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letter from the chair  
of the children’s Oncology group

Supported by the National Cancer Institute, the 
 Children’s Oncology Group designs and conducts 
 clinical trials, correlative laboratory research, and epi-
demiological studies of cancer in infants, children, and 
adolescents. More than 200 member institutions in the 
United States, Canada, Europe, Australia, and New 
Zealand participate in these clinical trials, as we strive 
to improve survival rates and lessen the late effects of 
cancer treatment in this population. Older adolescent 
and young adult participation in clinical trials is sig-
nificantly lower than that of younger patients, and par-
allels the relatively worse treatment outcomes for each 
cancer type in this population.

The Adolescent and Young Adult Committee of the 
Children’s Oncology Group was formed to focus 
research attention on this population, develop treat-
ment protocols, increase participation in clinical trials, 
and ultimately improve survival rates for adolescents 
and young adults.

The following chapters highlight the initial efforts 
of this Committee in addressing the scope of the prob-
lem of adolescent and young adult underrepresenta-
tion in clinical trials and offer evidence that such a 
discrepancy may partially explain outcome differences. 
In addition, these chapters present information about 
biologic differences between specific cancer subtypes 
most common in younger children and those exhib-
ited by the same cancers in adolescents and young 
adults, and offer plausible explanations for outcome 
differences as well as potential treatment strategies.

This textbook is the first comprehensive resource 
on cancer in adolescents and young adults. The 
 presenting symptoms and signs, diagnosis, staging, 
treatment, and late effects are reviewed for each of 

the common malignancies in the age group, together 
with the epidemiology (incidence, mortality, survival, 
and their trends) and risk factors published earlier this 
year (Bleyer WA, O’Leary M, Barr R, Ries LAG (eds) 
(2006) Cancer Epidemiology in Older Adolescents 
and Young Adults 15 to 29 Years of Age, including 
SEER Incidence and Survival, 1975–2000. National 
Cancer Institute, NIH Pub. No. 06-5767, Bethesda 
MD; also available at www.seer.cancer.gov/publica-
tions/aya). The principles and practices of care for the 
adolescent and young adult patient with cancer are 
then discussed, with separate chapters covering spe-
cialized units, adherence/compliance, psychological 
support and issues, quality of life outcomes, rehabilita-
tion and exercise, late effects, ethical issues, access to 
care after therapy, future health, resources for survi-
vors, and financial considerations. There are also chap-
ters on access to care before and during therapy, clini-
cal trials, future challenges and opportunities, and 
international perspectives.

The epidemiology portions use both the Interna-
tional Classification of Childhood Cancer and the 
International Classification of Diseases-Oncology 
because cancers occurring in this age group span the 
pediatric-to-adult spectrum of diseases. I believe this 
textbook will help educate medical providers and the 
public about cancer incidence and survival in this age 
group, and provide the impetus for further research to 
improve the survival and the quality of life of these 
young people.

Gregory H. Reaman, MD
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letter from the chair  
of the eastern cooperative 
 Oncology group and 
 President of the coalition  
of cancer cooperative groups

 

Adolescents and young adults 15–29 years of age are 
making the transition from childhood to adulthood, 
not only physically and psychologically, but also finan-
cially and educationally. When the burden of cancer is 
added, it becomes part of this extraordinary and chal-
lenging time in their growth and development. They 
are also unique in the types of cancers that they develop 
and present problems that neither pediatric nor adult-
treating oncologists are fully comfortable in managing. 
It is no surprise, therefore, that 15- to 29-year-olds are 
often lost in a healthcare system that concentrates on 
pediatric and adult cancers, with the resultant limited 
participation of the intermediate age group in clinical 
trials.

Until recently, little attention and few resources 
were devoted to studying the incidence, biology, and 
treatment outcomes in this age group. With the ability 
to gather data specific to this age group, the National 
Cancer Institute (NCI) Surveillance Epidemiology and 
End-Results (SEER) program allows us to estimate 
that, in the year 2000, there were nearly 68,000 new 
cases of cancer among 15- to 39-year-olds in the United 
States. In 15- to 29-year-olds, the focus of this textbook 
the estimate is 21,500 new cases. Compared to the esti-
mated 9,200 cases diagnosed in children younger than 
15 years of age, the cancer incidence rate in 15- to 29-
year-olds was nearly 2.5-fold greater. Among 15- to 
39-year-olds, it was nearly 7.5-fold greater.

With the establishment of the Adolescent and 
Young Adult Committee of the NCI-funded Children’s 
Oncology Group and with support from the AFLAC 

Insurance Company, an organized program in research 
and education for and about young people with cancer 
has recently been initiated. I first heard of this initia-
tive in 1996 when I was Chair of the Cooperative 
Group Chairs. It has taken a decade to reach this point, 
but the wait has been worthwhile.

This year the NCI is conducting a 1-year-long evalu-
ation of the issues facing older adolescents and young 
adults with cancer. Known as a Progress Review Group, 
this effort is being cosponsored by the NCI and the 
Lance Armstrong Foundation. Its mission is to iden-
tify and prioritize the scientific, medical, and psycho-
social barriers facing adolescent and young adult can-
cer patients and to develop strategies to improve their 
outcomes. I have had the privilege to co-Chair, along 
with Drs. Barry Anderson and Archie Bleyer, the Clin-
ical Trials/Research Subcommittee of the Progress 
Review Group and expect the initiative to succeed in 
its goal to increase the participation of young adults 
and older adolescents in clinical trials.

This textbook, the first comprehensive treatise on 
cancer in adolescents and young adults, should help 
enable the mission of the Progress Review Group. It 
reviews the presenting symptoms and signs, diagnosis, 
staging, treatment, and late effects for each of the com-
mon malignancies in the age group. It supplements a 
monograph published earlier this year on the epidemi-
ology (incidence, mortality, survival, and their trends) 
and risk factors of cancer in 15- to 29-year-olds (Bleyer 
WA, O’Leary M, Barr R, Ries LAG (eds) (2006) Cancer 
Epidemiology in Older Adolescents and Young Adults 
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15 to 29 Years of Age, including SEER Incidence and 
Survival, 1975–2000. National Cancer Institute, NIH 
Pub. No. 06-5767, Bethesda MD; also available at www.
seer.cancer.gov/publications/aya). It would not have 
been possible without the support of the cooperative 
group enterprise in the United States, or without the 
extensive data collection efforts of the NCI’s SEER pro-
gram.

I congratulate the authors and look forward to a 
successful impact of the book and national initiative.

Robert Comis, MD
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1.1 introduction

This is the first textbook of its type, a comprehensive 
treatise on cancer in adolescents and young adults who 
are 15 to 29 years of age when diagnosed. The impetus 
for this book is the lack of attention that has been paid 
to this age group, scientifically, therapeutically, psycho-
socially, and economically. During the past half-cen-
tury, children (younger than 15 years of age) with can-
cer have been a singular focus of treatment and 
research. The advances among children with cancer 
have been among the most dramatic in the history of 
medicine, and the cooperative infrastructure that has 
supported this success has been among the most orga-
nized in the history of science. In 1971, the US National 
Cancer Act led to another highly organized effort that 
has significantly improved the outcome of adults with 
cancer, in whom the median age was at that time in the 
60s. Meanwhile, substantially less attention has been 
given to the age group of cancer patients in between. 
Yet, cancer develops in 2.7 times more people in the 15 
to 29 year age group than in those younger than 
15 years of age, and the incidence of cancer has 
increased more rapidly in this older age group than in 
the younger population. Moreover, the relative 
improvement in the survival rate in young adults has 
not kept pace with that achieved in younger patients.

Reasons for this lack of progress certainly include 
issues specific to this age group: some inherent in the 
disease or the patient (differences in biology or intoler-
ance of therapy), some inherent in the system (treat-
ment by physicians less familiar with the disease, delay 
in recognition of malignancy, lack of available clinical 
trials, or failure to enroll patients on available trials), 
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and some influenced by the psychosocial milieu of the 
patient (unwillingness to participate in clinical trials, 
delays in seeking medical attention with symptoms of 
cancer, poor compliance with treatment). A further 
consideration is that the physical, emotional, and 
 social challenges posed by cancer in adolescence and 
early adult life are often unique and especially difficult 
for patients, families, and healthcare providers alike.

In contradistinction to younger and older patients 
with cancer, until recently adolescents and young 
adults with cancer have had no national program to 
address their special problems. This review describes 
these issues relevant and specific to adolescents and 
young adults with cancer and their caregivers. The 
 ultimate goal is to heighten awareness of a relatively 
neglected group of patients who, during the current 
half-century, deserve better.

A recently published monograph from the Survail-
lance, Epidemiology, and End Results (SEER) program 
of the National Cancer Institute (NCI) and the Chil-
dren’s Oncology Group of the United States describes 
the epidemiology of cancer between 15 and 30 years of 
age [1]. Previously, a brief summary of the epidemi-
ology of cancer among 15- to 19-year-olds in the 
United States appeared in a monograph in 1999 [2], 
but neither monograph includes diagnostic or thera-
peutic considerations. The data reported in the more 
recent monograph are included in the epidemiology 
sections of this treatise, as provided by the SEER and 
the United States government [3], and are analyzed 
with the methods described in the monograph [4].

Each disease-based chapter follows a standard out-
line, beginning with the epidemiology of the disease 
including incidence, mortality, and survival rates, and 
risk factors/etiology, and continuing summaries of 
 diagnosis, treatment, and outcome. Each of the dis-
ease-based chapters is authored by at least one pediat-
ric oncologist and at least one academic oncologist 
who is an expert in the investigation of adult patients 
with cancer (medical oncologist, surgical oncologist, 
or radiation oncologist). Each chapter has been 
 reviewed before publication by a member of our edito-
rial staff and epidemilology sections were reviewed by 
an epidemiologist.

1.2 epidemiology

1.2.1 classification System

Invasive cancer refers to any malignancy except non-
melanoma skin cancer (squamous and basal cell carci-
noma), in situ cancer of the breast or uterine cervix, or 
ovarian cancers of borderline significance. It does 
include low-grade brain tumors (e.g., “benign astrocy-
toma” and juvenile pilocytic astrocytoma) with low 
metastatic potential since these tumors can be fatal 
because of local growth. There are two basic systems of 
classification: the International Classification of Dis-
eases for Oncology (ICD-O) and the International 
Classification of Childhood Cancers (ICCC). The ICD 
evolved first, and has been through several iterations 

Table 1.1 Incidence. of. invasive. cancer. in. the. period. 1996–2001. reported. according. to. age . Modified. from. Bleyer.
et.al .[1] .SEER.Surveillance,.Epidemiology,.and.End.Results

age at diagnosis (years) <5 5–9 10–14 15–19 20–24 25–29 30–34 35–39 40–44

United.States.population,.
year.2000.census,.in.
millions

19 175 20 549 20 528 20 219 18 964 19 381 20 510 22 706 22 441

Incidence.of.invasive.
cancer,.1996–2001,.per.
million,.SEER

206 111 125 203 352 547 843 1289 2094

No .of.persons.diagnosed.
with.invasive.cancer,.year.
2000,.U S 

3,954 2,281 2,566 4,105 6,675 10,602 17,085 29,269 46,993
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[5]. The ICCC was developed later [6] to better charac-
terize the pediatric cancers than did the ICD. The ICD 
was based primarily on the site in the body where can-
cer arises (e.g., gastrointestinal tract, genitourinary 
system, respiratory system, and the breast), which is 
relatively easy to determine in the adult patient in part 
because most adult cancer at the time of diagnosis is 
localized. The vast majority of pediatric cancers are 
usually disseminated when they are diagnosed and 
only the tissue of origin can be determined. The ICD is 
therefore topographic and the ICCC is primarily his-
tology-based. A proposal that synthesizes the ICCC 
and ICD systems for adolescents and young adults has 
been published [7]. More information on classification 
and how the epidemiology data were tabulated may be 
found in the monograph cited previously [1].

1.2.2 incidence

In the United States, as in most economically advan-
taged countries of the world, 2% of all invasive cancer 
occurs in the 15-year interval between the ages of 15 
and 30 years. This compares with cancer before age 
15 years, which accounts for 0.75% of all cancers. There 
are 2.7 times more patients diagnosed during the 
 second 15 years of life than during the first 15 years. At 
the turn of the millennium, in the year 2000, nearly 
21,400 persons in the United State of 15 to 29 years of 
age were diagnosed to have invasive cancer (Table 1.1). 
Since the incidence of cancer increases exponentially 
as a function of age between 10 and 80 years of age 
(Fig. 1.1), approximately half of these patients are 25 to 
29 years of age.

1.2.2.1 age-Specific incidence

Figure 1.1 shows the incidence of all invasive cancer in 
the United States from 1975 to 2000 as a function of 5-
year age intervals from birth to 85+ years. The straight 
line in Fig. 1.1B, which is presented on a logarithmic 
scale, indicates that the incidence increases exponen-
tially with age from 10 to 55 years, and throughout the 
adolescent and young adult years, which suggests that a 
common age-dependent oncogenic process is active, 
such as telomerase shortening, or that the mutation-to-
malignancy rate constantly increases with age.

1.2.2.2 gender-Specific incidence

Figure 1.2 shows the incidence of all invasive cancer in 
the United States from 1975 to 2000 as a function of 
5-year age intervals from birth to 85+ years separately 
for females (Fig. 1.2A) and males (Fig. 1.2B). Females 
demonstrate the exponential risk pattern from age 10 
to 50 years. Males have a third peak that appears dur-
ing the young adult age range, at approximately 

Incidence.of.all.invasive.cancer.in.the.United.States.
from.1975.to.2000.as.a.function.of.5-year.age.
intervals.from.birth.to.85+.years .The.ordinate.is.
linear.in.A.and.logarithmic.in.B .The.straight line.in.
B.indicates.that.the.incidence.is.exponentially.
correlated.with.age.from.10.to.55.years,.and.
throughout.the.adolescent.and.young.adult.years .
Surveillance,.Epidemiology.and.End.Results.(SEER),.
1975–2000

Figure 1.1

A

B
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25 years of age. This intermediate peak may have 
occurred in males as a result of Kaposi sarcoma and 
HIV-related lymphoma during the AIDS epidemic of 
the 1980s and early 1990s. Alternatively, another age-
dependent oncogenic mechanism may occur in young 
adult males that may also contribute to their risk.

Figure 1.3 demonstrates the dependence on age of 
the relative risk of developing cancer in males versus 
females. The male:female ratio has a nadir between the 
ages of 40 and 45 years, during which females are 
almost twice as likely to develop invasive cancer. At 
both ends of the age spectrum, in children and older 
adults, the ratio is reversed. Boys are 10 to 25% more 

likely than girls to develop cancer, and older adult 
males are much more likely than the opposite sex to 
suffer a malignancy. The switchover from a male pre-
dominance in childhood to a female predominance 
occurs in the 15 to19 year age group. Between the ages 
of 10 and 40 years, the male:female ratio declines lin-
early to the 40- to 45-year nadir.

1.2.2.3 ethnicity-Specific incidence

The dependence of cancer incidence on race and eth-
nicity as a function of age is shown in Figs. 1.4 and 1.5. 
The non-Hispanic white population has had the high-
est incidence during the first 40 years of life. Over the 
age of 40 years, African Americans have been at the 
highest risk. Americans of Hispanic/Latino, Asian, 
and Pacific Islander descent are the next most likely. 
American Indians and Native Alaskans have had the 
lowest incidence at all ages. Males and females each 
follow the race/ethnicity incidence patterns described 
above, with males demonstrating more marked differ-
ences (Fig. 1.6).

1.2.2.4 types of cancer

The common types of cancer and their relative propor-
tion of all invasive cancers that occurred in 51,479 15- 

Incidence.of.all.invasive.cancer.in.the.United.States.
from.1975.to.2000.as.a.function.of.5-year.age.
intervals.from.birth.to.85+.years.among.females.(A).
and.males.(B),.each.expressed.on.semi-logarithmic.
coordinates .SEER,.1975–2000

Figure 1.2

The.relative.risk.of.developing.cancer.in.males.versus.
females:.dependence.on.age .SEER,.1975–2000

Figure 1.3

A

B
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to 29-year-old Americans registered by SEER during 
the period 1975–2000 is shown in Fig. 1.7. Lymphoma 
accounted for the largest proportion, 19% of all cases, 
with Hodgkin lymphoma the most frequent, account-
ing for 12% of all cases by itself. Second in frequency 
was melanoma (11%) and testis cancer (11%), followed 
in rank order by female genital tract malignancies 
(10%, predominantly carcinoma of the uterine cervix 
and ovary), thyroid cancer (10%), soft-tissue sarco-
mas (8%), leukemia (6%), brain and spinal cord 

tumors (6%), breast cancer (5%), bone sarcomas (3%, 
predominantly osteosarcoma and Ewing tumor), and 
extragonadal germ cell tumors like teratocarcinoma 
and dysgerminoma (2%).

The distribution of the most frequent cancers within 
5-year age intervals within the 15- to 29-year age range 
is shown in Figs. 1.8–1.10. The most dramatic changes 
in the types of cancer as a function of age between 15 
and 29 years of age are melanoma (from 9th most fre-
quent in the 15- to 19-year age group to 1st most fre-
quent in the 25- to 29-year age group), leukemia (from 
2nd most frequent to 11th), female genital tract malig-
nancies (from 10th to 2nd most frequent), testicular 
carcinoma (8th to 3rd), and bone sarcomas (5th to 
12th).

The.incidence.of.all.invasive.cancer.according.to.
race/ethnicity.as.a.function.of.age.from.birth.to.
+45.years .SEER,.1990–1999

Figure 1.4

The.incidence.of.all.invasive.cancer.according.to.
race/ethnicity.as.a.function.of.5-year.age.intervals.
from.birth.to.44.years .SEER,.1990–1999

Figure 1.5

The.incidence.of.all.invasive.cancer.according.to.
race/ethnicity.as.a.function.of.5-year.age.intervals.
from.birth.to.44.years.among.females.(A).and.
males.(B) .SEER,.1990–1999

Figure 1.6

A

B
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1.2.2.5 trends in incidence

Between 1975 and 2000, cancer increased in incidence 
in all age levels below 45 years of age (Fig. 1.11). Most of 
the increase in incidence in 25- to 44-year-olds occurred 
in males (Fig. 1.12), in large part due to increases in soft-

tissue sarcoma (notably Kaposi sarcoma), non-Hodgkin 
lymphoma, and testicular carcinoma (Fig. 1.13). Among 
females less than 45 years of age, the greatest increases 
occurred in germ cell tumors (Fig. 1.14).

There is evidence that the increase in incidence has 
declined among 15- to 29-year-olds, with a leveling off 

The.common.types.of.cancer.and.their.relative.
proportion.of.all.invasive.cancers.that.occurred.in.
51,479.15-.to.29-year-old.Americans.registered.by.
SEER.during.the.period.1975–2000

Figure 1.7

The.distribution.of.the.most.frequent.cancers.within..
5-year.age.intervals.within.the.15-.to.19-year.age.
range .The.total.number.of.patients.available.for.
analysis.was.9,055 .SEER,.1975–2000

Figure 1.8

The.distribution.of.the.most.frequent.cancers.within..
5-year.age.intervals.and.within.the.20-.to.24-year.
age.range .The.total.number.of.patients.available.for.
analysis.was.15,475 .SEER,.1975–2000

Figure 1.9

The.distribution.of.the.most.frequent.cancers.within..
5-year.age.intervals.within.the.25-.to.29-year.age.
range.is.shown.in.Figs .The.total.number.of.patients.
available.for.analysis.was.26,949 .SEER,.1975–2000

Figure 1.10
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of the incidence rate among 15- to 24-year-olds and a 
decrease after a peak in the late 1980s and early 1990s 
in 25- to 29-year-olds (Fig. 1.15). The latter is primar-
ily due to cancers related to the HIV epidemic that 
occurred during the years before the rise in cancer 
incidence during the early 1980s in this age group.

1.2.3 Mortality and Survival

1.2.3.1 age- and gender-Specific Mortality

The national mortality rate of all invasive cancer as a 
function of age at death in shown in Fig. 1.16. Largely, 

Change.in.the.incidence.of.all.invasive.cancer.
between.1975.and.2001 .SEER,.1975–2001

Figure 1.11

Change.in.the.incidence.of.all.invasive.cancer.
between.1975.and.2001.according.to.gender .SEER,.
1975–2001

Figure 1.12

Increase.in.the.incidence.of.cancer.among.males.
between.1975.and.1998,.compiled.from.SEER.data

Figure 1.13

Increase.in.the.incidence.of.cancer.among.
females.between.1975.and.1998,.compiled.
from.SEER.data

Figure 1.14
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the age-dependent cancer mortality rate reflects the 
incidence profile (Fig. 1.6). More males die of cancer 
above age 45 years (Fig. 1.16, inset). From 30 to 
45 years of age, deaths among females predominate. In 
younger patients, the mortality rate is higher among 
males (Fig. 1.16). Figure 1.17 shows the gender-spe-
cific ratio of the mortality rate to the incidence rate for 
the era 1975–2000. When the mortality rate is consid-
ered relative to the variation in incidence, it can be 
seen that, among all age groups from age 10 to 45 years 
of age, more men than women have died of cancer. 
This suggests that the cancers that occurred in adoles-
cent and young adult males during 1975–2000 were 
more lethal than those in women, or that the treatment 
was less effective or efficacious.

1.2.3.2 ethnicity-Specific Mortality

Figures 1.18 and 1.19 present the mortality rate for all 
invasive cancer according to ethnicity and age of death 
up to 45 years. The mortality rate generally reflects the 
incidence rate (Figs. 1.4 and 1.5), with the exception of 
the population of 15- to 44-year-old African-
 Americans, who had a higher mortality rate relative 
to their incidence than any of the other races/ethni-
cities evaluated.

1.2.3.3 trends in Mortality

The mortality rate from invasive cancer declined dur-
ing the period 1975–2000 in all age groups below age 
45 years, but the least improvement occurred in the 
20- to 44-year-olds (Fig. 1.20). This pattern – less prog-
ress among young adults than among children and 
young adolescents – is true for both genders (Fig. 1.21) 

Change.in.the.incidence.of.invasive.cancer.in.three.
different.age.groups.(15.to.19.years,.20.to.24.years,.
and.25.to.29.years).as.a.function.of.the.year.of.
diagnosis .SEER,.1975–2000

Figure 1.15

The.national.mortality.rate.of.all.invasive.cancer.as.a.
function.of.age.at.death.in.the.period.1975–2000

Figure 1.16

Ratio.of.national.mortality.rate.to.SEER.incidence.for.
all.invasive.cancer.among.males.and.females.in.the.
period.1975–2000

Figure 1.17
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and for whites and African Americans (Fig. 1.22). 
Among African Americans, however, the rate of prog-
ress in reducing cancer mortality was considerably 
lower, particularly among the 15- to 24-years olds 
(Fig. 1.22).

1.2.4 Survival

In the United States, cancer and suicide are the leading 
causes of nonaccidental death among adolescents and 
young adults. Among 20- to 39-year-olds, cancer 
causes more deaths than heart disease, HIV infection, 

National.mortality.rate.of.all.invasive.cancer.in.the.
United.States.according.to.race,.including.American.
Indians/Alaskan.natives,.in.the.period.1990–2000,.as.
a.function.of.5-year.age.intervals.from.birth.to.
44.years

Figure 1.19

National.mortality.rate.of.all.invasive.cancer.in.the.
United.States.according.to.race,.including.American.
Indians/Alaskan.natives,.in.the.period.1990–2000,..
as.a.function.of.age.from.birth.to.45+.years

Figure 1.18

Change.in.the.national.mortality.rate.of.all.inva-
sive.cancer.in.the.United.States.during.the.period.
1975–2000

Figure 1.20

Change.in.the.national.mortality.rate.of.all.inva-
sive.cancer.in.the.United.States.during.the.period.
1975–2000,.as.a.function.of.gender

Figure 1.21
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diabetes mellitus, chronic liver disease (including 
 cirrhosis), cerebrovascular disease, and congenital 
anomalies (Table 1.2) [8]. In females, deaths caused by 
cancer occur at more than twice the frequency of the 
second leading cause of death caused by disease 
(Table 1.2).

Rates of survival up to 20 years after a diagnosis of 
invasive cancer is shown in Fig. 1.23 for all patients 
followed by SEER during the period 1975–1999, and 
in Figs. 1.24 and 1.25 for the females and males during 

this era, respectively. Among 15- to 29-year-olds and 
females 30 to 44 years of age, survival after an invasive 
cancer diagnosis was comparable to that in persons 
who were younger than age 15 years when diagnosed. 
In males older than 30 years, survival was worse. 
Above age 45 years, survival was considerably worse, 
and comparable in men and women, in large part due 
to death from causes other than cancer.

Survival as a function of race/ethnicity among 15- to 
29-year-olds with cancer is shown in Fig. 1.26; the era is 
more recent (and the follow-up shorter), 1992–1999, 
since race/ethnicity data for other than whites and Afri-
can Americans were not available until the 1990 census. 
American Indians and Native Alaskans have had the 
worst survival, with more than 35% of the patients 
dying within 2 years, nearly twice the death rate 
observed among other races/ethnicities. African Ame-
ricans have had the second worst survival outcome.

Figures 1.27–1.29 display the average annual per-
cent change (AAPC) in 5-year relative survival of 
patients diagnosed between 1975 and 1997, inclusive, 
as a function of age at diagnosis, in 5-year age incre-
ments [9]. Relative survival refers to adjustment of the 
observed survival relative to the survival expected 
from population norms of the same age, and thereby 
partially corrects for deaths due to causes other than 
cancer. The average annual percent change in survival 

Change.in.the.national.mortality.rate.of.all.
.invasive.cancer.in.the.United.States.during.the.
period.1975–2000,.as.a.function.of.race

Figure 1.22

Table 1.2 Top.eight.causes.of.death.due.to.disease.in.those.aged.20.to.39.years.in.the.United.States.in.2002.(accidents.
and.homicides.excluded) .Modified.from.Jemal.et.al .(2005).[8] .HIV.Human.immunodeficiency.virus,.Dis..disease,.Cong..
congenital,.Cerebrovasc..cerebrovascular

Male & Female deaths Males deaths Females deaths

1 Suicide 10,684 1 Suicide 8,771 1 Cancer 5,403

2 Cancer 10,029 2 Heart.diseases 5,590 2 Heart.diseases 2,640

3 Heart.diseases 8,230 3 Cancer 4,626 3 Suicide 1,913

4 HIV.disease 4,597 4 HIV.disease 3,206 4 HIV.disease 1,391

5 Diabetes.mellitus 1534 5 Diabetes.mellitus 905 5 Cerebrovasc .Dis 740

6 Chronic.Liver.Dis 1327 6 Chronic.Liver.Dis 852 6 Diabetes.mellitus 629

7 Cerebrovasc .Dis 1482 7 Cerebrovasc .Dis 742 7 Chronic.Liver.Dis 475

8 Cong .Anomalies 983 8 Cong .Anomalies 552 8 Cong .Anomalies 431
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for females and males are evaluated separately in 
Figs. 1.28 and 1.29. An explanation of how SEER 
applies the AAPC and relative survival parameters is 
given in Bleyer et al (2006) [10].

Steady progress in improving the 5-year survival 
rate has occurred among children and older adults. 

Between 15 and 45 years of age, however, progress in 
survival improvement has been a fraction of that 
achieved in younger and older patients, and among 
patients 25 to 35 years of age, there has been no evi-
dence of an improvement in survival from all invasive 
cancers considered together since 1975 (Fig. 1.27). 

Rates.of.survival.up.to.20.years.after.a.diagnosis.
of.invasive.cancer.according.to.age,.in.the.period.
1975–1999.(SEER)

Figure 1.23

Rates.of.survival.among.females.up.to.20.years.after.
a.diagnosis.of.invasive.cancer.according.to.age,.in.
the.period.1975–1999.(SEER)

Figure 1.24

Rates.of.survival.among.males.up.to.20.years.after.a.
diagnosis.of.invasive.cancer.according.to.age,.in.the.
period.1975–1999.(SEER)

Figure 1.25

Short-term.survival.as.a.function.of.race/ethnicity.
among.15-to-29-year-olds.diagnosed.with.invasive.
cancer.during.the.period.1992–1999.(SEER)

Figure 1.26
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Most of the older adolescent–young adult deficit has 
occurred among males (Fig. 1.28), but females have 
not been spared (Fig. 1.29).

To determine whether the early-adult survival gap 
was apparent at follow-up time points earlier and later 
than 1 year, 1- and 10-year relative survival intervals 
were examined and compared with the 5-year relative 
survival (Fig. 1.30) [10]. In this analysis, the survival 
rates during the 1995–1999 era were compared with 
those of the 1975–1999 era and expressed as the per-
centage improvement since the earlier era, and indi-
vidual year-to-year age groups were evaluated instead 
of the 5-year age groupings. All three survival param-
eters (1-, 5- and 10-year survival rates) showed the 
same profile (Fig. 1.30A), with a nadir in progress 
occurring between the ages of 25 and 40 years (the red 
zone in Fig. 1.30). The 10-year survival pattern showed 
an even greater disparity with progress made in other 
age groups, than either the 1- or 5-year follow-up data. 
As in the analyses that utilized the average percent 
change method, young adult males exhibited a more 
striking deficit than females of the same age group 
(Fig. 1.30B).

1.2.4.1 conditional Survival

Conditional survival expresses change in prognosis for 
survivors as a function of their time since diagnosis 
[11]. When applied to cancer, this matrix estimates the 
risk of dying after an interval of survival and allows 
survivors and their healthcare providers to know what 
the risks are at intervals after diagnosis, and to base 
prognostication and follow-up accordingly [12, 13].

Change.in.the.5-year.relative.survival.rate.of.all.
invasive.cancer.in.the.period.1975–1997.(SEER)..
as.a.function.of.5-year.age.increments

Figure 1.27

Change.in.the.5-year.relative.survival.rate.of.females.
with.invasive.cancer.in.the.period.1975–1997.(SEER)..
as.a.function.of.5-year.age.increments

Figure 1.28

Change.in.the.5-year.relative.survival.rate.of.males.
with.invasive.cancer.in.the.period.1975–1997.(SEER)..
as.a.function.of.5-year.age.increments

Figure 1.29
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The NCI SEER database was used to determine the 
conditional survival of 15- to 29-year-olds diagnosed 
with cancer during the period 1975–2000 and to com-
pare their results with younger and older patients 
diagnosed during the same interval. In Fig. 1.31, the 
observed conditional survival is shown for four age 
groups: younger than 15 years, 15 to 29 years, 30 to 
44 years, and 45 years and older when diagnosed with 
cancer. The upper panel shows absolute survival (free-

dom from death of any cause) and the lower panel 
depicts relative survival (freedom from death attribut-
able to having had a diagnosis of cancer). Whereas 15- 
to 29-year-olds diagnosed with cancer during the past 
quarter century had a better prognosis at diagnosis (as 
shown by the values in Fig. 1.31 at time zero), their 
probability of survival thereafter did not increase as 
rapidly as it did in younger and older patients, particu-
larly for relative survival.

A.Comparison.of.the.1-year.(blue diamonds),.5-year.
(red triangles),.and.10-year.(green circles).survival.
rates.during.the.period.1995–1999.compared.with.
those.of.the.period.1975–1999,.expressed.as.the.
percentage.improvement.since.the.earlier.era,.as.a.
function.of.individual.year-to-year.age.groups.
(SEER) .B.Percentage.improvement.in.overall.survival.
among.females.(pink).and.males.(blue).as.a.function.
of.age.at.diagnosis.during.the.period.1995–1999 .
The.red zone.indicates.a.nadir.in.progress.between.
the.ages.of.25.and.40.years

Figure 1.30

Improvement.in.5-year.conditional.survival.(freedom.
from.death.of.any.cause).for.four.age.groups:.
younger.than.15.years,.15–29.years,.30–44.years,.and.
45.years.and.older.when.diagnosed.with.all.invasive.
cancer,.during.the.first.5.years.following.diagnosis.
(SEER,.1975–2000) .Upper panel.Observed.survival.
(freedom.from.death.by.any.cause);.lower panel.
relative.survival.(freedom.from.death.due.to.cancer)

Figure 1.31

A

B
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Conditional survival in all SEER-registered patients 
with cancer at 1, 2, 3, and 5 years after diagnosis as a 
funktion of age is shown in Fig. 1.32. A deficit among 
15- to 29-year-olds is apparent at the earliest follow-up 
and continues at the same magnitude throughout the 
5-year postdiagnosis period.

The conditional relative survival 5 years after diag-
nosis is further analyzed in Fig. 1.33 for 5-year age 
intervals. The upper panel demonstrates the absolute 
percent improvement in conditional survival from 
1975 to 2000. The lower panel shows the AAPC, using 
the same method as shown for change in survival at 
diagnosis (Fig. 1.27). In both cases, the 20- to 29-year 
age group had the least improvement in conditional 
survival, and those 15 to 19 years of age at diagnosis 
had the next worst improvement

These profiles may be interpreted to mean that dur-
ing the past 25 years, young adults with cancer have 
not enjoyed the improved prognosis with the passage 
of time since diagnosis to the extent that younger and 
older patients have. This deficit in progress is in addi-
tion to the deficit in survival improvement measured 
at diagnosis described above and shown in Figs. 1.27–
1.30).

The reason for a deficit in conditional survival 

among young adults relative to younger and older 
patients is not known. One explanation is that the 
kinds of cancer that occur in this age group are dis-
tinctly different than those that occur in younger and 
older persons. It is possible that the mix of sarcomas, 
lymphomas (both Hodgkin and non-Hodgkin lym-
phoma), leukemia, thyroid cancer, melanoma, testicu-
lar carcinoma, breast cancer, and carcinoma of the 
uterine cervix that occurs in young adults may not 
have the same year-to-year improvement as the array 
of cancers in younger and older patients. It is possible 
that it may take longer in the young adult age group 
than 5 years after diagnosis to realize an eventual over-
all gain that matches younger and older patients. 
Another possibility is that the therapeutic gains made 
in younger and older patients have not occurred to the 

Comparison.of.improvement.in.5-year.conditional.
relative.survival.(freedom.from.death.by.cancer)..
at.1,.2,.3,.and.5.years.after.diagnosis.of.any.invasive.
cancer.as.a.function.of.age.at.diagnosis.(SEER,.1975–
2000)

Figure 1.32

Improvement.in.5-year.relative.conditional.survival.
(freedom.from.death.due.to.cancer).5.years.after.
diagnosis.of.all.invasive.cancer.as.a.function.of.age.at.
diagnosis.from.birth.(<1.year).and.then.at.5-year.age.
groups.to.85+.years.(SEER,.1975–2000) .Upper panel.
Absolute.improvement.from.1975.to.2000;.lower 
panel.Average.annual.percent.change.(AAPC).during.
the.period.1975–2000

Figure 1.33
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same degree in young adults and older adolescents – 
an explanation that has been applied to the deficit in 
survival at the time of diagnosis. Either way, however, 
survival at diagnosis and conditional survival up to 
5 years after diagnosis indicates that young adults and 
older adolescents deserve a better trend in outcome 
than that which has occurred during the last quarter 
century.

1.2.5 etiology and risk Factors

As in younger patients, little is known about the causes 
of cancer in adolescents and young adults. Whereas 
cancers in infants and young children are likely to be 
influenced strongly by congenital and prenatal factors, 
and cancers in the elderly population are most strongly 
linked with environmental causes, the cancers in 
young adults and older adolescents may be a combina-
tion of both. Very few cancers in this age group have 
been attributed directly to single environmental or 
inherited factors. An exception is clear cell adenocar-
cinoma of the vagina or cervix in adolescent females, 
with most cases caused by diethylstilbestrol taken 
 prenatally by their mothers in an attempt to prevent 
spontaneous abortion. Radiation-induced cancer may 
occur in adolescents and young adults after exposure 
during early childhood. In fact, many of the adolescent 
and young adult cancers that have been linked to an 
identifiable cause are second malignant neoplasms in 
patients who were treated with chemotherapy and/or 
radiotherapy for a prior cancer.

Given that the duration of exposure to potential 
environmental carcinogens is directly proportional to 
age, it is not surprising that tobacco-, sunlight-, or diet-
related cancers are more likely to occur in older adoles-
cents than in younger persons. With the probable excep-
tion of melanoma, cancers known to have been related 
to environmental exposures in older adults have not 
been implicated with any certainty to environmental 
agents in 15- to 30-year-olds. In most people, it appears 
to take considerably longer than one or two decades for 
these environmentally related cancers to become mani-
fest. The logical hypothesis is that adolescents who 
develop cancer after a carcinogenic exposure have a pre-
disposing genotype. For example, melanoma is more 
common among Australian adolescents than among 

those elsewhere in the world, as described above. The 
Australia data does suggest that solar exposure may be 
able to induce skin cancer before the end of the second 
decade of life, at least in that part of the world.

Besides intense sun exposure, exposure to other 
environmental carcinogens, including tobacco, recre-
ational drugs, alcohol, and sexually transmitted dis-
eases, begins or intensifies during this age period. 
Cancer control efforts to reduce teenage exposure to 
these carcinogens are unlikely to affect rates of cancers 
in adolescents, but should decrease rates in adults.

Lymphoma, sarcoma, melanoma, and cancer of the 
breast, thyroid, colon, and liver may also occur at 
higher frequency during this period of life in persons 
with inherited conditions (see Chaps. 9, 11, 12, 16–18, 
and 20). On aggregate, however, these cancers account 
for only a small proportion of the cancers that occur 
during adolescence and early adulthood.

1.3 diagnosis

1.3.1. Signs and Symptoms

With few exceptions, the signs and symptoms of can-
cer in young adults and older adolescents are similar to 
those of the same cancer in younger and older patients. 
Nonetheless, knowing the most common sites of dis-
ease in this age group helps in directing the evaluation 
of the symptoms and in formulating the most appro-
priate differential diagnosis. The examiner who is not 
aware of the prominence of sarcomas, thyroid and tes-
ticular cancer, and melanoma in this age group may 
overlook these possibilities when taking the history 
and performing the physical examination.

Because of the psychological and social factors that 
affect adolescents and young adults, patients in this 
age range may be at higher risk for a delay in diagnosis, 
a factor that may impact their cancer survival. In a 
study of the interval between symptom onset and diag-
nosis (lag time) in 2,665 children participating in Pedi-
atric Oncology Group therapeutic protocols between 
1982 and 1988, Pollock and colleagues found by multi-
variate analysis that for all solid tumors except Hodg-
kin lymphoma, lag time increased as age increased 
[14]. In addition, data from the University of Texas 
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MD Anderson Cancer Center indicates, that among 
15- to 29-year-olds with newly diagnosed, previously 
untreated cancer, the lag time to diagnosis was corre-
lated with the quality of health insurance. Those with 
public or no health insurance had statistically longer 
lag times in five of the six cancers evaluated [15, 16]. In 
multivariate analysis, only the type of cancer and qual-
ity of health insurance were significantly correlated 
with lag time. Gender, age subgroup, race/ethnicity, 
religion, marital status, rural vs. urban residence, and 
median household income and population density of 
the zip code of residence were not correlated.

The reasons for delay in seeking medical care and 
obtaining a diagnosis are multiple:
1.  Adolescents and young adults have a strong sense 

of invincibility. Out of denial, they may delay see-
ing a physician for symptoms. Even when seen, 
they may give poor historical information, espe-
cially to a physician untrained to “read between the 
lines” of an adolescent’s history. Some of the most 
advanced disease presentations occur in adoles-
cents. We have had older adolescents with extraor-
dinarily large masses of the breast, testes, abdomen, 
pelvis, and extremity that they had harbored for 
months because they were too embarrassed to 
bring the problem to anyone’s attention.

2.  Too many young adults are not receiving routine 
medical care. Young adults and older adolescents 
have the lowest rate of primary care use of any age 
group in the United States [17]. Regardless of 
health insurance status, adolescents and young 
adults are more likely than younger children to 
lack a usual source of care. Without a primary phy-
sician who knows the patient’s baseline heath sta-
tus, the symptoms of cancer can be missed.

3.  Physicians may be poorly trained or unwilling to 
care for adolescents and young adults.

4.  Adolescents and young adults are not “supposed 
to” have cancer. Clinical suspicion is low, and 
symptoms are often attributed to physical exertion, 
fatigue, and stress.

5.  Young adults are the most underinsured age group, 
falling in the gap between parental coverage and 
programs designed to provide universal health 
insurance to children (Medicaid and Children’s 
Health Insurance Programs), and the coverage 

supplied by a full-time secure job. Lifetime unin-
sured rates for those who present for care peak for 
females between ages 15 and 17 years (19%) and 
for males between ages 18 and 21 years (24%). True 
uninsured rates are likely to be higher, as those 
who do not present for care may not do so because 
of lack of insurance [18–21].

Given the lack of routine care, empowering young 
adults and older adolescents for self-care and detec-
tion is important. Certainly, self-examination of the 
skin and, in females, of the breasts should be encour-
aged. However, at this age, it may be most difficult to 
teach the importance of early detection of cancer, 
because at no other time in life is the sense of invinci-
bility more pervasive. Adolescents should be taught 
especially to examine themselves for cancers that 
increase in incidence during this time period. This is 
particularly true for testicular self-examination, a sub-
ject that is obviously difficult to bring up and teach at 
this age. On the other hand, there is little evidence that 
testicular self-examination screening is effective. The 
American Cancer Society encourages self-examina-
tion of the skin and breasts, and increasing the aware-
ness of testicular cancer in young men, but routine 
testicular self-examination is not recommended. 
Teaching testicular cancer awareness to high school 
and college students may not be as difficult as it may 
seem. A preliminary assessment of teaching testicular 
self-examinations showed that anxiety was no greater 
in students who were exposed to presentations on tes-
ticular cancer and testicular self-examination than in 
those who did not receive this training [22]. In addi-
tion, efforts should be made to educate teenagers about 
the treatment and cure rates of cancer in children and 
young adults in order to dispel the fatalistic perception 
that arises from knowing older individuals (grand-
parents and others) who have died from cancer.

1.3.2  radiologic and Pathologic 
 considerations

A diagnosis in adolescents and young adults may be 
more favorably facilitated compared to children. Young 
adults are able to describe and localize signs and symp-
toms of the malignancy and biopsy specimens are more 
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easily obtained. Knowing the most common sites and 
histology of malignancies in the age group assists in 
evaluating symptoms and in selecting the most appro-
priate imaging and biopsy procedures. Noninvasive 
imaging without the need for sedation, endoscopy, and 
minimally invasive surgery are all available for patients 
in this age group. Although these are used more often 
in adolescents and young adults than in children 
because they are easier to obtain, it is possible that they 
are underused in this group in comparison with older 
patients, because of a lack of insurance and other eco-
nomic constraints, difficulty taking time off from work, 
transportation limitations, and a lack of understanding 
on the part of the professional staff as to what diagnos-
tic and staging procedures are appropriate.

