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Objectives

Discuss improvement in cure rates of childhood cancer

Discuss health problems associated with survivorship of 

childhood and adolescent/young adult (AYA) cancer 

survival

Describe strategies used to improve health problems 

associated with cancer survivorship

Describe how these interventions have improved the 

health of childhood/AYA cancer survivors

Discuss two specific issues of childhood/AYA cancer 

survival

Fertility

Psychosocial
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Childhood Cancer:  Improved Outcomes 

1960s:  <50% overall survival

1975:  60% overall survival

2010:  80-90% overall survival

Armstrong, GT, et al.  NEJM.  2016



Childhood Cancer: Epidemiology

>83% of children and adolescents who are 

diagnosed with cancer will become long term 

survivors

By 2020, an estimated 500,000 survivors of 

childhood cancer in the United States

Armstrong, GT, et al.  NEJM.  2016
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Challenges facing Childhood/Young 

Adult Cancer Survivor

Childhood Cancer Survivor Study (CCSS)

Initial cohort:  Patients diagnosed with childhood 

cancer between 1970-1986 and alive at least 5yrs 

from diagnosis

Described morbidity and mortality associated with 

childhood cancer treatment

• Late effects experienced by patients treated in later 

eras could be compared to this cohort



Mortality after treatment for childhood cancer:

The Childhood Cancer Survivor Study (CCSS): 

Study population: 20,227 five-year survivors of 

childhood cancer diagnosed between 1970-

1986

Key finding: 11-fold excess in mortality than 

expected versus population controls

Mertens AC, et al.  J Clin Oncol. 2001;19:3163-3172



All-cause mortality--sex-specific survival.
(Compared with age-adjusted expected survival in U.S.)

Armstrong GT, et al.  JCO.  2009

18% mortality 

at 30yrs from 

diagnosis



Cumulative cause-specific mortality

Armstrong GT, et al.  JCO.  2009
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Cumulative cause-specific mortality

Armstrong GT, et al.  JCO.  2009

Second Malignancies

Cardiac Toxicity

Pulmonary toxicity



Morbidity after treatment for childhood cancer:

The Chronic Health Conditions in Adult Survivors of 

Childhood Cancer Study1

• Study population: 10,397 survivors of 

childhood cancer diagnosed between 1970-

1986

• Key findings:

• 62.3% had at least one chronic condition (RR 3.3)

• 27.5% had a severe or life-threatening chronic illness 

(RR 8.2) 

Oeffinger, K.  NEJM 2006;355:1572-82



Oeffinger K, et al, 2006
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received
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Strategies to Improve Long Term Side 

Effects
Primary Prevention:

Changes in chemotherapy

• Less reliance on traditional agents

• Targeted therapy

– Imatinib (CML, Ph +ALL).  Can eliminate BMT

– Immunotherapy

Co-administration of medicines to reduce toxicity 

from chemotherapy agents being received

• Dexrazoxane (reduce cardiac toxicity)

• Sodium thiosulfate (reduce ototoxicity)

Chow, E. ASPHO. 2018



Strategies to Improve Long Term Side 

Effects
Primary Prevention:

Decrease radiotherapy

• ALL:  

– 1970’s:  80% received radiation

– 1990’s:  19% received radiation

• Wilms tumor

– 1970’s:  78% received radiation

– 1990’s:  43% received radiation

• Hodgkin lymphoma: 

– 1970’s:  87% patients received radiation

– 1990’s:   61% patients received radiation

Changing form of radiation (from photons to protons)

Chow, E. ASPHO. 2018

Armstrong GT, et al.  NEJM.  2016.
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Strategies to Improve Long Term Side 

Effects
Secondary prevention:  

Improving adherence of recommended screening
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Strategies to Improve Long Term Side 

Effects
Secondary prevention:  

Medications to reduce long term risk of agents 

received (clinical trials)

• Reduce breast cancer (i.e. women receiving radiation 

therapy)

– Tamoxifen prophylaxis x2 years 

• Reduce cardiac toxicity

– Carvedilol x2 years 
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Primary and Secondary Prevention 

Strategies have reduced late mortality 

CCSS:  

Initial cohort:  Patients diagnosed with childhood 

cancer between 1970-1986 and alive at least 5yrs 

from diagnosis

New expanded cohort to include patients diagnosed 

between 1987-1999

• 10,004 patients

Armstrong GT, et al.  NEJM.  2016.



