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ABSTRACT ARTICLE HISTORY
Purpose: To evaluate the effect of lag time between diagnosis of retinoblastoma (RB) and treatment in Received 31 January 2025
patients from 10 countries. Revised 19 March 2025
Methods: Prospective study of 692 treatment-naive RB patients from 10 countries followed up for 3 years Accepted 4 April 2025
from recruitment. KEYWORDS

Results: The mean lag time from the onset of the first symptom to visit to the RB treatment center was Eye; global; lag time;
150 days. The mean follow-up duration was 26 months (median, 32 months; range, <1-51 months). retinoblastoma; tumor

A higher socioeconomic status of the country was associated with a lower risk of enucleation: Lower-
middle-income countries vs. low-income countries (p<.001), Upper-middle-income vs. low-income coun-
tries (p =.009), and high-income countries vs. low-income countries (p =.014). A greater AJCC stage was
associated with a greater risk of enucleation: T2 vs. T1 (p<.001) and T3 vs. T1 (p<.001). Increased lag time
(p<.001) and AJCC T4 stage (T4 vs. T2; p<.001) were associated with increased risk of death. By Kaplan-
Meier analysis, the cumulative incidence of enucleation at 3 months, 1 year, and 3 years was 49%, 55%,
and 61%, respectively; and survival at 1, 2, and 3 years was 92%, 88%, and 87%, respectively. Three-year
Kaplan—-Meier survival estimates were 95% with a lag time of <3 months vs. 83% with a lag time of 3-12
months vs. 62% with a lag time of >12 months.

Conclusion: A lower socioeconomic status and greater AJCC stage were associated with an increased risk
of enucleation. Increased lag time from the onset of the first symptom to visit the RB treatment center
and AJCC T4 stage were associated with an increased risk of death from RB.

INTRODUCTION longer survival, similar to other pediatric malignancies such as
‘Lag time’, previously referred to as ‘delay in diagnosis’ or soft tissue sarcoma and Wilms tumor.”? Several studies have
‘delay in treatment,” has been extensively studied in various focussed on the lag time in RB (Supplemental Table 1), and
cancers.' In retinoblastoma (RB), the most common pediatric ~ various aspects pertaining to lag time have been looked into,
eye cancer, it was shown that shorter lag time is associated with ~ including duration from the first symptom or sign to
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presentation to the first care provider; duration to establish-
ment of the diagnosis of RB; and duration to initiation of
treatment for RB.>>* Longer lag times in RB have been asso-
ciated with bilaterality, advanced disease, extraocular tumors,
need for enucleation, high-risk histopathological features post-
enucleation, metastasis, and death,>’ = 1419-21,23.24

From a socio-demographic standpoint, longer lag times
have been linked to parental lack of knowledge about the
disease, older maternal age, fear of enucleation, financial
constraints, and reduced access to RB treatment centers/
travel.>**>** Very few studies show a lack of relationship
between lag time and age at presentation, ICRB group,
and need for enucleation."”'>'® However, most of these
inferences are drawn from single-center retrospective stu-
dies at different points in time, subject to heterogeneity in
treatment protocols,3-#10-13:15:16:18-20.22.24

With the emergence of the Global Retinoblastoma Study
Group in 2017, several factors impacting the outcomes of
children with RB have been looked into.”>*” The lag time to
RB treatment has been revisited on a global platform for 692
patients."” Our group has shown that the national income
level significantly affected the lag time to RB treatment.
After adjusting for the national income, an increased lag
time was significantly associated with higher chances of
American Joint Committee for Cancer (AJCC) T4 stage at
presentation (p <.001), high-risk histopathological features
(p=.003), metastasis at the time of presentation (p <.001)
and death (p<.001) at the time of presentation.'” We fol-
lowed up with this cohort of patients to assess the outcomes
over the subsequent 3 years and present our findings in this

paper.

METHODS

Treatment-naive patients with RB who presented to 11 centers
in 10 countries from January 1 to December 31, 2019, and
followed up until May 30, 2023, were enrolled in a prospective
multicenter cohort study.'” Follow-up data on treatment
details, enucleation, and death was obtained for all the 692
patients from the original cohort. The study adhered to the
tenets of the Declaration of Helsinki and was approved by the
London School of Hygiene & Tropical Medicine Institutional
Review Board (Reference No. 15882). Informed consent was
obtained from the parents/guardians of the children included
in this study.

