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Abstract - English

Introduction: Childhood malignancies are rare cancers. We hypothesize that incidence and survival
rates differ from those of adult cancers which can be the base of a treatment improvement of
childhood cancers. This might be achieved by adapting supportive care and protocol-based
managements to the needs of childhood cancers. Thus, we investigated childhood cancers in certain
age groups, including those diagnosed in the neonatal period with focus on orbital cancers. Further,
we analyzed ways of improvement of care after integration of multidisciplinary protocols in ocular
tumors.

Methods: To study neonatal and orbital tumors, we acquired data from Surveillance, Epidemiology,
and End-Results Program (SEER) of the National Cancer Institute, USA, for the period between 1973
to 2007 and 2009 respectively. To study the impact of protocols, we used data from the Children’s
Cancer Hospital, Egypt between 2007 and 2014. This time span was divided into periods to generate
follow-up data. For neonatal and orbital malignancies, histology groups were identified and
compared.

Results: Neuroblastoma followed by germ cell tumors represented the most common neonatal
cancers. Although neonatal tumors showed a 5-year overall survival of 60%, brought down by
leukemia and CNS tumors (39.1%, and 15% respectively), overall survival of patients with solid
tumors reached 71.2%. Subgroup analysis of neonatal cancers revealed significantly worse outcome
compared to older age group except for neuroblastoma. Cancer-specific survival rates showed no
significant improvement over time.

Age-adjusted incidence of orbital tumors was 3.39 per million person-years (pMPY). Children were
afflicted mostly by soft-tissue sarcomas (0.35 pMPY). In contrast, lymphomas, carcinomas and
melanomas affected adults more than children, at 6.46, 2.65, and 1.39 pMPY respectively. Except for
soft-tissue sarcomas and lymphomas, orbital tumors showed a male predilection. Whites apparently
had higher incidences of all cancers except soft tissue sarcomas. Generally, the average incidence of
orbital cancers showed a rising trend.

After implementation of protocols, decision making time especially enucleation, became faster, and
the quality of documentation, safety of the surgery performed and the probability of survival all
increased.

Discussion: Cancer therapy improvement requires special attention by deciphering uneven incidence
and survival in specific groups and design of better supportive plans. Reaching this goal, subtypes
need to be redefined, revision of topographical codes of head and orbit is required to better map
orbital structures. Faster and more reliable indicators facilitating better cancer management can be
acquired by the enactment of multidisciplinary protocols, data management, even without the
acquisition of new therapies.



Abstract — German:

Einleitung: Maligne Erkrankungen des Kindesalters sind selten. Wir glauben, dass sich die Inzidenz
und Uberlebensrate von malignen Tumoren bei Erwachsenen unterscheidet und diese Unterschiede
helfen, die Therapie durch unterstiitzende Betreuung und Protokoll-basiertes Management zu
verbessern. Ziel dieser Arbeit war es, maligne Tumore im Kindesalter in bestimmten Altersgruppen
zu untersuchen. Diese schliet Tumore ein, welche bei Neugeborenen diagnostiziert wurden, mit
Fokus auf maligne Raumforderungen des Auges und der Orbita. Wir analysierten Moglichkeiten, die
Therapie durch die Integration multidisziplinarer Protokolle fir okuldare Tumore zu verbessern.

Methoden: Um orbitale Tumore bei Neugeborenen zu untersuchen, nutzten wir Daten des
,Surveillance, Epidemiology, and End-Results Program” (SEER) — Programms des ,,National Cancer
Institute” (USA) aus der Zeit von 1973-2007 bzw. 2009. Zur Evaluation des Einflusses der Protokolle
nutzten wir auBerdem Daten des ,,Children’s Cancer Hospital - Egypt” zwischen 2007 und 2014.
Dieser Zeitraum wurde in Intervalle unterteilt, um Daten im Zeitverlauf zu erhalten. Die neonatalen
und orbitalen Raumforderungen wurden histologisch in Gruppen eingeteilt und verglichen.

