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ABSTRACT

Background • At least 5% of children with retinoblastoma from germline mutation of the 
RB1 gene develop trilateral retinoblastoma: intraocular retinoblastoma combined with a 
histologically similar brain tumour, most commonly in the pineal. We provide a systematic 
overview of published trilateral retinoblastoma, and analyse how survival has changed.

Methods • We searched Medline and Embase for trilateral retinoblastoma cases published 
from January 1966 through April 2014 and performed meta-analysis on survival using 
Kaplan-Meier analysis and Cox proportional hazards regression stratified on the original 
study to account for between-study heterogeneity.

Findings • Altogether, 174 trilateral retinoblastoma patients from 90 studies qualified 
for meta-analysis. When comparing trilateral retinoblastoma diagnosed before and since 
1995, 5-year survival after pineal and non-pineal trilateral retinoblastoma increased 
from 6% (95% CI 2–15) to 44% (95% CI 26–61; P<0.0001) and from no survivors to 57% 
(95% CI 30–77; P=0.035), respectively. Hazard ratios (HR) adjusted for the presence of 
leptomeningeal metastases and trilateral retinoblastoma location, suggested that both 
conventional (HR 0.059, 95% CI 0.016–0.226; P<0.0001) and high-dose chemotherapy 
with stem-cell rescue (HR 0.013, 95% CI 0.002–0.064; P<0.0001) most strongly contributed 
to this improvement. Absence of leptomeningeal metastases (HR 2.13, 95% CI 0.98–4.60; 
P=0.055) were associate with improved survival. Non-pineal trilateral retinoblastoma were 
larger than pineal tumours (median 30 [range 6–100] versus 22 mm [range 7–60]; P=0.012) 
but both had similar outcomes since 1995.

Interpretation • Our results suggest that improved chemotherapy regimens and earlier 
detection of pineal trilateral retinoblastoma explain the improved overall survival. 
Successful trilateral retinoblastoma treatment should therefore include screening at least 
at the time of retinoblastoma diagnosis and chemotherapy, preferably a high-dose regimen 
with autologous stem-cell rescue.
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INTRODUCTION
ermline mutations in the retinoblastoma gene RB1 carry a 5% or higher risk of 
developing intracranial midline primitive neuroectodermal tumours (PNET).1 
Such a tumour in a child who typically has uni- or bilateral familial or sporadic 
hereditary intraocular retinoblastoma is known as trilateral retinoblastoma. This 

was first described in 1971 and differentiated from cerebral metastases in 1977.2 With rare 
exceptions,3,4 Trilateral retinoblastoma is located in the pineal gland or the supra- and 
parasellar region. Histopathologically they resemble retinoblastoma.

A meta-analysis published in 1999 demonstrated that 88% of children with trilateral 
retinoblastoma did not survive.2 Of 94 children only three survivors had been reviewed long 
enough (≥5 years) to classify them as probably cured; all had asymptomatic pineal trilateral 
retinoblastoma not larger than 15 mm. Recently, it was proposed that trilateral retinoblastoma 
might be curable with intensive chemotherapy, especially in patients without leptomeningeal 
metastases;5 however, some tumours were resected, possibly confounding the effect of 
chemotherapy. 

Our objective was to provide a systematic overview and an updated meta-analysis of trilateral 
retinoblastoma patients in the literature. Especially, we aimed to determine to what extent, if 
any, their survival has improved over time.

METHODS
We performed this study according to the 
Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 
statement.6,7

Search strategy 
We searched Medline (PubMed) and 
Embase for English, Dutch, and German 
literature published from January 1966 
through April 14, 2014, evaluating 
trilateral retinoblastoma cases, including 
also alternatively found studies (e.g. from 
references in included studies). The search 
(appendix A) was formulated by MCJ 
with experience in performing systematic 
reviews, and reviewed by ACM and PG 
To ensure sensitivity, we included only 
keywords corresponding to the target 
condition: retinoblastoma, pineoblastoma, pineal, suprasellar, parasellar, sellar, ectopic, and 
brain, without any delimiters.

Study selection and data extraction
Two authors (MCJ and ACM) independently reviewed article titles and abstracts for eligibility 
and solved discrepancies by consensus. Subsequently they independently reviewed eligible 
full-text articles for inclusion in the systematic review and meta-analysis. Again, discrepancies 

Figure 1. Flowchart of the literature search and article 
inclusion process. *One article in press at time of inclusion 
and we included one book.

Records identified through 
database searching

Pubmed n=952 
Embase n=1318

Unique articles
n=1769

Additional records through other 
sources

n=5*

Removal of duplicates
n=501

Exclusion based on title/abstract
n=1648

Exclusion based on full text
n=36

Reasons for full text exclusion
• The study population did not consist 

of human patients with trilateral 
retinoblastoma (n=16)

• No full-text available (n=0)
• Review or meta-analysis (n=4)
• No adequate individual patient data 

and/or unclear whether patient was also 
published elsewhere (n=16)

Articles eligible for inclusion
n=121

Articles included in systematic 
review

n=90

Patients included in systematic 
review and meta-analysis

n=174

G
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were solved by consensus.