1.4 treatment

As is true at any age, treatment depends on the type 
and stage of the tumor. In general, however, the thera-
peutic management of cancers in adolescents and 
young adults differs from that in adults because of 
physiologic, psychological, and social differences. 
Although there is a dearth of publications that address 
these issues, several provide advice on how to manage 
the cancers that occur in this age group [23–33].

1.4.1  choice of treatment Setting and 
 Specialist

A central, complex issue is the appropriate specialist to 
manage the treatment of the young adult and adoles-
cent – a pediatric oncologist or an adult oncologist 
(medical, radiation, surgical, or gynecologic oncolo-
gist). Leonard and his colleagues surmised that, at least 
in the United Kingdom, adult oncologists are “untu-
tored in arranging ancillary medical, psychological, and 
educational supports that are so important to people 
who are facing dangerous diseases and taxing treatment 
at a vulnerable time in their lives” and “unpracticed in 
managing rare sarcomas,” and pediatric oncologists 
“have little to no experience in epithelial tumors or 
some of the other tumors common in late adolescence” 
[34]. The (admittedly biased) American Academy of 
Pediatrics issued a consensus statement in 1997, in 

which it indicated that referral to a board-eligible or 
board-certified pediatric hematologist-oncologist and 
to pediatric subspecialty consultants was the standard 
of care for all pediatric and adolescent cancer patients 
[35]. A wider consensus panel that included adult 
oncologists, the American Federation of Clinical Onco-
logic Societies, also concluded that “payors must pro-
vide ready access to pediatric oncologists, recognizing 
that childhood cancers are biologically distinct” and 
that the “likelihood of successful outcome in children is 
enhanced when treatment is provided by pediatric can-
cer specialists” [36]. However, neither of these state-
ments defines an age cutoff for the recommendation.

Currently, the choice of specialist is made haphaz-
ardly and probably depends on the decision of the 
referring physician. Younger children obtain care pri-
marily from pediatricians who refer to pediatric cen-
ters and specialists. Young adult and older adolescent 
patients are seen by a breadth of specialists for their 
presenting symptoms of cancer. These include inter-
nists, family physicians, gynecologists, emergency 
room physicians, dermatologists, gastroenterologists, 
neurologists, and other specialists. These physicians 
may have very different referral patterns [37]. In addi-
tion, when a referral of a young adult or adolescent 
patient is made to an oncologic subspecialist, the latter 
may be a medical, radiation, surgical, or gynecologic 
oncologist, or other oncologic specialist.

The switch from predominantly pediatric specialist 
management to adult management occurs not at age 
21 years, or even at age 18 years, as might be expected, 
but around age 15 years. A cancer registry review in 
Utah, a state that has only one pediatric oncology 
treatment facility, showed that only 36% of oncology 
patients aged 15–19 years were ever seen at the pediat-
ric hospital [38]. A study of the National Cancer Data 
Base found that, for nearly 20,000 cases of cancer in 
adolescents aged 15–19 years, only 34% were treated at 
centers that had NCI pediatric cooperative group affil-
iation [39]. Research is only now being done to ascer-
tain the reasons for this practice pattern.

The answer to which specialist is most appropriate 
certainly varies from case to case. Patients at any age 
who have a “pediatric” tumor, such as rhabdomyosar-
coma, Ewing sarcoma, and osteosarcoma, will proba-
bly benefit from the expertise of a pediatric oncologist, 
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at least in the form of consultation. Children younger 
than age 18 years and their parents may benefit from 
the social and supportive culture of a pediatric hospi-
tal regardless of the diagnosis. Individuals between the 
ages of 16 and 24 years may have varying levels of 
maturity and independence, and the choice of physi-
cian and setting for their care should be determined 
individually. Pediatric oncologists may be less adept at 
a nonpaternalistic relationship with the patient (and 
potentially his or her spouse) and less inclined to con-
sider issues such as sexuality, body image, fertility, and 
the like. Adult oncologists are more accustomed to 
dose delays and adjustments, and may be less willing 
to be aggressive with dosing that can be tolerated by 
the younger patient.

In the end, the decision should be based in large 
part on which setting will provide the patient with the 
best outcome. If these are equivalent, “social” or “sup-
portive” factors should weigh into the decision. Little 
comparative outcome data are available. Stock and col-
leagues compared patients between the ages of 16 and 
21 years who were registered on either a pediatric 
(Children’s Cancer Group, CCG) or adult (Cancer and 
Leukemia Group B, CALGB) treatment protocol 
between 1988 and 1998. The remarkably significant 
results were a 6-year event-free survival of 64% for 
those treated on the CCG study and 38% for those 
treated on the CALGB study [40]. At the University of 
Texas MD Anderson Cancer Center, results of treat-
ment for acute myeloid leukemia (AML) in adults 
improved substantively after treatment derived from 
pediatric trials was introduced into the institution’s tri-
als [41]. The analysis of data from the National Cancer 
Database revealed that adolescents (ages 15–19 years) 
with non-Hodgkin lymphoma, leukemia, liver cancer, 
and bone tumors have a survival advantage if treated at 
an NCI pediatric group institution [23].

The British, although hindered by the limited size of 
their patient population (only 600 cancer cases per 
year between the ages of 13 and 20 years), have pio-
neered the solution of treating young adult and adoles-
cent patients at a unique “adolescent oncology unit” 
[42]. This provides the adolescent with age-specific 
nursing care, recreation therapy, and peer companion-
ship. Perhaps it is appropriate to have as a goal, centers 
and oncologists devoted solely to the care of this group 

of patients. This topic has its controversies and is dis-
cussed further in Chap. 33.

1.4.2 Surgery

In general, surgery is performed more readily and 
anesthesia is easier to administer in larger patients. 
Another advantage is that young adults are generally 
healthier than older patients. The main disadvantage 
in fully grown patients relative to children is that the 
older patients generally have fewer compensatory 
mechanisms to overcome the deficits and disabilities 
resulting from the surgical resection of large tumors. 
Decisions to use sedation and anesthesia commonly 
employed in younger children (e.g., topical anesthetic 
for venipunctures) should be individualized to the 
adolescent/young adult patient, but should not be dis-
missed as unnecessary just because of the patient’s 
“maturity.”

1.4.3 radiation therapy

Compared to children, adolescents and young adults 
are less vulnerable to the adverse effects of ionizing 
radiation. This is particularly true for the central ner-
vous system, the cardiovascular system, connective tis-
sue, and the musculoskeletal system, each of which 
may be irradiated to higher doses and/or larger vol-
umes with less long-term morbidity than in younger 
patients. By analogy, older adolescents who are still 
maturing may be more vulnerable to radiation toxici-
ties than older persons at those sites and tissues that 
are still undergoing development such as the breast 
and gonads. Breast cancer, for example is more likely 
in women who received radiation for Hodgkin lym-
phoma if the radiation was administered between the 
onset of puberty and the age of 30 years [43]. Remark-
ably little is actually known about the differential nor-
mal-tissue effects of radiotherapy in patients between 
15 and 30 years of age.

1.4.4 chemotherapy

The acute and chronic toxicities of chemotherapeutic 
agents are generally similar in children, adolescents, 
and young adults. Exceptions are that older patients in 
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this age range may experience a greater degree of 
anticipatory vomiting, have a somewhat less rapid 
recovery from myeloablative agents, and have fewer 
stem cells in the peripheral blood available for autolo-
gous rescue. Adolescents and young adults certainly 
can tolerate more intensive chemotherapeutic regi-
mens than older adults, because of better organ (espe-
cially renal) function. This should encourage those 
treating patients in this age group to push the limits of 
dose intensification. At the University of Texas MD 
Anderson Cancer Center, the more rigorous pediatric 
regimen for acute lymphoblastic leukemia (ALL) was 
adopted successfully years ago. Subsequently, the cen-
ter also integrated the more intensive AML regimen 
used by pediatric oncologists into the adult therapy 
program for AML. In London, Verrill and his col-
leagues found the use of pediatric regimens for the 
treatment of young adults (ages 16 to 48 years) with 
Ewing sarcoma “rational and feasible” without exces-
sive dose delays or modifications [44].

Adherence to therapeutic regimens, particularly 
oral chemotherapy, is also much more problematic in 
teenagers and young adults than in younger and older 
patients [45–48].

1.4.5 Psychosocial and Supportive care

The greatest difference in the management of adoles-
cents and young adult patients is in the supportive 
care, particularly psychosocial care, that they require. 
These patients have special needs that are not only 
unique to their age group but also broader in scope 
and more intense than those at any other time in life.

Young adult and older adolescent patients are on 
the cusp of autonomy, starting to gain success at inde-
pendent decision-making, when the diagnosis of can-
cer renders them “out of control” and often throws 
them back to a dependent role with parents and 
authority figures (by circumstance and/or by choice). 
Sometimes the patient has become distanced from his 
or her nuclear family but has not yet developed a net-
work of adult support relationships. The young adult 
or adolescent patient usually has many new roles they 
are just trying to master when the cancer diagnosis 
hits: high school student, college student, recent grad-
uate, newlywed, new employee, or new parent. How 

can they succeed when, in addition to all of these 
stresses, cancer intervenes? How can they plan and 
begin their future when they suddenly realize that they 
may not have one? What will happen if they cannot 
graduate, keep their friends, finish their education, get 
a good job, marry, have children, or be whatever they 
aspire to be?

Because of the complex issues of dependence, deci-
sion-making during cancer therapy is different for the 
patient, family, and physician of an adolescent/young 
adult than for either younger patients (which is more 
paternalistic) or for the older adult (more patient-cen-
tered). The young adult patient may wish to make his 
or her own decisions, but his or her understanding of 
the illness may be incomplete or flawed [49].

Honing social and interpersonal skills is an impor-
tant developmental milestone during adolescence. 
Cancer treatment for these patients must accommo-
date this important developmental process. We have 
discharged a patient from the intensive care unit to 
allow her to attend her senior prom, and readmitted 
her when the party was over. Yet boundaries must be 
set, so that treatment effectiveness is not compromised 
to keep a “social calendar.” Certainly, cancer therapy 
causes practical problems in social arenas. Adolescent 
and young adult patients, who are developmentally 
dependent on peer-group approval, often feel isolated 
from peers by their experience; the cancer patient’s 
issues are illness and death, while their peers are con-
sumed by lipstick and homework. All adolescents ago-
nize over their personal appearance and hate to be 
singled out or to appear different. In adolescents with 
cancer, having to be isolated from peers and society by 
having a disease that makes them different and having 
to be treated separately is often devastating. In addition, 
many of the adverse effects of therapy can be overwhel-
ming to an adolescent’s or young adult’s self-image, 
which is often tenuous under the best of circumstances. 
Weight gain, alopecia, acne, stunted growth, and muti-
lating surgery to the face and extremities are examples 
of adverse consequences that can be devastating to an 
adolescent’s self-image. In particular, hair loss is cited 
over and over as a huge blow to the adolescent or young 
adult (especially the female) with cancer.

Other challenges include the time away from school, 
work, and community that therapy requires and the 
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financial hardships that occur at an age when eco-
nomic independence from family is an objective. There 
may be guilt if not attending to these responsibilities, 
or stress and fatigue if trying to keep up a semblance of 
normal activity.

This is a period when sexuality, intimacy, and repro-
duction are central. A young adult is supposed to 
attract a mate and reproduce. However, the young 
adult with cancer may feel or look unattractive, may be 
uninterested in or unable to have sex, and may be 
infertile. A feeling of impotence can pervade.

Most patients are in a relationship or hope to be in 
one. However, the relationship will be tested by the 
strain of the cancer diagnosis and its therapy. Patients 
may wonder whether the partner stays in the relation-
ship out of guilt or sympathy. Some significant others 
may feel ignored by medical staff because they are not 
formally a “family member.” After treatment, commit-
ment to the relationship in the face of fear of relapse or 
infertility can be difficult for both parties. Those con-
templating having children often worry about passing 
on a genetic predisposition to cancer.

A wide range of financial situations is seen in the 
young adult population. Some patients are still happily 
dependent on their parents. Some are just striking out 
on their own but, without a long-standing job or sav-
ings, may have to return to dependence on parents or 
get public assistance. Others are trying to begin a 
career, but long work absences threaten their job secu-
rity or growth. As stated above, this age range is the 
most medically uninsured. As a result, many young 
adult patients incur high medical bills, and at a time in 
life when they may least be able to afford them. Future 
insurability is certainly a stressful issue for all of these 
patients.

Medical professionals caring for the adolescents 
and young adults may be used to the psychosocial 
problems more common in either younger children or 
older adults. Extra effort, including patient and family 
support groups specifically geared to this age bracket, 
should be made to uncover and address these needs, to 
increase compliance, reduce stress, and improve the 
quality of life during cancer therapy. Established theo-
ries of developmental behavior should be used to sys-
tematically improve our care of these patients. As 
Christine Eiser states, “only by seeing adolescents with 

cancer as adolescents will we ultimately be acceptable 
as sources of support” [50]. Only by seeing young 
adults with cancer as young adults will we ultimately 
be able to optimize their care.

1.4.6 lack of Participation in clinical trials

More than 90% of children with cancer who are 
younger than 15 years of age are managed at institu-
tions that participate in NCI-sponsored clinical trials, 
and 55 to 65% of these young patients are entered into 
clinical trials. In contrast, only 20 to 35% of 15- to 19-
year-olds with cancer are seen at such institutions, 
and only approximately 10% are entered into a clinical 
trial [51, 52]. Among 20- to 29-year-olds, the partici-
pation rate is even lower, with fewer than 10% being 
seen at member institutions of the cooperative groups, 
either pediatric or adult, and only approximately 1% 
of 20- to 29-year-olds entering clinical trials of the 
pediatric or adult cooperative groups. Among older 
patients, the trial participation rate is higher, puta-
tively between 3 and 5%. The high proportion of older 
adolescent and young adults who are not entered into 
clinical trials is referred to as the “adolescent and 
young adult gap.” This gap has been observed through-
out the United States and spares no geographic region 
or ethnic group [53].

The reasons for the gap are to a large extent unknown 
and are undoubtedly multifactorial, as explained in 
Chap. 5. A factor that does not explain the discrepancy 
is the participation of minority adolescent patients in 
clinical trials. Although minority patients are known 
to be underrepresented in visits to physician offices 
[54], they have equal or higher rates of entry into clin-
ical trials. The participation rate of older adolescent 
patients is lower than rates of younger patients of cor-
responding ethnicity and socioeconomic status.

The dramatically lower clinical trial participation 
rate by young adults may help to explain the lower-
than-expected improvement in their outcome relative 
to younger and older patients. A report on 38,144 
young adults with sarcoma diagnosed during the 
period 1975–1998 and followed by the United States 
SEER program may provide insight into the relative 
lack of progress [55]. In this study, the average annual 
percent change in 5-year survival as a function of 
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patient age was compared with national sarcoma treat-
ment trial data obtained on 3,242 patients entered onto 
NCI-sponsored trials during 1997–2002. For bone and 
soft-tissue sarcomas (except Kaposi sarcoma), the least 
survival improvement occurred between the ages of 15 
and 45 years. For Kaposi sarcoma, the pattern was 
reversed, with the greatest survival increase occurring 
in 30- to 44-year-olds. The lowest participation rate in 
NCI-sponsored sarcoma treatment trials was found to 
be among the 20- to 44-year-olds. For Kaposi sarcoma 
patients, the highest accrual rate was found among the 
35- to 44-year-olds. The age-dependent survival 
improvement and clinical-trial accrual patterns were 
directly correlated (soft-tissue sarcomas, p < 0.005; 
bone sarcomas, p < 0.05; Kaposi sarcoma, p = 0.06), 
regardless of whether the accrual profile demonstrated 
a decline or a peak (Kaposi sarcoma) during early 
adulthood. Thus, the lack of survival prolongation in 
15- to 44-year-old Americans with non-Kaposi sarco-
mas may be a result of their relative lack of participa-
tion in clinical trials. If so, reversing the shortfall in 
survival among young adults with sarcomas, as was 
accomplished in Kaposi sarcoma patients, should ben-
efit from increased clinical trial availability, access, and 
participation.

Studies of younger children have certainly shown a 
survival advantage to children enrolled in clinical trials 
for ALL [56], non-Hodgkin lymphoma [57], Wilms 
tumor [58], and medulloblastoma [59]. Similar analy-
ses of data for adolescents are sparse. In the United 
States and Canada, a comparison of 16- to 21-year-olds 
with ALL or AML showed that the outcome was supe-
rior in patients with either cancer treated on CCG tri-
als than in those not entered [60]. In France, The Neth-
erlands, and North America, older adolescents with 
ALL treated in pediatric clinical trials have fared con-
siderably better than those treated on adult leukemia 
treatment trials [61–63]. In Germany, older adoles-
cents with Ewing sarcoma who were treated at pediat-
ric cancer centers had a better outcome than those 
treated at other centers [64]. In Italy, young adults with 
rhabdomyosarcoma fared better if they were treated 
according to pediatric standards of therapy than if 
treated ad hoc or on an adult sarcoma regimen [65].

On the other hand, a population-based study of 15- 
to 29-year-olds with acute leukemia in England and 

Wales showed no difference between patients treated 
on national clinical trials and those not entered, or 
between those managed at teaching hospitals as 
opposed to nonteaching hospitals [66]. This observa-
tion appears to be exceptional, however, in that subse-
quent national AML trials in the United Kingdom have 
shown some of the best results reported to date [67].

1.4.7 Quality of Survival

The quality of survival, both during and after therapy, 
is a critical issue for adolescents and young adults. 
Quality of life is poor during the months and years 
when most adolescents and young adults with cancer 
are treated, and the acute and delayed toxicities of can-
cer therapy are undeniably among the worst associated 
with the treatment of any chronic disease. The acute 
toxicities of nausea, vomiting, mucositis, alopecia, 
weight gain (or excessive loss), acne, bleeding, and 
infection are generally harder for adolescents to cope 
with than for either younger or older persons. Delayed 
complications may be of low concern to patients in this 
age group during treatment, but after therapy has been 
completed these complications can be frightening and 
real. Cardiomyopathies, growth disturbances, and neu-
ropsychological side effects are examples of adverse 
late effects that are hard to describe in a meaningful 
way before initiating therapy to an adolescent or young 
adult. A particularly tragic example of an unanticipated 
late effect is the development of a second malignancy 
in a patient cured of their original disease.

Many adolescent and young adult cancer survivors 
cite fertility as a primary concern that impacts the 
quality of their life. Most do not recall an adequate dis-
cussion of the risks of infertility or methods to decrease 
the risks with their physician at the initiation of ther-
apy. The risk of infertility for an individual is difficult 
to predict. Direct radiation exposure of the gonad had 
been studied more extensively than other chemother-
apy exposures. Permanent ovarian damage occurs 
between 5 and 20 Gy, with higher doses required in 
younger females [68]. The male germinal epithelium is 
much more sensitive to radiation-induced damage, 
with changes to spermatogonia resulting from as little 
as 0.2 Gy. Testicular doses of less than 0.2 Gy had no 
significant effect on follicle-stimulating hormone 



A .Bleyer.et.al chapter 122

(FSH) levels or sperm counts, whereas doses between 
0.2 and 0.7 Gy caused a transient dose-dependent 
increase in FSH and a reduction in sperm concentra-
tion, with a return to normal values within 12 to 
24 months. No radiation dose threshold has been 
defined above which permanent azoospermia is inevi-
table; however, doses of 1.2 Gy and above are likely to 
be associated with a reduced risk of recovery of sper-
matogenesis. The time to recovery, if it is to occur, is 
also likely to be dose dependent [69]. Cranial radiation 
impairs gonadal hormone synthesis and can result in a 
decreased production of luteinizing and follicle-stimu-
lating hormones. Alkylating chemotherapeutic agents 
carry a high risk of infertility, but the exact dose 
required or the rates associated with combination 
agents are unavailable. Recommendations for preser-
vation, evaluation, and counseling have recently 
become available [70–73].

The quality-of-life issues that arise during and after 
cancer therapy have been the focus of studies in chil-
dren and older adults, but have not received the same 
attention or study in adolescents and young adults. A 
few studies have found certain trends that should be 
tested in future studies. A higher risk-taking behavior 
has been noted among survivors of Hodgkin lym-
phoma occurring during childhood and adolescence 
[74], an observation that does not appear to be limited 
to this disease. On the other hand, evidence also sug-
gests that adolescent and young adult cancer survivors 
show better attendance and performance at school and 
work [75]. Persistent anxiety over relapse, death, or 
late effects is likely to be higher in adolescents who 
were cognitively aware of the severity of their illness 
than in those treated in early childhood (the Damocles 
syndrome) [76]. The paucity of quality-of-life data in 
this age group is another manifestation of the general 
neglect of these patients.

1.5 Summary

Cancer is 2.7 times more likely to develop in a patient at 
the age of 15 to 30 years than during the first 15 years of 
life, and yet is uncommon relative to older ages, account-
ing for 2% of all invasive cancer. Malignant disease in 
persons 15 to 30 years of age has no age counterpart. It 

is unique in the distribution of the types that occur, with 
Hodgkin lymphoma, melanoma, testis cancer, female 
genital tract malignancies, thyroid cancer, soft-tissue 
sarcomas, non-Hodgkin lymphoma, leukemia, brain 
and spinal cord tumors, breast cancer, bone sarcomas, 
and nongonadal germ cell tumors accounting for 95% of 
the cancers in the age group. In the mere 15 years of the 
age span, the frequency distribution of cancer types 
changes dramatically, such that the pattern at age 
15 years does not resemble that at age 30 years. It is 
unique with regard to the physical nature and emotional 
needs of the hosts that develop it, and in the current fail-
ure to improve survival prolongation or mortality reduc-
tion relative to other age groups. Adolescents and young 
adults with cancer also face unique psychosocial chal-
lenges in the arenas of self-image, independence/depen-
dence, finances, and relationships. Fortunately, the inci-
dence increase observed during the past quarter century 
is declining, and in the older end of the age range appears 
to be returning to incidence rate of the 1970s.

Males in the age group have been at higher risk of 
developing cancer, the risk being directly proportional 
to age in the group. Non-Hispanic white people have 
had the highest risk of developing cancer during this 
phase of life, and Asians, American Indians and Native 
Alaskans the lowest. Males have had a worse prognosis, 
as have African-American, American Indians, and 
native Alaskans among the races/ethnicities evaluated.

The most disturbing epidemiologic finding is the 
lack of progress in survival improvement among older 
adolescents and young adults relative to all other ages. 
Whereas the diagnosis of cancer in this age group used 
to carry a more favorable prognosis, on the average, 
relative to cancer at other ages, survival improvement 
trends portend a worse prognosis for young adults 
diagnosed with cancer today. During the last 25 years, 
the incidence of cancer in this age range has increased 
more and the reduction in cancer mortality has been 
lower than in younger or older patients.

Proposed reasons for this gap in outcome include 
lack of health insurance and poor participation by 
older adolescents and young adults with cancer in 
clinical trials: in the United States, only approximately 
1% of 15- to 29-year-olds with cancer are entered onto 
clinical trials, in contrast to more than 50% of younger 
patients.
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Despite the fact that there are nearly three times as 
many cases of cancer in individuals who are 15–
29 years of age as in those less than 15 years of age. Yet 
the former has its own organized cooperative oncol-
ogy group and the latter does not. Adolescent and 
young adult oncology patients should be viewed as a 
distinct age group that, like pediatric, adult, and geri-
atric patients, has unique medical and psychosocial 
needs. This mindset will help bring the problem into 
focus and will help those caring for adolescents or 
young adults to find solutions. A specific discipline for 
this special population is just beginning to evolve. 
Meanwhile, resources should be devoted to educating 
the public, health professionals, insurers, and legisla-
tors about the special needs of these patients. The over-
riding issues to be addressed are the lagging improve-
ments in survival and the special psychosocial needs of 
this age group.

To address this problem, the United States NCI and 
the NCI-sponsored pediatric and adult cooperative 
groups have launched a national initiative to improve 
the accrual of adolescents and young adults with can-
cer into clinical trials. In North America and Australia, 
the newly formed Children’s Oncology Group has 
taken a leadership role in this effort. In conjunction 
with the NCI and NCI-sponsored adult cooperative 
groups, four initiatives were identified as priorities for 
development: (1) improving access to care through 
understanding barriers to participation; (2) develop-
ing a cancer resource network that provides informa-
tion about clinical trials to patients, families, provid-
ers, and the public; (3) enhancing adolescent treatment 
adherence (compliance with protocol-prescribed ther-
apy); and (4) increasing adolescent accrual and adult 
participation in sarcoma trials designed specifically for 
patients in this age group. However, reasons other than 
poor clinical trial participation, such as undescribed 
differences in biology, delays in diagnosis, poor com-
pliance or intolerance of therapy, and treatment by 
physicians less familiar with the disease, may also be 
contributing to this outcome disparity [77], and need 
to be studied.

Surviving adolescence and young adulthood is dif-
ficult enough, even when all is well and health is not 
limiting. Cancer makes this phase of life extraordinarily 
more challenging and demanding. The medical com-

munity caring for these patients should pay special 
attention to the unique transitions faced by adolescents 
and young adults with cancer at the times of diagnosis, 
informed consent, initiation of therapy, school and 
employment reentrance, completion of therapy, post-
treatment follow-up, and switching from pediatric to 
adult care [78, 79]. Ideally, specialized adolescent and 
young adult cancer units should be developed in the 
anticipation that the centralization of care and the 
availability of age-targeted clinical trials will lead to 
improved treatment, survival, and quality of life.

Thus, cancer during adolescence and early adult life 
is an underestimated challenge that merits specific 
resources, solutions and a national focus. Future 
research should elucidate why the outcomes have 
lagged behind and identify the efforts, including better 
clinical trial accrual, that will remedy the disparity. 
Finally, more scholarly and focused attention on the 
unique psychosocial needs of this population will 
improve the quality of their cancer care and the quality 
of their survival.
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2.1 introduction 

The history of adolescent and young adult oncology, as 
a distinct entity, is relatively short. Nevertheless, the 
true chronicle of cancer in the young is centuries old. 
Such history is inevitably intertwined with that of can-
cer and medicine. While reports of adolescents and 
young adults are not specifically recorded, evidence 
indicates that cancer in adolescents precedes and tran-
scends human written history [1–3]. The types of can-
cer most prevalent in this age group have been found 
or reported throughout the ages. One of the earliest 
cases of cancer was found by Louis Leaky in 1932 in 
the remains of either a Homo erectus or an Australo-
pithecus and was suggestive of a Burkitt lymphoma. 
Cancer, including osteosarcoma, which has its peak 
occurrence in the second decade of life, has been found 
in Egyptian mummies. A case of possible osteosar-
coma was also discovered in the mummified skeletal 
remains of a Peruvian Inca. In recorded history, a clear 
description indicating knowledge of cancer dates back 
to at least 1500 BC. The Edwin Smith Egyptian Papy-
rus, which was written between 3000 and 1500 BC, 
describes eight cases of tumors that were treated by 
cauterization with a tool called the “fire drill” [1]. The 
writing on the papyrus admits that there is no treat-
ment. Hippocrates (450–370 BC) recognized the dis-
ease and theorized that it was caused by the imbalance 
of four humors, and specifically excess of black bile 
emanating from the spleen [1]. He recognized the dif-
ference between benign and malignant tumors and 
described cancers of many body sites. It was Hip-
pocrates who coined the terms “carcinos” and “carci-
noma,” Greek words referring to the shape of a crab. 
The crab symbol still has currency as a sign of cancer.
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The earliest documented cure for cancer is found in 
Ramayana, the Hindu epic. This recommends arsenic 
paste to slow down the growth of the tumor. By the 
second century AD, Leonide of Alexandria used a scal-
pel for the first time during an operation which, com-
bined with cauterization to prevent hemorrhage, was 
to destroy the remnants of the cancer. During the same 
century, Galen, the Greek physician, became the first 
known oncologist. He considered metastatic cancer to 
be an incurable disease. By 50 AD, Romans had dis-
covered that some tumors could be resected by surgery 
and cauterized, but no medicine was effective. Little 
was added to the ancient knowledge and treatment of 
cancer up to 1500 AD, when the practice of autopsy, 
later popularized by Harvey (1628), became wide-
spread. In 1761 Giovanni Morgagni of Padua made 
autopsy a routine procedure to relate the disease and 
cause of death. John Hunter, the Scottish surgeon 
(1728–1793), differentiated resectable from nonresect-
able tumors and suggested that some cancers can be 
cured by surgery.

During the same era, causes such as snuff (John Hill 
1761) and exposure to soot (Percival Pott 1775) were 
related to nasal and scrotal cancer, respectively. These 
represent the earliest recognitions of carcinogenesis. 
The first cancer hospital was founded in the 18th cen-
tury in Reims, France, to control the spread of cancer, 
which was then assumed to be an infectious disease. 
During the same period, Joseph Recamier described 
and used the term metastasis to indicate blood-born 
spread of cancer. Rudolph Virchow (1821–1902), a 
German pathologist, correlated microscopic pathol-
ogy with the course of the disease. In 1895, Wilhelm 
Conrad Roentgen discovered the X-ray and was 
awarded the first Nobel Prize for his contribution. 
Three years later, French scientists Pierre and Marie 
Curie discovered radium. Between 1900 and 1950, 
radiotherapy was developed as an effective treatment 
of cancer.

In the more recent era, the search for the etiology of 
cancer had a major boost when, in 1911, Peyton Rous 
demonstrated that sarcomas in Plymouth Rock hens 
can be transferred to normal animals by injection of 
cell-free filtrates of the tumor [4]. He received the 
Nobel Prize for his discovery in 1966. The search for 
other viruses and organisms followed. At one point, 

cancer was incorrectly attributed to parasitic infec-
tions, a “discovery” that erroneously was rewarded 
with a Nobel Prize to Fibiger in 1926 [5].

In 1958 Sir Dennis Burkitt described a type of lym-
phoma, which now bears his name, in African children 
[6]. The geographic distribution and its relation to the 
Epstein-Barr virus and possibility of cure opened a 
new era of research. The introduction of the concept of 
“oncogenes” enhanced the understanding of the con-
trol of cell division in normal and transformed cells 
and their role in cancer [7, 8] and resulted in the pre-
sentation of a Nobel Prize to J. Michael Bishop and 
Harold E. Varmus in 1989.

More recently, revolution in molecular genetic 
research has resulted in a better understanding of 
many types of cancer. The advent of microarry tech-
nology will undoubtedly expand the field. The poten-
tial of genetic technology for therapeutic purposes has 
now been well demonstrated [9, 10]. The development 
of a monoclonal antibody production technique by 
Kohler, Milstein, and Jerne has revolutionized the 
diagnosis and treatment of cancer [11]. For their dis-
covery in 1975, they were awarded the Nobel Prize in 
Medicine in 1984.

Colchicine, benzol, and arsenic were the earliest 
effective chemotherapy agents used for cancer; how-
ever, these had severe side effects. During the Second 
World War it was noted that exposure to mustard gas, 
a chemical warfare agent, resulted in leukopenia. It 
was then deduced that this might damage rapidly 
growing cells in cancer. By the 1940s, intravenous 
mustard was used in mouse and man, and proved to be 
temporarily effective in the control of lymphomas [12, 
13]. This opened the era of chemotherapy and 
encouraged the search for other chemotherapeutic 
agents for the treatment of cancer. In 1947, Sidney Far-
ber of Boston reported temporary remissions in acute 
leukemia in children by using aminopterin [14]. Two 
years later, methotrexate was used for “acute leukemia 
and other forms of incurable cancer” [15]. The same 
investigator introduced adrenocorticotrophic hor-
mone for the treatment of childhood acute leukemia 
[16]. The development of a host of other effective 
agents, including antineoplastic antibiotics, alkylating 
agents, vinca alkaloids, nitrosoureas, hormones, 
enzymes, antimetabolites, topoisomerase inhibitors, 
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and biological response modifiers, followed. The util-
ity of each agent and best mode of administration and 
combination, and development of in vitro and animal 
models resulted in new hope for the treatment and 
cure of cancer.

Pediatric oncology took the lead in organizing 
groups to systematically test the effects of various new 
cancer chemotherapy compounds and combinations. 
In 1955, the Acute Leukemia Chemotherapy Group A, 
later to be called Children’s Cancer Group (CCG), was 
established to conduct research on childhood cancer. 
Cancer Chemotherapy Group, later renamed South-
west Oncology Group (SWOG) was formed. In 1979, 
the pediatric division of SWOG separated to become 
the Pediatric Oncology Group (POG). Likewise, the 
Cancer and Leukemia Group B was established in 1955 
with a pediatric division, which was separated and its 
institutions amalgamated into POG and CCG in 
1980.

Despite the golden opportunities that a combina-
tion of adult and pediatric groups had created, no 
attempts were made to establish adolescent sections or 
programs in those early days. Over time, the American 
clinical investigation organizations expanded their 
membership to include international members from 
across the globe. Other pediatric clinical trial groups 
(i.e., National Wilms’ Tumor Study Group, NWTS, 
and Intergroup Rhabdomyosarcoma Study Group, 
IRSG), were established in 1969 and 1972, respectively. 
All children’s trial groups admitted pediatric, adoles-
cent, and young adult patients to their protocols. 
Despite these developments, adolescent and young 
adult patients had fallen through the cracks. The activ-
ity of these groups, which was initially limited to the 
evaluation of chemotherapy agents, eventually 
expanded to include scientific research in areas such 
as, for example, tumor biology, molecular genetics, 
drug resistance, biological responses, immunotherapy, 
transplantation, nursing, epidemiology, and cancer 
control.

With the merger of four major national pediatric 
group organizations (i.e. CCG, POG, NWTS, and 
IRSG), in the year 2000, into a single national group 
called Children’s Oncology Group (COG), an expanded 
Adolescent and Young Adult Committee was estab-
lished to address the needs of these patients.

2.2  Background for establishment 
 of adolescent/young adult Oncology 
as an entity

From time immemorial, adolescents have been cri-
ticized for their behavior. Socrates complained that 
“children today are tyrants; they contradict their 
 parents, gobble their food, and tyrannize their teach-
ers.” Homer declared “thou knowst the over-eager 
 vehemence of youth, how quick in temper, and in 
judgment weak.” Shakespeare suggested that teenagers 
be put into suspended animation until of age [17]. 
Some characteristics of adolescents, including ambiva-
lence, rebellion, desire for freedom from family, con-
flicts with parents, reaction with intensity, choice of 
music, identification with peer group, and sexual 
activities, have created a negative stereotype for this 
age group. An imbalanced rate of demands for privi-
leges and acceptance of responsibility, coupled with 
the desire to be different, has led to labeling adoles-
cents as difficult and unruly. Often the behavior of 
adolescents is frowned upon with antipathy and dis-
like, if not abhorrence, not realizing these characteris-
tics may be appropriate for this age group, and likely 
constitute one of the pillars of human advancements 
over the ages.

For adolescents, the transition from childhood to 
adult status is equally difficult and stressful. As such, 
many experience ambivalence, and physical and emo-
tional turmoil, which threaten their ability to become 
healthy and productive adults. Cancer, a catastrophic, 
life-threatening disease, has major physical, functional, 
psychological, and social implications, which are mul-
tiplied in the adolescent and young adult age group. 
While cancer in this age group is not rare, it poses a 
unique enough challenge to require specialized ser-
vices [18]. In the 1970s, when cancer was becoming a 
more “chronic” disease, and promising reports of suc-
cessful treatment in types of cancer, which heretofore 
was deemed incurable, appeared in the literature, phy-
sicians began treating their patients with curative 
rather than palliative intents [19]. At that point, it 
became apparent that a catastrophic disease with 
uncertain outcome requiring intensive therapy is diffi-
cult to face without a major social support system [20]. 
It had been recognized for some time that care for ado-
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lescent/young adult patients requires an understand-
ing of the process of physical, mental, psychological, 
and social growth and development [21]. Adolescent 
services had been in existence in the United States 
since 1951, when Dr. J. Roswell Gallagher established 
adolescent medicine and a unit at Boston Children’s 
Hospital [22]. Against this background, the first ado-
lescent oncology unit was established in 1978. Estab-
lishment of the unit, where this writer was the director, 
was by a grant from the National Cancer Institute 
(NCI). The unit was established through the efforts 
and support of Dr. James Wallace, then the director of 
the Division of Cancer Control and Rehabilitation, and 
endorsement of Dr. Gerald Murphy, then the Institute 
Director at Roswell Park Memorial Institute. While 
adolescent medicine as an entity was not new, the idea 
of a separate unit for adolescent/young adult oncology 
patients was unique. Establishment of a unit specifi-
cally dedicated to cancer was received enthusiastically 
by patients and their families alike. The reception by 
medical and surgical subspecialists was far less enthu-
siastic. There was significant opposition, expressed and 
implied, by various medical and surgical services. The 
ten-bed unit, which was located in a separate building 
and connected to the main hospital, proved to be 
resented by most departments on several principles. 
Most medical and surgical staff physicians preferred 
their patients to be hospitalized on their own floors. 
Some were unwilling to lose the adolescent population 
from their services, which was another deterrent to 
admission to the units. Our much more modern facility 
for adolescents and young adults than the then older 
hospital floors was also resented. Only with the strong 
support of Dr. Gerald Murphy, the devotion and 
 resilience of the unit staff, and demand of patients and 
their families, has the unit survived and flourished. 
Dr. Murphy had personal experience with adolescents 
through his own biological and adopted children, and 
had significant knowledge of adolescents’ desires and 
behavior.

The physical structure of the unit, which was 
designed with the patients’ input, proved to be a major 
draw. The unit was painted with bright colors and geo-
metric designs appealing to adolescent and young 
adult patients. It included a sizeable patient lounge 
with bright furniture, a large aquarium, and decora-

tions. Patient rooms were designed with adolescent 
and young adult patients in mind [23]. An arcade-like 
recreation room with the latest in electronic games 
then available, foozball, air hockey, bumper pool table, 
jukebox, stereo system, large TV, and musical instru-
ments, drew the patients’ friends to visit them in the 
hospital. An extensive exercise and arts and crafts 
room, a classroom, and a library with books and mag-
azines appealing to the age group, were provided. A 
well-stocked and equipped kitchen with dining room 
allowed patients or their parents to cook and dine 
together. There was no dress code. A laundry room 
was available to patients so that they could wear their 
own, not the hospital, clothes. A room designated as a 
quiet room was furnished for patients and their fami-
lies who wanted to take some time off and not be dis-
turbed by anyone, including medical personnel. A 
separate parents’ lounge and room to stay when their 
child was critically ill allowed parents to be involved, 
but not intrusive. Selection of the staff for the unit was 
based largely on their desire and ability to work with 
adolescent/young adult patients. Primary nursing care 
proved to be essential for the operation of the unit. 
Various programs were designed to promote commu-
nication and support emotional stability in crisis situ-
ations. A teacher visited patients on a daily basis and 
through an agreement with a local college, post-sec-
ondary education was available. In retrospect, the edu-
cational opportunities offered, especially for those less 
engaged in school prior to the diagnosis of cancer, was 
an important function of the unit [23]. Among other 
programs offered were music therapy, group sessions, 
and career planning. The unit, in those early days, 
offered a computer for patients’ use, which was then 
unique. With a grant from Poets and Writers Inc., a 
creative writing program was established. The unit’s 
monthly newsletter, entitled “Now and Then News,” 
often contained excellent articles or poems expressing 
patients’ and staff ’s feelings and experiences.

Offices of the staff, including the medical director, 
patient care coordinator, family counselor, and occu-
pational therapist, were in the unit and open to patients 
and their families and friends. Patients’ records were 
computerized, allowing access, using a series of codes, 
to the patients’ prior admissions and discharge notes. 
This was probably one of the earliest attempts at com-
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puterized medical record keeping. The unit shared a 
research laboratory, and accepted pre- and postdoc-
toral trainees.

The rules governing the unit, including visiting 
hours and visitors’ age limit and number, were liberal 
[17]. A family night was hosted on a monthly basis for 
the patients and their families to attend. In-patient field 
trips decreased the monotony of staying in the hospital, 
which were then, as a rule, lengthier and more frequent 
than they are today. A home- and terminal-care pro-
gram was designed for patients who opted to stay at 
home. An evaluation program periodically examined 
satisfaction with the various aspects of the unit’s opera-
tion by the patients, their families and staff [23, 24].

Shortly after the establishment of the unit, it became 
apparent that information regarding care of the ado-
lescent oncology patients was scanty, if not nonexis-
tent. In a series of investigations, the medical and psy-
chological effects of the diagnosis and treatment of 
cancer in adolescents were probed. Since nowhere are 
these effects more exaggerated than with loss of a limb 
and its effect on body image, physical, psychological, 
and social functioning of the patient, a major effort 
was placed on study of this subject. These studies 
described various aspects of the bone tumors [25–27] 
and the short- and long-term effects of the amputation 
on the patients’ lives [28, 29]. With some degree of sur-
prise, the research found that, in general, despite all 
adversities, in the long-term most amputee patients 
had adjusted to their circumstances and were leading 
full and productive lives [28, 29]. Other investigations 
probed the role of social support systems in adoles-
cent/young adult patients [20, 30]. Evaluation of the 
pattern of religiosity and locus of control revealed that 
adolescent cancer patients were not significantly more 
religious than established norms [31]. However, among 
younger adolescents, the diagnosis and treatment of 
cancer may have accelerated the development of inter-
nality, which is expected to be associated with increased 
age [31]. Early during the establishment of an adoles-
cent/young adult unit, significant noncompliance with 
self-administered cancer therapy was noted. This led 
to a series of studies of patients and parents of adoles-
cent cancer patients, and a means to improve compli-
ance [32–37]. Since the psychological aspects of the 
disease play an important role in the care of patients, 

great emphasis was placed on this aspect of care [24, 
38, 39]. Depression had been observed and studied 
extensively in adult cancer patients, but no systematic 
evaluation was available for adolescent oncology 
patients. In a series of studies, the rate of self-reported 
depression in cancer patients was probed [40]. Issues 
pertaining to long-term survivors were another venue 
for early research. With improved survival, the short- 
and long-term sequelae of cancer and its effects on the 
vocational achievements of the patients and their func-
tion in the workplace were examined [41, 42]. This dis-
closed a greater degree of functional deficit in unem-
ployed versus employed cancer survivors, and in 
health, life, and disability insurance issues [41]. Never-
theless, there was no significant relationship between 
health status and employment. As a whole, former 
cancer patients had a higher average income compared 
to a control group, and were competitive members in 
the workplace [41]. The experiences in establishment 
of a specialized unit, care, and nutrition for these 
patients were published [21, 43]. This, along with 
annual adolescent oncology conferences, attracted a 
significant number of interested individuals to work 
and train in the unit. Publication of the first book 
solely devoted to adolescent oncology [44] increased 
the awareness of cancer in adolescents and young 
adults, albeit to a limited extent.