Ergebnisse: Neuroblastome und Keimzelltumoren stellten die haufigsten malignen Tumoren bei
Neugeborenen dar. Obwohl maligne Tumoren bei Neugeborenen eine 5-Jahresiiberlebensrate von
60% aufweisen, welche durch Leukdmie (39.1%) bzw. ZNS-Tumore (15%) vermindert wird, betrug die
Uberlebensrate bei soliden Tumoren 71.2%. Die Untergruppenanalyse der Neugeborenen zeigte
signifikant schlechtere Uberlebensraten als bei dlteren Kindern, mit Ausnahme des Neuroblastoms.
Das Krebs-bezogene Uberleben zeigte keine signifikante Verbesserung tiber die Zeit.

Die altersabhangige Inzidenz von Orbitatumoren betrug 3.39 pro 1 Million Patientenlebensjahre.
Kinder waren am haufigsten von Weichgewebssarkomen (0.35 pro 1 Million Patientenlebensjahre)
betroffen. Im Gegensatz dazu traten Lymphome, Karzinome und Melanome héaufiger bei
Erwachsenen als bei Kindern auf (6.46 bzw. 2.65 bzw. 1.39 pro 1 Million Patientenlebensjahre). Mit
Ausnahme der Weichteilsarkome und Lymphome waren Manner haufiger von Orbitatumoren
betroffen. Abgesehen von Weichteilsarkomen wiesen Kaukasier ein hoheres Risiko auf als andere
Ethnien. Im Allgemeinen stieg die Inzidenz maligner orbitaler Raumforderungen.

Nach Einfihrung der Protokolle beschleunigten sich die Entscheidungsprozesse insbesondere bzgl.
Enukleation signifikant, die Dokumentationsqualitdat und Operationssicherheit nahm zu und die
Gesamtiiberlebensrate stieg an.

Schlussfolgerung: Die Verbesserung der Therapie kindlicher Krebserkrankungen erfordert besondere
Aufmerksamkeit gegeniiber inhomogener Inzidenz und Kenntnis der Uberlebensraten in
Subgruppen, um unterstitzende MaRnahmen zu entwickeln. Zu diesem Zweck mussen die
Definitionen von Untergruppen revidiert werden; einschlieRlich der topographischer Merkmale von
Kopf und Orbita, um orbitale Strukturen besser zu erfassen. Schnellere und verlasslichere
Indikatoren, welche das Krebsmanagement erleichtern, kénnen durch multidisziplindre Protokolle
und Datenmanagement, auch ohne Einfiihrung neuer Therapien, erreicht werden.



Introduction

Childhood malignancies are relatively rare diseases where children (under 18 years of age) in the
developed world constitute a small fraction of the population due to the narrow base of the
population pyramid (Kaatsch 2010; Howard et al. 2008). The situation is assumingly different in the
developing world where children constitute a much larger segment of the population (Moccia et al.
2005). Even though, investigation of the incidence of certain malignancies, survival outcome and
factors contributing to outcome requires long duration of recruitment and large populations. We
hypothesize that pediatric malignancies including orbital neoplasms are varying in incidence and
outcome from adult cancers. Based on these differences, their survival outcomes can be improved
by integrating better planning and supportive care. In this study, we wanted to study factors that
affect special subpopulations of pediatric tumors and comparing them to related older patients

when possible using population-based cancer registry in USA and a major referral center in Egypt.

Neonatal malignancies comprise 2% of pediatric malignant tumors and their early presentation
suggests a continuation of an intrauterine process and underlying genetic alterations (Moore et al.
2003). Some studies suggested that these tumors can regress spontaneously or require minimal
procedures to remove (Thompson and Kosnik 2005; Roosen et al. 1988). However, there is a lack of
population-based studies to address the later point, and to discuss the distribution of the tumors or
the discrepancy between survival due to cancer-related causes and those from other causes. This
has encouraged us to study the distribution, characteristics and contributing factors that affect

survival of patients with neonatal tumors through a population-based cancer registry.

Childhood orbital malignant tumors are rare in ophthalmologic practice and, thus, lack population-
based studies that compare its incidence to adult ones. Some epidemiologic studies have focused on
studying incidence of specific disease (e.g. orbital lymphomas) or within a single age group, and are
mostly based on retrospective data accumulated in referral centers. The relative incidences of these
tumors remained however unclear (Margo and Mulla 1998; Koopman et al. 2011; Teo et al. 2013;
Gupta et al. 2012). We thus aimed to better identify the incidences of these tumors, their trends and
characteristics through a population cancer registry and to discuss the possible reasons for the

expected difference.

