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Abstract

Retinoblastoma (RB) is the most common childhood intraocular malignancy. Delayed presentation due to a lack of awareness and
advanced intraocular tumors are a common scenario in low-middle income countries (LMICs). Remarkable treatment advances
have been made in the past few decades allowing globe salvage in advanced intraocular RB (IORB) including systemic chemo-
therapy with focal consolidation and targeted treatments like intraarterial chemotherapy and intravitreal chemotherapy. However,
a lack of availability and affordability limits the use of such advances in LMICs. External beam radiotherapy, despite risk of sec-
ond cancers in RB with germline mutations, still remains useful for recalcitrant RB not responding to any other treatment. When
choosing conservative treatment for advanced IORB, the cost and long duration of treatment, morbidity from multiple evaluation
under anesthesias (EUAs), side effects of treatment and risk of treatment failure need to be taken into account and discussed with
the parents. In this article, the authors discuss the ICMR consensus guidelines on the management of IORB.
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Introduction

The management of intraocular retinoblastoma (IORB) has
evolved tremendously over past few decades. With the advent
of targeted therapies, ocular salvage in retinoblastoma (RB)
has achieved unprecedented heights. However, in resource
constrained countries, use of newer treatment modalities is
limited by availability and affordability. Late presentation
and high abandonment rates are typical to low-middle income
countries (LMIC) and present unique challenges in manage-
ment. Herein, the authors describe the management of IORB
based on resource availability and level of evidence that may
be best fit for treatment of IORB in LMICs.

Material and Methods

The current manuscript is written with the aim of devel-
oping a national consensus guideline for practitioners
involved in the management of IORB. The guidelines were
drafted after an exhaustive review of literature including
national and international data and three rounds of meet-
ings amongst the experts in the field of RB nominated by
ICMR. A consensus was drawn on controversial issues and
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the final guidelines were circulated on the website for a
period of 30 d as per ICMR rules for any external com-
ments from other experts [1].

Management of IORB

Treatment of IORB primarily depends on: the intraocular
tumor classification, presence of germline mutations, dis-
ease laterality, multifocality in unilateral disease, psychoso-
cial situation of the family, treatment compliance and exist-
ing institutional resources [2, 3].

Classification of IORB

IORB can be classified using International Classification
of Retinoblastoma (ICRB) Philadelphia version or Interna-
tional Intraocular Retinoblastoma Classification (IIRC), the
Children's Hospital Los Angeles version / TNM AJCC 8th
edition/ Children Oncology Group classification version [3].
The 2 most commonly used classification schemes are IIRC
and ICRB (Table 1). Both classifications are based on the
extent of tumor involvement of ocular structures and guide
local disease management i.e., conservative treatment vs.
enucleation. ICRB is the most commonly used classification
in Indian studies [4].

ICRB and IIRC mainly differ in class allocation of group
D and E eyes. A study evaluating the same found that group
assignment of 5.2% of the eyes (25% of group E eyes) was
different in the two classification systems [5]. Also retinal
detachment (RD) is not used as a criterion for classifying
groups C and D tumors in ICRB. However, eyes with dif-
fuse RD may harbour subretinal seeds (SRS) and thus have
poorer treatment outcomes.

Consensus: For tumors with RD, IIRC criteria of classifi-
cation may be used: tumors with RD <1 quadrant may be clas-
sified as group C and those with>1 quadrant RD as group D.

Germline Mutations

Nearly 40% of RB patients carry germline mutations (GLM)
in RB1 gene. GLMs affect all cells of the body and predis-
pose the patient to secondary non-ocular cancers.

GLM can be presumed from presence of bilateral disease/
family history or multifocality in unilateral disease. Early
presentation (in first 6 mo of life) may also point towards
GLM. Although genetic testing is definitive for identifying
the mutation, its use is limited by cost in LMICs.

RB patients with GLM can develop midline neuroectoder-
mal tumors, alternatively known as pinealoblastoma, most
of which develop under the age of five years. The estimated

Table 1 Comparison of the two IORB classification systems

Intraocular Classification of Retinoblastoma (ICRB)

International Intraocular Retinoblastoma Classification (IIRC)

(in basal dimension/ thickness)

Retinoblastoma <3 mm

<3 mm confined to the retina and >3 mm from the foveola

Group A (very low risk) All tumors

ptic nerve. No seeds

and >1.5 mm from the o

Retinoblastoma >3 mm (in basal dimension or thickness/ Macular in location
(<3 mm to foveolar/ Juxtapapillary location (<1.5 mm to disc)/ Additional

subretinal fluid (<3 mm from margin)

Eyes with no vitreous seeds and discrete retinal tumor of any size or location.

