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Purpose: Retinoblastoma presents most commonly as advanced unilateral disease, particu-
larly in developing countries for which primary enucleation has been the preferred method of
treatment. However, with the evolution of newer treatment modalities including intravitreal
chemotherapy, intra-arterial chemotherapy and newer chemotherapeutic combinations,
a trend towards more conservative approaches is being observed. Our aim is to evaluate
outcomes of group D eyes following conservative and non-conservative treatment options.
Patients and Methods: The ocular oncology database was used to identify eyes with
unilateral retinoblastoma that fulfilled the International Intraocular Retinoblastoma
Classification (IIRC) group D criteria from August 2010 to August 2018 and these were
retrospectively reviewed. Overall, 39 eyes were identified.

Results: Nineteen (49%) eyes underwent primary enucleation and 20 (51%) received eye-
conserving treatment. Eye salvage was possible in 15 (75%) eyes in the attempted salvage
group. None of the patient revealed signs of metastasis. All eyes received conventional
chemotherapy (carboplatin, vincristine, etoposide) and focal laser therapy. Additional treat-
ment modalities offered included intravitreal chemotherapy, intra-arterial chemotherapy and
topotecan. Three (11%) eyes in the primary enucleation group showed high-risk features on
histopathology and none developed metastasis.

Conclusion: The results of the study seem promising and conservative measures can be
adopted in selected unilateral group D eyes.

Keywords: ocular oncology, chemotherapy, enucleation, eye-conserving treatment

Introduction
Retinoblastoma accounts for about 2% of all pediatric cancers' and 90% of all
pediatric ocular cancers.” Most cases are advanced (group D or E) at presentation.
Contrary to most pediatric cancers, treatment modality often involves enucleation
therefore treatment options focus not only on the overall survival but also on globe
survival where possible. This is what makes retinoblastoma a bigger challenge.

With the advent of targeted chemotherapeutic regimes, the treatment of
advanced retinoblastoma has greatly evolved with the intent of globe salvage,
however, there is no universally adopted guideline to meet the challenges of such
cases.” Approach to such eyes is highly customized based on the status of the
patient, tumor stage expertise of the ocular oncologist and the available treatment
options in a particular setup.*>*

Despite the evolution of new treatment modalities, the management of unilateral
group D retinoblastoma has led to several controversies. Firstly, treatment is not
free of side effects (systemic and local), and these side effects may not be justified
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Figure | Summary of management and outcome for 39 patients with unilateral retinoblastoma.
Abbreviations: CVE, Carboplatin + Vincristine + Etoposide chemotherapy protocol; IAC, Intra-Arterial Chemotherapy; IVM, Intravitreal Melphalan; TPT, Topotecan

chemotherapy; IViC, Intravitreal Chemotherapy; HRF, High-risk pathological features.

if the visual prognosis for the treated eye is poor, while the
patient has a normal contralateral eye. Secondly, the dis-
crepancy in the classification systems used by different
groups,® cause lack of uniformity in the data available in
literature. Also, there is diversity among retinoblastoma
specialists in experimenting with various treatment

options,”  especially  intra-arterial chemotherapy.
Moreover, despite the potential for globe salvage, the
risk of metastatic spread cannot be overruled.

At our setup at King Hussain cancer center (KHCC),
we have also evolved and implemented various strategies
to improve ocular survival for advanced cases of
retinoblastoma.

The aim of this study is to analyze the outcome of
group D eyes and the impact of the available treatment

options for unilateral group D retinoblastoma.

Patients and Methods
This the
EthicalReview Board at KHCC. It was a retrospective

study was approved by Institutional

review ofthe retinoblastoma database which complied
with relevant data protection and privacy regulations.
Data included each patient’s demographics, tumorlateral-
ity, age at diagnosis, IIRC group, type of seeds(vitreous/
subretinal), presence of retinal detachment, presence of
tumor touching the lens, primary treatment, type of treat-
ments offered, systemic and/or local chemotherapy, type of
focal therapy (laser or cryotherapy), type of radiation
therapy (plaque/EBRT), complications, eye salvage,mor-
tality, histopathology features where applicable, any evi-
dence of metastases and secondary malignancies. The
main outcome measures were globe salvage and event-
free survival. All parents underwent detailed counselling,
and were provided with conservative and non-conservative
treatment options and their possible outcomes. All patients
from August 2010 to August 2018 who were clinically
diagnosed with unilateral group D intraocular retinoblas-
tomabased on the findings of indirect ophthalmoscopy and
Retcam images were filtered according to the inclusion
and exclusion criteria.
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Table | International Intraocular Retinoblastoma Classification
(IRC)

Group A (very Small (<3mm) Discrete tumor at least 3 mm

low-risk) from foveola and 1.5 mm from optic nerve
GROUP B (low- Eyes with no vitreous or subretinal seeding and
risk) discrete retinal tumor of any size and location
GROUP C Eyes with only focal vitreous or subretinal

(moderate risk) seeding and discrete retinal tumor of any size
and location.