The statistical analysis was performed using R software.*®
Continuous variables were expressed as mean, median, and
range, and categorical variables as proportions. Clustered
Cox proportional hazard analysis was used to identify fac-
tors affecting the outcomes of enucleation (of the worse eye
in bilateral cases) and death. To account for missing out-
come data, the analyses used inverse probability weighting,
assuming “missing at random”.*” Since lag time and distance
to the RB treatment center were highly skewed, a square-
root transformation was applied to reduce the skewness. For
example, a lag time of 25 days was transformed to [I25=>5,
and a lag time of 100 days was transformed to [1100 = 10.
The values 5 and 10 were the data points for the X-axis. The
outcomes based on the socio-economic status and the 8™

edition, AJCC T stage, were assessed using the Chi-square
test. Kaplan Meier analysis was performed to study the risk
of enucleation and death based on socioeconomic status
(lower-income country (LIC), lower-middle-income country
(LMIC), upper-middle-income country (UMIC), high-
income-country (HIC)), AJCC T stage, and lag time. Lag
time being a continuous variable, we divided it into three
categories (<3 months, 3-12 months, or >12 months in order
to arrive a possible cut-off for a red flag of lag time dura-
tion). For estimating the cumulative incidence of enuclea-
tion, the competing risk of death prior to enucleation was
taken into consideration.

RESULTS

All the 692 patients enrolled in the previous study were
included in the present analysis.'"” Demographics and clinical
features at first presentation were described before by Kaliki
et al.!” Based on economic strata, 11% (1 = 74) of the patients
belonged to LIC, 43% (n=294) to LMIC, 37% (n=254) to
UMIC, and 10% (n=70) to HIC. The mean age at diagnosis
was 24 months (median, 22 months; range 0-140 months), and
the male-to-female ratio was 1.15. A majority (n =490, 71%)
had unilateral RB, and bilateral presentation (germline) was
seen in 29% (n = 202). Among unilateral RB, germline RB was
seen in 21% (n =103), sporadic in 8% (n=39), and 71% (n =
348) had no genetic testing.

The mean lag time from the onset of the first symptom to
attendance at the RB treatment center was 150 days (median,
69 days; range < 1-1128 days). The parents/guardians had vis-
ited a mean of 2 (median, 1; range, <1-4) primary healthcare
practitioners before being referred to the RB treatment center.
The mean distance from home to the RB treatment center was
366 km (median, 195 km; range, <1-9757 km). The mean fol-
low-up duration was 26 months (median, 32 months; range <
1-51 months).

A clustered Cox proportional hazard analysis of the fac-
tors affecting the outcomes is summarized in Table 1.
Greater age at onset of the symptoms showed
a significantly increased risk for enucleation (hazard ratio
(HR), 1.005; 95% CI, 1.000-1.009; p =.039). Bilateral tumors
were associated with lesser odds of enucleation (HR, 0.561;
95% CI, 0.3834-0.8205; p =.003). Compared to the reference
category of LIC, the other categories of LMIC, UMIC, and
HIC had lower odds of enucleation: HR, 0.533 (95% CI,
0.382-0.745; p <.001) vs. HR, 0.321 (95% CI, 0.136-0.758;
p=.009) vs. HR, 0.486 (95% CI, 0.273-0.866; p=.014).
Compared to the reference category of T1, the other cate-
gories of T2, and T3 stages had higher odds of enucleation:
HR, 2.384 (95% CI, 1.739-3.268; p <.001) vs. 3.378 (95% ClI,
1.996-5.719; p <.001). Comparison of T4 vs T1 did not reach
statistical significance for enucleation, HR, 1.195 (95% CI,
0.495-2.888; p =.692). Overall, the highest percentage of
enucleation was seen in the LIC (84%) and AJCC T3 (65%)
cohorts. The square root of lag time was associated with an
increased risk of death (HR, 1.056; 95% CI, 1.025-1.087; p
<.001). Significant differences were noted between socioeco-
nomic strata and AJCC T stages. T4 was associated with 12
times greater odds of death compared to T1, HR 11.935
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Table 1. Clustered Cox proportional hazard analysis of the factors affecting the outcomes in 692 retinoblastoma patients from 10 countries.