Group B (low risk)

Small cuff of subretinal fluid not extending >5 mm from the base of the tumor

Retinoblastoma with: Subretinal seeds <3 mm from tumor/ Vitreous seeds <3 mm

Group C (moderate risk) Eyes with focal vitreous and subretinal seeds and discrete retinal tumors of any

from tumor/ Both subretinal and vitreous seeds <3 mm from tumor

size and location. Up to one quadrant of subretinal fluid/ RD

Eyes with diffuse vitreous and/or subretinal seeding and/or massive, non-discrete Retinoblastoma with: Subretinal seeds >3 mm from tumor/ Vitreous seeds >3 mm

Group D (high risk)

from tumor/ Both subretinal and vitreous seeds >3 mm from retinoblastoma

endophytic or exophytic disease; Eyes with more extensive seeding than Group
C; Massive and/or diffuse intraocular disseminated disease including exophytic

disease and >1 quadrant of retinal detachment

Extensive retinoblastoma occupying >50% globe/ with Neovascular glaucoma/

Group E (very high risk) Eyes that have been destroyed anatomically or functionally with one of the

Opaque media from hemorrhage in anterior chamber, vitreous or subretinal space/
Invasion of postlaminar optic nerve/ choroid (>2 mm), sclera, orbit, anterior

chamber on baseline imaging (CE-MRI)

following: Irreversible neovascular glaucoma, massive intraocular hemorrhage,

aseptic orbital cellulitis, tumor anterior to anterior vitreous face, tumor touching

the lens, diffuse infiltrating retinoblastoma and phthisis or pre-phthisis

CE-MRI Contrast-enhanced magnetic resonance imaging, /ORB Intraocular retinoblastoma, RD Retinal detachment
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chance of developing pinealoblastoma is less than 0.5% among
unilateral, 5%-13% among sporadic bilateral and 5%-15%
among familial bilateral retinoblastoma [6]. The downward
trend in incidence of pinealoblastoma noted during the chem-
oreduction era, points towards a possible chemoprotective
effect. Other authors believe that this may be related to the
lack of use of external beam radiotherapy (EBRT) [7].

Studies show that EBRT significantly increases the cumu-
lative risk of second cancers in patients with GLM (35.1%
compared to 5.8%) [8].

Consensus: IORB with GLM may be screened with base-
line magnetic resonance imaging (MRI) brain for pinealo-
blastoma. In view of low incidence and poor treatment out-
come of pinealoblastomas, routine follow-up screening for
same is not recommended.

IORB with GLMs may preferably be treated with systemic
intravenous chemotherapy (IVC)

Management of Unilateral Retinoblastoma
(Fig. 1a)

Retinoblastoma manifests unilaterally in all non-hereditary
retinoblastomas and around 15% of hereditary RBs. It thus
accounts for nearly 60% of all RB cases. Management of
unilateral IORB is summarised in Tables 2 and 3.

Conservative Treatment
Group A-C Retinoblastoma

While group A RB can be treated with focal treatment (FT)
methods, groups B and C are most commonly treated with
chemoreduction followed by FT. The reported success rates
of treatment with chemoreduction (VEC protocol: vincristine,
etoposide, and carboplatin) and FT is 100% for group A, 93%
for group B and 90% for group C [4]. Studies from India also
report similar globe salvage rates: 100% for group A, 94-100%
for group B and 83-100% for group C [9, 10]. Alternatively,
they can be treated with intra-arterial chemotherapy (IAC).
Globe salvage rates of 100% in groups B and C have been
reported with primary IAC [11].

Chemoreduction

When systemic chemotherapy is used to reduce shrink retinal
tumors in order to make them amenable for FT, it is called
chemoreduction (Table 4). It is used in groups B-D tumors.
Chemoreduction is known to reduce tumor height by 49% and
base-diameter by 35% after 2-3 cycles with some regression
of vitreous seeds (VS) and resolution of RD in about 50%
cases. Therefore, FT is started at this time. Six cycles of treat-
ment have shown to reduce tumor relapse/ recurrence when

@ Springer

compared to only 2 cycles. The high-risk clinical features for
failure after chemoreduction include older age at presentation
(>12 mo), greater tumor thickness (base-diameter >15 mm,
and height >5 mm), presence of VS and/or SRS, and retinal
tumor recurrence [3, 12]. In children <6 mo of age, systemic
chemotherapy may have long term side-effects.

