Retina Publish Ahead of Print
DOI: 10.1097/I AE.0000000000004250

¥202/6T/80 Uo

1971ZIMNZ[DBpXZOBBAe0ATIAEIDVIASALLIAIPO0AEIEAHION/AO AUMY TXOMADY

OINX¥OHISABZIY TN +erNIOITWNOIZTABNHABSHANQUE AQ [euinofeunal/wod mm| sfeulnoly/:diy woiy papeojumod

High-Risk Histopathological Features of Retinoblastoma following Primary En n: A
Global Study of 1426 Patients from 5 Continents 0
High-Risk Retinoblastoma Collaborative Study GrQ
Authors:

Swathi Kaliki, M.D.,' Vijitha S. Vempuluru, M.D.,! Komal dra Bakal, M.D.,' Samten

Dorji, M.D.,1 Vishakha Tanna, M.D.,1 Charlotte N .D.", Samuel J. Fallon, M.D.l,
Vishal Raval, M.D.,' Alia Ahmad, M.D.,> As YM.D.,” Mahvish Hussain, M.D.,>
Yacoub A Yousef, M.D.,3 Mona Moha .,3 Soma Rani Roy, M.D.,4 Fahmida
Huque, M.D.,* Ushakova Tatiana v Yuri, M.D.,” Polyakov Vladimir, M.D.,>%’
Sandro Casavilca Zambran ra Alarcon-Leon, M.D.,8 Cinthya Valdiviezo-
Zapata, M.D.,8 Maria rellet, M.D.,8 Cynthia Gutierrez-Chira, M.D.,8 Mario
Buitrago M.D.,8 J z Ortiz M.D.,8 Rosdali Diaz-Coronado M.D.,&9 Devjyoti
Tripathy, M. nata Rath, M.D.,10 Gaurav Patil, M.D.,10 Jesse L. Berry M.D.,“’12
Sara ., "2 Brianne Brown M.D.,“’12 Mika Tanabe M.D.,13 Shahar Frenkel

. .¥"Maya Eiger-Moscovich M.D.,14 Jacob Pe’er M.D.,14 Carol L. Shields M.D.,15
Ralph C. Eagle, Jr. M.D.,"> Andrea Laiton M.D.,"> Ana Maria Velasco M.D.,"* Katherine
Vega M.D.,"” Joseph DeSimone M.D.,” Kavya Madhuri Bejjanki M.D.,'® Anasua Ganguly
Kapoor M.D.,'® Anusha Venkataraman M.D.,"” Victoria Bryant M.D.,"” M. Ashwin Reddy
M.D.,17 Mandeep S. Sagoo F.R.C.S. (Ed).,17’18’19’20 G. Baker Hubbard 111 M.D.,21 Corrina P.

Azarcon M.D.,21 Thomas A. Olson M.D.,21 Hans Grossniklaus M.D.,21 Olivia Rolfe M.D.,22

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
Ophthalmic Communications Society, Inc.



¥202/6T/80 Uo

1971ZIMNZ[DBpXZOBBAe0ATIAEIDVIASALLIAIPO0AEIEAHION/AO AUMY TXOMADY

OINXYOHISABZIUTC+RYNIOITWNOTZTARYHJISHNQUE AQ [EUINOIRUNS/WOI MM|'S[BUINO//:dNY WO1) papeojuUMOQ

Sandra E. Staffieri BAppSc(orth), Ph.D.,”***** Roderick O'Day M.B.B.S., FRANZCO,**
Anu A. Mathew M.D.,”* James E. Elder M.B.B.S., FRANZCO.,”*”* John D. McKenzie
M.D.,22 Ido Didi Fabian M.D.,26 Rachel Shemesh M.D.,26 Vicktoria Vishnevskia-Dai M.D.,26
Mohammed. Hasnat Ali, M.B.A.," Saumya Jakati, M.D.,”’ Dilip K. Mishra, M.D.,”’ Vijay

Anand Reddy Palkonda, M.D."

Affiliations:

From 'The Operation Eyesight Institute for Eye Cancer, LV Prasad Ey derabad,
India, 2Children Hospital, Lahore, Pakistan, 3King Hussein Can el man, Jordan,
*Chittagong Eye Infirmary and Training Complex, Chittago gledesh,  Department of

Surgical Methods of Treatment with chemotherapy ead anid Neck Tumors), N. N.

Blokhin National Medical Research Center of ® scow, Russian Federation,

SL.A. Durnov Department of Pediatric On, of ussian Medical Academy of

on 0
&
ional Research Medical University, Moscow, Russian
Federation, 8pedi epartment, Instituto Nacional de Enfermedades

Neoplasicas, :GUniversidad Peruana Cayetano Heredia, Lima, Peru, LV Prasad

eswar, India, ''Children’s Hospital Los Angeles & USC Roski Eye

Continuing Professional Educati ussian Federation, 'Department of ENT

Diseases of the Faculty of Pedi Federal State Educational Institution of Higher

Education of N.I. Pirog

Angeles, USA, 2Keck School of Medicine, Los Angeles, USA, 13Kyushu
Uni , Fukuoka, Japan, “Hadassah Medical Center, Jerusalem, Israel, Ocular
Oncology Service, Wills Eye Hospital, Philadelphia, USA, '°LV Prasad Eye Institute,
Vijayawada, India, 17Royal London Hospital, Barts Health NHS Trust, London, UK,
"Moorfields Eye Hospital NHS Foundation Trust, London, UK, ’NIHR Biomedical

Research Centre for Ophthalmology at Moorfields Eye Hospital, °UCL Institute of

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
Ophthalmic Communications Society, Inc.



¥202/6T/80 Uo

1971ZIMNZ[DBpXZOBBAe0ATIAEIDVIASALLIAIPO0AEIEAHION/AO AUMY TXOMADY

OINXFOHISABZIYTCH+eyNIOITWNOTZTARY HARSHINAUE Aq reuinofeunal/wod mm| sfeulnoly/:dny woly pepeojumoqd

Ophthalmology, London, UK, 21Emory University School of Medicine, Georgia, USA,
*?Royal Children's Hospital, Victoria Australia, “Murdoch Children's Research Institute,
Melbourne, Australia, **Centre for Eye Research Australia, Royal Victorian Eye and Ear
Hospital, Melbourne, Australia, 2 University of Melbourne, Melbourne, Australia,
26Goldschleger Eye Institute, Sheba Medical Center, Tel Hashomer, Faculty of Medicine,
Tel-Aviv University, Tel Aviv, Israel, 27Ophthalmic Pathology Laboratory, LV Pggid Eye

Institute, Hyderabad, India.

