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ABSTRACT

Trilateral retinoblastoma (TRb) presents a management
challenge, since intracranial tumours are seldom times
resectable and quickly disseminate. However, there

are no risk factors to predict the final outcome in each
patient.

Objective To evaluate minimal disseminated disease
(MDD) in the bone marrow (BM) and the cerebrospinal
fluid (CSF) at diagnosis and during follow-up and
reviewing its potential impact in the outcome of patients
with TRb.

Methods and analysis We evaluated MDD in five
patients with TRb, detecting the mRNA of CRX and/

or GD2, in samples from BM and CSF, obtained at
diagnosis, follow-up and relapse.

Results Treatment involved intensive systemic
chemotherapy in four patients, one did not receive this
treatment and died of progression of the disease. Two
patients underwent stem cell rescue. Three patients

had leptomeningeal relapse and died. One patient
remains disease-free for 84 months. RB1 mutations
were identified in the five patients, all of them were null
mutations. At diagnosis, one patient had tumour cells in
the CSF, and none had the BM involved. Only one case of
four presented MDD during follow-up in the CSF, without
concomitant detection in the BM. On leptomeningeal
relapse, no case had MDD in the BM. In all these cases,
cells in the CSF were positive for GD2 and/or CRX.
Conclusion CSF dissemination always concluded in
the death of the patient, without concomitant systemic
dissemination denoting the importance of increasing
treatment directed to the CSF compartment. The MDD
presence could indicate a forthcoming relapse.

INTRODUCTION

Retinoblastoma (Rb) is the most common primary
intraocular tumour found in children. In devel-
oped countries, it has a very high rate of disease-
free survival.' > One major disease-related cause of
death observed in Rb is trilateral retinoblastoma
(TRb). This rare condition occurs in children with
the germline mutation in the RB1 gene, presenting
either with unilateral or bilateral Rb, who develop an
intracranial midline neuroblastic tumour, usually in
the pineal gland (in about three quarter of the cases)
or in the supra/parasellar region (in the remaining
quarter).” * The incidence of TRb in patients with
hereditary Rb has been recently estimated to be
around 3.5%.° The influence of chemotherapy or
radiotherapy in increasing or reducing the risk of

developing TRb is controversial.’ Therefore, there
are no current risk factors identifiers for developing
TRb.

TRbD is not considered a consequence of meta-
static tumour dissemination and most authors agree
that it is the result of the effect of the RBI muta-
tion in the neural ectoderm that shares the embry-
ological origin with retinal cell precursors. It was
considered almost invariably fatal, since intracranial
tumours are seldom times resectable and quickly
disseminate through the neuraxis.” However, inten-
sive systemic chemotherapy has proven to be poten-
tially curative, specifically in TRb cases with small
and asymptomatic, non-disseminated intracranial
tumours.® Nevertheless, after an initial response
to treatment, leptomeningeal dissemination often
occurs and represents an extremely difficult situa-
tion to treat, which generally results in the death of
the patient.” ' Although systemic clinical dissemi-
nation is seldom times seen in patients with TRb,
the current treatment protocols are based mostly on
intensifying systemic treatment, with variable uses
of central nervous system (CNS)-directed therapies
such as radiotherapy and intrathecal or intraven-
tricular chemotherapy.” ® ™" To our knowledge,
the pattern of dissemination in TRb has not been
studied molecularly. We have studied minimal
disseminated disease (MDD) in cases of meta-
static Rb as a tool for interpreting dissemination
patterns and have observed that systemic dissem-
ination present at diagnosis usually clears quickly
and completely with intensive therapy. In most
cases, leptomeningeal relapse occurs as an isolated
event, limited only to the cerebrospinal fluid (CSF)
compartment, without systemic involvement. For
those studies, we evaluated the use of the mRNA of
CRX as the preferred biomarker for the detection of
the minimal dissemination.'® Therefore, the mRNA
of CRX could also be a useful tool for scrutinising
the dissemination status in TRb along treatment, as
it has not been previously employed for evaluation
of this type of patients with Rb.

Thus, our aim was to evaluate MDD of Rb cells
in the bone marrow (BM) and the CSF at diagnosis
and also during follow-up and reviewing its poten-
tial impact in the outcome of patients with TRb.

