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For our children



Preface

Radiation oncology is a complex and vapidlhy changing medical specialty. The
practicing radiation oncologist is called upon to treat tumors of many his-
tologic types in o wide varicty of anatomic locations. The emphasis of most
radiation oncology practice is on the treatment of the adult patient. This 1s
understandable since the vast majority of malignant discase occurs in the
adult. The principal textbooks of radiation oncology arc largely devoted o
adult malignancy. There is. theretore, aneed for a concise and comprehensi-
ble textbook of pediatric radiztion oncology to disseminate current knowledge
in the ficld.

The irradiation of children poses distinet problems. In many pediatric tu-
mors the indications and techniques of irradiation are influenced by the re-
sults of complicated. multidisciplinary protocols. For many of the common
malignancies of children there are ongoing new protocols for accessioning
paticnts. The risk~ and complications of radiotherapy in children are of consid-
erable consequence. New knowledge in the field is generated and reported at
a rapid pace.

The practicing radiotherapist is in need of an accessible source of informa-
tion and guidance in the care of young patients. Pediatric hematologist-
oncologists, surgeons, neurosutgeons, neurologists. and diagnostic radiolo-
gists arc, similarly, entitled 1o atext describing the proper use of irradiation in
childhood tumors. Frequently the concerned nurse or radiation therapy tech-
nologist will also scek information on the place of radiotherapy in a child’s
medical management.

Pediairic Radiation Oncaology s intended to serve the needs of the medical
community caring for children with cancer as well as the needs of the physi-
cian in training. The authors hope that the text will contribute to an improved
understanding of the benelits and risks of radiotherapy for children. 1t is our
most earnest desire that the dissemination of knowledge about pediatric radia-
tion oncology will improve the quality and quantity of life for children af-
flicted with cancer.

Eowarp O Hareerin, MDD,
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1
The Cancer Problem
in Children

THE EXTENT OF THE PROBLEM

In the catly part of the twenticth century, it was relatively unusual to
observe a childbood death from cancer. The leading causes of childhood death
included infectious discases, trauma, congenital anomalies, and birth trauma.
Cancer mortality per 100,000 persons in the United States and Canada from
1911 to 1916 was 3.7 for | 1o 4 year olds, 1.4 for 5 to 9 year olds. 1.3 for 10 to
14 vear olds. and 2.8 for 15 to 19 vear olds. Death from cancer, as a percent-
age of mortality from all causes, constituted only 0.43% for these sifime age
aroups. (0)

In the last part of the twenticth century, cancer in children has become a
significant problem in comparison to other causes of childhood mortality. (1)
Cancer is the second leading cause of death among children age 1 to 14 years
in the United States. (13) There are approximately 6000 new cases of cancer
annually in the United States and 2000 children die of cancer each year in this
country. The age-specitic incidence rates of cancer mortality in the United
States are similar to those in the United Kingdom for 1978 to 1981 (Tables 1
and 2). (1)

The wide variation in childhood cancer mortality rates between nations is
striking (‘Table 2). This variation is a reflection of genctic and environmental
factors as well as the ability 1o ascertain and treat cases,

TABLE 1. Age-specific cancer incidence and mortality
rates per 100,000 population of the United States

Age (Y) Incidence Mortality
0-4 18.1 43
5-9 101 46

10-14 105 40
14-19 18.4 52

(From ref. 12)
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TABLE 2. Death rates per 100,000 population from malignant neoplasms:
Males, age 0-4 and 5-14, 1978-1979

Age Age
0-4 (Y) 5-14 (Y)

Uruguay 10.5 Costa Rica 89
Romania 103 Hungary 88
Greece 10.2 Portugal 8.8
Argentina 9.4 Italy 8.5
Poland 94 N. Ireland 8.2
Belgium 9.3 Bulgaria 82
Finland 92 Spain 7.9
Yugoslavia 8.9 Finland 73
Israel 83 Greece 71
Singapore 8.1 Hong Kong 6.9
Hungary 8.0
Canada 5.6 57
United Kingdom

England/Wales 6.5 6.4

N. lreland 76 8.2

Scotland 51 49
United States

White 5.3 4.8

Nonwhite 46 47

(Fromref. 14.)

