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           Introduction 

    Retinoblastoma is a malignant tumor arising 
from the embryonic neural retina and it is the 
most frequent intraocular tumor of childhood 
occurring in about 1 in 14,000–18,000 live 
births. Out of an estimated 8,000 children devel-
oping retinoblastoma each year worldwide, more 
than 5,000 [ 1 ] are diagnosed in developing coun-
tries and a high proportion of them would die of 
disease dissemination [ 2 ]. It is currently 
unknown if there is an increased incidence of 
retinoblastoma in some developing countries. 
Despite some studies reported incidence rates 
that are up to 3–7 times higher than the reported 
fi gures for Western Europe, there are no conclu-
sive population-based studies supporting this 
probable increased incidence [ 3 ]. However, there 
is no doubt that pediatric oncologists practising 
in developing countries see more patients with 
retinoblastoma in their practice. The reason for 
this phenomenon is probably related to the 
higher frequency of disseminated retinoblastoma 
in that setting. There are wide differences in the 

prevalence of extraocular dissemination and 
survival in developing countries that are related 
to socioeconomical indicators [ 2 ]. In developed 
countries, survival rates over 90 % have been 
achieved decades ago, but as opposed to acute 
leukemias for example, this successful story is 
not dependant on highly intensive treatments but 
in early diagnosis, making intensive treatments 
not necessary. In middle- income countries, 
where most children present with advanced dis-
ease but still limited to the eye or microscopi-
cally disseminated, the cure rate is over 80 % but 
multimodality treatment is needed [ 4 ]. In most 
lower-income countries, where retinoblastoma 
presents with metastatic disease less than 30 % 
of the children survive [ 5 ].  

    Presenting Signs and Symptoms 

 Retinoblastoma presents in two distinct clinical 
forms:
    1.    Heritable form (40 % of the total) which is 

bilateral in 90 % of the cases or unilateral usu-
ally with multifocal tumors in the remaining 
10 %. In these cases there is a germline 
 mutation of the  RB1  gene, which has been 
identifi ed within the chromosome 13q14 [ 6 ]. 
In developed countries, these are usually the 
result of a new germline mutation in the 75 % 
or it may be inherited from an affected parent 
in the remaining 25 % of the cases. However, 
in developing countries, especially in those 
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where survival from retinoblastoma in the 
 previous generation is unlikely, familial cases 
are much less common. Knudson proposed 
the “two-hit hypothesis,” in order to interpret 
mutational events in a developing retinal cell 
leading to the development of retinoblastoma 
[ 7 ]. The Rb1 gene product is crucial in regu-
lating the transition of the cell through the G1 
phase of the cell cycle and its inactivation seen 
in retinoblastoma cases result in deregulated 
cell proliferation. Mutations at this gene are 
responsible for retinoblastoma and they have 
been described in almost every exon of the 
gene without hot-spots.   

   2.    Sporadic form (60 % of the total): These cases 
are always unilateral and as such are not heri-
table. In this form, the  RB1  mutation is only 
present in tumor cells in the affected retina.     
 Retinoblastoma is a tumor of the young child 

and occurs in a narrow age range [ 8 ]. The age at 
presentation correlates with laterality and also 
with socioeconomical factors that are infl uenced 
by late diagnosis. Patients with bilateral retino-
blastoma present earlier, usually before 1 year of 
age, but in developing countries, it is not uncom-
mon to see children with bilateral disease at 1 
year or older. Those with unilateral disease often 
present in the second or third year of life. Familial 
cases are usually diagnosed by screening usually 
during the fi rst months of life. However, in devel-
oping countries, screening of affected individuals 
is performed less frequently [ 9 ]. 

 The typical presenting sign of retinoblastoma 
is leukocoria (abnormal white pupillary refl ex) 

(Fig.  20.1a ). Leukocoria is usually detected by 
the parents, who usually seek medical attention 
reporting this sign to the primary care physician. 
On rare occasions, the physicians are the ones 
that detect leukocoria in a physical examination. 
The detection of leukocoria through a fl ash pho-
tograph is becoming increasingly recognized in 
the medical practice. Leukocoria is a relatively 
specifi c sign with few differential diagnoses 
which always needs an expert evaluation by an 
ophthalmologist with a dilated examination of 
the retina under anesthesia. It is important to note 
that children with retinoblastoma presenting at 
this stage, usually look healthy, with no pain and 
adequate growth, so the pediatrician often tends 
to underestimate this complaint. Most children at 
the stage of leukocoria    have poor or no vision in 
the affected eye, but since young children are not 
able to report decreased vision, this complaint is 
not common in retinoblastoma. Older children 
may complain of poor vision. Leukocoria may be 
diffi cult to detect in a regular examination done 
by the primary care physician because it may 
sometimes be visible when the child looks side-
ways or with low lighting conditions that lead to 
pupil dilation. Children presenting with leukoco-
ria are still salvageable in most of the cases if 
diagnosed timely, so they should be promptly 
referred to experienced ophthalmologists. When 
children with leukocoria are not diagnosed 
timely, the disease invariably progresses to 
 glaucoma leading to buphthalmia (increased eye 
size). These children usually complain of 
pain, irritability, or sometimes low-grade fever. 