We included studies if (1) 
they reported one or more 
human patients with an 
intraocular retinoblastoma 
and a PNET, (2) the full-
text article was obtained, 
(3) individual patients were 
identifiable, and (4) at least 
survival status (dead due to 
trilateral retinoblastoma, 
dead due to other cause, 
alive) and follow-up data (age 
at trilateral retinoblastoma 
diagnosis, time of death or the last known time when still alive; this could also be 0 months) 
were available. We included articles that did not satisfy the fourth inclusion criterion, if they 
provided additional information about a patient described in another included article. We 
excluded articles that were reviews or meta-analyses, and patients (or articles when applicable 
to all patients) if it was uncertain whether they overlapped with already included patients. 

Two authors (MCJ and WAK) independently extracted study data. Discrepancies were 
resolved by consensus. In line with the meta-analysis by Kivelä2, if the largest trilateral 
retinoblastoma diameter was not reported we estimated it from the published magnetic 
resonance or computed tomography images to the nearest 5 mm (5, 10, etc.). We contacted 44 
authors for further information, to which 6 authors responded with additional data.

After completion of the database, TK reviewed all extracted data against those from his 
earlier meta-analysis2 and subsequent database of published patients and checked the present 
database for any missed studies. He also shared all updated patient information letters he had 
collected from authors in 1998 for his previous meta-analysis.

Data synthesis and 
statistical analysis
For statistical analyses we 
used SPSS (version 20, IBM, 
Armonk, NY, USA) and 
Stata (version 13, StataCorp, 
College Station, TX, USA). 
We did not use software 
specifically designed for 
meta-analysis, because 
such packages primarily 
handle summary statistics 
and our analysis was based 
on case-wise data. Survival 
data were analysed using the 
Kaplan-Meier product-limit 

Table 1. Groups of interest for survival analysis

Restriction Additional 
stratification*

Year patients were diagnosed with TRb (<1995 vs ≥1995) Location

TRb location (pineal, non-pineal)

Status of TRb at diagnosis (symptomatic, asymptomatic, 
or unknown)

Actively treated 
patients only

Year, location

TRb size (≤15mm, >15mm, unknown) Year, location

Concurrence of TRb with Rb (>3 months before Rb, ≤3 
months before or after Rb, or >3 months after Rb)

Actively treated 
patients only

Year, location

Presence of metastatic disease at TRb diagnosis Actively treated 
patients only

Year, location

TRb = trilateral retinoblastoma, Rb = retinoblastoma.
*P values adjusted with Bonferroni correction.

0 12 24 36 48

Months

Diagnosis of Rb
5 (0–38)

Diagnosis of TRb
31.5 (1–108)

Death of TRb
42 (17–109)

10 (1–144)
Diagnosis of TRb

22 (4–147)
Death of TRb

0 12 24 36 48

Diagnosis of Rb
9 (1–120)

Pineal

Non-pineal

Figure 2. Time line of retinoblastoma diagnosis, trilateral retinoblastoma 
diagnosis and death: median age (range).
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method. The presented 
numbers for survival 
are percentages for 
5-year survival with 
their 95% confidence 
intervals (CI) with 
median survival times 
(MST) in months. We 
prospectively identified 
several groups of 
interest for comparative 
survival analysis (table 
1). We focused on 
5-year survival and the 
log-rank test instead 
of MST because many 
of the groups suffer 
from lead-time bias. 
When comparing 
subgroups, P values 
were adjusted for 
multiple comparisons 
using Bonferroni 
correction. To assess 
the effect of improved 
treatment we chose the 
year 1995 for trilateral 
retinoblastoma 
diagnosis as a cut-off 
to create two groups, 
because around this 

time intraocular retinoblastoma treatment changed from simple surgery or external beam 
radiotherapy to other forms of treatment, particularly chemoreduction, and we hypothesized 
that the same development might be valid for trilateral retinoblastoma.8

Regarding location, we differentiated pineal (pineoblastoma) from non-pineal trilateral 
retinoblastoma (midline intracranial PNET elsewhere). We defined retinoblastoma and 
trilateral retinoblastoma diagnosed within three months of each other as concurrent tumours. 
We defined long-term survivors as those who were alive without evidence of trilateral 
retinoblastoma at least 5 years after diagnosis of trilateral retinoblastoma. We considered 
treatment to be active if the article did not state that it was palliative or best supportive care.

To assess the effect of chemotherapy (none versus intrathecal and/or conventional systemic 
versus high-dose chemotherapy with stem-cell rescue) we used stratified Cox proportional 
hazards regression9,10 to adjust for potential confounders: trilateral retinoblastoma location 
(pineal versus non-pineal), age at diagnosis of trilateral retinoblastoma, symptoms (present 
versus absent), tumour size (≤15 mm versus >15mm), or leptomeningeal metastases and/

Table 2. Patient characteristics by location of trilateral retinoblastoma

Any TRb
(n=174)*

Pineal TRb
(n=126)

Non-pineal 
TRb (n=40)

P value

Age at diagnosis of Rb, months 6 (0–120) 5 (0–38) 9 (1–120) 0.0047°

Age at diagnosis of TRb, months 26 (1–144) 31.5 (1–108) 10 (1–144) <0.0001°

Time interval Rb and TRb diagnosis, months 17 (-60–103) 24 (0–103) 0 (-60–45) <0.0001°

Age at death, months 38 (4–147) 42 (17–109) 22 (4–147) <0.0001°

Size of TRb, mm 25 (6–100) 22 (7–60) 30 (6–100) 0.012°

Patients diagnosed during or after 1995 39% (57/148) 34% (38/111) 51% (19/37) 0.080†