MATERIALS AND METHODS
Patients
This was a retrospective study of patients with TRb

diagnosed and treated in the Pediatric Hospital
S.A.ML.L.C. Prof. Dr. Juan P. Garrahan (PHG) from
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April of 2006 to February of 2017 in whom MDD was evalu-
ated. The Institutional Review Board (IRB) of the PHG approved
the MDD evaluation study (IRB approval number: 751) and all
procedures were performed in accordance with ethical standards
and with the Declaration of Helsinki. All parents/guardians
signed a written informed consent allowing the MDD study.

Diagnosis and treatment

TRb was diagnosed by imaging studies when a solid pineal or
sellar mass was detected. All patients underwent head and spinal
gadolinium-enhanced MRI at the time of diagnosis of TRb.
No biopsy confirmation was required for diagnosis but it was
attempted when felt feasible for tissue confirmation. Treatment
with intensive chemotherapy followed by autologous stem cell
rescue with previously reported regimens was offered for all
patients with TRb with intention to cure. Cranial or craniospinal
radiotherapy was scheduled only for those cases that were not
achieving complete remission with chemotherapy or for pallia-
tive therapy after CNS relapse.

RB1 mutation screening

Mutation screening was performed in DNA obtained from samples
of peripheral blood leucocytes using the cetyltrimethylammo-
nium bromidemethod. PCR amplification and sequencing of the
27 exons, the promoter and the intronic flanking regions were
performed using an ABI 3130XL analyzer. All the mutations
were confirmed using as a reference for genomic alterations the
RB1 reference sequence L11910 (GeneBank accession number).
Mutations were described according to the nomenclature of the
Human Genome Variation Society (HGVS) and Den Dunnen
and Antonarakis.'” Multiplex Ligation-dependent Probe Ampli-
fication assay (MLPA) was performed using the Salsa MLPA kit
P047-B1 RB1 (MRC Holland) according to the manufacturer’s
protocol.

Minimal disseminated disease evaluation

Specimen collection and preservation

Samples of BM and CSF were collected as part of a prospectively
defined schedule: at diagnosis, following induction chemo-
therapy and in any case where relapse was suspected clinically or
by imaging studies. For extent of disease evaluation and MDD
detection, BM examination included samples of two biopsies
and two aspirates taken from each posterior iliac crest that were
sent for pathological assessment (the biopsies) and immunocy-
tology for disialoganglioside GD2 and PCR determinations for
CRX as previously described (the aspirates).!® ** Immunocy-
tology for disialoganglioside GD2 was done using the 3F8 anti-
body as previously reported and the expression of the mRNA of
CRX was evaluated by real-time PCR as previously reported.’® '8
Total 3-5 mL CSF samples were collected and the first collected
specimen was used for cytology, the second sample was taken for
immunocytology (which was done in case cell count exceeded 3
cellsymm?®), and the third sample was stored at —70°C for PCR
determinations as previously reported. For MDD determination
in CSF, we used detection of the mRNA of GD2 synthase as it
was already reported up to it was replaced by mRNA of CRX
detection.'® "’

MDD analysis

Patients in whom the mRNA of CRX was detected in the BM
and/or CSF or the mRNA of GD2 synthase in the CSF and also
showed the absence of detectable malignancy by microscopy in
those sites, were considered to have MDD. The CRX mRNA

positivity was expressed as relative expression levels according
to our previous work."*GD2 synthase results were shown as
qualitative data (positive-negative).'” The presence of MDD did
not influence any treatment decision. Specimens were processed
in a blind fashion since the pathology and the PCR operators did
not know outcome results. Descriptive analyses were performed.

RESULTS

Clinical characteristics and treatment

This study included six patients with TRb, two females and four
males. One of these patients was diagnosed with ‘quadrilateral’
Rb at 3 weeks of age. However, no MDD studies could be done
due to the age of the patient and difficulties in obtaining mate-
rial for MDD, so he was considered not evaluable. For the five
evaluable patients, the age ranged from 10 days to 11 months
at the time of diagnosis of Rb and ranged from 2 to 48 months
at the time of diagnosis of TRb. Only the patient #2 was diag-
nosed with TRb at the same time of the diagnosis of Rb. In
the other four patients, there was a median latency period of
22.75 months, ranging from 6 to 37 months. Four patients had
bilateral and one patient had unilateral eye involvement. Two
patients presented with clinical symptoms of increased intra-
cranial pressure and in three, TRb was detected in a follow-up
routine examination (table 1).

