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Introduction
Modern therapy for childhood cancer began about 1970, and by the middle of that decade,
many children who had discontinued treatment continued to remain in remission. Survival curves
of children and adolescents treated during the 1970s remained flat following a period specific to
each tumor type; for embryonal tumors, this generally occurred two years after diagnosis, while for
leukemia and brain tumors, the period of risk extended for several years after therapy had been
discontinued. The concept of cure followed the recognition that many children with cancer could
achieve long-term survival. At the same time, concern regarding the prospects for the continuing
health of these survivors began to be expressed. Research was conducted initially by interested
investigators at single institutions and then, because of the need to study more subjects, consortia,
such as the Late Effects Study Group (LESG), comprised of several institutions were formed. The
Children's Cancer Group (CCG) and others also began to study the physical and psychologic health
of surviving children who had been enrolled on cooperative group trials. In more recent times,
more precise analyses of treatment and outcome have been performed, and finally, efforts have
been made to initiate and study surveillance and intervention in the clinical setting. (Table 1)
Clinical trials have confirmed that there are large numbers of youngsters and young adults
who are cured and who have many years of productive life ahead of them. That growing body of
knowledge has also revealed a wide range of outcomes: while many survivors are leading normal
lives with no apparent disability, some have been left with long-term sequelae, ranging from mild
cosmetic changes to life-threatening cardiac and renal disease. The past 20 years have witnessed
further improvements in the cure rates; it is now believed that 3 of every 4 children treated for
cancer will be long-term survivors. At the same time, many more studies of health-related
outcomes began to link specific aspects of therapy to certain undesirable consequences. The
psychologic consequences of having survived a life-threatening illness also began to emerge as a
significant research endeavor in a number of treating institutions. This knowledge led to numerous
clinical trials testing the effectiveness of treatment modifications designed to reduce or eliminate
late complications, and to recommendations for surveillance and follow-up of survivors. Questions
have also been raised concerning the optimal method of gathering non-biased data regarding the
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health and quality of life of long-term survivors. Numerous practical and ethical issues have been
raised regarding research methodology in light of the reluctance of large numbers of subjects to
return for ongoing care. Absence of adequate medical coverage for follow-up studies can lead to
problems in providing necessary clinical care and in assuring that bias does not influence research
results.
Certain landmarks in the history of survivorship research in pediatric oncology are worth
reviewing. (Table 2) In the decade of the 1970s, pediatric oncologist began to recognize that cure
was possible and, through randomized trials, investigators developed effective protocols. As more
became known regarding prognostic factors in the 1980s, therapy could be reduced for some
patients. During the last decade, we began to understand the relationship between dose and
outcome, and initiated efforts to educate survivors. The record of these accomplishments, and the
difficulties inherent in conducting high quality research and providing appropriate follow-up care
to long term childhood cancer survivors that is evidence-based, is the subject of this paper.
The Early Years
Reports of a sea change in survival for children with cancer during the last three decades
fail to acknowledge that the major gains began when changes in therapy occurred in the late 1960s
and early 1970s. As early as 1960, pediatric oncologists recognized that chemotherapy could
induce remissions in leukemia, lymphoma, and Wilms' tumor. (1) Later on, it was learned that
chemotherapy could effectively shrink embryonal tumors, such as rhabdomyosarcoma rendering
them amenable to cure with surgery and radiation therapy. (2) Before that watershed era, solid
tumors in children were treated primarily with surgery (sometimes mutilating) and radiotherapy
(often in doses used to treat adults without consideration of normal tissue tolerance in children).
When chemotherapy was employed, rarely in the treatment of solid tumors, more often for
leukemia and lymphoma, it was with one or at most two agents, the second agent being added
when the patient failed to respond to the first drug.