In 1989, when Dr. Gerald Murphy left Roswell Park, 
the unit, which was then by far the most modern and 
progressive floor of the hospital, was viewed as an 
“extravagance” by the new administration. For cost-
cutting purposes, it was decided that its resources 
should be shared with pediatrics. Consequently, in 
October of 1989, despite the pleas of dedicated staff 
and patients, the unit was merged with pediatrics and 
the adolescent/young adult cancer program was effec-
tively closed.

A new chapter in adolescent and young adult oncol-
ogy commenced when in October 1992, the American 
Cancer Society (ACS) sponsored a workshop on Ado-
lescents and Young Adults with Cancer [45]. The con-
ference served as a watershed for recognition of the 
special needs of this group of patients. It was attended 
by, and had the support of, Dr. Gerald P. Murphy who, 
after leaving Roswell Park Cancer Institute and State 
University of New York, had accepted a position as the 
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chief medical officer of the ACS. To organize this con-
ference was a departure from prior attitudes toward 
the importance of specialized care for adolescent and 
young adult cancer patients. In fact, before the leader-
ship of Dr. Murphy, when an earlier conference entitled 
“Advances in Care of the Child with Cancer”, was being 
planned by the ACS in 1985, this writer suggested that 
the subject of adolescent oncology be included in the 
agenda. The organizer of that conference indicated that 
nothing was new or important enough in adolescent 
oncology to merit a session, and the subject was 
declined. The 1992 “Adolescent and Young Adult Con-
ference” was attended by many leaders in pediatrics, 
adolescent medicine, and medical and surgical oncol-
ogy. Among these were chairs of then major pediatric 
cancer groups. The workshops included sessions on 
long-term care and lifetime follow-up [46], insurance 
and employability [47], psychological and emotional 
issues, specialized support groups/compliance issues 
[48], and clinical research implications [49]. The pub-
lished proceedings of the conference had an important 
conclusion, which recognized cancer as a significant 
health problem in the adolescent and young adult pop-
ulation [45]. It observed that the rate of cancer in 
patients 15 to 19 years of age is equal to that of 0- to 
4-year-olds, and 1.6 times that in patients between 5 
and 14 years of age [50, 51]. The conclusions also 
brought attention to the relatively infrequent participa-
tion of adolescent and young adults in cooperative 
group trials and superior outcome of those treated 
based on a national protocol as compared to Surveil-
lance, Epidemiology, and End Results (SEER) data 
[50]. This observation has ignited new initiatives to 
include these individuals in cancer trials [51–54]. The 
1992 conference also emphasized the necessity for 
long-term follow up and psychosocial support, and 
called attention to discrimination in insurance and 
employment [50]. The concluding remarks included 
recommendations to remedy these concerns [50].

Another chapter in the history of adolescent oncol-
ogy was begun in 1998 when the CCG initiated an 
“Adolescent Young Adult Committee” under the lead-
ership of Dr. W. Archie Bleyer. When in the year 2000 
the COG was formed from the predecessor childhood 
cancer cooperative groups, the Adolescent and Young 
Adult Committee was endorsed and expanded.

Intuitively, the genesis of the committee was recog-
nition of the fact that there are currently approximately 
37 million individuals between the ages of 10 and 
19 years living in the United States. Based on SEER 
data, the incidence of cancer in the United States 
among the adolescent and young adult population 
during the 1990s is 203 new cases per million popula-
tion [55], which, while higher than the rate reported 
from the United Kingdom, is similar to those elsewhere 
[56–58]. The incidence of cancer in 15- to 19-year-olds 
is on the rise [52, 59–63]. In the United States, this has 
increased an average of 0.7% per year from 1975 to 
1998 [18, 53], yet no age-defined health-care system or 
providers are generally available to the majority of ado-
lescents [64]. Thus, the healthcare of this group of 
patients is fragmented and is divided between medical, 
pediatric and general practitioners, and others [18, 65]. 
On the other hand, in the United States, the mortality 
from cancer has decreased at the rate of 3.3% per year 
for the period 1965–1974 and 2.6% per year for the 
period 1975–1984, a trend that continues to date. Sim-
ilar progress is reported in Europe [60, 61, 66].

The importance of the clinical trials strategy group 
of the COG Adolescent and Young Adult Committee 
is underscored by the lack of clinical trial participation 
of older adolescent and young adults with cancer. 
Compared to children [51, 67], a far lower percentage 
of adolescents are entered into clinical trials [64, 67–
70]. Unlike pediatric oncologists, who treat the major-
ity of their patients according to an established proto-
col, and often, if not always, belong to a cooperative 
group, in the United States medical oncologists infre-
quently enter their patients in group studies [71]. In 
contrast to patients under age 15 years where, irre-
spective of race [72], 94% are treated in centers that 
were members of a cooperative group, less than 21% of 
those 15 to 19 years of age are treated in such institu-
tions [65, 73, 74]. Likewise, adolescent cancer partici-
pation in clinical trials remains poor in pediatric cen-
ters (34.8%) and other institutions (12.1%) [70, 75]. 
The age-adjusted registration rate of patients aged 15–
19 years to pediatric cooperative groups is only 24% 
[76]. In one study of 29,859 subjects under 20 years of 
age entered onto NCI-sponsored clinical trials between 
January 1, 1991, and June 30, 1994, pediatric coopera-
tive groups accounted for less than 3% of the clinical 
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entrees in the 15 to 19 years age range [67]. Overall, 
5% of 15- to 25-years-olds as compared to 60–65% of 
younger patients in the United States and Canada enter 
clinical trials [53].

There is some controversy regarding the differences 
in the response and survival rate of adolescent patients 
treated by medical and pediatric oncologists and in 
oncology centers and elsewhere [18, 56, 71, 77, 78]. 
However, there is no question that to obtain uniform 
results and to better understand the biology, course of 
the disease, and survival, these patients must be treated 
in an organized fashion. To add to this mix, many ado-
lescent patients are treated by nononcology subspe-
cialists, such as neurosurgeons and other surgical spe-
cialists.

The reduction in the mortality rate among adoles-
cent and young adults has lagged behind those of 
young children [52–54, 79, 80]. While the main reason 
for such a disparity may have a biological basis, as evi-
denced by the poorer response of similar patients 
treated with the same protocol [80], other factors are 
also to be considered. A uniform, meticulous, system-
atic approach to the subject is needed. Lack of a sepa-
rate and identifiable health-care system for adolescent/
young adult patients in the United States and elsewhere 
will probably result in the continued division of ado-
lescent oncology patients among various subspecial-
ties [81].

While the problems and special needs of adolescent 
oncology patients are well recognized, their priority 
remains low [81]. The current challenge faced by the 
general medical and pediatric establishment and the 
COG remains to assure that adolescents with cancer 
receive the benefits of treatment in an age-appropriate 
setting and be included in clinical trials and research 
[82, 83]. With this background, during its short exis-
tence, the COG Adolescent and Young Adult Commit-
tee has taken steps to organize a comprehensive pro-
gram including subcommittees for all major categories 
of oncological disorders common among adolescent 
and young adult patients. The Committee now consists 
of more than 120 members who represent nearly 20 
disciplines, and is sustained by funding from the NCI 
and the health insurance industry. It is organized into 
three Strategy Groups (disease-specific clinical trials, 
behavioral oncology and health services research, and 

epidemiology research, and awareness) and a sentinel 
task force on survivorship transition. In addition, the 
Committee has established task forces on access to 
clinical trials and care, cancer control and community 
oncology programs, adolescent treatment adherence, 
exercise and adventure therapy, and development of an 
informative website.

Unfortunately, years after the demonstration of the 
benefits of treatment of adolescent patients in a unit of 
their own [23, 84, 85], only a handful of specialized 
adolescent oncology services in the United States and 
elsewhere are operational. In the United Kingdom, the 
Teenage Cancer Trust (TCT) is an advocate of these 
units [85, 86] (see Chapter 21). There are currently 
eight operational units, and there are plans for the 
establishment of a TCT unit in every regional cancer 
center [85, 86]. Adolescent oncology units can provide 
an environment where the age-appropriate atmosphere 
and facilities coupled with medical technological and 
psychosocial expertise can provide specialized care 
while reducing dropouts of the treatment and short- 
and long-term side effects of cancer and its therapy. In 
an inquiry sent to 238 COG institutions in the United 
States, of the 196 institutions that responded to a ques-
tionnaire, only 1 hospital had a formal designated ado-
lescent oncology unit (unpublished observation, Tebbi 
2004). In the same inquiry, ten admitted their patients 
to a general adolescent unit, and only seven had staff 
who specifically identified with the care of these 
patients (unpublished data, Tebbi 2004). While adoles-
cents are generally resilient [87, 88], in adult units 
these patients are frightened by the generation gap, 
adults disfigured by cancer, and rigid rules imposed 
upon them while they are hospitalized. Medical oncol-
ogists tend to regard 16- to 21-year-olds as adults and 
do not make a distinction between them and older 
patients [70]. Furthermore, diagnoses common in 
older adults are rare in adolescents and young adults 
[70]. While disputed, at least for some oncological 
 diseases, the treatment of adolescents according to a 
pediatric protocol has yielded better results than on 
medical oncology protocols [18, 71, 89]. In a pediatric 
setting, however, adolescents and young adults are 
often demeaned by an atmosphere created for very 
young children and the childlike manner with which 
they often are dealt, not considering their age and 
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accomplishments. The patients are often bypassed by 
the pediatric staff, who habitually deal with their par-
ents rather than directly with the patient. Thus, the 
trend that has already started in the United States [23] 
and the United Kingdom [85, 86] of establishing ado-
lescent oncology units, is needed to expand and rem-
edy the situation. Designation of a special December 
2003 issue of the European Journal of Cancer and an 
adolescent oncology conference in London in March 
2004 are positive steps toward these goals.

2.3  developments in the Psychosocial 
and long-term care of adolescent 
and young adult Oncology Patients

The history of the development of adolescent oncology 
is incomplete if one is remiss in mentioning the devel-
opments in psychosocial and long-term care of the 
patients [90]. During the period 1975–1984, the sur-
vival of adolescent and young adults with cancer had 
increased to 69%, with improvements in most major 
categories of cancers [57]. In this period of time, with 
increased survival, the problems concerning quality of 
life have gained prominence. Subjects such as “psycho-
logical aspects of cancer survivors,” “late effects,” “long 
term survivors clinics,” “second cancer,” and “transi-
tion to adult care,” which did not exist before, have 
found their way into the lexicon of oncologists in the 
United States and elsewhere [80, 82, 91–94]. Likewise, 
with significant societal changes in the 1970s and 
1980s, the subject of death and dying, which once was 
“taboo,” is discussed openly and has become a new 
area for research and open discussion. Hospice care, 
initially introduced by physician Dame Cicely Saun-
ders in the UK in the early 1960s and culminating with 
the opening of the first hospice in 1967, has found its 
way to the United States and has become a part of end-
of-life patient care. The American Academy of Hospice 
and Palliative Care, originally chartered as the Acad-
emy of Hospice Physicians, was established in 1988 
[95]. Publication of 500 interviews with dying patients 
entitled “On Death and Dying” and analysis by Dr. 
Elisabeth Kubler-Ross [96] catalyzed a more open dis-
cussion with dying individuals, including adolescent 
and young adult patients. The trend continues with 

most major adult and pediatric cancer study groups 
establishing committees on end-of-life care.

2.4 Summary

The understanding of cancer in adolescents is perpetu-
ally unfinished; the final answers not yet known, if 
they ever will be. The age-old questions of etiology are 
still the same today as they have been for millennia. 
The challenge remains to use today’s technology to 
better understand the exact causes responsible for the 
development of cancer in the young, which has per-
plexed those who have come before us, and prevent the 
disease in those who are yet to come. Until methods 
for etiology-derived prevention of cancer becomes 
available, efforts need to be continued to use the latest 
available tools for early diagnosis and therapy, and to 
reduce the visible and invisible scars of the disease and 
its treatment [18, 80].
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3.1 abstract

The epidemiology of cancer has been studied in chil-
dren and older adults for nearly half a century. Remark-
ably little attention has been paid to the cancers in 
between, especially those that occur between 13 and 
30 years of age. Not only are the array of cancers that 
are diagnosed in this age range unique, recent evidence 
suggests that they are biologically different and may 
thereby have different etiologies. Many cancers peak in 
incidence in older adolescents and young adults. Close 
scrutiny of overall incidence rates indicate that there is 
an intermediate peak between the well-known child-
hood cancer peak and the predominant one that occurs 
in the elderly. If the cancers that account for the child-
hood peak are embryonal/fetal cancers and those that 
account for the peak late in life as the cancers of aging, 
the young adult-older adolescent peak may be consid-
ered as being due to cancers of intermediate growth and 
maturation. For most of the past quarter century, the 
incidence of cancers of maturation has been increasing 
for reasons that have not yet been ascertained. The 
trends and patterns of incidence do offer certain clues 
as to cancer causation in older adolescents and young 
adults. Detailed analyses of incidence patterns by geo-
graphic region and demographic factors, together with 
determination of variations in incidence in time and 
space, should provide additional insights into etiology 
and suggest possible lines of investigation.
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3.2  introduction

In the United States and in England, cancer is the lead-
ing cause of nonaccidental death among adolescents 
and young adults [1, 2]. Among 13- to 19-year-olds in 
the United States, cancer is the fourth leading cause of 
all deaths, following accidental injuries, suicide, and 
homicide [1]. Among 20- to 29-year-old Americans, 
cancer causes more deaths than either suicide, heart 
disease, human immunodeficiency virus infection, 
cerebrovascular disease, or cirrhosis. In females, deaths 
due to cancer occur at more than twice the frequency 
of deaths due to the second leading disease-related 
cause of death [1].

Cancer is predominantly a disease of aging, with a 
dramatic increase from age 10 to 80 years, and an 
exponential phase from 40 to 80 years of age (Fig. 3.1) 
[3]. In economically advantaged countries, the median 
age is between 65 and 70 years. Thus, most of cancer 
can be considered as cancers of aging. During the first 
5 years of life, there is a peak in incidence, with an 
entirely different group of cancers that appear to have 
their origin prenatally during embryogenesis and fetal 
development. These early cancers may be regarded as 
embryonal/fetal cancers or cancers of early growth. 
Many of these cancers are small, round blue-cell 
tumors that are characteristic of pediatric malignan-
cies. A nadir in incidence occurs at age 10 years, fol-
lowed by a second peak during adolescence and early 
adulthood, which is most apparent in males (Fig. 3.1). 
In this phase, there is another set of cancers that are 
unique to the age group and to organ systems (Fig. 3.2) 
[4], which as a group do not occur at any other age 
(Fig. 3.2). This second set of age-dependent cancers 
may be regarded as cancers of adult growth and matu-
ration, or young adult cancers (Fig. 3.1) [3]. This chap-
ter reviews the epidemiology of cancer in this age 
group, specifically in 13- to 29-year-olds. After a review 
of the age-dependent incidence in England and the 
United States, patterns of incidence are evaluated for 
clues as to etiologic factors that may account for the 
malignancies that occur during this phase of life.

Because the types and distribution of malignancies 
presenting in adolescents and young adults are mark-
edly different compared with those seen in younger or 
older patients, the development of specialist services 

targeted toward adolescent and young adult cancer 
patients is desirable and necessary to improve all 
aspects of outcome. In order to develop services that 
are tailored to the needs of this age group, it is neces-
sary to define the extent and nature of the patient pop-
ulation through precise analyses of relevant popula-
tion-based data.

3.3 nosology and cancer Spectrum

3.3.1 diagnostic classification

Two different nosologic systems are used to classify 
malignancies: one for children and one for adults. The 
former is known as the International Classification of 
Childhood Cancer, ICCC, a World Health Organization 
classification that is based primarily on morphology/
histology [5], whereas that for adults is the International 
Classification of Diseases, ICD system [6–8], which is 
based primarily on organ site/topography. In general, 
the ICD system is satisfactory for the majority of can-
cers occurring in later life, which are mainly carcino-

Incidence.of.invasive.cancer.in.the.United.States.as.a.
function.of.age.at.diagnosis,.overall.and.by.gender,.
in.the.period.1975–2001 .Rates.are.age-adjusted.to.
the.2000.United.States.standard.population.by.5-
year.age.groups .Data.from.the.United.States.
Surveillance,.Epidemiology.and.End.Results.(SEER).
program.[3]

Figure 3.1
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mas, but in young people carcinomas are rare. There-
fore, for epidemiological and service planning purposes, 
data on cancers in young people are best presented 
mainly in terms of morphology. For the cancers of older 
adolescents and young adults, the childhood cancer 
ICCC system, or a modification thereof, has been rec-
ommended to be more applicable [9–11]. The rationale 
for this approach is illustrated in Fig. 3.2, which shows 
that between two-thirds and three-quarters of 15- to 19-
year-old patients and at least half of patients between 20 
and 24 years of age have a cancer that a pediatric oncol-
ogist would be comfortable and skilful at managing. 
Nonetheless, although uncommon, many of the cancers 
of younger and older patients do occur in adolescents 
[12–15]. Thus, neither histology nor topography pro-
vides a completely accurate basis upon which to classify 
the cancers of adolescents and young adults. One rec-
ommendation has been to separate colorectal, salivary, 
and lung carcinomas from “other carcinomas” within 
the group of “carcinoma and other epithelial tumors,” 
thereby enumerating the carcinomas that occur at some 
frequency in younger patients [9]. Breast cancer should 
also probably be dealt with in this way [16, 17].

A separate nosologic system for cancers that occur 
in patients 13- to 29-years of age is preferable to a 
modification of either the ICCC or ICD systems, since 
this age group is unique in so many ways. Such a clas-
sification scheme, specifically tailored to the adoles-
cent and young adult cancer groups, has been pub-
lished [4]. The scheme is largely based on morphology, 
and diagnostic groups are specified in terms of the 
International Classification of Diseases for Oncology 
(ICD-O) morphology and topography codes [18]. 
Such a classification scheme can be used in future 
studies of cancers in adolescents and young adults to 
achieve a standard format for data presentation to 
facilitate international comparisons and encourage an 
interest in research into these cancers.

The scheme was applied to national cancer registra-
tion data for England for the years 1979–1997 for 
patients aged 15 to 24 years [4], and updated data to 
the year 2000 is presented here. In this age range the 
main cancers to occur were lymphomas, leukemias, 
bone tumors, central nervous system (CNS) tumors, 
germ cell tumors, soft-tissue sarcomas (STS), and car-
cinomas. In contrast to older age groups in which car-
cinomas of the lung, breast, large bowel, and prostate 
account for greater than 50% of all cases [19] at these 
sites, carcinomas represent only 2% of malignancies in 
13- to 24-year-olds. However, certain “adult” cancers 
are relatively more frequent in this age range. Mela-
noma and carcinoma of the thyroid represent 8% and 
3% of all cancers, respectively, in 15- to 24-year-olds, 
but across all ages these cancers make up only 2% and 
0.4% of the total, respectively [4].

3.4 incidence

In the United States, nearly 25,000 persons between 
the ages of 15 and 30 years are diagnosed each year to 
have cancer (Table 3.1). Data from the United States 
Surveillance, Epidemiology and End Results (SEER) 
program indicate that the overall incidence of cancer 
in 15- to 29-year-olds is twice that in the group of chil-
dren aged 0 to 14 years (Table 3.1). In the year 2000, 
0.6% of all cancer registrations in England were for 
persons 15 to 24 years of age, inclusive [19]. In the 
United States, 1.8% of all invasive cancer occurs 

Types.of.cancer.in.15-.to.29-year-olds .Data.from.the.
United.States.SEER.program,.1975–1998 .Other 
Carcinomas.are.those.that.are.not.carcinomas.of.
the.breast,.thyroid,.or.genital.systems .The.number.
in.the.box.refers.to.the.total.number.of.cases.upon.
which.the.array.of.types.is.based 

Figure 3.2
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between 15 and 30 years of age (SEER data, 1996–
2000). The threefold greater incidence that occurs with 
just 5 additional years of age is a result of the exponen-
tial increase in incidence that occurs between 10 and 
55 years of age (Fig. 3.1). From the United States SEER 
data (Table 3.1), it can be seen that one-half of patients 
diagnosed at between 15 and 29 years of age are in the 
25- to 29-year age range, and one-third are in the 20- 
to 24-year-old age group.

3.4.1 types of cancers

The spectrum of cancers in the 15- to 29-year age 
group (Fig. 3.2) is unique; there is no other age group 
that has a similar pattern. A variety of cancers ranging 
from sarcomas to Hodgkin lymphoma to types of car-
cinomas have their peak in incidence within this age 
range (Fig. 3.3). For the full 15- to 29-year age span, 
the order of incidence of the types of cancer is Hodg-
kin lymphoma, non-Hodgkin lymphoma (NHL), mel-
anoma, testicular carcinoma, female genital tract can-
cer (primarily cervical and ovarian carcinoma), thyroid 

table 3.1 Incidence. of. invasive. cancer. in. persons. less. than. age. 45. years. by. age. group. (derived. from. United. States.
.Surveillance,.Epidemiology.and.End.Results,.SEER,.a.data;.1975–1999)a

age at diagnosis (years) <5 5–9 10–14 15–19 20–24 25–29 30–34 35–39 40–44

United.States.population,.
year.2000.census.(millions) 19 175 20 549 20 528 20 219 18 964 19 381 20 510 22 706 22 441

Average.annual.increase.in.
invasive.cancer,.1975–2000,.
SEER

1 0% 0 4% 0 9% 0 7% 1 0% 1 9% 1 6% 1 1% 0 4%

Estimated.incidence.of.
invasive.cancer,.year.2000,.
per.1,000,000.persons

217 113 129 216 365 662 983 1462 2156

No.persons.diagnosed.with.
invasive.cancer,.year.2000,.
United.States

4,153 2,314 2,638 4,374 6,928 12,830 20,162 33,197 48,385

24,132

aExcludes.carcinoma.in.situ.(breast.and.uterine.cervix).and.nonmelanoma.skin.cancer

Cancers.that.peak.in.incidence.during.childhood.
(left peak),.during.late.adolescence.and.early.
adulthood.(middle peak),.and.during.middle/old.
age.(right peak) .Ca.Cancer,.CNS.central.nervous.
system,.ALL.acute.lymphoblastic.leukemia,.NHL.non-
Hodgkin.Lymphoma,.PNET.primitive.neuroectoder-
mal.tumor,.RMS.rhabdomyosarcoma,.Ph+.Philadel-
phia.chromosome-positive,.Malig..malignant,.Undiff.
undifferentiated,.WHO.World.Health.Organization

Figure 3.3
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cancer, STS, brain and spinal cord tumors, leukemia, 
breast cancer, bone sarcomas, and nongonadal germ 
cell cancer (Fig. 3.2). Most of the common “develop-
mental” malignancies in children (embryonal/fetal 
cancers of early growth) younger than 5 years of age 
are virtually absent in 15- to 29-year-olds (Fig. 3.2), 
including the embryonal malignancies of Wilms’ 
tumor, neuroblastoma, medulloblastoma, ependy-
moma, hepatoblastoma, and retinoblastoma. In con-
trast, osteosarcoma, Ewing sarcoma, gonadal germ cell 
tumors, and Hodgkin lymphoma each peak in inci-
dence during adolescence and young adulthood.

Within the 15-year age span of this age group, the 
spectrum of cancers also varies dramatically as a func-
tion of age (Fig. 3.4). For 15- to 19-year-olds, the ten 
most frequent cancers, in order of incidence, are 
Hodgkin lymphoma, leukemia, brain and spinal cord 
neoplasms, STS, bone sarcomas, thyroid carcinoma, 
testicular carcinoma, malignant melanoma, and female 
genital tract malignancies (primarily ovarian carci-
noma; Fig. 3.4a). More than 90% of all the cancers in 
this age group are accounted for by these malignan-
cies. For 20- to 24-year-olds, the ten most frequent 
cancers, in order of incidence, are Hodgkin lymphoma, 
testicular cancer, malignant melanoma, thyroid can-
cer, female genital tract cancer (ovarian and cervical 
carcinomas), STS, brain and spinal cord tumors, leu-
kemia, NHL, and bone sarcomas (Fig. 3.4b). For 25- to 
29-year-olds, the ten most frequent cancers, in order 

of incidence, are malignant melanoma, female genital 
tract tumors (ovarian and cervical carcinomas), tes-
ticular cancer, thyroid cancer, Hodgkin lymphoma, 
STS, breast cancer, NHL, brain and spinal cord tumors, 
and leukemia (Fig. 3.4c). Nearly 90% of all cancers in 
both the 20 to 24 and 25 to 29 year age groups are 
accounted for by the ten most frequent malignancies.

Types.of.cancer.in.15-.to.29-year-olds.in.5-year.age.
intervals .Data.from.the.United.States.SEER.program,.
1975–1998 .Because.of.the.age.overlap.between.the.
International.Classification.of.Childhood.Cancer.
(ICCC),.which.is.used.for.pediatric.cancers,.and.the.
International.Classification.of.Disease,.which.is.used.
for.cancers.in.adults.patients,.a.combination.of.both.
the.ICCC.and.ICD.was.used.to.generate.the.distribu-
tion.of.cancer.types ..
A.Diagnosis.between.15.and.19.years,.inclusive .
B.Diagnosis.between.20.and.24.years,.inclusive .
C.Diagnosis.between.25.and.29.years .
The.number.in.the.box.refers.to.the.total.number.of.
cases.upon.which.the.array.of.types.in.based 

Figure 3.4 A

B

C
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Adolescents and young adults rarely develop the 
cancers that predominate in older adults, such as car-
cinomas of the aerodigestive and genitourinary tract. 
Two sarcomas, osteosarcoma and Ewing tumor, 
account for nearly all of the bone sarcomas in this age 
group. Both peak between 13 and 19 years of age. 
Gonadal tumors and Hodgkin lymphoma peak 
between 20 and 29 years of age.

During the 15-year span from 15 to 30 years of age, 
malignant melanoma, female genital tract carcinomas 
(especially cervical carcinoma), and breast cancer 
undergo a rapid increase in incidence. Concomitantly, 
leukemia, brain and spinal cord tumors, and bone sar-
comas decline sharply in incidence.

The types of STS that occur in 15- to 29-year-olds 
are also distinct from those seen in younger patients. 
Specifically, rhabdomyosarcoma predominates among 
the sarcomas of childhood, accounting for more than 
60% of the STS in children less than 5 years of age. In 
15- to 19-year-olds, rhabdomyosarcoma accounts for 

only 25% of the STS in adolescents. Nonrhabdomyo-
sarcoma STS, including synovial sarcoma, liposar-
coma, malignant fibrous histiocytoma, and malignant 
peripheral nerve sheath tumors, account for the rest. 
Leukemias and lymphomas are also distributed differ-
ently in older adolescents than in young children. The 
incidence of acute lymphoblastic leukemia (ALL) 
declines steadily with age from the 0- to 5-year age 
group upwards; it accounts for 30% of all cancers in 
children younger than 15 years, but only 6% of cancers 
in adolescents aged 15 to 19 years. Acute myelogenous 
leukemia (AML) is nearly as common as ALL in 15- to 
19-year-olds, and is more common than ALL in 20- to 
29-year-olds. The incidence of chronic myelogenous 
leukemia (CML) increases steadily with age from birth 
on, but it is not as common as either ALL or AML from 
15 to 29 years of age. Juvenile myelomonocytic leuke-
mia is uncommon in all four 5-year age groups before 
age 20 years, but especially in the 15- to 19-year age 
group. In 15- to 19-year-olds, NHL is more common 

table 3.2 Registered. cases. of. cancer. in. 13-. to. 24-year-olds. by. age. group:.Time. Period. and. Main. Diagnostic. Group,.
.England.and.Wales,.1979–2000a

1979–1985 1986–1992 1993–2000
age group (years) 13–14 15–19 20–24 13–14 15–19 20–24 13–14 15–19 20–24

tumor type

Leukemia 249 575 429 191 546 496 241 523 469

Lymphoma 185 1,023 1,258 185 1,007 1,576 256 937 1,506

Malignant.brain.tumors 189 380 401 152 410 507 203 380 491

Bone.tumors 149 360 172 127 310 222 137 386 222

Soft-tissue.sarcomas 55 237 269 65 228 300 66 214 279

Germ.cell.neoplasms 38 297 825 28 332 1,007 63 410 1,215

Malignant.melanoma 20 164 405 27 202 664 31 279 752

Carcinoma 75 440 1,141 78 341 1,233 84 448 1,436

Miscellaneous.tumors 21 51 54 17 47 67 26 39 48

Unspecified.malignant.
neoplasms.NEC

8 48 83 22 155 341 21 87 188

All 989 3,575 5037 892 3,578 6,413 1,128 3,703 6,606

England.population.(1,000s) 10,309 26,881 25,377 8,106 23,268 26,758 9,670 23,048 24,665

aExcludes.nonmalignant.central.nervous.system.tumors.and.nonmelanoma.skin.cancer
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than ALL. The incidence of NHL increases steadily 
with age, but the subtype distribution changes from a 
predominance of lymphoblastic and Burkitt lympho-
mas during early childhood to a predominance of dif-
fuse large-cell lymphoma during adolescence and early 
adulthood.

3.4.2  incidence rates by age and  
diagnostic group

The data from England are particularly informative on 
the incidence rates as a function of age and diagnostic 
group (Tables 3.2–3.9). Table 3.2 provides the actual 
number of persons with cancer by age group, cancer 
type, and era, who were between 13 and 24 years of 
age, inclusive, and diagnosed between 1975 and 2000. 
Table 3.3 shows the incidence and percentage distribu-
tion of malignant disease among the study population 
by age group and main diagnostic group. Among 13- 
to 14-year-olds, the highest rates were seen for leuke-

mias, with lymphomas second highest, then CNS 
tumors and bone tumors. In this age group, STS, germ 
cell tumors, melanoma, and carcinomas were relatively 
uncommon. In comparison with younger adolescents, 
the most striking difference in the 15- to 19-year-olds 
was a doubling of the incidence rates for lymphomas, 
which were the most common malignancies in this age 
group. Rates for leukemias, CNS tumors, and bone 
tumors were a little lower than those observed in the 
13- to 14-year age group, but increases in rates relative 
to the younger age group were observed in STS, germ 
cell tumors, melanoma, and carcinomas. However, 
rates for these malignancies were still markedly lower 
than rates for leukemia and lymphoma.

The incidence pattern of cancers in the 20- to 24-
year age range was distinctly different in comparison 
with the younger age group. There was a marked 
increase in rates of lymphomas, which were the most 
common malignancies, with a substantial decrease in 
rates for leukemias. The ratio of lymphomas to leuke-

table 3.3 Cancer.incidence.rates.per.1,000,000.and.percentage.distribution.for.main.groups.of.cancers.in.young.persons.
aged.13–24.years,.England.and.Wales,.1979–2000

age group (years)

13–14 15–19 20–24

tumor type

rate % all 
cancers in 

group

rate % all 
cancers in 

group

rate % all 
cancers in 

group

Leukemia 24 2 22 6 22 5 15 1 18 2 7 7

Lymphoma 22 3 20 8 40 5 27 3 56 5 24 0

Malignant.brain.tumors 19 4 18 1 16 0 10 8 18 2 7 7

Bone.tumors 14 7 13 7 14 4 9 7 8 0 3 4

Soft-tissue.sarcoma 6 6 6 2 09 3 6 3 11 0 4 7

Germ.cell.neoplasms 4 6 4 3 14 2 9 6 39 7 16 9

Malignant.melanoma 2 8 2 6 08 8 5 9 23 7 10 1

Carcinoma 8 4 7 9 16 8 11 3 49 6 21 1

Miscellaneous.tumors 2 3 2 1 01 9 1 3 2 2 1 0

Unspecified.malignant.
neoplasms

1 8 1 7 04 0 2 7 8 0 3 4

Total 107 1 148 3 235 1
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table 3.4 Incidence.of.leukemias.and.lymphomas.per.1,000,000.per.year.in.adolescents.and.young.adults,.England.and.
Wales,.1979–2000

tumor type age group (years)

13–14 15–19 20–24

Acute.lymphoid.leukemia 17 0 12 4 6 5

Acute.myeloid.leukemia 5 7 7 3 8 0

Chronic.myeloid.leukemia 0 7 1 3 2 3

Other.unspecified.leukemias 0 8 1 6 1 4

Non-Hodgkin.lymphoma 9 1 12 2 15 2

Hodgkin.lymphoma 13 2 28 4 41 3

table 3.5 Incidence.of.malignant.brain.tumors.per.1,000,000.per.year.in.adolescents.and.young.adults,.England.and.
Wales,.1979–2000 .PNET.Primitive.neuroectodermal.tumor

tumor type age group (years)

13–14 15–19 20–24

Astrocytoma 10 4 8 5 9 2

Other.glioma 2 7 3 0 4 3

Ependymoma 1 5 1 0 1 1

Medulloblastoma.and.other.PNET 3 0 1 5 1 6

Other.and.unspecified.malignant.intracranial.and.
intraspinal.neoplasms

1 8 2 0 2 0

table 3.6 Incidence.of.bone.and.soft-tissue.sarcomas.per.1,000,000.per.year.in.adolescents.and.young.adults,.England.
and.Wales,.1979–2000 .STS.Soft-tissue.sarcoma

tumor type age group (years)

13–14 15–19 20–24

Osteosarcoma 8 4 7 7 3 3

Chondrosarcoma 0 4 0 8 1 0

Ewing.tumor 5 2 4 7 2 6

Other.bone.tumors 0 7 1 1 1 1

Fibromatous.neoplasms 1 0 11 7 3 0

Rhabdomyosarcoma 2 8 3 0 1 5

Other.and.unspecified.STS 2 8 4 5 6 6
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mias was approximately 1:1 in 13- to 14-year olds, but 
in 20- to 24-year olds this had increased to more than 
3:1. However, the most striking differences were in the 
rates for carcinomas, germ cell tumors, and melano-
mas, which were the second, third, and fourth most 
common cancer groups observed in these young 
adults, respectively. In contrast, bone tumors were 
much less frequent compared with the younger age 
groups, but there was an increase in the incidence of 
STS. The incidence of CNS tumors was fairly similar 
across all three age groups. The pattern of malignan-
cies that occur in 20- to 24-year-olds overall is there-
fore very different compared with the younger adoles-
cents. The 15- to 19-year-olds show a transitional 

pattern. The incidence of all malignancies combined in 
the 20- to 24-year-age group was more than double 
that observed in 13- to 14-year-olds.

Table 3.4 shows incidence rates for leukemia sub-
types and for NHL and Hodgkin lymphoma. In 13- to 
14-year-olds, most leukemias were ALL. Acute myeloid 
leukemia (AML) accounted for nearly all of the 
remaining cases. Among 15- to 19-year-olds, there was 
an increase in rates for AML and a decrease in ALL 
relative to the younger age group. Among 20- to 25-
year-olds, AML was the most frequent subtype, 
accounting for nearly 50% of the cases. CML was rela-
tively rare at all ages, but showed increasing rates with 
increasing age. The incidence of CML in 20- to 24-

table 3.7 Incidence. of. carcinomas. per. 1,000,000. per. year. in. adolescents. and. young. adults,. England. and. Wales,..
1979–2000 .GU.Genitourinary,.GI.gastrointestinal

tumor type age group (years)

13–14 15–19 20–24

Thyroid.carcinoma 1 9 4 2 8 6

Other.carcinoma.head.and.neck 2 0 2 8 3 6

Carcinoma.of.trachea,.bronchus.and.lung 0 2 0 4 1 3

Carcinoma.of.breast 0 0 0 6 5 3

Carcinoma.of.GU.tract 1 5 3 6 20 7

Carcinoma.of.GI.tract 1 8 3 6 7 1

Carcinoma.of.other.and.ill-defined.sites.NEC 1 0 1 7 3 0

table 3.8 Incidence. of. germ. cell. tumors,. melanoma. and. other. miscellaneous. tumors. per. 1,000,000. per. year. in.
.adolescents.and.young.adults,.England.and.Wales,.1979–2000

tumor type age group (years)

13–14 15–19 20–24

Germ.cell.and.trophoblastic.neoplasms..
of.gonads

3 3 12 5 37 6

Nongonadal.germ.cell.neoplasms 1 3 1 7 2 1

Melanoma 2 8 8 8 23 

Other.embryonal.tumors.NEC 1 6 0 9 0 8

Other.specified.neoplasms.NEC 0 7 1 0 1 4

Unspecified.malignant.neoplasms.NEC 1 8 4 0 8 0
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year-olds was more than three times that seen in 13- to 
14-year-olds.

In contrast to ALL, rates for NHL increased with 
increasing age. Only about half of all registered cases 
were coded to a specific subtype of NHL. The subtypes 
specified in the dataset are inconsistent with the cur-
rent international classification of lymphomas, since 
the classification of NHL has changed substantially 
during the period covered [20, 21]. However, in sum-
mary, nearly 80% of all cases with a specified subtype 
across the age range 13 to 24 years were classified as 
diffuse, about 10% as follicular/nodular, and the 
remainder as other miscellaneous subtypes. The inci-
dence of Hodgkin lymphoma increased markedly with 
age, and the incidence among 20- to 24-year-olds was 
more than three times that seen in 13- to 14-year-olds. 
HD subclassification was consistent across the time 
period and was based on the Rye Conference scheme 
[22]. More than two-thirds of the Hodgkin lymphoma 
cases were coded to a specified subtype. Of these, more 
than 70% were nodular sclerosing Hodgkin lymphoma, 
and this proportion did not differ markedly within age 
groups. Mixed cellularity Hodgkin lymphoma com-
prised nearly 20% of all specified cases and was some-
what more frequent among 15- to 24-year-olds than in 
13- to 14-year-olds. Lymphocyte-predominant Hodg-

kin lymphoma formed less than 10% of all specified 
cases but was rather more frequent at younger than 
older ages. Lymphocyte-depleted HD was infrequent 
across all age groups.

Table 3.5 presents incidence rates of malignant CNS 
tumors. The most frequent CNS tumor was astro-
cytoma, and in those with a specified subtype, low-
grade astrocytomas were more common than glioblas-
toma and anaplastic astrocytoma in the 13- to 
14-year-olds and 15- to 19-year-olds. However, the dif-
ference in rates between low-grade and high-grade 
astrocytoma was less marked in 15- to 19-year-olds 
than in the younger age group. In 20- to 24-year-olds, 
high-grade astrocytomas were more frequent than 
low-grade variants. Rates for ependymoma did not 
differ markedly among the age groups, but epen-
dymoma was somewhat more frequent in the youngest 
group. Medulloblastoma and other primitive neuro-
ectodermal tumors (PNETs) were twice as common in 
the younger age group as in patients aged 15–24 years. 
The rates for CNS tumors overall did not differ greatly 
across age groups. Although rates were only slightly 
higher in 13- to 14-year-olds than in 20- to 24-year-
olds, they constituted 18% of all cases in the younger 
age group, but less than 8% in the older group 
(Table 3.2).

table 3.9 Temporal.trends.in.rates.of.cancer.in.persons.aged.13–24.years,.England.and.Wales,.1979–2000

tumor type average incidence per 1,000,000 per year by time period of diagnosis

1979–1985 1986–1992 1993–2000 P for trend

Acute.myeloid.leukemia 6 7 7 5 7 8 0 03

Non-Hodgkin.lymphoma 10 0 14 2 14 7 <0 0001

Hodgkin.lymphoma 29 5 32 2 32 1 0 01

Astrocytoma 7 5 9 1 10 9 <0 0001

Ewing’s.tumor 3 1 3 6 05 1 <0 0001

Germ.cell.tumor 18 8 22 2 29 0 <0 0001

Melanoma 9 5 14 5 18 3 <0 0001

Thyroid.carcinoma 4 5 5 1 7 4 <0 0001

Colorectal.carcinoma 2 6 2 3 3 7 0 0007

All.cancers 154 1 182 3 198 0 <0 0001
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Table 3.6 presents the incidence of bone tumors and 
STS. Rates for bone tumors were higher among patients 
aged 13 to 19 years than among 20- to 24-year-olds. In 
all three age groups, osteosarcoma was the most fre-
quent tumor, but the proportion of osteosarcoma was 
lower in 20- to 24-year-olds, with a relatively higher 
proportion of chondrosarcoma compared with the 
younger age groups. Ewing tumor is the second most 
common type of bone tumor in all three age groups, 
but rates are higher in 13- to 14-year-olds than at older 
ages, and the rate in the 20- to 24-year-olds is only half 
that seen in the youngest group.

STS, although less common than bone tumors, con-
stitute an important group of malignancies in adoles-
cents and young adults. STS represent about 6% of all 
malignancies in 13- to 14-year-olds. Rates for rhabdo-
myosarcoma are lower in the 20- to 24-year-olds, but 
rates for other STS increase with age.

Table 3.7 reports incidence rates for carcinomas. In 
13- to 14-year-olds and 15- to 19-year-olds, the head 
and neck forms the most common primary site group 
for carcinomas, making up 46% and 41%, respectively, 
of all carcinomas among these two age groups, but in 
20- to 24-year-olds, carcinomas of the head and neck 
region make up only 25% of all carcinomas. The thy-
roid is by far the most common primary site for carci-
nomas in the head and neck, and rates for carcinoma 
of the thyroid steadily increase across the three age 
groups. Nasopharyngeal carcinoma (NPC), which is 
extremely rare in the population in Britain in general, 
[19] makes up more than 10% of all carcinomas in 13- 
to 14-year-olds, but represents only 2% among 20- to 
24-year-olds, although the rate is similar to that seen 
in the younger age group.