Consensus: In children <6 mo of age, 2 drug chemother-
apy with vincristine and carboplatin may be preferred to
reduce long term side-effects.

Consensus: In view of low toxicity, easy availability and
high globe salvage rates in groups B and C, IVC remains
the ideal treatment.

Focal Treatment Methods for Retinoblastoma

The focal consolidation methods for treatment of RB are
effective in tumors <2 mm in height and include laser pho-
tocoagulation, transpupillary thermotherapy (TTT), and
cryotherapy. Laser photocoagulation, unlike TTT, produces
significant scarring and hence is avoided for macular tumors.
TTT can be used in larger tumors, also in combination with
intra-venous carboplatin, administered within 24 h, this is
termed as chemothermotherapy. Cryotherapy can be used
for tumors anterior to equator, and to augment penetration
of systemic chemotherapy for treatment of VS.

Response Evaluation of Tumor

This is based on ultrasound examination and direct visualisa-
tion of retinal tumor on serial evaluation under anesthesia
(EUAS). A single target tumor is identified and measured at
baseline EUA. After chemoreduction, tumor achieves a min-
imum height which is important to assess any subsequent
increases in tumor size and hence tumor progression. A con-
sensus on the response criteria for retinal tumors, vitreous
and subretinal seeds was published recently (Table 5) [13].

Group D Retinoblastoma

The definition of group D varies in ICRB and IIRC classifi-
cations, resulting in an inability to compare different studies.
Conservative treatment in unilateral Group D RB is long,
expensive, has side-effects and often fails, requiring second-
ary enucleation [14]. Declining trends of enucleation and
improving globe salvage rates have been reported by several
studies and make the decision for primary enucleation vs.
conservative treatment tougher for clinicians and patients.
In a survey evaluating treatment of group D RB worldwide,
authors reported enucleation in mean 29% cases across all cen-
tres. Chemoreduction was the most common primary modal-
ity used with a mean of 57% per centre [15]. Studies report
a globe salvage rate of 47% in group D eyes with complete
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(a)

| Unilateral Retinoblastoma |

() Signs of GLM

¢ Close monitoring for metachronous involvement of
other eye
(+) e Baseline screening with MRI Brain for pinealoblastoma

Multifocal/ familial/ <6 mo age

ICRBGrp D

~

ICRB Grp A

ICRBGIpE | | ICRBGrpE

|ICRB Grp B/C/D |

| ICRBGrpB/C |

l unwilling for

enucleation
IVC/IAC+FT

willing for

enucleation R
—— | Enucleation

.

IVC preferable to
IAC+ FT

Age >6 mo Age <6 mo

IVC f/b enucleation OR
upfront enucleation
followed by implant
exchange at later age

(b)

‘ Bilateral Retinoblastoma ‘ Baseline screening with MRI Brain for

pinealoblastoma in all cases

‘ Bilateral Group B/C ‘

Bilateral Advanced (Group D/E) ‘

One eye Group D/E and
other eye Group B/C

IVC +FT
OR Bilateral tandem IAC

IVC f/b enucleation of worst eye and
IAC of better eye
OR
Enucleation of both eyes

Fig. 1 Treatment algorithm for IORB (a) Unilateral retinoblastoma
(b) Bilateral retinoblastoma. CR Complete regression, EBRT External
beam radiotherapy, f/b Followed by, FT Focal treatment, GLM Ger-
mline mutations, Grp Group, IAC Intra arterial chemotherapy, /CRB

response (CR) and FT of around 71-94% with IAC or intravit-
real chemotherapy (IvC) after chemoreduction [4, 11]. Kiratli
et al. reported ocular salvage in 76.7% of eyes in group D
patients with primary IAC compared to 43.2% with IVC. How-
ever, IAC is costlier and scarcely available to patients in LMICs
[16]. The risk of metastasis, as reported by Abramson et al. is
6% [17]. Berry et al. evaluated treatment outcomes of Group D
RB using chemoreduction along with intravitreal melphalan for
seeding and reported overall salvage rate of 75% [18].