Minimal subretinal fluid (<I quadrant)

GROUP D (high-
risk)

Eyes with diffuse subretinal vitreous or
subretinal seeding and/or massive non-discrete
endophytic or exophytic disease.

Eyes with more extensive seeding than Group
C. Massive and/or diffuse intraocular
disseminated disease may consist of fine or
greasy vitreous seeding or avascular masses.
Subretinal seeding may be plaque like. Included
exophytic disease and more than one quadrant

of retinal detachment

GROUP E (very
high-risk)

Tumor touching the lens.

Tumor anterior to anterior vitreous face.
Diffuse infiltrating retinoblastoma.
Irreversible neovascular glaucoma.
Massive intraocular hemorrhage.

Aseptic orbital cellulitis.

Tumor necrosis.

Phthisis bulbi or pre-phthisis

Notes: Reproduced from Fabian ID, Reddy A, Sagoo MS. Classification and staging
of retinoblastoma. Community Eye Health. 2018;31(101):11-13.8

Inclusion Criteria

Patients with unilateral intraocular retinoblastoma, whomet
the International Intraocular RetinoblastomaClassification
(IIRC) criteria for group D® tumor (Table 1) and had a
minimum follow-up of 1 year, were included in the study.

Exclusion Criteria

All patients with bilateral retinoblastoma, treated else-
where,had less than 1 year follow -up, or did not fulfillthe
criteria of IIRC group D were excluded from the study
(Table 1).

Clinical Characteristics and Definitions

Tumors in IIRC group D (Table 1) were defined as eyes
with diffuse vitreous or subretinal seeding and/or massive
non-discrete endophytic or exophytic disease or exudative

retinal detachment involving more than one quadrant of

the retina. According to the 8th edition TNM staging all
group D eyes are cT2b eyes.*®

Group D was further classified into four categories. (1)
Eyes with predominantly subretinal seeds; (2) Eyes with
predominantly vitreous seeds; (3) Eyes with >2 quadrants
retinal detachment; (4) Eyes with tumor occupying >50%
of the globe. Globe salvage was defined as the absence of
tumor activity or recurrence, and absence of active vitr-
eous or subretinal seeds after a minimum of 1 year follow-
up visit with no evidence of metastasis without the need
for enucleation or external beam radiation therapy
(EBRT).

Event-free survival was defined as any patient who had
undergone enucleation after attempt of globe salvage or
presence of high-risk features on histopathology, or distant
metastasis. High-risk features were defined as disease
involving the anterior chamber, ciliary body, >3 mm of
choroidal invasion, tumor invading the optic nerve,
beyond the lamina cribrosa, scleral and extrascleral
extension.

Treatment

All patients treated with the intent of globe salvage received
at least 68 cycles of first-line chemotherapy (CVE proto-
col) 3—4 weeks apart that included carboplatin, etoposide,
and vincristine (CVE). Three cycles of topotecan systemic
chemotherapy was given in cases of partial reduction by
CVE chemotherapy, not enough for focal therapy to fully
consolidate the disease.

Examination under anesthesia (EUA) was repeated 3
weeks after each cycle of chemotherapy. Fundus images
were taken with RetCam II (Clarity Medical System,
Pleasanton, CA, USA) and indirect ophthalmoscopy with
360-degree indentation was performed.

Focal therapy was given using 810 diode or cryother-
apy depending on the location of the tumor, and repeated
with every EUA until tumor control was fully achieved.

Intravitreal melphalan was given for persistent vitreous
seeding that did not respond to a full course of CVE
chemotherapy. The injection dose was 20 mcg (0-12
months), 25 mcg (1-3 years) or 30 mcg (>3 years). The
injection was repeated every 1-2 weeks and the number of
injections depended upon the response.

lodine'®

plaque therapy was used in cases of localized
recurrence of tumor activity where parents refused enu-
cleation. Criteria for plaque therapy included active tumor,
size limited to 15 mm, and where local therapy would be

insufficient to achieve consolidation.
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Intra-arterial chemotherapy (IAC) was used in cases of
extensive subretinal seeding, or for massive tumor recur-
rence. Selective arterial injection of melphalan was admi-
nistered every 3—4 weeks for a total of 3 injections. The
dose was calculated according to body weight
(0.35-0.42 mg/kg). The choice of further treatment type

after 3 injections was left to the treating physician.