  Fig. 20.1    Clinical presentation of retinoblastoma ( a ) leukocoria ( b ) massive orbital dissemination       
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Some of these cases are misdiagnosed as 
 infl ammatory eye conditions such as cellulitis, 
endophthalmitis or uveitis   , and retinoblastoma may 
not be detected since leukocoria may not be easily 
noticeable in a severely swollen eye. If the diagno-
sis is not done, the disease progresses to rupture of 
the eye caused by tumoral invasion of the orbit 
leading to severe proptosis resulting in an orbital 
mass (Fig.  20.1b ). In these situations, metastatic 
dissemination may have already occurred and the 
child usually looks severely sick and emaciated. 
Unfortunately, in developing countries, children 
are usually diagnosed at these later stages. In devel-
oped countries, parents usually seek medical 
 attention after noticing leukocoria or because 
 strabismus, which is an earlier presenting sign. 
Strabismus as a presenting sign of retinoblastoma 
is seldom considered in developing countries.

       Biology and Patterns of Spread 

 Regardless of the specifi c mutation, the tumor 
grows from the nuclear layer of the retina either 
in an endophytic pattern seeding the vitreous or 
in an exophytic form into the subretinal space 
and to the choroid in more advanced states. 
Retinoblastoma usually produces a retinal 
detachment, and usually eyes with advanced dis-
ease show features of both exophytic and endo-
phytic tumors. After fi lling the eye, retinoblastoma 
may disseminate to other organs. It usually does 
so after involving severely the eye structures, so 
metastatic dissemination is virtually not existent 
in cases with small tumors limited to the retina. 
Thus, extension inside the eye is usually a requi-
site before metastatic dissemination. The tumor 
can extend through the optic nerve and/or the 
subarachnoid space to the chiasm, the brain, and 
later to the meninges. Exophytic tumors may 
invade the choroid and later the sclera. The tumor 
usually remain into the eyeball for some period 
of time, but if left untreated, it eventually invades 
the orbit and beyond it to the surrounding struc-
tures. The metastatic pattern of retinoblastoma 
include the CNS and hematogenous metastasis 
involving the bone, bone marrow, or less fre-
quently any other organ.  

    Histology 

 The diagnosis of retinoblastoma is usually made 
by an experienced ophthalmologist without 
needing pathological confi rmation. However, 
after the eye is enucleated, it is extremely impor-
tant that the eyeball is evaluated by an experi-
enced pathologist in order to estimate with 
accuracy the degree and extent of tumoral dis-
semination in the eye structures. Retinoblastoma 
usually presents with small undifferentiated 
anaplastic cells with scanty cytoplasm and large 
nuclei, occasionally showing photoreceptor fea-
tures. Calcifi cation is a frequent fi nding. 
Retinoblastoma is a tumor of neuroepithelial 
origin and presents some similar characteristics 
to other neuroectodermic pediatric tumors. Thus 
tumor cells often express photoreceptor- 
differentiation antigens, neuron- specifi c eno-
lase, and the ganglioside GD2. Retinoblastoma 
usually stains negative to CD99. However, 
immunohistochemistry is not vital to the diag-
nosis of retinoblastoma. Immunocytological 
evaluation is nevertheless important in cases of 
extraocular dissemination where tumoral cells 
should be readily identifi ed by these techniques. 
The use of immunocytology for GD2 or for the 
transcription factor CRX has been reported 
effective for this goal [ 10 ]. The likelihood of 
extraocular relapse is directly correlated with 
microscopical invasion to critical eye structures 
such as the optic nerve in its orbital portion 
beyond the lamina cribrosa, the choroid when is 
massively invaded and the sclera that implies 
always a later stage of choroidal invasion [ 11 ].  

    Diagnostic and Extent of Disease 
Evaluation 

 When a child is diagnosed with retinoblastoma, it 
is important to assess the extent of the disease in 
two levels: (a) intraocular extension, which will 
predict eye salvage and (b) extraocular dissemi-
nation, which will predict patient survival. 