Diagnosis and extent of disease evaluation

The pineal gland was involved in four patients and the sellar
area in one patient (table 1). The maximal diameter of the pineal
tumours ranged from 12 mm to 25 mm. A biopsy confirmation
of the pineal mass was attempted in two cases. CSF examina-
tion was negative for Rb cells in four patients at the moment of
diagnosis of TRb but there was imaging evidence of leptomenin-
geal dissemination in one case with positive cytology in the CSF
confirmed by GD2 ganglioside immunocytology (table 1).

In all patients, germline mutations of the RB1 gene were iden-
tified, they were: 1 bp deletion in exons 7 and 10 in two patients;
2 bp deletions in exons 18 and 22 in two patients (table 1). These
mutations led to frameshift, premature stop codon appearance
and a generation of a truncated non-functional RB protein. They
occurred in short sequence-repeats in three cases: CC, AAAA,
AAA (patients 5, 1 and 3) and in an environment of several short
repeats in the case of a T-del (patient 2). These data suggest a
slippage of DNA polymerase during DNA replication. MLPA
analysis revealed a deletion of a whole RB1 gene plus a centro-
meric ITM2BS gene and a telomeric RCBTB2 gene in one patient
causing an absence of RB protein.

Treatment and outcome

Three patients received intensive chemotherapy for the initial
treatment of TRb. Two patients achieved a complete response
and continued with consolidation with autologous stem cell
rescue (table 1). However, both patients had a leptomenin-
geal relapse at 8 and 3 months after transplantation and died
of CNS dissemination shortly thereafter. The remaining patient
had severe haematopoietic toxicity and infectious complications
during induction chemotherapy and needed prolonged admis-
sion to the intensive care unit. Thereafter, the parents declined
continuing further therapy. A stable disease status was obtained
on the evaluation of response to induction chemotherapy
(figure 1). This patient was enrolled into an experimental immu-
notherapy phase I study with Racotumomab (an anti-idiotype
vaccine) and remains in follow-up without clinical evidence

2

Torbidoni AV, et al. Br J Ophthalmol 2018;0:1-5. doi:10.1136/bjophthalmol-2018-312263

"ybuAdoo Ag pajoalold 1senb Ag 10z 1snbny /g uo jwod fwg olg;:dny wouy papeojumod "8T0Z 1snbny £z Uuo £92ZTE-8T0Z-Ioweyiydolg/9eTT 0T Se paysiignd 1siy ;jowreyydo 19


http://bjo.bmj.com/

Br J Ophthalmol: first published as 10.1136/bjophthalmol-2018-312263 on 27 August 2018. Downloaded from http://bjo.bmj.com/ on 27 August 2018 by guest. Protected by copyright.