IVC f/b Enucleation of
worse eye and FT of better
eye

T

‘ IAC/ Brachytherapy/ EBRT/ Enucleation

Enucleation of worse
eye and IAC of better
eye

International classification of retinoblastoma, /ORB Intraocular retin-
oblastoma, /VC Intravenous chemotherapy, MRI Magnetic resonance
imaging, PR Partial regression

Consensus: Both IAC and intravenous chemotherapy may
be used for group D RB, depending on availability, if parents
of the child refuse enucleation.

Group E Retinoblastoma
In a study from North America, globe salvage was evaluated

in group E eyes using IVC alone or in combination with low
dose EBRT (23 Gy) with a reported globe salvage of 20/42

@ Springer



Indian Journal of Pediatrics (November 2024) 91(11):1166-1176

1170

3nip ¢ prepuelg
J¥H 10j owayd juean(py
[020301d Aderayjoudy)
pa3erdwod 9q Isnw Aderayowayd Jo S9[9Ad 9
uone9ONuUd Arepuosds Suro3iopun syuaned ug
U2AI3 2q Isnw Aderayowayd jueAn(pe Jo s9[040 9
T¥H 180130703y pue uones[onua juorydn JuroSropun sjuened uy
SaIN)eJ [ed130[0)STY YSLI-YSIY 10J Aderdyjowdyd jueanlpy
"9A0Qe pajels se Aderoyowrayd
SNOUQABIIUL JO SIYUq J[qIssod 0} anp paSIowo sNSUISUo)) DVI 01 9[qeidjaid s1 Aderoyjowayd snousAenu]
ewiojsejqoundl (-g dnois) jusuneay,
‘ol 9 unyj §sa] a8 pun Gy Jo SN[ ys14
Y81y (p2180]0IPDA 40 [DIIUIID OU YJIM SaK2 Ul padiafaad aq Kvus
UONYI|INUI PIAD]IP IDY] IPVUL SDN SNSUISUOI—IMOIT TR[NO0
PUE [831GJ0 10} w1} SUIMO[[E UOIBI[ONUD PIKB[IP JO JYIUdq
0] UONIPPE UI 943 1910 JO JUSWIAJOAUT SNOUOIYILIOUL JO

Kerop /stxejAydoid oyqrssod pue Aderoyowayd yIim a3ejueape ‘uoneaonue 0) Jotid pargsturiipe st AdeIay)owayd sased yons uf ‘a3 Jo oW § pUoAaq UOT)BI[ONUD
QA0QE 2} JO M3IA U] ‘STINJ 2uI[prw jsurese sixejAydoid Ae[op 0] ‘93e Jo ol 9> 33e pue SAINJBIJ [BIISO[OIPEI IO [BIIUID YSLI YSIY ou Y)Im SIA3 5 dnoas Jo ased ul auop 2q ABJN
sopraold Aderoylowayod Jey) 9OUIPIAD 4 [IAQ] ST A, uonea[onNud AIBpPUOIIS

INO'1d PUe BI9[OS ‘Joquieyd JOLIdjue
JO UOISBAUT ‘UOISBAUT [EPIOIOYD SAISSEW SPN[OUT SISEISBIOW
o1w)sAS Jo st 1oy3ry Junorpaid sarnjedy [eor3ojoipey
“TIHY s1o1paid erwreyidng aarssewr pue ewojAyde)s
‘uoAdodAyopnasd ‘ewroyd£y jo oouasaid ‘snIny[ed [e31qI0 JO
K10)81y ‘own Fef 105uo] ‘uoneuasaid je 93e 19p[o) saIne) S3INJB3J [BIIF0[0IPL J0 [BIIUI[D S Y31y s gy g dnoin 1oy uop 2q Isnjy
[eOTUI]O UTE}IRD JO 90UasaId JBy) 90USPIAD € [QAQ] ST AT, uones[onud yuorydn
(4 ewojsejqounax g dnois) jusuneasy,
a3e jo A £ [ dn mof[of Tenuuy

K ¢z WnuIXpW pu p ) Spm K 1 10§ dn mofjo} ATypuow 4

pariodai £ouzipy wnwiunu ) 1ey) UdAI3 uodn poaide sem K 1 103 dn moy[oy A[qyuowr ¢

dn morroy Surmor(oy 2y} ‘uonejuasaid snouoiyoriow 10 dn ow 9 )sT Joj dn mO[[0J A[[eam 9
MO[[0} Jo Aouonbary Jurpre3ar a1njeIdNI Ul 9oUBpINg Ou SI AIAYJ, :dn mo[[0] papuaWIIOIDY

(uoneyuadsaad snouoayoeiw) LI J13Y)0 ul Jown) 10j dn-mo[[oj 3so[)