As pediatric neoplasms responded to chemotherapy during the latter part of the 1960s,
some principles governing the rational use of chemotherapy began to be elucidated. The most
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important of these resulted from an awareness of the development of resistance to a single, specific
class of drugs and led to the recommendation that multiple agents whose mechanisms of action
differed could be used together to prevent emergence of resistant strains. An additional benefit of
using multiple agents was that one could use more total chemotherapy but less of any single agent
with less dose-dependent specific toxicity. In the treatment of solid tumors by utilizing adjuvant
therapy with multiple agents, and by combining chemotherapy with radiation therapy and surgery,
it soon became apparent that many children were able to remain in remission even when treatment
was discontinued. In childhood leukemia, the introduction of so-called prophylactic treatment to
the central nervous system and the use of multiple drugs given simultaneously rather than
sequentially, also resulted in sustained remissions. (3)
Recognizing that radiation and the drugs used to treat cancer could themselves be
responsible for creating new neoplasms, the same individuals began to express concern regarding
the subsequent carcinogenic risks. In 1972, Drs. Giulio D'Angio, a pediatric radiation oncologist
and Audrey Evans, a pediatric oncologist, were awarded a contract from the National Cancer
Institute with Drs. Robert Miller, Joseph Fraumeni, and Curtis Harris as Project Officers. I was
recruited as the Research Fellow on the study to review the records of children who had
successfully discontinued therapy at the three major pediatric cancer treatment centers in
Philadelphia, Boston, and Columbus, Ohio for the purpose of recording additional benign and
malignant neoplasms. Although the National Cancer Institute was primarily concerned with
carcinogenesis, many of us felt that there were likely to be other serious long-term disabilities to
for which these survivors were at risk. During the planning phases of the study, and in view of the
extensive effort required in identifying and abstracting the records, a decision was made, therefore,
to record all disabilities and any dysfunction that might be a consequence of treatment. (4,5)
Shortly after beginning the record review at the Children's Hospitals of Philadelphia,
Boston and Columbus, 8 more institutions were recruited and the Late Effects Study Group was
officially launched. The chart review was interesting and revealing. Although many records
contained only the notation "NED" without reference to educational or vocational status,
psychosocial adjustment, timeliness of secondary sexual development, marital status, or any other
aspects of survival that could impact the quality of that survival, significant late effects were
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reported. (6) Second malignant neoplasms (SMN) were reported and it was possible to relate the
SMN to treatment and, sometimes to genetic predisposition. (7, 8,9) For the purpose of publishing
more precise incidence data regarding SMN, it was essential that information regarding certain
clinical characteristics of the patients and the therapy given to all patients at risk at each of the
LESG institutions be accurately recorded and analyzed. Margaret Tucker traveled to each of the
institutions and recorded data on over 9,000 survivors. Analysis concerning the prevalence and risk
of second cancers were carried out with the assistance of others at the Epidemiology Branch of the
National Cancer Institute. (10) Subsequently, publications analyzing the relationship of bone
cancer, leukemia, and thyroid cancer to treatment were published. (11, 12,13)
Some of the LESG institutions were also members of the Children Cancer Group (CCG).
Spearheaded by investigators at these institutions, efforts to study survivors who had been enrolled
in the CCG clinical trials began, and a number of cohort and case control studies dealing with
endocrine function, school performance, and second tumors were initiated. (14, 15,16) Studies of
cohorts of survivors and of specific functional systems, such as intellect and growth, some using a
variety of factors, including age, sex, chemotherapy, and radiation dose, to construct models for the
end results, were reported. (17, 18, 19) The National Wilms' Tumor Study Group has also reported
on several long term effects of therapy in the patients they have been able to contact through their
Late Follow-up Study. (20,21,22)
Coincident with the development of these studies of survivors, clinical trials in Wilms'
tumor, acute lymphocytic leukemia, early stage neuroblastoma, lymphomas, and sarcomas began to
incorporate therapeutic questions for selected groups of patients whose survival was excellent that
sought to reduce therapy with the potential for adversely affecting the quality of survival. The
earliest critical questions tested whether the elimination of radiation or reduction in the radiation
dose adversely affected survival with the implicit, if not proven, contention that radiation therapy
was deleterious to growing children. Those clinical trials proved successful in that chemotherapy
could be substituted for radiation without adversely affecting survival and with significantly fewer
late effects. (23,24) By substituting cyclophosphamide for mechlorethamine in the treatment of
Hodgkin's disease, and by altering the schedule of administering etoposide, the risk of secondary
leukemia was greatly reduced. (25, 26) (Table 3)
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Survivors
By the decade of the '90s, it was estimated that, overall, 75% of children and adolescents
with cancer could be cured. (27) Similar projections are now possible for youngsters with acute
lymphocytic leukemia, the diagnosis that comprises one-third of childhood cancer. The expectation
is better for Wilms' tumor, non-Hodgkin's lymphoma and Hodgkin's disease patients with at least
85% expected to be cured. The outlook is not so good for children with brain tumors,
neuroblastoma and non-lymphoid leukemia, and efforts are underway to improve this by utilizing
yet more aggressive therapy. Approximately 20 years ago, based on a 60% long term survival rate,
we estimated that 1 in 1000 young adults would be a survivor of childhood cancer. (6) We can now
modify that prediction, utilizing the more recent results, and including adolescents as well. Since
cancer occurs in 1/300 children and adolescents from birth to 20 years of age, and 75% can be
expected to survive long-term, survivors will comprise 1/450 individuals in the population.
