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Clinicodemographic profile, management, and treatment outcomes in
advanced retinoblastoma at a tertiary care center in North India

Sonali Vinay Kumar, Vinay Kumar', Alok Sati, Sanjay Kumar Mishra, Sanjeev Khera?, Atul Mishra’,
Ankit Mathur*, Manoj Gopinath®, Aneesh Mohimen®, Virender Malik®, Natasha V Kumar®

Purpose: The study was undertaken to look into the clinicodemographic profile, management, and clinical
outcomes of advanced retinoblastoma at a tertiary care center. Methods: A prospective cohort study was
conducted from Jan 2019 to Dec 2022. Forty-two patients of intraocular advanced retinoblastoma were
assessed. The treatment protocol was formulated based on size, extension of tumor, and laterality. Primary
outcome measure was response to the treatment in terms of regression of tumor and seeds and no evidence
of recurrence after 12 month in enucleated eyes. Secondary outcome measures were complications like
implant exposure, metastasis, and death associated with each treatment modality. Results: The mean
age of the study group was 13 months. The most common presentation was leukocoria with diminished
vision. Most of the patients had group E retinoblastoma (1 = 40, 95%) as per the International Classification
of Retinoblastoma. In 12 patients with group E retinoblastoma, primary enucleation was performed and
in six patients, secondary enucleation was done, in which initially, globe salvage treatment was tried. In
30 patients, globe salvage treatment was attempted and we could manage to save 23 eyes. The most common
treatment modality was intra-arterial chemotherapy using a triple-drug regimen. One patient developed
intracranial spread and died due to systemic metastasis during the follow-up period. Conclusion: The
current study showed that globe salvage is possible in advanced retinoblastoma if appropriate therapy
is instituted depending upon the extent of the tumor and availability of latest treatment modalities.
Intra-arterial chemotherapy using triple drugs can be offered as a first-line therapy in advanced unilateral
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retinoblastoma as it has been found to be very effective in the present study.
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Retinoblastoma is the most common primary intraocular
malignant tumor in children, with a global incidence of
approximately 8000-9000 annually."? Incidence in India
is about 1 in 15,000-18,000 live births.’”! The management
of retinoblastoma is intricate and challenging, which often
requires a multidisciplinary approach. The main aim of
treatment in retinoblastoma is to save life first, then globe
salvage, and, if possible, preservation of vision.[*! In the Indian
population, the overall mortality is 24% and the cumulative
5-year survival probability is 65%.[!

Eye salvage is possible in advanced retinoblastoma
in the present era due to advances in the management of
retinoblastoma.”® This has become feasible because of the
inclusion of newer treatment modalities like intra-arterial
chemotherapy, intravitreal chemotherapy, and plaque
brachytherapy using iodine and ruthenium plaque.l'*'! This
has given a ray of hope of tackling this malignant tumor
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effectively and has reduced morbidity and mortality associated
with this disease. But there is disparity in this rate in developed
and developing countries, as in developing countries, patients
have poor access to advanced treatment facility due to its
nonavailability at all places and lack of financial support.'*"!
Eye salvage in advanced retinoblastoma is also marred by
many controversies. First, there is a risk of metastatic spread
as complete regression of the tumor is possible with multiple
sessions of chemotherapy and during this time, there is a
risk of hematogenous and intracranial spread. Second, this
treatment is not free of side effects, which is not justified if
the visual prognosis is poor in the affected eye.!#!% There are
very few studies which have reported about the outcomes in
advanced retinoblastoma using these newer treatment methods
or techniques because of the complexities associated with
treatment of advanced retinoblastoma. Hence, this study was
undertaken at our center to delve into the clinicodemographic
profile, management, and treatment outcomes in advanced
retinoblastoma among the Indian population.
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Methods

