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with life after cancer treatment and integrate them into society. 
Genetic counseling is an important integral component of not 
only acute but also long‑term care. This aspect of cancer care 
after treatment care is provided ACT clinic at our center.
While survivors’ ocular and visual problems and increased 
risk for subsequent malignancy particularly in those with a 
genetic form of disease are well documented, data on long‑term 
health/health status of Rb survivors are limited, this being 
particularly true for India.[6] We report data on long‑term health 
status from one of the largest series (213) Rb survivors being 
followed at our center. Late treatment‑related complications 
justify the long‑term follow‑up of childhood Rb survivors.
Methodology
Archive of patients who completed therapy and 2‑year 
follow‑up attending ACT clinic was explored for demographic 
and clinical details, imaging findings, histopathology, treatment, 
and long‑term effects of Rb All information was entered in 
a predesigned pro forma. Patients were treated as per the 
institutional protocol with multimodal therapy.
Cumulative dose of chemotherapy and radiotherapy was 
calculated. Details of surgery were recorded. Growth was 
recorded systematically on growth charts. Evaluation for late 
effects of chemotherapy, surgery, and radiation was done with 
appropriate investigations and evaluation (contracted orbital 
socket, cataract, midfacial hypoplasia, hearing and intelligence 
assessment, examination for neurotoxicity, systemic examination 
for occurrence of second neoplasm). Genetic and counseling 
for healthy lifestyle are done at the ACT clinic. These patients 
and their families are supported to deal with life after cancer 
treatment as the child and the family need to be integrated into 
society. Patient education material is provided to them.
The grading of late toxicity was carried according to Radiation 
Therapy and Oncology Group late morbidity scoring criteria, 
respectively. Only those patients were included who had 
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Introduction
Retinoblastoma (Rb) is the most common primary intraocular 
tumor of infancy and childhood, originating in embryonic 
neural retina. When treated early and appropriately, it has a 
high‑survival rate (>90%) with lesser morbidities, this being 
particularly true for developed countries where the tumor is 
most often diagnosed in intraocular stage.[1] The scenario in 
developing countries is different in that the burden of the 
disease is more and the survival rates are less; high disease 
burden has been seen in Latin America, Africa, and Asia 
including India.[2‑4] It has an incidence of 1 in every 20,000 live 
births. India sees about 1500 new cases/year, i.e., 33% of 
the global burden. About 90% cases are diagnosed by age 
3–4 years and 98% by 5 years. Bilateral disease is diagnosed 
earlier then unilateral disease. It contributes to 4% of all 
pediatric cancers.
With refinements in diagnostics and advances in therapeutics 
and supportive care, the overall survival of childhood 
malignancy has increased over the past few decades; this is 
true for Rb also.[5,6] This is, however, at the cost of increased 
morbidity in the form of various late effects of cancer 
treatment. Late effects appear months or years after completion 
of treatment (ACT) and occur secondary to the treatment that 
is given to a cancer/impact that the entire treatment process 
has on the child. For a child with Rb who would be treated 
with either surgery (enucleation), chemotherapy (vincristine, 
carboplatin, etoposide), or radiation alone or in combinations; 
the late effects could be varied. These vary from contracted 
socket/impaired orbital growth, cataract, midfacial hypoplasia, 
neurotoxicity, hearing impairment, deficits in intellect, growth 
impairment, visual compromise, psychosocial deficits, second 
neoplasm, or rarely myocardial dysfunction or impairments in 
fertility. These children need a systematic follow‑up after the 
treatment is over to evaluate for these late effects. They need 
to be evaluated for primary disease, relapse, and eye care. 
Long‑term follow‑up focuses on supporting children to deal 
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received at least one treatment modality (radical or palliative 
surgery, radiotherapy, chemotherapy alone, or in combination). 
Descriptive statistics was used for describing demographic and 
clinical characteristics.
Results
Two hundred and thirteen pediatric Rb survivor patients treated 
at our center for RB were evaluated for late treatment‑related 
complications. Demographic details and presenting features 
were identified [Table 1].
Treatment
87.2% patients received standard vincristine, etoposide, and 
cyclophosphamide chemotherapy (vincristine1.5 mg/sqm, 
carboplatin560 mg/sqm, and etoposide100 mg/sqm). The median 
dose of external beam radiation therapy used was 40–44 Gy in 
20–22 fractions. Bilateral disease was observed in 24 patients.
Enucleation was done in 77.4% (n = 165). Prosthesis was used 
by only 41.4% (70/165) patients who underwent enucleation.
Problems in survivors
General
Growth was affected in 29% cases (50/193).The height in these 
children was less than third centile according to sex‑matched 
Center for Disease Control growth charts. Hypoplasia/contracted 
socket/midfacial hypoplasia was seen in 14.1% of cases. These 
were children who received radiation after enucleation and 
chemotherapy.
Vision and hearing
Vision assessment was done in 143 Rb survivors. Diminished 
vision was seen in 15.8% cases (27/143). Of the children 
with diminished vision, 3% children with bilateral Rb 
underwent bilateral enucleation and are blind. Cataract was 
seen in 2 survivors. Hearing evaluation was done by pure tone 
audiometry alone or along with brainstem evoked response 
audiometry (brain stem evoked responses). Impairment was 
seen in 2.7% cases. Both children underwent enucleation 