[+)]
(%}
[ =
)]
'S
v
-
.m *Buibew) dnaubew adueUOSAI ‘[|AY ‘DSEISIP PAIRUIASSIP [BWIUIW ‘QQIA ‘UOX] 'J ‘UO3|IP 3P ‘WaIsAS SNOAIBU [AUSD 'SND
© "Rep | x Repy,w/bw o | uejeydipN+shep g x Aepy,w/bw oz | ueynsngs
(=) “(asop/bw {°0) uedaodoy [eaYRLUI JO SBPPAY (0 |+3s0p/BYy/Bw 9:9 apisodolaasop/By/Bu /£°g| une|dogued/asop/by/B GO0 SURSLDUIA YHM S3|IAD XISE
e "(k9d 00SY :eaue eauid 31500g *ADd 0zG7) Adeiaylolpes jeuidsoluel)
-l “(skep g 104 Aep/,w/Bw 0ge) apisodol] ‘(shep 1 1o} Aepy,w/b 9|) apiweydsoydopA) ‘(shep g soj Aepy,w/Bu og€) unejdogued
(1 aunby) gewowniodey uopod doig syluow 9:qyl <«
sanbjuyda) ay} | Yyym spuswouw sisoubelp ynm Adessyrounwiw Ylysawe.q skep 01 :qy
pajen|es ay} Jo [|e ul anebau |\ g QYL J9)4e syuow g NIy 's9J2Kd 334y3 :(1ZE0 asop/By/bw 9°9 apisodoya/asop/hy/b €6/XS)585Hd (o1uoydeIB )
45D 8y} ul annebau 'ssew [enpisay  |3¥y D0D) Adessyrowsyd /g unejdogied/asop/bdy/bw Go°Q dUNSLOUIA (W 7|) SSew |eauld/(Syiuow g JD[ep8s Buluaains |esdle|lg <«
aaw :dn-mojjoy pue sisoubeiq  “Buibewn Aq asuodsal |eiieq D1WR)SAS UM uoIdNPU|  YIIM UoIINpaowayd diwalsAs Jo sapAd sauy] ‘ww | |) ssew [eauid snopidsng -/50051°6:81 3 1e payaleQ Gy
uolisiap ,sjualed o} anp pajenjend 9ka papaye Jo uoneapnua Aq pamoj|oy 19p za14>Y ‘Syluow 9¢ gyl <«
jJou 319M asdejas pue dn-moj|o4 asop/by/bw 99 apisodolasasop/by/bw /gL -194-S9zINLID ‘syuow
‘INg pue ‘sisoubelp uolispap unejdogued/asop/6y/bw g°Q dUNSHUIA (ww  audb ;gy ajoym Buiuaains €:qY [esreun <«
45D ays ul aaebau gg sisoubelqg gy Ja)e syuow 9 peaq siuaied 0} NP JUBWILI ON  YHM UOIDNPaIOWaYD dIWa)sAS Jo SaAd XIS G'i7]) [eauld/(SYIuow €) [ewloN 3y} Jo uonafRq 1e papalaq Py
sanbjuyda) ay} |e yum sjuswow  asdejal Jaye skep oz :yreaq
palen|ens ay} Jo e ul aniebau |\ g jue|dsues) |92 wals  andsal |32 wals Ag pamoj|o} uopod
'sanbiuyda)  Jayye syjuow ¢ (uoneuiwassip  §Adessyrowsyd asop ybiH £ 096¢ Adesayyoipes weaq |eussixe doys Yiysowesy syluow 47 :qyl <«
3y} ||e yum aninsod 45 :asdejpy  [eabujuawoyda)) asdeas SND 's9PAd U0y (Lze0  pue asop/By/bw 9:9 apisodola/asop/by/b snjeydadoipAy €6/X5)/9/N'd  (uoisuapadAy sypuow
45D 8y} ul annebau Adesayy aupisiy yum 134y D0D) Adessyrowayd  £°g| unejdogued/asop/By/buw G  SuBSLOUIA "(Ww Gg) ssew [eauld  YV|9PS8/E80791'D |elueneur) 6:qY [e1Rle)lg <«
@ain :dn-mojjoy pue sisouberq  asuodsai 213|dwod pansIydYy DIWRISAS YUM uondNpU|  Y1IM uondNpalowayd J1wa)sAs Jo sapphd anl /(Syruow | ) |ewiopN 173 dnewoydwiAs €,
sanbjuyda} ay} |[e Yum syuswouw uoissaiboud
pajen|eas ay} Jo |je ul annebau g 19)e shep 91 :y1eaq
‘sanbjuyday ‘sisoubelp Jaye uopo> dols Syjuow 7:qyl <«
3y} |je yum aamisod 457 :esdej@y  sypuow g uoissaiboid SND tuedajodoy Ylysawelq syjuow
4$ 3y} ul aAnebau ‘Adesayy auij1say  |edayrenul + Adessyjowsyd (ww 9'71) crexsieizrd Buiuaans 7:qy |essle)lg <
@aw :dn-mojjoy pue sisouberq yum panaiyde asuodsal |eilied 950p 31eJaPol 3UON ssew Je|jaseidns pue Jej3s  1[3p 088956 :/ 3 1e papaleQ Ty
'sanbluyda) Ay} [|e YyHM spuswiow
pajen|es ay} Jo [je ul aniebau |\ g S10128} SU
'sanbiuyday fBojoyped jo asnedaq e-| skep w/bw oL
3y} ||e yum anmsod 45D :asdejay asdejar  andsal |22 wajs Aq pamojjoy  apisodoya pue g pue | skep Aep/,wi/bu 0G5
‘aseyiuhs JRye syluow 7 1e yreaq  Adessyrowsyd asop ybiH  unejdogued yum buieusaye ‘(| Aep) Aep/by uopod dolg
7ao 1oy ansod gq|A :dn-mojjo4 ‘Juejdsueny 9> ways  JAdessylolpes jeuidsoluel) /bw g9 :apiweydsoydofd ‘suo Aep asop  uoneulwassip [eabujuswolds) 1lysawely syluow gy :qyl <«
‘7@ Jaye sywuow g je asdeds SND s3> unoy (10 /,w/Bw g :upigniep) ‘auo Aep asopy,w/bu snjd (ww og) ssew [eauld epexsizyeld  (uoisuapadAy sypuow
10} Abojoyfoounwiw| dAINSO 4SD “Adesayp sulj3sap yum 139y DOD) Adessyrowsyd g :dunstdUIA yim Adelsyiowsypd wuean(pe J(ww o) VIep |elueldeul) 11:qYy [eiole]lg <«
:sisoubejq  asuodsas 333|dwod pan3iydy 1WasAs yum uondnpu| 4o saPAd g A pamoj|oy uonespdnua [esdle|ig uoisa| [eauld |njgnop syuow 9 y1yr9b:01 3 diewoydwAs Ly
asdejal awodnQ qyl sisoubelp qy| 03 Jorid yuaunealg (ww ur J9)3Welp [ewixew uoneny  uonejudsaid (syjuouw) sisoubelp
pue dn-mojjoy ‘sisoubeip 1e 10} JusW)EaI} BUI[IUOIH :9z1s) sisoubelp qy] 1e |edwr) gyl e pue sisoubelp
sa1pn}s uoneulwassiq /sisoubeip qy] snoinaid YN qy 1e abe) Juaned
paIpnis qy1 yum syuaned ayi ul pawlopiad suoien|eas pue sdnsisldeleyd syl buisewwns ajgqe] | d|qel