Support provided by The Operation Eyesight Universal Institute r (SK) and

Hyderabad Eye Research Foundation (SK), Hyderabad, Ind fuiers had no role in the

preparation, review, or approval of the manuscript.

No conflicting relationship exists for any
Corresponding author: 0
Swathi Kaliki, M.D., q@

yIndia

The Operation Eyesig nstitute for Eye Cancer, L.V. Prasad Eye Institute,
Hyderabad, Telan

Email: kaliki 1 o.com; Phone: +91 40 68102502; Fax: +91 40 68108339

2-0800-9961

Sho : High-risk RB features in 1426 eyes
Word count: 2948
Tables: 5

Figurel: 1

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
Ophthalmic Communications Society, Inc.



1971ZIMNZ[DBpXZOBBAe0ATIAEIDVIASALLIAIPO0AEIEAHION/AO AUMY TXOMADY

OINXFOHISABZIYTCH+eyNIOITWNOTZTARY HARSHINAUE Aq reuinofeunal/wod mm| sfeulnoly/:dny woly pepeojumoqd

¥202/6T/80 Uo

This is an open-access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is

permissible to download and share the work provided it is properly cited. The work cannot be

changed in any way or used commercially without permission from the journal. Q

privgary enucleation for

Brief Summary Statement:

In this study of 1426 patients from five continents who und
RB, the risk of orbital tumor recurrence (p<0.001), s metastasis (p=0.001), and death

(p<0.001) was much higher in Asia and South g ared to Australia, Europe, and

North America.
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Abstract

Purpose: To evaluate high-risk histopathological feat REp) following primary
enucleation of eyes with retinoblastoma (RB) a ss th¢ patient outcomes across
continents

Methods: Retrospective study of 1426 pri enugicated RB eyes from five continents
Results: Of all, 923 (65%) were f 1aPAS), 27 (2%) from Australia (AUS), 120 (8%)

from Europe (EUR), 162 (1 rth America (NA), and 194 (14%) from South

America (SA). Based nent (AS vs. AUS vs. EUR vs. NA vs. SA), the
histopathology fe massive choroidal invasion (31% vs. 7% vs. 13% vs. 19%
vs. 27%, p= nminar optic nerve invasion (27% vs. 0% vs. 16% vs. 21% vs. 19%,
filtration (5% vs. 0% vs. 4% vs. 2% vs. 7%, p=0.13), and microscopic
infiltration (4% vs. 0% vs. <1% vs. <1% vs. 4%, p=0.68). Adjuvant
rapy with/without orbital radiotherapy was given in 761 (53%) patients. Based on
Kaplan-Meier estimates in different continents (AS vs. AUS vs. EUR vs. NA vs. SA), the 6-
year risk of orbital tumor recurrence was 5% vs. 2% vs. 0% vs. 0% vs. 12% (p<0.001),

systemic metastasis was reported in 8% vs. 5% vs. 2% vs. 0% vs. 13% (p=0.001), and death

in 10% vs. 3% vs. 2% vs. 0% vs. 11% (p<0.001) patients.
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Conclusion: There is a wide variation in the infiltrative histopathology features of RB across
continents, resulting in variable outcomes. SA and AS had a higher risk of orbital tumor

recurrence, systemic metastasis, and death compared to AUS, EUR, and NA.

Introduction

In the late 1950s, Carbajal documented c istopuathological findings in the
enucleated eyes of retinoblastoma (RB), whi avity of the disease” and aid in
prognostication.! Over time, as the thera ved, these histopathological findings

and criteria were accepted, refuted, d,¥ivised, and eventually evolved into what is now
known as ‘high-risk histopat res (HRHF)’ of RB.? Despite some heterogeneity
in defining HRHF, the ccepted criteria include massive choroidal infiltration,

post-laminar opti ation, optic nerve transection involvement, and extrascleral

tissue infiltr 2 se of adjuvant chemotherapy regimens in patients with HRHF has

ower the risk of local recurrence, metastasis, and death from RB in

obal studies on RB have shown that the clinical presentation and outcomes of RB
are affected by age at presentation, lag time from symptom onset to presentation, country
income status, tumor laterality, heredity, and genetic basis.®'' The pathological signature of
tumors is the bridge that connects the clinico-demographic variables to disease outcomes.

However, histopathological features and the presence of HRHF, which greatly impact the

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
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survival in RB, have not been extensively studied. Firstly, how commonly are HRHF
encountered worldwide? This data is highly variable, ranging from 23% to 78% of enucleated
RB eyes in various studies.'*"’ Secondly, does the tumor histomorphology differ by region,
race, and ethnicity? This data is lacking, with only a few intercontinental studies that focused
on this aspect.m17 This multicenter intercontinental collaborative study explores these
important questions and attempts to bridge the knowledge gaps in the literature.

Methods

Treatment centers across six continents, forming the Hi blastoma
Collaborative Study Group, were invited to participate in , retrospective,
collaborative study focussing on the HRHF of RB in underwent primary
enucleation from 2011 to 2020. The availability of ly d6Cumented histopathological

data was a mandate. Information was provi e participating centers on the

demographics (age, sex, gender, race,

complaints, ocular examination, gtu
Retinoblastoma (ICRB)18 a t

(IIRC),19 tumor stage dition of the American Joint Committee on Cancer

, Weerality), clinical features (presenting
up by the International Classification of
tional Intraocular Retinoblastoma Classification

(AJCC),18 histop ures (growth pattern, tumor differentiation, involvement of

ocular stru , , pPTNM stage),20 treatment details (enucleation, adjuvant
herapy), and outcomes (orbital tumor recurrence, systemic metastasis,

eath). All the aforementioned data, including the grouping and staging of RB,

d on the physical and medical records, fundus cartograms, and pathology reports.
For the HRHF, all features presumed as high-risk for systemic metastasis described in the
literature were looked for. As it was a retrospective study, the definition of HRHF was

variable between centers.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
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The study cohort was divided into groups based on the continent of origin: Asia (AS:
Bangladesh, India, Israel, Japan, Jordan, Pakistan), Australia (AUS), Europe (EUR: Russia,
United Kingdom), North America (NA: United States of America (USA)), and South
America (SA: Peru), and the various parameters and outcomes were compared between the
sub-groups.