A prospective study was conducted from Jan 2019 to Dec 2022
at a tertiary care center in the northern part of India. Totally,
42 patients diagnosed with intraocular retinoblastoma were
seen during this period. As per the International Classification
of Retinoblastoma (ICRB), advanced retinoblastoma is defined
as Group D or E. Group D retinoblastoma is retinoblastoma
with subretinal seeds >3 mm from the tumor or vitreous
seeds >3 mm from the tumor or both subretinal seeds
and vitreous seeds >3 mm from retinoblastoma. Group E
retinoblastoma is extensive retinoblastoma occupying >50%
of the globe, with presence of neovascular glaucoma, opaque
media from hemorrhage in the anterior chamber, vitreous or
subretinal space, and invasion of postlaminar optic nerve,
choroid (>2 mm), sclera, orbit, and anterior chamber. The study
was approved by the institutional review board and adhered
to the tenets of the declaration of Helsinki. Informed consent
was taken from the next of kin in all cases. All cases were
diagnosed on the basis of clinical presentation, complete ocular
examination, and imaging, mainly B scan ultrasonography and
magnetic resonance imaging (MRI) orbit. Retinal images were
captured with RetCam in all cases. Patients with advanced
retinoblastoma who met the ICRB criteria and who were
compliant with follow-up were included in the study group.
Patients with group A, B, C retinoblastoma and who were
treated somewhere else were excluded from the study. Patients
with group E retinoblastoma with neovascular glaucoma
(NVG), anterior chamber involvement, and phthisis bulbi
were not considered for primary intra-arterial chemotherapy.
All patients were followed up for a minimum of 1 year at our
center. Data like age of the patient, gender, residential address,
duration of symptoms, family history of retinoblastoma,
history of prior systemic condition, details of previous
treatment history, and presenting complaints were recorded.
All ocular examinations were done under general anesthesia.
Cerebrospinal fluid aspiration and bone marrow biopsy were
done in group D and group E where optic disc was not visible.
Positron emission tomography scan was done in all advanced
cases of retinoblastoma to rule out systemic involvement.

Treatment plan

Being a tertiary care center, the horizon of treatment
armamentarium is broad at our center, which includes
chemotherapy through different routes, transpupillary
thermotherapy, cryotherapy, plaque brachytherapy with
indigenous ruthenium plaque, external beam radiotherapy,
enucleation with implant by myoconjunctival technique, and
orbital exenteration. Indigenous ruthenium plaque 106 used at
this center was procured from Bhabha Atomic Research Center.
At our center, we formulated our own treatment protocol
based on the laterality, extent of the lesion, and the results of
already published studies. The main aim of treatment at our
center was to salvage the globe even in advanced intraocular
retinoblastoma. In bilateral cases, we administered 12 cycles
of systemic chemotherapy along with focal consolidation with
transpupillary thermotherapy and cryotherapy. Twenty-seven
cases of advanced intraocular retinoblastoma received
intra-arterial chemotherapy using triple-drug regimen drugs
as a first-line therapy. Intra-arterial chemotherapy (IAC) was
given every 4 weeks for three sessions in all cases. Plaque
brachytherapy using indigenous ruthenium plaque was

performed when the basal diameter of the tumor was less
than 16 mm and thickness was less than 8 mm. Multifocal
tumors associated with active diffuse vitreous and subretinal
seeds should not be considered for plaque brachytherapy.
Primary enucleation with implant was advised in group E
patients who presented with neovascular glaucoma, phthisis
bulbi, and parents who opted for this treatment modality, and
secondary enucleation was recommended when the patient
did not respond to three sessions of IAC in primary and
recurrent tumor. We followed the orbital protocol in orbital
retinoblastoma, which included six cycles of chemotherapy
followed by enucleation or exenteration, then external beam
radiotherapy, and another six cycles of systemic chemotherapy.
Examination was repeated every 4 weeks after each cycle
of chemotherapy, and patients were followed up for 1 year.
At each visit, fundus images were taken with RetCam for
comparison. Adjuvant focal therapy was done using 810 diode
laser or cryotherapy depending upon the location of the tumor
and repeated with every examination under anesthesia until
tumor control was completely achieved.