10.1136/bjophthalmol-2018-312263

1-5. doi

0

i

Torbidoni AV, et al. Br J Ophthalmol 2018


http://bjo.bmj.com/

Laboratory science

Figure 1

(A—F) MRI of patient 5. (A-B) MRI at diagnosis of TRb. Contrast-enhanced T1-weighted images demonstrate the enlarged pineal gland

with nodular homogeneous enhancement size:12 mm in maximum diameter. (C-D) MRI after induction chemotherapy. Contrast-enhanced T1-
weighted images demonstrate the enlarged pineal gland without significant changes compared with diagnostic images. (E-F) MRI of the most recent
evaluation, 7 years after the diagnosis. Contrast-enhanced T1-weighted images demonstrate pineal lesion decreased in size (size: 7.8 mm in maximum

diameter) with relative decrease in the intensity of contrast enhancement.

of disease for 84 months. The size of her pineal mass reduced
over time measuring a maximal diameter of 7.8 mm in the last
follow-up (figure 1).2° One patient had severe complications
during the biopsy and her parents declined further therapy. She
died of leptomeningeal dissemination 6 months thereafter. The
remaining patient was treated with moderate dose of systemic
and intrathecal chemotherapy as per parental request and had
CSF dissemination after 24 months of diagnosis and died within
16 days after dissemination.

Dissemination studies

Only one patient presented malignant cells in the CSF at diagnosis
of TRD, the other four patients had negative CSF cytology and
MDD at the moment of diagnosis of TRb. BM was not involved
in any case and MDD was also negative at all-time points. One
patient had MDD in the CSF during follow-up. In this case, MRI
imaging studies after completion of therapy showed a residual
image of uncertain interpretation. Nine months after this eval-
uation, overt leptomeningeal relapse occurred in this child. The
remaining patients were also negative during response to treat-
ment evaluation (table 1).