and received chemotherapy. None of these children received 
radiation as part of treatment.
Intelligence/psychosocial deficits
Intelligence was assessed by Malin’s Intelligence Scale for 
Indian Children and Vineland Social Maturity Scale. Global 
delay was found in 17% cases. 78.6% childhood Rb survivors 
are attending school. Psychosocial assessment was done 
using children apperception test. Self‑esteem was found to 
be specially affected, particularly in female adolescents. They 
resorted to using dark glasses or change in hairstyle to hide 
the enucleated/deformed socket. Majority parents were well 
adjusted to society. Neurotoxicity attributed to vincristine use 
was not seen in our set of RB survivors.
Second neoplasms and relapse
Relapse requiring systemic chemotherapy was seen in 3 cases. 
Mortality was seen in two patients: one child died from 
progressive disease and one died from causes unrelated to RB, 
had hemihypertrophy, developmental delay, and failure to thrive. 
Second malignancy was seen in three of the 231 patients: 
one was a male child with bilateral Rb, underwent bilateral 
enucleation, and developed acute myeloid leukemia after 
8 years of follow‑up. The other child developed Hodgkin 
lymphoma as a second neoplasm. The third was a child with 
chondrosarcoma.
Other effects
Other late effects observed included dry eye and discharged 
from the enucleated eye. Cataract attributed to external 
beam radiotherapy was seen in two of our patients. 
Gonadal/renal/cardiac dysfunction was not seen in our set 
of patients. None of the patients reported any symptom of 
neurotoxicity attributable to vincristine exposure.
Discussion
Late treatment‑related complications justify the long‑term 
follow‑up of childhood Rb survivors. Patients who receive 
external beam radiation are at increased risk for secondary 
tumors, optic neuropathy, and retinopathy. Dry eye or cataracts 
may occur secondary to radiation which may affect growing 
orbital bones producing facial hypoplasia and contracted socket. 
Pituitary dysfunction may occur.
In our series of 213 patients, the median age was 29 months, 
there was a male preponderance, and majority had unilateral 
disease. Majority of the patients received chemotherapy and few 
received radiation. Enucleation was done in almost three‑fourth 
of patients. Growth was affected in about one‑third of patients 
and majority were those who had received radiation. Hypoplasia 
and contracted socket were seen in 14.1% cases. Diminished 
vision was there in about one‑sixth and 3% underwent bilateral 
enucleation. 2.7% were hearing impaired. About one‑sixth had 
a global intelligence delay. Second neoplasms were seen in 
0.01%. No other abnormalities seen.
Friedman et al. evaluated 470 RB survivors through a 
comprehensive questionnaire adapted from Childhood Cancer 
Survivor Study Surveys. Chronic medical conditions were 
classified using the national cancer Institute‘s Common 
Terminology Criteria for adverse events. At a median follow‑up 
of 42 years, 86.6% of survivors of RB had at least one 
condition and 71.1% had a severe/life‑threatening (Grade 3–4) 
condition. Survivors of Rb had an increased risk of chronic 

Table 1: demographic and clinical features of 
retinoblastoma survivors
Characteristic Magnitude
Presenting features at the time of disease 
presentation

Leukocoria 81.9%
Squint 54.8%
Proptosis 38.5%
Redness 14.2%
Staphyloma 7.9%
Phthisis 3.8%

Sex (male:female) 2:1
Literacy of parents 43% were illiterate
Low socioeconomic stratra 63.8%
Prevalence across states in India 6.0%‑40.9%
Median age at diagnosis 29 months
Median period of follow‑up 56 months
Lag period from onset of symptoms to 
diagnosis

3 months

Intraocular versus extraocular disease 72 versus 28%
Chemotherapy

Vincristine 1.4 m/m2

Carboplatin 560 mg/m2

Etoposide 100 mg/m2
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condition compared to non‑Rb controls. After excluding ocular 
conditions and second malignant neoplasms (SMNs), this excess 
risk was found in those with bilateral disease.[6]