Statistical methods

Statistical analysis was done by using Epi Info version 3.4.3
and entering the data in Microsoft Excel 2007. Descriptive
statistics such as percentages, mean, and standard deviation
were calculated.

Primary outcome measure was response to the treatment
in terms of regression of tumor and seeds and no sign of
recurrence after 12 months in enucleated eyes.

Secondary outcome measures were complications like
implant exposure, metastasis, and death associated with each
treatment technique.

Results

A total of 42 patients were seen during the study period.
All patients had advanced retinoblastoma at the time of
presentation and were referred from peripheral hospitals.
They were residents of northern and western parts of India.
Two patients out of 42 patients had bilateral retinoblastoma.
The demographic and clinical profile of patients is presented
in Table 1. The mean age of patients in the current study was
13 months (range 8-36 months). There were 23 females and
19 males. Right eye was involved in 26 patients and left eye
in 16 patients. Leukocoria was the common presentation in
all cases with diminished vision (100%) [Fig. 1a, red arrow],
followed by strabismus in 10 cases (23.8%) and bulging eyes in
one patient (2%). One patient (2%) presented with proptosis and
redness, and one patient had a family history of retinoblastoma.
Advanced intraocular retinoblastoma tumors were classified
as group D (n=2, 4.7%) or group E (n =40, 95%) based on the
ICRB criteria [Table 1]. Maximum number of patients in the
current study had unilateral group E retinoblastoma [Fig. 1b].

Details of the treatment received by patients in the current
study are presented in Table 2. In unilateral group E patients,
both enucleation and IAC were offered to parents, except one
patient who had orbital spread at the time of presentation.
Twelve patients (28%) underwent primary enucleation [Fig. 1c]
since their parents opted for this therapy as it was not possible
for them to visit this center for follow-up every 3 weeks, being
from far-flung areas of the country. Three patients (25%) in this
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Table 1: Demographic profile, clinical and histopathologic
features of advanced retinoblastoma

Features No. of patients (n) Percentage
(%)
Age at the initial presentation (months) 13 months
Mean (median, range) (12, 8-36)
Gender
Male 19 452
Female 23 54.76
Laterality
Unilateral 40 95.2
Bilateral 02 4.76
Affected eye
Right eye 25 59.52
Left eye 15 35.71
Both eyes 02 4.76
Family history of retinoblastoma 01 2.38
Common clinical presentation
Leukocoria 42 100
Diminished vision 42 100
Squint 10 23.8
Bulging eyes 01 2.38
Redness 01 2.38
Pain 01 2.38
Endophytic lesion 42 100
Orbital cellulitis 01 2.38
Raised intraocular pressure 05 11.9
Iris neovascularization 02 4.76
ICRB
Group D 02 4.76
Group E 40 95.2
Combination of group E and group B 02 4.76
AJCC Clinical Staging, 8" ed.ition
T2a 02 4.76
T2b 40 95.2
T3b 02 4.76
T3c 07 16.6
T3d 01 2.38
T4b 01 2.38
Combination of T1 and T2 02 4.76
Histological
High-risk features
Primary enucleation 03 714
Secondary enucleation 02 4.76

ICRB=International classification of retinoblastoma, AJCC=American joint
committee on cancer

Table 2: Various treatment modalities used in the current
study

Treatment group No. of Percentage
(intervention) patients (n) (%)
Primary enucleation 12 28.57
Globe salvage treatment 30 71.42
Systemic chemotherapy 03 10
Intra-arterial chemotherapy 27 64.28
Focal therapy 03 10
TTT
Cryotherapy 02 6.66
Intravitreal chemotherapy 01 3.33
Plague brachytherapy 02 6.6
Secondary enucleation 06 20