Enucleation Death
Hazard ratio (95% Cl) p-value Hazard ratio (95% Cl) p-value

Age (in months) at onset of 1°* symptom 1.005 (1.000-1.009) .039 1.004 (0.987-1.022) 633
Female gender 0.931 (0.695-1.247) 631 1.036 (0.736-1.459) .838
Bilaterality 0.561 (0.383-0.821) .003 1.445 (0.774-2.696) 248
Heritable RB 1.071 (0.695-1.652) .755 0.747 (0.437-1.278) .288
No. of visits to primary healthcare practitioner 1.206 (0.911-1.595) 191 1.173 (0.944-1.457) .150
Square root of lag time 1.017 (0.993-1.043) .166 1.056 (1.025-1.087) <.001
Square root of distance 0.994 (0.974-1.015) 571 0.960 (0.934-0.986) .003
Socio-economic status

LIC Reference Reference Reference

LMIC 0.533 (0.382-0.745) <.001 0.861 (0.481-1.542) 615

UMIC 0.321 (0.136-0.758) .009 0.823 (0.252-2.694) 748

HIC 0.486 (0.273-0.866) .014 * *
AJCC stage

T Reference * *

T2 2.384 (1.739-3.268) <.001 Reference Reference

T3 3.378 (1.996-5.719) <.001 1.528 (0.530-4.402) 432

T4 1.195 (0.495-2.888) 692 11.935 (5.922-24.056) <.001

LMIC: lower middle-income countries; UMIC: upper middle-income countries; HIC: high-income countries; *insufficient numbers for analysis; RB: retinoblastoma;
AJCC=American Joint Committee for Cancer classification; significant values indicated in bold.

(95% CI, 5.922-24.056; p <.001). This trend was not seen
with enucleation as the patients who died in T4 had suc-
cumbed to the disease before they could undergo secondary
enucleation. Overall, the highest percentage of deaths was
seen in LIC (29%) and T4 stages (53%) (Table 2).

By Kaplan-Meier analysis, the cumulative incidence of
enucleation at 3 months, 1 year, and 3 years was 49%, 55%,
and 61%, respectively; and survival at 1, 2, and 3 years was
92%, 88%, and 87%, respectively (Figure 1). For life sal-

T stage, and lag time (Table 3, Figure 2). At 1, 2, and 3
years, cumulative survival was the highest in HIC (100%,
100%, 98%, respectively) and the lowest in LIC (80%, 68%,
64%, respectively). At 1, 2, and 3years, AJCC T1 stage
had the highest cumulative survival (100%, 96%, 96%,
respectively), and T4 had the lowest (57%, 37%, 35%,
respectively). Finally, at 1, 2, and 3years, survival was
the highest with a lag time under 3 months (99%, 96%,
95%, respectively) vs. 3 to 12 months (90%, 84%, 83%,

vage, the three-year Kaplan Meier survival estimates were respectively) vs. >I12months (69%, 62%, 62%,
compared between the socioeconomic strata, AJCC respectively).
Table 2. Outcomes based on economic status and AJCC T stage in 692 retinoblastoma patients from 10 countries.
Enucleation, N (%) p-value* Death, N (%) p-value*
Socio-economic status
LIC 62 (83.8) Reference 21 (28.4) Reference
LMIC 183 (62.2) <.001 (LMIC vs. LIC) 35(11.9) 615 (LMIC vs. LIC)
UMIC 109 (42.9) .009 (UMIC vs. LIC) 15 (5.9) .748(UMIC vs. LIC)
HIC 42 (60.0) .014 (HIC vs. LIC) 1(1.4) (only 1 event)
AJCC T stage
T 9 (30.0) Reference 1(3.3) (only 1 event)
T2 165 (53.7) <.001 (T2 vs. T1) 13 (4.2) Reference
T3 180 (65.0) <.001 (T3 vs. T1) 17 (6.1) 432 (T3 vs. T2)
T4 42 (53.8) 692 (T4 vs. T1) 41 (52.6) <.001 (T4 vs. T2)

*Chi-square test; LMIC: lower-middle-income countries; UMIC: upper middle-income countries HIC: high-income countries; AJCC: American
Joint Committee for Cancer classification; T=primary tumor; significant values indicated in bold.
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Table 3. Kaplan Meier survival analysis in 692 retinoblastoma patients from 10 countries based on socioeconomic status, AJCC T stage, and lag time.