"QWES JO UOTI9)0p
A[rea 10§ SurSewr yeadal J0J pasu OU ST I3Y) JeY) PIISe sem
11 ‘oSejueape onsougoid Aue opraoid Jou se0p UONIN)IP A[Ted
pue Jood K104 ST JANJ QUI[PIW JO SWOINO JUAUWILRAT) Y} Sy
"Pa1BQap Sem UOT}OIOP A[Ies 10§ SurSewr jeadar 10§ pasu Ay,

"LANd
QuI[pIw Jo uondjap Apres ur djoy Aew s[eAIdiur A[iuow g je
SurSewr pojeadar uo SUTUSIOS JBY) AOUIPIAD € [IAJ] ST AT, uonejuasaid je paurroyrad oq isnw urerg pue 3110 [N 9D
SLANJ 2uI[piu J0J SUIIIIG 5
o0
=)
SNSUISUO)) PUB NUIPIAT UOI)BPUIWIWIOIIY g,

AQs

IO paunrguod/pawnsaid yim gyOI "IN 10j [090101d T d|qelL



Indian Journal of Pediatrics (November 2024) 91(11):1166-1176 171

(48%) vs. 4/5 (80%) respectively and no metastasis at 5y
follow-up [19]. A study from the Indian subcontinent in
group E eyes with neovascular glaucoma without buphthal-
mos reported globe salvage in 16/37 (43%) eyes at a follow-
up of 20 mo [20].

Although several studies report use of IAC in primary or
secondary settings for salvage of group E eyes with variable
outcomes [19-36%], it’s use in group E eyes remains contro-
versial, as it does not treat systemic micro-metastases [11, 21].

Consensus: All unilateral group E IORB must be treated
with upfront enucleation. Group E eyes with severe buphthal-
mia and a risk of globe rupture during upfront enucleation
may be treated with chemotherapy prior to enucleation.

Risk of Metachronous Involvement

protocol in order to avoid leukemogenic chemotherapeutic

drug chemotherapy was agreed upon as a consensus chemo
agent etoposide.

Since there is only level 4 evidence for this indication, 2

Evidence and Consensus

In a study evaluating 480 children with unilateral RB,
authors found that 3.1% children later developed metachro-
nous bilateral i.e., contralateral eye retinoblastoma [22]. The
latency period varied from 30 d to 2.3 y after initial diagno-
sis. The risk of developing metachronous disease was higher
for children diagnosed at age <0.5 y compared with those
diagnosed after 0.5y (19.6% vs. 1.2%), and for multifocal
compared with unifocal unilateral RB (17.1% vs. 2.2%).
Genetic analysis in unilateral RB thus can help to recognize
children at high risk of developing metachronous bilateral
disease, thus allowing a risk-adjusted follow-up and early
treatment [23].

Consensus: Unilateral IORB presenting at <6 mo of age/
multifocal disease/ familial disease must be closely followed
up for metachronous involvement of other eye.

Advanced Presentation and Enucleation

There are relatively fewer studies specifically evaluating
unilateral RB in literature. Survival outcomes are clearly
superior to bilateral disease [24]. Most unilateral RBs pre-
sent with a delayed presentation, older age and advanced
IORB i.e., group D/E as compared to bilateral disease [2, 25,
26]. A study from North America looking at unilateral RBs
showed that 40% eyes with unilateral RBs were advanced
Reese Ellsworth stage V, with a mean age of presentation
of 16 mo [27]. A similar study from Egypt reported 75%
patients presenting with group D/E retinoblastoma (41.9%
group D and 33.5% group E) [28]. Another study from Latin
America reported advanced IORB in 71% patients with a
mean duration of symptoms of 22 mo [29].

Enucleation is the preferred treatment for advanced uni-
lateral IORB. It is economical in terms of cost and duration
of treatment and spares patient morbidity from multiple
EUA, chemotherapy and/or EBRT. The vision outcomes

Standard 3 drug
For delaying enucleation

2 drug

CE-MRI Contrast-enhanced magnetic resonance imaging, GLM Germline mutations, hHRF Histological high-risk features, JAC Intra-arterial chemotherapy, /ORB Intraocular retinoblastoma,

PLONI Postlaminar optic nerve invasion, PNETs Primitive neuroectodermal tumors, UL Unilateral

Table 2 (continued)
Recommendation
Chemoreduction group B-D
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Table 3 Management guide for unilateral retinoblastoma without GLM