The study adhered to the Strengthening the Reporting of Observation dies in

Epidemiology (STROBE) statement.”’ The participating centers obtained
respective individual ethics committees. The study was conducted in the tenets
of the Declaration of Helsinki.
Data collection:

A Microsoft Excel spreadsheet was designe delibCration with the lead ocular
oncologists at the participating centers and circ itat enters. The data was entered by
medical students, residents, and postdoct lowsy"who received a short training session

on data entry in the spreadsheet. T d dfular oncologists monitored the accuracy of the

data entry at periodic interva ulmination of data collection. SK was responsible

for the accurate compil om all centers and further statistical analysis.
Statistical analysi
, clinical features, histopathological features, treatment details, and
ared between these groups. The statistical analysis was performed using
ersion 4.3.2). Descriptive data was summarized as mean, median, range, and
prop . Continuous data were compared using analysis of variance (ANOVA), and
categorical data was compared using the Chi-square test. A p-value of <0.05 was considered
statistically significant where in one-to-one comparisons were made between the continent

groups. Post-hoc analysis of continuous data was performed using the Bonferroni test. Cox

proportional hazards regression was used to estimate the impact of the continent of origin on

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
Ophthalmic Communications Society, Inc.
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the outcomes. Kaplan-Meier estimates were used to predict the rates of local recurrence,
metastasis, and death between different continents at 3 months, 6 months, 1 year, 2 years, 3
years, and 6 years.
Results

There were 21 centers from 11 countries across five continents that participated in the

study and enrolled a total of 1426 eyes in 1426 patients. The participating c

, being
recognized as RB treatment centers, largely reflected the national estimates try of
origin. A majority of patients were enrolled from Asia (n=923, 65 y South
America (n=194, 14%), North America (n=162, 11%), Europ 0, , and Australia
(n=27, 2%). The North American continent was represe ti» USA, and the South
American continent by Peru. No patients could be e om Alrica.

Demographics and clinical features

The demographic and clinical de patsnts are listed in Table 1 and Table 2

respectively. The mean age at theatilgs offiliagnosis of RB was 30 months (median, 26
months; range, 11 to 143 m %«An grouping by the ICRB and IIRC systems was
available for 1405 (99% 92%) patients, respectively. A majority of enucleated
E in AS (n=813, 88%), AUS (n=22, 81%), EUR (n=106,

eyes belonged to
88%), NA ( , and SA (n=114, 59%). However, a sizeable number of enucleated

eyes b B Group D in SA (n=80, 41%), compared to AS (n=105, 11%), AUS
=5, EUR (n=14, 12%), and NA (n=5, 3%). Only 2 (<1%) Group C eyes were
enu d, and both were unilateral RB patients from AS.
Histopathological features
(a) Tumor growth pattern and degree of differentiation

Details of tumor growth pattern and tumor differentiation were available in

1342 (94%) and 1366 (96%) of the 1426 enucleated eyes, respectively. Endophytic

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
Ophthalmic Communications Society, Inc.



¥202/6T/80 Uo

1971ZIMNZ[DBpXZOBBAe0ATIAEIDVIASALLIAIPO0AEIEAHION/AO AUMY TXOMADY

OINX¥OHISABZIY TN +erNIOITWNOIZTABNHABSHANQUE AQ [euinofeunal/wod mm| sfeulnoly/:diy woiy papeojumod

(b) Involvement of ocular structures, HRH

growth was the most common pattern seen on histopathological examination, seen in
642 (48%) eyes. Eyes from AS, EUR, and SA displayed endophytic tumors in a
majority (48%, 56%, and 62% respectively) (p=0.001), whereas exophytic pattern
was more common in eyes from AUS (66%) and NA (40%) (p=0.001).

The degree of tumor differentiation also displayed significant differences

between the continents. Moderately differentiated tumors were the m

(n=471, 34%) in the entire cohort and AS (n=335, 37%). Poo
morphology was the most common type in NA (n=81, 51%) 8, 44%),
and undifferentiated morphology was the most commo in (n=57, 48%).
Details of the degree of differentiation were unavai ajority (90%) of eyes

from AUS.

taging

Histopathology details ar in'$able 3. In the entire cohort, the optic
nerve (including pre-laminaglaiiina, $hd post-lamina) was the most common adjacent
structure infiltrated b ith its involvement seen in 959 (67%) eyes. Eyes
from AS displ est proportion of iris (n=91, 10%) and trabecular
meshwork involvement (p=0.004 and 0.02, respectively). Choroidal
ent was the highest in EUR (n=85, 71%, p=0.001), and the highest
massive choroidal invasion was seen in AS (n=283, n=31%) followed
(n=52, 27%). Optic nerve involvement was the highest in the EUR (n=103,
%) and the lowest in AUS (n=4, 15%). Post-laminar optic nerve involvement was
the highest in AS (n=245, 27%), and involvement of the transected margin of the
optic nerve was the highest in SA (n=22, 11%).

Universally accepted HRHF that were significantly different between the

continents were: massive choroidal invasion (AS (31%) versus EUR (13%) versus

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the

Ophthalmic Communications Society, Inc.



¥202/6T/80 Uo

1971ZIMNZ[DBpXZOBBAe0ATIAEIDVIASALLIAIPO0AEIEAHION/AO AUMY TXOMADY

OINX¥OHISABZIY TN +erNIOITWNOIZTABNHABSHANQUE AQ [euinofeunal/wod mm| sfeulnoly/:diy woiy papeojumod

NA (19%), p=0.001), post-laminar optic nerve invasion (AS (27%) versus AUS (0%),
p=0.0006) and transected end of optic nerve (SA (11%) versus EUR (0%), p=0.0007).
There were no significant differences between the continents in any form of scleral
invasion. Among the equivocal HRHF, iris invasion (AS (10%) versus SA (3%),
p=0.004412), trabecular meshwork invasion (AS (6%) versus SA (<1%), p=0.02035),

and the combination of prelaminar and minor choroidal invasion (AS ). versus

EUR (59%) and SA (32%), p<0.001) were significantly different.