Retinoblastoma is a childhood malignancy that afflicts the retina. Chemoreduction in addition to
local treatment is the standard treatment for the less advanced cases since the early twenty first
century (C L Shields et al. 2012). Enucleation remains the ultimate treatment for advanced and
progressive non-responsive cases. Careful examination of enucleated eyes is mandatory to detect

any high-risk features or extra-ocular spread (Grossniklaus et al. 2011). Most treatment centers in



developing countries lack the knowledge of protocol-based management of the disease, resulting in
possible incomplete diagnoses and unwarranted risks to patients’ lives (Rodriguez-Galindo et al.
2013; H. ElZomor et al. 2015). To obtain a proof-of-principle for the effectiveness of protocol-based
disease managements, we hypothesized that implementing systematic protocols for diagnosis,
stratification and treatment beside implementing electronic data management and training will
improve the survival outcomes of these patients. The lack of this systematic approach in many
developing countries allowed us to compare the quality of reporting in major referral pediatric
oncology hospital in a developing country before and after the implementation of protocols and

including detailed studying of the features present in eyes after enucleation.



Methodology

Datasets

An agreement was signed with USA Surveillance, Epidemiology, and End Results (SEER) Program to
access 17 US cancer registries for studying incidence and survival or neonatal tumors. The SEER
program covers about 28% of the United States population. The accessed registries were: the
Atlanta, Connecticut, Detroit, Hawaii, lowa, New Mexico, San Francisco-Oakland, Seattle-Puget
Sound, Utah, Los Angeles, San Jose-Monterey, Rural Georgia, the Alaska Native Tumor Registry,
Greater California, Kentucky, Louisiana, and New Jersey registries (NCI’s Division of Cancer Control
and Population Sciences 2017). A special request was required to filter patient data according to the

incidence of cancer in the first month of life.

For identifying incidence and trends of orbital, lacrimal gland and conjunctival tumors, we used only
9 registries from the USA SEER which joined the program in 1973-1974 to calculate incidence. These
were the Atlanta, Connecticut, Detroit, Hawaii, lowa, New Mexico, San Francisco-Oakland, Seattle-

Puget Sound, and Utah registries. These represent about 10% of the United States population.

To study the impact of implementing multi-disciplinary protocols on quality and outcome, data were
extracted from the Children’s Cancer Hospital — Egypt (CCHE) Retinoblastoma Registry. Data
collected belonged to 420 patients diagnosed between July 2007 and July 2014. Data were collected

at CCHE retrospectively during the first year then prospectively thereafter.

Software
SEER*STAT version 8.2.1 software was used to access and analyze the SEER data. In addition, the
IBM SPSS version 22 (NCI 2015; IBM Corp 2011) was used for further analysis. REDCap software was

used for the collection and management of retinoblastoma patients’ data.

Coding and Classification

In neonatal malignancies, tumor groups were classified according to the International classification
of Childhood Cancers (ICCC) and further coded according to the International classification of
Diseases for Oncology (ICD-0), 3™ edition (Steliarova-Foucher et al. 2005). Cancers were grouped
according to demographic criteria and temporally, comparing the period between 1973 and 1990
with that between 1991 and 2007. After noting the need for further analysis, we reassigned the time
periods compared into 1973-1985, 1986-1998 and 1999-2007. This was done to work out the effects

of changes in treatment during these three periods.



For orbital tumors, we used ICD-O site codes C69.0, conjunctiva; C69.5, lacrimal gland and C69.6,
orbit to filter the data for this study. We grouped the histology subtypes into five groups:
carcinomas, melanomas, soft-tissue sarcomas, lymphomas and reticular malignancies and other rare
and unclassified malignancies. We divided patients’ data for the purpose of comparison into a 0-19,

a 20-49 and a > 50 years age group.