TTT=Transpupillary Thermotherapy

Figure 1: (a) Clinical photograph illustrating white reflex in the left
eye (red arrow). (b) Fundus image showing group E retinoblastoma
with a large endophytic tumor and diffuse subretinal fluid. (c) Clinical
image showing enucleated eyeball with 15-mm optic nerve. (d) Fundus
image showing regressed tumor (Type 3) following three sessions of
intra-arterial chemotherapy

group were found to have high-risk features as histopathologic
examination showed involvement of retrolaminar part of the
optic nerve. All three patients received adjuvant six cycles
of chemotherapy and did not show any signs of metastasis
during follow-up. Implant extrusion was found in one case
and MRI was repeated, which showed recurrence of tumor
near the optic nerve. This patient received adjuvant six cycles
of chemotherapy followed by external beam radiotherapy
to the affected orbit. Treatment for globe salvage was
attempted in 30 patients of advanced retinoblastoma. Systemic
chemotherapy was given for three patients as two patients had
bilateral presentation and one patient had orbital involvement.
The chemotherapeutic drugs were intravenous (IV) carboplatin,
vincristine, and etoposide. We could manage to salvage the
globe only in one patient among bilateral retinoblastoma
patients. The mean number of systemic chemotherapy cycles
for complete regression of the tumor was six cycles and they
were repeated every 3 weeks. Intra-arterial chemotherapy
using three drugs (melphalan, topotecan, carboplatin) was
administered as a first-line therapy in 27 patients as all were
unilateral cases of advanced retinoblastoma. On an average,
all patients in the IAC group received three cycles of IAC.
Focal consolidation was done after chemoreduction with
transpupillary thermotherapy and cryotherapy, depending
upon the location of the tumor in five patients after three cycles
of IAC. We could manage to save the globe in 22 patients who
received IAC [Fig. 1d]. Failure to this therapy was considered
when patients did not show any sign of regression of tumor
even after three cycles of chemotherapy. Five patients in this
group underwent secondary enucleation as the tumor did
not respond to three sessions of IAC in three cases and due to
recurrence of the tumor in two cases. Recurrence was found
in five cases, which was due to activation of the vitreous or
subretinal seeds in three cases [Fig. 2a] and activation of the
tumor itself in two cases [Fig. 2e]. Intravitreal melphalan was
administered for active vitreous seeds in one case. The dose
of intravitreal melphalan was 20 pug and it was repeated every
2 weeks for 3 months, which resulted in regression of vitreous
seeds [Fig. 2b]. Plaque brachytherapy using indigenous
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ruthenium plaque was performed in two recurrent cases due to
activation of the tumor itself [Fig. 2c and d]. The basal diameter
of the tumor in this case was less than 16 mm and thickness
was less than 8 mm. The tumor got regressed and did not
show any sign of recurrence at 6 months of follow-up [Fig. 2f].
Secondary enucleation using myoconjunctival technique was
done in two recurrent cases. Treatment outcomes have been
presented in Table 3.

The overall globe salvage rate was 54.76% as we could save
23 eyes out of 42. In the globe salvage group, the salvage rate
was 76.6% as 23 eyes were saved out of 30 eyes. In this subset of
patients, one patient who had orbital retinoblastoma developed
systemic metastasis during chemotherapy and later succumbed
to the disease. Globe salvage rate in group D was 100% (1 =2,
out of two patients) and in group E was 52.5% (n = 21, out of
40 patients).

Discussion

Figure 2: (a) Fundus image showing active vitreous seeds (red
arrow). (b) Fundus image showing regressed and calcified vitreous
seeds following three sessions of intravitreal melphalan. (c) Clinical
photograph showing indigenous ruthenium plaque. (d) Intraoperative
image showing the ruthenium plaque over the tumor. (e) Fundus
photograph showing recurrence of tumor in the inferotemporal quadrant
over the edge of chorioretinal scar of cryotherapy with feeder vessel at
the periphery with intrinsic vascularity. (f) Fundus photograph showing
completely regressed tumor after 1 month