Nearly half (n=655, 46%) of the 1426 enucleated eyeQ as AJCC
stage pTl, i.e., intraocular disease without any loc cal choroidal
invasion, or pre/intralaminar optic nerve invasion. f tumors belonged to
the pT1 AJCC stage in AS (n=420, 46%), 24, 89%), NA (n=91, 56%), and

SA (n=83, 43%), whereas pT2a was ant pathological stage in EUR

(n=48, 40%). The advanced pT4 S e common in the SA (n=24, 12%), AS
(n=76, 8%), and NA (n=9, t in EUR (n=1, <1%) and AUS (n=0, 0%).
Differences in the t tion in pT1, pT2a, and pT4 were significantly

different betwee
Treatment and ou
(100%) were treated with primary enucleation. The decision for
as based on the individual center’s definition of HRHF, and this was
different between continents. Bilateral disease with an active tumor in the
cont ral eye accounted for adjuvant treatment in children with HRHF-negative eyes
(n=60, 4%). Fifty-seven percent of patients in AS, 53% in SA, 52% in EUR, 41% in NA, and

only 19% in AUS received adjuvant chemotherapy with/without external beam radiotherapy

(EBRT). No patient (0%) in AUS had HRHF that warranted EBRT.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
Ophthalmic Communications Society, Inc.
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Orbital tumor recurrence, systemic metastasis, and tumor-related death were seen in
60 (4%), 98 (7T%), and 83 (6%) patients at a mean follow-up duration of 41 months (median,
35 months; range, <1 to 149 months). Tumor recurrence (10%), systemic metastasis (12%),
and death (10%) were all highest in SA (p=0.001, p=0.0005582, and p=0.009256

respectively), and the lowest (all 0%) in AUS. The mean interval between enucleation and

orbital tumor recurrence was the shortest in AS at 5 months (median, < 1 month; e, <I -

36 months) and the longest in NA at 32 months (median, 9 months; rang nths)
with the difference being statistically significant (p<0.001). (Table 4)

Kaplan Meier estimates of outcomes showed signi nces between
continents for local recurrence and metastasis at 1 year, ars, and 6 years, and

death estimates at 2 years, 3 years, and 6 years. The es of Yocal recurrence, metastasis,

and tumor-related death were the highest for , o0, and 11% respectively) and the
lowest for AUS (0%, 0%, and 0% respecti Tateg’s) (Figure 1)

Discussion

The incidence and m veral cancers exhibit a great deal of variation in

different parts of the w, rent populations.22 These geographic differences have
been partly attri , ethnicity, lifestyle, environment, genetic polymorphisms,
epigenetic d immune/inflammatory responses. A large majority of the
differepce , are still unexplained.zz’23 Evidence on intercontinental studies on the
ers in the world, such as the lung and breast have shown heterogeneity in
pres on and survival based on region.m’25 Although the most common pediatric
intraocular malignancy,25 RB is a rare cancer, and its global perspective is evolving. The
literature from collaborative intercontinental studies on RB is increasing at a steady pace, and

reports from the last decade have highlighted disparities in the clinical presentation and

outcomes of RB, with a large majority of the differences attributed to the economic status of

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
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the country of origin.G'8 Studies on histopathological features of RB are limited to reports

3.4,12-17 16,17

from individual centers, and few studies have explored intercontinental differences.
Kaliki et al. compared the HRHF between two RB treatment centers in India and the USA
and noted greater HRHF in India (30%) than USA (23%) but no difference in outcomes

owing to robust adjuvant therapeutic regimes.16 Tomar et al. reviewed data from RB

treatment centers spread across six continents and noted that 30% of primaril cleated

eyes with RB had HRHF. The latter study was aimed at identifying tures

predictive of HRHF, and no comparisons were made based on the cou

lgbased on the
is higher than the
16,17

previously reported multinational studies. Iny, f partial thickness sclera, full

In the present study of 1426 primarily enucleated
individual center’s criteria) were seen in 50% of the p
thickness sclera, and extrascleral orbit was see 10 (<1%), and 47 (3%) eyes, all
of which were clinically classified as an i lar$isease. Thus, the presence of HRHF is
quite high in eyes with RB underggi Il enucleation, and thorough histopathological
assessment is crucial for appr ement and optimal outcomes.
There were striki s in tumor histopathology between different continents
in this study. Firs ¢ tumors were more common in AS, EUR, and SA whereas
exophytic w mon in AUS and NA. Endophytic tumors have a propensity for
vitreo i exophytic tumors for choroidal and optic nerve invasion.”*?® Palzzi et

n endophytic tumors had higher rates of positive family history, and exophytic
tum ore often resulted in glaucoma.27 In our study, the highest number of familial
patients were seen in NA, but these tumors showed a higher % of exophytic (40%) than
endophytic morphology (27%). However, eyes from AUS with predominantly exophytic

tumors (66%) did show elevated intraocular pressures and greater corneal diameters when

compared to other continents. A mixed growth pattern has been described to be associated

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
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1971ZIMNZ[DBpXZOBBAe0ATIAEIDVIASALLIAIPO0AEIEAHION/AO AUMY TXOMADY

OINX¥OHISABZIY TN +erNIOITWNOIZTABNHABSHANQUE AQ [euinofeunal/wod mm| sfeulnoly/:diy woiy papeojumod

¥202/6T/80 Uo

with a higher IIRC group and neovascular glaucoma by Nawaiseh et al. in a Turkish cohort,*®
and this trend was seen in our study as well. NA had the highest number of a mixed growth
pattern (30%) among all the continents, along with the highest number of NVI (46%),
secondary glaucoma (49%), and IIRC group E eyes (95%). However, this did not translate to
worse outcomes in terms of orbital tumor recurrence, metastasis, or death in NA.

The degree of tumor differentiation also varied greatly between tinents.

Retinoblastoma is known to exhibit lesser differentiation with time and adv ® This

was not reflected in our study. Both EUR and NA had a mean ag ion of 28
months and a mean duration of symptoms of 3 months. Howe t proportion of
poorly differentiated RB were seen in NA, and the highest iodf undifferentiated RB
were seen in EUR, contrary to the expected trend in line Ot the disease.

