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Introduction
Cancer in children and adolescents is rare 
although the overall incidence of childhood 
cancer has been slowly increasing since 
1975.[1] Worldwide, the annual number of 
new childhood cancer exceeds 200,000 
and >80% of these are from the developing 
world.[1] Seven out of 10 children with 
cancer in the resource rich countries 
are cured, with 5‑year survival rates 
for certain cancers such as Hodgkin’s 
lymphoma and retinoblastoma approaching 
95%.[2,3] Recent studies have shown that 
this success in survival can be replicated 
in the developing world through shared 
expertise.[4‑7] Childhood cancer remains the 
leading cause of disease‑related mortality in 
children.[8] Malignant solid tumors account 
for approximately 30% of childhood 
cancers.[9] The predominant histology of 
specific solid tumors varies significantly 
with age.[10]
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Abstract
Aims: The purpose of this retroprospective study was to study the epidemiological characteristics 
and outcomes of children with solid tumors at our institution. Subjects and Methods: Three 
hundred and three pediatrics patients registered at Regional Cancer Centre  (RCC), Sher‑i‑Kashmir 
Institute of Medical Sciences  (SKIMS), Srinagar, Kashmir, between January 2008 and June 
2014, were analyzed with regard to demographic status, presenting complaints, investigations, 
treatment, morbidity, and outcomes. Standard statistical methods were used for analysis. Results: 
Among 19,880  patients registered at RCC, SKIMS from January 2008 till June 2014, 986  (4.9%) 
were of pediatric age group. Of these, 303  (30.7%) patients had pediatric solid tumors. The 
male‑to‑female ratio was 1.04, there were no infants (up to 27 days), 6% were infants and toddlers 
(28  days–23  months), 39% were children  (2–11  years), and 55% were adolescents  (12–19  years). 
There were 86% rural patients and 14% urban patients. Most common were central nervous system 
tumors  (25.74%), followed by germ cell tumors  (14.52%), primitive neuroectodermal tumor/Ewing 
sarcoma  (13.86%), Wilms’ tumor  (8.9%), osteosarcoma  (6.6%), rhabdomyosarcoma  (5.6%), 
colorectal cancer  (5.28%), neuroblastoma  (4.9%), and retinoblastoma  (2.6%). Outcomes: 33.9% 
patients went into remission, 35.64% were defaulters, 2.97% had stable disease, 2.31% had partial 
response, 20.79% expired, and 3.96% were still on treatment. Of all these patients, 5.28% had a 
relapse. Conclusions: Across the series, advanced stage of presentation, a high incidence of default 
and poor follow‑up was seen. Multiple interrelated factors are responsible for the poorer outlook of 
childhood cancer in Kashmir.
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Dramatic improvements in survival have 
been achieved in children and adolescents 
with cancer. Between 1975 and 2010, 
childhood cancer mortality decreased 
by  >50%.[11] This success can be attributed 
to several factors. These include enrollment 
of patients into well‑designed prospective 
clinical trials, systematic collection of tissue 
to better define the biology of disease, 
availability of more effective chemotherapy 
agents, use of multimodal therapy, better 
supportive care, and more refined diagnostic 
imaging methods that accurately define the 
extent of disease.

Data regarding cancer incidence are 
important for several reasons. Cancer 
affects all nations, and therefore, it is 
an endemic disease with considerable 
variation in frequency according to the site 
incidence. The geographical differences 
in total and site incidences have provided 
clues of causative factors and especially in 
separating environmental and ethnic factors 
from intrinsic factors. As we make progress This is an open access article distributed under the terms of the 
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in reducing infection‑related childhood deaths in India, 
it is imperative to give attention to children with cancer, 
who have an increasing likelihood of cure with appropriate 
treatment.

Sher‑i‑Kashmir Institute of medical sciences  (SKIMS), 
Srinagar is a 700‑bedded tertiary care teaching hospital in 
Jammu and Kashmir. A Regional Cancer Centre (RCC) was 
established at SKIMS, under the national cancer control 
program with the objective to provide cancer treatment 
facilities in addition to cancer prevention programs across 
the state. In this study, we aimed to retroprospectively study 
the epidemiological characteristics, treatments received, and 
outcomes of children with solid tumors at RCC, SKIMS. 
Based on our study, we could better evaluate the status of 
our efforts to treat this subgroup of patients and deliver 
improved care.