Male patients 48% (71/148) 47% (49/104) 50% (18/36) 0.85†

Unilateral Rb 17% (27/163) 15% (17/117) 26% (10/38) 0.14†

Familial Rb 44% (57/131) 48% (44/91) 31% (10/32) 0.10†

Leptomeningeal metastases and/or CSF 
involvement at TRb diagnosis

31% (35/113) 27% (22/81) 29% (7/24) 1.00†

Active treatment 86% (134/156) 85% (95/112) 92% (33/36) 0.41†

Asymptomatic TRb (all) 37% (53/142) 36% (36/100) 50% (17/34) 0.16†

Asymptomatic TRb (<1995) 22% (17/79) 19% (11/58) 43% (6/14) 0.16†!

Asymptomatic TRb (≥1995) 57% (27/47) 62% (18/29) 53% (9/17) 1.00†!

Histopathologic proof of TRb 43% (74/174) 41% (52/126) 55% (22/40) 0.15†

Rb diagnosed before TRb 67% (113/169) 80% (98/122) 18% (7/39)

Concurrent diagnosis (within 3 months) 31% (53/169) 20% (24/122) 74% (27/39) <0.0001ˇ

TRb diagnosed before Rb 2% (3/169) 0% (0/122) 8% (3/39)

TRb = trilateral retinoblastoma, Rb = retinoblastoma CSF = cerebrospinal fluid.
For age, time interval and tumor size ‘median (range)’ is presented, for other 
variables ‘percentage (cases/total)’ is presented.
*For 6 patients tumour location is unknown and 2 patients had multiple trilateral 
retinoblastoma, see appendix B for per-patient details.
†Fisher’s exact test, two-sided.
°Mann-Whitney U test, two-tailed.
ˇKruskal-Wallis test, two-sided.
!Bonferroni correction for multiple comparisons.
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or cerebrospinal fluid (CSF) 
involvement (present versus 
absent) at time of diagnosis 
of trilateral retinoblastoma. 
We verified the significance of 
all confounders by univariate 
regression. 

Given the number of events (58 
to 97 per model), we allowed 
no more than three predictors 
in the model and did not test 
interactions. We calculated 
hazard ratios (HR) with their 
95% CI. The proportional 
hazards assumption was 
tested with the Schoenfeld 
residuals test.11 To account 
for heterogeneity between 
studies we assigned each 
case with a unique identifier 
for stratification based on the original study. When more than one study reported the same 

patient, we assigned the case to the study with 
the most trilateral retinoblastoma patients. We 
assigned single case reports to one of two strata, 
based on publication date (<1995 and ≥1995) 
to keep the number of strata reasonable. We 
chose this cut-off to account for publication bias 
(it could be argued that initially almost all and 
more recently only more interesting cases would 
have been published: e.g. surviving patients) 
and because it corresponded with our general 
study design. Use of three decade-long strata 
produced identical results (data not shown).

To guard against possible overdiagnosis of 
trilateral retinoblastoma we compared survival 
after asymptomatic trilateral retinoblastoma 
with and without histopathologic proof 
(if survival is better in the latter instance, 
overdiagnosis and resultant overestimation of 
subsequent survival should be suspected).

Figure 3. Changes in trilateral retinoblastoma 
treatment over time.

<1995 ≥1995

P<0.0001

P<0.0001

P=0.2325%

66%

66%
0%

36%

31%

57%
39%

Surgery

Radiotherapy

Conventional chemotherpy

High-dose chemotherapy with stem-cell rescue

Table 3. Treatment according to period of diagnosis of TRb

Period 
uncertain 
(n=18)*

< 1995 
(n=98)

≥1995 
(n=58)

P value

Previous chemotherapy for Rb 15% (2/13) 5% (4/87) 12% (6/50) 0.17†

Previous chemotherapy for Rb° 29% (2/7) 6% (4/72) 31% (5/16) 0.0088†

Previous radiotherapy for Rb 20% (2/8) 65% (53/81) 11% (5/47) <0.0001†

Previous radiotherapy for Rb° 40% (2/5) 80% (53/66) 25% (4/16) <0.0001†

Active treatment for TRb 89% (16/18) 80% (67/84) 94% (51/54) 0.024†

Radiotherapy for TRb 44% (8/18) 66% (55/83) 31% (17/54) 0.0001†

Surgery for TRb 39% (7/18) 25% (21/83) 36% (16/45) 0.23†

No chemotherapy for TRb 17% (3/18) 34% (28/83) 6% (3/54)

<0.0001ˇ
Conventional systemic or 
intrathecal chemotherapy for TRb

56% (10/18) 66% (55/83) 57% (30/54)

High-dose chemotherapy with 
stem-cell rescue for TRb

28% (5/18) 0% (0/83) 39% (21/54)