On comparison of HRHF between c s,& <cre were significant differences.

Patients in AS and SA had a higher perc of compared to AUS, EUR, and NA.

An advanced pT stage was more ¢ QA. Outcomes largely corroborated with the pT
&

stage of tumors, with a 6-y bital tumor recurrence, systemic metastasis, and
disease-related death beg SA (p<0.001). The lowest number of tumor-related
events were seen i had the highest number of pT1 stages.
This ntified intercontinental variations in histopathological features of
primari RB eyes in a large cohort. The reason for these geographical differences
igun . In various cancers, race and ethnicity have been shown to play an important
role cer susceptibility and survival, largely attributed to tumor gene polymorphisms and
epigenetic and transcriptome variations.” Mutations in various oncogenes have been
identified that vary between ethnicities.”® RB is considered a prototypical genetic cancer, but

there is evolving evidence that it is a complex trait with variations in phenotypic expression.30

Afshar et al, demonstrated worse histopathologic features in RB, such as higher histologic

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
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grade and anaplasia, in the presence of mutations beyond RBI, including MYC-N, MDM4,
RAF1, BCOR, ARIDIA, MGA, FATI, and ATRX.” These factors have not been explored in
our cohort. Delayed health-seeking behaviour due to poor accessibility or awareness may also
play a role in the intercontinental differences in HRHF, with a higher probability of tumor

invasion in patients undergoing delayed primary enucleation. It is possible that the

differences in HRHF reflect late presentations or delayed diagnoses in inadequ funded
healthcare systems that vary between countries and continents, which coul
in this study. Lastly, with data drawn from different nations and conti ons in the
reporting of histopathological data could exist. However, this i inimal for RB
as tumor features have been objectively defined.*
The foremost strength of this study is the plesize and the availability of
histopathological data on RB from across the s a first-of-its-kind study with a
large sample size to explore the spectr istépathological risk factors of RB across

several continents. It paves the w fuher research on understanding the factors that

influence the histomorpholo ifferent parts of the world. This study however, has

certain inherent limitati pective study. Although centers from all countries were
approached for t participation was subject to the discretion of the center’s
leading ocul As a result, no patients could be enrolled from Africa due to lack
ails in most patients, and the South American continent was represented
ountry, Peru. Although HRHF is a major contributor to the prognostication of
surv RB, being a pan-continental study, several factors may have a confounding role to
play, which include the status of the contralateral eye, socio-economic parameters,
awareness, education, access to medical care, and local insurance policies. Treatment

protocols such as indication for primary enucleation and decision for adjuvant chemotherapy

were based on the individual center’s facilities and treatment protocols.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
Ophthalmic Communications Society, Inc.



197ZIMNZIDBPXZOBBOROATIAEIDYIASALLIKIPOOAEIEAHION/AD AUMY TXOMADY

OINXYOHISABZIYTCH+eyNIOITWNOTZTARY HASHINQUE Aq reuinofeunal/wod mm| sfeulnoly/:dny woly pepeojumoqd

¥202/6T/80 Uo

To conclude, this study provides the burden of HRHF across the world and
demonstrates the intercontinental heterogeneity in the histomorphology of RB. Eyes from AS
had the highest incidence of massive choroidal invasion and post-laminar optic nerve
invasion, while SA had the highest involvement of the transected margin of the optic nerve.
SA and AS had a higher risk of orbital tumor recurrence, systemic metastasis, and death

X
O
$°

compared to AUS, EUR, and NA.

A
G
&
©
3
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Figure legend:

Figure 1: Kaplan-Meier curves in different continents for retinoblastoma after primary

enucleation: (A) tumor recurrence, (B) metastasis, and (C) tumor-related death
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Table 1: Demographics of 1426 retinoblastoma patients from five continents who underwent primary enucleation

Feature All cases Asia Australia Europe North America | South America | p-value
n=1426 n=923 n=27 n=120 n=162 n=194
n (%) n (%) n (%) n (%) n (%) n (%)
Age at presentation Q
(months) 30 31 23 2 28 29 0.2162
Mean (median, range) (26,11 -143) | (26,11 - 120) (21,6 - 63) (25,1 - 3, <1 -143) (27,1 -98)
Sex
Male 757 (53) 510 (55) 10 (37) 74 (46) 100 (52) | 0.08102
Female 668 (47) 412 (45) 17 (63) 8) 88 (54) 94 (48) | 0.07542
Race
Caucasian 135 (10) 23 (3) 18 (67 12 (10) 82 (51) 0()| <0.001*
African American 29 (2) 1(<1) 0 (0) 28 (55) 0(0)| <0.001°
Asian 841 (59) 809 (88) 12 (10) 16 (10) 00| <0.001°
Hispanic 226 (16) 0(0) ) 0(0) 32 (20) 194 (100) | <0.001°
Arab 96 (7) 90 (10) (15) 0(0) 2 (1) 0 (0) 0.001°
African 2 (<1) 0(Q 0 (0) 0 (0) 2(1) 0 (0) | 0.003563
British 20 (1) 0(0) 20 (17) 0 (0) 0(0) | <0.001"
Russian 76 (5) 0 (0) 76 (63) 0 (0) 0(0)| <0.001®
Indigenous 1 (<1) 1 (4) 0 (0) 0 (0) 0(0) | 0.001"
Australian
Hereditary pattern
Sporadic 1345 (94 27 (100) 118 (98) 132 (81) 194 (100) 0.001'
Familial 78 0 (0) 2(2) 30 (19) 0 (0) 0.001’
Tumor laterality
Unilateral 1204 (8 746 (81) 25 (93) 116 (97) 134 (83) 183 (94) 0.001"
Bilateral 222 (6) 177 (19) 2(7) 4 (3) 28 (17) 11 (6) 0.001"
Duration of symptoms
(months)

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
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| Mean (median, range) | 4(2,<1to51)] 4(2,<1to5D)] 2(1,<1t012)| 3(1,<1t025 ] 3(1,<1t036)] 5(3,<1t036)] 0.002" |

Asia=AS, Australia=AUS, Europe=EU, North America=NA, South America=SA

*Post-hoc analysis showed that AS was significantly different from AUS, EU, and NA; AUS was significantly different from EU and SA; EU

was significantly different from NA and SA; NA was significantly different from SA.