Upfront enucleation Chemotherapy (Intravenous chemotherapy/ Focal treatment
IAC)
Ideal e All group E* e ICRB groups B and C Retinal tumors with fish flesh
o Diffuse infiltrating retinoblastoma e Group D unwilling for enucleation or mixed pattern regression
e Group D retinoblastoma, willing for following 2 cycles of
enucleation chemoreduction
Consensus: In view of poor globe salvage rate Consensus: In view of low toxicity and easy avail-
and vision salvage, long duration of treatment ability and salvage rates as high as 100% in groups
and high incidence of secondary enucleation, it B and C, intravenous chemotherapy (IVC) remains
was agreed that ideal treatment for unilateral the ideal treatment for group B and C tumors.
group D treated must be enucleation. Both IAC and IVC (LEVEL 3) will be ideal for
group D depending on availability
Essential e Group E with radiological or clinical high risk e ICRB groups B and C - IVC Retinal tumors with fish flesh
features o Group D unwilling for enucleation - IVC or mixed pattern regression
o Diffuse infiltrating retinoblastoma following 2 cycles of
e Group D RB willing for enucleation chemoreduction
Optional - Macular RB

GLM Germline mutations, JAC Intra-arterial chemotherapy, /CRB International Classification of Retinoblastoma, RB Retinoblastoma

*Group E eyes with severe Buphthalmia and a risk of globe rupture during upfront enucleation may be treated with chemotherapy prior to enu-
cleation

remain poor in significant proportion of eyes salvaged for  high-risk features (hHRF). High-risk IORB is more com-

group D RB. Group E RB is associated with risk of sys-  mon in Asian Indians compared with Americans (35% vs.
temic metastasis and therefore, most centres treat these 23%) [32]. Studies from India show that 22.7% to 38.9%
eyes with upfront enucleation [27-31]. The risk for metas-  eyes harbour hHRF following upfront enucleation while

tasis greatly increases with presence of histopathologic ~ 8.6—11.5% have microscopic residual disease [33, 34].

Table 4 Chemotherapy regimens used in intraocular retinoblastoma

Chemotherapy regimen Drugs and Doses Frequency
Intravenous
VEC (standard dose carboplatin) o Vincristine 0.05 mg/kg (>3 y: 1.5 mg/m?), Every 3 wk

intravenous over 15 min on day 1
o Carboplatin 18.6 mg/kg (>3 y: 560 mg/m?),
intravenous over 60 min on day 1
o Etoposide 5 mg/kg (>3 y: 150 mg/m?),
intravenous over 60 min on days 1 and 2
Vincristine in less than 12-mo-old: 0.05 mg/kg slow intravenous push on day 1
Intra-arterial

Melphalan Slow pulsatile infusion over 30 min
e (0—2-y-old 3 mg/30 cc
® 2-5-y-old 5 mg/30 cc
e 4-5-y-old 7.5 mg/30 cc
Carboplatin 30 mg/30 cc slow pulsatile infusion over 30 min

Topotecan Slow pulsatile infusion over 30 min
e 0—2-y-old 0.5 mg/30 cc
e >2-y-old 1.0 mg/30 cc

Intravitreal

Melphalan 8-30 pg/0.1 cc Deliver monthly
Topotecan 20-30 pg/0.05-0.1 cc Deliver monthly
Inject intravitreally through pars plana or clear corneal approach, cryotherapy to injection site, jiggle eye to mix chemotherapy

Sub-tenon

Carboplatin 20 mg/2 cc

Injected into subtenon’s space directly over sclera in the area of tumor

@ Springer
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Table 5 Response criteria for retinal tumors, vitreous and sub-retinal seeds

Response criteria for retinal tumors

Complete response (CR): Types 0 (no tumor remnant), I (chorioretinal scar), or IV (calcified) regression; OR

Types II (fish-flesh) or III (mixed pattern) regression that have demonstrated clinical stability on
fundus photography and ultrasound imaging for >6 mo after cessation of first- and/or second-line
plus local consolidation therapy

Partial response (PR): Decrease in apical tumor height by >30% from baseline and/or Types II or III regression that have

demonstrated clinical stability on fundus photography for <6 mo

Stable disease (SD): Decrease/ increase in apical tumor height by <30% from baseline with lack of/minimal regression

also seen on fundus photography (Persistent disease may be present)