Orbital growth is somewhat diminished after enucleation; 
however, the impact of enucleation on orbital volume may be 
less after placement of an orbital implant. It was surprising to 
note that prosthesis was used in 41.4% cases who underwent 
enucleation. Many families were not accepting the concept 
of prosthesis and often did not come at the appropriate time 
for insertion which is about 6 weeks’ postenucleation. It was 
also noticed that prosthesis is often ill‑fitting, occasionally the 
implant gets dislodged requiring hospitalization for reinsertion. 
Customized prosthesis which is superior cosmetically is often 
not affordable by many families. In a study by Nahum et al., 
enucleation and postradiotherapy‑contracted socket were seen in 
1/21, radiation‑induced cataract was seen in 3/21, and orbital 
deformation due to radiation bone atrophy was moderate severe 
in 12 patients.[7] Enucleation often causes psychosocial deficits: 
low self‑esteem, limited social function, and limited educational 
attainment.
Patients with Rb demonstrate a variety of long‑term visual 
field defects after treatment for their intraocular disease. These 
defects are related to tumor size, location, and treatment 
method.[8] One study of visual acuity after treatment with 
systemic chemotherapy and local ophthalmic therapy was 
conducted in 54 eyes in 40 children. After a mean follow‑up 
of 68 months, 27 eyes (50%) had a final visual acuity of 20/40 
or better, and 36 eyes (67%) had final visual acuity of 20/200 
or better. In a study by Nahum et al., very low visual acuity 
postradiotherapy was seen in 3/21 patients.[7] In our study, 
diminished and absent vision was seen in 15.8% and 3.0% 
cases, respectively. The limitation in our study is that visual 
field defects and refractive error details are not available. Our 

assessment has been limited to assessment of gross vision. 
Cataract is a late effect seen in Rb patients and is most 
often attributed to radiotherapy. In a study by Nahum et al. 
and Freidman et al., cataract was seen in 3/21 and 51/470, 
respectively. Visual dysfunction was seen in 291/470 Rb 
survivors in a study by Friedman et al. where it was seen that 
190 survivors were legally blind in 1 eye and 101 were legally 
blind in both eyes.[6,7]

Hearing deficit in our study population was seen in 2.7% 
cases because systemic carboplatin is now commonly used in 
the treatment of Rb; concern has been raised about hearing 
loss related to therapy. While an analysis of 164 children 
treated with six cycles of carboplatin‑containing therapy 
(18.6 mg/kg per cycle) showed no loss of hearing among 
children who had a normal initial audiogram,[9] another series 
documented hearing loss in 17% of patients.[10] Age younger 
than 6 months at the time of treatment and higher carboplatin 
systemic exposures appear to correlate with an increased risk 
of otologic toxic effects.[10,11] Friedman et al. evaluated a cohort 
of 470 Rb survivors where hearing deficit was seen in 3% 
survivors (15/470).
Gonadal dysfunction is well described with many solid 
tumors, but not with Rb. Azoospermia was reported in one 
patient who received cyclophosphamide and vincristine as 
part of chemotherapy by Nahum et al.[7] Our patients did 
not receive cyclophosphamide as a chemotherapeutic drug 
for RB and gonadal dysfunction was not seen in our set of 
patients [Table 2].
The occurrence of neuropsychological deficits is multifactorial 
being related to radiation at a young age, visual deficit, 
psychosocial issues directly related to treatment and 
survivorship, physical aspects due to growth retardation, 
orbital deformation, and enucleation. Nahum et al. reported 

Table 2: Comparative data of long-term follow-up of retinoblastoma survivors
Nahum et al. (n=21) friedman et al., 2016 (n=470) Our study, 2016 (n=213)

Median age at diagnosis 24 months (median) 43.3 years (mean age) 29 months (median)
Median age at follow‑up 12 years 42 years (15‑75) Was 56 months (24 months to 15 years)
Median follow‑up time 12 years 50 months (24 months to 15 years)
Unilateral versus bilateral disease 14/17 46.4%/53.6% 66.7%/33.3%
Male:female 2.5:1 2:1
Family history 30.5% ‑ 7.0%
Enucleation 21 ‑ 165 (77.4%)

Prosthesis ‑ 41.4%
Chemotherapy 8 187 (87.2%)
Radiation 13 40 (14%)

Cataract 3 51 2
Retinopathy 1 ‑ ‑
Contracted socket and orbital 
deformation

13 ‑ 14.1%

Very low visual acuity 3 291 15.8%
Growth hormone deficiency 2 ‑ ‑ (height <3rd centile in 29%)
Neurocognitive deficit 6 ‑ 17%