There were two patients who had a leptomeningeal relapse
with positive cytology for Rb. In these cases, malignant cells
were positive for GD2 synthase and/or CRX. In one case, CSF
and BM evaluation at the moment of relapse was not performed
because of parents’ choice. BM was negative for MDD at the
moment of CSF relapse in all three patients studied (table 1).

Four patients died of progression-relapse of the disease and
one patient (described above) is alive with a follow-up of 84
months after the diagnosis of TRb (table 1).

DISCUSSION

As opposed to our findings in metastatic Rb, where systemic
dissemination was present in a majority of patients at diagnosis,
there was no evidence of clinical or molecular dissemination at
the time of the diagnosis of TRb.'® The pattern of MDD that
we observed in patients with TRb at diagnosis in our study was
more comparable with that seen in relapsed Rb in the CSF where
the tumour manifestations were limited to the CSF compartment
without concomitant systemic dissemination.”’ Even though
clinical observations usually report no systemic dissemination
in these cases, experimental reports of other paediatric CNS
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tumours show that occult molecular systemic dissemination
may contribute to CNS dissemination.”” However, this does not
seem to be the case in TRb as no systemic evidence of MDD
was seen in our five patients with TRb at diagnosis and also at
the event of relapse in three of our patients. This suggests that
in cases of TRb, failure to control leptomeningeal dissemination
acting as a sanctuary site was the most likely the cause of relapse
in our patients coincident with previous clinical reports.” 12 %
Current strategies for the treatment of TRb are focused on the
use of high-dose systemic induction chemotherapy, with vari-
able use of CNS-directed therapies followed by myeloabla-
tive chemotherapy with stem cell rescue, in order to achieve a
maximum effect in this chemo sensitive tumour.® Although this
strategy leads to high response rates, there are still an important
percentage of patients (56% and 43%, patients with pineal and
non-pineal lesion) that succumb.® In our series, four of five
children had leptomeningeal relapse and died. Leptomenin-
geal involvement at diagnosis is a poor prognostic factor and
leptomeningeal relapse is virtually incurable.* The blood-brain
barrier limits the penetration of chemotherapy drugs to the
CNS, probably being a major determinant of treatment failure
in these cases. The chemotherapy doses used in those strategies
are already maximal in terms of toxicity, so it is not possible to
increase them in order to improve results. Our study shows that
since there is no detectable systemic disease at any time during
TRD disease course, one way of delivering chemotherapy with
potential activity to the compartment where most of the relapses
occur would be intraventricular or intrathecal chemotherapy.
Intraventricular chemotherapy has been used for TRb, with
encouraging results in at least two reports.'> ¥ Topotecan and
thiotepa, two drugs with proven activity for Rb, have been used
by this route and may become possible options.”® As we found
for metastatic and non-metastatic Rb, a positive MDD test in the
CSF during follow-up in an asymptomatic patient may herald
the occurrence of overt relapse also in TRb.?! The use of our
molecular markers also helped to confirm the malignant nature
of the CSF cells, since the specificity of conventional cytology in
asymptomatic patients with a positive CSF has not been studied.

It is noteworthy that the only surviving patient had localised
TRD resistant to chemotherapy but despite the solid appearance
of the pineal mass on the MRI (figure 1), it was not biopsied, so
its malignant nature could not be confirmed. However, tumour
size decreased gradually from an initial maximal diameter of 12
mm to the current diameter of 7.8 mm after an experimental
immunotherapy treatment. This immunotherapy was designed to
induce an immune response against the N-glycolil GM3 gangli-
oside and it was already tested in phase I study in patients with
neuroblastoma.?’ We have previously demonstrated that Rb cells
showed important amount of this ganglioside.** Inmunotherapy
is under consideration for other brain tumours, so we could not
rule out the possibility of a contribution of the immune system in
limiting intracranial tumour progression in this case.”

In conclusion, in the TRb cases studied, leptomeningeal
dissemination without concomitant molecular systemic dissem-
ination was the principal cause of death, and MDD detection
might herald leptomeningeal relapse.
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