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Abstract

Progress in therapy has made survival into adulthood a reality for most children, adolescents and
young adults diagnosed with cancer today. Notably, this growing population remains vulnerable to
a variety of long-term therapy-related sequelae. Systematic ongoing follow-up of these patients is,
therefore, important to provide for early detection of and intervention for potentially serious late-
onset complications. In addition, health counseling and promotion of healthy lifestyles are important
aspects of long-term follow-up care to promote risk reduction for health problems that commonly
present during adulthood. Both general and subspecialty pediatric health care providers are playing
an increasingly important role in the ongoing care of childhood cancer survivors, beyond the routine
preventive care, health supervision, and anticipatory guidance provided to all patients. This report is
based on the guidelines that have been developed by the Children’s Oncology Group to facilitate
comprehensive long-term follow-up of childhood cancer survivors
(wwwe.survivorshipguidelines.org).
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INTRODUCTION

Cancer is diagnosed in approximately 12 400 children and adolescents younger than 20 years
each year in the United States.L Before 1970, almost all children with cancer died from their
primary disease. However, rapid improvements in multimodal treatment regimens
(chemotherapy, radiation therapy, and surgery), coupled with aggressive supportive-care
regimens, have resulted in survival rates that continue to increase at a fast pace. The current
overall survival rate for childhood malignancies is estimated at 79%.2 This translates into
approximately 300 000 childhood cancer survivors now in the United States, many of whom
may seek ongoing care from pediatricians and other pediatric subspecialty providers.3 As the
number of childhood cancer survivors continues to grow, there is a concomitant increase in
the number of survivors being cared for in the primary care setting. The Childhood Cancer
Survivor Study (CCSS), the largest and most extensively characterized cohort of 5-year
childhood cancer survivors in North America, reported that survivors receive most of their care
from primary care providers.4 Furthermore, the proportion of survivors reporting a cancer-
related visit decreases with increasing time from cancer diagnosis. Thus, the general
pediatrician is likely to have an increasingly vital role in caring for this rapidly growing
population.

Cancer and its treatment may result in a variety of physical and psychosocial effects that
predispose childhood cancer survivors to excess morbidity and early mortality when compared
with the general population.5'12 Virtually every organ system can be affected by the
chemotherapy, radiation, and/or surgery required to achieve cure of pediatric malignancies.
Late complications of treatment may include problems with organ function, growth and
development, neurocognitive function and academic achievement, and the potential for
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additional cancers. Cancer and its treatment also have psychosocial consequences that may
adversely affect family/peer relationships, vocational and employment opportunities, and
insurance and health care access. A child’s life is forever changed when touched by the cancer
experience, and it is critical to assist the child and his or her family with rehabilitation into a
society that places high value on good health and proper performance. Moreover, late effects
after childhood cancer are common. Two of every 3 childhood cancer survivors will develop
at least one late-onset therapy-related complication; in 1 of every 4 cases, the complication
will be severe or life threatening.13 Childhood cancer survivors, therefore, require ongoing
comprehensive long-term follow-up care to optimize long-term outcomes by successfully
monitoring for and treating the late effects that may occur as a result of previous cancer
therapies.

Because health risks associated with cancer are unique to the age at treatment and specific
therapeutic modality, follow-up evaluations and health screening should be individualized on
the basis of treatment history. To facilitate comprehensive and systematic follow-up of
childhood cancer survivors, the Children’s Oncology Group (COG) organized exposure-based
health screening guidelines. This clinical report presents the pediatrician with guidance in
providing high-quality long-term follow-up care and health supervision for survivors of
pediatric malignancies by incorporating long-term follow-up guidelines developed by the COG
into their practice14 and by maintaining ongoing interaction with pediatric oncology
subspecialists to facilitate communication regarding any changes in follow-up
recommendations specific to the childhood cancer survivors under their care.