®Post-hoc analysis showed that AS was significantly different from NA; EU was significantly diffeQrom NA; NA was significantly different

from SA.

“Post-hoc analysis showed that AS was significantly different from AUS, EU, NA, and SA;

significantly different from SA; NA was significantly different from SA.

post-hoc analysis showed that AS was significantly different from NA and SA; AUS

different from NA and SA; NA was significantly different from SA. %
n

significantly different from SA; EU was
cantly different from SA; EU was significantly

Post-hoc analysis showed that AS was significantly different from EU,NA, and SAS S was significantly different from EU, NA, and SA.
"Post-hoc analysis showed that AS was significantly different from EU; EU wonificantly different from NA and SA.
fPost-hoc analysis showed that AS was significantly different from EU; % enificantly different from EU; EU was significantly different

from NA and SA.
"Post-hoc analysis showed that AS was significantly different from A&S
a

"Post-hoc analysis showed that AS was significantly different fro A; EU was significantly different from NA; NA was significantly

different from SA.

'Post-hoc analysis showed that AS was significantly differe and SA; AUS was significantly different from NA; EU was significantly
different from NA; NA was significantly different from S

¥Post-hoc analysis showed that AS was significantly di m AUS and SA; EU was significantly different from NA; NA was significantly
different from SA.

'Post-hoc analysis showed that AS was significan nt from EU and SA; EU was significantly different from NA; NA was significantly
different from SA.

"Post-hoc analysis showed that SA was sigé different from NA and EU.

\
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Feature All cases Asia Australia Europe North America | South America p-value
n=1426 n=923 n=27 n=120 n=162 n=194
n (%) n (%) n (%) n (%) (%) n (%)
Horizontal corneal Q
diameter (mm) 12 12 14 11 12
Mean (median, range) (12,8 -15) (12,8 - 15) (14, 14) (11,9 - ,10-14) na 0.001"
Megalocornea
(n=1054) 85 (8) 65 (8) 1(4) 16 (10) na | 0.0002562"
Intraocular pressure
(mm Hg) 19 18 27 Q 18 25
Mean (median, range) (13,0 - 65) (12,0 - 65) (26, 8 - (1274 - 48) (21,5-62) na <0.001°
Secondary glaucoma
(n=1047) 342 (33) 233 (30) 39 (33) 66 (49) na <0.001°
Anterior chamber seeds
(n=1421) 138 (10) 107 (12) 13 (11) 8 (5) 9(5 | 0.004795°
Neovascularization of
iris (n=1415) 353 (25) 5(19) 50 (42) 74 (46) 1(<1) <0.001"
Hyphema (n=1419) 69 (5) 0(0) 2(2) 3(12) 10 (5) 0.05565
Ectropion uveae <0.001#
(n=1421) 160 (11) 0(0) 7 (6) 21 (13) 0 (0)
Cataract (n=1419) 70 (5) 0(0) 4 (3) 503) 2(1)| 0.008012"
Orbital pseudocellulitis 51 (4) 5) 0(0) 3(03) 2(1) 0(©)| 0.002441'
International
Classification of
Retinoblastoma
(n=1405)
Group C 2 (<1 2 (<1) 0(0) 0(0) 0(0) 0 (0) 0.8956
Group D 209 (15) 105 (11) 5(19) 14 (12) 503) 80 (41) <0.001
Group E 1194 (85) 813 (88) 22 (81) 106 (88) 139 (97) 114 (59) <0.001"
International

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the
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Classification of

Intraocular

Retinoblastoma

(n=1312)
Group C 2 (<1) 2 (<1) 0 (0) 0 (0) 0(0) 0(0) 0.8956
Group D 264 (20) 129 (14) 16 (59) 15(13) 24 (15) 80 (79) <0.001'
Group E 1046 (80) 772 (86) 11 (41) 105 (88) 37 (95) 21 (21) <0.001™

8™ edition of AJCC

(n=1291)
cT2b 572 (44) 262 (33) 19 (70) 87 (54) 160 (82) <0.001"
cT3a 8 (K1) 6 (<1) 0 (0) 0(0) 1 (<1) 0.8504
cT3b 244 (19) 178 (23) 14) 11 (7) 23 (12) 0.001°
cT3c 280 (22) 186 (24) 7 (26 55 (34) 0 0.001°
cT3d 82 (6) 61 (8) 54) 6 4) 10 (5) 0.3044
cT3e 47 (4) 43 (6) 303) 1(<1) 0@)| 0.0021181
cT4a 39 (3) 33 (4) 4 (3) 2(1) 0(0) 0.03724"
cT4b 19 (2) 19 (2) 0 (0) 0 (0) 0 0.03288

Asia=AS, Australia=AUS, Europe=EU, North America=NA, rica=SA.

*Post-hoc analysis showed that AS was significantly differ
EU and AUS; AUS was significantly different from EU,
PPost-hoc analysis showed that AS was significantly
‘Post-hoc analysis showed that AS was significan
EU was significantly different from SA; NA w
post-hoc analysis showed that AS was signi
significantly different from SA; NA was i
Post-hoc analysis showed that AS was4
fPost-hoc analysis showed that AS ficantly different from EU, NA, and SA; AUS was significantly different from SA’ EU was
significantly different from SA; NA was@Znificantly different from SA.

#Post-hoc analysis showed that AS was significantly different from NA; EU was significantly different from SA; NA was significantly different
from SA.

%’Post—hoc analysis showed that AS was significantly different from SA.

'Post-hoc analysis showed that AS was significantly different from SA.

S and EU.” NA was significantly different from

om SA; NA was significantly different from SA.

ent from AUS, EU, and NA; AUS was significantly different from EU, NA, and SA;
antly different from SA.

ifferent from NA and SA; AUS was significantly different from NA and SA; EU was
different from SA.

tly different from SA.
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JPost-hoc analysis showed that AS was significantly different from NA and SA; AUS was significantly different from NA; EU was significantly
different from SA; NA was significantly different from SA.

Post-hoc analysis showed that AS was significantly different from SA; EU was significantly different from SA; NA was significantly different
from SA.

'Post-hoc analysis showed that AS was significantly different from AUS and SA; AUS was signifigantly different from EU and NA; EU was
significantly different from SA; NA was significantly different from SA.