Rb = retinoblastoma, TRb = trilateral retinoblastoma.
*Excluded from the statistical tests.
°Include only cases whose Rb was diagnosed ≥3 months before TRb.
†Fisher’s exact test, two-sided.
ˇKruskal-Wallis test, two-sided.
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RESULTS
We identified 1769 articles of which we excluded 1648 based on title and abstract and 36 
based on the text (figure 1). Altogether, 174 trilateral retinoblastoma patients from 90 
studies (including 4 from other sources12–15 and 1 that was in press at the time of inclusion 
from our institution16) qualified for inclusion. Appendix B tabulates all relevant data of each 
included patient with bibliographic references (appendix E); we merged data from patients 
who appeared in more than one article. Table 2 and figure 2 summarise characteristics of the 
included patients, by trilateral retinoblastoma location. Notably, those with pineal trilateral 
retinoblastoma were considerably older at PNET diagnosis (median 31.5 months, 1–108) than 
patients with non-pineal trilateral retinoblastoma (median age 10 months, 1–144; P<0.0001, 
Mann-Whitney U test). Non-pineal tumours were significantly larger than pineal tumours 
(median 30 mm, 6–100 versus 22 mm, 7–60; P=0.012). Of patients diagnosed before 1995, 
53% were familial as compared to 32% after 1995 (P=0.032, Fisher’s exact test); if no mention 
of family history is interpreted as no such history, the percentages are 45% versus 21%, 
P=0.0031).

Table 3 and figure 3 summarise temporal changes in treatments for intraocular retinoblastoma 

Figure 4. Kaplan-Meier curves showing survival after diagnosis of trilateral retinoblastoma (TRb), for pineal versus 
non-pineal TRb (A), TRb diagnosed before 1995 and from 1995 onwards for all patients (B) and stratified for pineal (C) 
versus non-pineal (D) TRb. Log-rank test, with Bonferroni correction in C and D, and hazard rate (HR) from univariate Cox 
regression. The statistics exclude uncertain cases in B–D.
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(before the diagnosis of trilateral retinoblastoma) and for trilateral retinoblastoma, showing 
a declining use of radiotherapy (from 66% to 31% of patients P<0.0001, Fisher’s exact test) 
and increasing use of chemotherapy (from 66% to 94%) for trilateral retinoblastoma since 
1995. The use of high-dose chemotherapy with stem-cell rescue increased from nil to 39% of 
patients. The percentage of actively treated patients with trilateral retinoblastoma increased 
from 80% to 94% (P=0.024).

General survival estimates
The MST after trilateral retinoblastoma diagnosis of the 174 patients was 12 months (95% 
CI 10–14; IQR 6–33), and the 5-year survival was 22% (95% CI 15–29; figure A, appendix 
C). The longest time to death after a symptomatic pineal trilateral retinoblastoma was 59 
versus 32 months after symptomatic non-pineal trilateral retinoblastoma (appendix B). For 
asymptomatic trilateral retinoblastoma the latest deaths occurred at 28 versus 33 months, 
respectively. Difference in the survival of asymptomatic trilateral retinoblastoma patients 
with and without histopathologic proof was non-significant (P=0.29, log-rank test; figure B, 
appendix C).

Figure 5. Kaplan-Meier curves showing survival after diagnosis of trilateral retinoblastoma (TRb) for actively 
treated symptomatic and asymptomatic patients stratified by pineal (A) versus non-pineal (B) location of TRb, and 
by period of diagnosis before 1995 (C) versus from 1995 onwards (D). Log-rank test with Bonferroni correction, 
and hazard rate (HR) from univariate Cox regression. The statistics exclude uncertain cases.
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Given a 5-year survival of 20% (95% CI 13–28) and an MST of 11 months (95% CI 7–15) for 
pineal trilateral retinoblastoma patients versus 34% (95% CI 18–51) and 14 months (95% 
CI 9–19), respectively, for non-pineal trilateral retinoblastoma patients, we had insufficient 
evidence to conclude that either type of PNET would be associated with better survival 
(P=0.19, log-rank; figure 4A). Two patients had both a pineal and a non-pineal tumour; both 
patients were excluded from the analysis above.

Survival by period of diagnosis
trilateral retinoblastoma patients diagnosed ≥1995 had a better 5-year survival of 48% (95% 
CI 33–61) and an MST of 24 months (95% CI incalculable) versus patients diagnosed <1995 
who showed a 5-year survival of 5% (95% CI 2–13) and an MST of 8 months (95% CI 6–10; 
P<0.0001, log-rank; figure 4B). Although the former trilateral retinoblastoma were diagnosed 
earlier than the latter, hardly any difference in age at death was observed between the two 
groups, indicating that the difference in MST is probably due to lead-time bias (figures C and 
D, appendix C).

Pineal trilateral retinoblastoma patients had a 5-year survival of 6% (95% CI 2–15) before 
1995 versus 44% (95% CI 26–61) from 1995 onward (figure 4C; P<0.0001 log-rank, 
Bonferroni correction). 
Before 1995 none of the 
non-pineal trilateral 
retinoblastoma patients 
survived, but ≥1995 their 
5-year survival was 57% 
(95% CI 30–77; P=0.035; 
figure 4D).