METHODS: DEVELOPMENT OF LONG-TERM FOLLOW-UP GUIDELINES

The COG is a cooperative clinical trials group supported by the National Cancer Institute with
more than 200 member institutions. In January 2002, at the request of the Institute of Medicine,
a multidisciplinary panel within COG initiated the process of developing comprehensive risk-
based, exposure-related recommendations for screening and management of late treatment-
related complications potentially resulting from therapy for childhood cancers. The resulting
comprehensive resource, the Children’s Oncology Group Long-Term Follow-Up Guidelines
for Survivors of Childhood, Adolescent, and Young Adult Cancers (COG LTFU Guidelines),
14is designed to raise awareness of the risk of late treatment-related sequelae to facilitate early
identification and intervention for these complications, standardize follow-up care, improve
quality of life, and provide guidance to health care professionals, including pediatricians, who
supervise the ongoing care of childhood cancer survivors.

The methodology used in developing these guidelines has been described elsewhere. 19 Briefly,
evidence for development of the COG LTFU Guidelines was collected by conducting a
complete search of the medical literature for the previous 20 years via MEDLINE. After the
screening recommendations were developed, a multidisciplinary panel (including experts from
pediatric oncology and other pediatric subspecialties, nursing, radiation oncology, behavioral
medicine, and patient advocacy) reviewed and revised the guidelines. A panel of experts in the
late effects of childhood and adolescent cancer treatment then reviewed and scored the
guidelines using a modified version of the National Comprehensive Cancer Network
“Categories of Consensus” system.16 Each score reflects the strength of data from the literature
linking specific late complications with therapeutic exposures, coupled with an assessment of
the appropriateness of screening recommendations on the basis of collective clinical experience
of the expert panel. The COG LTFU Guidelines are, therefore, a hybrid of evidence-based and
consensus-driven approaches to guideline development. Task forces within COG monitor the
literature on an ongoing basis and provide recommendations for guideline revision as new
information becomes available. These task forces include general pediatricians and other
primary care providers to incorporate a primary care perspective and facilitate effective
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dissemination of these guidelines into the “real-world” setting. Table 1 provides a summary
of selected treatment exposures and associated late effects by organ system as outlined in the
COG LTFU Guidelines. Fig 1 provides an example of an exposure-based recommendation
from the COG LTFU Guidelines.

The COG LTFU Guidelines are designed for use in asymptomatic survivors presenting for
routine health maintenance at least 2 years after completion oftherapy.15 They are not designed
for disease-related surveillance, which generally continues under the guidance of the treating
oncologist throughout the period when the patient remains at risk of relapse from his or her
primary disease. This period of risk varies depending on diagnosis and is generally highest in
the first few years, with the risk decreasing significantly as time from diagnosis lengthens.

CLINICAL APPLICATION OF THE COG LTFU GUIDELINES

Malignancies presenting in the pediatric age range encompass a spectrum of diverse
histological subtypes that have been managed with heterogeneous and evolving treatment
approaches. Over the last 20 years, treatment protocols for localized and biologically favorable
presentations of pediatric cancers have been modified substantially to reduce the risk of
therapy-related complications. Conversely, therapy has been intensified for many advanced
and biologically unfavorable pediatric cancers to optimize disease control and long-term
survival. Thus, not all childhood cancer survivors have similar risks of late treatment effects,
including those with the same diagnosis. The diversity and potential interplay of factors
contributing to cancer-related morbidity are illustrated in the case presentations summarized
in Table 2. In general, the risk of late effects is directly proportional to the intensity of therapy
required to achieve and maintain disease control. Longer treatment with higher cumulative
doses of chemotherapy and radiation, multimodal therapy, and relapse therapy increase the
risk of late treatment effects. Specifically, the risk of late effects is related to the type and
intensity of cancer therapy (eg, surgery, radiation therapy, chemotherapy, hematopoietic stem
cell transplantation) and the patient’s age at the time of treatment. Chemotherapy most often
results in acute effects, some of which may persist and cause problems as the survivor ages.
Many radiation-related effects on growth and development, organ function, and carcinogenesis
may not manifest until many years after cancer treatment. The young child is especially at risk
of delayed treatment toxicity affecting linear growth, skeletal maturation, intellectual function,
sexual development, and organ function. Because pediatricians provide care across a
continuum of developmental periods, they must also recognize that childhood cancer survivors
face unique vulnerabilities related to their age at diagnosis and treatment.