"Post-hoc analysis showed that AS was significantly different from AUS and SA; AUS was iC@ptly different from EU, NA, and SA, EU
was significantly different from SA; NA was significantly different from SA. 6

"Post-hoc analysis showed that AS was significantly different from AUS, NA, and SA; was significantly different from EU; EU was
significantly different from SA; NA was significantly different from SA.
°Post-hoc analysis showed that AS was significantly different from NA; EU was siggi different from NA and SA.

PPost-hoc analysis showed that AS was significantly different from NA and SA; A as'significantly different from SA; EU was significantly
different from SA; NA was significantly different from SA.

9Post-hoc analysis showed that AS was significantly different from SA. Q
"Post-hoc analysis showed that AS was significantly different from SA. %
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Table 3: Histopathological features of primarily enucleated retinoblastoma eyes in 1426 patients across five continents

Feature All cases Asia Australia Europe North America | South America p-value
n=1426 n=923 n=27 n=120 n=162 n=194
n (%) n (%) n (%) n (%) (%) n (%)
Tumor growth pattern
(n=1342) Q
Endophytic 642 (48) 424 (48) 1(33) 67 ( 43 (27) 107 (62) 0.001"
Exophytic 287 (21) 182 (21) 2 (66) 1 64 (40) 23 (13) 0.001°
Mixed pattern 370 (28) 249 (28) 00 48 (30) 41 (24) | 0.009134°
Diffuse infiltrating 37 (3) 25 (3) 00 6 (4) 2 (1) 0.4494
Tumor differentiation
(n=1366)
Well differentiated 250 (18) 205 (23) 0 10 (8) 24 (15) 11 (6) <0.001°
Moderately 498 (36) 335 (37) 34 (28) 52 (33) 77 (43) | 0.000487¢
differentiated
Poorly differentiated 471 (34) 292 (32) 19 (16) 81 (51) 78 (44) 0.001"
Undifferentiated 128 (10) 56 (6) 57 (48) 3(2) 12 (7) <0.0018
Tumor infiltration
AC seeds 184 (13) 1(4) 16 (13) 14 (9) 34 (18) 0.07927
Iris 114 (8) 0(0) 9(8) 8 (5) 6(3)| 0.004412"
Trabecular meshwork 69 (5) 0 (0) 54) 10 (6) 1 (<1) 0.02035'
Schlemm’s canal 47 (3) 00 33) 1(<1) 2 (1) 0.01946
Ciliary body 101 (7) &) 0(0) 9 (8) 9 (6) 13 (7) 0.548
Choroid 670 (47 4 (45) 6 (22) 85 (71) 49 (30) 116 (60) 0.001’
Minor 287 131 (14) 4 (15) 70 (58) 18 (11) 64 (33) <0.001"
Massive 383 283 (31) 2(7) 15 (13) 31 (19) 52 (27) 0.001'
Optic nerve 959 (6 601 (65) 4 (15) 103 (86) 115 (71) 136 (70) 0.001™
Pre-lamina 319 (22) 159 (17) 3(11) 57 (48) 56 (35) 44 (23) 0.001"
Lamina cribrosa 218 (15) 140 (15) 1(4) 27 (23) 17 (10) 33 (17) 0.02716
Post-lamina 335 (23) 245 (27) 0(0) 19 (16) 34 (21) 37 (19) | 0.0005819°
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Transected cut end 87 (6) 57 (6) 00 0 () 8(5) 22 (11) | 0.0007057°
Combination of 348 (24) 182 (20) 3(11) 71 (59) 29 (18) 63 (32) <0.001
prelaminar/laminar
optic nerve and <3 mm
of choroid
Sclera 70 (5) 48 (5) 0 (0) 3(2) 14 (7) 0.1277
Partial thickness 60 (4) 38 (4) 00 3(2) 14 (7) 0.09944
Full thickness 10 (<1) 10 (1) 00 00 0(0) 0.2408
Extrascleral tissue 47 (3) 37 (4) 00 1(<1) 8 (4) 0.06798
8™ edition AJCC
staging
pT1 655 (46) 420 (46) 24 (89) 91 (56) 83 (43) 0.001"
pT2a 138 (10) 53 (6) 6 (4) 30 (15) <0.001°
pT2b 27 (2) 19 (2) 3(2) 0(0) 0.1016
pT3a 153 (11) 109 (12) 17 (11) 16 (8) 0.4062
pT3b 283 (20) 202 (22) 33 (20) 33(17) 0.006749
pT3c 52 (4) 36 (4) 3(12) 8 (4) 0.5757
pT3d 8 (K1) 8 (<) 00 0 (0) 0.3565
pT4 110 (8) 76 (8)¢ 9 (6) 24 (12) | 0.001505"

Asia=AS, Australia=AUS, Europe=EU, North Americaz

EU and SA; EU was significantly different from
PPost-hoc analysis showed that AS was signifi
NA; EU was significantly different from NA;
“Post-hoc analysis showed that AS was si
post-hoc analysis showed that AS was@i
Post-hoc analysis showed that AS
"Post-hoc analysis showed that AS was

s significantly different from SA.

different from AUE, and SA.

tly different from EU, and SA.

antly different from AUE; AUE was significantly different from EU, NA, and SA.
ficantly different from ASU, EU, and NA; AUS was significantly different from

NA, and SA; EU was significantly different from NA and SA; NA was significantly different from SA.
fPost-hoc analysis showed that AS was significantly different from EU; AUS was significantly different from
EU; EU was significantly different from NA and SA .
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f’Post-hoc analysis showed that AS was significantly different from SA.
"Post-hoc analysis showed that AS was significantly different from SA.
'Post-hoc analysis showed that AS was significantly different from EU, NA, and SA; AUS was significantly different from
EU and SA; EU was significantly different from NA; NA was significantly different from SA.
¥Post-hoc analysis showed that AS was significantly different from EU and SA; AUS was significa different from
EU EU was significantly different from NA and SA; NA was significantly different from SA.

'Post-hoc analysis showed that AS was significantly different from EU and NA; EU was s1gn1f1

"Post-hoc analysis showed that AS was significantly different from AUS and EU; AUS wa
EU, NA, and SA; EU was significantly different from NA and SA.