Progressive disease (PD): Increase in tumor measurements by >30% from tumor nadir in at least one dimension, that is, height

and/or base, and/or appearance of new lesion
Recurrent disease, defined as a new secondary growth at any location occurring after>2 event-free
months following completion of first- or second-line therapies

Response criteria for vitreous seeds
Complete response (CR):

Types 0 (no visible seeds)/ I regression OR

Types II/ I1I regression that have demonstrated clinical stability on fundus photography for >6

mo

Type I (refringent and/or calcified residues), Type Il (amorphous, often non-spherical inactive residues
with or without pigment), and Type I1I (combination of I and II)

Partial response (PR):

Unequivocal improvement in seeding based on decreased number or density of seeds and/or Types II or

III regression that have demonstrated clinical stability on fundus photography for <6 mo

Stable disease (SD):

Progressive disease (PD):

Neither unequivocal improvement nor progression of seeding
Unequivocal progression of seeding based on increased number or density of seeds, conversion from

dust to spheres, or the presence of new preretinal tumors

Response criteria for sub-retinal seeds

Complete response (CR):
seeds for >6 mo

Partial response (PR):

Disappearance of all sub-retinal fluid and visible sub-retinal seeds, or calcification of all sub-retinal

Unequivocal improvement in sub-retinal seeding based on decreased number or density of sub-retinal

seeds without complete calcification, and decreased sub-retinal fluid

Stable disease (SD):

Progressive disease (PD):
increased sub-retinal fluid

Neither unequivocal improvement nor progression of sub-retinal seeding
Unequivocal progression of sub-retinal seeding based on increased number or density of seeds, and/or

Consensus: Enucleation for unilateral RB may be per-
formed at a centre with adequate radiology, pathology and
chemotherapy support.

Bilateral RB must be referred to higher centres capable
of performing atleast focal treatment under EUA and prefer-
ably also brachytherapy and IAC.

In view of poor globe salvage and vision salvage rates,
long duration of treatment and high incidence of second-
ary enucleation, it was agreed that ideal treatment for uni-
lateral group D must be enucleation in absence of proven/
presumed GLM.

Histopathological High-Risk Factors
and Prophylactic Chemotherapy

A consensus on pathology protocol for examination of enu-
cleated eyes and definitions of hHRF has been published by
the International Retinoblastoma Staging Working Group
[35, 36]. High risk histopathological features include post

laminar optic nerve invasion, massive choroidal invasion,
anterior chamber invasion and scleral invasion. The use of
post-enucleation prophylactic chemotherapy in patients with
hHREF significantly reduces the risk of systemic metastasis.
Studies evaluating adjuvant chemotherapy for high-risk
RB have reported several protocols, with agents such as,
doxorubicin hydrochloride, etoposide, vincristine, cyclo-
phosphamide, cisplatin, carboplatin, and cyclosporine [37]. A
study from North America, found that untreated patients with
hHRF developed metastases in 24% of cases [38]. In a sub-
sequent study on 51 patients with hHRF by the same group,
authors reported that post-enucleation chemotherapy using
vincristine, etoposide, and carboplatin (VEC) was effective
in preventing metastasis in 100% cases at a mean follow-up
of 5y [39]. This protocol appears to be most efficient in pre-
venting post-enucleation metastasis (Table 4). A recent study
from China reported that 5-y disease-free survival rate and
overall survival rate were similar between three vs. six-cycle
chemotherapy groups using VEC protocol [40].
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Consensus: All enucleated eyes must be screened for
hHRF as per standard protocol.

All eyes with hHRF must be given six cycles of adjuvant
prophylactic chemotherapy.

Targeted Treatment in Retinoblastoma

This includes brachytherapy for retinal tumor, intravitreal
chemotherapy for VS/SRS and IAC for both retinal tumors
and seeds.

Radioactive plaque brachytherapy is used as a secondary/
adjuvant treatment for single retinal tumors that have partially
regressed with chemoreduction and FT or are recurrent and
not responding/ amenable to FT. I'** is used for thicker tumors
and Ru'% plaques for thinner tumors i.e., <6 mm. RB is typi-
cally treated with a dose of 40-50 Gy to the tumor apex.