Statistical Analysis

All data were entered and analyzed using SPSS version 21.0.
Patients were divided into three groups, i.e. primary enuclea-
tion group, attempted salvage group and treatment failure
group, and were then analyzed for descriptive statistics.

Results

Forty-five eyes were identified, 4 were lost to follow-up,
and 2 children presented with unilateral group D but
developed lesions in the fellow eye, and were excluded.
All partly treated patients referred from elsewhere were
also excluded from the study.

Thirty-nine eyes of 39 patients met the inclusion and
exclusion criteria. Presenting features of IIRC group
D eyes are summarized in Table 2. Overall mean age
at presentation was 39 months (standard deviation 14.1).
One (2%) of these patients had a positive family history.
Leukocoria was the most common presenting sign in 28
(72%) patients followed by squint in 9 (23%) patients,
and 2 (5%) patients presented with suspected decrease
in vision. The affected eye was the right eye in 17
(44%) cases and the left in 22 (56%) cases. There
(54%) 18 (46%) females.

Management and treatment outcomes were categorized

were 21 males and
as follows (Figure 1).

Table 2 Presenting Features of IIRC Group D Eyes (N=39)

Primary Enucleation Group

Out of 39 eyes, primary enucleation was performed in 19
(49%) patients after detailed discussion with the family
comparing pros and cons of conservative therapy vs enu-
cleation. The average time span between diagnosis and
surgery was 10 days (range 3-14 days). Three (11%)
eyes showed high-risk features on histopathology. Two
eyes had massive choroidal invasion and one had post-
laminar invasion but not to the cut end. Both patients
underwent adjuvant chemotherapy after enucleation, and
no single case developed distant metastasis.

Attempted Salvage Group

Conservative treatment was offered for 20 (51%) eyes.
Nine (45%) eyes were salvaged with CVE protocol com-
bined with focal therapy. Three (15%) eyes received an
additional 3 cycles of topotecan (2 for incomplete regres-
sion of tumor and 1 for recurrence of diffuse subretinal
seeds), out of which 2 (10%) eyes were successfully
salvaged. Overall salvage rate with systemic chemother-
apy was possible in 11 (55%) eyes.

Intravitreal melphalan (IViC) was given in a total of 4
(20%) eyes that developed resistant active vitreous seeds out
of which 3 were salvaged with an average number of 4
injections. Intra-arterial chemotherapy (IAC) was given to
2 patients, out of which 1 eye was salvaged. Summary of
eyes that failed attempted salvage with combined chemother-
apy and focal consolidation therapy is shown in Table 3.

Treatment Failure Group

Five (25%) eyes underwent secondary enucleation. Three
eyes had incomplete tumor regression, 1 eye developed
stage migration during chemotherapy, and 1 eye developed
massive recurrence of subretinal seeds immediately after

Table 3 Summary of Eyes That Failed Attempted Salvage with

. ] Combined Chemotherapy and Focal Consolidation Therapy
Predominant Eye Treatment Primary (N=11)
Tumor Feature Salvage Failure Enucleation
Group Group N=05 | Group N=19 Feature No. of | Treatment No. of Eyes
N=I15 Eyes Modality Salvaged
Vitreous seeds 07(47%) 1(20%) 2(10%) Stage migration 01(9%) IAC (1) 01(100%)
Subretinal seeds 4(27%) 1(20%) 3(16%) Incomplete response 03(27%) | TPT (02), 01(33%)
Exudative RD 4(27%) 2(40%) 2(11%) Plaque (01)
Massive non- 0(0%) 1(20%) 12(63%) Disease recurrence 03(27%) | TPT (OI), 01(33%)
discrete tumor IAC (01)
>50% of the globe Resistant vitreous seeds | 04(36%) | IVM (04) 03(75%)

Abbreviations: IIRC, International Intraocular Retinoblastoma Classification; RD,
retinal detachment.