Carcinomas of the lung, breast, colon, rectum, and 
bladder constitute nearly 50% of all cancers at all ages 
[19], but are all uncommon in adolescents and young 
adults. However, examples of all of these carcinomas 
are seen, and the rates increase from the 13- to 14-year 
age group to the 20- to 24-year-olds. The rates for car-
cinomas of the genitourinary tract show a marked 
increase across the three age groups. Genitourinary 
tract carcinomas comprise 18% of all carcinomas in 
13- to 14-year olds, but 21% and 42% in the 15- to 19-
year-olds and 20- to 24-year-olds, respectively. All sites 
within the genitourinary tract show increases with age, 

but the greatest increases are for invasive carcinoma of 
the cervix and uterus. The most common sites among 
carcinomas of the gastrointestinal tract are the colon 
and rectum in all three age groups. Adrenocortical car-
cinoma is rare, but is seen across the 13- to 24-year age 
range.

Table 3.8 includes incidence rates for germ cell 
tumors, melanoma, and certain tumors that are seen 
typically in younger children. The most dramatic 
increase in rates with age among the adolescent and 
young adult group occurs in the gonadal germ cell 
tumors, for which the rate increases from 0.33 per 
100,000 in 13- to 14-year-olds to 1.25 in 15- to 19-
year-olds, and to 3.76 in 20- to 24-year-olds, represent-
ing more than an 11-fold increase in rates over the age 
range. This is entirely due to testicular germ cell 
tumors. Nongonadal germ cell tumors are much less 
frequent than gonadal, and although rates increase 
across the age groups, the trends with age are less dra-
matic. There is a small decrease in rates with increas-
ing age for intracranial germ cell tumors. Wilms tumor, 
neuroblastoma, hepatoblastoma, and retinoblastoma 
have peak incidences in children aged less than 5 years, 
but a small number of cases have been registered in the 
adolescent and young adult age range. Cases of pan-
creatoblastoma and pulmonary blastoma are also pres-
ent. Collective rates for all of these tumors are shown 
in the table as “other embryonal tumors NEC.” In addi-
tion, it is interesting to note that there are several cases 
of myeloma, which normally occurs in much older 
patients.

There are also marked differences in the incidences 
of certain cancers in this age group by gender, ethnic-
ity, and country that are described in more detail else-
where [23, 24]. Ethnic/racial differences in incidence 
are particularly apparent between African-American 
and non-Hispanic white adolescents and young adults. 
For example, among 15 to 19-year-olds in the United 
States, the overall incidence of cancer is 50% higher 
among whites than among blacks. The incidences of 
specific cancers such as melanoma and Ewing sarcoma 
are strikingly higher among whites, as is the case for all 
age groups. ALL, germ cell tumors, and thyroid cancer 
are also more common among whites than blacks, 
each by at least twofold. Among the common cancers 
in this age group, only STS, considered as a group, are 



J .M .Birch.•.A .Bleyerchapter 350

more common among blacks than whites. Internation-
ally, the incidence of melanoma varies the most among 
members of this age group [25], with rates in adoles-
cents up to five times higher in Australia, where the 
incidence of melanoma is the highest in the world 
among both adults and children [3, 10].

3.4.3 incidence by gender

The incidence of cancer is equal among males and 
females 15 to 19 years of age, whereas it is 20% higher 
in boys than girls less than 15 years of age. Individual 
tumor types have unequal gender distributions in the 
older adolescent populations, however. The most strik-
ing difference is in the incidence of thyroid carcinoma, 
with females ten times more likely to develop this dis-
ease. Females are also 50% more likely to develop mel-
anoma and about 15% more likely to have Hodgkin 
lymphoma [2]. Alternatively, males are more than 
twice as likely to be affected with ALL, twice as likely 
to be diagnosed with NHL or Ewing sarcoma, 50% 
more likely to develop osteosarcoma, and 20–30% 
more likely to have a brain tumor [2].

In the British data, examination of the rates of 
malignancies in males compared with females revealed 
several statistically significant differences. In ALL 
overall, the male to female rate ratio was significantly 
above 1 (p<0.0001), and the ratio also increased with 
increasing age. For AML there was a small excess rate 
among males (p = 0.04), but this did not differ with 
age. In NHL there was a marked excess rate among 
males in all age groups (p<0.0001), but the male to 
female ratio fell slightly with increasing age. The pat-
tern of incidence amongst males and females with 
Hodgkin lymphoma across the three age groups was 
similar to that seen for NHL, although the male to 
female ratio was only slightly above 1 (p=0.013).

There was a significantly higher incidence of CNS 
tumors among males than females (p<0.0001), a find-
ing which did not differ by age group. Among diagnos-
tic subgroups only, astrocytoma and medulloblastoma/
PNET showed significantly higher rates among males 
(p<0.01 and p<0.0001, respectively). An interesting 
pattern was observed among the bone tumors, for 
which overall there was a significant excess incidence 
among males (p<0.0001), but the ratio of rates in males 

and females differed significantly between age groups 
(p<0.001). In osteosarcoma and in Ewing tumor there 
was a reversal of the ratio of incidence in males to 
females from an excess rate in females aged 13–14 years, 
to an excess in males aged 20 to 24 years. The most 
marked change in incidence rates between males and 
females with increasing age occurred among the 
gonadal germ cell tumors. In the 13- to 14-year-olds 
the ratio of incidence in males to females was less than 
0.5, but in 20- to 24-year-olds the male to female ratio 
had increased to over 17 (p<0.0001). Rates for mela-
noma and carcinoma of the thyroid were markedly 
higher in females at all ages (in both groups p<0.0001). 
There was an overall significant excess of females with 
adrenocortical carcinoma (p = 0.002). A significant 
excess incidence rate of NPC and carcinoma of the 
bladder was seen among males (in both groups 
p<0.0001). Apart from the gender-specific carcinomas 
(breast, cervix, and uterus) there were no other statis-
tically significant differences in incidence rates among 
males and females in other main diagnostic groups.

3.4.4 temporal trends in incidence

In the United States, the incidence of cancer among 
15- to 29-year-olds has been increasing during the past 
quarter century (Table 3.1), since the SEER program 
was first established to track epidemiologic trends. 
Most of the overall increase in all cancers, however, 
occurred during the period 1973–1984 (estimated 
annual increase of 1.6% per year). During the more 
recent interval of 1985–2000, the increase in incidence 
was estimated to be only 0.1% per year. This slowing in 
the increasing incidence in the United States is similar 
to that observed for younger age groups. NHL and tes-
ticular carcinoma have shown the greatest increases in 
this age group over this interval, each averaging an 
increase in incidence of over 2% per year for 24 years.

In England, increases in cancer incidence among 
adolescents and young adults have also been observed 
(Table 3.9) and they appear to be greater and more sus-
taining than that noted in the United States (Table 1). 
Across all diagnostic groups, there was a highly signifi-
cant increase in incidence rates over time among 13- to 
24-year-olds in England (p for trend <0.0001). There 
was less of a difference during the most recent time 
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interval, similar to the slowing of increase noted in the 
United States. Rates for leukemias overall remained 
stable over the study period, but AML showed a small 
increase (Fig 3.5). NHL showed a highly significant 
increase with time period, but the increase over time for 
Hodgkin lymphoma was less marked (p for trend 
<0.0001 and <0.05, respectively) (Fig 3.5). Rates for all 
CNS tumors increased over time, but among subgroups 
of brain tumors, only astrocytoma showed a statistically 
significant increase (p<0.0001) (Fig 3.5). Rates for 
Ewing tumor showed a significant increase, which was 
particularly marked between the second and third time 
periods (p<0.0001). To what extent this increase in rates 
for Ewing tumor may be due to changes in diagnostic 
practice is uncertain, but there were no comparable 
decreases in rates of other bone tumors. This observa-
tion warrants further investigation. Rates for STS overall 
and for rhabdomyosarcoma also remained unchanged, 
but rates for fibrosarcoma decreased, while the inci-
dence of other STS increased. This result is probably 
due to changes in diagnostic criteria and classification 
following developments in immunohistochemistry and 
molecular pathology [26], as discussed elsewhere [4].

Marked increases in incidence were also seen for 
gonadal germ cell tumors (accounted for primarily by 
testicular tumors), melanoma, and carcinoma of the 
thyroid (in all cases p<0.0001) (Fig 3.6). There was no 
corresponding significant increase in ovarian germ 
cell tumors. Colorectal carcinomas showed a signifi-
cant trend, which was accounted for by an increase 
between the second and third time periods (p<0.001) 
(Fig 3.6).

3.5 Biological differences

This topic is covered to a large extent within the indi-
vidual disease-based chapters in this book and is lim-
ited here to a thematic, cross-disease summary. For 
most cancers that occur throughout the pediatric, ado-
lescent, and young adult age range, the prognosis 
declines with age. ALL, the most common malignancy 
in children, is a pertinent example. Between 10 and 
35 years of age, the 5-year survival rate plummets from 
75–80% to 20–25% (Fig. 3.5) [27–29]. Several studies 
have attempted to determine whether this decline is 

due to a different biology or to age alone. Compared to 
children, adolescents and adults with ALL are more 
likely to have adverse biologic characteristics of their 
leukemia, such as proT-cell immunophenotype, L2 
morphology, Philadelphia chromosome, and other 
adverse cytogenetics [30, 31]. Alternatively, the Chil-
dren’s Cancer Group (CCG) has shown that, if treat-
ment was risk-stratified based on white blood cell 
count at diagnosis, FAB (French-American-British) 
classification and lymphomatous features, older ado-

Five-year.survival.rate.of.patients.in.the.United.States.
SEER.program.with.acute.lymphoblastic.leukemia.by.
age.at.diagnosis,.1975–1998.[3]

Figure 3.6

Increasing.incidence.of.all.common.malignancies.in.
England.and.Wales.among.13-.to.24-year-olds.during.
the.past.quarter.century

Figure 3.5
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lescents did nearly as well as those under 15 years [32], 
and other studies have implicated a treatment effect 
[33, 34]. Thus far, the impression is that the changes in 
prognosis based on known biologic predictors do not 
account for the dramatic decrease in survival.

Observations in Ewing sarcoma suggest a different 
explanation. In older series, age was felt to be a prog-
nosticator [35, 36]. Indeed, SEER data for all Ewing 
tumor patients found that between 1985 and 1994, 
those aged 5–9 years had a 71% 5-year survival, and 
those aged 10 to 14 years and 15 to 19 years both had a 
56% 5-year survival [23]. Unpublished SEER data on 
adult Ewing sarcoma 1988–1998 had a 45% 5-year sur-
vival for those age 20 to 39 years. When presented in 
aggregate and retrospectively, however, it becomes 
unclear whether adults were being treated similarly or 
if more adults had bulky or metastatic disease. In a 
large analysis of Ewing patients (aged 8 months to 
47 years), the age group >15 years had a significantly 
higher proportion of pelvic primaries and greater 
tumor volumes [37]. Recently, it has become more 
common to include adults on Ewing tumor trials. Ver-
rill’s group in the United Kingdom treated all Ewing 
tumor patients from age 16 to 48 years identically with 
an intensive regimen, and found that age did not influ-
ence survival, but volume of tumor did [38]. This was 
corroborated in the CESS 86 study [39], which intensi-
fied treatment for patients with large volume tumors 
and did not find any impact of age on survival.

On the other hand, in the most recently published 
CCG/Pediatric Oncology Group study that tested the 
addition of ifosfamide and etoposide to a standard 
regimen (doxorubicin, vincristine, dactinomycin, and 
cyclophosphamide), for nonmetastatic Ewing tumor 
patients, younger patients again were noted to have a 
superior outcome (5 year event-free survival 70% for 
patients <10 years of age, 60% for those 10 to 17 years 
of age, and 44% for patients 18 to 30 years of age) [40]. 
This was not explained by any difference in the dose 
intensity of chemotherapy administered. However, 
multivariate analysis was not done to determine if the 
differences in outcome were due to a higher tumor vol-
ume, pelvic primary, or male sex, all of which had infe-
rior survival. Interestingly, in this study, the benefit of 
the addition of ifosfamide and etoposide that was seen 
in younger patients was not observed in patients older 

than 17 years, meaning that this may not be the way to 
overcome the poor prognostic features in older Ewing 
sarcoma patients.

3.6 etiology and Pathogenesis

3.6.1 etiology

As in younger patients, little is known about the causes 
of cancer in adolescents and young adults. It is likely 
that environmental agents contribute to the great 
majority of cancers in older age groups following 
chronic exposures over many years [41], but in the 
young there is no opportunity for such long-term 
exposures. The mechanisms operating between expo-
sure to a risk factor and clinical onset of a cancer in the 
young may, therefore, be fundamentally different com-
pared with late-onset cancers. In addition, the contri-
butions of the various factors may be proportionally 
very different and it is likely that genetic susceptibility 
plays a greater role.

Whereas cancers in infants and young children are 
likely to be influenced strongly by congenital and pre-
natal factors, and cancers in the elderly are most 
strongly linked with environmental causes, the cancers 
in adolescent and young adult patients may be an 
interesting combination of both. It has been possible 
to attribute only very few cancers in this age group 
directly to single environmental or inherited factors. 
An exception is clear-cell adenocarcinoma of the 
vagina or cervix in adolescent females, with most cases 
caused by diethylstilbestrol taken prenatally by their 
mothers in an attempt to prevent spontaneous abor-
tion [42]. Radiation-induced cancer may occur in ado-
lescents and young adults after exposure during early 
childhood; rates of thyroid cancer in children and ado-
lescents have increased in Eastern European and Slavic 
countries since the Chernobyl accident in 1986 [43]. 
In fact, many of the adolescent and young adult can-
cers that have been linked to etiologic factors are sec-
ond malignant neoplasms in patients who were treated 
with chemotherapy and/or radiotherapy for a prior 
cancer.

Given that the duration of exposure to potential 
environmental carcinogens is proportional to age, it is 
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not surprising that tobacco-, sunlight-, or diet-related 
cancers are more likely to occur in older adolescents 
and young adults than in younger persons. Nonethe-
less, these environmental agents known to be carcino-
gens in older adults have not been demonstrated to 
cause cancer with any significant frequency in adoles-
cents. It appears to take considerably longer than one or 
two decades in most persons for these environmentally 
related cancers to become manifest. The logical hypo-
thesis is that adolescents who develop cancer after a 
carcinogenic exposure have a predisposing genotype. 
For example, melanoma is more common among Aus-
tralian adolescents than elsewhere in the world, as 
described above. This suggests that solar exposure may 
be able to induce skin cancer before the end of the 
 second decade of life, at least in that part of the world. 
That melanomas during adolescence usually occur in 
nonexposed areas of the body mitigates against this 
explanation, and may suggest that the epidemiology of 
melanoma in Australia is determined more by genetic 
factors than environmental exposures (cf. Chapter 17).

Besides intense sun exposure, exposure to other 
environmental carcinogens begins or intensifies dur-
ing this age period: tobacco use, recreational drug use, 
alcohol use, and sexually transmitted disease. It is 
unlikely, however, that cancers resulting from these 
exposures occur during young adulthood. They are 
much more likely to occur later in life.

There is accumulating epidemiological evidence 
that childhood precursor B-cell ALL, which demon-
strates a characteristic peak in incidence between the 
ages of 2 and 6 years, is etiologically linked to delayed 
exposure to infections in early childhood, resulting in 
delayed immune stimulation. There is also strong 
 evidence that an initial mutational event occurs in 
utero and predisposes the child to subsequent 
development of leukemia in early life [44–48]. Space–
time clustering patterns in childhood leukemia also 
support a role for infections [49]. The decrease in inci-
dence rates in ALL with increasing age following the 
childhood peak to young adulthood suggests that etio-
logical factors and/or mechanisms may also change 
with age. Nevertheless, infections may play an impor-
tant role in the etiology of leukemia in adolescents and 
young adults, but whereas in young children mainly 
indirect mechanisms have been proposed, in these 

older age groups a directly transforming virus may be 
more likely [50].

With respect to AML, the increased risk following 
exposure to certain therapeutic agents used to treat an 
initial malignancy [51] (i.e., chemical induction of 
AML) suggests the possibility of a role for environ-
mental chemical exposures in a proportion of cases in 
young people in general. Higher rates for AML were 
seen with increasing age among adolescents and young 
adults, and there was some evidence of an increase in 
incidence rates over time. The possibility that these 
patterns of incidence might be due at least in part to 
postnatal exposures to environmental chemical agents 
should be given some consideration.

Viruses may also be involved in the etiology of both 
NHL and Hodgkin lymphoma. An increased risk of 
NHL has been observed in association with HIV1, 
HTLV1 and Epstein-Barr virus (EBV). Helicobacter 
pylori infection of the stomach is associated with gas-
tric lymphoma. While these are all relatively rare 
occurrences and probably account for only a small 
proportion of total NHL, a role for other viruses and 
indirect mechanisms involving common infections 
remain a possibility [52]. EBV infection is linked etio-
logically to a proportion of Hodgkin lymphoma, par-
ticularly the mixed-cellularity subtype. Epidemiologi-
cal studies have demonstrated that the magnitude of 
the risk and proportion of cases attributable to EBV 
infections varies with age, sex, ethnicity, and level of 
material deprivation. EBV infection is extremely com-
mon and other unknown modifying factors are likely 
to be of importance in the etiology of Hodgkin lym-
phoma in adolescents and young adults [53, 54].

The decline in the incidence of PNETs, the increase 
in high-grade astrocytomas, and decrease in low-grade 
astrocytomas with increasing age may reflect a change 
in etiological mechanisms in these tumors. A possible 
role of polyoma viruses, including simian virus 40 
(SV40), JC, and BK viruses in CNS tumors has been 
the subject of much speculation. Viral DNA sequences 
have been detected in human brain tumors, including 
PNETs, ependymomas, high- and low-grade astrocy-
tomas, and meningiomas [55–57]. In addition, space–
time clustering has been detected in astrocytomas and 
ependymomas in older children [58]. Presence of 
space–time clustering is consistent with an infectious 
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etiology. Furthermore, there are similar temporal 
trends in the incidence of brain tumors in children, 
adolescents, and young adults [4, 59]. It follows that 
there may be shared etiological factors for certain brain 
tumors across these age groups. Hypotheses relating to 
viral exposures should be investigated.

The increasing ratio of male to female cases across 
the three age groups 13 to 14 years, 15 to 19 years, and 
20 to 24 years suggests that the onset of osteosarcoma 
and Ewing tumor may be associated with the adoles-
cent growth spurt, which occurs earlier in females than 
in males. Dietary and hormonal factors may be rele-
vant. The possibility of a viral etiology for osteosar-
coma has also been considered, and SV40-like 
sequences have been detected in osteosarcoma tissue 
in several studies [60–63]. In the most recent of these 
studies, the frequency of SV40-like sequences in 
peripheral blood cells from osteosarcoma patients was 
compared with that in normal, healthy controls and 
was found to be substantially increased in the osteo-
sarcoma patients [63]. Space–time clustering has been 
reported in childhood STS [64]. It would be of consid-
erable interest to determine whether STS in adoles-
cents and young adults exhibit space–time clustering.

The very marked temporal increase in incidence of 
testicular germ cell tumors in young men has been 
reported previously. The etiology of testicular germ 
cell tumors is uncertain, but genetic and hormonal 
factors, including in utero exposure to estrogen, appear 
to be implicated [65]. A recent cohort study of young 
men in Sweden found a positive association between 
height at 18 years and the incidence of testicular can-
cer that was not accounted for by gestational age and 
birthweight. The authors concluded that factors influ-
encing postnatal growth such as diet or growth-related 
genes might underlie the association [66]. The inci-
dence trends for melanoma of the skin have also been 
discussed previously. Melanoma of the skin shows 
associations with socioeconomic factors, skin and hair 
coloring, certain heritable syndromes, and in particu-
lar, patterns of sun exposure [65].

The pattern of carcinomas in adolescents and young 
adults differs greatly from that seen at older ages. 
 Carcinomas of the head and neck, including thyroid 
and nasopharynx, make up nearly 30% of carcinomas 
in the 13- to 24-year age range. The temporal increase 

in carcinoma of the thyroid in young people has been 
discussed elsewhere [4]. The highest incidence rates 
for NPC are found in parts of the Far East where it 
occurs in association with EBV infection. The rare 
cases of NPC in young people in Western developed 
countries may also be associated with EBV, and this 
should be explored, but it is likely that other cofactors 
are involved [67]. Carcinoma of the cervix and uterus, 
although typical of older age groups, is relatively 
 frequent in young adult females and appears to be 
closely linked with sexually transmitted infections 
including herpes simplex virus type 2 and human 
 papilloma virus [65]. Other carcinomas seen in 
 adolescents and young adults that occur typically in 
later life may be strongly associated with genetic 
 predisposition at young ages, as will be discussed 
below.

3.6.2  genetic Predisposition and genetic 
Susceptibility

In middle to late adult life, cancer occurs as a result of 
multiple, serially accumulated, genetic changes follow-
ing decades of exposure to carcinogens like, for exam-
ple, tobacco smoke. The occurrence of cancer at young 
ages, when the opportunity for such chronic environ-
mental exposures has not had sufficient time to exist, 
suggests strongly that individuals are genetically pre-
disposed to develop certain cancers or are genetically 
susceptible to the carcinogenic effects of environmen-
tal agents. In such individuals, the number of genetic 
changes required to achieve malignant transformation 
at the cellular level may be reduced and/or metabolic 
processes modified. In many instances, gene–environ-
ment interactions in this age range are more likely to 
be operative.

Skin cancer, lymphoma, sarcoma, and hepatic can-
cers also occur at higher frequency in persons with 
inherited conditions such as neurofibromatosis, ataxia 
telangiectasia, Li-Fraumeni syndrome, xeroderma 
pigmentosa, Fanconi pancytopenia, hereditary dys-
plastic nevus syndrome, nevoid basal cell carcinoma 
syndrome, multiple endocrine neoplasia syndromes, 
and Turner syndrome. In the aggregate, however, the 
cancers that are known to be due to these conditions 
account thus far for only a small proportion of the can-
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cers that occur during adolescence and early adult-
hood.

Genetic factors appear to be of etiological impor-
tance in CNS tumors in young people. Brain tumors 
occur in association with several cancer predisposition 
syndromes that are characterized by germ-line muta-
tions in cancer-associated genes [68]. Of particular 
relevance to adolescent and young adult cases of high-
grade astrocytoma is the possibility that these may 
arise in patients with germ-line TP53 mutations [69, 
70]. Anaplastic astrocytoma shows a peak incidence in 
the fourth decade of life, and glioblastoma is rare 
before the age of 30 years [71]. However, in individuals 
with germ-line TP53 mutations, these tumors tend to 
arise at much earlier ages [70, 72]. Medulloblastoma, 
which overall has an incidence peak before 10 years of 
age, is diagnosed more commonly in older children, 
adolescents, and young adults with germ-line muta-
tions to the APC (adenomatous polyposis coli) gene 
[73]. The unusually early age of onset of brain tumors 
in familial cancer syndromes may represent a combi-
nation of genetic susceptibility and environmental 
exposure. The detection of SV40 viral sequences in 
tumors from patients with germ-line TP53 mutations 
is of interest in this context [74]. It appears that genetic 
factors may be important in the etiology of both osteo-
sarcoma and Ewing tumor. Osteosarcoma is frequently 
seen in families with germ-line TP53 mutations and 
cases are usually diagnosed during the teens and twen-
ties [72, 75]. Evidence for genetic susceptibility to 
Ewing tumor comes from the striking variation in 
incidence with ethnic origin. Ewing tumor is extremely 
rare among black Africans and among African Ameri-
cans [76]. In common with osteosarcoma, STS are a 
principal component of the cancer predisposition syn-
drome associated with germ-line TP53 mutations, and 
in such patients STS are frequently diagnosed at young 
ages.

Carcinoma of the breast is extremely rare in the 
adolescent and young adult age range, but is of partic-
ular interest since a recent study detected pathogenic 
alterations in breast cancer susceptibility genes (includ-
ing BRCA1, BRCA2 and TP53) in 20% of a large series 
of women with breast cancer diagnosed under the age 
of 30 years [77]. It is possible that a similarly high rate 
of mutations in susceptibility genes associated with 

colorectal carcinoma might also be found among very 
young patients. Genes of interest in these patients 
include APC and the mismatch repair genes [78]. The 
frequency of mutations to relevant genes among these 
very early onset cases of common carcinomas should 
be determined.

3.7  need for an improved classification 
System

Morphology-based classification systems for the anal-
ysis and presentation of data on childhood cancers 
have been in existence for many years [79, 80] and the 
childhood cancer scheme has been applied to cancer 
incidence data in adolescents aged 15 to 19 years [23]. 
Several of the major groups of cancers in children, 
however (e.g., most embryonal tumors), are so rare as 
to be irrelevant in adolescents and young adults. Con-
versely, carcinomas are inappropriately subdivided in 
the childhood classifications [80]. In an attempt to 
overcome these problems, one study has used a combi-
nation of the childhood classification groups and ICD 
site groups [82], but this leads to a lack of clarity and 
coherence in the data. A classification system has been 
proposed for the adolescent and young adult age range, 
based primarily on morphology [4]. This classification 
scheme has now been applied to national data for Eng-
land and Wales on almost 32,000 cancers in young 
persons aged 13 to 24 years.

3.8 conclusions

While a coordinated national approach to the treat-
ment of cancers in younger children was established a 
half century ago in the United States and a quarter cen-
tury ago in the United Kingdom, adolescent and young 
adult cancer patients have not benefited from a similar 
policy. The adolescent years and early 20s are a cru-
cially important period in terms of educational, social, 
and career development. Interruption of education, 
and vocational and professional training following the 
diagnosis of cancer can have a lasting impact on later 
life. Furthermore, the potential late effects of cytotoxic 
treatment can have a greater and more lasting impact 
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in the young, than in the middle-aged and elderly. Loss 
of fertility, the development of treatment-induced sec-
ond malignancies, and organ failure are critical con-
siderations in this age group.

Understanding the etiology and biology of cancer 
in the adolescent and young adult impacts on the man-
agement of cancer in this age group, both from a pub-
lic health cancer-control perspective, and by develop-
ing specific therapeutic strategies for a cancer that has 
a different pathogenesis and biology by virtue of when 
during life it occurs. Detailed data, as presented above, 
are of importance in assessing service requirements 
and in the delivery of services designed to meet the 
needs of this vulnerable age group. Observation of 
detailed patterns of incidence can also provide point-
ers to etiology and identify areas for future research. 
Classification of cases for analysis that takes into 
account biological similarities and differences is of 
critical importance if advances in knowledge and 
understanding are to be made. Detailed analyses of 
incidence patterns by geographic region and demo-
graphic factors, together with determination of varia-
tions in incidence in time and space will provide addi-
tional insights into etiology and suggest new lines of 
investigation, as well as provide a basis for service 
planning. The chronic occupational and social expo-
sures, including cigarette smoking, which are respon-
sible for the majority of late-onset cancers, are unlikely 
to be prime causes of cancers in young people. In some 
circumstances exposure to such environmental agents 
may be involved in the etiology, but other cofactors, 
for example genetic susceptibility and hormonal fac-
tors, may predominate. The possibility that environ-
mental agents may target different organs and tissues 
in the growing child leading to different cancers in 
adolescents and young adults compared with older 
adults should be considered. In several cancers occur-
ring in young people, the most promising areas for 
investigation include the role of specific viruses and 
other infections, dietary factors and their influence on 
growth and development, and inherited predisposi-
tion. Little is known about the etiology of cancer in 
this fascinating age group and carefully targeted 
research in this field should produce rewarding 
results.
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4.1 introduction

Equitable access to quality healthcare is an ethical tenet 
that few would question. By access, we mean the tim-
ing of treatment, the place of treatment, and the choice 
of therapy itself. The most important impact of access 
is in how it affects outcomes. The United States Insti-
tute of Medicine Committee on Monitoring Access to 
Personal Healthcare Services defined access as “the 
timely use of personal health services to achieve the 
best possible health outcomes” [1]. We do not expect 
service or outcomes to be exactly the “same” for vari-
ous populations, just “equal,” which means fair, or 
equally close to ideal. Adolescents and young adults 
with cancer should have the same opportunity to 
achieve their best possible outcome as another older or 
younger patient. 

Are adolescents and young adults really achieving 
less than their best possible outcome because of how 
they access their oncologic care? This book and recent 
editorials have referred to the adolescent oncology 
patient as a member of a medically “underserved” 
population. This implies that there is some inequality 
of services (and therefore outcome) unique to this 
population.

The question assumes that there is a gold standard, 
a “best possible health outcome,” already defined. In 
the simplest case, this is long-term cure without sig-
nificant side effects, and is represented by the chance 
of achieving that – measured by the event-free sur-
vival. The estimates of event-free survival that come 
from large clinical trials are often held as the “best pos-
sible outcome.” Population data, on the other hand, tell 
us not the best possible, but “real world” outcomes. 
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Different cancers have different biology and, therefore, 
different event-free survival. Many would also allow 
that biology within individual tumor diagnoses 
 varies by age and that, therefore, the best possible 
event-free survival varies by age. Population data (Sur-
veillance, Epidemiology, and End Results, SEER, 
 registry 1986–1995) indeed show that the prognosis 
of acute lymphoblastic leukemia decreases with 
age (see Chap. 6), so that the mean 5-year survival 
of a 15- to 19-year-olds with acute lymphoblastic 
 leukemia is 49%, in comparison to a mean of 81% for 
a 5- to 9-year-old with the same disease, and 68% for 
a 10- to 14-year-old. Yet, 15- to 19-year-olds treated 
on a Children’s Cancer Group study had a 5-year 
 survival of 64%, nearly “equal” to that of the 10- to 14-
year-olds. If biology alone explained the difference 
in outcome between children and adolescents, thera-
py would not be able to overcome this biologic 
barrier. The concern is that adolescent age, like race, 
may be a surrogate for other factors that influence 
 survival, and that these factors may not be entirely (or 
even mostly) biologic, but may in part be related to 
access to care.

Therefore, the “best possible” goal for 15- to 29-
year-olds should probably not be different from that of 
10- to 14-year olds; these older patients need 
 easy access to the treatment that can achieve those 
outcomes. Outcome differentials such as these 
must make us very concerned with what determines 
access to different types of therapy. This chapter will 
examine the little we know of how adolescents and 
young adults with cancer access health-care services 
(compared with younger and older cancer patients) 
and whether their outcomes are influenced by this 
access.

Such a discussion of access is complicated by two 
unique issues for this age population. Unlike either 
children or older adults, adolescents and young adults 
live in a middle ground where they can access two 
 general healthcare delivery systems: pediatric oncology 
or medical oncology. Throughout the world, medicine, 
especially subspecialty medicine, and certainly oncol-
ogy, is dramatically split into pediatrics (care for 
 children) and internal medicine (care for adults). 
The problem is the very unclear line between “child” 
and “adult,” with “adolescent” and “young adult” 

 somewhere in between the two. The American Acad-
emy of Pediatrics 1972 revision of its statement on its 
age purview said the responsibility of pediatrics 
 “usually terminates by 21 years of age” [2]. The current 
American Academy of Pediatrics mission statement is 
“to attain optimal physical, mental, and social health 
and well-being for all infants, children, adolescents, 
and young adults” [3]. Pediatric hospitals in both the 
United States and parts of Europe are commonly 
 raising their upper age limits, making the option of 
care by pediatricians available for individuals into their 
20s, but this is not universal. Increasing attention is 
being paid to the transition of care for adolescents with 
chronic conditions from child-centered to adult 
health-care systems, and recommendations made to 
start considering this transition at age 14 years. What 
is less apparent is where care should initiate for the 
adolescent/young adult with a new medical condition, 
especially one that requires subspecialty care. There 
are no guidelines that dictate when an adolescent/
young adult should seek care with a pediatric specialist 
or a medical specialist.

Secondly, “best possible outcome” is an ill-defined 
target in this population. Little outcome data exist that 
tell us whether there is a differential of care that might 
dictate the most appropriate site or specialist of care 
for any specific type of malignancy. Although we know 
the treatment that achieves the best possible outcome 
for 15- to 19-year olds with acute lymphoblastic leuke-
mia [4–6], we do not know it for 20- to 24-year-olds, 
and we certainly do not know it for adolescents and 
young adults with other cancers. It is also important to 
acknowledge that survival is not the only outcome of 
interest; quality of life must be considered too, includ-
ing late effects. Adolescent and young adult patients 
should have access to services that provide develop-
mentally appropriate psychosocial support, and mini-
mize side effects and late effects of relevance to the 
population (e.g., infertility).

4.2 access to care Obstacles

Access to care obstacles can be broken down into three 
categories: strategic/financial factors, provider issues, 
and personal beliefs, knowledge and behavior [7].
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4.2.1 Strategic/Financial Factors

In the United States and other countries without uni-
versal healthcare, the financial and insurance status of 
the patient (and family) may indeed influence access 
to medical care. Adolescence to young adulthood is an 
age range with great financial variance. Younger ado-
lescents are usually covered by parental insurance 
plans. For working class families, there are programs 
(such as the Children’s Health Insurance Plan, CHIP) 
that provide low-cost insurance for children up to their 
19th birthday. For poor adolescents, there is Medicaid. 
However, there are many adolescents, although eligi-
ble, whose parents do not sign up for these programs 
and therefore remain uninsured – importantly, this 
means they continue to access services as if they are 
uninsurable. Furthermore, as children leave their par-
ents’ home, they often become uninsured or underin-
sured. Whilst many colleges provide health services to 
fully enrolled students, part-time students or students 
who sporadically attend have limited coverage.

In the United States, young adults are the most 
under-insured age group, falling in the gap between 
parental coverage augmented by programs designed to 
provide universal health insurance to children (Medic-
aid and CHIP) and the coverage supplied by a full-time 
secure job [8]. Lifetime uninsured rates for those who 
present for care peak for females between ages 15 and 
17 years (29%) and for males between ages 18 and 
21 years (24%) [9]. True uninsured rates are likely to 
be higher, as those who do not present for care may not 
do so because of lack of insurance [10]. Recent data 
found that 33% of males and 27% of females aged 18–
24 years are uninsured at a given point in time [11]; 
another study found 31.4% uninsured for the entire 
previous year [12].

The hypothesis is that a lack of insurance decreases 
the therapeutic options for patients (access to second 
opinions, access to expensive treatments and medica-
tion, and choice of specialists). We know that for chil-
dren under age 15 years with cancer, socioeconomic 
status appears to have little impact on registration with 
the Children’s Cancer Group, suggesting that low 
socioeconomic status is not a barrier to access to coop-
erative group care and clinical trials. However, the rea-
son the majority of 15- to 19-year-olds do not register 

with the pediatric oncology group is not related to 
socioeconomic factors, but to age [13].

There is evidence in the United States that there is a 
delay in the diagnosis of cancer in 15- to 30-year-olds 
who are under- or uninsured compared with those 
with private insurance [14]. A study of older adoles-
cent and young adult patients receiving care at the 
University of Texas MD Anderson Cancer Center 
found that there was an average difference of 7 weeks 
in the time from first symptom to diagnosis between 
those with public insurance and those with private 
insurance, and on multivariate analysis this was more 
significant than any other variable (median household 
income, age, race, urban vs. rural location, etc.) except 
for tumor type [14].

Other strategic issues for adolescents include the 
logistics of getting to care. Although adolescents are 
moving developmentally toward independence from 
their parents, they rarely have their own stable means 
of transportation, limiting independent access to care. 
For example, a sexually active teenager notices a tes-
ticular mass. He takes the initiative to see his primary 
care physician, who orders an ultrasound to be done at 
the hospital across town. He is unwilling to ask his par-
ents to drive him to the appointment because he is 
afraid that the mass has something to do with his sex-
ual activity, of which they are not aware, so he does not 
attend for the planned scan.

In addition, the care that is accessible may not be 
the most appropriate care. Although there is not a 
shortage of oncologists in the United States, there are 
2.4 medical oncologists for every 15- to 19-year-old 
cancer patient, but only 0.44 pediatric oncologists. 
These data were calculated from the number of medi-
cal oncologists and pediatric oncologists for 15- to 19-
year-old cancer patients in the United States, deter-
mined from 2006 Cancer Statistics [15], and the 
American Board of Internal Medicine (http:\\www.
abim.org/resources/dnum.shtm) and American Board 
of Pediatrics (http://www.abp.org/stats/WRKFRC/
Hemo.ppt) board certification data. Furthermore, the 
pediatric oncologists are not evenly distributed 
 geographically. Ironically, this means that whereas 
pediatric oncology patients are underserved because 
of their limited geographic access to care, it means that 
adolescents might be misserved, by the geographically 
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available, but not necessarily appropriate care. This 
issue of geography then is complexly tied in with pro-
vider services and patient education and choice. The 
patient may not be aware that traveling further may 
result in more and perhaps “better” treatment options. 
Yet when 271 young adult cancer survivors age 14 to 
23 years were asked in a United Kingdom survey, 63% 
reported they would be willing to travel half a day or 
more for their cancer treatment and 49% would go 
“any distance or time” to get their cancer care (per-
sonal communication, S. Davies, 2005).

4.2.2 Provider issues

Adolescents and young adults, more than younger 
children, receive their routine medical care from a het-
erogeneous population of specialists, and, therefore, 
have many pathways via which they can access onco-
logic care. Several recent studies have quantified ado-
lescents’ use of health services in the United States [9, 
16]. The choice of provider varies with age and gender, 
with increasing use of family practitioners, internists, 
and gynecologists and decreasing use of pediatricians 
as children age. Only 11% of adolescents over the age 
of 14 years see pediatricians. Regardless of health 
insurance status, adolescents and young adults are the 
most likely of any age group to lack a usual source of 
care [10]. Fifteen- to 24-year olds are the age group 
with the highest rates of use of the emergency room for 
any outpatient care: 18.5% of all of their medical visits 
and 12.6% of all non-injury-related visits are to the 
emergency room [17]. The lack of a primary physician 
may be a deterrent to a patient seeking timely attention 
for early symptoms of cancer, and a physician who is 
unaware of the patient’s baseline medical status may 
contribute to a failure to recognize the signs of cancer. 
Clinical suspicion is low (since adolescents and young 
adults are not “supposed” to get cancer) and symptoms 
may, and frequently are, attributed to physical exer-
tion, fatigue, and stress.

Although unstudied, the provider whom an adoles-
cent and his/her family chooses to see if there is any 
suspicion of a malignancy may be different than that 
chosen for other, more common problems of adoles-
cence. There may be more use of the emergency room 
and surgical specialists. One pediatric oncology pro-

gram in Texas examined the difference in the referral 
source of children under 12 years compared with that 
of older adolescents (15 to 21 years of age) and found 
that 15 out of 18 children were referred by primary 
care doctors (pediatricians, and family practice and 
emergency room physicians), but that 15 out of 18 
older adolescents were referred by adult surgeons or 
adult oncologists [18]. In a Canadian study of 15- to 
19-year olds, 61% contacted a general practitioner 
with their cancer symptoms during the period 1995–
2000. Only 3% saw a pediatrician, compared with 15% 
of children less than 15 years of age. Twenty-four per-
cent of Canadian adolescents saw an emergency room 
physician, similar to the 30% of children [19]. It is a 
logical assumption (currently being studied in the 
United States) that the type of provider that an adoles-
cent or young adult sees will influence the subsequent 
referral to oncologic care.

The referral to oncology services is driven largely by 
physician opinion and preference. A study of adoles-
cent and young adult patients in Britain found that 
over half of patients had never been given a choice 
between treatment centers or providers. Although 
some of the referring decision is certainly based on the 
diagnostic category (e.g., Wilms tumor vs. cervical 
cancer), there may be other patient factors involved 
(age, sex, ethnicity, geographic distance from a pediat-
ric tertiary care center, a patient’s insurance status, and 
perceptions of patient’s social situation, or physician 
characteristics including specialty, years in practice, 
and location of training). Diagnosis does appear to 
influence referral; in the Canadian study, 51% of ado-
lescents with leukemia were treated at pediatric cen-
ters, but only 11% of those with carcinoma [19]. In the 
Utah study, 57% of leukemia patients and 11% of car-
cinoma patients were treated at a pediatric center, but 
less than 30% of adolescents with brain tumors and 
lymphoma [20]. In a study of Florida patterns of care, 
the tumors least likely to be seen at the pediatric cen-
ters were Hodgkin lymphoma, “other” tumors, and 
brain tumors [21]. Some pediatric hospitals have upper 
age cutoffs that prohibit admissions of older adoles-
cents; in England, most pediatric hospitals do not 
accept those over age 16 years of age. Anecdotally, few 
patients are referred to pediatric oncologists after see-
ing a medical oncologist; a survey of medical oncolo-
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gists on the subject had a poor response rate (29%) but 
concluded that medical oncologists believe that they 
appropriately treated adolescents as adults [22].

To whom should adolescents with cancer be referred 
for their oncologic care? With the current lack of 
definitive outcome data, this question remains unan-
swerable. To start with, it depends on the type and 
stage of cancer, and the age of the patient. For a patient 
with a completely resected brain tumor, it may only be 
a neurosurgeon. For a 19-year-old male with a meta-
static malignant melanoma, it may be a medical oncol-
ogist. 

A compelling reason to choose a site for treatment 
is because of a proven survival advantage. Such out-
come studies are difficult to conduct, as patient num-
bers with individual tumor types in this age range are 
small. Several papers have shown a survival advantage 
to children with cancer treated at specialist pediatric 
oncology centers [23, 24]. A clinical trial of Ewing sar-
coma patients in Germany showed a survival advan-
tage to older adolescents treated at pediatric centers 
compared with nonpediatric centers, although all 
patients received the same protocol therapy [25]. 
Recent data showed a marked survival advantage to 
older adolescents with acute lymphoblastic leukemia 
treated on a pediatric oncology group clinical trial 
compared with those treated on an adult cooperative 
group clinical trial (cf. Chapter 5) [6, 16]. Data from 
the National Cancer Data Base indicated that Ameri-
can adolescents aged 15 to 19 years with non-Hodgkin 
lymphoma, leukemia, liver cancer, and bone tumors 
had a survival advantage if treated at a National Can-
cer Institute (NCI) pediatric group institution [26].

The location of treatment may matter the most with 
regard to how it affects access to and participation in 
clinical trials. In the United States, 55–65% of children 
are entered into clinical trials. In contrast, only about 
10% of 15- to 19-year-olds with cancer are entered into 
a clinical trial [13, 27]. Among 20- to 29-year-olds, the 
participation rate is even lower, with fewer than 10% 
being seen at member institutions of the cooperative 
groups, either pediatric or adult, and only about 1% of 
20- to 29-year-olds entering clinical trials. This is due 
largely to the diminishing rate of patients seen at insti-
tutions that participate in NCI-sponsored clinical tri-
als. Among older patients, the trial participation rate is 

higher, putatively between 3 and 5%, but still much 
lower than in children. Similarly, in Canada, the TOSS 
survey found that 21% of adolescents who were 
referred to pediatric oncology centers were enrolled 
on clinical trials, but none of those referred to adults 
centers were on trials [19].