Risk-based care involving a systematic plan for lifelong screening, surveillance, and prevention
that incorporates risks on the basis of previous cancer, cancer therapy, genetic predispositions,
lifestyle behaviors, and comorbid health conditions is recommended for all survivors.10:17
Information critical to the coordination of risk-based care includes the date of cancer diagnosis,
cancer histology, organs/tissues affected by cancer, and specific treatment modalities such as
surgical procedures, chemotherapeutic agents, and radiation treatment fields and doses and
history of bone marrow or stem cell transplant and blood product transfusion. Knowledge of
cumulative chemotherapy dosages (eg, for anthracycline agents), or dose intensity of
administration (eg, for methotrexate), also is important in estimating risk and screening
frequency. This pertinent clinical information can be organized into a treatment summary that
interfaces with the COG LTFU Guidelines to facilitate identification of potential late
complications and recommended follow-up care (Fig 2). Because of the diversity and
complexity of pediatric cancer therapies, the treating pediatric oncology center represents the
optimal resource for this treatment information. Furthermore, the need for ongoing, open lines
of communication between the pediatric cancer center and the primary care provider is critical.
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Coordination of risk-based care for childhood cancer survivors requires a working knowledge
about cancer-related health risks and appropriate screening evaluations, or access to a resource
that contains this information. Individualized recommendations for long-term follow-up care
of childhood cancer survivors can be customized from the COG LTFU Guidelines on the basis
of each patient’s treatment history, age, and gender into a ““survivorship care plan” that is ideally
developed by, or in coordination with, the pediatric oncology subspecialist. In addition, the
COG LTFU Guidelines provide information to assist with risk stratification, allowing the health
care provider to address specific treatment-related health risks that may be magnified in
individual patients because of familial or genetic predisposition, sociodemographic factors, or
maladaptive health behaviors. The patient education materials, known as “Health Links,” that
accompany the COG LTFU Guidelines, are specifically tailored to enhance health supervision
and promotion in this population by providing simplified explanations of guideline-specific
topics in lay Ianguage.18 The COG LTFU Guidelines, associated patient education materials,
and supplemental resources to enhance guideline application, including clinical summary
templates, can be downloaded from www.survivorshipguidelines.org. A Web-based platform
that will allow online generation of therapeutic summaries with simultaneous output of patient-
specific guidelines on the basis of exposure history, age, and gender is currently under
development.19