Abbreviations: IAC, intra-arterial chemotherapy; TPT, topotecan systemic che-
motherapy; IVM, intravitreal melphalan injection.
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the last cycle of chemotherapy. In 2 cases the family
decided to proceed for enucleation, and refused further
treatment. Further treatment was offered in 3 (15%) eyes.
One eye was treated with systemic topotecan for massive
subretinal seeds and showed unfavorable response, there-
after eye salvage was attempted with 3 cycles of IAC but
failed because of recurrence of subretinal seeds and devel-
opment of new retinal tumors on follow-up at 6 weeks.
One eye showed an initial incomplete response to treat-
ment and subsequent progression of main tumor activity 6
weeks after completion of the CVE protocol. Radioactive
iodine'*® plaque therapy was carried out. Follow-up EUA
showed tumor recurrence with massive recurrent subret-
inal seeds on subsequent follow-up, with further tumor
progression. Repeat MRI showed possible extrascleral
extension. Right enucleation was done, and the histo-
pathology revealed a concomitant choroidal hemangioma
at the base of the retinoblastoma that showed trans-scleral
extension. No other high-risk features were present. One
eye received 4 injections of intravitreal melphalan after 6
cycles of CVE due to persistent active vitreous seeds. This
eye developed massive recurrence of diffuse subretinal and
vitreous seeds and tumor activity at the edge of the main
lesion 10 weeks after the last injection. The parents were
given choice for IAC vs enucleation, and the latter was
chosen. Only 1 eye in this group showed high-risk features
on histopathology (massive choroidal invasion >3 mm)
and underwent adjuvant chemotherapy.

Eye Salvage Group

Of the 39 eyes that were included in the study, the overall
globe salvage rate was 39%. Among the eyes that were
attempted to be salvaged, eye salvage inclusive of all
treatment modalities used was possible in 15 of 20 eyes
(75%). None of the patients revealed any evidence of
metastasis.

Discussion

IIRC group D retinoblastoma includes a spectrum of dif-
ferent clinical features,® but in summary refers to dissemi-
nated intraocular disease before any destructive event has
occurred, and predicts high risk of treatment failure.”
Therefore enucleation has been a widely adopted treatment

410 where further

protocol for advanced unilateral cases,
aggressive therapies may not be justified when the other
eye is normal. However not all features of group D tumors
carry the same prognosis,'' therefore physicians may jus-

tify conservative treatment in selected patients. Around

two-thirds of retinoblastoma patients have unilateral
disease'” and owing to lack of early detection by first-
contact physicians,' the disease is usually advanced at
presentation. Despite the uncertainty of the treatment out-
comes, most parents still opt for a trial to salvage the globe
as the psychosocial impact of enucleation is distressing
particularly in developing countries due to lack of social
acceptance.

The evolution towards a more conservative approach in
the management of unilateral eyes is clear in literature.
Shields in 2002 advocated salvage of unilateral eyes but
raised concerns regarding advanced cases as all RE group
V (group D IIRC) eyes required external beam radiation
for salvage.'* Similarly Mallipatna et al. in his study of
unilateral retinoblastoma in 2009 reported a 100% salvage
rate of group A eyes, and a 100% rate of primary enuclea-
tion for all group D tumors.'® This was before the intro-
duction of safer additional modalities to meet the
challenges of Group D eyes. In our series we noticed
a similar declining trend towards primary enucleation as
new modalities were introduced.

Retinoblastoma has a unique way of disseminating
through seeds, a trademark of group D tumors, and is
considered to be the main cause of treatment failure.’
Seeding of tumor can be present primarily or may occur
at any stage of treatment, in the hyaloid space, retro
hyaloid space, subretinal or in the anterior segment. This
feature was highlighted by Munier et al.,'> who described
distinctive features of each category. The introduction of
intravitreal melphalan as a safe treatment strategy in
2012,'® has greatly improved the overall survival of
group D eyes. In our series, 2 eyes (11%) in the primary
enucleation group were enucleated due to predominant
vitreous seeds before 2012. The success rate of intravitreal
melphalan was 75% (3/4 eyes) which raised the overall
salvage rate by 15%. Most studies favoring primary enu-
cleation in eyes with disseminated disease were published
before this era, however, resistant or secondary subretinal

seeds are still a treatment challenge to date,”"!

especially
if present in the underlying retinal folds in settling exuda-
tive retinal detachment after chemotherapy. In such
a situation focal therapy may not be effective. In our
study 2 eyes that were a treatment failure had exudative
retinal detachment with subretinal seeds. In addition, 1 eye
developed diffuse disseminated subretinal seeds after
induction of chemotherapy even before initiation of focal

therapy (stage migration).
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An international survey of classification for treatment
choices of group D tumors by Shield and associates also
pointed towards the discrepancy in the classification sys-
tems used, impacting the overall result.® Therefore the
Philadelphia version using a cut-off tumor size of <50%
had the highest salvage rates. In our study, the primary
enucleation group included 12 (63%) eyes with tumor
occupying >50% of globe, 1 (20%) in the treatment failure
group and none in the eye salvage group. Tumor dimen-
sion (basal diameter and thickness) is known to be a poor
prognostic factor for globe salvage'’ and culprit for
recurrences.'' There is emerging evidence for a superior
role of IAC in this regard but recurrence continues to be
a point of concern.'®