 Intraocular extension of retinoblastoma is 
assessed by the ophthalmologist using the indirect 
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ophthalmoscope in a full examination with pupil-
lary dilation under anesthesia. The extent of intra-
ocular disease evaluation should consider the size 
of the tumors, their location especially their rela-
tionship to the macula and the presence of seeding 
to the vitreous or the subretinal space. On occa-
sions, the tumor causes retinal detachment, which 
was previously regarded as a poor prognosis fea-
ture. Different systems were proposed to group 
these fi ndings in order to predict eye salvage. The 
Reese-Ellsworth (R-E) grouping system was used 
for many years and proved to be effective in pre-
dicting eye salvage with radiotherapy treatment. 
More recently, an international system was pro-
posed to predict eye salvage with modern chemo-
therapy treatments (Table  20.1 ) [ 12 ].

   The evaluation of extraocular extension is 
usually done by the pediatric oncologist. For a 
proper extent of extraocular disease evaluation it 
is important to consider the prevalence of extra-
ocular disease in a given patient population. 
Since extraocular retinoblastoma is very uncom-
mon in developed countries, most authors recom-
mend that no other staging procedure other than 
CNS imaging should be done for staging [ 13 ]. 
The low prevalence dissemination in the CSF or 
in the bone marrow makes evaluation of these 
sites of low yield and most authors in developed 
countries do not perform these evaluations rou-
tinely in their patients. However, in developing 
countries with high prevalence of these compli-
cations, a full extent of disease evaluation may be 
needed in most patients [ 14 ]. Because extraocu-
lar disease is so uncommon in developed coun-
tries, there has not been a consensus staging 
system for extraocular disease for years. 
However, in recent years, a group of international 
retinoblastoma experts developed a staging sys-
tem by consensus that articulates with the intra-
ocular grouping system proposed for the 
eye-conserving therapies with chemoreduction 
(Table  20.2 ) [ 15 ]. The TNM system has been 
recently updated in order to include patients with 
extraocular dissemination. So, each retinoblas-
toma program in developing countries should 
chose the staging system that better accommo-
dates with their patient population, but it is 

   Table 20.1    The International Grouping System for intra-
ocular disease   

 Group A 
  Small tumors away from foveola and disc  
 • Tumors ≤3 mm in greatest dimension confi ned to the 

retina 
 • Located at least 3 mm from the foveola and 1.5 mm 

from the optic disc 
 Group B 
  All remaining tumors confi ned to the retina  
 • All other tumors confi ned to the retina not in Group A 
 • Subretinal fl uid (without subretinal seeding) ≤3 mm 

from the base of the tumor 
 Group C 
  Local subretinal fl uid or seeding  
 • Local subretinal fl uid alone >3 to ≤ 6 mm from the 

tumor 
 • Vitreous seeding or subretinal seeding ≤3 mm from 

the tumor 
 Group D 
  Diffuse subretinal fl uid or seeding  
 • Subretinal fl uid alone >6 mm from the tumor 
 • Vitreous seeding or subretinal seeding >3 mm from 

tumor 
 Group E 
  Presence of any or more of these poor prognosis features  
 • Tumor in anterior segment 
 • Tumor in or on the ciliary body 
 • Iris neovascularization 
 • Neovascular glaucoma 
 • Opaque media from hemorrhage 
 • Tumor necrosis with aseptic orbital cellulitis 
 • Phthisis bulbi 

   Table 20.2    The International Staging for Retinoblastoma   

 Stage 0: Patients treated conservatively (subject to 
presurgical ophthalmologic classifications) 
 Stage I: Eye enucleated, completely resected 
histologically 
 Stage II: Eye enucleated, microscopic residual tumor 
 Stage III: Regional extension 
  (a) Overt orbital disease 
  (b) Preauricular or cervical lymph node extension 
 Stage IV Metastatic disease 
  (a)  Hematogenous metastasis: (1) single lesion, 

(2) multiple lesions 
  (b)  CNS extension: (1) prechiasmatic lesion, 

(2) CNS mass, (3) leptomeningeal disease 
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important to be consistent in the use of a specifi c 
staging system over time in order to be able to 
compare the results.