Diagnostic and treatment Protocols

Before the 2011, the aim of pathological examination was to discover extension of the tumor
beyond the sclera and surgical resection margin. There was only one chemotherapy treatment
regimen to treat intra-ocular retinoblastoma. During 2010, a retinoblastoma study team was
formed, and treatment protocols for intra-ocular, high-risk and extra-ocular diseases were adopted.
Also, the CAP pathology protocol for enucleated eyes and the COG guidelines for high risk disease
were integrated in practice and both the International Intraocular Retinoblastoma Classification and
the International Retinoblastoma Staging System and pathologic TNM (pTNM) came in use for the
purpose of classifying disease (Grossniklaus et al. 2011; Ahmad Samir Alfaar et al. 2016; Sastre et al.
2009; Chantada et al. 2006; Carol L Shields et al. 2006). Prior to these changes at CCHE, further
chemotherapy cycles (in the form of etoposide, carboplatin and vincristine) were offered to patients
after failure of initial chemotherapy in disease groups B-E. New patients after 2011 were assessed
for age, and intra-ocular retinoblastoma classification and assigned to a treatment group according
to this assessment. Enucleation was offered initially to patients with eyes belonging to groups E, to
group D who presented with disease after the age of one year and to other groups whose disease
progressed in spite of chemotherapy, brachytherapy, and radiation therapy in combination with
laser and cryotherapy. Adjuvant chemotherapy was given in cases with high-risk features such as an
extensive separate choroid or optic nerve invasion (not to the level of the surgical margin) or any
degree of combined choroid and optic nerve invasions. We compared patients’ characteristics (e.g.
age, delay of diagnosis and delay of enucleation) against levels of invasion and optic nerve length of
their enucleation specimens’ as well as the, quality of documentation and patients’ survival before
and after the implementation of protocols the beginning of 2011). The complete procedures

conducted during the transitional period was described elsewhere (Ahmad Samir Alfaar et al. 2016).

Statistical methods

Student’s T-test was used to compare the means of two groups (in case of normally distributed
data), Mann—Whitney U test in case of Non-normally distributed data, and ANOVA and the Kruskal-
Wallis test were used to compare ordinal measures distribution between categorical groups in cases

of Normally and not-normally distributed data respectively. Significant relationship between



categorical variables was assessed using chi-squared test. Spearman’s Correlation and Pearson’s R
tests were used to assess correlations. We used confidence intervals beside p-values to express

significance with clinical relevance (du Prel et al. 2009).

For neonatal tumors, Frequencies, relative frequencies and survival rates were calculated. Survival
stability for at least 6 months was labeled as a “survival plateau”. Due to the limitations in accessing
data, we compared cancers in two age groups only; those diagnosed in first month of life and those
diagnosed within the period after the first to the 24" month of life (the latter labeled as “older age
group”). For orbital malignancies, we calculated frequencies, incidence rates and annual percent
changes (APC) to study trends. Survival analysis was presented in the form of Kaplan-Meier curves

with log-rank tests to assess differences between curves.



Results

Aim 1: Identification of clinically relevant differences between neonatal and older age
group malignancies.

- summarized from (Ahmad Samir Alfaar et al. 2017)

Among 615 patients presenting the disease in their first month of life, 310 were males, 454 had solid
tumors, 93 leukemias/lymphomas, and 68 solid tumors. The five-year overall survival (OS) was 60.3%
(95% Cl: 56.2 - 64.4), pushed up by a 71.2% (95% Cl: 66.9-75.5) survival of patients with solid tumors,
but lowered by a 39.1% (95% Cl: 28.3-49.9) survival of patients that had been afflicted by
leukemias/lymphomas and a survival rate of only 15% (95% Cl: 5.4-24.6) of cases that had suffered
CNS tumors. Neonates afflicted with neuroblastoma were the only cases to have a survival rate not
significantly lower compared to the group of patients at older ages. Non-cancer-related causes of
death were significantly more frequent than cancer-related causes (37.9% compared with 16.4%
consecutively, P < 0.0005). Lower mortality was noted in the older age group, whether due to cancer
or non-cancer related causes. Survival has improved significantly over the years in older age group

but not in neonatal patients.