"Post-hoc analysis showed that AS was significantly different from EU and NA; AUS
EU; NA was significantly different from SA. Q

ferent from SA.
tly different from

cantly different from

°Post-hoc analysis showed that AS was significantly different from AUS.
PPost-hoc analysis showed that EU was significantly different from SA.
9Post-hoc analysis showed that AS was significantly different from EU an.
EU; EU was significantly different from NA and SA; NA was significa
"Post-hoc analysis showed that AS was significantly different from A
EU and SA; EU was significantly different from NA.

was significantly different from
t from SA.
; AUS was significantly different from

*Post-hoc analysis showed that AS was significantly different f d SA; AUS was significantly different from
EU; EU was significantly different from NA and SA; NA w ntly different from SA.
‘Post-hoc analysis showed that EU was significantly diffe ORPOA.
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Table 4: Treatment and outcomes of 1426 retinoblastoma patients from five continents who underwent primary enucleation

Feature All cases Asia Australia Europe North America | South America p-value
n=1426 n=923 n=27 n=120 n=162 n=194
n (%) n (%) n (%) n (%) (%) n (%)
Adjuvant treatment
None 664 (47) 396 (43) 22 (81) 58 (48) 96 (59) 92 (47) 0.001*
vC 704 (49) 508 (55) 5(19) 64 (40) 77 (40) 0.001°
IVC + EBRT 57 (4) 18 (2) 0(0) ) 2(1) 25 (13) 0.001°¢
Number of cycles of
chemotherapy
Mean (median, range) 6(6,1-12) 6(6,1-12) 4(4,2-6) 6(6,4-11) 6(6,2-06) <0.001°
EBRT dose (Gy) 44 (45, 30 - 40 (40, 40 - n 50 (50, 50) NA | 43 (45,30 - 50)
Mean (median, range) 50) 45) <0.001°
Outcomes
Tumor recurrence in 60 (4) 37 4 00 0(0) 3(12) 20 (10) 0.001"
orbit
Interval between 74,<1-83)| 5(I1,<L na na 32(9,4-83) 11 (9,1-42) <0.0018
enucleation and orbital
tumor recurrence 0
(months)
Systemic metastasis 98 (7) 66 (7) 0(0) 1(<1) 74) 24 (12) | 0.0005582"
Interval between 10 (8, <1 - ,<1-41) na 76)| 17 (6, <1 -83) 9(8,2-25) 0.37
enucleation and
systemic metastasis
(months)
Death 83 (6) 57 (6) 0(0) 2(12) 503) 19 (10) 0.009256
Interval between 13 (11, <1 - 14 (11, <1 - na| 10(10,7-12)| 10(10,6-11)| 12(11,3-26) 0.78
enucleation and death 72) 72)
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(months)

Follow-up duration
(months)
Mean (median, range)

41 (35, <1 -
149)

34 (28, <1 -
149)

73 (73,8 - 135

59 (56, <1 -
139)

51 (46, <1 -
123)

53 (50, 1-138)

<0.001'

IVC=intravenous chemotherapy; EBRT=external beam radiotherapy; na=not applicable; NA=not aygplable

Asia=AS, Australia=AUS, Europe=EU, North America=NA, South America=SA
*Post-hoc analysis showed that AS was significantly different from AUS and NA; AUS was sig;

Qantly different from

&an y different from

2

EU, SA .

®Post-hoc analysis showed that AS was significantly different from AUS, NA, and SA.
‘Post-hoc analysis showed that AS was significantly different from EUS and SA; EU
NA; NA was significantly different from SA.

post-hoc analysis showed that EU was significantly different from AS; EU was si
NA; SA was significantly different from AUS.

“Post-hoc analysis showed that AS was significantly different from NA a
EU; SA was significantly different from AUS.

"Post-hoc analysis showed that AS was significantly different from S
SA; NA was significantly different from SA.

fPost-hoc analysis showed that AS was significantly different

NA; NA was significantly different from SA.

"Post-hoc analysis showed that EU was significantly di

"Post-hoc analysis showed that AS was significantly d

AUS; SA was significantly different from AUS.

N

Qi
N

different from

significantly different from

was significantly different from

nd SA; EU was significantly different from

EU, AUS, and SA; NA was significantly different from
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Table 5: Kaplan Meier analysis of outcomes of 1426 retinoblastoma patients from five continents who underwent primary enucleation
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Feature All cases Asia Australia Europe North America | South America | p-value
n=1426 n=923 n=27 n=120 n=162 n=194
n (%) n (%) n (%) n (%) n (%) n (%)
n % n % n % n % Q % n %
estimate estimate estimate estimate estimate estimate
Local tumor
recurrence
3 months 1269 | 0.5% 816 1% 27 0% 89 149 0% 191 1% 0.55
6 months 1202 1% 758 1% 27 0% 87 147 1% 186 3% 0.19
1 year 1084 2% 696 2% 27 0% 86 143 2% 169 6% 0.015
2 years 856 4% 493 4% 25 0% 0% 121 2% 145 11% <0.001
3 years 650 4% 341 4% 21 0% 0% 99 2% 124 11% <0.001
5 years 248 5% 105 5% 16 0% 51 2% 55 12% <0.001
Systemic metastasis
3 months 1269 1% 816 1% 27 ) 89 0% 149 2% 191 0% 0.25
6 months 1202 1% 758 2% o 87 0% 147 2% 186 2% 0.39
1 year 1084 4% 696 4% 0% 86 2% 143 4% 169 8% 0.03
2 years 856 6% 493 6% 0% 80 2% 121 5% 145 12% 0.001
3 years 650 6% 341 7 0% 73 2% 99 5% 124 13% 0.006
5 years 248 7% 105 16 0% 26 2% 51 5% 55 13% 0.001
Death
3 months 1269 | 0.5% 8 0 27 0% 89 0% 149 0% 191 0% 0.41
6 months 1202 1% % 27 0% 87 0% 147 0% 186 1% 0.09
1 year 1084 3% 4% 27 0% 86 1% 143 3% 169 4% 0.23
2 years 856 6% 7% 25 0% 80 2% 121 3% 145 10% 0.003
3 years 650 7% 41 8% 21 0% 73 2% 99 3% 124 11% 0.001
5 years 248 8% 105 10% 16 0% 26 2% 51 3% 55 11% 0.001

n=number of patients with the defined follow-up duration
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