The effect of early 
detection with 
neuroimaging
Median survival of 
asymptomatic versus 
symptomatic trilateral 
retinoblastoma was 28 
(95% CI incalculable) 
versus 12 (95% CI 9–15) 
months. Their median 
age at death did not 
differ, suggesting lead-
time bias from earlier 
trilateral retinoblastoma 
diagnosis. However, 
the 5-year survival of 
asymptomatic patients 
was 45% (95% CI 
30–60) and better than 
11% (95% CI 4–22) for 
patients with symptoms 

Table 4. Characteristics of long-term survivors by trilateral retinoblastoma location

Any TRb
(n=22)

Pineal TRb
(n=15)

Non-pineal 
TRb (n=7)

P value

Age at diagnosis of Rb, months 8 (0–72) 7 (0–16) 11 (5–72) 0.14°

Age at diagnosis of TRb, months 12 (1–57) 13 (1–57) 10 (5–16) 0.29°

Time interval Rb and TRb diagnosis, months 0 (-60–54) 0.5 (0–54) 0 (-60–2) 0.030°

Size of TRb, mm 17 (6–100) 14.5 (10–51) 42 (6–100) 0..10°

Size ≤15 mm 47% (8/17) 70% (7/10) 14% (1/7) 0.050†

Unilateral Rb 21% (4/19) 23% (3/13) 17% (1/6) 1.00†

Familial Rb 7% (1/15) 10% (1/10) 0% (0/5) 1.00†

Leptomeningeal metastases and/or CSF 
involvement at TRb diagnosis

17% (3/18) 0% (0/11) 43% (3/7) 0.043†

Asymptomatic TRb 78% (14/18) 92% (11/12) 50% (3/6) 0..083†

Histopathologic proof of TRb 41% (9/22) 40% (6/15) 43% (3/7) 1.00†

TRb diagnosed ≥1995 85% (17/20) 77% (10/13) 100% (7/7) 0.52†

Radiotherapy 23% (5/22) 20% (3/15) 29% (2/7) 1.00†

Surgery 33% (7/21) 36% (5/14) 29% (2/7) 1.00†

No chemotherapy 5% (1/22) 7% (1/15) 0 (0/7)

0.40ˇConventional systemic chemotherapy 50% (11/22) 53% (8/15) 43% (3/7)

High-dose chemotherapy with stem-cell 
rescue

45% (10/22) 40% (6/15) 57% (4/7)

Rb diagnosed before TRb 24% (5/21) 36% (5/14) 0% (0/7)

Concurrent diagnosis (within 3 months) 71% (15/21) 64% (9/14) 86% (6/7) 0.038ˇ

TRb diagnosed before Rb 5% (1/21) 0% (0/14) 14% (1/7)

TRb = trilateral retinoblastoma, Rb = retinoblastoma, CSF = cerebrospinal fluid.
For age, time interval and tumour size ‘median (range)’ is presented, for other items 
‘percentage (cases/total)’ is presented.
°Mann-Whitney U test, two-tailed.
†Fisher’s exact test, two-sided.
ˇKruskal-Wallis test, two-sided.
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(P=0.0002, log-rank test; figure E, appendix C). 

We found a large survival difference between asymptomatic and symptomatic patients if 
the trilateral retinoblastoma was pineal rather than non-pineal, 5-year survival being 50% 
(95% CI 31–67) versus 4% (95% CI 0–15) for the latter (P<0.0001, log-rank test, Bonferroni 
correction). Corresponding rates were 33% (95% CI 10–59) versus 40% (95% CI 15–65) for 
non-pineal trilateral retinoblastoma (P=1.00; figures 5A and 5B).

Before 1995 asymptomatic trilateral retinoblastoma patients had a 5-year survival of 20% 
(95% CI 5–42) versus no survival among trilateral retinoblastoma patients with symptoms 
(P=0.092, log-rank, Bonferroni correction; figure 5C). Since 1995, 5-year survival of both 
asymptomatic (69%, 95% CI 43–85) and symptomatic (34%, 95% CI 13–58) trilateral 
retinoblastoma increased, while the difference in survival persisted (P=0.084, Bonferroni 
correction; figure 5D).

Synchronicity of retinoblastoma and trilateral retinoblastoma
Patients with concurrent trilateral retinoblastoma had a higher 5-year survival of 51% 
(95% CI 35–65) versus 11% (95% CI 5–21) for patients whose trilateral retinoblastoma 

Figure 6. Kaplan-Meier curves showing survival after diagnosis of trilateral retinoblastoma (TRb) for patients with 
a tumour size of ≤15 mm versus >15 mm stratified by pineal (A) vs. non-pineal (B) location of TRb, and by period 
of diagnosis before 1995 (C) versus  from 1995 onwards (D). Log-rank test with Bonferroni correction and hazard 
rate (HR) from univariate Cox regression. The statistics exclude tumours of unknown size.
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was diagnosed >3 months after 
retinoblastoma (P<0.0001, 
log-rank; figure F, appendix C). 
Patients with a concurrent pineal 
trilateral retinoblastoma had a 
5-year survival of 66% (95% CI 
39–83) versus 11% (95% CI 5–22) 
with an antecedent ocular tumour 
(P=0.0003, log-rank, Bonferroni 
correction; figure G, appendix 
C). The corresponding rates for 
patients with non-pineal trilateral 
retinoblastoma were 38% (95% CI 
19–58) versus 40% (95% CI 5–75; 
figure H in appendix C). Stratification by period of diagnosis suggests improved survival 
curves ≥1995 (figures I and J, appendix C).

Median size of pineal trilateral retinoblastoma that was diagnosed concurrently with 
retinoblastoma was smaller (median 13 mm, 7–50) than the size of those diagnosed later 
(median 25 mm, 10–60; P=0.017, Mann-Whitney U test, Bonferroni correction); we did not 
find this for non-pineal trilateral retinoblastoma with median sizes of 30 mm (6–100) and 30 
mm (20–45), respectively.