Besides choosing a provider for survival advantage, 
the patient should choose a provider/center that is 
comfortable with and skilled in dealing with the 
 psychosocial and developmental issues of the adoles-
cent. Issues such as compliance, importance of a social 
calendar, different prioritization, and fertility pre-
servation are issues that do not come up as often for 
younger or older patients, and some providers may not 
have the experience or communication skills to address 
them.

In the United States, two leadership bodies have 
stated that pediatric oncologists are the most appropri-
ate providers for adolescent cancer patients, at least in 
consultation. A 1997 American Academy of Pediatrics 
consensus statement considered referral to a board-
eligible or board-certified pediatric hematologist-
oncologist and pediatric subspecialty consultants as 
the standard of care for all pediatric and adolescent 
cancer patients [28]. A wider consensus panel that 
included adult oncologists, the American Federation 
of Clinical Oncologic Societies, also concluded that 
“payors must provide ready access to pediatric oncolo-
gists, recognizing that childhood cancers are biologi-
cally distinct” and that the “likelihood of successful 
outcome in children is enhanced when treatment is 
provided by pediatric cancer specialists” [29]. How-
ever, neither of these statements defines an age cutoff 
for the recommendation. The numbers suggest that, as 
age increases, there is a steep fall off in observance with 
this recommendation. A cancer registry review in 
Utah, a state that has only one pediatric oncology 
treatment facility, showed that only 36% of oncology 
patients aged 15 to 19 years were ever seen at a pediat-
ric hospital, compared with 85% of 10- to 14-year-olds 
and 98% of those younger than age 10 years [20]. A 
study of the National Cancer Data Base found that for 
nearly 20,000 cases of cancer in adolescents aged 15–
19 years, only 34% were treated at centers that had 
NCI pediatric cooperative group affiliation [26]. In 
Canada, 30% of adolescents aged 15–19 years are 
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treated at pediatric oncology centers; 47% of those 
aged 15–17 years, and 9.6% of those aged 18–19 years 
[19]. In the United Kingdom, only about 6% of adoles-
cents and young adults 16–24 years of age are recorded 
on a national registry of all patients treated in the 22 
United Kingdom Children’s Cancer Study Group pedi-
atric centers.

4.2.3 Personal Belief, Knowledge, Behavior

There are beliefs and behaviors of the adolescent that 
would impact on their access to oncology care. Ado-
lescents have a strong sense of immortality and invin-
cibility. Out of denial or embarrassment, they may 
delay seeing a physician for symptoms. Like providers, 
they rarely suspect cancer. Because no cancers in this 
age range are targets of screening or self-detection, 
adolescents are not being programmed to watch for 
any specific signs or symptoms of cancer. A Canadian 
study of the time from symptom onset to first health-
care contact showed older adolescents averaged 
14 days compared with 9 days for those younger than 
15 years [30] Even when seen, they may give a poor 
history, especially to a physician untrained to “read 
between the lines” of an adolescent’s history. Under 
therapy, they may struggle to comply with prescribed 
treatment and appointments. A related issue is the 
adolescent’s prioritization of social calendar over care. 
Developmentally, they value proximity to friends and 
social activities and may not be willing to give this up, 
even if a survival advantage is the trade-off. They also 
are not trained in self-advocacy, and their parents may 
not be advocates to the same degree as they would be 
for younger children. Rather than self-advocate, ado-
lescents tend to “blend in” and not upset the status 
quo, or question authority. The impact of these patient 
factors is largely unstudied in adolescent and young 
adult oncology health services.

It is not known whether adolescents and young 
adults know they have a “choice” of care between pedi-
atric and medical oncology, tertiary vs. local care, and 
clinical trial participation. If given a choice, adoles-
cents themselves might choose an adult center over a 
pediatric center, thinking a pediatric center too juve-
nile. Finally, adolescents or young adults may impede 
themselves from getting optimal care because they feel 

pressure to remain in school or in the workplace 
(which can be less forgiving environments than for 
younger children in grade school or older adults in 
established careers).

4.3 delay in diagnosis

Logically, rapid diagnosis and initiation of therapy 
should identify cancer at early stages, translating into 
an improved survival rate. This has been proven when 
screening tests detect early cancers, but it is not clear 
that it is true for symptomatic cases. In fact, one study 
of the effect of rapid referral of suspected breast cancer 
in the United Kingdom found that those with shorter 
periods were associated with worse prognosis, while 
another study showed no good evidence that delays in 
diagnosing colorectal cancer have an impact on stag-
ing or health outcomes [31], although delays of 3–
6 months in breast cancer patients are associated with 
reduced survival [32]. In two studies of bone tumors, 
shorter intervals between onset of symptoms and start 
of treatment did not improve survival [33, 34].

In younger patients, because of smaller numbers, it 
is hard to examine a correlation of lag time with sur-
vival (for specific diagnoses). In a small study in Eng-
land, lag time indeed increased with the age of the 
child, but was not predictive of event-free survival 
[35]. In a study of the interval between symptom onset 
and diagnosis in 2,665 children participating in 
 Pediatric Oncology Group therapeutic protocols in 
the period 1982–1988, Pollock found by multivariate 
analysis that, for all solid tumors except Hodgkin 
 lymphoma, the lag time increased as age increased 
[36]. Likewise, the Canadian study found that the time 
from onset of symptoms to the start of therapy was 
significantly longer in adolescents of 15–19 years of 
age than in children (Figure 4.1). Among the adoles-
cents, the delay to treatment was longer when they 
were treated in an adult center than at a pediatric cen-
ter (92 vs. 57 days) [19]. The inverse relationship with 
age appears to be true for some unexpected carcino-
mas in young people: for both breast cancer and colon 
cancer, delays in diagnosis increase with age [37], 
meaning again that young adults may have deleterious 
delays in diagnosis.
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4.4 Summary

Recommending that adolescents and young adults be 
treated at pediatric hospitals or by pediatric oncolo-
gists has practical constraints. Many pediatric oncolo-
gists are uncomfortable caring for older adolescents 
and young adults. Adult oncologists are often unfamil-
iar and uncomfortable with the detailed pediatric pro-
tocols and older patients cannot be registered on pedi-
atric cooperative trials because of built in upper age 
limits. Many of the pediatric protocols are written for 
young children and not for older adolescents. Pediatric 
hospitals cannot admit patients over a certain age.

The British have pioneered the solution of treating 
young adult and adolescent patients at a unique “ado-
lescent oncology unit” (see Chap. 21) [38]. This pro-
vides the adolescent with age-specific nursing care, 

recreation therapy, and peer companionship. It is 
unknown whether this improves survival. One study 
showed that patient satisfaction was higher in teenage 
oncology patients treated in a dedicated teenage can-
cer unit than in adult or pediatric facilities. Several 
other centers internationally (in Canada, the United 
States, and Australia) are establishing clinics or pro-
grams that seek to establish local “best practice” for 
adolescents and young adults. Perhaps it is appropriate 
to have as a goal, centers and oncologists devoted solely 
to the care of this group of patients. In the meantime, 
increased cooperation and communication between 
pediatric and adult oncologists will facilitate the care 
of this group of patients.

The goal should not be to have all adolescents seen 
at pediatric cancer centers – the volume would likely 
overwhelm the system; however, adolescents with can-
cer should have access to equal services that provide 

The.Canadian.Childhood.Cancer.Surveillance.and.Control.Program:.diagnosis.and.initial.treatment.of.cancer.in.
Canadian.adolescents.15–19.years.of.age,.1995–2000.(Ottawa,.Canada,.2000)

Figure 4.1
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the same outcomes (survival and quality of survival). 
To fully understand the issue of access we must more 
fully understand the outcomes. We should worry that 
only 30% of adolescents are seen at pediatric centers, if 
more studies clarify that this adversely affects out-
comes. There may be patients (such as those with car-
cinoma) who are better served at adult institutions. 
The data needs to be looked at in more detail – by diag-
nosis, age, and treatment – before recommendations 
can be made.

Outcome studies must not stop at a binary analysis 
of which provides better survival (pediatric vs. medi-
cal oncology), but must characterize the variables that 
enable better survival (a certain treatment regimen, or 
level of supportive care or compliance) so that these 
can be provided equally to all patients.
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Older adolescents  
and young adults with  
cancer, and clinical trials:  
lack of Participation and  
Progress in north america
Archie.Bleyer.•.Troy.Budd.•.Michael.Montello

contents 5.1 introduction

Whereas the survival longevity benefits of a clinical 
trial to an individual may be debated [1], there is no 
question about the value of clinical trials to subsequent 
generations and to society in general. There is no ben-
efit from the knowledge and experience gained from 
clinical trials if they are not conducted. In addition, 
clinical trials are required for new agents to receive 
federal approval, and for practices to become accepted 
as standards of care and, after publication, to be dis-
seminated to community practices.

On the side of the personal benefit derived from 
participation in clinical trials, studies in children have 
indicated a survival advantage to children enrolled on 
clinical trials for acute lymphoblastic leukemia (ALL) 
[2], non-Hodgkin lymphoma [3], Wilms tumor [4], 
and medulloblastoma [5]. In the United States and 
Canada, a comparison of 16- to 21-year-olds with ALL 
or acute myeloblastic leukemia (AML) showed that 
the outcome was superior in patients treated on CCG 
trials than in those not entered [6]. Moreover, personal 
benefit from clinical trial participation may well 
accrue, especially with regard to quality of life during 
and after clinical trials.

One example of the benefit of adolescent and young 
adult participation in clinical trials comes from the 
recent retrospective comparisons of clinical trials in 
adolescent and young adult ALL patients. Prior popula-
tion-based analyses suggest that increasing age was a 
poor prognostic factor in patients with ALL, but the 
reason for this correlation is unclear. Three indepen-

chapter 5
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dent groups – in France, the United States and The 
Netherlands – have extracted retrospectively the data 
on adolescent and young adult patients who enrolled 
on either a pediatric or adult clinical trial for ALL. 
Strikingly similar results were found in all cases: the 
pediatric regimen resulted in superior outcomes – 
nearly twice the event-free and overall survival rates – 
to the adult leukemia trials extant at the time [7–9]. 
Factors that might contribute to outcome (French-
American-British, FAB, classification, presenting white 
count, cytogenetics) were collected prospectively on 
the clinical trials and essentially excluded as confound-
ing reasons for decreased survival. Thus, treatment 
effect has been the favored explanation for the observed 
differences. In addition, the older adolescents and 
young adults who participated in the trials were given 
an opportunity for substantial personal benefit and not 
just altruism to help succeeding patients of similar age.

This chapter summarizes the evidence for low par-
ticipation rates of older adolescents and young adults 
with cancer on clinical trials in the United States. Pos-
sible reasons for this are reviewed, and a correlation is 
described between the lack of clinical trial participa-
tion and the relatively worse improvement in survival 
in adolescent and young adult patients compared with 
younger and older persons. The overriding premise is 
that to increase our understanding of cancer in this 
population and improve outcomes, the rate of clinical 
trial enrollment of adolescent and young adult cancer 
patients must be enhanced.

5.2  deficit in adolescent  
and young adult Participation  
in clinical trials

As Fig. 5.1 implies, the participation rate of 15- to 19-
year-olds in the United States on national cancer treat-
ment trials sponsored by the National Cancer Institute 
(NCI) during the period 1997–2003 was approximate-
ly half that of the corresponding rate in those under 
15 years old [10–14]. In 20- to 29-year-olds, it was ap-
proximately 15% of the rate in children under 15 years 
old. With the exception of the most elderly (over 
85 years of age), 20- to 29-year-olds are the age group 
with the lowest clinical trial participation.

5.2.1 race/ethnicity

A decrease in the participation of minority adolescent 
patients in clinical trials is not a reason for this deficit in 
participation, however. In fact, in the United States, mi-
nority children and adolescents with cancer show equal 
or higher rates of entry onto national clinical trials [14]. 
Figure 5.2 shows the race- and ethnicity-specific ac-
crual for each 5-year age interval from 0 to 40 years of 
age [12]. The accrual pattern relative to age is similar 
among all racial and ethnic groups. Specifically, the rate 
of inclusion of older adolescent patients is lower for 
non-Hispanic whites, Hispanics, African Americans, 
Asians, native Indians, Alaskan natives, and Hawaiian 
and other Pacific Islanders than in the other age groups 
within their racial or ethnic group. In terms of absolute 
participation rates as a function of ethnic or racial 
group, the rate in Hispanic patients is less than one-
fifth the rate in white patients, the rate in African-
Americans is one-tenth the rate in white patients, and 
the rate in Asians, native Indians, and Alaskan natives 
is each about 1% of the rate in white patients (Fig. 5.2) 
[12]. This suggests that even though the overall nadir 
pattern is similar across the races and ethnicities evalu-
ated, the relative knowledge gained may well be less in 

Entries.of.51,395.patients.<45.years.of.age.onto.
United.States.National.Cooperative.Group.treatment.
trials.(sponsored.by.the.Cancer.Therapy.Evaluation.
Program.of.the.National.Cancer.Institute.Division.of.
Cancer.Treatment.and.Diagnosis).during.the.period.
1997–2003,.inclusive .Modified.from.Bleyer.[26]

Figure 5.1
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the minority populations since there are fewer oppor-
tunities to learn about the racial and ethnic differences 
in the disease and its management.

5.2.2 gender

The nadir in the clinical trial participation rate at 20–
29 years of age is apparent in both females and males, 
but it is considerably more striking in males (Fig. 5.2). 
This is the case for all ethnic and racial groups speci-
fied above (data not shown).

5.2.3 residence

Geographically, this gap has been observed through-
out the United States and is in striking contrast to the 
accrual of a majority of patients under 15 years of age 
to clinical trials in virtually all metropolitan and rural 
areas across the country [14].

5.2.4 individual types of cancer

Analysis of clinical trial participation broken down by 
individual types of cancer (i.e., sarcomas [15], leuke-
mia [16], lymphoma [17], brain tumors [18, 19], and 
breast cancer) showed that participation was once 
again less in those aged 15 to 29 years than in those in 
younger or older age groups (Fig. 5.3).

5.3  current trends  
in clinical trial Participation  
by Older adolescents and young adults 
with cancer

Unfortunately, a downward trend in the accrual of pa-
tients 15–29 years of age onto United States National 
Cooperative Group treatment trials sponsored by the 
United States NCI was apparent from 1997 to 2003. 
The proportion of all patients entered onto the national 
phase I, II, and III treatment trials declined from 5.5 to 
2.5% over this interval. This ominous trend may have 
been reversed in 2003 as a result, at least in part, of the 
Children’s Oncology Group Initiative described below.

5.4  reasons for the lack  
of clinical trial Participation  
by Older adolescents and young adults 
with cancer

The reasons for the gap in the participation of older 
adolescents and young adults in clinical trials are to a 
large extent unknown and are undoubtedly multifac-
torial. The reasons that were identified at an NCI-
sponsored workshop on the topic and further devel-
oped in subsequent evaluations [20, 21] are summarized 
in Table 5.1.

Accrual.of.patients.
<45.years.of.age.to.
cooperative.group.
treatment.trials.by.race/
ethnicity.as.a.function.of.
age.at.entry,.during.the.
period.1997–2001,.
inclusive .Modified.from.
Bleyer.[26]

Figure 5.2



A .Bleyer.•.T .Budd.•.M .Montellochapter 574

A patient between 15 and 29 years of age with newly 
diagnosed cancer is more likely to be thrust into a state 
of limbo – both medically and socially – than either a 
child or an older adult with cancer. Thus, it is no sur-
prise that patients with cancer in this age group are less 
likely than either younger or older patients to find their 
way to a clinical trial that could improve their chances 
of a better outcome. They are less likely than younger 
patients to find their way to centers that offer clinical 
trials. Fewer patients in the 15- to 29-year age group are 
referred to dedicated, comprehensive cancer centers 
than patients in any other age group, with the possible 
exception of patients in the most elderly age group 
(>85 years) [12]. In particular, in the United States, 
more than 90% of children with cancer who are under 
15 years of age are managed at institutions that partici-
pate in NCI-sponsored clinical trials. In contrast, only 
20–35% of 15- to 19-year-olds with cancer are man-
aged at such institutions [13, 14]. Among 20- to 29-
year-olds, the inclusion rate is even lower, with fewer 
than 10% being treated at institutions that are members 
of cooperative groups, either pediatric or adult. In adult 
cancer patients over 40 years of age, the corresponding 
rate is approximately 20%, including community can-
cer centers that participate in NCI-sponsored clinical 
trials (community clinical oncology programs).

The American College of Surgeons (ACoS) has 
tracked 15- to 19-year-old patients in the ACoS Tumor 
Registries who were referred to centers that participated 
in Children’s Cancer Group (CCG) or Pediatric Oncol-
ogy Group (POG) trials. In their National Cancer Data-
base report, those patients 15–19 years of age who were 
treated at CCG and POG sites with non-Hodgkin lym-
phoma, liver cancer, ALL, AML, osteosarcoma, or Ewing 
sarcoma had better 5-year survival rates than those 
treated elsewhere [22]. However, there were no differ-
ences in the 5-year rates for patients with two cancers 
associated with an excellent outcome, Hodgkin lym-
phoma and testicular carcinoma, or with brain tumors, 
one of the cancers associated with the worst prognosis.

Another reason for this deficit is a lack of treatment 
regimens and clinical trials for young patients. Between 
1 and 70 years of age, the age group with the fewest 
therapeutic cancer trials available to it has been the 15- 
to 40-year age group (NCI Clinical Therapy Evaluation 
Program data).

Yet another reason for the deficit in the enrollment 
of adolescents and young adults with cancer onto 
clinical trials is that the spectrum of cancers in them 
differs from that of any other age group. Hence, there 
is no organized body of research that is dedicated to 
the spectrum of cancers that affect this age group. 

Accrual.of.patients.
<45.years.of.age.to.
cooperative.group.
treatment.trials.by.cancer.
type.as.a.function.of.age.at.
entry,.during.the.period.
1997–2001,.inclusive .
Modified.from.Bleyer.[26]

Figure 5.3
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Potential barriers to participation of older adolescents and young adults in clinical trials

continuity of care and Philosophy
	 Older adolescents and young adults have the low-

est rate of primary care use of any age group.
 Adolescents and young adults are more likely than 

younger children to lack a usual source of care. 
Without a primary physician whom the patient 
knows, the patient may be reluctant to trust the 
medical establishment and the clinical trial enter-
prise.

 Physicians and other healthcare professionals are 
either poorly trained or unwilling to care for ado-
lescents.

 Adolescents and young adults aren’t “supposed to” 
have cancer. As a result, clinical suspicion is low, 
and symptoms are often attributed to physical ex-
ertion, fatigue, trauma, and stress.

 Adolescents and young adults have a strong sense 
of invincibility. Out of denial, they may delay see-
ing a physician about symptoms. Even when seen, 
they may give poor historical information, espe-
cially to a physician untrained to “read between 
the lines” of a young person’s history.

economic and insurance-Based Factors
 In the United States, young adults are the most un-

insured and most underinsured age group. Nearly 
half of all 15- to 19-year-olds lose the healthcare 
insurance provided by their parents and do not ac-
quire adequate coverage at their next destination 
in life, whether at an institution of higher learning, 
through an employer, or by independent means.

 Treating physicians may be reluctant to promote 
the enrollment of adolescents or young adults onto 
clinical trials because of the time, cost, and effort 
involved, not only on their part (and that of their 
team), but also on the part of the patient and fam-
ily.

 Health insurance organizations may deter the re-
ferral of adolescents and young adults to a cancer 
center or cooperative group or entry onto clinical 
trials. Attendees had little direct evidence of this 
factor, however.

Provider Bias
 Coping with older adolescents and young adults 

with cancer is difficult in general. The additional 
burden of clinical trial participation is therefore 
heavier for adolescents than for younger or older 
patients.

 Treating physicians may be reluctant to refer ado-
lescent and young adult patients to clinical trials 
because they perceive these patients as likely to be 
noncompliant (or nonadherent) with the protocol 
requirements. These patients are perceived to have 
enough difficulty complying with the treatment 
plan and keeping up their lives, without the addi-
tional burden of protocol obligations.

 Oncologists (surgeons, radiotherapists, medical 
oncologists, gynecologists) in private practice may 
retain these patients rather than refer them to a 
tertiary-care facility or cooperative group member 
institution.

 Providers may be biased against clinical trials in 
adolescents and young adults. Reasons may in-
clude the historically better results of standard 
treatments in adolescents and young adults than 
in older and younger patients, and the additional 
effort of entering someone in the age group onto a 
clinical trial, including having to explain and ob-
tain consent to study entry from both the patient 
and family.

 Family practitioners, gynecologists, and internists 
may not regard multimodality therapy as impor-
tant in older adolescents and young adults as in 
younger and older patients. Reasons may include 
the greater use of single-modality therapy in pa-
tients in this age range, the additional burden of 
coordinating multidisciplinary care in the age 
group, and the historically better results obtained 
in this age group than in older patients.

 Providers may be unaware of opportunities for 
clinical trial participation for adolescents and 
young adults with cancer.

table 5.1.Potential.barriers.to.participation.of.older.adolescents.and.young.adults.in.clinical.trials
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Adding to this problem is the fact that there is no dis-
cipline in medicine devoted to this group. Neither 
pediatric oncologists nor oncologists who care for 
adult patients are trained – certainly not optimally – 
for this set of diseases. Moreover, even those diseases 
that appear to be the same often have biologic differ-
ences. For example, adolescents have different forms 
of leukemia than either younger or older persons. In 
particular, the biologic characteristics (and progno-
sis) of ALL change dramatically in postpubertal 
patients. Different biologies, likely to respond differ-
ently to therapeutics, might best be studied in dedi-
cated and separate clinical trials.

5.5  Survival and Mortality rates  
in adolescents and young adults  
with cancer

Cancer mortality and survival trends in the United 
States in 15- to 29-year-olds are behind the gains made 
in younger and older persons [10–12]. This is particu-
larly true for 20- to 29-year-olds, but it is also apparent 
for 15- to 19-year-olds [13].

5.5.1  Survival improvement:  
From Peak to nadir

The annual improvement in the 5-year survival rate 
from 1975 to 1997 averaged 1.5% per year in children 
under 15 years of age and 1.7% per year in adults 50–
85 years of age (Fig. 5.4) [23]. In 15- to 24-year-olds, 
however, the improvement averaged 0.75% per year, 
and in 25- to 34-year-olds, there was no perceptible 
improvement (Fig. 5.4). In the mid 1970s, when na-
tional cancer survival rates became available, the 5-
year cancer survival rate for Americans was higher in 
the 15- to 29-year age group than it was in younger or 
older persons. If the trend of 1975–1997 is projected 
to 2005, the 5-year survival rate is now lower in the 
young adult age group than it is in younger and older 
persons. In a quarter of a century, what was an advan-
tage to be diagnosed with cancer during early adult-
hood has become a relative disadvantage. To com-
pound matters, the affected population has steadily 
increased as the “baby boomers” traverse this age 
range.

Potential barriers to participation of older adolescents and young adults in clinical trials

Patient/Family Preferences
 Adolescent and young adult patients and/or their 

parents are more inclined to refuse referral to a co-
operative group member institution or to be en-
tered onto a clinical trial.

Provider age Policies
 The age policies of hospitals may prevent patient 

access to clinical trials that are under way at the 
institution. Children’s hospitals may have upper 
age limits that deny the admission of older patients 
or deny clinical privileges to the treating physician. 
The reverse may be true for younger patients ac-
cessing clinical trials primarily intended for adult 
patients.

 The clinical trial itself may have age limits that 
prohibit the entry of an otherwise eligible patient.

cooperative group and cancer center limitations
 Pediatric and adult cooperative groups and cancer 

centers may not allow the enrollment of adoles-
cent and young adults onto clinical trials because 
of restrictive eligibility criteria.

 A clinical trial may not be available.
 Adult cooperative groups and cancer centers may 

lack treatment protocols for younger patients.
 Pediatric cooperative groups and hospitals may 

lack treatment protocols for older patients.
 Clinical trials for the types of cancer that predom-

inate among adolescents and young adults may 
not be a priority of the cooperative group enter-
prise.

table 5.1 (continued)
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5.5.2 Survival by gender and ethnicity/race

These ominous trends in survival prolongation among 
15- to 29-year-olds are apparent in both males and fe-
males, with males showing a greater deficit than fe-
males (Fig. 5.5).

5.5.3 Survival by individual types of cancer

These trends have also held true for individual types of 
cancer, including sarcomas [8], brain tumors (astrocy-
tomas, ependymomas, and other gliomas) [11], leuke-
mia [9], lymphomas [10], and breast cancer. Although 
15- to 29- year-olds with leukemia did not have a nadir 
in outcome improvement, they did have a worse mor-
tality rate relative to their incidence than that of any 
other age group [9].

5.5.4  correlation of Survival improvement 
and Mortality reduction

The age-dependent trends in survival improvement 
are reflected in the age-related trend of reduction in 
the national cancer mortality rates (Fig. 5.6). For can-
cer patients younger than age 40 years, the nadirs are 

25–29 years and 30–34 years, respectively, with the na-
dir for mortality reduction expected to be at an older 
age than that for incidence, since the effect on death 
would occur later than the effect on survival before 
death. This correlation also validates the SEER mea-
surements based on a sample of approximately 13% of 
the United States, whereas the mortality data are for all 
deaths in the country.

5.6  Why the lack of Progress  
in Older adolescents  
and young adults with cancer?

Absolute differences in survival between younger 
patients and adolescent and young adult patients are 
probably due to a combination of biologic and thera-
peutic differences, some immutable. However, the 
marked disparity in survival improvement over time 
suggests mutable changes disproportionably ren-
dered.

Proposed explanations apply to the patient, health-
care profession, family/community, and society/culture 
in general [24]. The patient category can be subdivided 
further into biologic/physical, psychologic/emotional 

Average.annual.percent.
change.in.the.5-year.
survival.rate.of.patients.
with.invasive.cancer.who.
were.in.the.United.States.
Surveillance,.Epidemiology.
and.End.Results.(SEER).
registry.from.1997.to.2001 .
Data.from.the.National.
Cancer.Institute.SEER.
program,.courtesy.of.Lynn.
Ries.[26]

Figure 5.4
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spiritual, economic/financial, and social factors. Bio-
logic factors include the unique physiologic and phar-
macologic characteristics of adolescent and young 
adult patients and their cancers. The health-care pro-
fession explanation includes a lack of awareness by 
general healthcare providers and of training, knowl-
edge, and experience by oncology specialists. There is 
no other age during which the time to diagnosis is lon-
ger, fewer tumor specimens are available for transla-
tional research, or clinical trial participation is lower 
[11]. The family/community category involves family 
members and knowledge workers who lack awareness 
of the problem. Societal issues consist of the challenges 
societies face in providing for adolescent and young 
adult healthcare needs. Institutions of higher learning 
do not have cancer awareness as an essential educa-
tional or health evaluation component.

The issue of clinical trial participation seems para-
mount, since failure to investigate a disease in an age 
group in which it is prevalent or different is likely to 
limit the progress that can be made in that group. “No 
research, no gain” is the explanation. In the United 
States, the pace of improvement in the 5-year survival 
rates from sarcoma over the past quarter century has 
been far less above age 15 years than in younger 
patients, and this age-dependent pattern is statisti-
cally correlated with the rate of clinical trial activity 
[8]. A report from Australia documented a sharp fall-
off in bone sarcoma patients entered onto clinical tri-
als above age 15 years, in association with a drop in 
survival rate [25].

Although the correlation of outcome improvement 
with clinical trial participation is not proof of a cause-
and-effect relationship, there are reasons to believe 
that failure to study cancer therapies in specific age 
subgroups does explain, at least in part, why progress 
in the age group has fallen behind that achieved in 
other age groups that have had higher rates of clinical 
trial participation. The correlation of outcome 
improvement with clinical trial participation under-
scores the value of clinical trials in cancer research.

The above considerations suggest several solutions:

1.  Societal/cultural: improve awareness of the adoles-
cent and young adult cancer problem.

Comparison.in.males.and.females.with.invasive.
cancer.of.average.annual.percent.change.from.1975.
to.1997.in.the.5-year.survival.rate.(United.States.
SEER.program) .Modified.from.Bleyer.[26]

Figure 5.5

Correlation.of.national.cancer.mortality.rate.
reduction.in.the.United.States.as.a.function.of.age.
at.death,.with.the.rate.of.improvement.in.survival.
duration.as.a.function.of.age.at.diagnosis.(data.from.
the.United.States.Census.Bureau.and.United.States.
SEER.program)

Figure 5.6
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2.  Family/community: improve awareness and health-
care insurance to reduce delays in diagnosis and 
permit participation in clinical trials.

3.  Professional: increase awareness and training, and 
the availability, importance and utilization of clini-
cal trials [15].

4.  Personal/patient: overcome invincibility ideation 
and emphasize importance of health-care and 
health-care insurance. Another conceptual 
approach to overcoming the barriers to clinical trial 
participation faced by adolescent and young adult 
patients is provided in Table 5.1.

Reversing the trend and allowing older adolescents 
and young adults to catch up with the progress made 
in younger and older patients will require a compre-
hensive effort by multiple organizations, including the 
federal government, the insurance industry, service 
groups, the clinical trials cooperative groups, the pedi-
atric academic societies, community agencies, and 
health-care providers. A multipronged approach to 
problem solving will be required, beginning with pub-
lic and professional awareness initiatives such as this 
report.

In 2000, the Adolescent and Young Adult Initiative 
of the Children’s Oncology Group and the NCI was 
established as a means to increase the enrollment of 
adolescents and young adults in cancer clinical trials. 
This initiative aims to bring advances in cancer educa-
tion, prevention, and treatment – including educa-
tional, social, and emotional development – to this 
segment of the North American population, and to 
member sites in Australia, New Zealand, and Europe, 
whose progress in cancer outcome has fallen behind 
that achieved in younger and older patients.

The initiative includes several strategies. In all of the 
pediatric group protocols for malignancies that sub-
stantively overlap young adult patients, such as leuke-
mia, Hodgkin lymphoma and the sarcomas, the upper 
age limit has been raised to 30, 40, or 50 years, depend-
ing on the disease. The pediatric group has also opened 
adult cooperative group trials in melanoma. Recipro-
cally, an adult cooperative group has opened the pedi-
atric cooperative group trial in Ewing sarcoma. Plans 
are underway for the pediatric and adult groups to 
develop and open trials together in other sarcomas. 

Other targets for mutual development include ALL, 
Hodgkin lymphoma, non-Hodgkin lymphoma, and 
hepatic cancer.

5.7 Summary

Cancer in adolescents and young adults has unique 
features; this is in addition to the special medical, 
physical, psychological, and social needs of patients in 
this age group. The spectrum of malignant diseases in 
this age group is also different from that in other age 
groups, and it is strikingly different from that in older 
persons. At the same time, more young people between 
15 and 25 years of age have been diagnosed with can-
cer than children under 15 years of age, and during the 
past 25 years, the incidence of cancer in 15- to 29-year-
olds has increased faster, and the reduction in cancer 
mortality has been lower than that in younger or older 
patients. Whereas it was once a relative advantage to 
have cancer during the adolescent and young adult 
years, patients in this age group are now behind 
patients in other age groups – orphaned in the world 
of cancer care delivery.

In the United States, older adolescents and young 
adults with cancer are underrepresented on clinical 
trials of therapies that could improve their outcome. 
This pattern is true for both males and females of all 
ethnic and racial groups. Simultaneously, the survival 
and mortality rates in these patients have mirrored the 
clinical trial accrual pattern, with little improvement 
compared with younger and older patients. This sug-
gests that the relative lack of participation of adoles-
cent and young adult patients in clinical trials has less-
ened their chances for as good an outcome as those 
enjoyed by patients in other age groups. The implica-
tion is that future progress in the treatment of the can-
cers among 15- to 29-year-olds will depend largely on 
increasing their participation in clinical trials. Regard-
less of whether there is a causal relationship, the impact 
of low clinical trial activity on furthering our scientific 
knowledge and management of cancer during adoles-
cence and early adulthood is detrimental.

Thus, the increased availability of and participation 
in clinical trials is of paramount importance if the cur-
rent deficits in outcome in young adults and older ado-
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lescents are to be eliminated. Eliminating the survival 
deficit will require a broad initiative to increase clinical 
trial participation. Ultimately, a new discipline is prob-
ably in order to meet the needs of these young patients: 
adolescent and young adult oncology. These patients 
deserve trained care providers, specialized clinics and 
inpatient units, and probably most importantly, dedi-
cated research strategies that are not available through 
either pediatric or adult care programs.
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6.1 introduction

Acute lymphoblastic leukemia (ALL) represents ap-
proximately 2% of the cancers that occured in 15- to 
29-year-olds in the United States during the period 
1975–2000 [1]. Their dramatically lower survival rate 
than in children with ALL, and the recent demonstra-
tion that pediatric treatment approaches have been 
substantively more effective than those used by adult 
oncologists [2–7], lend emphasis to inclusion of this 
disease in this textbook of cancer during adolescence 
and young adulthood.

6.2 classification System and Methods

In the International Classification of Childhood Can-
cer (ICCC) (see Chap. 1), ALL is a subgroup of catego-
ry I(a), lymphoid leukemia. ICCC has two subcatego-
ries of lymphoid leukemia, ALL, and non-ALL 
lymphoid leukemia. ICCC I(b) is labeled “acute leuke-
mia”, even though the ALLs are in category I(a). ALL is 
specified by the ICCC to correspond to the Interna-
tional Classification of Disease – Oncology (ICD-O), 
Version 3 in Morphology Categories 9828-9837.

Incidence and survival in this chapter are presented 
for 15- to 29-year-olds, with comparisons to the age 
groups 0–15 years and 30–44+ years, as appropriate. 
For some analyses the entire age range from birth to 
85+ years is included. The absence of data in any figure 
or table within this chapter means that too few cases 
were available for analysis; it does not mean that the 
rate or change in rate was zero.
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6.3 incidence

6.3.1 age-Specific incidence

Figure 6.1 illustrates the strong dependence of ALL 
incidence on age, with incidence peaks at the ends of 
the age spectrum and a nadir between 35 and 40 years 
of age, which is lower than in any other younger or 
older age group except infants younger than 1 year of 
age. Table 6.1 lists, for 5-year age intervals less than 
40 years of age, the incidence and incidence trends 
during 1975–2000, and estimates the number of 
patients with ALL in the United States in the year 
2000.

The incidence of ALL as a percentage of all cancers 
was inversely proportional to age, reflecting the rise in 
incidence of other cancers beginning at 10 years of 
age. Within 5-year age groups there was a decrease in 
incidence in ALL relative to all cancer from 5.8% in 
15- to 19-year-olds to 2.0% and 0.3% in 20- to 24-year-
olds and 25- to 29-year-olds, respectively. For 15- to 
29-year-olds as a group, ALL represented only 2.1% of 
all cancers.

Figure 6.2 shows the age-dependent incidence of 
ALL relative to other types of leukemia. ALL decreased 
in incidence across all age groups, while acute myelo-
blastic leukemia (AML) and chronic myelogenous leu-
kemia increased in incidence beyond age 5 years. ALL 
was the most common type in the 15- to 19-year group, 
occurring at an annual rate of 11.5 per million, twice 
that of AML. However, over the subsequent two 5-year 
age groups, ALL and AML incidence curves crossed: 

they were approximately equal in the 20- to 24-year 
age group, at about 6.6 per million; in the 25- to 29-
year age group AML occurred at a rate of 7.5 per 
 million, compared with a rate of 4.9 per million for 
ALL.

6.3.2 gender-Specific incidence

ALL occurred with greater frequency in males of all 
ages, as shown in Fig. 6.3, with the male predominance 
greatest in 15- to 29-year-olds at ratios varying from 
1.9 to 2.1.

table 6.1 Incidence,. incidence. trends. and. number. of. patients. with. acute. lymphoblastic. leukemia. (ALL). in. persons.
younger.than.30.years.of.age,.United.States.(U S ),.1975–2000

age at diagnosis (years) <5 5–9 10–14 15–19 20–24 25–29

U.S. population, year 2000 census (in millions) 19.18 20.55 20.53 20.22 18.96 19.38

ALL

Average.annual.incidence.per.million,.1975–2000,.SEER 55 3 28 4 15 9 11 5 6 4 4 9

Average.annual.%.change.in.incidence,.1975–2000,.SEER 0 9% 3 3% 3 8% 2 8% 71 1% 17 6%

Estimated.incidence.of.ALL.per.million,.year.2000,.U S 60 6 32 8 18 3 12 4 8 5 6 2

Estimated.number.of.persons.diagnosed,.year.2000,.U S 1 060 584 375 251 162 120

Incidence.of.acute.lymphoblastic.leukemia.(ALL)..
as.a.function.of.age,.United.States.Surveillance,.
Epidemiology,.and.End.Results.(United.States.SEER).
registry,.1975–2000

Figure 6.1
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6.3.3 racial/ethnic differences in incidence

The incidence of ALL varied substantively with race/
ethnicity (Fig. 6.4). Hispanics experienced the highest 
rate of ALL at all ages. Among 15- to 29-year-olds, the 
rate was 14.9 per year per million population, 1.7-fold 
higher than for non-Hispanic whites, 2.8-fold greater 
that for African Americans/blacks, and 2.1 times 
increased over that for Asians/Pacific Islanders. The 
incidence is lowest in African Americans/blacks in all 

age groups. Compared to <15 year-olds, however, in 
whom the relative absence of ALL among African 
Americans/blacks was first observed, the disparity 
among 15- to 29-year olds is not as dramatic (Fig. 6.4 
inset).

6.3.4 incidence trends

During the period 1975–2000, the incidence of ALL 
increased significantly among those diagnosed before 
30 years of age and after 45 years of age (Fig. 6.5). 
Among 15- to 29-year-olds, most of the increase was 
in males, who had the greatest increase in this age 
group compared with all other ages. Most of the in-
crease in ALL incidence occurred in the 1970s and 
1980s. Since 1990, the rates in persons less than 
30 years of age have essentially stabilized. In the year 
2000, approximately 530 persons 15- to 29-years of age 
were diagnosed as having ALL (Table 6.1).

6.4 risk Factors

Numerous risk factors have been investigated as to 
their potential association with the development of 
leukemia in children and adolescents, although little is 
known about such factors for older adolescents and 
young adults. These have been summarized recently 

Incidence.of.leukemia.by.type,.age.0–45.years,.
United.States.SEER.registry,.1975–2000

Figure 6.2

Incidence.of.ALL.by.gender,.United.States.
.SEER.registry,.1975–1999

Figure 6.3

Incidence.of.ALL.by.race/ethnicity,.United.States.
SEER.registry,.1992–2000

Figure 6.4
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into categories based on the degree of certainty of the 
association, and include demographic, environmental, 
genetic, and exposure-related factors (Table 6.2). Age, 
gender, race/ethnicity, socioeconomic status, genetic 
syndromes, and radiation exposure (in utero and/or 
therapeutic) are known risk factors for leukemias in 
younger age groups [8].

Genetic syndromes have been reported in an esti-
mated 2.6% of British children diagnosed with leuke-
mia; 90% of these attributable to Down syndrome (DS, 
constitutional trisomy 21) [9]. Whereas the pathogenic 
basis for the 10- to 20-fold increased risk of ALL in 
 individuals with DS has not been elucidated, somatic 
mutations of the GATA1 gene are seen in virtually all 
cases of DS-associated AML and may be implicated in 
the development of megakaryoblastic AML seen in 
these patients [10, 11]. Such mutations may also confer 
enhanced leukemic sensitivity to cytarabine via dysreg-
ulation of cytidine deaminase gene expression [12].

Among individuals with neurofibromatosis type 1, 
homozygous mutations in the neurofibromin tumor-
suppressor gene are associated with myeloid leukemias 
[13]. Characteristic to the chromosome breakage syn-
dromes is DNA instability resulting in aberrant path-
ways of DNA repair. Mutations associated with leuke-
mic and lymphomatous malignancy have been 
identified in genes associated with ataxia-telangiecta-

sia, Fanconi anemia (FANC family), and Bloom syn-
drome [14, 15]. Causative factors in the development 
of leukemias in those with congenital neutropenia 
(Kostmann agranulocytosis, Shwachman syndrome) 
have not been identified. The autosomal dominant 
form of severe congenital neutropenia is associated 
with heterozygous mutations in the neutrophil elastase 
gene (ELA2) and consequent alterations in the serine 
protease neutrophil elastase. Proteolytic regulation of 
hematopoiesis may be affected [16].

In 1988, Greaves attempted to correlate patterns of 
infection during infancy with the development of B-
precursor ALL in early childhood [17]. Specifically, he 
hypothesized that exposure to infection during the 
first year of life purportedly results in immunologic 
naiveté, a biologically abnormal response to later infec-
tion and, rarely, leukemic transformation of a suscep-
tible clone [18, 19]. Support for the hypothesis has 
been derived mainly from proxy measures of delayed 
infectious exposure during infancy, including higher 
socioeconomic status (improved hygiene), social isola-
tion (avoidance of daycare), breast feeding (passive 
immunity), and birth order (higher rank equated with 
reduced exposure) [20, 21]. Studies assessing the his-
tory of infections during infancy have drawn conflict-
ing conclusions [21, 22].

6.5  clinical Presentations  
and Molecular Biology

Data from the Children´s Cancer Group (CCG) ALL 
1900 studies (conducted during the 1990s) illustrate 
the differences in molecular biology of ALL between 
children, young adolescents and older adolescents. 
Table 6.3 shows the presenting features for patients 
with B-precursor ALL entered on the CCG 1900 series 
ALL trials. Older patients had a significantly higher 
incidence of CALLA common ALL antigen negativity, 
and significantly higher hemoglobin levels compared 
to younger patients. Older patients had a significantly 
lower incidence of lymphomatous features (enlarged 
liver, spleen, and/or lymph nodes) compared to 
younger patients. There was no difference in present-
ing white blood cell count (WBC) for older and 
younger patients.

Average.annual.percentage.change.(AAPC).in.the.
incidence.of.ALL.by.gender,.United.States.SEER.
registry,.1975–2000

Figure 6.5



acute lymphoblastic leukemia chapter 6 87

For T-cell ALL, the incidence relative to all ALL was 
12.8% in the 1- to 9-year age group, 16.9% in the 10- to 
15-year group and 24.7% in the 16- to 21- year age 
group (p = 0.0005; Table 6.4). As for patients with B-
lineage ALL, older patients with T-lineage ALL had 
significantly higher hemoglobin levels and a signifi-
cantly lower incidence of hepatomegaly and spleno-
megaly compared to younger patients.