IAC is a procedure where super-selective canulation of
ophthalmic artery is done and chemotherapeutic agents
are infused into the ophthalmic arterial territory. IAC has
evolved as one of the important modalities for treatment of
RB both as primary and secondary treatment. However, its
use in India like in other LMICs is limited by high cost and
non-availability. IAC requires an interventional radiology
facility. Also, there is a learning curve. Since it is a targeted
treatment, it does not take care of any systemic micrometas-
tasis. It can be used in management of unilateral group B-D
RB, in affording patients where facility is available and for
recurrent disease non-responsive to other forms of conserva-
tive treatments. The globe salvage rates reported with pri-
mary IAC (B and C - 100%, D - 94%, E - 36%) are higher
as compared with secondary IAC (50-72%) [11]. There is
very limited literature from India that shows globe salvage
rates of 100% in group B, 67% in group C and D with overall
globe salvage of 67% [41].

Intravitreal chemotherapy was first introduced by Kaneko
and Suzuki in 2003 in an attempt to salvage eyes with
advanced IORB. Subsequently, the technique was modi-
fied with a post-injection triple freeze-thaw cryotherapy to
the site and proven to be safe. The risk of extraocular exten-
sion is reported between 0-0.08% [42]. It is the most effec-
tive method of treating refractory/ recurrent VS following
chemoreduction/ IAC. It does not treat the retinal tumor [43].
The most frequently used drugs are melphalan and topote-
can, either alone or in combination. Recommended dosage is
20-30 pg in 0.05-0.1 ml. Response is directly related to VS
morphology; vitreous clouds require higher dose as compared
with VS dust or spheres. This may be repeated every 1-4 wk.

External Beam Radiotherapy
The use of EBRT for globe salvage has considerably reduced

in the current era as compared to the 1970s. EBRT can be
used in unilateral advanced IORB with vision potential and
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not responding to other treatment modalities. Although use
of EBRT in bilateral RB/ RB with GLMs increases risk of
second cancers, it is still used for globe salvage of the only
remaining eye with useful vision [44].

Consensus: EBRT is preferably avoided in bilateral RB,
but it can still be used as last resort for globe salvage in the
only remaining eyes of bilateral RB patients.

Management of Recurrent Tumor
Intraocular Tumor Recurrence

Recurrence may occur from retinal tumor or seeds. Retinal
tumor recurrence may be treated with focal treatment meth-
ods, brachytherapy for unifocal recurrence or chemoreduc-
tion and FT for large/ multifocal recurrences. Tumor recur-
rence within a scar can be treated with Indocyanine green
(ICG) enhanced TTT as TTT may not work alone in these
cases due to lack of pigment.

Vitreous seed and SRS recurrence can be treated with
IvC or IAC. The source of seeding must be looked for and
treated. IAC or EBRT may be used if the recurrence involves
both retina and vitreous/ sub retinal space and is multifocal.
Enucleation may be required for recurrent tumor presenting
with features of group E tumor after excluding extraocular
disease with imaging.

Orbital Recurrence

Orbital recurrence can occur after enucleation and may
be suggested by displacement or extrusion of an orbital
implant. Majority occur within 12 mo of enucleation. All
patients with orbital recurrence need to undergo staging
investigations and management similar to extraocular ret-
inoblastoma cases.

Management of Bilateral RB (Fig. 1b)

All bilateral RB harbour GLM and therefore share all treat-
ment related concerns as discussed previously. Also, in this
group of patients, treatment abandonment is high and vision
salvage may be poor. In a study from south India, authors
reported treatment abandonment in 45.5% cases with bilat-
eral advanced disease [44].

The most common modality of treatment used is systemic
chemotherapy. Other treatment protocols described in litera-
ture include bilateral EBRT, bilateral enucleation, combina-
tion of systemic chemotherapy and EBRT, enucleation of the
more severely affected eye and EBRT for the less affected
eye, and simultaneous IAC with/ without IvC. The reported
overall globe salvage rates range from 0 to 91% [45].
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Conclusions

In LMICs majority of RB cases still present with unilateral
advanced intraocular disease which is best treated with enu-
cleation. In order to improve globe salvage rates in IORB,
we thus need to direct future efforts to improve early detec-
tion of IORB by (a) improving awareness in the medical and
general community and, (b) develop a feasible and sustain-
able screening strategy for population at risk.

For ICRB groups B and C retinoblastomas, IVC
remains a good choice of treatment with high globe sal-
vage rates. Intravitreal chemotherapy has been adopted
successfully in treatment of vitreous seeds; however,
role of IAC remains limited and less defined due to poor
availability and affordability. Efforts need to be made to
improve accessibility of IAC, to cases of bilateral retino-
blastoma with recalcitrant disease by means of financial
assistance through non-government organizations (NGOs)
and government health programs.
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