Of the asymptomatic pineal trilateral retinoblastoma patients, 34% (12/35) were diagnosed 
at the baseline neuroimaging scan for retinoblastoma, another 26% within the first year, and 
the rest within 4 years. Practically all asymptomatic non-pineal tumours were detected at the 
same time as retinoblastoma (figures K and L in appendix C). Of asymptomatic pineal and 
non-pineal trilateral retinoblastoma combined 50% were diagnosed at the baseline scan, and 
another 21% within one year.

Tumour size
A pineal trilateral retinoblastoma diagnosed before 1995 was significantly larger (median 30 
mm, 10–60) than one diagnosed later (median 17.5 mm, 7–51; P=0.0075, Mann-Whitney 
U test, Bonferroni correction), paralleling the increase in asymptomatic patients with 
trilateral retinoblastoma.  Such a difference was not seen in the size of non-pineal trilateral 
retinoblastoma that were a median of 30 mm (20–45) in size before 1995 versus 33 mm 
(6–100) thereafter (P=0.75).

The 5-year survival was 50% (95% CI 28–69) for patients whose trilateral retinoblastoma 
was ≤15 mm in size versus 21% (95% CI 11–33) when tumour size was >15 mm (P=0.029, 
log-rank, figure M, appendix C). Restricting the analysis to pineal trilateral retinoblastoma 
gave a rate of 53% (95% CI 29–72) and 11% (95% CI 3–24), respectively (P=0.0068; log-
rank, Bonferroni correction; figure 6A). One of 3 patients (33%) with a non-pineal trilateral 
retinoblastoma ≤15 mm in size survived for 5 years versus 39% (95% CI 20–58) of 28 patients 
with a larger tumour (figure 6B). Figures 6C and D show a diminishing effect of tumour size 
on survival, stratified by period of diagnosis of trilateral retinoblastoma.

Table 5. Cox regression analysis

Variable Category HR (95% CI) P value

Chemotherapy for TRb none reference

conventional systemic or 
intrathecal

0.059 (0.016–0.226) <0.0001

high-dose chemotherapy 
with stem-cell rescue

0.013 (0.002–0.064) <0.0001

Leptomeningeal 
metastases and/or CSF 
involvement

no reference

yes 2.13 (0.98–4.60) 0.055

TRb location pineal reference

non-pineal 1.09 (0.49–2.45) 0.83

HR = hazard ratio, CI = confidence interval, TRb = trilateral 
retinoblastoma, CSF = cerebrospinal fluid.
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Metastatic disease
Analysis according to the presence 
of leptomeningeal metastases 
and/or CSF involvement at the 
time of trilateral retinoblastoma 
diagnosis for pineal versus non-
pineal trilateral retinoblastoma 
and for diagnosis <1995 versus 
≥1995 showed survival differences 
comparable to other surrogates 
of early detection (figures N–R, 
appendix C). Survival was worse 
after pineal trilateral retinoblastoma 
with leptomeningeal spread 
compared to those without spread 
(P=0.025, log-rank, Bonferroni 
correction) and non-pineal trilateral 
retinoblastoma.

Long-term survivors
The number of long-term survivors 
with a follow-up of at least 5 
years after diagnosis of trilateral 
retinoblastoma rose from 3 of 98 
(3%; 95% CI 1–9) <1995 to 17 of 
58 (29%; 95% CI 18–43) ≥1995 
(P<0.0001, Fisher’s exact test). Of 18 
patients whose year of diagnosis was 

uncertain 2 (11%; 95% CI 1–35) were long-term survivors.

Table 4 summarises the characteristics and treatments of the long-term survivors. The use 
of chemotherapy (especially high-dose chemotherapy with stem-cell rescue) has increased 
and the use of radiotherapy has diminished, whereas the use of surgery shows no clear 
trend (table 3). Many long-term survivors did not receive radiotherapy or surgery for 
their trilateral retinoblastoma, whereas all but one received chemotherapy: 50% received 
conventional chemotherapy and 45% high-dose chemotherapy with stem-cell rescue. At 
least 10 long-term survivors (6 pineal and 4 non-pineal trilateral retinoblastoma) were 
treated with chemotherapy alone. Eleven of 15 (73%) long-term survivors of pineal trilateral 
retinoblastoma presented without symptoms (1 had symptoms, unknown in 3). Regarding 
non-pineal trilateral retinoblastoma, 3 of 7 had no symptoms (3 had symptoms, 1 unknown). 

Eight long-term survivors had histologically proven trilateral retinoblastoma, 3 had malignant 
cells in their CSF, 8 without histologic confirmation showed treatment response on brain 
imaging and for 1 patient there was no direct or indirect confirmation (appendix B). 
Moreover, long-term survivors showed similar percentages of histopathologic proof to other 
patients (tables 2 and 4). These findings suggest that long-term survivors did not have benign 
pineal lesions misdiagnosed as trilateral retinoblastoma.

Panel. Research in context

Systematic review • The search as described in the methods and 
appendix A included identifying previous systematic reviews and 
meta-analyses on trilateral retinoblastoma. We identified one meta-
analysis2 that included patients from 1966 to July 1998, comprising 
106 children with trilateral retinoblastoma (including 2 patients 
from the author’s institution). Trilateral retinoblastoma could 
be divided into two distinct types (pineal and non-pineal) with 
remarkable differences in age at diagnosis and age at death.2 Hardly 
any trilateral retinoblastoma patients survived, and the few who did 
survive had small asymptomatic tumours.