ANATOMIC SITES OF CHILDHOOD CANCER

The leukemias and central nervous system (CNS) tumors constitute over
half of childhood tumors (Table 3). Leukemia is the most common cause of
cancer mortality in children, followed by brain and CNS tumors, non-
Hodgkin’s lymphomas. and bone tumors (Tables 4 and 5).

THE NATURE OF CURE

The English word “cure” is derived from the Latin term cura and the Old
French terin cure—both meaning carc. The generally accepted definition in
medicine for cure is that of “successful medical treatment: the action or pro-
cess of healing a wound. a disease, or a sick person; restoration to health.™ (5)
There are several mathematical and statistical definitions of cure. Cure may
be defined as that state where “the expectation of life of a group of patients
free of disease become similar to that of the general population of the same
sex and age constitution.” (8) One way of cxpressing this tvpe of probability
of survival is a “relative” survival rate. The relative survival rate is the ratio of
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TABLE 3. Cancer incidence by site for children under 15, SEER Program, 1973-1976

Rank # of % of Rate per
Site Cases Total 1,000,000 children
1. Leukemia . 664 30.2 33.6
2. Central Nervous System 409 18.6 20.7
3. Lymphomas 298 13.6 15.1
4. Sympathetic Nervous System 170 7.7 8.6
5. Soft Tissue 141 6.5 71
6. Kidney 135 6.1 6.8
7. Bone 101 46 5.1
8. Retinoblastoma e 58 26 3.0
9. Liver 26 1.2 1.3
All Others 195 89 9.9
All Sites 2,197 1000 1111

(From ref. 20.)

TABLE 4. Average annual age-specific incidence rates per 100,000 population by site,

1978-1979
0-4 (Y} 5-9 (Y) 10-14 (Y) 14-19(Y)
All Sites 18.1 10.1 10.5 18.4
Leukemias 63 32 22 241
Brain & CNS 30 26 22 1.7
Kidney & Renal Pelvis 20 06 0.2 0.1
Non-Hodgkin's Lymphomas 07 09 038 1.4
Hodgkin's Disease 0 06 13 3.6
Ovary 0 01 02 0.6

(Fromref. 12)

the observed percentage of survival to the percentage expected on the basis of
general population experience adjusted for age, sex. race. and calendar year.
Utilizing this definition, a population of patients is cured when a graph plot-
ting relative survival rate shows a horizontal line. (10)

It is important to consider both the continuous cancer-free survival and the
overall survival in the construction of survival curves. (17) Overall survival
rates reflect factors other than biologic curability. including death due to
complications of treatinent and subjective factors such as the will of the pa-
ticnt to continue living with cancer or its repeated relapses, the determination
of the physician 10 keep the paticnt alive, and the resources available to the
physician and the patient.

The use of a semilogarithmic graph is important for assessing the possibility
of cure. (17) If one observes a group of patients with a steady cancer relapse
rate, then the number of patients who relapse cach year declines as the
number remaining in complete remission declines. If one were to plot this
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TABLE 5. The four leading causes of cancer
death, United States—1985. Children under 15
years of age

Leukemia 714
Brain and CNS 422
Non-Hodgkin's Lymphomas 102
Bone 74

(Fromref 21)

TABLE 6. Trends in survival by site of cancer for children under 15 1967 73. 1974 -76. and

1077-83
Relative 5-Year survival rate
(percent)
Site 1967-73  1974-76  1977-83
Leukemias 15 45 61
Acute Lymphocytic 18 83 68
Acute Granulocytic 0 16 26
Acute Unspecified 14 43" 42°
Brain & CNS 45 56 54
Hodgkin's Disease 78 80 88
Non-Hodgkin's Lymphomas 24 43 54
Sympathetic Nervous System 42 - .
Soft Tissue Sarcomas 44 57 67
Rhabdomyosarcoma 34 53 64
Kidney-Wilms' Tumor 65 7 82
Bone 28 52° 45
Osteosarcoma . 26 a5* 38
Ewing's Sarcoma 23 38° 46
Retinoblastoma 82 89’ 92