Neuroblastoma was the most common histology followed by germ-cell tumors. Males represented
the higher proportion of neonatal patients who suffered from neuroblastoma. The adrenal glands
were the main affected sites. The 5-year overall survival rate reached 76.8% (95% Cl: 70.3-83.3);
with a survival plateau at 30 months. Neonates with retinoblastoma had a 91.7% 5-year OS (95% Cl:
80.5-100) with a plateau at 6 months after presentation; representing the highest survival rate of all
patients with the various tumors studied in the neonatal group. One patient out of the 27 developed
later a secondary cancer. Neonates with nephroblastoma had a 62.5% 5-year OS (95% Cl: 38.8—86.2)
with a plateau at 6 months. In neonatal patients, rhabdomyosarcomas and fibrosarcomas affected
head and neck and limbs respectively, and were the main soft-tissue sarcomas in this age group.
Neonates who suffered from fibrosarcomas and rhabdomyosarcomas had a 76% (95% Cl: 57.4-94.6)
and a 36.3% (95% Cl: 12.8-59.8) 5-year OS respectively. Females represented 62% of neonates who
suffered germ-cell tumors. Neonates with extra-cranial — extra-gonadal germ-cell tumors had a 5-
year OS of 74.5% (95% Cl: 66.7-82.3) compared to 68.3% (95% Cl: 60.7-75.9) for neonates afflicted
by all the various germ-cell tumors and 84% (95% Cl: 79.9-88.1) in older patients. Two out of 168
patients were diagnosed with secondary cancers. Acute myeloid leukemia comprised almost half of
all leukemia diagnoses and patients afflicted showed higher survival rates than those who suffered

acute lymphoblastic leukemia. Compared with other neonates who suffered various cancers, those
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with CNS tumors had the worst survival rates at 15% (95% Cl: 5.4-24.6) reaching a survival plateau

after 24 months.

Aim 2: Identification of differences in incidence between pediatric and adult orbital

cancers

- summarized from (W. M. Hassan et al. 2016)

We identified 2802 patients who had been afflicted with OCLG malignant tumors. The overall age-
adjusted incidence rate was 3.39 per million person-years (pMPY) (95%Cl: 3.27-3.52), with about 3-
times higher this rate in the > 50 age group (9.51; 95%Cl: 9.11-9.92). Conversely, the 0-19 age group
had an incidence rate of 0.56 pMPY (95%Cl: 0.47-0.66). Generally, males and Caucasians had higher
rates. Soft-tissue sarcomas represented the most common histology in the youngest age group (0.35
pMPY; 95%Cl: 0.28-0.42) followed by lymphomas and reticular malignancies (0.09 pMPY; 95%Cl:
0.06-0.14). Lymphomas and reticular malignancies characterized the second age group (20-49 years)
malignancies with a combined rate of 0.72 pMPY (95%Cl: 0.63-0.81) followed by carcinomas at 0.34
pPMPY (95%Cl: 0.28-0.4). Rates were higher in the older age group, reaching 5.74 pMPY (95%Cl: 5.43-
6.06) for lymphomas and reticular malignancies and 2.31 pMPY (95%Cl: 2.11-2.51) for carcinomas.
Carcinomas affected males, Whites and the > 50 age group more frequently than in other groups.
The same was true for melanomas. Soft-tissue sarcomas affected both genders and main ethnic
groups equally but affected children more frequently than other age groups. Higher incidence rates
were noted for orbital tumors than both conjunctival and lacrimal gland tumors (1.59 with 95%Cl:
1.50-1.68, 1.37 with 95%Cl: 1.30-1.46 and 0.43 with 95%Cl: 0.39-0.48 respectively). Carcinomas and
melanomas were more commonly found in the conjunctiva than other sites while lymphomas

resided preferentially in the orbit.

Annual Percent Change in incidence rates over the period between 1975 and 2009 was 3.1 (95% Cl:
2.61-3.61), mainly driven by the increase in lymphoma incidence (specifically mature B-cell non-
Hodgkin’s lymphomas, APC=5.82, p <0.01) and to a lower extent by a smaller increase in the

incidence of melanomas and carcinomas. This trend did not show a gender difference.

Aim 3: Justification of implementing systematic approaches on survival and care of

Retinoblastoma

- summarized from (Hossam ElZomor et al. 2016)