Subjects and Methods
A retroprospective study was conducted in 303 pediatric 
patients  (children and adolescents up to 19  years of age) 
with histologically proven solid tumors who were registered 
at RCC, SKIMS, Srinagar, between January 2008 to June 
2014. A  research protocol for this study was approved by 
the local Ethics Committee and informed consents were 
taken from each patient’s parent/guardian.

A pro forma was developed, and patient characteristics 
with regard to age, sex, locality, residence, type of family, 
socioeconomic status, clinical presentation, investigations, 
treatment prescribed, and any morbidity in each case were 
studied in detail.

Following completion of treatment, the patients were 
followed up in our outpatient department. The frequency 
of follow‑up visits was according to their individual 
tumor type and general recommendations. In each visit, 
a detailed history and physical examination and relevant 
investigations were done to detect any late side effects of 
treatment or relapse. The last follow‑up studied was till 
January 2015.

Standard statistical methods were used for statistical 
analysis.

Table 1: Pediatric patients registered at Regional Cancer Centre, Sher‑i‑Kashmir Institute of medical sciences from 
January 2008 to June 2014

Year Number of pediatric patients registered at RCC 
(up to 19 years of age)

Number of pediatric patients with 
solid tumors

Percentage of pediatric patients 
with solid tumors (%)

2008 136 24 17.6
2009 140 30 21.4
2010 140 25 17.8
2011 146 51 34.9
2012 174 65 37.3
2013 166 73 43.9
Till mid 2014 84 35 41.6
Total 986 303 30.7
RCC – Regional Cancer Center

Results
Demographic data

A total of 19,880 patients were registered at RCC, SKIMS, 
from January 2008 till June 2014. Among these patients, 
986  (4.9%) were of pediatric age group. And of these, 
303 (30.7%) patients had pediatric solid tumors [Table 1].

All subsequent data are for the patients with pediatric 
solid tumors. There were 51% male and 49% females 
(M:F ratio was 1.04:1)  [Figure  1]. There were no 
infants  (up to 27  days), 6% were infants and toddlers 
(28 days–23 months), 39% were children (2–11 years), and 
55% were adolescents (12–19 years). There were 86% rural 
patients and 14% urban patients. Most patients (47%) were 
from Budgam district followed by Baramulla  (44%) and 
Srinagar district (43%).

Tumor distribution 

The most frequent were central nervous system  (CNS) 
tumors  (25.74%) followed by  (in descending 
order of frequency) germ cell tumors  (14.52%), 
primitive neuroectodermal tumor  (PNET)/Ewing 
sarcoma  (ES)  (13.86%), Wilms’ tumor  (8.9%), 
osteosarcoma  (6.6%), rhabdomyosarcoma  (5.6%), 
colorectal cancer  (5.28%), neuroblastoma  (4.9%), and 
retinoblastoma (2.6%) [Table 2 and Figure 2].
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CNS tumors Germ cell tumor PNET/ES
Wilms Tumor Osteosarcoma Rhabdomyosarcoma
Colorectal cancer Neuroblastoma Retinoblastoma

Figure 1: Age distribution
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Outcome

Among the 303  patients studied, 33.9% patients went 
into remission, 35.64% were defaulters, 2.97% had stable 
disease, 2.31% had partial response, 20.79% expired, and 
3.96% were still on treatment. Of all these patients 5.28% 
had a relapse [Table 3].

Morbidity

Among the documented morbidities, the most common was 
febrile neutropenia  (9.2%) followed by chronic hepatitis 
B (1.6%).

Individual tumor characteristics

•	 Table 4 summarizes the characteristics of pediatric solid 
tumors in our study population CNS tumors  (n‑78): 
These were more frequent in males  (59%) and in 
adolescents  (55%). The most common histology was 
astrocytoma  (25.64%) and WHO Grade  IV  (26.9%) 
though in 42.3% cases grade was not mentioned. Most 
patients defaulted  (48.7%), remission was documented 
in 16.6%, stable disease in 1.2%, partial response in 
6.4%, and 23% expired

•	 Germ cell tumors  (n‑44): These were more frequent 
in females  (68%) and adolescents  (66%). The most 
common histologies were yolk sac tumors  (23%) 
and dysgerminoma  (23%) followed by mixed 
germ cell tumor  (20%), teratoma  (immature 11%, 
mature 5%), and seminoma  (2.2%). According to 
site, 75% were gonadal, 9% were extra‑gonadal, and 
16% were in CNS/spine  (germinomas). Most patients 
were diagnosed in Stage I/III  (41% each) then Stage 
IV  (16%) and Stage II  (2.2%). Most of the patients 
achieved remission (66%) but 30% defaulted and 2.2% 
expired