DISCUSSION/RECOMMENDATIONS

Pediatricians are uniquely qualified to deliver ongoing health care to childhood cancer
survivors, because they are already familiar with health maintenance and supervision for
healthy children and adolescents and also provide care for patients with complex chronic
medical conditions. The concept of the “medical home” has been endorsed by the American
Academy of Pediatrics as an effective model for coordinating the complex health care
requirements of children with special needs, such as childhood cancer survivors, to provide
care and preventive services that are accessible, continuous, comprehensive, family centered,
coordinated, compassionate, and culturally effective.29:21 Within this framework, the
pediatrician is able to view the cancer survivor in the context of the family and to assist not
only the survivor but also the parents and siblings in adapting to the “new normal” of cancer
survivorship. The focus of care for the childhood cancer survivor seen in the general pediatric
practice is not the cancer from which the patient has now recovered but, rather, the actual and
potential sequelae of cancer and its therapy. Childhood cancer survivors are at a substantially
increased risk of morbidity and mortality when compared with the general population.5'12
Their follow-up evaluations should be individualized on the basis of their treatment history
and may include screening for such potential complications as thyroid or cardiac dysfunction,
second malignant neoplasms, neurocognitive difficulties, and many others.13 The COG LTFU
Guidelines should be used to guide development of individualized follow-up plans for each
patient on the basis of his or her particular risk of late complications, which should be developed
through a shared partnership that includes the general pediatric and pediatric oncology
subspecialty providers, the child, and the family. The COG LTFU Guidelines can assist the
clinician in maintaining a balance between overscreening (which could potentially cause undue
fear of unlikely but remotely plausible complications as well as higher medical costs resulting
from unnecessary screening) and underscreening (which could miss potentially life-threatening
complications, thus resulting in lost opportunities for early intervention that could minimize
morbidity). Ultimately, as with all clinical practice guidelines, decisions regarding specific
screening and ongoing clinical management for individual patients should be tailored to take
all relevant factors (such as therapeutic exposures, medical and psychosocial history, and
comorbidities) into consideration.

The pediatrician must also be aware that the childhood cancer experience is unique in that some
survivors, given their young age at diagnosis, may not remember their cancer diagnosis or the
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treatment that they received. For others, parents may not have told the child about their cancer
history. It is, therefore, not surprising that when childhood cancer survivors have been
questioned regarding knowledge of their diagnosis and treatment, important deficits have been
identified.22 The pediatrician may need to request a cancer treatment summary and
“survivorship care plan” from the pediatric oncology center if this is not provided at the time
that the child transitions back to the primary care setting. Many pediatric oncology centers
offer ongoing multidisciplinary follow-up care for childhood cancer survivors on an annual,
one-time, or as-needed basis. Some follow-up clinics are comprehensive, offering ongoing care
and risk-based screening for childhood cancer survivors, and other follow-up clinics are
consultative in nature and develop risk-based recommendations for ongoing follow-up
(included in survivorship care plans) that can be carried out in the primary care setting. In any
case, the components of a survivorship care plan should include recommendations for late-
effects screening generated from the COG LTFU Guidelines on the basis of therapeutic
exposures, identification of the provider(s) who will be coordinating the indicated screening
evaluations, and identification of the provider(s) responsible for communicating and explaining
the results to the patient and/or caregivers.

In addition to screening for late effects on the basis of previous therapeutic exposures, health
counseling and promotion of healthy lifestyles are important aspects of long-term follow-up
care in this population. Oeffinger and colleagues have shown that survivors of childhood cancer
have a high rate of chronic health conditions when followed Iong—term.13 For this reason, it is
essential for the pediatrician to provide anticipatory guidance regarding health promotion and
disease prevention aimed at minimizing the risk of future morbidity and mortality. For example,
survivors who are at risk of obesity, cardiovascular disease, and osteoporosis should be
counseled regarding the importance of eating a well-balanced diet (high in calcium, low in fat)
and participating in a regular exercise. The COG LTFU Guidelines can be used to facilitate
targeted education regarding health promotion. In addition to the verbal counseling completed
in the office setting, the survivor should also receive written and/or Web-based educational
material that can be used to further reinforce their knowledge about their risks for specific late
effects. These written and Web-based health education materials are called “Health Links” and
are available with the COG LTFU Guidelines at www.survivorshipguidelines.org. They can
be printed for distribution in the primary care office setting and are available for viewing by
patients and their caregivers on the Internet.