*Standard error of 5 to 10 percent
“*No longer calculated separately
(Fromref. 21))

phenomenon on an arithmetical graph. it might appear that the risk of ielapse
is declining when, in truth. it is remamning constant (Figure ). With many
malignancics one can identify a poor prognosis subgroup with an anticipated
carly relapse as well as a better prognosis subgroup expected to have longer
complete remissions. If a population of patients contains both of these groups.,
there will be a high relapse rate in the carly years. and a lower relapse rate in
latter years. An arithmetic graph of complete remission for such a population
of patients suggests that the survival curve begins to form a plateau. On the
other hand. a semilogarithmic graph of the same data <hows the biphasic
nature of the curve and the lower, but steady. relapse rate (Figure 2).
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FIG. 1 The appearance of the anthmetic plot of the cancer-free survival curve, ulilizing hypo-
thetical data. implies that patients have a reduced risk of relapse afler eight years. The semi-
logarithmetic plot ot the same data. hawever, shows a persistent iisk of relapse with no evidence
of a cure (Reprinted. with permission. from ref. 17 )
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ARITHMETIC PLOT
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FIG. 2 When patients with good and bad prognostic features are combined. an arithmetic plot

may suggest the formation of a plateau The semilogarithmetic plot shows a biphasic curve
without evidence of a cure (Reprinted, with permission, from ref 17\
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A frequently invoked definition of cure in pediatric oncology was initially
proposed by Collins concerning Wilms'™ tumor.

If one accepts the prenatal origin of this tumor as occurring within a fixed period
of embryonic development, then the time of recogunition and diagnosis would
depend upon the rate of growth.

If the rate of growth was characteristic of an individual tumor, then this would
govern not only the time of first appearance of the primary tumor but would also
place limits upon the length of time in which a recurrence might be expected to
develop. A tumor present at birth had to develop to clinically recognizable size in
a period of 9 months or less. If it were to recur following surgical removal. then
this should require no longer than an additional 9 months. A tumor first recog-
nized at the age of S years and incompletely removed should again reach the size
of clinical recognition either as a recurrence at the primary site or as a distant
metastasis in a period not to exceed S years plus Y months. (4)

Collins’ hypothesis generally agrees with the observed rates of recurrence in
embryonal cancers such as Wilms™ tumor and medulloblastoma. There is not,
however, biologic evidence that the “prenatal origin™ of childhood tumors
necessarily implics that tumor doubling times are correlated with the patient’s
age at the time of diagnosis.

The reported cure rates in pediatric cancer may be affected by artifacts of
data acquisition and analysis. The “zero-time shift™ or “lcad-time bias™ will
extend the statistical length of survival without prolonging life. This phenome-
non occurs when a new screening test or imaging study leads to the detection
of heretofere unknown tumor. Even if therapy is ineffectual survival is in-
creased by the interval provided by the carlicr detection of the cancer. The
“Will Rogers effect™ occurs when there are improved techniques for detection
of cancer metastases. This new data allows patients to migrate from lower
stages of cancer to higher stages. Such migration improves survival in lower
stages by climinating those pcople with metastatic discase. Survival also im-
proves in higher stages because of the addition of people with minimal meta-
static disease. Survival improves in each stage while overall survival for the
cancer is unatfected. This phenomenon is named after the humorist Will
Rogers who is reputed to have remarked during the depression of the 1930s
that “when the Okies Ieft Oklahoma and moved to California. thev raised the
average intelligence in both states.™ (9)