Histopathology of eyes in the primary enucleation
group revealed high-risk features in 3 eyes (11%) and
required adjuvant chemotherapy. All three tumors were
poorly differentiated. Our previous study demonstrated
high-risk features in group D eyes to be 21%.'° The
discrepancy may be due to a smaller sample size. These
findings were seen in contrast to the histopathological
finding of the treatment failure group. This group included
5 eyes out of which only 1 showed high-risk features
requiring adjuvant chemotherapy. The most likely expla-
nation is the possible down-staging of histopathology due
to chemotherapy. In a retrospective study Zhao et al.
showed concern regarding the possible risk of metastases
secondary to down-staging for group E eyes.”’ In our
follow-up however of 1-7 years, out of 20 group D eyes
that we attempted to salvage we found no case of meta-
static disease.

CVE protocol for chemoreduction with focal therapy
continues to be the conventional first-line treatment
worldwide.?'** Studies report salvage rates with this regi-
men for group D or V (R-E classification) to be
11-48%.%%*** The salvage rate in our study was found
to be consistent with the previous literature with a salvage
rate of 45%. Second-line chemotherapy was instituted with
topotecan in 2 eyes with incomplete response and 1 eye
with recurrence. In our previous report of 14 eyes with
refractory tumors that received systemic topotecan che-
motherapy, eye salvage was 64% (9 eyes) with limited
toxicity profile.”> In this study 2 eyes (67%) achieved
adequate chemoreduction with topotecan, to be controlled
with focal therapy consistent with a similar report by
Chantada et al.*®

Intra-arterial chemotherapy has recently gained wide
acceptance in the treatment of unilateral retinoblastoma

with variable success rates for group D eyes and reported
salvage rates from 66.6-100%,%’° depending on the type
and location of the seeds. In this series, 2 eyes received
IAC, out of which the eye that did not respond to IAC was
also resistant to systemic topotecan and IAC was used as
a final salvage strategy. The other eye achieved chemor-
eduction of the main tumor but developed more dissemi-
nation of tumor with vitreous and subretinal seeds during
chemotherapy and was salvaged with IAC. Most studies
also support that the salvage rate of IAC is higher when
used as primary treatment than in chemo-resistant
eyes.’™! A meta-analysis conducted to analyze the out-
comes of intra-arterial chemotherapy concluded this treat-
ment strategy as a promising option, but cautioned against
uncertain rates of metastases for advanced cases.>

The reported success rate with IVitC for diffuse vitr-
eous seeds is very promising, reporting salvage of
75-100% with extremely rare reported incidence of
metastasis.>'*** One of the concerns regarding this regimen
is ocular toxicity. In our 4 eyes we failed to identify any
ocular toxicity although the sample size is too small. Our
success rate was 75% but more importantly it raised the
overall salvage rate by 15%.

In this study we analyzed the outcomes of 39 eyes with
unilateral group D tumors over a span of 8 years. It is
accepted that management of group D eyes is the biggest
challenge® and treatment of unilateral cases is debatable.
Currently, there is no standard protocol for the treatment of
unilateral group D eyes and management is multifactorial.
The results of our study are encouraging and report no
case of metastasis. Therefore, we support to attempt sal-
vage of selected eyes and customize the treatment accord-
ingly. However, our study focused on outcomes of
unilateral group D cases and failed to identify poor pre-
dictors in this spectrum of disease. Most eyes, with tumors
occupying more than 50% of the globe, were enucleated
and there was no control group for comparison of
outcomes.

Conclusion

While primary treatment with intra-arterial chemotherapy
seems to be a more promising modality, it has limited
availability and requires expertise of the treating oncolo-
gist and the interventional radiologist; therefore, consider-
ing the potentially fatal complications of IAC, institutes
that lack experience in this field can consider other mod-
alities with comparable outcomes. Most group D eyes will
give at least navigational vision®* and any attempt to save
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the smallest potential of vision should not be disparaged.
Moreover, the need of adopting one classification system
cannot be over-emphasized.
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