Again, it must be emphasized that the pediatrician is not alone in caring for the childhood
cancer survivor. There are numerous multidisciplinary long-term follow-up programs for
childhood cancer survivors, and most of these programs will work collaboratively with
pediatricians to assist with the development of individualized survivorship care plans.
Depending on geographic location, insurance coverage, and other considerations, some
patients may return to the primary oncology center for annual or periodic visits, and their long-
term follow-up care may be partially or entirely accomplished through these specialized
centers, with the pediatrician providing the primary pediatric health care for those patients.
However, for many survivors, long distances or other barriers may make specialized long-term
follow-up impractical, and the pediatrician is often called on to provide both long-term follow-
up and primary care for childhood cancer survivors in the community setting. Telephone
consultation with the primary oncology team or associated long-term follow-up center is
generally available to facilitate this ongoing care. For survivors who are identified as having
chronic health problems as a result of their previous cancer therapy, the pediatrician can also
work with the primary oncology center to obtain assistance with referrals to subspecialists
knowledgeable in issues related to childhood cancer survivorship. In addition, a listing of COG-
affiliated subspecialty survivorship clinics is available (www.childrensoncologygroup.org).
These clinics are also excellent venues for pediatric residents to learn about the unique health
care needs of childhood cancer survivors and of the long-term therapy-related risks that they
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continue to face across their lifespan; however, there are currently no formal mechanisms for
including cancer survivorship in the training of medical students and pediatric residents.

Ensuring a smooth transition from pediatric to adult-oriented health care services poses
additional challenges in the care of childhood cancer survivors as they age out of the pediatric
health care system. Pretransition planning is a critical element in the successful transition from
pediatric to adult-oriented health care for all adolescents and young adults with special health
care needs, including childhood cancer survivors, and the medical home model provides a
strong foundation for this planning.23’24 The pretransition plan should outline the roles of
patient, family, subspecialty and community health care providers in the ongoing care of the
survivor to ensure a successful transition. Adolescent and young adult survivors should be well
versed regarding their own health maintenance needs, their potential health risks, necessary
ongoing screening related to their cancer therapy, and health-related behaviors that can reduce
their risk of potential adverse sequelae. They need to be aware of the importance of maintaining
continuous health insurance coverage to ensure access to screening for their late effects. This
can be challenging, because many adolescent and young adult survivors are still defining career
goals and have, therefore, not yet attained employer-based health insurance coverage. The
adolescent or young adult cancer survivor may be grappling with unique treatment-related
health issues, such as infertility, at a time when their sexual maturity and personal relationships
are developing. Some may also be at risk of early death because of primary disease recurrence
or second malignant neoplasms,25 which in turn may require frank discussions regarding
advanced directives. Adolescent and young adult survivors should, therefore, leave the
pediatric health care environment equipped with a comprehensive survivorship care plan, along
with the knowledge and skills required to keep abreast of new information relating to their
potential health risks as that information emerges.

Although late treatment effects can be anticipated in many cases on the basis of therapeutic
exposures, the risk to an individual patient is modified by multiple factors. The cancer patient
may present with premorbid health conditions that influence tolerance to therapy and increase
the risk of treatment-related toxicity. Cancer-related factors, including histology, tumor site,
and tumor genetics, often dictate treatment modality and intensity. Host-related factors, such
as age at diagnosis, race, and gender, may affect the risk of several treatment-related
complications. Sociodemographic factors, such as household income, educational attainment,
and socioeconomic status, often influence access to health insurance, remedial services, and
appropriate risk-based health care. Organ senescence in aging survivors may accelerate
presentation of age-related health conditions in survivors with subclinical organ injury or
dysfunction resulting from cancer treatment. Genetic or familial characteristics may also
enhance susceptibility to treatment-related complications. Problems experienced during and
after treatment may further increase morbidity. Health behaviors, including tobacco and
alcohol use, sun exposure, and dietary and exercise habits, may increase the risk of specific
therapy-related complications. Although much is known about factors predisposing to cancer-
related morbidity and mortality in this growing population, there is still much to learn to inform
the development of interventions that will optimize survival rates for pediatric malignancies
while limiting or eliminating therapy-related toxicities. This fact underscores the importance
of long-term follow-up for childhood cancer survivors to accurately define health outcomes,
characterize high-risk groups, and implement risk-reducing interventions.