       Work-Up for Metastatic Disease 

 Regardless of the disease extension and the set-
ting, all children with retinoblastoma should 
undergo a head and orbital, gadolinium-enhanced 
MRI. MRI is preferred to CT scan because it 
allows for a better estimation of the invasion to 
the optic nerve [ 16 ]. Guidelines for the evalua-
tion of retinoblastoma with MRI have been 
recently published [ 16 ], but it is important to 
know that in order to obtain a detailed evaluation 
of the optic nerve or the choroid, it is necessary to 
use a high-resolution MRI with orbital coils, 
which are seldom available in developing coun-
tries. In addition, MRI is helpful to evaluate the 
pineal area    where it avoids the exposure to radia-
tion in these susceptible patients. However, many 
centers in developing countries would have only 
CT scan available for staging of their retinoblas-
toma patients. In these cases, CT may be useful 
to identify obvious optic nerve or orbital involve-
ment and CNS extension. Thus, the fi rst step in 
the initial evaluations in children with retinoblas-
toma includes a full ophthalmological evaluation 
and CNS imaging. After this fi rst step, the treat-
ing group is able to determine if an eye salvage 
therapy is possible, if enucleation of the affected 
eye is needed or if the disease has already spread 
outside the eye and neoadjuvant therapy is 
required. At this point, clinical fi ndings are also 
important to take a decision since children who 
can only be evaluated with low resolution CT 
scans and present with massive buphthalmia or 
glaucoma but imaging studies fail to disclose 
extension beyond the eyeball may be better 
treated with preoperative chemotherapy. In these 
children and in those in whom extraocular dis-
ease is present, further staging evaluations are 
necessary before starting neoadjuvant chemo-
therapy. These include bilateral bone marrow 
aspirates and biopsies and lumbar puncture with 
examination of the cytospin (in those without 
risks related to the procedure) [ 14 ]. A full bone 

marrow evaluation including bilateral biopsies 
and aspirates may improve the yield of these pro-
cedures, but they need to be done under general 
anesthesia, which is not always available or rec-
ommended in children with advanced disease in 
developing countries. In situations where chil-
dren present with obvious extraocular disease, a 
single bone marrow aspiration could be done, 
and if the results are positive, no other bone mar-
row study would be needed. However, a more 
exhaustive bone marrow evaluation should be 
done when a single aspiration fails to show 
malignant cells, especially if no other metastatic 
site is present. Since retinoblastoma cells may 
adhere to the tube, the examination of the cyto-
centrifugate of the CSF specimen, should be 
always be done regardless of the cell count in 
order to improve the yield of this procedure. 
Bone scintigraphy is only recommended in chil-
dren with confi rmed metastatic disease or those 
with bone pain. This extensive work-up is only 
necessary at diagnosis in children with clinically 
advanced disease in whom preoperative enucle-
ation is considered. In cases where enucleation of 
the affected eye was decided as initial therapy, 
staging procedures should be done only if high 
risk of metastatic disease is probably based on 
the pathological examination. Enucleation should 
not be delayed because of extent of disease evalu-
ation other than CNS imaging. Children in whom 
conservative therapy is undertaken do not need 
any other staging procedure than CNS imaging.  

    Treatment 

 The treatment of retinoblastoma in developing 
countries poses signifi cant and unique challenges 
for the treating physicians given the paucity of 
publications, the impact of socioeconomical fac-
tors and the infl uence of the availability of 
resources. It is important that children with reti-
noblastoma should be treated in centers with 
experience in the management of these tumors 
which on occasions would need the participation 
of eye hospitals in association with children or 
cancer centers in order to provide the best possi-
ble care. In order to provide tools for treating 
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physicians in these settings, the SIOP-PODC 
(International Society of Pediatric Oncology- 
Pediatric Oncology in Developing Countries) 
published a consensus guideline for graduated- 
intensity therapy [ 17 ]. 

    The Challenges in the Treatment 
of Unilateral Retinoblastoma: 
When Is Chemotherapy Indicated? 

 Initial enucleation of the affected eye is the treat-
ment of choice for children with intraocular uni-
lateral retinoblastoma [ 18 ]. It is the simplest and 
safest therapy for retinoblastoma; however, in 
some developing countries it is not widely 
accepted by the affected families. It is important 
to procure a prosthetic eyeball which can even be 
fi tted in the operating room after the procedure to 
minimize cosmetic effects. Enucleation should 
be performed by an experienced pediatric oph-
thalmologist in order to obtain a long optic nerve 
stump and avoid eye rupture. 

 Eyes with secondary glaucoma, invasion of 
anterior segment (anterior chamber, iris), rubeo-
sis iridis, hyphema, pseudohypopyon, and his-
tory of orbital cellulitis or those with affection of 
more than 2/3 of the retina or massive vitreous or 
subretinal seeding should be enucleated initially 
without delay. In some developing countries, as 
many as two-thirds of children present with 
enlarged eyeballs, that have a higher risk of 
microscopic extraocular dissemination [ 19 – 21 ]. 
These eyes may be diffi cult to enucleate and are 
at high risk of rupture [ 22 ], which would cause 
tumor seeding in the orbit. Occasionally, the 
tumor may be left behind in the resection margin 
of the optic nerve. These cases are at high risk of 
death if no further treatment is given and they 
need intensive chemotherapy and orbital radio-
therapy to have a chance for cure. In many of 
these settings, radiotherapy and intensive che-
motherapy are unfortunately not available. In 
these cases, pre-enucleation chemotherapy may 
theoretically reduce the tumoral volume in 
severely buphthalmic eyes, thereby reducing 
these risks [ 22 ]. If pre-enucleation chemotherapy 

is used, these children should be considered at 
higher risk for extraocular relapse and adjuvant 
chemotherapy should be given in all cases, 
regardless of the pathologic fi ndings upon exam-
ination of the enucleated eye [ 23 ,  24 ]. It is 
important to enucleate these eyes no later than 
two or three chemotherapy cycles, because 
chemotherapy resistance may ensue, and the 
child may die of disseminated disease [ 25 ]. 
Enucleation is always needed in these cases, 
even when tumor response to neoadjuvant che-
motherapy is spectacular, and no local therapy 
should be done. 