Data from the United Kingdom Medical Research 
Council showed a higher incidence of Philadelphia-
chromosome-positive ALL with increasing age [23]. 

The Philadelphia chromosome was seen in 1.3% of 
patients aged 1–9 years, 3.4% of patients aged 10–
19 years, and 12.2% of patients aged 20–24 years. On 
the CCG 1961 trial, 7.5% of patients aged 16–21 years 
of age with evaluable cytogenetics demonstrated a 
Philadelphia chromosome [2]. Patients ≥ 10 years of 
age with B-precursor ALL have a significantly lower 
rate of the t (12:21) translocation and a lower incidence 
of high hyperdiploidy compared to younger patients 
[23, 24]. This may in part be responsible for the worse 
outcome seen in older patients with ALL.

table 6.2 Investigated.risk.factors.for.ALL.(modified.from.Bahtia.et.al .[8])

degree of certainty all

Generally.accepted.risk.factors Males

Age.(2–5.years)

High.socioeconomic.status

Race.(whites>blacks)

In.utero.x-ray.exposure

Postnatal.radiation.(therapeutic)

Down.syndrome

Neurofibromatosis.type.1

Bloom.syndrome

Schwachman.syndrome

Ataxia-telangiectasia

Suggestive.of.increased.risk Increased.birth.weight

Maternal.history.of.fetal.loss

Limited.evidence Parental.smoking.prior.to.or.during.pregnancy

Parental.occupational.exposures

Postnatal.infections

Diet

Vitamin.K.prophylaxis.in.newborns

Maternal.alcohol.consumption.during.pregnancy

Electric.and.magnetic.fields

Postnatal.use.of.chloramphenicol

Probably.not.associated Ultrasound

Indoor.radon
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Drug sensitivity testing revealed that leukemic cells 
from older patients demonstrate an increased in vitro 
drug resistance to prednisone (PDN) and daunomycin 
(DNR) [25]. Also, ALL in older adolescents may have 
a different pattern of promoter methylation compared 
to younger patients [26].

There appears to be no significant difference in pre-
senting features for patients aged 10–15 years and 
those aged 16–21 years, with the exception that, in the 
CCG 1961 trial, the percentage of Hispanic patients 
decreased and the percentage of African American 
patients increased in the 16- to 21-year age group com-
pared to the 10- to 15-year age group.

6.6 treatment

Current pediatric protocols are generally based on a 
model developed by Dr. Riehm for the BFM (Berlin-
Frankfurt-Munster) study group. Therapy consists of 
induction/consolidation, interim maintenance, rein-
duction/reconsolidation (often referred to as delayed 
intensification), and maintenance phases. Pediatric 
protocols are characterized by the dose-intensive use 
of nonmyelosuppressive drugs such as vincristine 
(VCR), l-asparaginase (l-ASP), corticosteroids; and 
continuous antimetabolite-based maintenance. CCG-
modified BFM therapy is shown in Table 6.5. A four-
drug induction including VCR, PDN, l-ASP, and DNR 
is followed by an intensive consolidation phase includ-
ing cyclophosphamide (CPM), cytosine arabinoside 

table 6.3 Incidence.of.presenting.features.in.B-lineage.ALL.by.age .WBC.White.blood.cell.count,.CALLA.common.ALL.
antigen

age (years)
p value

1–9 10–15 16+

WBC.>.50.x.109/.l 67 7% 67 7% 65 8% 0 50

CALLA.Negative 4 2% 8 4% 8 4% 0 0001

Normal.liver 46 3% 60 1% 69 4% 0 0000

Normal.spleen 49% 54 2% 58 8% 0 05

Normal.nodes 48 5% 56 3% 61 7% 0 0007

Hemoglobin.>.110.g/.l 8 2% 22 4% 27 3% 0 0000

table 6.4 Incidence.of.presenting.features.in.T-Lineage.ALL.by.age

age (years)
p value

1–9 10–15 16+

WBC.>.50.x.109/.l 62 4% 50 3% 60% 0 3

CALLA.Negative 69 1% 75% 73 8% 0 38

Normal.liver 37 3% 48 8% 48 5% 0 06

Normal.spleen 29 4% 44 5% 40 0% 0 002

Normal.nodes 24 4% 33 7% 31 1% 0 13

Hemoglobin.>.110.g/.l 31 1% 51 0% 60 5% 0 0003
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(ARA-C), and 6-mercaptopurine (6-MP), and inten-
sive intrathecal methotrexate (MTX) with or without 
cranial radiation.

Interim maintenance consists of high-dose metho-
trexate with rescue and 6-MP or intravenous (i.v.) 
VCR, i.v. MTX without rescue, and intramuscular l-
ASP. Following interim maintenance, patients receive 
a delayed reinduction-reconsolidation phase (Euro-
pean – protocol II; American – delayed intensification) 
in which dexamethasone (DXM) replaces PDN, doxo-

rubicin (Dox) replaces DNR, and 6-thioguanine (6-
TG) replaces 6-MP. Patients then receive maintenance 
therapy consisting of daily oral 6-MP and weekly oral 
MTX with or without VCR, PDN pulses and intrathe-
cal MTX.

On the other hand, most adult protocols incorpo-
rate blocks of high-dose intermittent myelosuppres-
sive chemotherapy including anthracyclines, CPM, 
etoposide (VP-16), and high doses of ARA-C and 
MTX [27, 28]. Few adult protocols incorporate a 

table 6.5 Children’s.Cancer.Group.(CCG)-modified.Berlin-Frankfurt-Munster.(BFM).therapy.(CM-BFM) .PDN.Prednisone,.
VCR.vincristine,.DNR.daunomycin,.l-ASP.l-asparaginase,.MTX.methotrexate,.IT ARA-C.intrathecal.cytosine.arabinoside,.IT 
MTX.intrathecal.MTX,.CPM.cyclophosphamide,.6-MP.6-mercaptopurine,.RT.radiation.therapy,.DEX.dexamethasone,.DOX.
doxorubicin,. 6-TG. 6-thioguanine,. CNS. central.nervous.system,. p.o..Per.os,. bid. twice.daily,. tid. three. times.daily,. subg .
subcutaneous.i.m..intramuscular,.i.v..intravenous,.qd.daily,.gw.weekly

induction PDN
VCR
DNR
l-ASP

IT.ARA-C
IT.MTX

60.mg/m².p o .days.1–28.(bid.or.tid).then.taper
1 5.mg/m².i v .days.1,.8,.15.and.22
25.mg/m².i v .days.1,.8,.15.and.22
6000.U/m².i m .3.times.per.week.×.3.weeks
. beginning.day.3
day.1.(age.adjusted.dosing)
day.8.(age.adjusted.dosing)

consolidation PDN
CPM
6-MP
ARA-C
IT.MTX
RT

Taper
1000.mg/m².i v .days.0,.14
60.mg/m².p o .days.0–27
75.mg/m².i v .days.1–4,.8-11,.15–18,.22–25
days.1,.8,.15,.22
1800.cGy.cranial.for.no.CNS.disease.at.diagnosis
2400.cGy.cranial.+.600.cGy.spinal.for.CNS.disease.at.diagnosis

interim maintenance
(8 weeks)

6-MP
MTX

60.mg/m².qd.p o .days.0–41
15.mg/m².qw.p o .days.0,.7,.14,.21,.28,.35

delayed intensification
(7 weeks) DEX

VCR
DOX
l-ASP

CPM
6-TG
ARA-C
IT.MTX

Reinduction.(4.weeks)
10.mg/m².p o .qd.days.0–20,.then.taper.for.7.days
1 5.mg/m².i v .days.0,.7,.14
25.mg/m².i v .days.0,.7,.14
600.U/m².i m .days.3,.5,.7,.10,.12,.14
Reconsolidation.(3.weeks)
1000.mg/m².i v .day.28
60.mg/m².p o .qd.days.28–41
75.mg/m².subq/i v .days.29–32,.36-39
days.29,.36

Maintenance
(12-week cycles)

VCR
PDN
6-MP
MTX
IT.MTX

1 5.mg/m².i v .days.0,.28,.56
60.mg/m².p o .qd.days.0–4,.28-32,.56–60
75.mg/m².p o .days.0–83
20.mg/m².p o .days.7,.14,.21,.28,.35,.42,.49,.56,.63,.70,.77
day.0
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delayed-intensification phase and duration of therapy 
is generally shorter compared to pediatric protocols. 
There is also increased usage of allogeneic bone mar-
row transplant in first remission for adults with ALL. 
There is a perception on the part of adult oncologists 
that older individuals have significantly greater toxic-
ity associated with VCR and l-ASP.

A large number of pediatric trials have shown 
clearly that older adolescent and young adult ALL 
patients have a worse outcome compared to younger 
patients [29–36]. Older adolescent and young adult 
ALL patients have a higher incidence of induction 
deaths and deaths in remission compared to younger 
patients [37]. The fact that older adolescent and young 
adult patients have a low incidence of favorable cyto-
genetic abnormalities (t(12;21); hyperdiploidy) may 
account for some of the outcome difference.

Adolescents with leukemia may receive care from 
either pediatric or medical oncologists. Five studies have 
suggested that young adult patients with ALL entered 
on pediatric clinical trials have a significantly better 
event-free survival (EFS) and overall survival compared 
to adolescents treated on adult clinical trials [2–7].

In the first published experience, the CCG and 
 Cancer and Acute Leukemia Group B (CALGB) com-
pared outcome for young adult patients aged 16–
21 years treated between 1988 and 1998 (CALGB) and 
between 1989 and 1995 (CCG) [2]. CALGB trials 
 utilized a five-drug induction and a modified pos-
tremission BFM-type therapy. The majority of older 
adolescent and young adult patients treated on CCG 
protocols received either CCG-modified BFM or aug-
mented BFM.

Compared to CCG-modified BFM, patients receiv-
ing augmented BFM received additional courses of 
VCR and l-ASP during initial consolidation and 
delayed intensification phases. “Capizzi” MTX was 
administered during interim maintenance phases. 
Patients received a second interim maintenance and 
delayed-intensification phase prior to beginning main-
tenance. The augmented BFM chemotherapy regimen 
is shown in Table 6.6. A comparison of dose intensity 
for various drugs in CCG-modified and augmented 
BFM is shown in Table 6.7.

For patients treated on CALGB trials, the induction 
rate was 93% and the 6-year EFS was 38%. For patients 

treated on CCG trials, the induction rate was 96% and 
the 6-year EFS was 64%. Thus, older adolescent and 
young adult patients with ALL had a significantly better 
outcome when treated on CCG versus CALGB trials.

Comparing the adult and pediatric therapies, 
patients treated on CCG protocols received signifi-
cantly more VCR, steroid, and particularly more l-
ASP, and significantly less CPM and ARA-C compared 
to patients treated on the CALGB protocols. Patients 
in both groups were well matched for major presenting 
features such as WBC, unfavorable cytogenetic fea-
tures, and immunophenotype.

In a similar study design, French investigators com-
pared outcomes for patients 15–20 years of age treated 
on either the FRALLE pediatric trial (N = 77) or the 
adult LALA trial (N = 100) between June 1993 and 
November 1999 [3]. FRALLE chemotherapy was similar 
to BFM therapy, but incorporated VP-16 into consolida-
tion and delayed intensification, and included vindesine 
in reinduction. All patients received cranial radiother-
apy. Adolescents treated on the LALA protocol received 
a four-drug induction consisting of PDN, VCR, idarubi-
cin, and CPM without l-ASP. Patients were then ran-
domized to an intensive consolidation (mitoxantrone, 
ARA-C) or a standard consolidation (CPM, ARA-C, 6-
MP), followed by sequential courses of intermediate-
dose MTX/ l-ASP, CPM/ARA-C, and VCR, DXM, and 
ADR. All patients received cranial radiation.

On both trials, patients with unfavorable prognos-
tic features who achieved a remission were to receive 
an allograft if a matched sibling was available, or an 
autograft. For the FRALLE 93 trial, unfavorable fea-
tures included WBC > 50 x 109/l, t(9:22), t(4:11), 
hypodiploidy (<45 chromosomes), tetraploidy, poor 
PDN response, and nonremission status at day 28. 
Unfavorable features for the LALA protocol included 
WBC > 30 x 109/l, t(9:22), t(1:19), t(4:11), CD10 and 
CD20 negativity, and myeloid marker positivity. There 
were no significant differences in presenting features 
for the two groups. Unfavorable cytogenetics (t(9:22), 
t(4:11), hypodiploidy) were found in 6% of the FRALLE 
patients and 5% of the LALA patients. Induction and 
5-year EFS rates were 94% and 67%, respectively, for 
patients treated on FRALLE protocols compared to 
83% and 41%, respectively, for patients treated on the 
LALA protocol.
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Italian investigators studied the outcome of adoles-
cent patients treated on either pediatric (AIEOP) or 
adult (GIMEMA) protocols [4]. Patients included were 
14–18 years of age and enrolled between April 1996 
and October 2003 (AIEOP – 150 patients; GIMEMA 
– 95 patients). AIEOP protocols were BFM based, 
while GIMEMA protocols include induction with 
high-dose anthracycline (550 mg/m2) and high-dose 
ARA-C as consolidation. No high-dose MTX or a 
delayed intensification phase was given as in the BFM 
protocol. Maintenance consisted of courses of VCR, 
DNR, and CPM. Prognostic features such as immuno-
phenotype and incidence of t(9:22) were similar 
between the two groups. Initial complete response 
rates were 94% for AIEOP vs. 89% for GIMEMA. The 
relapse rate was 17% in the AIEOP trial and 45% for 
the GIMEMA trial. Two-year overall survival was 80% 
for AIEOP and 71% for GIMEMA.

Dutch investigators compared the outcome for 
patients 15–20 years of age treated on either the pedi-
atric ALL-9 trial or adult (HOVON) trial (1985–1999) 
[5]. Compared to the adult chemotherapy program, 
ALL-9 included a delayed intensification phase, ther-
apy with either high-dose MTX and/or oral low-dose 
MTX, and maintenance therapy. Fifty-eight percent of 
patients on the Hovon trial received a bone marrow 
transplant in first remission compared to only 3% of 
patients treated on ALL protocols. Remission and 5-
year EFS rates were 98% and 69% for patients treated 
on ALL-9 versus 91% and 34% for patients treated on 
the adult protocols.

CCG has presented preliminary outcome results for 
262 older adolescent and young adult patients entered 
on the CCG 1961 trial between November 1996 and 
June 2002 [8]. Patients were assigned to either a rapid 
responder (MI Day 7 marrow) or slow responder sub-
group (M2/3 Day 7 marrow). Rapid responders were 
randomized in a 2×2 design to augmented or stan-
dard-intensity BFM-type therapy and to one or two 
delayed intensification phases. Slow early responders 
received augmented BFM and were randomized to 
receive or not receive pulses of idarubicin and CPM in 
the two delayed intensification phases. Seventy three 
percent of patients had a WBC of <50 x 109/l and 21% 
of patients had T-cell immunophenotype. The 5-year 
EFS and overall survival for older adolescent and 

young adult patients were 70.3 ± 3% and 77 ± 3.2%, 
respectively.

6.7 toxicity and late effects

It is well recognized that older patients with ALL have 
a higher rate of treatment-related morbidity and mor-
tality compared to younger patients. There is a higher 
rate of death in induction and death in first remission 
for patients older than 10 years with ALL compared to 
younger patients [37]. The incidence of diabetes and 
pancreatitis during induction increases with age. Avas-
cular necrosis of bone is a significant cause of morbid-
ity for older patients with ALL.

On the CCG 1882 study, 14.2% of patients >10 years 
of age developed avascular necrosis (AVN) compared 
to a 1% incidence for patients <10 years of age [40]. In 
patients >10 years, the incidence was higher for females 
than for males, 17.4% vs. 11.7% (p = 0.03).

On CCG 1882, rapid early responders (Day 7 M1/
M2 marrow) received CCG-modified BFM with or 
without cranial radiation. Slow responders (Day 7 M3 
marrow) were randomized to receive CCG-modified 
BFM or augmented BFM. All slow responder patients 
received cranial radiation therapy. Patients receiving 
CCG-modified BFM received one delayed intensifica-
tion phase, while patients receiving augmented BFM 
received two phases. Patients received 21 consecutive 
days of DXM during the delayed intensification phases. 
The incidence of AVN was 8.6% for rapid early 
responder patients, 16.2% for slow responder patients 
receiving one delayed intensification phase, and 23.2% 
for slow responder patients receiving two delayed 
intensification phases [38]. It is unclear why slow 
responder patients receiving one delayed intensifica-
tion phase had a twofold increased risk of AVN com-
pared to rapid responder patients receiving the same 
therapy.

Since continuous steroid exposure was thought to 
be associated with an increased risk for AVN, on the 
CCG 1961 protocol, rapid early responder patients 
randomized to two delayed intensification phases and 
all slow early responder patients (two delayed intensi-
fication phases) received DXM on days 0–6 and 14–20 
of each delayed intensification phase. Rapid early 
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responder patients randomized to one delayed intensi-
fication phase received continuous DXM (days 0–20). 
For patients older than 10 years, rapid early responder 
patients receiving one delayed intensification (contin-
uous DEX) had an AVN incidence of 13.4% compared 
to 7.5% for patients receiving two delayed intensifica-
tion phases (discontinuous DXM; p = 0.002) [38, 39]. 
For patients receiving the augmented intensity regi-
mens, the incidence of AVN was 15.2% for patients 
receiving continuous DXM vs. 5.3% for those receiv-
ing discontinuous DXM. In the older adolescent and 
young adult subgroup, the incidence of AVN was 
12.4% for patients receiving discontinuous DXM vs. 
28% for those receiving continuous DXM.

6.8 Outcome

Figure 6.6 illustrates the steady progress in survival 
that has been accomplished in ALL, with four equal 
6-year eras from 1975 to 1998 represented. The 5-year 
age-dependent survival rates for ALL improved in 
each age category, with survival being correlated 
inversely with age.

For the population in general, and for both genders, 
5-year survival rates for ALL declined with advancing 

age. For the most recent interval evaluated, 1993–1998, 
the 5-year survival rates were highest among those 
younger than 10 years of age, both above 85% (Fig. 6.7). 
The 5-year rates decreased substantively for the next 
age group (10–14 years, 72%); and for the 15- to 19-
year, 20- to 24-year, and 25- to 29-year age groups were 
58%, 49% and 53%, respectively. For the older patients, 
the 5-year rate was 20–40% (Fig. 6.7).

Among females, the 5-year survival rates for the 
period 1993–1998 were 87%, 55%, 42%, and 14%, 
respectively, and for males, the corresponding values 
were 84%, 53%, 18%, and 20%, respectively (Figs. 6.8 
and 6.9)

6.9 Summary and conclusions

ALL represented 2.1% of all cancers that occurred in 15- 
to 29-year-olds in the United States over the time period 
1975–1999. In the year 2000, approximately 530 persons 
15–29 years of age were diagnosed as having ALL. In the 
years between adolescence and older adulthood, the 
incidence of ALL decreased gradually as the incidence 
of acute and chronic myeloid leukemias increased.

ALL was the most common type of leukemia in the 
15- to 19-year group. In the 20- to 24-year age group, 

Five-year.survival,.ALL,.by.era.during.the.period.
1975–1998,.United.States.SEER

Figure 6.6

Survival,.ALL,.1993–1998,.by.age,.United.States.SEER

Figure 6.7
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ALL and acute myelogenous leukemia occurred at 
approximately equal rates; in the 25- to 29-year age 
group, acute myelogenous leukemia occurred at a rate 
1.5 times that of ALL.

ALL occurred with greater frequency in males of all 
ages, with the male predominance greatest in 15- to 
29-year-olds, essentially double that in females. At all 
ages Hispanics had the highest rate of ALL, and Afri-
can Americans the lowest rate. Among 15- to 29-year-
olds the incidence in Hispanics was 1.7-fold higher 
than in non-Hispanic whites, 2.8-fold greater than in 
African Americans/blacks, and 2.1 times increased 
over Asians/Pacific Islanders. Compared to younger 
patients, older adolescent and young adult patients 
with ALL have a higher incidence of T-cell immuno-
phenotype, higher hemoglobin levels, a higher 
(although still low) rate of the t(9:22), a lower inci-
dence of favorable cytogenetics such as high hyperdip-
loidy or the t(12:21), and a lower incidence of lympho-
matous features.

During the period 1975–2000, the incidence of ALL 
increased significantly among those diagnosed before 
30 years of age. Among 15- to 29-year-olds, most of 
the increase was in males, who had the greatest increase 
in this age group compared with all other ages.

Risk factors for ALL include male gender, young 
age (2–5 years), Caucasian race/ethnicity, pre- and 
postnatal radiation exposure; and constitutional 
 syndromes including trisomy 21, neurofibromatosis 
type 1, Bloom syndrome, Shwachman syndrome, and 
ataxia-telangiectasia.

Survival rates for ALL declined dramatically with 
advancing age. For the period 1993–1998, the 5-year 
survival rates were 58, 49 and 53% for the 15- to 19-
year, 20- to 24-year, and 25- to 29-year age groups, 
respectively.

An improvement in survival has occurred since 1975 
in each category of leukemia, although the decrease in 
mortality among adolescent and young adult patients 
with ALL lags behind that of younger patients.

At present, EFS for older adolescent and young adult 
patients treated on pediatric trials is 60–70% and the 
overall survival is between 65 and 75%. Older adoles-
cent and young adult patients have a higher incidence of 
induction death and death in remission compared to 
younger patients. The lower incidence of favorable cyto-
genetics in older adolescent and young adult patients 
with ALL may, in part, account for the worse outcome.

AVN is a serious treatment complication observed 
almost exclusively in patients >10 years of age, and the 

Survival,.ALL,.1993–1998,.males,.by.age,.United.
States.SEER

Figure 6.9

Survival,.ALL,.1993–1998,.females,.by.age,.
United.States.SEERdence.of.ALL.by.race/ethnicity,.
age.0–45.years,.United.States.SEER.registry,.1992–
2000

Figure 6.8
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incidence is highest in the older adolescent and young 
adult subgroup. The use of discontinuous DXM in DI 
phases produces a significant decrease in the incidence 
of AVN.

In multiple comparisons of older adolescent and 
young adult patients with ALL treated on pediatric 
and adult protocols, there was a consistent and signifi-
cant difference in both EFS and overall survival favor-
ing patients treated on pediatric trials with the EFS 
advantage ranging from 20 to 30%.

In an editorial accompanying the presentation of 
the French FRALLE and LALA comparison [40], Dr. 
Charles Schiffer raised the issue whether the outcome 
difference favoring adolescents treated on pediatric 
protocols was a consequence of better regimens, better 
doctors, or both.

The most likely explanation for the EFS and overall 
survival difference favoring older adolescent and 
young adult patients with ALL treated on pediatric 
protocols is the significant differences in chemother-
apy utilized by pediatric and adult oncologists, 
although other factors may also be operating. It appears 
that pediatric protocols which incorporate a DI, utilize 
more steroids, VCR and l-ASP; and use lower amounts 
of alkylating agents, high-dose ARA-C, and anthracy-
clinies are more effective in treating older adolescent 
and young adult ALL than adult protocols. Among 
adult oncologists, there is a perception that older 
patients have significantly increased toxicity associ-
ated with the administration of VCR and l-ASP com-
pared to younger patients. However, pediatric proto-
cols have demonstrated that it is feasible to use intensive 
VCR and l-ASP in older adolescent and young adult 
patients with ALL.

The vast majority of older adolescent and young 
adult patients with ALL treated on pediatric trials are 
treated by university-based pediatric oncologists, 
while 25–40% of patients treated on adult trials are 
treated by community-based adult oncologists. How-
ever, a United Kingdom study suggested no difference 
in outcome for adults with ALL treated by university- 
or community-based adult oncologists [41], but this 
issue has not been examined in the United States adult 
ALL trials.

Physician compliance with drug administration as 
mandated by protocol may be an important issue. In 

his editorial [40], Dr. Schiffer commented on protocol 
compliance by pediatric oncologists as “military preci-
sion on the basis of a near religious conviction about 
the necessity of maintaining prescribed dose and 
schedule come hell, high water, birthdays, Bastille day, 
or Christmas.” He concluded that, although there are 
few if any studies proving an advantage for such rigor, 
it is likely that neither adult university-based nor com-
munity-based oncologists meet the pediatric stan-
dard.

Currently, the three largest adult oncology groups 
in the United States are developing a clinical trial for 
young adult patients with ALL that will utilize one arm 
of the current CCG AALL0232 High Risk ALL pro-
tocol. On the AALL0232 trial, standard therapy for 
older adolescent and young adult patients with rapid 
morphological response, and <0.1% minimal resi-
dual disease on day 28 as measured by flow cytometry, 
will be “hemiaugmented” BFM therapy (augmented 
BFM with only one interim maintenance and one DI 
phase), which proved to be the best arm in the CCG 
1961 trial for high-risk rapid responder patients [42]. 
On CCG 1961, this hemiaugmented BFM had an 
equivalent outcome to full augmented BFM (two 
interim maintenance and two delayed intensification 
phases). The AALL0232 trial is evaluating DXM at 
10 mg/m2/day × 14 days versus PDN at 60 mg/m2/
day × 28 days during induction and high-dose MTX 
with Leucovorin rescue versus Capizzi MTX (no res-
cue) in the first interim maintenance phase. At pres-
ent, the adult groups plan to utilize the DXM and 
Capizzi MTX arm for their trial.

To increase the cure rate for adolescents with ALL, 
we must decrease the incidence of induction deaths 
and deaths in remission by providing better supportive 
care or by identifying upfront those patients likely to 
experience severe toxicity with standard therapy. 
 Identification of the key genetic polymorphisms that 
influence drug metabolism may play an important 
role. We must also develop more precise treatment 
response measures to predict which patients might 
achieve cure with standard or less aggressive treatment 
and which patients require either more intensive 
(BMT as a possibility) or novel therapies to improve 
cure. Determination of minimal residual disease by 
molecular or flow cytometric tools might be important 
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in this regard. We must also determine whether, 
 utilizing similar if not identical treatment regimens, 
adult university-based or community-based onco-
logists can achieve similar EFS results obtained by 

pediatric oncologists for older adolescent and 
young adult patients with ALL. Answers to these 
important questions should be forthcoming in the 
next 5–10 years.

table 6.6 Augmented.BFM.therapy.(A-BFM)

induction PDN
VCR
DNR
l-ASP

IT.ARA-C
IT.MTX

60.mg/m².p o .days.1–28.(bid.or.tid).then.taper
1 5.mg/m².i v .days.1,.8,.15.and.22
25.mg/m².i v .days.1,.8,.15.and.22
6000.U/m².i m .3.times.per.week.×.3.weeks.
beginning.on.day.3
day.1.(age.adjusted.dosing)
day.8.(age.adjusted.dosing)

consolidation
(9 weeks)

CPM
ARA-C
6-MP
VCR
l-ASP

IT.MTX
RT

1000.mg/m².i v .days.0,.28
75.mg/m².subq/i v .days.1-4,.8-11,.29–32,.36–39
60.mg/m².p o .days.0–13,.28–41
1 5.mg/m².i v .days.14,.21,.42,.49
6000.U/m².i m .days.14,.16,.18,.21,.23,.25,.42,.44,..
46,.49,.51,.53
days.1,.8,.15,.22
1800.cGy.cranial,.for.no.CNS.disease.at.diagnosis..
2400.cranial.+.600.cGy.+.spinal.for.CNS.disease

interim maintenance i
(8 weeks)

VCR
MTX

l-ASP

1 5.mg/m².i v .days.0,.10,.20,.30,.40
100.mg/m².i v .days.0,.10,.20,.30,.40..
(escalate.by.50.mg/m²/dose)
15000.U/m².i m .days.1,.11,.21,.31,.41

delayed intensification i
(8 weeks) DEX

VCR
DOX
l-ASP

Reinduction (4 weeks)
10.mg/m².p o .qd.days.0–20,.then.taper.for.7.days
1 5.mg/m².i v .days.0,.14,.21
25.mg/m².i v .days.0,.7,.14
6000.U/m².i m .days.3,.5,.7,.10,.12,.14

CPM
6-TG
ARA-C
IT.MTX
VCR
l-ASP

Reconsolidation (4 weeks)
1000.mg/m².i v .day.28
60.mg/m².p o .days.28–41
75.mg/m².subq/i v .days.29–32,.36-39
days.29,.36
1 5.mg/m².i v .days.42,.49
6000.U/m².i m .days.42,.44,.46,.51,.53

interim maintenance ii See.interim.maintenance.I.except.additional.IT.MTX..
on.day.0,.20,.40

delayed intensification ii
Maintenance
(12-week cycles)

VCR
PRED
6-MP
MTX
IT.MTX

See.delayed.intensification.I
1 5.mg/m².i v .days.0,.28,.56
60.mg/m².p o .qd.days.0–4,.28–32,.56–60
75.mg/m².p o .qd.days.0–83
20.mg/m².p o .days.7,.14,.21,.28,.35,.42,.56,.63,.70,.77
day.0
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7.1 abstract

After a peak during the first 2 years of life, the inci-
dence of acute myelogenous leukemia (AML) is low 
(five per million 5- to 9-year-olds per year in the 
United States) until after 9 years of age, when it slowly 
increases during adolescence and adulthood (to nine 
per million 15- to 19-year-olds per year in the United 
States). Biological features of pediatric and young adult 
AML appear to be similar, albeit future studies in 
genomics and proteomics are likely to disclose differ-
ences. Treatment results in AML have improved dur-
ing the last 20 years for all age groups; however, out-
come decreases with advancing age even when risk 
factors are considered. In contrast to data about chil-
dren and adults, data on biological features and out-
come are scarce in the adolescent age group. This is 
partly due to the low number of patients of this age 
group participating in clinical trials. Differences in 
outcome for adolescents participating in pediatric or 
adult trials seem to be significant when different pro-
tocols are used, but minor with similar or identical 
protocols. As the needs of adolescents are different 
from those of young children and those of adults and 
elderly patients, it is recommended to treat these 
patients in special units whenever possible.

7.2 introduction

AML represents approximately 15–20% of all leuke-
mias in children, about one-third in adolescents and 
about 50% in adults (Fig. 6.2). In general, the biolo-
gical features of pediatric and adult AML appear to be 
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similar, but the differences have not been reviewed sys-
tematically. Treatment results in childhood AML have 
improved considerably over the last 20 years, with a 5-
year survival in the range of 50–60% [1, 2]. In adults, 
outcome is less favorable, with overall cure rates of 
30% or even less.

The number of adolescents and young adults 
included in clinical trials is relatively small, both in 
cooperative group studies of adults and in pediatric 
trials. Treatment protocols designed for children and 
adults often differ in various aspects from each other, 
and there are no data elucidating which kind of ther-
apy could be particularly appropriate for young adults. 
It is our aim to describe the biological features, clinical 
symptoms and signs, treatment modalities, and out-
come of this age cohort.

7.3 epidemiology/etiology

7.3.1 incidence

Data herein were derived from United States SEER [3, 
4] and the Automated Childhood Cancer Information 
System Europe (ACCIS 2003) [5] and the German 
Childhood Cancer Registry (GCCR 2003) [6]. The 
data are slightly different probably due to relatively low 
patient numbers or differences in race in different 
countries.

Based on these data, the acute leukemias represent 
31–34% of all cancer cases in children younger than 
15 years of age; they account for 6% of cancer in 15- to 
29-year-olds. Age-adjusted annual incidence rates (per 
million) of AML are given in Table 7.1. Fig. 7.1 shows 
the variation of incidence of AML in children and ado-
lescents in different age groups. AML rates are highest 
in the first years of life, but subsequently decrease with 
a nadir at approximately 9 years of age followed by 
slowly increasing rates during adolescence and adult-
hood [4]. Therefore, with advancing age the percentage 
of AML increases within the total leukemias, resulting 
in an inversion of the frequency of acute lymphoblastic 
leukemia (ALL) and AML in late adolescence.

The incidence of AML is similar for males and 
females during adolescence (Fig. 7.1) [3, 4]. Slightly 
more affected female young adults were seen in the 
European studies (AML-CG; Table 7.2), but United 
States population data shows a male predominance 
from age 20 to 35 years (Fig. 7.1) [3, 4]. The incidence 
of AML, unlike that of ALL, was similar for white and 
black children for all age groups [4].

The SEER report [3, 4], the German Children Can-
cer Registry [7] and the Nordic countries [8] have not 
reported an increase in incidence in AML in children 
under 15 years. However, the rate of AML among ado-
lescents and young adults does show some evidence of 
increase. In England the rate in 15- to 24-year-olds has 
increased from 6.6 per million per year in 1979–1983 
to 8.1 per million per year in 1993–1997 [9]. It likewise 
appears to have increased among adolescent/young 
adults aged 15–24 years in The Netherlands [10] and 
in the United States among 20- to 24-year-olds in the 
period 1975–1998 [4].

7.3.2 etiology

There are only a few proven etiologic factors for child-
hood AML, for example in utero exposure to alcohol, 
exposure to benzene, ionizing radiation, or different 
drugs that may contribute to AML in young children. 
The risk of AML is increased in children with congenital 
syndromes such as Fanconi anemia, Shwachman syn-
drome, and Down syndrome. Somatic mutations of the 
GATA 1 gene are seen in virtually all cases of AML asso-
ciated with Down syndrome and may be implicated in 

Incidence.of.acute.myelogenous.leu-kemia.(AML).by.
gender.(Surveillance,.Epidemiology.and.End.Results,.
United.States.SEER,.1975–1999

Figure 7.1
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the 500-fold increased risk of megakaryoblastic AML 
seen in these patients [12, 13]. Such mutations may also 
confer enhanced leukemic sensitivity to cytarabine via 
dysregulation of cytidine deaminase gene expression 
[14]. AML as a secondary malignancy after intensive 

chemotherapy is quite often seen in older children and 
adults (cumulative incidence of 0.6% for children treated 
for ALL or solid tumors by 10 years follow-up, and 3.3–
10% for adults treated for different types of solid tumors) 
[15, 16]. 

table 7.1 Age-adjusted.annual. incidence.rates.per.million.for.specific. leukemia.by.age.groups,.all.races,.both.sexes,.
United.States.SEER.1990–1999,.Automated.Childhood.Cancer.Information.System.Europe.(ACCIS) [5].1993–1997).and.
acute.myelogenous.leukemia.(AML).–.Germany.(AML.intergroup.trials) [11] .n.g..Not.given

age (in years) at diagnosis <5 5–9 10–14 15–19 <15a Period

AML.–.US.(estimated.n=237)
(%.of.total.leukemias)

10 3
(14%)

5 0
(13%)

6 2
(24%)

9 3
(36%)

7 0
(16%)

1990–1995

AML.–.ACCISb

AML.–.Germany.(n=439)

AML.–.Germany.(AML.intergroup).[11]
AML.–.UK,.England.and.Wales.(n=190)

AML.–.ACCISc.(n=29–71)

9 1

8 2

5 2

4 4

5 8

6 5

n g 

6 2

n g 

6 8–12 7

6 6

6 5

1993–1997

aRates.are.adjusted.to.the.1970.US.standard.population .Numbers.in.parentheses.represent.the.percentage.of.the.
total.cases.for.the.specific.age.group .
bACCIS.=.Automated.Childhood.Cancer.Information.System.Europe..
cACCIS.data.from.individual.countries:.Denmark,.Ireland,.The.Netherlands,.Slovakia.and.UK,.and.Scotland

table 7.2 Initial.clinical.data.according.to.age.groups.(Age:.<2,.2–12,.13–21,.22–30.years) .Data.from.the.AML-Berlin-
Frankfurt-Munster.(BFM).Studies.93/98.and.AML.Cooperative.Group.(AMLCG)92.trial .WBC.White.blood.cell.count,.CNS.
central.nervous.system

age (years) <2 2–12 13–21 22–30 p value

Gender.male:female.(%) 53:47 55:45 51:50 49:51 0 66

WBC.median,.range/µl 17900 17200 14000 19700 0 28

WBC.>100,000/µl.(%) 22 15 21 13 0 029

Hepatomegaly.>5.cm.(%) 24 25 27 35 0 36

Splenomegaly.>5.cm.(%) 28 27 34 26 0 61

CNS.involvement.(%) 17 8 10 n g 0 008

Extramedullary.organ.involve-
ment.(%)

36 19 26 n g 0 00001

Total.(n) 231 448 210 72
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AML is most common and more likely to occur 
than ALL in the older age group (>65 years old), cor-
relating to prolonged duration of exposure to environ-
mental carcinogens proportional to age [17]. Only the 
incidence of acute promyelocytic leukemia (French-
American-British, FAB, classification M3) appears 
approximately constant with respect to age after the 
first decade [18]. The FAB subtype M3 shows a high 
frequency (20–24%) in certain ethnic populations 
(e. g., Italian and Latin American) compared to other 
ethnic groups (5–8%), which may suggest a genetic 
predisposition for acute promyelocytic leukemia and/
or specific environmental exposures [19].

7.3.3 trends in survival

Survival rates in children under 20 years with AML 
have improved over the last three decades. Popula-
tion-based estimates of 5-year survival increased from 
23% in the period 1975–1984 to 41% in the period 
1985–1994 [4]. Current 5-year survival in children, 
adolescents, and young adults enrolled in clinical tri-
als (which tend to be higher estimates because trials 
may exclude patients with unfavorable features or 
patients from small hospitals) is in the range of 45– 
60% [1, 20–22]. Results from the AML-BFM studies 
(patients <18 years old) showed an improvement of 5-
year survival from 49% (study AML-BFM 87, period 
1987–1992) to 60% (period 1993–1998) [1]. The 
improvement in prognosis over the last decades in all 
age groups was made possible by intensified chemo-
therapy and supportive care. With intensive induction 
chemotherapy, 80–90% of young patients achieve 
complete remission (CR).

Little data specifically analyze survival for adoles-
cents and young adults. Population-based data from 
regions of England and Wales showed that 5-year sur-
vival improved significantly from 36% in the period 
1984–1988 to 46% in the period 1989–1994 for AML 
patients between 15 and 29 years old. For patients of 
this age group treated in the MRC-trials AML 9 and 
AML 10, 5-year survival increased from 35% to 55% 
(p=0.012) from the first to the second period [2].

According to SEER data on 15-to 29-year-olds,  
5-year survival increased from 15% (1975–1980) to 
40–42% between 1987 and 1998 [4].

7.3.4 Prognostic factors

Outcome for females with AML was somewhat better 
than that for males. Outcome was similar for white 
and for black children younger than 20 years of age 
[4], but recent data suggest that improvements in sur-
vival have preferentially favored whites, probably on a 
genetic basis [23].

Increasing age is a known poor prognostic factor in 
adults with AML [24]. In population studies, 5-year 
survival rates drop with age: 44% for patients aged 0–
15 years, 42% for those aged 15–29 years, and 32% for 
those aged 30–44 years for the recent time period 
1993–98 [4]. However, prognosis in different age 
groups of children and older adolescents treated simi-
larly have rarely been reported.

The Children’s Cancer Group (CCG) trials include 
children and adolescents less than 22 years old. Five-
year survival in CCG trial 213 (1986–89) was 39% and 
therewith significantly higher than in the previous 
CCG 251 study (1979–83: 29%) [25]. In this study sur-
vival rates were not different in 2- to 10-year-old chil-
dren and adolescents aged 10–21 years [26]. The same 
was seen in the recent CCG-2891 trial: in younger (0–
16 years) and older (16–21 years) patients treated with 
intensive timing chemotherapy, survival at 5 years was 
49% and 51%, respectively [27]. The British Medical 
Research Council (MRC) AML 10 trial (1988–1995) 
included AML patients up to age 35 years on the same 
treatment regimen. They achieved high CR rates for 
children under 15 years (91%) and young adults aged 
15–34 years (85%). The induction death rate increased 
slightly, from 5% in children to 7% in young adults; a 
similar small increase in resistant disease was seen 
(5–7%). Survival at 5 years was 53% and 60% in chil-
dren up to age 15 years (after daunorubicin-cytara-
bine-etoposide and daunorubicin-cytarabine-thiogua-
nine induction, respectively) and 46–47% for the 
15–24 year and 25–34 year age groups [20].

The same trend to decrease in survival with age was 
reported for the event-free survival (EFS) rates but not 
overall survival in more than 1,000 Japanese AML 
patients aged 1–29 years consecutively diagnosed in 
the period 1986–1999, who were treated in a variety of 
institutions and protocols. Seven-year probability of 
EFS (pEFS) for AML decreased from 34% in the age 
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groups 10–15 years to 32% for 15- to 19-year-old ado-
lescents, and to 26% in the 20- to 29-year-old young 
adults [28].

Treatment schedules and dosing of the AML-BFM 
93/98 studies for children and adolescents (n=869) 
and the AMLCG92 study for adults (n=832) were sim-
ilar during induction and consolidation [29]. In the 
adult study, 92 patients were 16–30 years old. A com-
mon analysis of patients of both studies showed that 
the CR rate was highest in the age group 2–12 years 
(89%) and lower in infants and patients of older age 
(<2 years, 80%; 13–<21 years, 83%; 21–30+ years, 
75%). Long-term treatment results were also most 
favorable among 2- to 12-year-old children (5-year 
pEFS ±SE, 54±3%), slightly inferior in adolescents 
(46±4%, p=0.03), and unfavorable in young adults 
(28±5%, p=0.0001). Excluding patients with low-risk 
cytogenetics [t(8;21), inv16 and t(15;17)], results were 
inferior in adolescents (pEFS 32±5%) and young adults 
(pEFS 26±7%) compared with children aged 2–12 years 
(pEFS 47±4%) [30].

7.3.5 treatment differences

Adolescents and young adults, however, are not always 
treated on pediatric trials. Recently, adolescents of 16–
21 years treated on CCG 2891 with intensive timing 
(1989–1995) were compared with patients of the same 
age group treated at the University of Texas MD Ander-
son Cancer Center on relatively less aggressive adult 
protocols (1980–2000). Patient characteristics were 
similar; however, 5-year survival for patients treated 
on the CCG-trials was 51% compared to 32% in the 
adult trial. Based on these results, the MD Anderson 
Cancer Center will now examine the role of intensive 
timing induction therapy in young adults with de novo 
AML [31].