The management of retinoblastoma is complex and evolving,
which needs a multidisciplinary treatment approach. Few
years back, the globe salvage rate in retinoblastoma was
dismal and most of the time, the eyes to be enucleated to save
life.>11 Over the period of time, the globe preservation rate has
improved even in advanced retinoblastoma due to inclusion
of intra-arterial chemotherapy and plaque brachytherapy
in the treatment armamentarium of retinoblastoma.l'! In
today’s scenario, most of the parents prefer globe salvage
over enucleation when given a choice as they are aware
that debilitating procedures like enucleation can affect the
mental well-being of their children due to minimal social
acceptance.'® However, the risk of metastasis and recurrence
is associated with multiple sessions of systemic chemotherapy
and intra-arterial chemotherapy. If the patient does not respond
to the treatment modality which was initiated to salvage the
globe, the eye needs to be enucleated, and this should be
explained in detail to the affected parents. The need of frequent
follow-up should be emphasized upon as salvaging the globe
in advanced retinoblastoma is a herculean task which involves
frequent examination under anesthesia, six to nine cycles of
systemic chemotherapy, and three to five sessions of IAC. This
means frequent visits to the hospital and more expenditure on
travel and stay, which is beyond the reach for many patients,
especially in developing countries. The cost of IAC is also a
major factor for families from a low socioeconomic status for
not opting for this therapy. Hence, all the pros and cons of the
eye salvage treatment in retinoblastoma should be analyzed
and parents who show willingness to accept the challenges
associated with this should be offered this treatment. The
socioeconomic status of the patient, accessibility to all latest
treatment modalities, and parent’s willingness to visit hospital
frequently for follow-up should be taken into account before
considering eye globe salvage in advanced retinoblastoma. The
mean age of the study population was 13 months. As per the
study conducted by Shields et al.,®! Arora et al.,"”! and Gupta
etal.*90% of cases were diagnosed before 5 years of age. In the
current study, female children were found to be affected more
as the female: male ratio was 23:19. This is not in concordance
with various studies which reported that retinoblastoma does
not have any gender predilection.®*! Maximum patients in
the current study had unilateral presentation as 40 patients
were found to have tumor in one eye. Bilateral presentation
was found in two patients. This is in accordance with Gupta
et al.® and Rodriguez-Galindo et al.” as they also reported
that maximum cases in their study had unilateral presentation.
In our study, the globe salvage rate was 100% in group D and
52.5% in group E. Intra-arterial chemotherapy was the preferred

Table 3: Clinical outcomes in our study

Outcome parameters Primary enucleation

Globe salvage group Secondary enucleation

A. Primary outcome

Response to treatment Complete- 11
Recurrence 01
B. Secondary outcome
Complications
1 Implant exposure 01
2 Systemic metastasis Nil
3 Death Nil

Complete- 23 Complete- 06
No response- 03
05 Nil
0 Nil
01 Nil
01 Nil

Complete is defined as complete response to the treatment with no sign of recurrence at 12 months
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treatment modality as maximum cases were unilateral and
due to easily availability of this treatment modality at our
center. Treatment with IAC proved very beneficial as we
could salvage all eyes in group D and 23 eyes out of 30 eyes
in group E. This is in conformity with the studies of Munier!®!
and Ong et al.,* which also reported that the outcome with
TAC was good as the globe salvage rate was high with minimal
systemic complications in both group D and group E. In their
study, the globe salvage rate was 91% with IAC and intravitreal
chemotherapy. In another study done by Kaliki et al., the
overall globe salvage rate was 51% (37 eyes). They reported
60% globe salvage in group D and 40% in group E. Shields
et al.>* reported a globe salvage rate of 94% in group D and
36% in group E.

In our study, We started systemic chemotherapy in 03
patients as in remaining 27 patients ,intra-arterial chemotherapy
was administered as intra-arterial chemotherapy facility was
available at our cente and this treatment was provided(IAC)
free of cost to all our patients. Therefore, only in 03 patients we
advocated systemic chemotherapy as these patients did not fit
into the criteria for starting IAC. We managed to salvage one
eye globe by administering systemic chemotherapeutic drugs
in this group. One patient who had orbital retinoblastoma at
presentation died during the course of chemotherapy.