 After enucleation is done, the affected eyeball 
should be examined by an expert pathologist. 
Guidelines for uniform processing of enucleated 
eyes and for defi nition of involvement of the dif-
ferent eye structures have been published [ 26 ]. 
These guidelines are applicable in most centers 
since they do not imply any sophisticated proce-
dure [ 26 ]. Centers managing cases where invasion 
to ocular coats is common should give priority to 
obtain a high-quality pathology examination. The 
pediatric oncologist uses this information to 
decide the need for adjuvant chemotherapy after 
enucleation. It is essential to identify invasion to 
the optic nerve, especially when it is beyond the 
lamina cribrosa paying particular attention to the 
status of the resection margin, the presence and 
extent of choroidal invasion, and any degree of 
scleral involvement. These children benefi t from 
adjuvant chemotherapy but its use in children 
with other risk factors is controversial and it 
should be balanced with the potential toxicity of 
chemotherapy and the availability of second-line 
therapy in a given setting [ 11 ]. So, as a general 
rule, the use of adjuvant chemotherapy in a given 
setting should consider the following local sce-
narios (Table  20.3    ):
     1.    The risk of toxicity-related death during a neu-

tropenic episode or other toxic event. Some 
pathology risk factors such as isolated choroi-
dal invasion or anterior segment invasion are 
associated to a relatively low risk of extraocular 
relapse if no adjuvant therapy is given (5–7 %). 
In centers with limited capacity for manag-
ing the side effects of chemotherapy or when 
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patients with compliance problems are treated, 
the risk of a chemotherapy- associated death 
may outweigh the benefi t of adjuvant chemo-
therapy in children with low-risk disease.   

   2.    The need of high-quality pathology assess-
ments. This is essential, especially when with-
drawal of adjuvant therapy is considered 
because unrecognized high-risk children may 
have an extraocular relapse that might have 

been avoided with adjuvant chemotherapy. 
Examples of this include omission of scleral 
invasion in cases with massive choroidal inva-
sion, which is typically seen when an insuffi -
cient number of slides have been reviewed. 
Postlaminar optic nerve involvement may be 
missed when slides of insuffi cient quality are 
analyzed. When expert pathology examina-
tion is not available, better results may be 

    Table 20.3    Use of chemotherapy and radiotherapy in different situations for the treatment of retinoblastoma in 
 developing countries   

 Clinical situation  Chemotherapy  Radiotherapy  Comments 

 Adjuvant therapy 
for enucleated 
patients with high 
risk histology 
(Stages I and II) 

 Carboplatin 500 mg/m 2 /day 1+  Only indicated for 
patients with tumor 
invasion to the resection 
margin of the optic nerve 
 Dose: 4,500 cGy to the 
orbit, including the 
chiasm 

 Higher dose regimens 
including Cyclophosphamide 
65 mg/kg/day 1 with MESNA 
 Vincristine 1.5 mg/m 2 /day 1 
 Idarubicin 10 mg/m 2 /day 1 (may 
be replaced by doxorubicin 
30 mg/m 2 /day 1) may be more 
effective in higher risk patients 

 Etoposide 100–150 mg/m 2 /
days 1 and 2 + 
 Vincristine 1.5 mg/m 2 /day 1 

 Orbital 
retinoblastoma 
(Stage III) 

 Carboplatin 500 mg/m 2 /day 1+  Dose: 4,500 cGy to the 
orbit, including the 
chiasm 

 Chemotherapy is usually given 
as neoadjuvant followed by 
secondary enucleation and 
adjuvant chemo and 
radiotherapy. Higher dose 
regimens including 
Cyclophosphamide 65 mg/kg/
day 1 with MESNA 

 Etoposide 100–150 mg/m 2 /
days 1 and 2+ Vincristine 
1.5 mg/m 2 /day 1 

 Vincristine 1.5 mg/m 2 /day 1 
 Idarubicin 10 mg/m 2  day 1 (may 
be replaced by doxorubicin 
30 mg/m 2 /day 1) 

 Metastatic 
retinoblastoma 
(uni and bilateral) 
(Stage IV) 