A total of 290 enucleation reports covering 276 patients were included into the analysis; 281(96.9%)
for specimens and 9 (3.1%) for tissue paraffin blocks. Age at diagnosis did not differ before and after

implementation of protocols (2007-2010: 24.1 £+ 19.6 months compared to 2011-2014: 23.3 +15.9
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months respectively). In the first period, patients with Unilateral disease was significantly older than
those with bilateral one (33.7 £ 20.8 months compared to 26.9 + 15.6 months, p < 0.05). Time
between initial presentation and seeking medical advice decreased slightly from the first to the
second period (11.7 £ 17.4 weeks compared to 10.0 + 15.3 weeks in the later period, p = 0.4). This
lag time was longer in patients with unilateral disease (13.6 + 19.2 weeks compared to 6.8 + 10.0
weeks in bilateral disease, p < 0.05). The time from decision to enucleation decreased significantly in
both patients with unilateral disease who had not received neo-adjuvant chemotherapy (10.0 £ 27.2
weeks compared to 4.4 + 12.7 weeks, p <0.05) and patients with bilateral disease who had received

neoadjuvant chemotherapy (77.5 + 48.5 weeks compared to 50.2 + 28.7 weeks, p < 0.05).

The distribution of intra-ocular retinoblastoma classification was significantly different between the
two periods (p < 0.0001); more patients presented with early A/B disease in the second period more
than that in the first period (n=0 in first vs. 8 in the second) with almost equally high groups C/D and
E (n=107 and 106) in contrary to first period where 71.67%(n=43) of the patients was group C/D

patients.

The mean optic nerve length increased significantly from 5.6 mm to 7.2 mm (p =0.004). Quality of
reporting noted by the number of missing variables during documentation improved significantly
presented by the disappearance of incomplete reporting fields. However, this improvement was

coupled with increased time needed for reporting (p <0.05).

Degrees of choroid invasion and optic nerve invasion were strongly correlated (Pearson’s R = 0.526;
p < 0.001) in patients who did not receive chemotherapy in contrary to the case in those who

received neoadjuvant chemotherapy (Pearson’s R = 0.228; p =0.082).

Generally, survival increased significantly from the first to the second period (log-rank p = 0.018).
Patients who presented with both intra-ocular and extra-ocular retinoblastoma at diagnosis in the
second period showed better survival. Moreover, Patients who did not receive neoadjuvant
chemotherapy showed significant increase of survival in the second period in contrary to that in the
first period (93.6% vs. 79.2%, p=.008). Examining the relation between terms used before and after
implementation of protocols revealed significant increase in survival between two periods
associated with minimal choroid invasion, massive choroid with scleral invasion and pre-laminal

optic nerve invasion (p=0.001, 0.009 and 0.024 respectively).
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Discussion

Incidence of childhood malignancies differ from adult cancers. This difference is attributed to
underlying genetic susceptibility, and environmental and medical exposure (Murphy et al. 2013).
However, incidence of some cancers within pediatric age group is not homogeneous. Some cancers
show tendency to affect younger children than other (Ward et al. 2014). One of these cancers is

Retinoblastoma.

As little as only 28 neonatal cancers per one million live births, neonatal tumors were reported in the
UK (Vormoor and Chintagumpala 2012). Similar to our findings, these patients had lower overall and
individual disease outcome indicators compared with older patients. More patients died from causes
other than cancer (congenital diseases and perinatal management) than those from direct cancer
causes. This may be a reflection of the high rate of congenital anomalies associated with neonatal
cancers and the possible underlying genetic mechanisms and abnormal intrauterine development.
Such initial circumstances and associated cardiac and respiratory conditions enforces the managing
physicians to treat these neonates in a neonatal ICU which is not likely to be part of or partnered
with a pediatric oncology hospital. Such circumstances may result in depriving the patients from
appropriate oncology care. Withholding treatment from some patients was reported (lsaacs 2009).
These patients may be put under observation awaiting possible spontaneous regression or avoided
treatment due to inability to deliver chemo- and radiation therapy because of the patient’s young
age. Surprisingly, some of these patients had a regressive course (Thompson and Kosnik 2005). Thus,
there are strongly differing subgroups that need to be identified to develop appropriate treatment
strategies. We believe that appropriate management of neonates requires an accurate consideration
of the trade-off between the best possible outcome and the good long-term quality of life. Balancing
benefit and risk, proper assessment would help us decide on the best management plan tailored to
each neonate’s needs. This integrative approach must be done hand-in-hand between oncologists,
pediatricians, critical care physicians, nursing, nutritionists and other specialists. Previous studies
have reported high incidences of mental retardation among neonates who had received treatment

against CNS tumors (Oi, Kokunai, and Matsumoto 1990).