Primary and Secondary Prevention 

Strategies have reduced late mortality 

Armstrong GT, et al.  NEJM.  2016.
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Challenges facing Childhood/Young 

Adult Cancer Survivor

Three quarters of young cancer survivors hope 

to have children in the future

Risk of infertility depends on the specific 

cancer diagnosis and treatments provided:

Certain chemotherapy agents

Radiation

• Gonads

• Cranial irradiation (pituitary)



Best Risk Assessment of Subfertility after Current 

Treatment for Childhood/AYA Cancer

Wallace et al. 2005



Females

Brief review of physiology:

Females have a finite number of eggs (“oocytes”), 

most of which naturally die off

• Fetus:  about 5 million

• Birth: 600,000-800,000

• Puberty:  about 180,000

Only about 400 oocytes mature and are ovulated in 

the typical female lifespan



Oocyte Depletion



Fertility:  Females

Effects of treatment are therefore dependent 

upon the age at which therapy is given

Early menopause an issue:

42% of female patients treated with chemotherapy 

and radiation before age 20 had reached 

menopause by age 31 years1

1Byrne et al.  1992.



Fertility Preservation Options:  Females

Embryo cryopreservation

Oocyte cryopreservation

Surgically displace ovaries outside of the 

radiation field

Hormonal suppression of ovulation

Ovarian tissue cryopreservation



Fertility Preservation Options:  Females

Embryo cryopreservation

Ovarian stimulation, egg retrieval, fertilization, 

storage (freezing), and transfer of embryo into the 

uterus

Requires a male partner or sperm donor at time of 

procedure

Requirement for hormonal stimulation and time 

may preclude use due to need to embark on 

therapy



Fertility Preservation Options:  Females

Oocyte cryopreservation

Ovarian stimulation, egg retrieval, storage, then 

fertilization and transfer of embryo into the uterus

Requirement for hormonal stimulation and time 

may preclude use due to need to embark on 

therapy



Fertility Preservation Options:  Females

Mitigating effects of radiation:

Surgically displace ovaries outside of the radiation 

field

Shielding ovaries from radiation

Preserving Oocytes:  Hormonal suppression 

of ovulation



Fertility Preservation Options:  Females

Ovarian tissue cryopreservation

Surgery to remove part or all of an ovary

Tissue frozen

After treatment, surgically re-implanted with hopes 

of regaining ovarian function

Still experimental:  130 live births as of June 2017

Advantage: immediacy of procedure, little delay in 

treatment

Limited availability:  About 100 centers worldwide

• Children’s Hospital Orange County; Texas 

Children’s, Houston; Children’s Memorial Hospital 

in Chicago; University of Pittsburgh



Fertility Effects:  Males

Risks:

Irradiation

Chemotherapy

Disease itself may effect sperm count (Hodgkin 

lymphoma)



Challenges of a Young Adult Cancer 

Survivor: Fertility
Fertility preservation options:  Males:

Sperm banking

• Viability for decades

• Adolescents less successful



Challenges of a Childhood/AYA Cancer 

Survivor: Psychosocial



Erik Erickson:  1902-1994



Erik Erikson’s Stage of Psychosocial 

Development

Adolescence (age 13-19yrs):  Identity

Young Adulthood (20-39yrs): Intimacy

Middle Adulthood: (25-64yrs): Generativity



Challenges of a Young Adult Cancer 

Survivor: Psychological

Prevalence of symptoms among adult 

survivors of childhood cancers:

Learning/memory problems: 26.9%

Anxiety: 13.1%

Depression: 15.8%

Somatization: 19.3%

Huang et al.  2013.



Summary

Primary and Secondary Prevention Strategies 

have reduced late mortality from childhood 

cancers

Still much work to be done

Specific issues of emotional importance

Fertility

Psychosocial
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