 Option 1: Carboplatin 500 mg/
m 2 /days 1 and 2+ Etoposide 
100 mg/m 2 /days 1–3 

 As palliative treatment 
and for the treatment of 
bulk disease persisting 
after high dose 
chemotherapy 

 When high dose chemotherapy 
and stem cell transplantation is 
not available palliative therapy 
may be considered. Regimens 
useful for conservative therapy 
are usually well tolerated. For 
children in extremely poor 
condition, oral chemotherapy 
with etoposide or 
cyclophosphamide may be used 

 Alternating with 
Cyclophosphamide 65 mg/kg/
day 1+ 
 Vincristine 1.5 mg/m 2 /day 1+ 
 Idarubicin 10 mg/m 2 /day 1 
(may be replaced by 
doxorubicin 30 mg/m 2 /day 1) 
 Option 2: Ifosfamide (1.8 g/m 2 /
days 1–5) + Etoposide (100 mg/
m 2 /days 1–5) (+/−carboplatin) 

 Conservative 
therapy for 
bilateral 
retinoblastoma 

 Carboplatin 500 mg/m 2 /day 1+  To be avoided when 
tumor can be controlled 
by local therapy. If used: 
3,600–4,500 cGy to the 
whole eye depending on 
tumor extension. 

 Some eyes with less advanced 
disease may be treated omitting 
etoposide. Children younger 
than 3 months should be given 
carboplatin alone or periocular 
topotecan 

 Etoposide 100–150 mg/m 2 /
days 1 and 2+ Vincristine 
1.5 mg/m 2 /day 1 
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obtained with the use of adjuvant chemotherapy 
in all patients when the prevalence of high-
risk features is high.   

   3.    The availability of rescue therapy with high- 
dose chemotherapy and stem cell rescue. 
Extraocular relapse of retinoblastoma is 
 seldom curable with conventional therapy 
(except of isolated orbital relapse) [ 27 ]. So, if 
this treatment modality is not available, all 
efforts should be done to prevent extraocular 
relapse, even when it is possible that some 
children would be over-treated with adjuvant 
chemotherapy.   

   4.    The choice of the chemotherapy regimen for 
adjuvant therapy. There is some evidence 
coming from non-randomized studies that 
intensive regimens including alkylating agents 
and occasionally anthracyclines are more 
effective in preventing extraocular relapse 
than moderate dose carboplatin-based regi-
mens. However, this difference may be seen 
only in higher risk children and they are con-
ceivably associated to higher risk of fatal tox-
icity and increased supportive care needs, so 
this small benefi t will be lost in setting with 
less than optimal supportive care facilities. 
A list of published chemotherapy regimens is 
given in Table  20.3 .    

      Bilateral Retinoblastoma and the 
Challenge of Conservative Therapy 
in Developing Countries 

 The indications for enucleation of affected eyes 
in bilateral retinoblastoma are essentially the 
same than for unilateral disease. Adjuvant ther-
apy for enucleated eyes in cases of bilateral reti-
noblastoma should follow the same guidelines as 
those for cases of unilateral disease. However, 
there are specifi c challenges in developing coun-
tries. A variable proportion of children in devel-
oping countries present with one or both eyes 
with advanced intraocular disease, which are 
considered as Group D in the original International 
Classifi cation. These cases present a dilemma in 
developing countries. It is necessary to remember 
that chemoreduction with systemic chemother-