Interpretation • For our meta-analysis we were able to identify 
174 trilateral retinoblastoma patients. The greatest differences 
between the previous and present meta-analysis are the 
significantly improved survival for both pineal and non-pineal 
trilateral retinoblastoma and the smaller size of pineal trilateral 
retinoblastoma now diagnosed. Our results suggest that improved 
chemotherapy regimens, especially the use of high-dose 
chemotherapy with stem-cell rescue, and earlier detection of pineal 
trilateral retinoblastoma are mostly responsible for the improved 
overall survival. We, therefore, believe that trilateral retinoblastoma 
treatment should always include chemotherapy, preferably 
high-dose chemotherapy with autologous stem-cell rescue, with 
or without radiotherapy or surgery as adjuvant or consolidation 
treatments. Future research is needed to evaluate the added value 
of these treatment modalities. Early detection of pineal trilateral 
retinoblastoma can be achieved with brain imaging at the time of 
retinoblastoma diagnosis and, perhaps, by extended or targeted 
follow-up of suspicious pineal lesions.16,17 The added value of follow-
up after diagnosis of retinoblastoma, in terms of early detection 
remains, controversial and needs confirmation by future studies.
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The importance of early detection of pineal trilateral retinoblastoma was evidenced by the fact 
that long-term survivors had relatively small tumours (median size: 14.5 mm, range 10–51). 
Non-pineal trilateral retinoblastoma have fundamentally different growth kinetics and are 
typically diagnosed simultaneously with intraocular retinoblastoma when already much 
larger (median 42 mm, 
6–100).

Cox regression 
analysis
Results from univariate 
regression of all 
modelled variables 
and from multivariate 
models are presented in appendix D. All models fulfilled proportional hazards assumption. 
The model including: trilateral retinoblastoma location, presence of leptomeningeal 
metastases and/or CSF involvement and chemotherapy, is also presented in table 5. In 
this model conventional systemic or intrathecal chemotherapy (HR 0.059, 95% CI 0.016–
0.226; P<0.0001) and high-dose chemotherapy with stem-cell rescue (HR 0.013, 95% CI 
0.002–0.064; P<0.0001) were both strongly associated with better survival after trilateral 
retinoblastoma. Other models with additional surrogates for early detection showed similar 
strong associations of chemotherapy with survival. 

When restricting the analysis either to actively treated patients or pineal trilateral 
retinoblastoma as a sensitivity analysis, the effect of chemotherapy remained (appendix D).

DISCUSSION
The results show that survival of patients with pineal and non-pineal trilateral retinoblastoma 
has increased considerably since 1995 (panel). Early detection of smaller tumours predicted 
better survival after pineal trilateral retinoblastoma, but early detection did not show a 
difference in survival after non-pineal trilateral retinoblastoma. Cox regression analysis 
showed a strong positive association between the use of chemotherapy, especially high-dose 
chemotherapy with stem-cell rescue, and longer survival.

The most notable differences between our study and the previous meta-analysis2 on trilateral 
retinoblastoma, which extended to 1998, are the smaller size of pineal as compared to 
non-pineal trilateral retinoblastoma and the improved survival after both pineal and non-
pineal trilateral retinoblastoma since 1995. Our analysis clearly suggested that improved 
chemotherapy regimens, especially high-dose chemotherapy with stem-cell rescue, rather 
than changes in radiotherapy, the use of which declined, or surgery, which did not change in 
frequency or type, played a major role in the increased survival. Earlier detection also seems 
to play a role in the improved survival of pineal trilateral retinoblastoma as the percentage 
of asymptomatic pineal trilateral retinoblastoma increased from 19% to 62 % and the 
median size of pineal trilateral retinoblastoma decreased from 28 mm in the previous meta-
analysis2 to 22 mm. There is some evidence that external beam radiotherapy before the age 
of 12 months might increase the risk of developing trilateral retinoblastoma. Before 1995 
familial retinoblastoma patients were more likely to be irradiated before this age for their 
retinoblastoma (as they were screened for ocular tumours) whereas after 1995 the use of 

Successful trilateral retinoblastoma treatment 
should therefore include screening at least 
at the time of retinoblastoma diagnosis and 
chemotherapy.‘‘ ”
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radiotherapy for retinoblastoma has markedly decreased. Alternatively, early chemotherapy to 
familial retinoblastoma since 1995 may have cured some incipient trilateral retinoblastoma.