Follow-up

Cumulative incidence (95% confidence intervals)

Socioeconomic status

LIC

LMIC

UMIC

HIC

1year

2 years

3 years
AJCCT stage
1year

2 years

3 years
Lag time
1year

2 years
3years

0.806 (0.716 to 0.907)
0.678 (0.569 to 0.807)
0.644 (0.527 to 0.788)
T

1.000 (1.000 to 1)

0.963 (0.895 to 1)

0.963 (0.895 to 1)

<3 months

0.985 (0.972 to 0.998)
0.961 (0.939 to 0.983)
0.949 (0.924 to0 0.975)

0.891 (0.852 to 0.932)

0.848 (0.801 to 0.897)

0.840 (0.791 to 0.891)
T2

0.974 (0.956 to 0.993)

0.956 (0.931 to 0.982)

0.946 (0.917 to 0.975)

0.960 (0.935 to 0.986)

0.936 (0.903 to 0.969)

0.931 (0.898 to 0.966)
LE]

0.949 (0.921 to 0.977)

0.929 (0.896 to 0.963)

0.922 (0.887 to 0.959)

3 to 12 months

0.899 (0.855 to 0.944)
0.841 (0.786 to 0.900)
0.832 (0.775 to 0.893)

1.000 (1.000 to 1)

1.000 (1.000 to 1)

0.984 (0.953 to 1)

T4
0.574 (0.467 to 0.706)
0.372 (0.267 to 0.518)
0.352 (0.248 to 0.499)
>12 months

0.687 (0.587 to 0.803)
0.623 (0.519 to 0.749)
0.623 (0.519 to 0.749)

LIC: low-income countries; LMIC: lower-middle-income countries; UMIC: upper middle-income countries; HIC: high-income countries; AJCC = American Joint

Committee for Cancer classification; T = Primary tumor.
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Figure 2. Kaplan Meier curves for survival in 692 patients of RB based on country’s socio-economic status (A), AJCC T stage (B), and lag time (C).

DISCUSSION

The two primary treatment goals in RB are life salvage and
globe salvage, with the former taking precedence over the
latter. Treatment outcomes are affected by:

e Patient factors such as age at presentation, AJCC stage,
and presence of high-risk histopathology features

e Care provider factors such as lag time to presentation and
treatment, adherence/refusal to treatment

e Social factors such as income status of the country of
origin, access to treatment facilities, and availability of

I'eSOU.I'CeS.25

Our previous study showed that increased lag time signifi-
cantly differed between countries. After adjusting for
national income, an increased lag time was associated with

higher chances of advanced presentation, high-risk histo-
pathology features, metastasis, and death during the 1-year
study period.'” In this 3-year follow-up study, we add that
the hazard for enucleation was higher for older age at pre-
sentation and AJCC T2 and T3 stage. The lag time or dis-
tance to RB treatment did not affect the odds of enucleation.
Nearly 50% of the patients requiring enucleation underwent
the procedure in the first 3 months from presentation. In
a study on 30 Syrian refugees and 150 local citizens with RB
in Jordan, Yousef et al. noted that the refugees had a longer
lag time and nearly twice the enucleation rates compared to
citizens with RB.** Outside of crises, the enucleation out-
come does not appear to be influenced by the lag time itself,
as seen in this study. However, one would expect greater
chances of globe salvage with less lag time; hence, we discuss



the possible reasons for this here. A majority of patients in
this cohort were unilateral (71%), belonged to the T2 stage
(44%) and T3 stage (33%), and were from LMIC (57%), all of
which favor the decision towards enucleation, and this
explains the enucleation rates of 49% in the first 3 months.
The availability of globe salvaging treatment modalities such
as intravenous and intra-arterial chemotherapy is also sig-
nificantly different between the LMIC and HICs; thus, the
scope for globe salvage is greater in HICs.”” Further, at the
mean lag time of 5months (150 days), most tumors (77%)
were at AJCC stages 2 or 3 at presentation, implying the
presence of tumor seeding or advanced intraocular tumor.
Based on limited case reports, the tumor doubling time in
RB reported in the literature is as low as 15 days in vivo and
3 days in vitro.’>?' A growth of 1.3 times in basal dimen-
sions over 15 days has been documented. In terms of tumor
volume, 5 months allows the tumor 10 doubling time inter-
vals, enough to fill the globe. However, this, in real-time,
may be limited to various dynamics in the tumor microen-
vironment. Nevertheless, a lag time of 5 months theoretically
does allow the tumor to reach a stage where the eye is not
salvageable. A positive finding is that the cumulative inci-
dence of enucleation over time did not increase significantly,
i.e, 49% at 3 months and 61% at 3 years, emphasizing the
effectiveness of therapeutic regimens in local tumor control
available across the 10 participating countries.