SUMMARY

Given the high incidence of late effects experienced by childhood cancer survivors, it is
essential that individuals who were treated for cancer during childhood receive long-term
follow-up care from knowledgeable providers so their care is appropriately tailored to their
specific treatment-related risk factors. This is an exciting time for providing care to childhood
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cancer survivors. Discussion regarding the best models for providing survivorship care are
emerging concomitantly with the availability of the COG LTFU Guidelines. A recent review
by Oeffinger and McCabe26 proposed a “shared-care model” that includes roles for both the
primary care provider and the cancer subspecialist in the care of cancer survivors. In this model,
the generalist is responsible for routine health maintenance, management of comorbid diseases,
and ongoing management of the physical and emotional needs of the survivor. The oncology
subspecialist provides the generalist with the survivorship care plan and is available for ongoing
consultation with the generalist regarding any areas of uncertainty. Most importantly, the
emphasis is on providing ongoing 2-way communication between the generalist and specialist
to optimize the follow-up care for childhood cancer survivors.

Ultimately, the goal of this clinical report from the American Academy of Pediatrics is to
increase the awareness of general pediatricians to the readily available resource of the COG
LTFU Guidelines. These guidelines can, in turn, be used to develop a comprehensive yet
individualized survivorship care plan for each childhood cancer survivor. The pediatrician
works collaboratively with the pediatric oncology subspecialist, who develops the cancer
treatment summary and survivorship care plan. The survivorship care plan can be used by the
general pediatricians as a “road map” for providing risk-based, long-term follow-up care in the
community setting. Ultimately, ongoing communication between the pediatric cancer center
and the primary care pediatrician is the cornerstone for providing high-quality care to this
vulnerable patient population.
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Therapeutic Potential
Agent(s) Late Effects
Cranial Cataracts
Orbital/Eye
18!

Info Link: Ragiaton-related
ocular complications other than
cataracts are generally
associatad only with onbitabeye
radiation or higher dose cranial
radiaton. However, patients
with a history of an ocular
tumar (e.g., retinoblasioma) are
al higher risk for late-onset
ocular comphcatons and should
receive ongoing follow-up by an
ophthalmologist at least
annually. and more fraquently if
chinigally ingicated.

Risk

Factors

Treatment Factors
Radiation ¢ose = 10 Gy
TBl = 2 Gy in single fraction
TBl = 5 Gy fractionated
Radiation combined with
Corticosterods
- Busullan
- Longer interval since treatment

o \\
POTENTIAL IMPACT TO
EYE
Highest Periodic Health Counseling
Risk Factors Evaluation Further Considerations
Treatment Factors [Health Links_________________|
Radiation vose = 15 Gy Visual changes (decreased acuity, Cataracts
Fraction dose = 2 Gy halos, diplapia)
TB1 = 5 Gy in single frection | (vearty)
TBI = 10 Gy fractionatee Ongoing ophthaimoiogy follows-up for icentified problams. Refer
Cranialorbital/eye radiation patients with visual deficits to schodl laison in community or
combined with TE! cancer center (psychologist, social worker, schoo! counselr) 1o
Visual acuity facilitate acquisition of ecucelional resources.
Funduscopic exam to evaluate for
lens opacity
(Yearly)
SYSTEM = Ocular

Evaluation by ophthalmelogist

{Yearly for patients with ocular tumors

[regardiess of radiation dose] and for

those who recaived TBI or = 30 Gy

cranial/oitalfeya radiation. Every 3

years for patients without ocular tumors

who received <30 Gy)
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Fig 1.