Early tumour detection
Non-pineal trilateral retinoblastoma develops earlier than pineal trilateral retinoblastoma and 
the former is therefore much more likely to be diagnosed concurrently with retinoblastoma.2 
Thus, screening for trilateral retinoblastoma at the time of diagnosis of retinoblastoma is 
mandatory. The benefit of later screening remains controversial. Our meta-analysis found 
that 60% of asymptomatic pineal trilateral retinoblastoma and almost all non-pineal 
trilateral retinoblastoma were diagnosed within one year from retinoblastoma, arguing 
for regular screening at least for one year. Additional brain imaging would be needed to 
improve detection of pineal trilateral retinoblastoma (table 2; figures K and L, appendix C). 
Cystic pineal lesions can be found at the time of retinoblastoma diagnosis and it has been 
hypothesized that follow-up of suspicious pineal cysts might help to diagnose pineal trilateral 
retinoblastoma when still asymptomatic.17 

Trilateral retinoblastoma treatment
Survival after trilateral retinoblastoma has improved tremendously since 1995. The 
improvement can in part be explained by earlier detection of pineal trilateral retinoblastoma. 
However, survival of symptomatic patients has improved as well. Moreover, no patients with 
non-pineal trilateral retinoblastoma survived before 1995, but since then the use of high-dose 
chemotherapy has increased in favour of radiotherapy for trilateral retinoblastoma (table 3). 
All but one of the 22 long-term survivors received chemotherapy, and 10 underwent high-
dose chemotherapy with stem-cell rescue (table 4). There were 2 survivors of suprasellar 
trilateral retinoblastoma with a follow-up of 45 and 50 months, well beyond the latest 
death from non-pineal trilateral retinoblastoma at 33 months; one of these survivors 
received chemotherapy alone, and the other high-dose chemotherapy with stem-cell rescue 
and surgery. Regression analyses that adjusted for surrogates of lead time bias (younger 
age, symptoms, smaller tumour or absence of leptomeningeal metastasis) confirmed the 
importance of chemotherapy, especially the use of high-dose chemotherapy with stem-cell 
rescue although conventional chemotherapy also had a significant effect. However, it also 
suggested that diagnosis before leptomeningeal spread has occurred may independently 
contribute to survival. We propose that treatment for trilateral retinoblastoma should include 
chemotherapy. This does not imply that additional radiotherapy or surgery should not be 
considered. In fact, intraocular retinoblastoma is seldom cured with chemotherapy alone and 
successful treatment typically requires local consolidation.

Limitations
There was considerable heterogeneity in treatment for trilateral retinoblastoma. 
Chemotherapy regimens varied widely as did the extent of surgery, from biopsy to total 
resection. Also, sometimes it was difficult to differentiate between surgery and biopsy, as 
biopsy of a small tumour effectively could have removed the entire trilateral retinoblastoma, 
whereas unspecified surgery might only have been subtotal. To avoid overanalysis of such 
incomplete data we did not estimate the effect of surgery and radiotherapy. Likewise, because 
only 13 patients underwent biopsy its effect could not be analysed. We focused in Cox 
regression analysis on chemotherapy, because chemotherapy has become the most frequent 
type of therapy for trilateral retinoblastoma and regimens have improved considerably in 
recent years.
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Median survival time and the log-rank test may have been affected by lead time bias, because 
most categories in table 1 inherently reflect diagnostic delay (e.g. asymptomatic trilateral 
retinoblastoma is detected earlier and presents with smaller tumours without leptomeningeal 
metastases). Such bias was evident as a difference in age at trilateral retinoblastoma 
diagnosis in face of a similar age at death between subgroups. Therefore, we focused on the 
5-year survival in the results. Lead time bias was a concern especially with pineal trilateral 
retinoblastoma (figures K and L, appendix C). Asymptomatic pineal trilateral retinoblastoma 
was diagnosed much earlier (median 21 months) than those with symptoms, but the age 
at death was still comparable. Considering that the latest asymptomatic pineal trilateral 
retinoblastoma death occurred at 28 months, comparison of survival estimates at 5 years can 
be considered appropriate.

Whether and in what form publication bias may have introduced bias is hard to define. 
Numerous conceivable reasons exist why a single trilateral retinoblastoma case could be 
considered as interesting enough to publish. Cumulative survival rates might have been 
overestimated if e.g. a surviving trilateral retinoblastoma patient is more interesting to 
report and, therefore, deceased patients might be underrepresented among published cases. 
However, trilateral retinoblastoma patients are increasingly sent to tertiary centres and 17 of 
the 22 long-term survivors were part of small consecutive series in which other patients died 
of trilateral retinoblastoma, which reduces the likelihood of publication bias.5,12,17–22

Lack of histopathologic proof of trilateral retinoblastoma might have led us to overestimate 
survival, because trilateral retinoblastoma survivors without symptoms and a small tumour 
might have been false-positive cases. We did not, however, find any evidence of such a bias, 
because the percentage of long-term survivors with histopathologic proof was similar to that 
of the entire group, and all but one long-term survivor had direct or indirect confirmation of 
active trilateral retinoblastoma.

Conclusion
With due consideration to the unavoidable inherent limitations of this study, we regard the 
differences in survival large enough to reasonably conclude that the survival of both pineal 
and non-pineal trilateral retinoblastoma patients has improved over time, along with a 
reduction of radiotherapy and an increase of chemotherapy as treatment. Cox regression 
analysis supports the conclusion that chemotherapy, especially high-dose chemotherapy 
with stem-cell rescue, is the main treatment-related factor contributing to the improved 
survival after trilateral retinoblastoma. This meta-analysis also shows that early detection of 
smaller pineal trilateral retinoblastoma is important. We could not show an improvement of 
survival in the typically early detection of non-pineal, mostly supra- or parasellar trilateral 
retinoblastoma. Luckily patients with sizable symptomatic non-pineal trilateral retinoblastoma 
detected at baseline now have a comparable chance to survive with chemotherapy as patients 
with on average smaller pineal trilateral retinoblastoma. 
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