7.4 Biology/Pathology

Biologic parameters across the entire age spectrum are 
reported rarely in the literature. Jeha et al. [29] report-
ed on the influence of vascular endothelial growth fac-
tor (VEGF) in pediatric and adult patients. Unlike in 
adults, VEGF and VEGF-R2 levels in pediatric AML 

patients did not correlate with survival. Also contrary 
to the case in adults, expression of the multidrug resis-
tance gene (MRD1) failed to define a poor prognostic 
group in childhood AML [32]. The frequency of cyto-
genetic subgroups of AML are age specific, certainly in 
adults, with an increase in the poor prognosis unbal-
anced aberrations with age [33].

We have analyzed the initial clinical, morphologi-
cal, and cytogenetic data of children, adolescents, and 
young adults treated in the pediatric trials AML-BFM 
93/98 (n=869) and of 92 young adults (<30 years) of 
the AMLCG92 study. Age classifications were infants 
(≤2 years), children between 2 and 12 years of age 
(because there were significant differences in biologic 
parameters in these age groups) [34], adolescents 
between 13 and 21 years of age, and young adults 
between 21 and 30 years. Results show (Fig. 7.2) that 
French-American-British (FAB) distribution was quite 
different in young children <2 years, 68% (147/213), 
who presented with FAB subtypes M5 or M7, com-
pared to 18% (133/730) in the older age groups (χ2 
p<0.0001). However, apart from a trend toward 
increasing M1 and decreasing M7, there was no differ-
ence in FAB types for children (2–12 years) and 
patients 13–30 years old. The favorable karyotypes 
t(8;21), t(15;17), and inv16 were rarely seen in children 

Distribution.of.FAB.(French-American-British).
classification.subtypes.of.AML.as.a.function.of.age.
group.(data.from.the.AML-BFM.studies.93/98.and.
AMLCG92)

Figure 7.2
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<2 years (8/163=5%) compared to the 2- to ≤21-year-
olds (141/580=24%; Fisher p=0.01; Table 7.3). With 
the limitation of the low patient number, it is of inter-
est, that t(8;21) was seen less frequently in young adults 
compared to the 2- to 21-year-old group.

Our data do not show significant differences in bio-
logical parameters between the age groups of 2- to 12-
year-old children, adolescents, and young adults, albeit 
there was a lower incidence of 11q23 and t(8,21) above 
age 12 years than below this age. Only patients younger 
than 2 years of age present with significant differences 
in comparison to older patients. Genomic and pro-
teomic studies currently underway are likely to dis-
close other age differences, such has already been 
demonstrated for acute lymphoblastic leukemia.

One exception is the occurrence of the subtype M3, 
which has a high prevalence in Latinos [19]. In a 
 single institute in Mexico, 20% of all AML patients 
and 30% of adolescents (11–21 years old) presented 
with FAB M3 [35]. A report from Japan ascertained a 
gradual increase of M3 in adolescence: 1–4 years, 5%; 
5–9 years, 8%; 10–14 years, 12%; 15–19 years, 19%; 
20–24 years, 22%; 25–29 years, 21% [28].

7.5 diagnosis: Symptoms and clinical Signs

The clinical presentation in children, adolescents, and 
young adults is mostly similar (Table 7.2). It reflects 
the degree to which the bone marrow has been infil-
trated with leukemic blasts and the extent of extra-
medullary involvement, and can be both a reflection of 
tumor biology and health services factors (host- and 
provider-related delays in diagnosis). The most com-

mon symptoms and physical findings result from ane-
mia, thrombocytopenia, and neutropenia, and include 
pallor and fatigue, anorexia, petechiae, purpura, bleed-
ing, and infection. Occurrence of initial hyperleukocy-
tosis (white blood cell count>100,000/µl) did not vary 
significantly in the different age groups. Initial involve-
ment of the central nervous system (CNS) is seen less 
often in adolescents (~10%) and in children aged 2–
13 years (~8%) than in infants (~17%) with AML (data 
not available for young adults, who rarely get diagnos-
tic lumbar puncture). Infiltration of the skin, especially 
in monocytic leukemias, is also most frequent (~20%) 
in young children (<2 years) and rarely seen in older 
children and adolescents. Likewise, leukemic infiltra-
tions of the periosteum and bone occur more often in 
young children than in adolescents.

7.6. treatment/Management

Treatment regimens for AML are often but not always 
similar in children, adolescents, and adults, generally 
starting with intensive induction courses with cytara-
bine and anthracyclines of an adequate dosage to 
achieve remission. Induction therapy is followed by 
postremission phases to destroy residual blasts in the 
bone marrow or at other sites. The duration and the 
optimal type of postremission therapy remain to be 
established. In general, intensive chemotherapy cycles 
(referred to as consolidation and/or intensification 
courses) should include one or more courses of high-
dose cytarabine. They are administered together with 
some kind of CNS prophylaxis and may be followed by 
a less intensive maintenance chemotherapy. Allogeneic 

table 7.3 Karyotypes.in.the.different.age.groups .Data.from.the.AML-BFM.studies.93/98.and.AMLCG92

age (years) <2 2–12 13–21 21–30 p (χ²)

t(8;21).(%) 1 18 10 5 0 0001

t(15;17).(%) 2 6 8 10 0 02

inv16.(%) 2 8 6 9 0 07

11q23.(%) 27 11 7 n g 0 0001

Total.(n) 164 320 150 43
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or autologous stem-cell transplantation may be 
included as another form of intensification, and indi-
cations and rates vary between countries, study groups, 
and between pediatric and adult providers.

For some specific subgroups, special treatment is 
available. The most successful special treatment was 
the introduction of the differentiating agent all-trans-
retinoic acid (ATRA) for patients with AML-M3, 
inducing cell differentiation and maturation instead of 
cell destruction [36, 37]. A trial using this therapy for 
AML-M3 patients of all ages was the first biologically 
based clinical trial cooperation between adult and 
pediatric clinical trial groups in the United States.

Acute management and supportive care are required 
during all treatment phases, especially during the first 
few days and weeks of intensive induction therapy. 
With recent improvements in AML treatment results, 
the balance between treatment intensity and toxicity 
has become more important than in the past, requir-
ing trials to perform risk-adapted therapy.

Generally speaking, the acute and chronic toxicity of 
chemotherapeutic agents has a similar impact on chil-
dren, adolescents, and young adults. In adolescents, a 
higher degree of anticipatory vomiting is seen and, in 
our experience, a somewhat less rapid recovery from 
myeloablative treatment. Although the compliance dur-
ing intensive treatment phases in the adolescent age 
group is not different from that in children and older 
patients, as most if not all chemotherapy is given in the 

hospital, in our experience it may be lower during main-
tenance therapy, just as adherence to oral chemotherapy 
has been shown to be lower in adolescents with ALL.

Most difficult in the management of adolescents is 
the indispensable psychosocial care. The needs of ado-
lescents are different from those of young children and 
are accompanied by the conventional problems that 
are associated with this age group (e.g., need of auton-
omy and independence, social development, sexual 
maturation, education, and employment) [39]. These 
problems are the same as for adolescents and young 
adults suffering from other types of cancer.

7.7 Participation in clinical trials

More than 90% of children less than 15 years of age 
with AML are treated within clinical trials in the Nor-
dic countries [39], 67% in the United Kingdom [40], 
and more than 60% in the United States. However, for 
all cancer patients aged >15 years, the percent enrolled 
in clinical trials is much lower [41, 42]. This was true 
for AML patients aged 15–29 years in the United King-
dom from 1989 to 1994, where only 39% of patients 
aged >15 years were entered on clinical trials [2]. New 
data from the five German AML intergroup trials 
included in the Competence Network “Acute and 
Chronic Leukaemias” indicate that young adults are 
now generally included in clinical trials [11]. Benja-

table 7.4 Overall.5-year.survival. (%). in.different.age.groups. (only. results.of. registries.and.trials.with.more.than.100.
patients.reported) .MRC.Medical.Research.Council

Source treatment 
Period

age 
0–4 years

age 
5–9 years

age 
10–14 years

age 
15–19 years

age 
20–30 years

ACCIS
Germany.(n=439)

1993–1997 55 54 54

ACCIS
United.Kingdom.(n=190)

1993–1997 50 63 37

MRC.10/12.trials.(n=689) 1988–2000 64a 60 56

AML.BFM93/98
and.AMLCG.92
(n=961)

1993–2001 62 66 59 51 40

a2–4.years.old..
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min et al. [40] reported on the percentages of patients 
with acute leukemia entered in the MRC trials from 
1991 to 1995. Questionnaires were sent to 121 hospi-
tals, and data from the 96 that responded showed that 
82% of pediatric AML patients (61% aged between 15 
and 19 years and 52% between 20 and 29 years) were 
entered “always” or “whenever possible” into MRC tri-
als [40]. This low percentage is also a reason for the 
lack of data in clinical trials regarding the adolescent 
age group and a possible bias of results including com-
parisons in age groups.

Several authors state that the prognosis for adoles-
cent leukemia sufferers may be improved by introduc-
ing pediatric trials that take into account the prognos-
tic biological features [28]. Another point is the 
prognostic influence of referring these patients to cen-
ters with experience in the management of leukemia, 
or to centers that participate in clinical trials for chil-
dren or adults. According to the data available, differ-
ences in outcome for patients treated in pediatric or 
adult trials were more pronounced for adolescent ALL 
than for AML patients [28, 43].

7.8  expected Outcome, including late 
effects

Late effects among survivors of AML during child-
hood and adolescence may have a significant impact 
on their quality of life. Long-term sequelae of treat-
ments can include impaired intellectual and psycho-
motor functioning, neuroendocrine abnormalities, 
impaired reproductive capacity, and second malignan-
cies [44]. However, most of these late effects, especially 
side effects after CNS irradiation (neurocognitive defi-
cits, growth hormone deficiency, and secondary CNS 
tumor) given in the AML-BFM studies for all age 
groups, but not in other AML trials, affect the younger 
age group. Anthracycline cardiotoxicity is also seen at 
lower cumulative doses (<300 mg/m²) in patients 
younger than 18 years but rather at 550 mg/m² in those 
over 18 years [45].

The risk of endocrine dysfunction is relatively low 
in AML patients who are treated with standard che-
motherapy only (without alkylating agents), however 
after stem-cell transplantation there is an increased 

risk of endocrine dysfunction [44]. Impairment of 
growth rates after busulfan/cyclophosphamide or 
cyclophosphamide/total body irradiation (TBI) condi-
tioning regimens is a problem in children treated 
before or during their growth period. Gonadal toxicity 
is seen in all age groups, mainly as gonadal dysfunc-
tion; however, it is relatively low with modern conven-
tional therapy [44]. Gonadal toxicity may cause disor-
der of pubertal development, infertility, sexual 
dysfunction, and the need for long-lasting hormone 
substitution. In adult women, high doses of alkylating 
agents and TBI increase the risk of ovarian failure and 
the probability of restoring the ovarian function 
decreases by a factor of 0.8 per year of age [46]. The 
addition of busulfan to cyclophosphamide causes per-
manent ovarian failure in nearly all female patients. In 
males the effects of both cytotoxic chemotherapy and 
TBI will damage the germinal epithelium of the testis, 
and for the majority of males in all age groups, perma-
nent infertility is likely after TBI schedules [46].

Therefore, in the future, prior to stem-cell trans-
plantation germ cells or gonadal tissue should be col-
lected and stored with the aim of enabling patients to 
become parents later on [46].

Second malignant neoplasms have been described 
mainly in ALL patients, with a cumulative incidence of 
approximately 2–3% at 15 years of age [12, 44]. Data 
regarding second malignancies following treatment 
for AML are scarce, probably because the number of 
long-term survivors is much lower. Within the AML-
BFM studies, only 12 second malignancies have been 
observed among 928 children, who were alive at least 
3 years after treatment. Most of these patients had 
received chemotherapy only. After stem-cell trans-
plantation, the risk of second malignancies is higher 
for any disease (standard incidence ratio from 6.7 to 
11.6 in different studies compared to patients given 
chemotherapy only) [47]. AML and myelodysplastic 
syndrome are often reported as second malignancies 
after chemotherapy with alkylating agents or topoi-
somerase inhibitors, therefore it might be difficult to 
distinguish between relapse or second malignancy in 
primary AML patients.

In all age groups with leukemia and lymphoma, 
more depression and somatic distress were reported in 
comparison with sibling controls [44].
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7.9 Summary

AML incidence increases with age, such that the fre-
quency in adolescents lies in between that of children 
and adults. Biological factors vary by age, but the biol-
ogy of AML in adolescents and young adults appear 
most similar to that of children. Outcome has improved 
for all age groups during the last 15–20 years, with the 
advent of better chemotherapy and supportive care. 
However, there continues to be a trend toward better 
survival in children than in young adults, which may 
be partly related to the intensity of treatment or to 
treatment in pediatric trials. Further research should 
be directed toward biologically based, not age-specific 
trials.
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8.1 introduction

Hodgkin lymphoma is one of the most common can-
cers found in adolescents and young adults, account-
ing for 12% of all invasive cancer in the United States 
between 15 and 30 years of age [1]. It is a malignant 
lymphoma that is characterized by multinucleated 
giant cells, known as Reed-Sternberg cells. Treatment 
involves combination chemotherapy with or without 
radiation depending upon clinical stage and the treat-
ing institution. Hodgkin lymphoma is considered to 
be a highly curable neoplasm with 5-year survival rates 
of up to 90% with treatment. Adolescents and young 
adults are particularly susceptible to short- and long-
term complications of treatment such as gonadal dys-
function, cardiomyopathy, pulmonary toxicity, and 
second malignancies.

8.2 epidemiology

8.2.1 incidence

8.2.1.1 age-Specific incidence

The most striking epidemiologic feature of Hodgkin 
lymphoma is its bimodal age distribution in developed 
countries, with incidence peaks at 20–24 years and at 
75–79 years (Fig. 8.1) [2]. Among 15- to 29-year-olds in 
the United States, the incidence of Hodgkin lymphoma 
was approximately 44 per million per year between 
1975 and 2000. In the time period 1975–2000, Hodgkin 
lymphoma accounted for 12% of cancers in 15- to 29-
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year-olds in the United States, and was the most com-
mon hematologic malignancy in the age group [3].

Table 8.1 depicts the incidence of Hodgkin lymphoma 
in the pediatric and adolescent/young adult age group. 
Average incidence in the United States increased with 
age until a peak occurred between 20 and 25 years of 
age. During the past quarter century, the incidence of 
Hodgkin lymphoma has declined in all age groups below 
age 20 years and increased in 20- to 29-year-olds. In 
Fig. 8.2, the incidence of Hodgkin lymphoma as a 

function of age is compared with non-Hodgkin and 
other lymphomas. The early age peak of Hodgkin lym-
phoma is contrasted with a steady increase in non-
Hodgkin and other lymphomas.

8.2.1.2 gender-Specific incidence

The incidence of Hodgkin lymphoma in the period 
1975–2000 was higher in females than males in the 15- 
to 19-year age group. In all older age groups the reverse 

table 8.1 Incidence.of.Hodgkin.lymphoma.in.persons.younger.than.30.years.of.age.in.the.United.States,.1975–2000 .
SEER.Surveillance,.Epidemiology.and.End.Results,.na.not.available

age at diagnosis (years) <5 5–9 10–14 15–19 20–24 25–29

United.States.population,.year.2000.census.(in.millions) 19 2 20 6 20 5 20 2 19 0 19 4

Hodgkin.lymphoma

Average.incidence.per.million,.1975–2000,.SEER 0 5 4 1 13 3 36 6 49 9 49 8

Average.annual.percent.change.in.incidence,.1975–2000,.SEER na –2 3% –0 6% –0 4% 0 2% 1 0%

Estimated.incidence.per.million,.year.2000,.United.States na 2 5 12 2 34 7 51 3 55 3

Estimated.number.of.persons.diagnosed,.year.2000,.United.States 10 84 273 702 973 1,072

Incidence.of.Hodgkin.lymphoma;.United.States.
Surveillance,.Epidemiology.and.End.Results.(SEER).
1975–2000

Figure 8.1

Incidence.of.Hodgkin.lymphoma.(International.
.Classification.of.Childhood.Cancer,.ICCC.II(a)).in.
.comparison.to.non-Hodgkin.lymphoma.(ICCC.II(b)).
and.other.lymphoma.(ICCC.II(c),.II(d).and.II(e));.
United.States.SEER.1975–2000

Figure 8.2
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was true, with the male:female ratio reaching nearly 
2:1 by age 40 years (Fig. 8.3).

8.2.1.3 racial/ethnic differences in incidence

Figure 8.4 shows the racial/ethnic differences in the 
incidence of Hodgkin lymphoma among the young. 
Non-Hispanic whites had by far the greatest incidence 
among 15- to 29-year-olds, followed by African Amer-
icans/blacks, Hispanics, Asians/Pacific Islanders, and 
American Indians/Alaska Natives. The range in inci-
dence of Hodgkin lymphoma according to race/eth-
nicity varied nearly tenfold in the 15- to 29-year age 
group. Above age 30 years, the incidence of Hodgkin 
lymphoma among whites and African Americans/
blacks converged, but both races/ethnicities remained 
twofold or higher above the others. The higher inci-
dence among white non-Hispanics in the adolescent 
and young adult group has been attributed to higher 
socioeconomic status [4] (cf. Section 8.3).

8.2.1.4 trends in incidence

The average annual percent change (AAPC) in inci-
dence from 1975 to 1999 is shown in Fig. 8.5 for Hodg-
kin and non-Hodgkin lymphoma. Whereas non-
Hodgkin lymphoma was reported to increase in the 

United States in all age groups, Hodgkin lymphoma 
had an age-dependent pattern in incidence trend. In 
Hodgkin lymphoma, only those 30–44 years of age 
demonstrated a statistically significant increase in 
incidence; in patients over 45 years of age, a statisti-
cally significant decrease in incidence was seen 
(Fig. 8.5, yellow bars). The increase in Hodgkin lym-
phoma occurred predominantly in females (Fig. 8.6).

8.3 etiology/risk Factors

Evidence suggests that Hodgkin lymphoma repre-
sents several disease entities over the age spectrum, 
with different etiological factors for different age 
groups. Children acquire Hodgkin lymphoma at an 
earlier age in developing countries than in developed 
countries, and commonly show Epstein-Barr virus 
(EBV) genomic sequences in their Reed-Sternberg 
cells [5, 6]. The incidence of Hodgkin lymphoma in 
developed countries peaks in the adolescent and 
young adult years, and again in older adults [7]. This 
reflects the bimodal peak first noted by McMahon [2]. 
The increased risk of developing Hodgkin lymphoma 
at an early age has been linked to a higher socioeco-
nomic status and standard of living during childhood, 
including factors such as low housing density, high 

Incidence.of.Hodgkin.lymphoma.as.a.function.of.
race/ethnicity;.United.States.SEER.1975–2000

Figure 8.4

Incidence.of.Hodgkin.lymphoma.as.a.function.of.
gender;.United.States.SEER.1975–2000

Figure 8.3
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maternal education, and few older siblings. These con-
ditions may contribute to a delay in exposure to com-
mon childhood infections and a subsequent delay in 
maturation of cell immunity [8]. Yet in the younger 
(<10 years) and older (>45 years) age groups, the asso-
ciation with higher socioeconomic status is reversed 
[9]. Among the histologic subtypes of Hodgkin lym-
phoma, the nodular sclerosing subtype has a more 
favorable prognosis [10].

While the etiology of Hodgkin lymphoma remains 
unknown, it has long been thought that an infectious 
agent plays a role in the cause of the disease. There is 
growing evidence that the EBV contributes to the etiol-
ogy of many cases of Hodgkin lymphoma [11]. This 
relationship, suggested by past medical history of infec-
tious mononucleosis and serologic studies in patients 
with Hodgkin lymphoma, has been confirmed by 
immunohistochemistry and molecular biology. 
Approximately 40–50% of Hodgkin lymphoma cases 
are associated with the EBV in developed countries [12, 
13]. The presence of the EBV genome in Reed-Stern-
berg cells is associated with the mixed-cellularity sub-
type [4]. As this subtype occurs infrequently in adoles-
cents and young adults, childhood and older adult cases 
are more likely to be associated with EBV. Young adults 
are more commonly diagnosed with nodular sclerosis 
Hodgkin lymphoma, which is rarely associated with 
EBV, perhaps signifying a separate disease entity. This 

variance in EBV incidence, histological subtypes, and 
the difference in gender ratios between young adults 
and children and older adults suggests that Hodgkin 
lymphoma has different etiologies in different age 
groups. The exact cause of non-EBV-associated Hodg-
kin lymphoma remains to be elucidated. Whereas the 
risk for Hodgkin lymphoma appears to be greater in 
young children from poorer socioeconomic conditions, 
the converse is seen for adolescents (Table 8.2). While 
the evidence points to EBV as a cofactor in the develop-
ment of Hodgkin lymphoma, the exact relationship of 
the infection to the subsequent development of a tumor 
is not completely delineated.

The incidence of Hodgkin lymphoma is greatly 
increased in children with certain immunodeficiency 
disorders, specifically ataxia-telangiectasia, Wiskott-
Aldrich syndrome, and Bloom syndrome. Given the 
broad spectrum of underlying genetic defects associ-
ated with these disorders and their association with 
the mixed-cellularity subtype, severely impaired 
immunity may be a likely etiology with consequent 
enhanced susceptibility to EBV.

Genetic susceptibility is also a factor for adolescents 
and young adults. The risk of developing Hodgkin lym-
phoma is significantly higher for those with relatives 
with the disease; the risk is higher for males than for 
females, and for siblings than for parents or offspring 
[14]. Familial clustering of Hodgkin lymphoma sug-

Average.annual.percent.change.(AAPC).in.the.
incidence.of.non-Hodgkin.lymphoma.and.Hodgkin.
lymphoma;.United.States.SEER.1975–2000

Figure 8.5

Average.annual.percent.change.in.the.incidence.of.
Hodgkin.lymphoma.by.gender;.United.States.SEER.
1975–2000

Figure 8.6
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gests a genetic predisposition. Identical twins of young 
adults with Hodgkin lymphoma are 100 times more 
likely to develop Hodgkin lymphoma than fraternal 
twins, supporting a genetic component to the develop-
ment of Hodgkin lymphoma in young adulthood [15].

Adults with Hodgkin lymphoma are more likely to 
have children who develop the disease at a younger 
age, particulary during adolescence and young adult-
hood [16].

In patients with human immunodeficiency virus 
(HIV) infection, there is an increase in the incidence 
of both Hodgkin and non-Hodkgin lymphoma [17, 
18]. Other risks associated with the development of 
Hodgkin lymphoma in this age group are a history of 
autoimmune disorder, a family history of cancer/
hematopoietic disorder, and Jewish ethnicity [15, 16].

8.4 Pathology/Molecular genetics

Hodgkin lymphoma is characterized histologically by 
the presence of Reed-Sternberg or Hodgkin cells, large, 
clonal, multinucleated cells that are B-cell in origin 
derived from a germinal center. The background envi-
ronment consists of a pleomorphic inflammatory 
infiltrate comprised predominantly of lymphocytes. 
The World Health Organization modification of the 
Revised European-American Lymphoma classification 
is currently used for the histological classification of 
Hodgkin lymphoma, which is divided into classical 
and nodular lymphocyte-predominant Hodgkin lym-
phoma [19]. Classical Hodgkin lymphoma is divided 
into four subtypes, nodular sclerosis, mixed cellularity, 
lymphocyte rich, and lymphocyte depletion. Adoles-

table 8.2 Epidemiology.of.Hodgkin.lymphoma.according.to.age.at.diagnosis .Adapted.from.Herbertson.and.Hancock.
(2005).[33] .EBV.Epstein-Barr.Virus

children <16 years adolescents 16–19 years adults >19 years

Histology 45%.nodular.sclerosis,.
35%.mixed.cellularity.
In.developed.countries.
predominantly.nodular.
sclerosis
In.undeveloped.countries.
predominantly.mixed.
cellularity/lymphocyte.
depleted

80%.nodular.sclerosis,.
10–20%.mixed.cellularity

Nodular.sclerosis.peaks.in.
young.adults.and.declines.
with.increasing.age

EBV.positivity Increased.incidence.in.
developed.and.undeveloped.
countries
Higher.rate.in.mixed.cellular-
ity

Minority.of.nodular.sclerosis.
in.developed.countries

Minority.of.young.adults
Majority.of.>50.years

Gender Male:female.2:1.in.Europe.and.
America
Male:female.3 5:1.in.Asia

Male:female.1:1 Nodular.sclerosis.more.
common.in.females.between.
20.and.24.years.in.the.West
More.common.in.males.
worldwide

Geographical.area Higher.incidence.rates.in.
undeveloped.countries
Rare.in.developed.countries

Peak.incidence.in.developed.
countries

Second.peak.in.older.adults.in.
developed.countries

Socioeconomic.
status

Higher.risks.for.lower.status.
and.large.families

More.common.in.high.status.
urban.areas

Twofold.increased.risk.with.
higher.status.and.education.
level
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cents exhibit a higher incidence of the nodular sclero-
sis subtype as compared to younger children and adults 
(Table 8.3). This is correlated with the high incidence 
of mediastinal involvement in adolescents, similar to 
what is seen in young adults.

In the International Classification of Childhood 
Cancer (ICCC) [20], lymphoma is category II and 
Hodgkin lymphoma is category II(a). Hodgkin lym-
phoma in the ICCC corresponds to International Clas-
sification of Disease Morphology codes 9650–9667 
and includes Hodgkin paragranuloma, Hodgkin gran-
uloma, and Hodgkin sarcoma.

8.5 Symptoms and clinical Signs

Hodgkin lymphoma is variable in its presentation in 
children and adolescents. Painless supraclavicular and/
or cervical lymphadenopathy are the most common 
findings on presentation (80%). Axillary and inguinal 
lymph node enlargement is uncommon in children 
(15% and 10%, respectively in a French experience). 
Approximately 60% of pediatric patients present with 
mediastinal involvement at diagnosis, the incidence of 
which is significantly higher in adolescents compared to 
younger children, and is correlated with the higher inci-
dence of nodular sclerosis histology observed in adoles-
cents (Table 8.3). Mediastinal adenopathy may result in 
symptoms related to compression of the airway or vas-

culature structures, such as cough, dyspnea at rest or 
with exercise, or orthopnea. The presence of either hep-
atomegaly or splenomegaly at presentation is infrequent. 
Approximately one-third of patients initially have sys-
temic symptoms (called “B” symptoms) including fever, 
night sweats, or weight loss due to chemokines released 
by the Hodgkin cells. Pruritus, another symptom of 
Hodgkin lymphoma, is relatively uncommon in chil-
dren.

8.6 diagnostic testing

8.6.1 Hematology

Screening laboratory studies may include a complete 
blood count and measurement of the erythrocyte sedi-
mentation rate (ESR). Anemia due to poor utilization 
of iron may be seen, particularly in patients with a 
high tumor burden. Additional causes may include 
mild chronic red cell destruction, or occasionally, a 
Coombs-positive hemolytic anemia. An elevated ESR 
is correlated with stage and the presence of systemic 
symptoms; its prognostic importance was recognized 
early and highlighted in multivariate analyses. Eosino-
philia occurs in only 15% of patients, whereas neutro-
philia is found frequently. Lymphopenia is often 
observed in advanced disease. Bone marrow involve-
ment is not common (found in only 3% of subjects in 

table 8.3 Histological.pattern,.stage.distribution.and.mediastinal.involvement.according.to.age.(data.from.the.French.
studies.MDH82.and.MDH90.[21])

total <7 years 8–11 years >12 years

Number 677 121 196 360

Histological.subtype

. Nodular.sclerosis 52% 27% 45% 64%

. Mixed.cellularity 28% 44% 31% 20%

Clinical.stage

. I–II 63% 73% 60% 62%

. III–IV 37% 27% 40% 38%

Mediastinal.involvement 62% 36% 54% 76%
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the French MDH82 study [21]). Bone marrow biopsy 
is the definitive method of detection of bone marrow 
involvement and should be performed in patients with 
advanced-stage disease, B symptoms, abnormal blood 
counts, or local bone involvement.

8.6.2 imaging

Radiographic imaging by computed tomography scan 
is the preferred modality for determination of the sites 
of nodal and extranodal disease in the neck, chest, and 
abdomen. Gallium imaging was the standard method 
of detection for many years; however, this imaging has 
been replaced recently by positron emission tomogra-
phy, which is a more sensitive imaging modality for 
Hodgkin lymphoma.

8.6.3 Surgery

The definitive diagnostic approach for detection of 
Hodgkin lymphoma is biopsy sampling of the largest 
accessible lymph node.

8.6.4 clinical Staging

The Ann Arbor classification is currently used world-
wide to stage Hodgkin lymphoma (Table 8.4). Stage is 

subclassified into two categories, A or B. Patients with 
asymptomatic disease are classified in category A. 
Patients in category B may present with any of the fol-
lowing symptoms: unexplained loss of more than 10% 
of their body weight in the 6 months prior to diagno-
sis, unexplained fever (>38ºC for more than 3 days), 
or drenching night sweats. Subclassification E repre-
sents involvement of an extranodal site contiguous to 
the known nodal site. Stage I disease denotes involve-
ment of a single nodal region, which in the majority of 
cases is the cervical region (85%). Inguinal node 
involvement is noted in 10% of the cases. Isolated axil-
lary and mediastinal involvement is rare (2%). Stage II 
represents involvement of two or more lymph node 
regions on the same side of the diaphragm, which in 
two-thirds may comprise cervical and mediastinal 
involvement, in 20% bilateral cervical involvement, 
and in 4% cervical and axillary involvement. Only 5% 
of patients with stage II disease present in subdia-
phragmatic sites. Stage III includes involvement above 
and below the diaphragm. Stage IV disease denotes 
metastatic disease at extranodal sites including lung 
involvement (occurring most frequently in 73% of 
cases), bone marrow (20% ), liver (18%), bone (15%), 
and kidney (4%). Adolescents and children above 
8 years of age tend to have more advanced stages than 
younger children.

table 8.4 Ann.Arbor.staging.classification.of.Hodgkin.Lymphoma

Stage.I Involvement.of.a.single.lymph.node.region.(I).or.of.a.single.extralymphatic.organ.or.site.
(IE)

Stage.II Involvement.of.two.or.more.lymph.node.regions.on.the.same.side.of.the.diaphragm.(II).
or.localized.involvement.of.an.extralymphatic.organ.or.site.and.of.one.or.more.lymph.
node.regions.on.the.same.side.of.the.diaphragm.(IIE)

Stage.III Involvement.of.lymph.node.regions.on.both.sides.of.the.diaphragm.(III),.which.may.also.
he.accompanied.by.localized.involvement.of.an.extralymphatic.organ.or.site.(IIIE).or.by.
involvement.of.the.spleen.(HIS).or.both.(HISE)

Stage.IV Diffuse.or.disseminated.involvement.of.one.or.more.extralymphatic.organs.or.tissues.
with.or.without.associated.lymph.node.enlargement

Each.stage.is.subdivided.into.A.and.B.categories

A No.systemic.symptoms

B Unexplained.weight.loss.greater.than.10%.of.the.body.weight.in.the.previous.6.months.
and/or.unexplained.fever.with.temperatures.above.38°C.and/or.night.sweats
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8.7 treatment/Management

8.7.1. general treatment consideration

Hodgkin lymphoma is highly curable in the adolescent 
and young adult patient population. The challenge 
faced by oncologists today is to find the balance 
between maximizing cure and minimizing the late 
effects in this population. Adolescents with Hodgkin 
lymphoma are not treated as a distinct patient popula-
tion and are routinely placed on either pediatric or 
adult treatment regimens, without a strong foundation 
for the decision. Several studies, however, have 
reported a poorer outcome in adolescent patients 
treated on adult clinical trials.

Salient differences exist currently between adult and 
pediatric treatment strategies for Hodgkin lymphoma. 
The adult treatment approach stratifies stage into early 
(stages I and II) and advanced (stages III and IV) dis-
ease. Adolescents treated on adult regimens for 
advanced-stage Hodgkin lymphoma will most com-
monly receive six cycles of doxorubicin + bleomycin + 
vinblastine + dacarbazine (ABVD) chemotherapy alone 
rather than the combined-modality therapy used in the 
pediatric approach, which alternates an alkylating agent 
regimen with ABVD in order to decrease the ABVD-
related risk of cardiopulmonary toxicity. Until recently, 
treatment for favorable disease presentation (stages I 
and II and the absence of B symptoms and nodal bulk) 
in both children and adults has relied on radiation alone, 
a practice that originated in the 1950s. The most com-
mon method was to employ mantle field irradiation 
(including the neck, chest, and axilla nodes) with doses 
of 40–44 Gy followed by inverted Y irradiation to the 
spleen, para-aortic and pelvic nodes. The use of radia-
tion therapy as a single-therapeutic modality has gradu-
ally declined given that the initial effectiveness of 
extended-field, high-dose radiotherapy is counterbal-
anced by unsatisfactory risk of relapse, late side effects, 
and poor quality of life, especially in children and ado-
lescents. The introduction of combined-modality ther-
apy allows for dose and volume reduction of the radia-
tion field and is now the preferred treatment for favorable 
Hodgkin lymphoms in both adults and children.

Chemotherapy alone for localized disease has been 
used in developing countries with some success [22]. 

Risk-adapted therapeutic strategies have been used in 
the pediatric trials that employ variations of com-
bined-modality therapy dependent upon stage, symp-
toms, and gender. Prognostic factors specifically for 
children and young adults treated with combined-
modality therapy have been developed [23]. A series of 
328 patients, aged 2–20 years, were analyzed and five 
pretreatment factors were found to correlate by multi-
variate analysis with inferior disease-free survival; 
male sex, stage IIB, IIIB, or IV disease, bulk mediasti-
nal disease, hemoglobin <11 g/dl, and white blood cell 
count of >13,500/ul. Response to therapy was also 
shown to be a predictor of outcome. Age was not a sig-
nificant factor in the comparison of patients greater or 
less than 14 years of age. In other studies, nodular scle-
rosis histology and the presence of B symptoms cor-
related with an inferior outcome [24]. Based upon 
these findings, tailored risk-adapted strategies have 
been explored. These strategies have incorporated 
stratification by stage into three risk groups: (1) early/
favorable, including localized disease involving less 
than three or four nodal regions in the absence of B 
symptoms, bulky disease, or extranodal extension, (2) 
intermediate/localized unfavorable, defined as local-
ized disease involving less than or equal to three or 
four nodal regions in the presence of bulky lymphade-
nopathy, and (3) advanced/unfavorable, which includes 

National.mortality.for.Hodgkin.lymphoma;.United.
States.SEER,.1975–2000

Figure 8.7
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patients with stage II disease who experience constitu-
tional symptoms of fever or weight loss, and patients 
with stage III or IV disease. It is believed that each 
pediatric patient presents with a unique combination 
of factors that should be evaluated in determining 
optimal treatment. Issues such as gender- and age-
related susceptibilities to treatment toxicities have also 
been considered in the development of therapeutic 
strategies to minimize late effects.

Accumulating experience with risk-adapted appro-
aches suggest that survival is excellent for all risk groups, 
and that low-risk patients may not require adjuvant 
radiation therapy [25]. This finding is suggested by a 
large recent adult study that indicates that consolidation 
radiation therapy increased the overall survival, espe-
cially in the subgroup of patients with B symptoms, 
stage III–IV disease, and patients younger than 15 years 
[26]. The trials that show no benefit of a consolidation 
radiation therapy for advanced disease were those using 
eight cycles of chemotherapy [alternating mechloretha-
mine + vincristine + procarbazine + prednisolone 
(MOPP), and ABVD or “hybrid” MOPP/doxorubicin + 
bleomycin + vinblastine (ABV) or bleomycin + etopo-
side + doxorubicin + cyclophosphamide + vincristine + 
procarbazine + prednisolone (BEACOPP), or doxoru-
bicin + bleomycin + vinblastine + procarbazine + pred-
nisolone (ABVPP). It is likely that the patients in com-

plete remission after 3–6 cycles of chemotherapy 
received some sort of consolidation therapy in the form 
of additional chemotherapy, obviating the benefit of 
radiation. However, such strategies lead to high cumula-
tive doses of chemotherapy and the risk of male infertil-
ity due to the use of alkylating agents, cardiomyopathy 
from anthracyclines, pulmonary fibrosis from bleomy-
cin, and of secondary leukemia and lung cancer after 
alkylating agents and etoposide.

8.7.2 Specific treatment trials

There have been no prospective randomized trials for 
adolescents and young adults with Hodgkin lymphoma 
per se. It has been shown that adolescents experience 
disease outcomes superior to older adults; however, it 
remains inconclusive whether adolescents experience 
a similar prognosis as do younger children where 5-
year event-free survival is greater than 90%. A recent 
review of 79 treatment trials published in the past 
15 years revealed only four major studies evaluating 
the outcome of the adolescent subgroup. Two of these 
trials reveal a significant difference in treatment out-
come compared to the entire study population. These 
studies are summarized in Table 8.5.

The Stanford, Dana Farber, and St. Jude teams 
treated a selected group of patients (clinical stage I and 

National.mortality.for.Hodgkin.lymphoma.by.race/
ethnicity;.United.States.SEER,.1975–2000

Figure 8.9

Ratio.of.national.mortality.to.SEER.incidence.for.
Hodgkin.lymphoma,.by.gender;.United.States.SEER,.
1975–2000

Figure 8.8
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II, without bulky disease or B symptoms, representing 
one-third of the whole cohort of children with Hodg-
kin disease) with four cycles of vinblastine + adriamy-
cin + methotrexate + prednisone (VAMP) before 
involved-field radiation. Five-year survival and event-

free survival were respectively 100% and 97%. Little 
difference was seen in outcome on the basis of age (cut 
point being 13 years; not statistically significant) [27]. 
The German Austrian Pediatric Oncology Group tai-
lored the length of the chemotherapy to the extent of 
the disease by using two cycles of vincristine + procar-
bazine + prednisone + doxorubicin (OPPA) for stages 
IA-IB-IIA, two cycles of OPPA + two cycles cyclophos-
phamide + vincristine + procarbazine + prednisone 
(COPP) for stages IIB-IIIA, and two cycles of OPPA + 
four cycles of COPP for stages IIIB and IV. In 1990, 
treatment was modified to reduce the amount of pro-
carbazine administered to males with two cycles of 
OPPA replaced by two cycles of vincristine + etopo-
side + prednisone + doxorubicin (OEPA). The results 
of this study demonstrated that there was no difference 
in outcome according to gender or age (grouped by 
ages: less than 10 years, from 10 to 15 years and older 
than 15 years) [28]. The French Pediatric Group intro-
duced a novel combination devoid of both alkylating 
agents and anthracyclines consisting of vinblastine + 
bleomycin + etoposide + prednisone (VBEP) followed 
by 20 Gy of radiotherapy for good responders. Poor 
responders to the VBEP regimen were given OPPA as 
second-line chemotherapy. Event-free survival was 
96% among patients under 9 years of age at diagnosis 
compared with 87% in older children, but this differ-

Average.annual.percent.change.in.the.5-year.
survival.rate.for.Hodgkin.lymphoma.by.gender;.
United.States.SEER,.1975–2000

Figure 8.12

Survival.rates.for.Hodgkin.lymphoma.as.a.function.
of.years.after.diagnosis.for.different.age.groups:.
<15.years,.15–29.years,.30–44.years,.and.45+.years;.
United.States.SEER,.1975–2000

Figure 8.11

Five-year.survival.rate.for.Hodgkin.lymphoma.by.
race/ethnicity;.United.States.SEER,.1975–2000

Figure 8.10
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ence did not reach significance and age was not a prog-
nostic variable in multivariate analysis [21].

A retrospective outcome analysis performed by 
Yung et al. reviewed this controversy surrounding 
treatment for adolescents with Hodgkin lymphoma 
[29]. A review of the British National Lymphoma 
Investigation database of 209 adolescents, aged 15–
17 years, treated on previous adult regimens for Hodg-
kin lymphoma between 1970 and 1997, showed a 5-
year event-free survival of 50% for all stages combined. 
This was compared to other pediatric trials with the 
patient populations experiencing between 79% and 
86% event-free survival. They concluded that the poor 
outcome in adolescents was attributed to treatment on 
adult protocols rather than the risk-adapted com-
bined-modality regimens used in the pediatric set-
ting.

8.8 Outcome

8.8.1 Mortality

Mortality in 15- to 29-year-olds with Hodgkin lym-
phoma during the time period 1975–1999 was 4.82 
deaths per year per million (Fig. 8.7; inset). The death 
rate doubled for 20- to 24-year-olds when compared to 
15- to 19-year-olds; rates for 25- to 29-year-olds 
reached nearly the maximum, as seen in Fig. 8.7.

For Hodgkin lymphoma, a male excess in mortality 
occurred over age 15 years (Fig. 8.8), and the compari-
son with incidence showed that there were more males 
than females dying of the disease between 15 and 
40 years of age than expected from the incidence pat-
tern (Fig. 8.3). This analysis suggests that male gender 
was an adverse prognostic factor in patients between 15 
and 40 years of age. Females are known to present with 
more favorable histology and lesser stage disease [4].

Analysis of Hodgkin lymphoma mortality by race/
ethnicity as a function of age indicates that African 
Americans/blacks had the highest death rate for those 
over 20 years of age (Fig. 8.9). When compared with 
incidence patterns (Fig. 8.4), the excess death rate 
among African Americans/blacks was not explained 
by differences in incidence.

8.8.2 Survival

Since 1990, there have been no significant differences 
in 5-year survival rates among whites of either His-
panic or non-Hispanic ethnicity, African Americans/
blacks, or Asians/Pacific Islanders with Hodgkin lym-
phoma (Fig. 8.10). The suggestion from comparisons 
of death rates to incidence that show a deficit among 
African Americans/blacks applies to the period 1975–
1998. It appears that this racial inequity may have been 
overcome by 1990.

Survival curves for Hodgkin lymphoma indicate 
that 15- to-29-year-old patients did not fare as well as 
younger patients, with a continued fall-off in mortality 
and no evidence for a plateau (Fig. 8.11).

The AAPC in 5-year survival rates from 1975 to 
1997 for Hodgkin lymphoma are shown in Fig. 8.12. 
As suggested by the mortality versus incidence com-
parisons described above, the least amount of progress 
occurred in 15- to 50-year-olds with Hodgkin lym-
phoma (Fig. 8.12).