Example of an exposure-based recommendation from the COG LTFU Guidelines.
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SUMMARY OF CANCER TREATMENT

(Abbreviated)
DEMOGRAPHICS
Name: I Sex: | Date of Birth:
CANCER DIAGNOSIS
Diagnosis: } Date of Diagnosis: | Date Therapy Completed:

CHEMOTHERAPY: LlYes [dNo iryes, complete chart beiow

Drug Name Additional Information'

1 Anthracyclines: Include cumulative dose in mg/m® and age at first dose (see section 28 of Guidelines for isotoxic dose conversion);
Carboplatin: Indicate if dose was myeloablative; Methotrexate and Cytarabine: Indicate route of administration (i.e.. IV, IM, Q. PO, IT, 10);
|V Methotrexate and Cytarabine: Indicate if “high dose” (any single dose >1000 mglmz) or “standard dose” (all single doses <1000 rngimﬁ
Note: Cumulative doses, if known, should be recorded for all agents, particularly for alkylators and bleomycin.

RADIATION DYes D No ifyes, complete chart below
Site/Field* Total Dose** (Gy)™*

* For chest, thoracic spine, and upper abdominal radiation, include age at first dose ** Total dose to each field should include boost dose, if given
** Note: To convert ¢cGy or rads to Gy, divide dose by 100 (example: 2400 cGy = 2400 rads = 24 Gy)

HEMATOPOIETIC CELL TRANSPLANT DY&S DNO If yes, answer question below
Was this patient ever diagnosed with chronic graft-versus-host disease (¢GVHD)? DYes DNO

SURGERY DY% D No  If yes, complete chart below
Procedure Site (if applicable) Laterality (if applicable)

OTHER THERAPEUTIC MODALITIES  [JYes [[INo ifyes, answer questions below
Did this patient receive radioiodine therapy (I-131 thyroid ablation)? [JYes [ No

Did this patient receive systemic MIBG (in therapeutic doses)? DYes D No
Did this patient receive bioimmunotherapy? D Yes D No
[ Summary prepared by: | Date prepared: ]
CureSearch :
Children's Oncology Group Summary Form - Abbreviated
Fig 2.

Sample template for cancer treatment summary containing essential data elements necessary
for generating long-term follow-up guidelines.
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Examples of 2 Survivors: Factors Contributing to Cancer-Related Morbidity

Table 2

Page 16

Factor Example 1. Leukemia Example 2. Solid tumor

Host 3-year-old white male 16-year-old black female

Tumor Acute lymphoblastic leukemia, B lineage, average risk, Embryonal rhabdomyosarcoma of the chest wall,
without CNS involvement stage Il

Treatment Vincristine Vincristine

Potential late effects

Genetics/familial

Comorbid conditions
Health behaviors

Aging

Corticosteroids

Antimetabolites (PO, IV, intrathecal)
Asparaginase

Cyclophosphamide (moderate dose)
Doxorubicin (low dose)

Peripheral neuropathy

Osteopenia/osteoporosis

Osteonecrosis

Cataracts

Hepatic dysfunction
Renal insufficiency
Neurocognitive deficits
Leukoencephalopathy

Hemorrhagic cystitis, bladder malignancy

Secondary myelodysplasia or myeloid leukemia

Gonadal dysfunction

Cardiomyopathy, congestive heart failure, arrhythmia

Dental maldevelopment, periodontal disease, excessive

dental caries

Diabetes mellitus, type 2

Obesity
Sedentary lifestyle

Bone mineral (osteoporosis)

Dactinomycin

Chest radiation (36 Gy)

Peripheral neuropathy

Cardiac complications (cardiomyopathy,
congestive heart failure, arrhythmia, subclinical
left ventricular dysfunction, valvular disease,
atherosclerotic heart disease, myocardial
infarction, pericarditis, pericardial fibrosis)

Pulmonary complications (fibrosis, interstitial
pneumonitis, restrictive/obstructive lung disease)

Esophageal stricture
Breast tissue hypoplasia
Breast cancer
Scoliosis/kyphosis
Shortened trunk height

Secondary benign or malignant neoplasms in
radiation field

Hypertension

Early coronary artery disease
Hypertension

Smoker

Cardiomyopathy

CNS indicates central nervous system; PO, oral; IV, intravenous; Gy, Gray.
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