•	 PNET/ES  (n‑42): These were more frequent in 
males  (55%) and in adolescents  (79%). Localized 
tumors were marginally more frequent  (52.8%) as 
compared to metastatic disease  (47.2%). According to 
site, 48% were extraosseous, 38% osseous, and 14% in 

CNS/spine. Most patients defaulted  (40%), remission 
was documented in 24%, stable disease in 7%, partial 
response in 2% and 19% expired

•	 Wilms’ tumor  (n‑27): These constituted 90% of renal 
tumors. They were more common in males  (59.2%) 
and mostly presented in children in the age group of 
2–11 years (81.4%). Most of the tumors were diagnosed 
in Stage III (44.4%), followed by Stage I (29.6%), stage 
IV  (22.2%), and Stage II  (3.7%). Most patients went 
into remission  (55.5%), 25.9% defaulted, 3.7% had 
stable disease, and 11.1% expired

•	 Osteosarcoma  (n‑20): These were equally prevalent 
in males and females. Most were diagnosed in 
adolescents  (80%) and in localized stage  (90%). Most 
patients went into remission  (50%), but 35% defaulted, 
10% were still on treatment, and 5% expired

•	 Rhabdomyosarcoma  (n‑17): They were more common 
in males  (71%) and in children in the age group of 
2–11  years  (59%) followed by adolescents  (41%) 
and none in infants up to 23  months. The most 
common histology was embryonal  (53%), followed 
by alveolar  (24%), and pleomorphic  (6%) and 
others  (18%). Most of the tumors were diagnosed in 
Stage IV  (47%) followed by Stage I  (29%), Stage 
II/III (12% each). Most patients defaulted  (59%), 18% 
went into remission, 12% had stable disease, and 12% 
expired

•	 Colorectal carcinoma (n‑16): These were more frequent 
in females  (56%), and all were adolescents  (100%). 

Table 2: Major tumor distribution
Major tumor 
distribution

CNS 
tumors

Germ cell 
tumor

PNET/ES Wilms 
tumor

Osteosarcoma Rhabdomyosarcoma Colorectal 
cancer

Neuroblastoma Retinoblastoma

Percentage 25.74 14.52 13.86 8.9 6.6 5.6 5.28 4.9 2.6
PNET – Primitive neuroectodermal tumor; ES – Ewing sarcoma; CNS – Central nervous system

Table 3: Overall outcomes
Outcome Number of patients (%)
Remission 103 (33.9)
Defaulter 108 (35.64)
Persistent disease 9 (2.97)
Partial response 7 (2.31)
On treatment 12 (3.96)
Expired 63 (20.79)
Relapse (total patients) 16 (5.28)

0% 0%

6%

39%
55%

Preterm infants Term infants(0-27 days)
Infants and toddlers(28 days-23 months) Children (2-11years)
Adolescents(12-19 years)

Figure 2: Major tumor distribution
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Most patients were diagnosed in Stage III  (50%) or 
Stage IV  (44%) followed by Stage II  (6%) and none 
in Stage I. Most of the patients expired  (88%), and the 
rest (13%) defaulted

•	 Neuroblastoma  (n‑15): They were more common in 
males  (73%) and mostly presented in children in the 
age group of 2–11  years  (60%) followed by infants 
up to 23  months  (27%) and children in 12–19  years 
age group  (13%). Most of the tumors were diagnosed 
in Stage IV  (73%), followed by Stage III  (20%), 
stage I  (7%), and none in Stage II. Most patients 
expired  (53%), 33% defaulted, only 7% had remission, 
and 7% had stable disease

•	 Retinoblastoma  (n‑8): They were more common in 
males  (62%) and mostly presented in children in the 
age group of 2–11  years  (75%) followed by infants 
up to 23  months  (25%) and none in the 12–19  years 
age group. Among these, 63% were unilateral and 
38% bilateral. Most of the tumors were diagnosed 
in Reese‑Ellsworth Group  II  (38%), followed by 
Group III  (25%), Group IV (25%), and Group I  (13%). 
Most patients defaulted (50%), 25% went into remission 
and 25% expired

•	 Hepatoblastoma  (n‑3): These were more frequent 
in females  (67%) and in children in 2–11  years age 
group (67%) followed by infants up to 23 months (33%) 
and none among the adolescents. Most patients 
were diagnosed in Stage I  (67%), followed by Stage 
IV  (33%), and none in Stage II/III. All the patients 
achieved remission (100%)

•	 Benign tumors  (n‑17): These were rare 
cases  –  fibromatosis  (n‑1, remission), giant cell 
tumor of bone  (n‑2, 1 remission, 1 stable disease), 
inflammatory myofibromatosis  (n‑2, remission), 
meningioma  (n‑1, defaulted), Langerhans cell 
histiocytosis  (n‑7, 3 remissions, 4 defaulters), 
schwannoma  (n‑3, 2 defaulters, 1 stable disease) and 
vascular hamartoma (n‑1, defaulter).