The term "survivor" emerged in the 1970s and since then the definition has been surrounded
by some controversy. Some people propose that a survivor is an individual with cancer who is alive
from the day of diagnosis forward. However, if one is studying the quality of survival, and long
term survival can result in as many as 70 years of life following successful treatment, it seems best
to separate the effects that occur at the time of treatment or shortly thereafter from those that will
be present throughout the life of an individual. Children with cancer have few competing
conditions that are likely to prove fatal, and surviving cancer can be considered synonymous with
cure. It is the quality of the long lives that lie ahead for childhood cancer survivors that is the focus
of pediatric late effects research. We have recommended the following definition of a pediatric
cancer survivor: someone who has survived for at least five years from the last evidence of disease
and is at least two years from discontinuation of therapy since we believe that patients who are
likely to be cured are the most relevant subjects for study of late effects. This definition, or a minor
variation of it, is now accepted by most pediatric oncologists who are engaged in outcomes
research.
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Late Effects
In the last 20 years, there have been many reviews describing the consequences of treatment
and some have even recommended that certain follow-up evaluations be performed with varying
periodicity. (28-30) Complications, disabilities, or adverse outcomes that are persistent and are the
result of the disease process, the treatment or both, are generally referred to as 'late effects.' They
may be clinically obvious and consist of functional or cosmetic disturbances that interfere with
activities of daily living such as amputation or severe cognitive impairment. These are usually
immediately apparent from the history and physical examination. Some are subtle and apparent
only to the trained observer, such as asymmetry of the trunk or scoliosis, and some are sub-clinical
and detectable only by lab screening or imaging techniques, such as infertility, hypothyroidism or
malabsorption. The problem of attribution of effects is relatively easy in pediatrics, since the
childhood years are generally free of the morbidity that follows therapeutic intervention for cancer,
such as congestive heart failure, infertility, and a decline in cognitive function.
Surgery, radiation therapy and chemotherapy are capable of causing changes that qualify as
late effects in every organ and system of the body. Procedures and agents, under certain
circumstances and following particular doses, have been identified as having tissue-specific late
effects. A summary of potential late effects in children needs to consider the changes that take
place during the developmental stages from infancy to adulthood. Physiologic and psychologic
changes occur and are especially impacted by agents that inhibit the growth of tissues, such as
radiation and certain drugs. Since children are most severely affected by these agents, and since
they were the earliest recipients of treatment with chemotherapy combined with radiation, it was
possible to organize and summarize the late effects following treatment for childhood cancer. Table
4 presents an outline for categorizing these late effects.
Second cancers, or new malignancies that are clearly not recurrences of the original
neoplasm, are a late effect that has been well-studied by many groups and often reviewed.(7-13,16,
20, 31-43) Several etiologic factors are now well known to contribute to an increase in risk of
developing more than one malignant disease. Therapy with radiation and certain classes of drugs
are the most frequent of these factors, although a small subset of children is genetically
predisposed. This latter group includes all children with neurofibromatosis, type 1, and children
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with the genetic form of retinoblastoma.(9, 44,45)A syndrome characterized by sarcomas in
children and breast cancer in young adult women, the Li-Fraumeni syndrome, may also be
responsible for multiple cancers in few susceptible individuals. (46-48) Together these groups
comprise less than 3% of the childhood cancer population. As is the case with the study of other
late effects, the study of second cancers has enabled researchers to find genes whose mutations are
in somatic cells associated with cancer even in non-predisposed individuals.
The problem of quantifying the severity of sequelae is one that has not yet been solved. At
the Children's Hospital of Philadelphia, in studies of quality of life, including school performance
and psychologic adjustment, we have used a three-point scale that we believe is valid and describes
the severity of most physiologic changes that occur as a result of therapy. (49) In more recent work,
we have expanded to a four-point scale that permits somewhat more precision. (Appendix) There
is an ongoing effort by the Cancer Therapy Evaluation Branch of the NCI to modify the Common
Toxicity Criteria (CTC) manual now on-line to include all effects of therapy, both acute and late.
As is the CTC, it is expected that this system would be used by cooperative groups and others.
Precision in quantifying effects of treatment over the entire life of a patient would be a valuable
tool and provide an additional dimension to the evaluation of therapeutic efficacy.
Research in a Clinical Care Setting and Clinical Care in a Research Setting
There is general agreement regarding two important functions that a follow-up program for
cancer survivors should accomplish: to provide clinical care and to conduct high quality research.