apy, the current standard conservative therapy of 
retinoblastoma originated from developed coun-
tries, where adequate supportive care measures 
and high technology resources operated by highly 
qualifi ed teams. It is important to identify the 
local capabilities for conservative therapy in each 
setting. In low-income settings, usually conserva-
tive therapy is not available and since most chil-
dren present with advanced disease, it is usually 
not a priority. It should be considered that enucle-
ation would cure a high proportion of children 
with bilateral retinoblastoma in those settings; 
however, bilateral enucleation is seldom accepted 
by affected families. Hence, treating physicians 
often embark on conservative therapy using sys-
temic chemotherapy when limited focal therapies 
are available. It is important that patients with 
intraocular disease not be exposed to treatments 
with conservative intent in a setting that has no 
facilities or experience in localized therapy. 
Conservative therapy of retinoblastoma is only 
feasible where an experienced ophthalmologist is 
available for evaluating these children under gen-
eral anesthesia with adequate safety, focal thera-
pies such as lasers and cryotherapy are available 
and patients are able to comply with frequent 
follow-up examinations over long periods of 
time. In some developing countries, centers of 
excellence for conservative treatment have been 
created. So, chemoreduction followed by focal 
therapy to avoid external-beam radiotherapy 
(EBRT) may not be feasible in some developing 
countries and may lead to poorer results when 
done in inadequate settings. This treatment is 
particularly dangerous in settings with a high rate 
of abandonment of follow-up, because children 
may die as a consequence of chemotherapy toxic-
ity or partially treated tumors may reactivate and 
disseminate. As a general rule, conservative ther-
apy of Group D eyes should not be considered 
routinely in centers with limited resources and 
enucleation is preferred, especially when the con-
tralateral eye has less advanced disease. For eyes 
with less advanced disease, conservative thera-
pies may achieve good results even in settings 
with limited resources. However, in developing 
countries, very few children present with less 
advanced disease and often EBRT is needed for 
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tumor control. However, this modality is seldom 
available and it is not uncommon to see patients 
treated with several rounds of chemotherapy with 
a conservative intent that have progressive dis-
ease needing EBRT which is not available. In a 
proportion of these cases, especially in those with 
a single remaining eye, extraocular disease devel-
ops, as a consequence of family refusal of enucle-
ation, but also because reluctance of treating 
physicians to consider enucleation when there is 
still time to save the child’s life. It should be 
always remembered that chemotherapy does not 
cure intraocular retinoblastoma [ 28 ]. Its only 
benefi t is avoiding or delaying EBRT, which is 
associated with 6–17 % increased risk of mortal-
ity caused by radiation-induced second tumors 
during adulthood in developed countries. 
Avoidance of EBRT also results in improved cos-
mesis and lower probability of ocular side effects. 
However, there is no proven benefi t in terms of 
ocular salvage. Therefore in developing countries 
with high prevalence of advanced disease, espe-
cially in those where compliance for follow-up 
examinations is not optimal, physicians leading a 
retinoblastoma program may consider develop-
ing EBRT facilities for conservative therapy. The 
advantages of such approach would be that chil-
dren treated with EBRT need less-intensive fol-
low- up and most those with Groups B and C may 
be cured with 2-month course of radiotherapy, 
whereas children treated with chemoreduction 
and local therapy usually need a more detailed 
and longer follow-up to consolidate tumor 
response and treat later relapses [ 29 ]. However, 
the limitation of such approach includes the need 
for qualifi ed cataract surgery for repairing 
radiation- induced cataracts that occur in almost 
all irradiated patients, the need of safe anesthesia, 
and of course the availability of a linear accelera-
tor for EBRT operated by qualifi ed personnel.  

    The Challenge of Treating 
Overt Extraocular Disease 

 Children with overt extraocular retinoblastoma, 
regardless of the laterality, are at high risk of 
mortality. In developing countries, it is critical to 

differentiate those children with distant metastatic 
disease to those with only macroscopical dissem-
ination to the orbit or regional lymph nodes since 
the latter are curable with moderately intense 
chemotherapy. Even though children with meta-
static disease are not curable with conventional 
chemotherapy, they may benefi t from it since it 
may help resolve severe pain caused by an orbital 
mass or emaciation caused by tumor dissemina-
tion [ 30 ]. Newly diagnosed retinoblastoma is a 
chemosensitive tumor that responds well to many 
chemotherapeutic agents, even at low doses. 
Thus, standard or low-dose chemotherapy with 
an intention of life prolongation should be given 
to children with metastatic disease. If high-dose 
chemotherapy followed by autologous stem cell 
rescue is available, it should be considered, espe-
cially for children with no CNS involvement. 

 Upfront surgery should not be attempted in 
children with massive orbital invasion and muti-
lating surgeries such as orbital exenteration 
should be avoided. Secondary surgery with a lim-
ited exenteration or resection of the residual mass 
is usually enough for tumor control if followed 
by adjuvant chemotherapy and radiotherapy [ 30 ].  

    The Challenge of Treatment of 
Patients Whose Parents Refuse 
Recommended Therapy 

 Enucleation of an affected eye may not be accept-
able to some affected families and consent may 
not be given for this life-saving procedure [ 31 ]. 
This parental decision is infl uenced by many and 
complex socioeconomical, cultural, and religious 
factors that may be different in each setting. 
If left untreated, retinoblastoma is uniformly fatal; 
so every strategy to try to save these children 
should be employed. Centers where compliance 
is a substantial problem should establish a com-
prehensive program to approach these families [ 32 ]. 
Successful experiences have been reported in 
Central America [ 33 ], where multidisciplinary 
teams give support to high-risk families. There is 
no uniformly effective approach for this problem 
and each center should establish a culturally sen-
sitive program to approach holistically this problem. 
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Some centers use chemotherapy for the treatment 
of children whose families do not consent initial 
enucleation [ 34 ]. Even though this may give time 
to approach the families to reconsider their deci-
sion it should be done at the last resort, when 
other strategies have failed and defi nitive drop 
out is imminent. In these situations, the clinician 
must balance the risks and benefi ts of this 
approach. This strategy is associated with risks 
related to the possibility of chemotherapy- related 
toxicity, including death, in these high-risk fami-
lies. In these situations, the clinicians should be 
convinced that enucleation is the only treatment 
with a curative intent and conservation of those 
eyes is not an option. If these eyes are not enucle-
ated, extraocular relapse would be inevitable. 
These risks must be weighed against the fact that 
if no chemotherapy is given, the family will drop 
out and the child will die of disease dissemina-
tion. When pre-enucleation chemotherapy is 
used, and the eye is enucleated secondarily, the 
pathological evaluation of the enucleated eye 
may not be adequate for risk assignment. In these 
cases, adjuvant chemotherapy should be given.  