In contrast to enucleation, the hazard ratio for death was
related to the lag time and advanced T4 stage. Further, with
increasing lag time, the cumulative incidence of death
increased over the 3-year follow-up period. The cumulative
survival was highest for a lag time of <3 months (95%) and the
least for a lag time of >12 months (62%). These findings are
consistent with previous reports, although the cut-off values
for comparison vary.**'7'*?° The finding of lag time affecting
the survival and not enucleation can be explained as follows:
First, a cohort of patients belonging to AJCC stage T4 suc-
cumbed to the disease even before they could undergo second-
ary enucleation. Second, a possibility of micro-metastasis may
exist from the onset of the tumor to the initiation of treatment
or even while undergoing globe-salvage treatment modalities
such as IVC, IAC, focal treatment, or IViC, which were the
primary treatment modalities in 43%, 14%, 15%, and 3%,
respectively, in this cohort.'” Also, it has been documented
that delayed metastasis can result even months after ocular
tumor control has been achieved, thus affecting survival.”?

What do the findings from this study mean in clinical
practice? A lag time of <3 months has a favorable prog-
nosis, and patients with a lag time of >1year must be
managed aggressively and followed closely over the next
3years. The type of systemic surveillance in such cases
could be tailored based on the availability of resources,
but a comprehensive systemic assessment by
a pediatrician/medical oncologist is important. Regarding
detecting micro-metastasis, various newer techniques, from
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imaging to artificial intelligence, are being explored,” of
which estimation detection of cell-free DNA holds pro-
mise. Its use in RB, however, is likely to be limited by
the availability, turnaround time, and cost, at least for the
next few years. In real-time, what can readily be done is to
target a reduction in the lag time through combined efforts
of healthcare workers and policymakers by improving
awareness about RB. This can be achieved through (i)
improving awareness about retinoblastoma, especially in
LICs and LMICs with a high population growth rate,
accounting for most of the global disease burden.
Awareness programs should target the general public,
including parents, caregivers and teachers, primary care
physicians, pediatricians, and healthcare/community work-
ers who interact with parents and children (ii) strengthen-
ing referral systems to expedite access to RB treatment
center once RB is suspected and (iii) overcoming social
barriers such as refusal to seek healthcare by engaging
volunteers from the community.

The strengths of this study lie in the large sample size,
heterogeneity of centers covered, and the follow-up period.
The aspects that were out of the scope of this study were
reasons for increased lag time and the social factors involved.
Another factor that could have influenced the outcomes of
this study was the onset of the COVID-19 pandemic during
the follow-up period. Although most RB centers did not halt
services, travel restrictions impacted the continuity of care of
children with RB.** Lastly, given the multicentric nature of
the study, the differences in treatment protocols, and indivi-
dual criteria for enucleation could certainly influence out-
comes. However, an attempt was made to obtain the specific
reasons for enucleation such as a massive primary tumor,
tumor recurrence, or media opacity obscuring tumor
visualization.

In summary, according to this multicenter study, lag time
plays a critical role in the prognosis of RB. One of the challenges
remains creating awareness amongst caregivers about the most
common signs of RB and ensuring prompt referral to ophthal-
mologists or ocular oncologists within 3 months of the onset of
symptoms. Aggressive management and thorough systemic sur-
veillance are important in children with prolonged lag times to
seek RB care. It is well known that the burden of disability-
adjusted life years (DALY) from RB still remains concentrated
in LICs and LMICs.> Although evidence specific to RB is scarce,
it has been shown that the economic cost of DALYs in LICs and
LMICs are much higher than their GDP fraction of healthcare
expenses.”®”” Thus, reducing the lag time can have profound
implications for LMICs in reducing the morbidity of the disease.

ABBREVIATIONS

AJCC American Joint Committee on Cancer
GDP Gross Domestic Product

HIC High Income Country

LIC Low Income Country

LMIC  Lower Middle Income Country

PHP Primary Healthcare Practitioner

RB Retinoblastoma
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UMIC  Upper Middle Income Country
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