Discussion
Malignancy is the second most common cause of childhood 
death in the developed world, accounting for 10%–12.3% 
of all childhood deaths.[11] Although child health continues 
to be a priority health issue in India, childhood cancer is 
not yet a major area of focus. Appropriate management 
of pediatric tumors requires complete epidemiological 
data of pediatric tumors in different geographical areas. 
In developing countries, as significant progress is made 
in treating infectious diseases and nutritional deficiencies, 
cancer is emerging as a major childhood killer.[12,13]

In India, cancer is the 9th  common cause for the deaths 
among children between 5 and 14  years of age.[14] The 
proportion of childhood cancers relative to all cancers 
reported by Indian cancer registries varied from 0.8% to 
5.8% in boys and from 0.5% to 3.4% in girls.[15] There 

are few studies reporting childhood cancer incidence from 
cancer registries in Indian states. A  recent publication by 
Satyanarayana et al. provides an updated summary overview 
of the incidence of childhood cancer on the basis of the 
2013 report from the National Cancer Registry Program 
for the years 2006–2011 that covered 25 population‑based 
cancer registries in India.[16] In low‑  and middle‑income 
countries, where 80% of children live, the 200,000 children 
diagnosed with cancer each year have limited access to 
curative treatment and only about 25% survive.[17] The 
difference in survival for children diagnosed with cancer 
between high‑  and low‑income countries continues to 
widen as curative therapies are developed in the former but 
not implemented in the latter.[18]

Overall, cancer in childhood is more common among 
males than females, and the male‑to‑female ratio in the 
most resource‑rich countries is around 1.2:1.[3,19] However, 
some cancers such as retinoblastoma, Wilms’ tumor, 
osteosarcoma, and germ cell tumor show a slight female 
preponderance. The reported incidence of childhood cancer 
in India in males (39–150 per million children per year) is 
higher than in females (23–97 per million children per year) 
in all population‑based cancer registries (PBCRs) except 
in North East India, and this gives a male‑to‑female ratio 
that is much higher than what is seen in the developed 
world.

Outcomes approaching similar to international standards 
have been achieved in India in those treated at tertiary 
institutes like the Tata Memorial Hospital in Mumbai 
as per the available literature.[20] However, one cannot 
extrapolate these results to the whole population as often 
those who abandon treatment or are lost to follow‑up are 
excluded from the analysis of hospital case series, and such 
patients may have a more advanced disease and a poorer 
outlook. PBCR survival data are a better representation of 
cancer outcomes across India and have been reported from 
Bangalore and Chennai where the 5‑year overall survival 
for all childhood cancers combined is 37‑40%. The highest 
survival is seen for Wilms’ tumor and Hodgkins’ lymphoma 
where approximately two‑third of the children survive 
for 5  years or more. The survival for retinoblastoma 
and germ cell tumors, which are cancers with excellent 
prognosis in the developed world is disappointingly low 
and may be related to an advanced stage at presentation 
and suboptimal chemotherapy regimens used.[21,22] The 
prognosis for leukemia and CNS tumors are also low 
where approximately only 33% and 25% of the children 
survive at 5 years.

Pediatric solid tumors in Kashmir: Available data

One of the earliest reports regarding the pediatric 
solid tumors in Kashmir was published by Shah A in 
1992.[23] This study did a retrospective analysis of 93 cases 
of childhood tumors  (except leukemias) received in the 
Department of pathology during January 1983 to June 
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1989. These 93  cases formed 0.1% of total hospital 
admissions, 4.3% of pediatric admissions and 1.7% of 
all malignant tumors. Lymphoma was the most common 
tumor  (30%), followed by Wilm’s  (14%), nervous system 
tumors, and soft tissue sarcomas  (11.8%) each. There was 
an overall male preponderance (M: F 1.9:1), with individual 
tumors being: lymphoma  (3.8:1), Wilm’s tumor  (5.5:1), 
neuroblastoma  (2:1), and soft tissue sarcoma  (1.2:1). 
Children below 5  years were more affected  (39.8%), 
followed by prepubertal children and children 
between 6 and 9  years of age  (29%). Wilm’s tumor and 
neuroblastoma were more in children below 5 years of age 
whereas lymphoma and nervous system tumors were more 
in children above 5  years of age. The overall incidence of 
childhood tumors was 5.4% similar to what was observed 
in Bombay (now Mumbai) at that time.