Although we found an overall improvement in outcomes of childhood tumor treatments over the
years reaching about 85% of all sites together (Smith et al. 2010; Ma, Sun, and Sun 2015), this was
not associated with a similar trend in the outcomes in neonatal tumors as shown in our study. We
believe that the most likely explanation is the inability to formulate treatment plans and medications
that are both safe and effective for this highly vulnerable age group and lack of systematic well-

developed evidence-based protocols.
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Neuroblastoma, the most common malignancy noted in this age group showed a 76.8% 5-year
overall survival cohering with other studies (Gigliotti et al. 2009). On the other hand, results of
treatment of germ cell tumors were hard to compare with those reported in the literature due to
the fact that SEER mainly records malignant tumors. Our group of neonatal leukemia reported the
worst survival rates, especially for cases of ALL. We noted also that ALL was less common than AML,
an observation agreeing with those of previous studies (Vormoor and Chintagumpala 2012; Isaacs
2003; van der Linden, Creemers, and Pieters 2012; Sande, Arceci, and Lampkin 1999; Bresters et al.

2002). This may be due to the relationship between AML and transient myeloproliferative disorder.

The finding that neonatal cancer patients showed shorter survival times than patients presented
with the cancer at later time-points is not due to specific cancer-causing factors but other associated
benign diseases and related care differences should drive us to implement better initial supportive
care plans. Moreover, a similar cancer-related OS survival at 30-year between the patients suffered
from cancer in the neonatal age group and those diagnosed in older age may confirm such theory.
One possible supportive care plan was delineated by Askin et. al (Askin 2000). The later paper
recommends a scheme for combining the management of pain, nutrition, skin care, infection,
respiratory status, fluid and electrolytes balance and body temperature in the integrated patient
care plan. Our study provides evidence for the importance of investment in further nursing research

in this area.

Further, we noted a higher incidence of OCLG malignancies in adults than in children, caused by the
considerably high rates of lymphomas, carcinomas and melanomas in both the 20-50 age group and
the above 50 group. On the other hand, embryonal rhabdomyosarcomas defined the 0-19 age group
with no race or gender predilection as similarly observed in previous studies (Dutton, Sines, and
Elner 2012; Ognjanovic et al. 2009). Moreover, we noted an ever increasing rate of OCLG
malignancies as it reflected in positive annual percent changes similar to those noted in studies that

have discussed incidences at other sites (Morton et al. 2006).

A Japanese study reported a high incidence of orbital lymphomas above the age of 40 - an
observation possibly due to improvements in diagnostic technology, or due to environmental and
racial causes (Choi, Kafkala, and Foster 2006). Other studies showed an ever-rising incidence of
lymphomas over the last two decades. Such a trend has been attributed to the rise in numbers of
immune-compromised patients, longer life-expectancies and to infections such as with the Epstein-
Barr virus, Toxoplasma gondii or Chlamydia psittaci (that may trigger an antigenic affect causing B-
cell proliferation) (Sagoo et al. 2014; Ferreri et al. 2004; Verma et al. 2008; Moslehi, Coles, and

Schymura 2011; Moslehi et al. 2006). However, the incidence trend continued to increase despite of
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the decrease in number of immunocompromised patients (Choi, Kafkala, and Foster 2006). Some of
these studies initially attributed the rise to changes in diagnostic rules that reclassified what was
previously known as “pseuolymphomas” as low-grade lymphomas. It was later noted however that
the increase was real as it had involved all lymphoma subtypes (Howlader et al. 2016; Shiels et al.
2013). We have however calculated a recent reversal in the incidence of OCLG malignancies,
seemingly dropping over the last few years. This may indicate a late effect of the drop in number of
immunocompromised patients or a presence of a surrogate mechanism that take time to be
reflected clinically in the population. Furthermore, our findings showed no significant difference in
incidence by gender, agreeing with the results of other studies (Moslehi, Coles, and Schymura 2011;

Moslehi et al. 2006).

Generally, SEER data is a valuable tool for revealing findings that require large population, however,
it has limitations including the missing data, unrecorded variables and treatment reporting (Yu et al.

2009).

In addition to helping physicians to think systematically about the epidemiological patterns of OCLG
malignancies, our study showed limitations of ICD-O-3 coding in representing the orbital anatomy
and it has raised some questions that need further molecular and genetic correlation (Ahmad S.

