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Abstract


The global population of long-term survivors of childhood cancer has grown steadily over the past decades due to advances in modern 
treatment strategies. Unfortunately, existing evidence demonstrates that survivorship comes at a cost of developing a myriad of treatment-
related complications that can persist till years after diagnosis. Currently, countries within Asia dominate the largest share of the global cancer 
burden. While additional progress in treating childhood cancer in Asia is unquestionably necessary, it is anticipated that there will be an emerging 
population of survivors of childhood cancer over the next decade. However, there is a paucity of studies that evaluates long-term health outcomes 
in Asian survivors of childhood cancer. Pharmacoethnicity, which refers to ethnic variance in drug response or toxicity, may render divergent 
health outcomes between Western and Asian cancer survivors. The interaction between genetic and environmental factors may contribute to 
differences in the development and presentation of chronic toxicities. This opinion piece discusses the urging need for survivorship research that 
is unique to Asian population. Such knowledge is critical in guiding preventive and rehabilitative interventions that improve health outcomes in 
survivors of childhood cancer in Asia.
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Introduction

Over the past 40 years, modern treatment strategies have led to tremendous improvements in the five-year survival and cure rates of childhood 
cancer, particularly in high-income countries within Asia such as Japan, Singapore, South Korea and Hong Kong [1,2]. However, these
 improvements have not substantially impacted those with limited resources; many countries in the South-Eastern and South-Central Asia still struggle with
 problems of poor access to timely and affordable treatment and the lack of a locally sustainable pediatric oncology program [2]. While 
additional progress in treating childhood cancer is unquestionably necessary, the global population of long-term survivors of childhood cancer has grown 
steadily over the past decades.



Unfortunately, survivorship always comes at a cost of developing a myriad of treatment-related complications that can persist till years
 after diagnosis [3,4]. These complications include cardiovascular, pulmonary, and metabolic disorders, following predisposing treatment
 exposures. Therefore, early detection and timely interventions for these late effects are key strategies to improve survivors' functional
 status and quality of life at the post-treatment phase. However, even though childhood cancer survivorship has gained recognition as an integral component 
of cancer control continuum in North America, Europe and Oceania, it is still an under-researched and under-addressed area in most regions of Asia. This 
opinion piece discusses rationales behind the urging need for cancer survivorship research within the Asian region and to provide directions for future 
research.


Genetic differences in developing late toxicities from anti-cancer treatment

Currently, there is a paucity of studies that evaluate health outcomes in Asian survivors of childhood cancer and even fewer that focus 
on identifying the causes and functional impact of these outcomes in Asian survivors. Evidence from the Western population cannot be extrapolated to Asian 
survivors, as ethnic differences in pharmacogenetics are known to be associated with variation in drug responses and susceptibility to developing adverse 
outcomes [5]. For example, the NUDT15 gene is strongly associated with intolerance and elevated acute toxicities of mercaptopurine, which is
 a common drug used to treat survivors of childhood acute lymphoblastic leukemia [6,7]. This genetic variation is commonly observed in patients
 of East-Asian ancestry, including Japanese, Korean and Chinese populations [8-10]. To highlight, the majority of existing genetic studies 
are centered around acute toxicities, with less focus on late effects that develop overtime as survivor's age. Determining genetic markers of
 chronic toxicities in survivors of childhood cancer necessitates systematic assessment of long-term health outcomes in survivors of childhood cancer in
 Asia.


Cultural differences in environmental factors that influence drug toxicities

Differences in health behavior and lifestyle may render divergent outcomes between Asian and Western survivors. There exist strong 
environmental influences that may impact the development of chronic conditions in survivors of childhood cancer. For example, metabolic disorders are 
associated with previous use of cranial radiation and alkylating agents [3,11]. Studies on the Western population have shown that anti-cancer 
treatment exacerbates long-term metabolic syndrome in survivors of childhood cancer, through the mediating effect of poor health behaviors such as reduced
 physical activity and a high-fat diet in the family [12,13]. One study in Hong Kong revealed that survivors of childhood cancer displayed
 significant decline in physical activity levels and the majority of them reported inadequate physical activity [14]. Other culturally 
relevant extrinsic factors that may influence health include rates of smoking, alcohol use and herbal medicine use. Future studies on late effects should
 consider the survivor's genetic make- up in the context of environmental and cultural differences in predisposing factors that are important
 within ethnic groups.


Differences in health literacy level and health delivery systems

Education and empowerment for this population are crucial as they take up age-appropriate ownership of their health and engage as active 
partners during the survivorship phase. Sociodemographic determinants and perception of health can strongly influence health literacy levels in survivors
 and consequently, their independency and initiative in identifying, preventing, and receiving timely interventions for the chronic effects of cancer 
treatment [15,16]. The transition from treatment to survivorship of a child with cancer is often hampered by the absence of an active
 survivorship program, as well as the lack of practitioners with specialist knowledge of the late complications of childhood cancer [17]. 
From a macroscopic perspective, countries within Asia adopt varying models of healthcare delivery systems. Even though the overall cancer treatment
 modalities may be similar across countries, access to quality survivorship care and local practice preferences of health care providers can potentially
 determine differences in health outcomes and quality of life during the phase of extended survival once cancer treatment is completed. As the majority
 of survivors are still adolescent and young adults in their early years of survivorship, successful interventions to improve their health and psychosocial 
outcomes will translate to substantial positive impact on society.


Conclusion

As survivors of childhood cancer are often lost to follow-up by their primary pediatric clinics due to growing independence and mobility
 as they advance into adulthood, their needs are often understudied and under-addressed, especially in the context of Asia. There is an urging need for 
studies that prospectively evaluate health and functional outcomes in Asian survivors of childhood cancer. The eventual goal is to create a repository of 
outcomes data and biospecimens that can be used to more accurately characterize, and identify treatment, biomedical, social-environmental and genetic
 predictors of adverse health outcomes in Asian survivors. As long-term follow-up services that provide medical and rehabilitation care for survivors of 
childhood cancer are now recognized internationally as an essential component of quality cancer care, studies on late effects of cancer can also inform 
ongoing health surveillance recommendations, and guide the implementation of preventive and rehabilitative interventions that may improve health outcomes
 in Asian survivors.
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