Another study was undertaken by Aziz et  al. in 1986 to 
determine the profile of abdominal tumors in pediatric 
population.[24] The profile of 40  patients was studied, with 
majority being in the age group  4–6  years  (M:F 28:12). 
The ratio of urban to rural background in these children 
was 19:21. Wilm’s tumor accounted for the majority of 
these children, followed by non‑Hodgkin’s lymphoma, and 
Neuroblastoma. 93.33% of Wilm’s tumor patients were 
operable at the time of diagnosis although some residual 
disease was occasionally left after surgery. Only 16.66% 
of neuroblastomas were operable the time of diagnosis. 
Surgical debulking was possible only in 41.66% patients of 
non‑Hodgkin’s lymphoma.

A clinical study of primary abdominal tumors in children 
revealed that the distribution of various primary abdominal 
solid tumors as Wilms tumor 37.5%, Neuroblastoma 15%, 
Lymphomas 32.5%, Hepatocellular Carcinoma 2.5%, and 
others (including Teratocarcinoma stomach) 12.5%.[25]

Our data were collected from RCC, SKIMS, Srinagar, over 
duration from December 2008 to June 2014 and the overall 
incidence and prevalence of pediatric solid tumors was 
consistent with data from other national and international 
series. The incidence of pediatric cancer including solid 
tumors in Jammu and Kashmir has shown a steady increase 
over the years. It is not clear whether this is an actual rise 
or an increase in the proportion of patients seeking health 
care. Among the registered patients, around 5% were of 
pediatric age group, and of these, around 30% had solid 
tumors. The most common solid tumors were CNS tumors, 
one‑fourth of the patients.

Some differences have also emerged. The male‑to‑female 
ratio was lower than that reported in the West and India. 
The incidence of patients is much higher from rural 
areas in Kashmir. Majority of the patients are adolescents 
(12–19  years) as compared to international data where 
most of the pediatric patients are in the 0–4 year age group. 
Overall, outcomes were worse than other series. Majority 
of patients were defaulters  (35.64%), only 33.9% patients 

achieved remission, and 20.79% patients expired over the 
study duration. It is clear that the patients in Jammu and 
Kashmir present in an advanced stage and have worse 
outcomes.

The distribution of major solid tumors is also different in 
this region. After CNS tumors, the second most common 
tumor is germ cell tumor followed by PNET/ES, Wilms’ 
tumor, osteosarcoma, rhabdomyosarcoma, colorectal 
cancer, neuroblastoma, and retinoblastoma. We have 
achieved good outcomes in hepatoblastoma, germ cell 
tumors, osteosarcoma, and Wilms’ tumor. The rest of the 
patients’ had poor outcomes, especially neuroblastoma and 
colorectal cancers.

Conclusions
This is a pioneering study of the patterns of epidemiology, 
pathology, and outcomes of treatment of pediatric patients 
with solid tumors in Jammu and Kashmir. The patients in 
our series are different in that a high percentage presents 
in an advanced stage, a lot of them default and have poor 
follow‑up. Our study has limitations in that it is a single 
institution retroprospective study and has not presented 
survival data as that would require further prolonged 
follow‑up. This is an area of active research in our 
institution.

Multiple interrelated factors are responsible for the poorer 
outlook of childhood cancer in India. Limited financial 
resources, lack of awareness of the meaning of symptoms, 
and difficulty in accessing healthcare, abandonment of 
treatment, and of course, belief in alternative medicines, 
contribute to advanced stage presentation. It is imperative 
to address these issues to improve the outcomes of 
our patients. This can be done by improving the levels 
of education and public health awareness in the state. 
Accessibility to health services, especially in adverse 
weather conditions, however, still remains a challenge. 
Furthermore, pediatric patients should be treated in 
dedicated and specialized centers as proved by the excellent 
results achieved in the USA and Europe, where  >90% of 
children are treated in such centers. Finally, advances in 
diagnostics including the turn around time and modalities 
of treatments need to be implemented to improve the 
outcomes of our patients.
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