Alfaar, Bakry, and Ezzat 2014).

Treatment of retinoblastoma shows significant improvements in survival in the developed world but
not in the developing world (Broaddus, Topham, and Singh 2009; Abramson et al. 1985). This may be
attributed to the larger number of patients, the dissimilar rates of intra-ocular and extra-ocular
disease and the lack of ability in the less developed countries to treat the patients in
multidisciplinary settings (Howard et al. 2008). Thus, we compared quality of documentation and
survival outcome before and after implementation of multi-disciplinary protocols in the largest
pediatric oncology hospital in Egypt (opened in 2007). Before CCHE had opened, extra-ocular
retinoblastoma was the most common presentation (S. A. Hassan, Massoud, and Hussain 1992). This
could be due to the lack of specialized healthcare facilities in Egypt that manage pediatric
malignancies, and inefficient public transportation network as few of many reasons resulting in lack
of access to healthcare and lack of awareness about pediatric tumors all resulted in delayed
diagnosis and poor management (Sethi et al. 2013). By the time of inauguration of the hospital most
patients had either advanced intra-ocular disease or extraocular ones. Due to the challenges
associated with managing such patients, the hospital had to design its own knowledge-based
practices and form a trained multidisciplinary team. The transition phase involved encouraging the

hospital staff to embrace the new approach, and showing them with evidence the importance of
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each step towards our final goal (Ahmad Samir Alfaar et al. 2016). Initially, patients’ families refused
enucleation and avoided management sessions. This enucleation refusal behavior was observed
more frequently from less developed countries (Olteanu and Dimaras 2016). Such denial and refusal
resulted in a higher frequency of high-risk findings and metastases in older studies (Sitorus et al.
2009). High-risk features were increasing during the time-span of our study. This can be attributed to
low reporting accuracy in the first period and couldn’t allow us to infer relations. The delay of
enucleation has been correlated in other studies with the degree of choroid invasion (Wang et al.
2001). The time needed for the analysis of pathology reports increased until the implementation of
the protocols then started to decline. The increase attributes to increased burden of enucleations, as
well as the time needed for the revision and interpretation of ocular samples. However, the decline
resulted from established techniques and the well-defined criteria that pathologists identified. The
lower survival rates in the earlier years at CCHE may be attributed to the high percentage of patients
that presented with advanced disease (Elzomor et al. 2015). Other factors included the reluctance of
physicians to support the enucleation decision due to their lack of knowledge about the prognosis,
the unavailability of standardized protocols for diagnosis and treatment and the varied
interpretations of how pathology reports should direct treatment. The relations between choroid
and optic nerve invasion separately, and relation of both to delay of enucleation beside the
contributing factors require extended follow-up as well as multi-factorial analyses to account for the
effects of different variables. In our study, we cannot build conclusions from the difference between
the two periods in choroid and optic nerve invasion apart from completeness of the data due to
different techniques for evaluation of samples. The experience at CCHE has shown that any
transition must be accompanied by continuous training and learning assessment to allow staff to
adapt to the proposed new measures. We learnt that integrating the tools of information technology
results in an acceleration of such a change and make it easier to monitor and follow-up on
implementation. One of the benefits of continuous monitoring was the discovery of short optic
nerve stumps after enucleation that require followup, and the re-evaluation of group E atrophic eyes
that are indicated for enucleation in some patients (Taha et al. 2015). Short optic nerve stump was
defined as a risk factor in some studies (Rubin et al. 1985; Coats et al. 2000). This finding resulted to
move the ophthalmology team to adopt better techniques for obtaining longer optic nerve during
enucleation procedure (Coats et al. 2000). Data became a learning tool after integration of the
clinical and research systems, supplying real-time evidence that help provide timely improvement of
management. We believe that these findings in retinoblastoma can be generalized on other
pediatric and adult diseases and situation can be improved by applying systematic protocols for

diagnosis, treatment and follow-up before adopting high-end expensive treatments.
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Finally, our study has shown difference between incidence and survival of neonatal neoplasms and
older age groups and between incidence of childhood and adulthood orbital malignancies. These
differences can guide better understanding of childhood malignancies and designing better
management plans including supportive care and in the recent information technology era, a better

clinically-oriented intelligent information technology support.
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