Although pediatric oncologists have become accustomed to this duality of function in connection
with clinical trials and therapy for cancer, and they are able to perform both functions well, it may
present major challenges in the context of follow-up after therapy is complete. An essential
component of a successful program in which both are taking place is awareness on the part of the
clinician and the researcher that the objectives and methods of providing excellent clinical care and
of conducting quality research are different.
Clinical care of childhood and adolescent cancer survivors requires a focus on potential
adverse late effects based on relevant demographic factors, the initial diagnosis, site(s) of disease,
and specific therapies in order to provide counseling and guidance for the future. (Table 5)
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Evaluations, including radiographs, laboratory studies, and interventions should be based on the
data concerning potential late effects of the therapy received. Often, the assistance of dedicated and
knowledgeable subspecialists is required. Follow-up also needs to include attention to the
principles of good preventive medicine and screening as appropriate based on the age, sex, length
of follow-up and other characteristics of the individual.
On the other hand, research requires that the investigator articulate testable hypothesis and
specific aims prior to initiating a study. Attention to methodologic issues, such as ascertainment of
cases and exposures, and care in selecting the most appropriate instruments for evaluating
outcomes, is required. Since pediatric survivors grow up, leave their families, marry and change
their names, it is often difficult to secure a representative, non-biased population for research.
Added to this is the problem of reluctance on the part of the survivor to return to the site of former
trauma. This avoidance is one of the manifestations of a post-traumatic syndrome. (49) The
selection of appropriate controls, therefore, for a given outcome may be difficult, with unaffected
and well survivors either not returning or choosing not to participate in research that does not bear
on their own problem. On the other hand, without controls, there is a risk of overestimating adverse
outcomes. For studies of intervention, there is the ethical problem of withholding from the control
group something that may be viewed as important to health. Some groups have solved this problem
by having a "wait-list" control group, assessing both before and after the intervention in question.
Nevertheless, if attention is paid to methodologic issues, research regarding late effects can
best be carried out successfully in the context of a clinical survivorship program. Clinics offer the
opportunity of evaluating standardized approaches to follow-up, of conducting pilot studies and of
testing interventions. Since pediatric cancer is rare, research regarding late effects has required the
collaborative efforts of many investigators and institutions. The cooperative efforts of these
consortia will continue to be useful in two areas that require many subjects: research regarding the
value of interventions to prevent disability and research concerning the most appropriate venue and
method of long term follow-up care.
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Transition from Pediatric Acute Care to Lifetime Adult-Oriented Care
Pediatric oncologists have been pioneers in developing programs that provide
multidisciplinary, coordinated care to survivors of childhood and adolescent cancer, and there have
been reports of several institutional models for follow-up. (50) However, pediatric oncologist
cannot continue to provide follow-up care for all patients once they have reached maturity so long
as their risk of recurrence is negligible. Limited resources and the mind-set devoted to "stamping
out disease" is in conflict with that of "wellness and health promotion" that needs to be intrinsic to
a survivor program.
The transition from the childhood and adolescent years to adulthood is often delayed in
survivors of childhood cancer, but as the number of survivors of childhood cancer is expected to
increase, the importance of transition care for this population is now recognized. In other
conditions in which children with chronic diseases require transition to an adult care setting,
several models of care have been proposed. (51-54) Survivors of childhood cancer do not quite fit
any of these models, although they can be utilized with modifications in our population. Our
patients are generally well, and often require the expertise of any one or more of the following
subspecialists

cardiologist,

nephrologist,

pulmonologist,

gynecologist,

neurologist

or

gastroenterologist. None of the models proposed for children with chronic diseases can assure a
smooth transition from the pediatric acute care setting to the adult setting in which prevention and
general well-being are paramount, and few institutions have sufficient resources to draw upon the
expertise of the numerous subspecialties in adult medicine required to tend to the needs of all
cancer survivors.
General pediatricians and internists encourage care to continue with pediatric oncologists.
If they undertake such follow-up, they either subject patients to excessive monitoring or, due to
their inadequate knowledge base, provide inadequate follow-up. However, it is these very
practitioners who are trained to promote good health practices and avoidance of risk-taking
behaviors, such as smoking, excesses of flood and alcohol consumption, and unsafe sex..
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An ideal model might be one in which pediatric oncology and general practitioners,
internists, or gynecologists share future care. The patient might be discharged from the Pediatric
Oncology Follow-up Clinic armed with information concerning previous treatment, complications
of treatment, and the risks to long term health. The patient remains the guardian of this information,
is counseled to be aware of signs and symptoms of health problems, and is able to convey this
information to the practitioner who is responsible for instituting the health-promoting and early
detection practices intended to prevent more serious disease.
