patients who received conventional chemo-
therapy was 11 (95% CI, 8.3—13) months with a 5-year survival
rate of 10.5%, whereas patients who did not receive chemother-
apy had a median survival of 2 (95% CI, 2—5) months with a 5-
year survival rate of 0%. For patients who received HDCT, the
median survival was NR (95% CI, 19-NR) months, with a 5-
year survival rate of 50.0% (p < 0.0001, Fig. 4e). These vari-
ables were analyzed with multivariate analysis. HDCT and no
radiation therapy were the strongest variables retained in the
model (p = 0.0067 and 0.001, respectively, Table 3).

Long-term survivors

There were 12 patients with long-term (> 5 years) survival
(Supplementary Table 1). Eleven cases were reported after
2000. The average age of RB diagnosis was 7.2 & 5.8 months.
Only one patient had CSF dissemination. Trilateral RB was
diagnosed concurrently in 6 cases and after RB in 6 cases with
an average latency time of 1.5 + 1.5 year. The median survival
time was 94.5 months (95% CI, 71.1-151.5). Six patients had
been treated by HDCT and the other six patients were treated by
conventional chemotherapy. In two cases, conventional chemo-
therapy consisted of vincristine, cyclophosphamide, and intra-
thecal methotrexate plus Ara C. For the other four cases, the
conventional chemotherapy regimen was not described.

Discussion

A few articles have attempted to further study trilateral RBs;
however, reports of trilateral RBs are limited [21, 61]. This
series is the cohort of trilateral RBs with descriptions of indi-
vidual patient data.

The pineal gland and retina both differentiate from the
neuroectoderm. Trilateral RB is thought to result from the
common photoreceptor origin of the pineal gland and the ret-
ina. In lower species, the pineal gland contains photoreceptor
elements and a role lost in higher species [6, 92]. Some cells of
the human pineal gland share with retinal cells the capacity to
express the retinal S antigen [43]. In addition, ectopic photo-
receptor cells are also present along the intracranial portion of
the optic nerve [84].

Recently, early diagnosis and treatment of RB have im-
proved the survival and vision of affected patients, and 90—
95% of affected children become long-term survivors in de-
veloped countries [90]. In this series, 73 (34.5%) cases of
trilateral RBs developed after IR therapy and 12 (5.6%) cases
after chemotherapy. Radiation therapy is the most effective
therapy to preserve eye function. However, for RB patients,
especially in cases of hereditary RB, radiation therapy is a
significant risk factor for secondary malignancies in the field
exposed to radiotherapy [25, 87].

Since 2000, the treatment philosophy has altered from early
enucleation of the affected eye to a conservative management
approach. Cryosurgery and laser photocoagulation therapy are
employed for a small tumor, and chemotherapy has been utilized
for advanced tumors. Nowadays, many oncologists attempt to
avoid the use of EBRT in advanced cases [24]. In this review, we
found that patients who received ocular IR therapy for RB had a
significantly longer latency period compared with that of patients
without IR therapy. However, patients who received chemother-
apy for RB had not a significantly longer latency period com-
pared with that of patients without chemotherapy, The number of
patients who had chemotherapy for RB is small (n = 42) com-
pared to radiation therapy (n = 89), so there may be a bias.

A shorter RB-brain tumor latency time, CNS symptoms, and
CSF dissemination were variables associated with shorter sur-
vival. Concurrent and before RB types were less likely to have
CNS symptoms and CSF dissemination than the after RB type
(Supplementary Table 2). Neuroimaging screening for brain
tumors has become routine practice in the management of pa-
tients with trilateral RB and could improve the cure rate if
patients are detected in an asymptomatic stage or when their
tumors are 15 mm or smaller [47]. In our study, patients with
trilateral RB who were asymptomatic at the time of diagnosis
had a longer survival time. More than 90% of patients with
trilateral RB developed a brain tumor within 4 years of the time
of initial diagnosis of RB. Therefore, we recommend neuroim-
aging screening until 4 years of age for patients with bilateral
and hereditary RB [47, 66]. Screening should be performed by
the use of MRI, not by CT, to avoid radiation exposure.
However, only a prospective trial can clarify the role of screening
and its true effect on survival of patients with trilateral RB.

Trilateral RBs are difficult to treat, and death from
leptomeningeal dissemination is common [47]. Leptomeningeal
dissemination occurred in 51 (24.1%) cases after management of
trilateral RB in this study. Surgical treatment and radiation ther-
apy have no effect on patient survival in our analysis. Surgical
management may be limited to biopsy. Craniospinal axis irradi-
ation is dangerous for growth and cognitive and endocrine func-
tions, particularly for children younger than 3 years of age [45,
65], and radiation therapy increases the long-term risk of second-
ary malignancies in long-term survivors of hereditary RB pa-
tients [30]. Treatment of trilateral RB with HDCT may avoid
the need for surgical or radiation therapy. We believe that the role
of HDCT should be evaluated in a prospective study.

There are limitations to this study as the data were obtained
from retrospective case series treated using a variety of thera-
peutic management approaches. The data are not complete,
since some studies did not report the size of the brain tumor,
the presence of CSF dissemination or CNS symptoms, treat-
ment methods, or survival time. Patients treated with chemo-
therapy have been diagnosed more recently. This bias may
also affect the analysis on the benefit of HDCT because
HDCT was only used more recently. Another bias that needs
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to be considered when analyzing the benefit of HDCT is that
only patients who respond well to the first course of chemo-
therapy to survive the first months of treatment receive HDCT.
Patients with very advanced disease often die within a few
weeks, so they never receive HDCT. However, our data sup-
port the benefit of HDCT for trilateral RB patients. Future
studies need to focus on genetic profiling of trilateral RBs,
in order to elucidate features for the development of targeted
therapies.

Conclusion

The risk of trilateral RBs should be taken into account when
treating and managing RB patients. In addition, it is important
that survivors continue to undergo regular medical surveil-
lance in order to detect trilateral RBs at a potentially curative
stage. Moreover, HDCT should be considered as a potential
treatment for trilateral RB patients. Extensive research on the
molecular pathologies of trilateral RBs is warranted.
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