    The Challenge of Early Diagnosis: 
Are Media Campaigns Useful? 

 Theoretically, retinoblastoma would be the 
ideal tumor for screening since it occurs in a 
narrow age range, it is curable if diagnosed 
early, its natural history is well known from 
familial cases which prove the effi cacy of early 
diagnosis in terms of ocular and patient sur-
vival [ 8 ]. However, retinoblastoma is a rare dis-
ease and the diagnosis can only be confi rmed 
with a relatively invasive procedure such as 
ocular examination under anesthesia. 
Nevertheless many groups and organizations 
worldwide launched awareness campaigns 
directed to the public in order to disseminate 
information about leukocoria as a presenting 
sign of retinoblastoma [ 35 ]. The impact of 
these campaigns is diffi cult to estimate and to 
be more effi cient they should also target doc-
tors who are usually not aware of the possibility 
of cancer in children with leukocoria either [ 36 ]. 

These campaigns may be effective where disease 
presents with metastatic disease in a high propor-
tion of children since they would not impact the 
possibility of ocular survival. Targeting treatment 
refusal is probably more cost-effective in these 
settings since usually the same countries that 
have high proportion of metastatic disease at pre-
sentation are the same that have compliance 
problems. There, the few children who are diag-
nosed timely may not be cured because their 
families would not consent enucleation.   

    Second Malignancies in 
Retinoblastoma Survivors 

 Children with the germline mutations of the  RB1  
gene are at increased risk of secondary non- 
retinoblastoma malignancies [ 37 ]. The occur-
rence of these malignancies is determined by the 
mutation but it is also infl uenced by treatment 
received [ 38 ]. The use, dose, and possibly the age 
when radiation therapy was administered increase 
the risk of secondary tumors in the irradiated 
fi eld [ 39 ]. Typically the most common secondary 
tumors are sarcomas which may occur in the irra-
diation fi eld or elsewhere in the body, including 
soft tissue tumors or osteogenic sarcoma, skin 
tumors such as melanoma and also epithelial 
tumors. It is probable that children with germline 
mutations for the Rb1gene do not have an 
increased susceptibility for secondary leukemias; 
so when this complication occurs, it is usually 
related to the use of chemotherapy [ 40 ]. Survival 
from a second tumor is higher when early diag-
nosis is achieved; so some authors recommend 
specifi c surveillance to detect these tumors ear-
lier. Mortality for secondary acute leukemia is 
high. Overall, the prevalence of secondary malig-
nancies is reported to increase steadily with age, 
leading to a mortality rate of 25–50 years of age 
[ 41 ], although with modern therapies, it may be 
much less [ 42 ]. Osteosarcoma and melanoma are 
more frequent in adolescents and young adults, 
whereas epithelial tumors are more frequent in 
older adults. Patients with non-hereditary retino-
blastoma are not inherently at an increased risk of 
second malignancies [ 41 ]. 
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 Trilateral retinoblastoma differs to other 
secondary malignancies since it arises from the 
same putative progenitor cell, so the term refers to 
the association of bilateral retinoblastoma with an 
asynchronous intracranial primitive neuroecto-
dermal tumor. The exact incidence of this malig-
nancy is not known. Previous studies suggested 
that up to 3–9 % of patients with the genetic form 
would develop trilateral disease [ 43 ]. However, 
more recent series show a decreased prevalence 
and there is indirect evidence that it is less com-
mon in developing countries [ 44 ]. Occasionally a 
pineal mass is detected in a follow-up MRI in an 
asymptomatic child. In these cases, it is  important 
to rule out pineal cysts which have been reported 
in children with retinoblastoma and always do not 
progress to malignant tumors [ 45 ]. Some authors 
suggested that the use of chemotherapy may 
reduce the incidence of trilateral retinoblastoma 
but these results were not based from population-
based studies and included a low number of cases 
[ 46 ]. The prognosis has until recently been almost 
uniformly fatal, but when high-dose chemother-
apy and autologous stem cell rescue is available, 
some children may be cured.     
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