With improving cure rates in childhood cancer, it is apparent that we must
move beyond the statistical definition of cure dlld also deal with the human
definition. (17) Cure must be analvzed bevond the absence of disease. It is
important to provide the child with a functional cure, regaining or retaining
the ability to conduct onesclf in socicty without major handicaps or need for
significant support. Planning for adequate limb function, ambulation, and
activities of daily living are crucial in planning a course of treatment. Reha-
bilitation plavs an important part of the follow up care for children with
cancer. Attention to the child's emotional status is also important. By this
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we mean the preservation and nurturing of a sense of well-being on the part
of the child and tamily. Having gone through the devastating experience of
cancer diagnosis and treatment, the child should be aided with coping mecha-
nismis. The family should be given every measure of support in dealing with
illness and restoration of health, The health care team should establish
means to maintain an ongoing relationship with the child and tamily after
suceessful treatment.

THE SITE OF CARE AND THE PEDIATRIC CANCER TEAM

The effective use of combined modality therapy has been o rewarding ap-
proach to pediatric cancer management. A coordinated group of medical and
surgical specialists with expertise and interest in the clinical care of children
with cancer. as well asin basic and clinical iesearch. bestdirects the child’'s care.
The complete pediatric cancer center is staffed by o pediatric medical
oncologist,speciallv trained nurses. a pediatric diagnostic radiologist. surgeons
withexpertise i pediatric oncology. and skilled social workers. The group must
also clude a radiation oncologist committed to pediatrie care (1)

Lhere s evidence that the diagnosis and treatment of some pediatric malig-
nancics, patrticulatly those dependent upon complex radiotherapy. is better
conducted at university-affiliated medical centers. In an analysis of children
with brain tumors, survival was compared for those childven who received all
or part of their treatment at university cancer centers versus those who re-
cetved all or part of their treatment at community hospitals. (7) For childien
with medulloblastoma. the five-vear survival rate was two and a half mimes
ercater for children treated at university hospitals compared to those treated at
community hospitals, For brain stem gliomas there was also a greater probabil-
ity ol survival tor those chiddren treated at university hospitals. The five-vear
projected survivals for cerebellin astroevtoma. Grade T and T supratentorial
astrocvtoma. ependyvimoma. and ghoblastoma multiforme (where survival s
arguably less dependent upon imadiationy were similar for universitv-treated
paticnts comparcd to community hospital-treated patients.

In another analysis, the survival of Wilms™ tumor paticnts was compared
between a county in upstate New York which contains a coordinated university
and cancer center treatment program and a group of smaller counties without
farge treatment conters. (1) From 1950 to 19590 an era where there was
relatively poor treatment for Wilms™ tumor, there were no significant difter
cnees in survival between these two groups. However, from 1967 to 1972 there
was o significant improvement in survival for those children treated in the
county with the coordinated university and cancer center treatment program.

A recent study addressed the influence of place of treatment upon diagno-
sis, treatment, and survivab in Wilms™ tumor. thabdomyosarcoma. and medul-
loblastoma i the Delaware Nalley arca. (13) There was anmmproved probahil
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ity of survival in children treated at cancer centers compared to hospitals that
were not cancer centers for medulloblastoma and rhabdomyosarcoma. In
Wilms™ tumor, however, there were not major ditferences in management
strategy or survival between cancer centers and noncancer centers.

The available data suggests that <fere is a bencfit to treatment at a
university-based cancer center n situations where the treatment is rapidly
evolving and where success requires complex treatment approaches with tech-
nically difficult surgery and/or radiotherapy. On the other hand, it appears
that the site of treatment does not alter survival rates in those patients where
cure may be achieved with surgical intervenuion afone. for tumors for which
there is no significant curative treatment, and for tumors requiring multi-
modality therapy where the acquisition of the most up-to-date protocol infor-
mation as well as the services of a consulting expert is available in the commu-
nity hospital. (2.3)

CONCLUSION

The pediatric radiation oncologist can take pride i the progress being
made against cancer i childhood (Table 6). All health care workers who
participate in the care of children with cancer are responsible for helping to
assure successful, maximally tunctional survival in every child with cancer.
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