In a study of 64 group D eyes by Fabian ef al.,** primary IV
chemotherapy with appropriate adjuvant treatment achieved
globe salvage in 63% cases with no evidence of metastasis or
death.

The carboplatin, vincristine, and etoposide (CVE) protocol
for chemoreduction with focal therapy continues to be the
conventional first-line treatment worldwide. Amin et al.*! also
reported that with systemic chemotherapy, they managed to
salvage the globe in nine out of 20 eyes (45%) with group D
retinoblastoma.

In the current study, the rate of primary enucleation was
less in advanced retinoblastoma due to availability of all latest
treatment modalities at this center. This is not in accordance
with Mallipatna et al.,? which reported 100% rate of primary
enucleation in advanced retinoblastoma.

In our study, we found recurrence of the disease in six cases.
Recurrence was found 2-3 months after regression of the tumor,
and the main cause of recurrence was reactivation of vitreous
and subretinal seeds as retinoblastoma spreads through seeds.
The intravitreal melphalan in these cases proved to be very
effective in controlling seeds, and we could salvage the globe
in these cases. Munier et al.” also reported that intravitreal
melphalan was an effective treatment strategy and improved
the globe salvage rate in group D and group E retinoblastoma.
They also stated that intravitreal melphalan is an effective
treatment, which has greatly improved the overall survival of
group D eyes. Amin ef al.””! communicated in their study that
the globe salvage rate increased by 15% by using intravitreal
melphalan, as they could save three out of four eyes which
developed recurrence.

Histopathology of eyes in the primary enucleation
group showed high-risk features in three eyes (25%) as the
retrolaminar part of the optic nerve was found invaded,
which required adjuvant chemotherapy. The study done by
Yousef et al.?" revealed high-risk features in 11 eyes out of

50 (21%) in group E. These findings were seen in contrast to
the histopathologic finding of secondary enucleated eyes. This
group included 6 eyes, out of which two eyes (4.76%) showed
high-risk features requiring adjuvant chemotherapy. The
reason was the possible downstaging of histopathology due to
chemotherapy. A retrospective study by Zhao et al.’"! showed
concern regarding the possible risk of metastases secondary
to downstaging for group E eyes. In our follow-up of 1 year,
metastasis was found in one case.

At present, there are no standard treatment protocols
for the management of advanced retinoblastoma as its
management is perplexing and tricky. The outcomes of our
study are heartening as our institutional concocted treatment
protocol delivered good results since we managed to save all
eyes with group D and 21 eyes with group E retinoblastoma.
Our aim was to salvage the globe in advanced retinoblastoma
without putting the patient at the risk of recurrence and
systemic metastasis, which we managed to achieve among
our clientele in the current study. This study has shown that
chemoreduction along with focal therapy may circumvent
the need for enucleation in advanced retinoblastoma without
endangering the life of patients. We advocate this treatment to
be followed at a center where in addition to availability of latest
treatment modalities, access to positron emission tomography
and in-house facility for review by pediatrician, interventional
radiologist, and radiation oncologist should be present.

The main limitation of the study was its small sample
size as we could treat 42 patients over a period of 4 years at
our institute. The possible reason is the rarity of this disease
in the Indian subcontinent. Secondly, it was a single-center
study, and hence, the outcomes of the study may not be true
representative of the entire population. Therefore, a study with
a larger population and collaboration of multiple tertiary care
centers is required to validate the outcome and reduce bias
in interpretating the outcomes in advanced retinoblastoma.

Conclusion

Challenges in treating advanced retinoblastoma can be overcome
by adopting a holistic and customized approach. The eye can be
salvaged in this subset of patients with less risk of recurrence and
systemic metastasis. Treatment with IAC using triple drugs has
shown promising results and favorable outcome in this study.
The need of frequent follow-up for patients who are on systemic
chemotherapy and IAC should be stressed upon by the treating
physician to detect recurrence and metastasis at the earliest.
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