Azoospermia 1 ‑ 0
Hearing deficits ‑ 15 (3.0%) 2.7%
Neurotoxicity ‑ ‑ ‑
Second malignancy 0 56 (12.3%) 3
Relapse requiring systemic therapy ‑ ‑ 3
Death ‑ ‑ 2
Schooling ‑ ‑ 78.6%
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psychosocial deficits in 6/21 pts.[7] In our patient cohort, 
psychosocial issues were occasionally seen more so in the girl 
child where self‑esteem was affected consequent to enucleation, 
prosthesis use and orbital deformation.
Patients with heritable Rb have an increased incidence of second 
neoplasms. The most frequent secondary malignant occurring within 
the radiation field are osteosarcoma, fibrosarcoma, and other spindle 
cell sarcomas. Second neoplasm occurring outside the radiation 
field includes osteosarcoma and soft tissue sarcoma. In our study, 
3 patients suffered from a malignant neoplasm as described.
In a study by Marees et al., long‑term cause‑specific mortality 
among 998 Dutch Rb survivors diagnosed from 1862 to 
2005 was done. After a median follow‑up of 30.8 years, 
only cause‑specific mortality for second malignancies among 
hereditary Rb survivors was statistically significantly increased 
by 12.8‑fold. Risk of death from second malignancies 
among nonhereditary survivors was not increased. Mortality 
rates of second malignancy among hereditary patients 
were nonsignificantly elevated with 1.6‑fold for treated 
with radiotherapy, compared to those treated otherwise. 
Standardized mortality ratios for second malignancy among 
hereditary patients increased during the first three decades 
after Rb diagnosis. Whereas these risks decreased after three 
decades, the absolute excess risk increased significantly, 
up to 23.2 excess cases per 1000 patients/year after five 
decades of follow‑up. Fifty years after Rb diagnosis, the 
cumulative mortality from any second malignancy was 17.3% 
for hereditary patients. Friedman et al. evaluated 470 Rb 
survivors for occurrence of SMN. The study reported that 
58 RB survivors had at least 1 pathologically confirmed 
SMN (Grade 3–4) at a median follow‑up of 40.5 years.[12]

Very long‑term follow‑up of Rb patients revealed an emerging 
excess risk of mortality in hereditary Rb survivors. This implies 
that lifelong follow‑up is needed, whereas at the same time, 
patients and their physicians must be alerted to the increased 
second malignancy risks.
Conclusions
Rb is the most common intraocular childhood tumor. In the 
heritable form, tumors are often bilateral and survivors have 
a greatly increased risk both for a second malignancy and for 
having children with Rb. There is a need for early diagnosis and 

prompt treatment to salvage the globe and vision. This tumor has a 
potential for over 95% curable if treated in early stages. Long‑term 
follow‑up of RB survivors is important to identify late effects 
associated with treatment and occurrence of a second neoplasm. 
Common late effects in our RB survivors include diminished 
vision, intellectual disability, and contracted socket; there is a need 
for timely institution of prosthesis to avoid late effects such as 
hypoplasia, contracted sockets, and better cosmesis and enhanced 
self‑esteem. Second neoplasm is a concern. Lifelong follow‑up 
and counseling of a healthy lifestyle are needed for Rb survivors.
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Letter to the Editor
Good response to erlotinib in a patient 
after progression on osimertinib: 
A rare case of spatiotemporal T790M 
heterogeneity in a patient with epidermal 
growth factor receptor‑mutant 
nonsmall cell lung cancer
dOi: 10.4103/sajc.sajc_209_17
Dear Editor,
We report a rare case of spatiotemporal heterogeneity T790M 
mutation with repeated response and clinical benefit to 

(Continue on page 182...)

epidermal growth factor receptor (EGFR) tyrosine kinase 
inhibitors (TKIs) in a 51‑year‑old woman with nonsmall cell 
lung cancer. The patient presented was evaluated for shortness 
of breath elsewhere found to have mass lesion in the left 
upper lobe with massive pleural effusion and referred to our 
center. She was evaluated further and found to have multiple 
pleural deposits, bilateral pulmonary nodules, and lymph nodal 
involvements. Pleural effusion was positive for malignant 
cells, and cell block was suggestive of adenocarcinoma. 
Computed tomography‑guided biopsy from the left lung 
lesion was thyroid transcription factor‑1 positive and was 
suggestive of adenocarcinoma lung. Molecular studies of 
EGFR mutational analysis by amplified refractory mutation 
system‑polymerase chain reaction was positive for in‑frame 
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