Conclusion
One of the most salutary improvements during the last two decades in treating
children with cancer has been the emphasis on so-called "prognostic factors" in selecting treatment
appropriate to the risk of recurrence. This has spared those children who derive no added benefit
from more aggressive regimens and from their potential late effects. This process needs to
continue, and concern for long-term deleterious effects should enter into consideration of future
protocols. Unhappily, however, children who now are expected to fare poorly are being subjected
to ever more intensive therapy, and should they survive, they can be expected to suffer from more
serious complications as they age, complications that will not become known for many years.
The majority of surgical procedures, radiation therapy practices, and drug combinations
offered now have been in use for many years and will continue to be in the future. Most pediatric
oncologists have adequate knowledge of the specific potential morbidity associated with cancer and
various treatment modalities. But not all are capable of imparting this information in a way that
provides long-term survivors with the tools to manage their own health. Early detection and
prevention of serious illness can best be accomplished if survivors are encouraged to be
responsible for their own care. Achieving this realistic goal should be an objective.
There are several challenges for the future. (Table 6) Follow-up care for pediatric cancer
survivors should be a coordinated effort of the pediatric oncologist and the generalist. It is
exceedingly important to establish mechanisms by which primary care providers become
knowledgeable about the late sequelae of anti-cancer treatment and its potential consequences on
adult health. They also need to be informed regarding the value or lack of value of certain
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screening measures. Survivors need to be educated regarding their risks and about what they can do
to prevent or detect serious illness. Our present health care system does not provide a way to
accomplish this goal and many survivors do not undergo appropriate screening and interventions
for their prior treatment exposures, while some are subject to excessive intervention. Research
should provide data on which to base decisions concerning the optimal system of follow-up care
delivery in a variety of communities and institutions. It will not be easy to conduct that sort of
research without the biases and inequities intrinsic to our present health care system, and with the
other methodologic problems inherent in research for this growing and aging population.
It is especially important to continue to provide all survivors with appropriate follow-up
care based on their expected risks, and to conduct research that can inform subsequent generations
of oncologists responsible for designing clinical trials. As new treatments become widely accepted,
follow-up intended to keep track of late-occurring toxic events should be incorporated into the
clinical care of patients receiving therapy. In this way future generations of clinicians will be able
to assess the impact of these treatments on long-term quality of life. The combined efforts of
pediatric oncologists and general practitioners will be required to observe, catalog, and report the
consequences of these newer agents and combinations. As our appreciation of the life long effects
of treatment and life-style in older survivors increases, we will be able to rationally determine longterm risk-benefit ratios, and to increase our knowledge of the mechanisms of the diseases that we
produce.
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Table 1:Evolution of Late Effects Research
Anecdotal reports
Case series
Prospective studies
Dose-response relationships
Modifications of therapy
Surveillance recommendations
Intervention/prevention
Table 2: Landmarks in Pediatric Oncology by Decade
1970s
Recognition that cure was possible
Proliferation of randomized clinical trials
Effective multi-modality protocols
1980sTailoring therapy to risk factors
Defining late effects
Reducing radiation dose
Substituting effective drugs for radiation
1990s
Understanding the relationship of dose to late effects
Distinguishing research from clinical care
Initiating efforts to track and educate survivors
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Table 3: Modifications of Therapy Resulting from Late Effects Research
Elimination or reduction in dose of radiation in acute leukemia, Wilms' tumor and lymphomas
Substitution of cyclophosphamide for mechlorethamine in the treatment of Hodgkin's disease
Alteration in schedule for administration of etoposide
Guidelines for counseling and surveillance of long term survivors
Development of educational materials for childhood cancer survivors

Table 4: Late Effects in Pediatric Oncology
Growth and Development
Linear growth
Skeletal maturation
Intellectual function
Emotional and social maturation
Sexual development
Fertility and Reproduction
Fertility
Health of Offspring
Vital Organ Function
Cardiac
Pulmonary
Renal
Endocrine
Gastrointestinal
Vision/Hearing
Second Neoplasms
Benign
Malignant
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Table 5: Functions of a Follow-up Program
Provides support, counseling, anticipatory guidance
Directs multidisciplinary, coordinated health care
Facilitates health education and early detection based on therapy
Enables research regarding health-related outcomes
Standardizes follow-up to study effects of therapy modification
Table 6: Childhood Cancer Survival: Opportunities and Challenges for the New Millennium
Surveillance, counseling and intervention based on risk of future disease
Education of patients to share responsibility for their own care
Evaluation of intervention to reduce and/or prevent late effects
Modification of protocols based on studies of long term survivors
Research on the effects of new agents and the aging process
Improvement in tracking and follow-up into adulthood
Reducing the economic and other barriers to follow-up care
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