8.9 Follow-up/late effects

Adolescents treated for Hodgkin lymphoma experi-
ence a higher incidence of secondary complications 
from treatment, including secondary malignancies, 
compared to adult patients [30]. Many patients survive 
for decades after treatment, allowing a greater window 
of observation of the late damaging effects of chemo-
therapy and radiation. Young adults do not suffer the 
radiation-induced growth retardation observed in 
children who were not fully grown up at the time of 
therapy. However, children and adolescents share the 
adult experience of an increased mortality rate related 
to radiation and anthracycline-induced cardiotoxicity 
[31] and secondary radiation-induced solid tumors 
[32]. Studies have shown that girls who are between 
the ages of 10 and 16 years at the time of radiation 
treatment are at greater risk of breast cancer than 
younger patients. In these cases, it is hypothesized that 
the radiation therapy was delivered during a period of 
breast tissue proliferation. This finding is confounded 
by the fact that the female survivors of Hodgkin lym-
phoma who were older at their childhood cancer diag-
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nosis, were at higher risk because the overall breast 
cancer risk increases with age. Regardless, this terribly 
high cumulative incidence of secondary breast cancer 
(13.9% at age 40 years and 20.1% at age 45 years) is a 
matter of concern and calls for limitation of the radia-
tion fields and doses. MOPP was the first effective sys-
temic therapy for patients with Hodgkin lymphoma, 
and treatment with this regimen resulted in late effects 
including gonadal damage in males and increased risk 
of secondary myelodysplastic syndrome/acute myelog-
enous leukemia due to the use of alkylating agents. In 
an effort to reduce these effects, a variety of MOPP 
derivatives has been developed. The introduction of 
ABVD provided improved disease-free survival with-
out leukemogenic and gonadotoxic effects. ABVD-
associated late effects include cardiomyopathy, which 
is attributable to anthracyclines, and lung fibrosis, 
which is caused by bleomycin. Thoracic radiation 
amplifies these toxicities.

The key to limiting toxicity in current approaches of 
this disease is to adapt the intensity of the therapy to 
the risk factors of the patient. Toward this goal, com-
bined-modality, risk-adapted therapies have explored 
the reduction in dose, intensity, and field of irradia-
tion, as well as a reduction in the cumulative dose of 
cytotoxic chemotherapy.

8.10 conclusions

Adolescents and young adults with Hodgkin lym-
phoma represent a unique patient population with this 
disease. They experience the highest incidence rates of 
any age group, distinctive pathological characteristics 
including an elevated incidence of nodular sclerosis 
subtype, and suspected etiologies that differ from that 
of adults and younger children.

Hodgkin lymphoma accounts for 12% of all cancers 
in 15- to 29-year-olds in the United States during the 
past quarter century. The incidence of Hodgkin lym-
phoma as a function of age is bimodal, with a peak at 
between 20 and 25 years of age and a second peak 
between 75 and 80 years of age.

In the period 1975–2000, females had a higher inci-
dence of Hodgkin lymphoma in the 15- to 19-year age 
group. Males had a higher incidence of all lymphomas 

in all other age groups. The incidence of Hodgkin lym-
phoma in the adolescent and young adult age group 
was highest among white non-Hispanics.

Factors associated with a high standard of living 
may contribute to delayed exposure to childhood 
infections and subsequent delay in maturation of cell 
immunity. EBV infection acquired in adolescence, 
with subsequent development of infectious mononu-
cleosis, may increase the risk of Hodgkin lymphoma in 
adolescents and young adults. A history of autoim-
mune disorder, family history of malignancy/hemato-
poietic disorder, and Jewish ethnicity are all risk fac-
tors for Hodgkin lymphoma. HIV infection also 
predisposes to Hodgkin lymphoma.

Males had higher mortality from Hodkgin 
 lymphoma than females at all ages above 10 years. 
Mortality for all Hodgkin lymphoma was comparable 
for 15- to 19-year-old whites and African Americans/
blacks, but was higher for African Americans/blacks at 
all ages above 20 years. Of all age groups, 15- to 49-
year-olds with Hodgkin lymphoma have had the least 
improvement in survival during the past quarter cen-
tury. Five-year survival for Hodgkin lymphoma in the 
15- to 29-year age group was similar for all racial/
ethnic groups.

Adolescents and young adults experience higher 
rates of toxicities and malignancies secondary to treat-
ment than do older adult patients. Currently, adoles-
cents are treated on either pediatric or adult treatment 
regimens, which differ in risk stratification and their 
use of radiation and chemotherapy. The goal of mod-
ern therapy for adolescents and young adults with 
Hodgkin lymphoma is to improve disease outcome 
while minimizing dangerous late effects.

As past treatment protocols were not designed spe-
cifically for adolescents, this population is conse-
quently treated either on adult or pediatric treatment 
regimens, with similar outcomes for disease control. 
Whether the late effects of therapy differ according to 
adult vs. pediatric approaches has not been adequately 
studied. Current trials are focused on tailored regi-
mens based upon prognostic risk factors in an effort to 
maintain high cure rates while reducing the damaging 
late effects of treatment. Clinical treatment trials focus-
ing on optimal treatment for adolescents and young 
adults with Hodgkin lymphoma are needed.
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9.1 introduction

Non-Hodgkin lymphoma is a heterogeneous group of 
lymphoid malignancies. The overall incidence and fre-
quency of the different histological subgroups varies 
according to age at diagnosis. Adolescence is at the 
junction of childhood and adulthood in the sense that, 
in adolescents, the lymphomas frequent in children 
and rare in adults may still be seen (the Burkitt and the 
lymphoblastic types), but the incidence of the large cell 
subtypes, especially the diffuse large B-cell lympho-
mas, frequent in adults, increases greatly in young 
adults (to 30 years of age).

In many countries, the minority of adolescents are 
referred to pediatric departments where they are gen-
erally included in trials, but the majority are referred 
to adult departments where a minority are registered 
in trials. So far, there are few data on adolescents and 
young adults with non-Hodgkin lymphoma. The ques-
tions are: is there a difference in results when patients 
are treated with childhood versus adult non-Hodgkin 
lymphoma protocols and in their respective depart-
ments? If yes, is it related to the type of treatment? Is 
there a prognostic value of age of onset and treatment 
with similar therapeutic strategies? Is this related to 
different biology? In this chapter we will present what 
is presently known, but many questions are still with-
out answers, which indicates the need for further stud-
ies directed specifically toward adolescents and young 
adults with non-Hodgkin lymphoma.

non-Hodgkin lymphoma

Catherine.Patte.•.Archie.Bleyer.•.
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9.2 epidemiology

9.2.1 age-Specific incidence

The overall incidence of non-Hodgkin lymphoma 
increases steadily with age (Table 9.1 and Fig. 9.1), in 
contrast to Hodgkin lymphoma, which peaks in early 
adulthood, declines in incidence with age, and 
increases again in late adulthood (Fig. 9.1) [1]. During 
the past quarter century in the United States, the inci-
dence of non-Hodgkin lymphoma has increased in 
each age group through to age 30 years (Table 9.1). In 
20- to 29-year-olds, the increase was dramatic, averag-
ing 4–19% per year over 25 years. Most of the increase 
was in the non-Burkitt, non-Hodgkin Lymphoma cat-
egory II(b), according to the International Classifica-
tion of Childhood Cancer (ICCC), which was in part 
due to the human immunodeficiency virus (HIV) epi-
demic that occurred during the 1980s and early 1990s 
(Table 9.1). In the 1979–1997 English registry, non-
Hodgkin lymphoma represented 7% of all cancers in 
adolescents, very similar to the corresponding propor-
tion in the United States.

table 9.1 Incidence.of.non-Hodgkin.lymphoma.in.persons.younger.than.30.years.of.age,.United.States,.1975–2000 .
ICCC. International. Classification. of. Childhood. Cancer,. SEER. Surveillance,. Epidemiology. and. End. Results,. na. not.
.available

age at diagnosis (years) <5 5–9 10–14 15–19 20–24 25–29

United.States.population,.year.2000.census.(in.millions) 19 176 20 550 20 528 20 220 18 964 19 381

non-Hodgkin lymphoma, iccc ii(b)

Average.incidence.per.million,.1975–2000,.SEER 3 4 5 4 7 1 11 7 16 5 27 3

Average.annual.%.change.in.incidence,.1975–2000,.SEER na 0 2% 2 2% 2 3% 3 6% 6 2%

Estimated.incidence.per.million,.year.2000,.United.States 2 8 5 5 8 8 14 3 21 8 39 3

Estimated.number.of.persons.diagnosed,.year.2000,.U S 66 110 147 290 413 762

Burkitt and other non-Hodgkin lymphoma, iccc ii(c), ii(d), and ii(e)

Average.incidence.per.million,.1975–2000,.SEER 2 8 3 7 3 9 3 1 3 6 7 5

Average.annual.%.change.in.incidence,.1975–2000,.SEER na –1 0% –0 7% 1 6% 9 8% 18 5%

Estimated.incidence.per.million,.year.2000,.United.States 1 9 3 2 3 6 3 5 5 6 12 5

Estimated.number.of.persons.diagnosed,.year.2000,.U .S 54 76 81 72 108 243

Incidence.of.malignant.lymphoma.in.the.United.
States.by.age.in.persons.younger.than.45.years,.
according.to.the.International.Childhood.Cancer.
Classification.(ICCC),.United.States.SEER,.1975–2000

Figure 9.1
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9.2.2 incidence of Histologic types

When analyzed according to histologic type of non-
Hodgkin lymphoma, the greatest change in the 
 distribution of the subtypes over the 15- to 29-year age 
span is the appearance of follicular (nodular) 
 lymphoma which, during the period 1992–2002, was 
virtually nonexistent before age 15 years and increased 
in relative proportion to 11% among 25- to 29-year-
olds (Fig. 9.2). Diffuse small-cell lymphoma also 
 increased, and mantle cell lymphoma made its appear-
ance in 15- to 29-year olds. The incidence of lympho-
blastic lymphoma (LL) and Burkitt lymphoma de-
creased as a function of age from the 15- to 19-year age 
interval to the 25- to 29-year interval.

The French-American-British (FAB) LMB96 study, 
a 5-year prospective international study for the treat-
ment of B-cell lymphoma in children and adolescents, 
was not a population-based registry, but interestingly 
some differences were observed between the three 
countries in terms of repartition of the two subgroups 
of B-cell non-Hodgkin lymphoma. After adjusting for 
age, diffuse large B-cell lymphoma (DLBCL) was more 
frequent in the United States than in the European 
countries, especially in France [2, 3].

9.2.3 gender-Specific incidence

Non-Hodgkin lymphoma was more common among 
males than females for all ages up to 45 years. In non-
Burkitt, non-Hodgkin lymphoma (ICCC category 
IIb), the male:female ratio increased over this age in-
terval to nearly twofold greater in males (Fig. 9.3).

In Burkitt lymphoma, the male predominance is 
striking, with male:female ratios approaching 6 for the 
5- to 14-year and 25- to 44-year age groups (Fig. 9.4). 
Females in the 15- to 24-year age group had a higher 
incidence of Burkitt lymphoma relative to males than 
in younger or older age groups, with a male:female 
ratio at a nadir of 2.6–3.2 (Fig. 9.4).

9.2.4 racial/ethnic differences in incidence

Figure 9.5 displays the incidence of all non-Hodgkin 
lymphoma as a function of race/ethnicity. Incidence 
increased for all groups as a function of age. A swi-
tchover from the highest rate among non-Hispanic 
whites and Asians/Pacific Islanders to the highest rate 
among African Americans/blacks occurred at about 
20 years of age. At all ages, American Indians/Alaska 
Natives had the lowest incidence of non-Hodgkin 
 lymphoma.

Incidence.of.non-Hodgkin.lymphoma.in.the.
United.States.by.gender;.United.States.SEER,..
1975–2000

Figure 9.3

Incidence.of.non-Hodgkin.lymphoma.in.the.
United.States.by.histologic.type;..United.States.
SEER,.1992–2000

Figure 9.2
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9.3 etiology/risk Factors

Whatever the age, it is known that a few patients are at 
increased risk of developing non-Hodgkin lymphoma: 
those with congenital or acquired immunodeficiency 
and those receiving immunosuppressive therapy (such 
as after organ transplantation). The incidence is signifi-
cantly higher in males than in females, and is higher in 
whites than African Americans/blacks, as reviewed ear-
lier. Specific geographical areas are also recognized for 
particular types of lymphoma, such as the “endemic” 
(African) Burkitt lymphoma. Other risk factors include 
Epstein-Barr virus (EBV) or Helicobacter pylori infec-
tion, tobacco, and chemical or other environmental ex-
posure. In underdeveloped countries, there is a docu-
mented link between EBV and Burkitt lymphoma, while 
in the developed world EBV is also associated with other 
subtypes of non-Hodgkin lymphoma. Secondary neo-
plasms are well-documented sequelae of HIV infection, 
and account for an increase in non-Hodgkin lymphoma 
incidence, particularly in males. The increase in non-
Hodgkin lymphoma has persisted in the face of a stabi-
lization of the incidence of new cases of HIV and with 
improved treatments for the infection. A few familial 
cases of lymphoid malignancies have been observed, 
without apparent recognized genetic abnormalities.

9.4 Histology/cytogenetics

Classification of non-Hodgkin lymphoma has changed 
many times over the years and became more distinct 
with the increased understanding of lymphomagenesis 
and the development of new diagnostic tools (immu-
nophenotyping, cytogenetics, molecular biology, and 
now gene profiling). The current World Health Orga-
nization (WHO) classification [4], preceded by the Re-
vised American European Lymphoma (REAL) classifi-
cation [5], is now widely used. Microarray technologies, 
by studying the expression of many genes at once, are 
very promising [6], but their implication for diagnosis 
and prognosis, and their further utility in clinical prac-
tice, especially in adolescence and young adults, re-
quire further investigation. The characteristics of the 
four categories of lymphoma most frequently encoun-
tered in adolescents and young adults (Burkitt, LL, 
DLBCL and anaplastic large cell, ALCL) are demon-
strated in Table 9.2.

Incidence.of.Burkitt.lymphoma.(ICCC.IIc).in.the.
United.States.by.gender;.United.States.SEER,..
1975–2000

Figure 9.4

Incidence.of.non-Hodgkin.lymphoma.(ICCC.IIb,.IIc,.
IId,.and.IIe).by.race/ethnicity;.United.States.SEER,.
1992–2000

Figure 9.5
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9.5 clinical Features

The clinical presentation of non-Hodgkin lymphoma 
in adolescents and young adults, as in other age classes, 
varies and depends on the primary site of the disease, 
the histological subtype, and the extent of the disease. 
Burkitt lymphoma generally arises in the abdomen 
(digestive track) and in the Waldeyer ring, while LL 
generally arises from the thymus. Burkitt abdominal 
lymphoma generally presents as a large and rapidly 
growing abdominal mass that is often associated with 
ascites and other intra- or extraabdominal involve-
ment. Intussusception leading to the discovery of a 
small excisable abdominal tumor is a rare presentation 
that is related to Burkitt or DLBCL. Extensive abdomi-
nal surgery should be avoided. The diagnosis can be 
made on surgical biopsy, but also on cytological ex-
amination of a serous effusion or on percutaneous 
needle biopsy of the tumor.

Lymphoblastic mediastinal lymphoma leads to 
mediastinal compression, which may be life threaten-
ing (general anesthesia should be avoided if possible) 
and is often associated with a concomitant pleural 
effusion. Therefore, the diagnosis should be made 
using cytological examination of effusions or bone 
marrow smears. If a tumor biopsy is needed, then this 
should be done by percutaneous needle biopsy or by 
mediastinoscopy. Another lymphoma arising in the 
thymus is the primary mediastinal B-cell lymphoma of 
thymus origin, which may present with pericarditis, 
pulmonary nodules and/or subdiaphragmatic involve-
ment such as the kidney and pancreas.

Head and neck primary sites including Waldeyer’s 
ring and the facial bones are more often seen in Burkitt 
lymphoma. In the less frequent sites such as superficial 
lymph nodes, bone, skin, thyroid, orbit, eyelid, kidney, 
and epidural space, any subtype of lymphoma can be 
seen, emphasizing the necessity of a good-quality sam-
ple for histology and immunophenotyping.

ALCLs present with more unique features: usually 
nodal involvement, sometimes painful, which is char-
acteristic of this disease; frequent skin involvement 
with inflammatory symptoms of the involved nodes, 
distant macular lesions, or general skin modification 
resembling ichthyosis; frequent general symptoms 
with widely fluctuating fever; and “wax and wane” 

evolution in a few cases with previous episode(s) of 
spontaneous regression.

9.6 initial Work-Up and Staging

Diagnosis can be obtained utilizing biopsy material 
including tumor-touch preparations, but also cytologi-
cal examination of effusion fluids or bone marrow 
smears, so surgical procedures can be avoided in dif-
fuse Burkitt and lymphoblastic diseases. Also strongly 
recommended are the immunological and cytogenetic 
or molecular biology studies.

Once the diagnosis of non-Hodgkin lymphoma has 
been made, a speedy assessment of diagnosis, staging, 
and general evaluation must be done in order to com-
mence appropriate treatment as soon as possible. This 
is particularly important in Burkitt lymphoma and LL, 
which have a great propensity to spread rapidly both 
regionally and systemically, especially in the bone 
marrow and in central nervous system (CNS).

Staging classifications are different in children, 
where the St Jude (also called Murphy) classification 
[7] is used because of the predominance of extranodal 
primaries, and in adults where the Ann Arbor classifi-
cation, more adapted to nodal disease, is used 
(Table 9.3). These two different staging systems 
between children and adults make comparisons 
between pediatric and adult studies difficult, particu-
larly in the adolescent and young adult age range. Also 
utilized for therapeutic classification in adults is the 
International Prognostic Index (IPI) based on stage, 
serum lactate dehydrogenase (LDH) levels, and Per-
formance Status (PS). PS does not seem appropriate 
for very fast-growing tumors such as Burkitt and lym-
phoblastic, and is often not documented in pediatric 
lymphoma trials. This might make comparisons diffi-
cult between childhood and adult studies, especially in 
large-cell lymphoma. PS should be included in future 
studies that include adolescents. In spite of being an 
unspecific marker and of different methods of dosage 
with different “norms”, serum LDH level is a very good 
indicator of tumor burden and generally has prognos-
tic significance.

The traditional boundary between leukemia and 
lymphoma has been defined arbitrarily by more or less 
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than 25% blast cells in the bone marrow, but this does 
not correspond to either clinical or biological differ-
ences. CNS involvement is defined by the presence of 
unequivocal malignant cells in a cytocentrifuged spec-
imen of spinal fluid and/or the presence of obvious 
neurological deficits, such as cranial nerve palsies.

Experience with positron emission tomography in 
childhood and adolescent non-Hodgkin lymphoma is 
in the early stages of investigation. It is hoped that this 
diagnostic tool will help to predict the presence of 
active tumors in a residual mass.

Patients often have other problems at diagnosis, 
such as malnutrition, infection, postsurgical complica-
tions, and respiratory and metabolic abnormalities; 
these may be life threatening or compromise the onset 
of therapy. Tumor lysis syndrome may be present at 
diagnosis or may develop during treatment. In 
advanced diseases, especially in Burkitt lymphoma 
and LL, preventive measures must always be instituted: 
hyperdiuresis and “uricolytic” drugs (allopurinol or 
urate oxidase). Urate oxidase should be utilized in 
cases of high tumor burden [8–11]. Urate oxidase con-

table 9.3 Non-Hodgkin. Straging. Systems. and. Prognostic. Index . CNS. Central. nervous. system . LDH. Lactate.
.dehydrogenase

St Jude (Murphy) staging used in childhood non-Hodgkin lymphoma. 

Stage i

Stage ii

Stage iii

Stage i�

A.single.tumor.(extranodal).or.single.anatomical.area.(nodal).with.the.exclusion.of.the.mediastinum.or.
abdomen 

A.single.tumor.(extranodal).with.regional.node.involvement 
Two.or.more.nodal.areas.on.the.same.side.of.the.diaphragm 
Two.single.(extranodal).tumors.with.or.without.regional.node.involvement.on.the.same.side.of.the.
diaphragm 
A.primary.gastrointestinal.tract.tumor,.usually.in.the.ileocecal.area,.with.or.without.involvement.of.
associated.mesenteric.nodes.only,.grossly.completely.resected 

Two.single.tumors.(extranodal).on.opposite.sides.of.the.diaphragm 
Two.or.more.nodal.areas.above.and.below.the.diaphragm 
All.the.primary.intrathoracic.tumors.(mediastinal,.pleural,.thymic) 
All.extensive.primary.intra-abdominal.disease,.unresectable 
All.paraspinal.or.epidural.tumors,.regardless.of.other.tumor.site(s) 

Any.of.the.above.with.initial.CNS.and/or.bone.marrow.involvement 

Ann Arbor classification used in adult non-Hodgkin lymphoma

Stage i

Stage ii

Stage iii

Stage i�

Involvement.of.a.single.lymph.node.region.(I).or.a.single.extralymphatic.organ.or.site.(IE) 

Involvement.of.two.or.more.lymph.node.regions.on.the.same.side.of.the.diaphragm.(II),.which.may.be.
accompanied.by.a.contiguous.involvement.of.an.extralymphatic.organ.or.site.(IIE) 

.Involvement.of.lymph.node.regions.on.opposite.sides.of.the.diaphragm,.which.may.be.accompanied.
by.involvement.of.the.spleen.(IIIS).or.by.a.localized.involvement.of.an.extralymphatic.organ.or.site.(IIIE).
or.both.(IIISE) 

Disseminated.involvement.of.one.or.more.extralymphatic.organ.or.tissues,.with.or.without.associated.
lymph.node.involvement 

International prognostic index used in adult non-Hodgkin lymphoma (patients <60 years)

Factors. Performance.status.>.2. risk classification. .
. . LDH.>.normal. . Low:.. . . 0.factor
. . Stage.III.–.IV. ...................Low–.intermediate:...................1.factor
. . . . . High–intermediate:.. 2.factors
. . . . . High:.. . . 3.factors
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verts uric acid into allantoin, which is highly soluble in 
urine. It is an efficient way of promptly reducing serum 
uric acid levels, thus preventing uric acid nephropathy 
and preserving renal function, allowing a better excre-
tion of the other cell metabolites such as potassium 
and phosphorus. Strict clinical and metabolic moni-
toring of patients during the lysis phase is essential.

9.7 B-cell non-Hodgkin lymphoma

The two main entities of B-cell non-Hodgkin lym-
phoma are Burkitt and DLBCL. The other B-cell non-
Hodgkin lymphomas, such as the follicular, mantle 
cell, or the mucosa-associated lymphoid tissue lym-
phomas, are not often encountered in adolescents and 
young adults and will not be discussed in this chapter.

9.7.1 Burkitt lymphoma

Burkitt lymphoma is characterized by a high prolifera-
tion rate and a short doubling time, so it generally pres-
ents with a high tumor burden in advanced stages. 
General guidelines for treatment are as follows. Che-
motherapy must be intensive, although adapted to 
tumor burden, combining several drugs, and given as 
pulse courses. The most frequently used drugs are 
cyclophosphamide (CPM), high-dose (HD) metho-
trexate (MTX), and cytarabine (ARA-C). Other effec-
tive drugs are doxorubicin, vincristine (VCR), VP16 
(etoposide), ifosfamide, and corticosteroids. CNS pro-
phylaxis is essential and is achieved by intrathecal 
injections of MTX and/or ARA-C, and by HD MTX ± 
HD ARA-C. CNS treatment is done with the same 
drugs at a higher dose. Cranial irradiation is thought to 
be ineffective in Burkitt and is therefore unnecessary. 
Treatment is of short duration, usually a few months. 
Relapses in Burkitt usually occur within the 1st year of 
treatment; therefore, a patient who is alive in first com-
plete remission after 1 year can be considered as cured.

With the LMB protocols developed by the Societe 
Francaise d’Oncologie Pediatrique (SFOP) [12–14] 
and the Berlin-Frankfurt-Munster (BFM) protocols 
developed in Germany [15, 16], survival reaches an 
average of 90%. The lessons from these studies, but 
also from others [17–20], are:

1.  Resected localized tumors (the minority) can be 
treated with very short treatment, some of them 
without any CNS prophylaxis [14, 16, 21–24].

2.  The absence of tumor response at D7 after the pre-
phase combining a low dose of VCR and CPM, and 
corticosteroids, indicates a bad prognosis and the 
need for intensifying treatment (LMB84 and 
LMB89 studies) [13, 14].

3.  The introduction of HD ARA-C + VP16 increased 
the event-free survival (EFS) of patients with 
L3ALL and who were CNS positive in the LMB86 
and LMB89 group C studies (CYVE courses) [14] 
and that of patients with advanced stages in the 
BFM90 and BFM95 studies (course CC) [16, 25].

4.  Treatment with HD MTX is very important in 
Burkitt. The more advanced the stage, the more 
treatment with HD MTX is important. The prog-
nosis of stage III with high LDH and of any stage 
IV was greatly improved when MTX was increased 
from 0.5 to 5 g/m2 in BFM86 and BFM90 [15, 16]. 
Results were also better in higher-risk patients 
when the infusion duration of HD MTX was lon-
ger (BFM95 study) [25].

5.  Dose intensity during the 1st month is of great 
importance, as demonstrated in the FAB LMB96 
study in which the outcome of the intermediate-
risk patients was inferior when the second induc-
tion course was commenced more than 21 days 
after the first course [16, 26].

A few adolescents were included in these pediatric 
studies. There was a tendency in some studies toward 
an inferior EFS of patients older than 15 years [14, 27], 
but the numbers were too small to draw any definitive 
conclusions.

The LMB and the BFM regimens have been used in 
France and Germany, respectively, for young adult and 
older adult patients, but often with dose reduction of 
HD MTX because of poor tolerance of this drug in 
older patients. Does this explain the inferior results, or 
are they attributable to a different biology? It is inter-
esting to note that the prognostic factors are the same 
in the LMB pediatric and adult studies: the absence of 
tumor response at Day 7 of therapy, LDH level, CNS 
involvement, and higher age. A study combining both 
children and adult databases will need to be performed 
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to determine the prognosis of adolescents and young 
adults with Burkitt lymphoma and to determine the 
best course of management with either a pediatric or 
adult non-Hodgkin-lymphoma-based therapy.

Only two institutional studies (National Cancer 
Institute and Bologna) have addressed the question of 
outcome of adults and children treated in the same 
department with the same protocol. In a very small 
number of patients (41 and 21, respectively), they 
showed similar outcomes [17, 28].

Until further studies provide evidence to the con-
trary, adolescents and young adults probably should be 
treated with the pediatric regimens, without dose 
reductions.

One question concerns the use of rituximab in 
Burkitt. Some adult hematologists tend to use it sys-
tematically. There have been only a few case reports on 
the response in relapsed Burkitt [29, 30]. Currently, 
there is no published study demonstrating the benefit 
of rituximab in Burkitt. A study has just opened in 
France for adults comparing the LMB regimen with or 
without rituximab. A Children’s Oncology Group 
(COG) study investigating the safety and efficacy of 
rituximab in combination with FAB therapy has just 
opened.

9.7.2 diffuse large B-cell lymphoma

Depending on the country, DLBCL is included either 
in studies designed for Burkitt (LMB and BFM stud-
ies) [14, 16] or in studies designed for large cells in 
general (Pediatric Oncology Group, POG, studies) 
[31, 32]. In the LMB89 study, DLBCL represented 10% 
of all registered patients. As with Burkitt, they are 
treated according to initial resection and stage. The 
EFS is similar to that of Burkitt (Fig. 9.6), but it should 
be noted that the proportion of patients with advanced 
stages is lower than in Burkitt. However, by stage, EFS 
is not significantly different [33]. In the BFM90 study, 
the EFS of DLBCL is also similar to that of Burkitt. The 
criticism of such an approach is that too much CNS-
directed therapy is given in DLBCL, in which the risk 
of CNS disease is lower than in Burkitt.

In a POG study, all advanced-stage large-cell lym-
phomas, by histology and/or immunophenotype, were 
treated with an APO (adriamycin + prednisone + onc-

ovin)-based regimen. The addition of CPM did not 
change the outcome [32]. In another study, the addi-
tion of HD MTX and ARA-C was randomized. Results 
indicate a benefit to DLBCL, but not to ALCL [34].

In adults, recognized prognostic factors are age, IPI, 
LDH, stage, and to a lesser extent, number of extra-
nodal sites and tumor size. Treatment is stratified 
according to these factors, including HD chemother-
apy followed by autologous hematopoietic stem-cell 
rescue in poor-risk patients. Biologic characteristics 
may also have prognostic value, such as the presence of 
t(14;18)(q32;q21) involving bcl-2. Microarray studies 
have recognized two subtypes of DLBCL, the activated 
B-like and the germinal center-like ones, with different 
outcomes [35]. Overall therapeutic results in adults are 
not as satisfactory as in children. This raises the ques-
tion of a different biology of DLBCL in children, where 
t(14;18)(q32;q21) is not seen, versus adults. What is 
the biology of adolescent and young adult DLBCL? Is 
it intermediate between that of adults and children, or 
closer to one or other of them?

Event-free.survival.of.patients.treated.in.the.Societe.
Francaise.d’Oncologie.Pediatrique.LMB89.protocol.
according.to.histology.(Burkitt.vs .diffuse.large..
B-cell.lymphoma) .From.Patte.et.al .[14]

Figure 9.6
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The current main question is the addition of ritux-
imab to chemotherapy. It was first shown in elderly 
patients with DLBCL that the addition of rituximab to 
CHOP (CPM + doxorubicin + VCR + prednisone) 
increased by 10–15% the complete response rate and 
the 3-year EFS and overall survival (OS) [36]. Recently, 
a European study in younger adults (18–59 years) also 
showed the benefit of adding rituximab to CHOP 
[37]. Consequently, it is now recommended that ritux-
imab should be given with first-line chemotherapy in 
the treatment of adult DLBCL. Pediatricians who 
want to treat adolescents will have to take a position 
for their patients with DLBCL, knowing that their 
global results are better than in adults, that they use 
chemotherapy regimens different from CHOP, and 
that randomized studies addressing the question of 
rituximab are not possible due to the small number of 
patients.

One particular subtype of DLBCL is the primary 
mediastinal large B-cell lymphoma (PMLBCL), which 
has a different biology [38]. In the adult literature, 
there are controversies on their similarity or difference 
with other DLBCLs. The best therapeutic approach is 
not clearly defined, especially the potential role of 
radiotherapy. In the pediatric BFM and FAB LMB96 

series, PMLCBL had a worse prognosis than other 
DLBCL, with an EFS of approximately 65–75% [39, 
40]. Conversely, the Children’s Cancer Group (CCG) 
claimed that the outcome of these lymphomas was bet-
ter than for other DLBCLs [41]. In fact, the number of 
patients is small and there is a need to combine these 
data to find prognostic factors and to adapt therapy.

9.7.3 anaplastic large cell lymphoma

ALCL was first described as a distant clinicopathologi-
cal entity in 1985 by Stein et al. [42] CD30 (Ki-1) ex-
pression was the hallmark feature that distinguished 
this lymphoma from the other forms of non-Hodgkin 
lymphoma. The characteristic t(2;5)(p23;q35) cytoge-
netic translocation was identified in 1989 to be associ-
ated with ALCL [43]. In 1994, Morris et al. cloned the 
translocation breakpoints of the nucleophosmin 
(NPM) gene on chromosome 5 and the anaplastic 
 lymphoma kinase gene (ALK) on chromosome 2 [44]. 
The median age of presentation ranges between 17 and 
50 years, with a bimodal age of distribution with a 
larger peak in the 20- to 30-year-old range and a small-
er peak in the sixth and seventh decades of life [45–48]. 
ALK-positive ALCL tends to occur in the adolescent 
and young adult age range, whereas ALK-negative cas-
es tend to occur in an older age group (43–61 years; 
Fig. 9.7) [49–51]. Cutaneous ALCL (C-ALCL) rarely 
occurs in the adolescent and young adult age group 
and is usually manifested in the sixth and seventh de-
cades of life. There is a male predominance (6–7:1) in 
ALCL in the adolescent and young adult age group 
and patients tend to present with advanced-stage dis-
ease (stage III/IV) and extranodal involvement [51, 
52]. Bone marrow involvement ranges between 11% 
(hematoxylin and eosin stains) and upwards to 34% 
when analyzed by immunohistochemistry [52, 53]. 
CNS involvement occurs in less than 3–5% of adoles-
cent and young adult cases of ALCL [52].

9.7.3.1 Biology/Pathology

ALCL is the least common form of adolescent non-
Hodgkin lymphoma (<10%), is characterized by the 
expression of CD30 (Ki-1), and consists of two major 
histological subtypes, systemic (S-ALCL) and primary 

.The.different.age.distributions.of.anaplastic.
lymphoma.kinase.gene.(ALK)+.anaplastic.large-
cell.lymphoma.(ALCL).and.ALK–.ALCL .From.Stein.
et.al .[52]

Figure 9.7
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C-ALCL [4]. ALCL is defined by large, pleomorphic, 
multinucleated cells or cells with eccentric horseshoe-
shaped nuclei and abundant clear to basophilic cyto-
plasm with an area of eosinophilia near the nucleus 
(termed “hallmark cells”) [54]. These hallmark cells 
commonly resemble Reed-Sternberg cells (character-
istic of Hodgkin lymphoma), although they tend to 
have less conspicuous nucleoli.

There are several morphologic variants of ALCL 
that have been identified in the REAL and WHO clas-
sifications [4, 5]. These variants include the common 
variety (75%), which is composed primarily of hall-
mark cells, the lymphohistiocytic variety (10%), which 
has a large number of benign histiocytes admixed with 
neoplastic cells, and the small-cell variety (10%), which 
is composed of small neoplastic cells and only scat-
tered hallmark cells. Other (<5%) less well described 
variants include sarcomatoid, signet-ring, neutrophil-
rich, and giant-cell variants [52, 55]. Neoplastic cells 
tend to infiltrate in a sinusoidal pattern in regional 
lymph nodes, mimicking metastatic disease, although 
diffuse effacement of nodes may also be demonstrated. 
There is a high propensity of S-ALCL to spread to 
extranodal tissues (skin, bone, soft tissues) either as 
the only sites of disease or, more commonly, in asso-
ciation with nodal disease [55].

C-ALCL is part of a spectrum of CD30-positive, T-
cell lymphoproliferative disorders [52, 56, 57]. CD30-
positive cutaneous lymphoproliferative disorders share 
overlapping pathologic and clinical features, and so 
diagnosis requires careful assessment of clinical, histo-
logic, immunophenotypic, and genetic features. C-
ALCL is a peripheral T-cell lymphoma of large, ana-
plastic, CD30-positive cells that is limited to the skin. 
C-ALCL usually presents as a solitary tumor, nodule, 
or papule that is composed of larger, pleomorphic cells 
that infiltrate the upper and deep dermis and extend 
into the subcutaneous tissues. Epidermal invasion is 
uncommon and surrounding inflammation is usually 
present [57].

Both S-ALCL and C-ALCL express CD30, as evi-
denced by immunohistochemistry [51]. The majority 
of ALCLs have been shown to be of the T-cell pheno-
type (CD2, CD3, CD5, CD7, CD45RO, CD43) or fail 
to stain with either T- or B-cell markers (null cell). 
Expression of cytotoxic antigens, such as TIA-1 or 

granzyme, and epithelial membrane antigen (EMA) is 
commonly observed in ALCL. ALK expression (P80) 
detects the fusion protein generated by translocations 
associated with S-ALCL. ALK staining is absent in C-
ALCL, and, if observed, indicates the likelihood that 
systemic disease is present [58].

Most cases of S-ALCL and C-ALCL demonstrate T-
cell receptor gene rearrangements, even when immu-
nophenotypic analysis fails to demonstrate expression 
of T-cell antigens [52]. Cytogenetic and molecular 
analyses often demonstrate a characteristic genetic 
alteration involving the ALK locus on chromosome 2. 
Classically this is manifested as the t(2;5)(p23;q35) 
translocation, which includes a rearrangement of a 
nucleolar phosphoprotein gene (NPM1) adjacent to 
the ALK tyrosine kinase gene [44]. Less common 
translocations include translocation of ALK to partner 
genes on chromosomes 1, 2, 3, and 17, which also 
results in upregulation of ALK expression [59, 60]. The 
pattern of ALK staining is usually nuclear with or with-
out cytoplasmic staining for t(2;5), and is only in the 
cytoplasm for many of the alternative translocations 
[52]. Greater than 90% of advanced adolescent and 
young adult cases of S-ALCL are associated with ALK 
translocations, which are commonly absent in C-ALCL 
and seen with lower frequency in adults with S-ALCL 
[52, 59, 60]. The presence of an ALK translocation or 
ALK protein expression, however, appears to be associ-
ated with a better prognosis in adults [52, 61].

9.7.3.2 treatment/Management of S-alcl

Optimal therapeutic approaches for limited S-ALCL 
have not been well defined [62]. In a recent report, 
children and adolescents with localized (stage I/stage 
II resected) ALCL with a median age of 10.5 years 
(0.8–17.3) achieved 100% EFS with 2 months of che-
motherapy including dexamethasone, ifosfamide, 
MTX, ARA-C, etoposide, and prophylactic intrathecal 
therapy [63]. A 75% EFS has been reported in a small 
number of children and adolescents with localized 
CD30-positive large-cell lymphoma, presumably 
S - ALCL, who had a median age of 13 years (0.2–
19.9 years) and were treated at St. Jude Children’s 
Research Hospital with three courses of CHOP, either 
with or without maintenance with 6-mercaptopurine 
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and MTX [64]. Similarly, in small numbers of children 
with limited-stage S-ALCL treated on United King-
dom Children’s Cancer Study Group studies 9001, 
9002, and 9602, the 5-year EFS was 62% (39–82%) 
[65].

Poor-risk prognostic factors in childhood and ado-
lescent advanced-disease S-ALCL that have been iden-
tified include organ involvement (liver, lung, spleen), 
mediastinal involvement, an elevated LDH, and/or dis-
seminated skin disease [66, 67]. Adolescent and young 
adult patients with advanced-disease S-ALCL are com-
monly treated with anthracycline (doxorubicin)-con-
taining chemotherapy regimens. The prognosis is sig-
nificantly improved in patients with ALK expression 
and lower IPI scores [50, 51]. Gascoyne et al. demon-
strated that the 5-year EFS and OS was 88% and 93%, 
respectively for ALK-positive S-ALCL patients com-
pared to 37% and 37%, respectively for ALK-negative 
S-ALCL patients (p<0.0001; Fig. 9.8) [50]. Falini et al. 
further demonstrated that the 10-year disease-free sur-
vival (DFS) and OS of ALK-positive versus ALK-nega-
tive patients were significantly different (82±6% vs. 
28±14%, p<0.0001) [51]. Similarly, patients with S-
ALCL and an elevated IPI score (≥2) at diagnosis also 
had a significantly inferior outcome compared to 
patients with S-ALCL and IPI 0–1 (OS 41±5% vs. 
94±5%, p<0.0001; Fig. 9.9) [51]. Furthermore, patients 
with CD56-positive, ALK-positive, and ALK-negative 
S-ALCL have an inferior prognosis compared to CD56-
negative (ALK-negative) S-ALCL patients (5-year OS 
70% vs. 35%, p<0.002) (Fig. 9.10) [68].

A.comparison.of.probability.of.overall.survival.
in.patients.with.S-ALCL.with.CD56+.vs .CD56–.
expression .From.Suzuki.et.al .[68]

Figure 9.10

A.comparison.of.probability.of.overall.survival.of.
ALK+.ALCL.according.to.age-adjusted.Intermediate.
Prognostic.Index.(IPI) .Score.0–1.(low/low.intermedi-
ate).vs .score.>2.(high/high.intermediate) .From.
Falini.et.al .[51]

Figure 9.9

A.comparison.of.probability.of.overall.survival.of.
patients.with.systemic.ALCL.(S-ALCL).expressing.
ALK+.or.no.ALK.expression.(ALK–) .From.Gascoyne.
et.al .[50]

Figure 9.8
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The use of CHOP-based therapies over a 6-month 
period in childhood S-ALCL has resulted in greater 
than 75% 3-year OS [64, 69]. Cooperative European 
studies using either BFM-NHL or SFOP HM89-91, 
and the POG study using an APO regimen (doxorubi-
cin + prednisone + VCR) in children with advanced-
disease S-ALCL have demonstrated a 65–75% 3- to 5-
year EFS (Table 9.4) [63, 67, 70–73]. Children with 
advanced-disease S-ALCL treated on NHL-BFM 90 
have achieved EFS rates of 76% after receiving short 
courses of intensive B-cell non-Hodgkin lymphoma 
therapy, stratified according to disease stage. The COG 
recently reported the results of a pilot study (CCG-
5941) in children with stage III/IV S-ALCL [73]. CCG-
5941 was a T-cell lymphoblastic protocol that was uti-
lized as a pilot for advanced ALCL. Induction therapy 
consisted of VCR, prednisone, daunomycin, CPM, and 
l-asparaginase. Intensification phase followed with 
VCR, ARA-C, VP16, HD MTX, 6-thioguanine (6TG), 
and l-asparaginase. Maintenance therapy consisted of 
alternating pulses of: (1) CPM and 6TG; (2) VCR, 
prednisone, and doxorubicin; (3) VCR and HD MTX; 
and (4) ARA-C and VP16. The 3-year EFS and OS were 
73±6% and 83±5%, respectively [73].

The treatment for adolescents and young adults 
with advanced-disease S-ALCL usually involves an 
anthracycline-containing adult, non-Hodgkin lym-
phoma chemotherapy regimen (Table 9.4). Gascoyne 
et al. reported on the results of 70 adults with S-ALCL 
(36 ALK-positive with a median age of 30 years) with 
anthracycline-containing regimens [50]. The 5-year 
OS and EFS for all 70 patients was 65% and 63%, 
respectively [50]. In the adolescent and young adult 
age group (median age 30 years) with ALK-positive S-
ALCL, the 5-year OS was 79%, compared to 46% for 
ALK-negative patients (p<0.0003) [50]. Falini et al. 
similarly reported the results in 78 adults with S-ALCL 
(53 ALK-positive and 25 ALK-negative) treated on 
anthracycline-containing regimens [51]. OS was sig-
nificantly improved in ALK-positive vs. ALK-negative 
patients (71±6 vs. 15±11%, p<0.0007; Table 9.4) [51]. 
A subpopulation of adult patients with advanced-dis-
ease S-ALCL has been treated with aggressive chemo-
therapy (F-MACHOP: 5-fluorouracil, MTX with leu-
covorin rescue, ARA-C, CPM, doxorubicin, VCR, and 
prednisone), involved-field radiotherapy, and mye- ta
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loablative chemotherapy and autologous stem-cell 
transplantation [74]. Although the numbers are small 
(N=16; median age 35 years), the results are encourag-
ing, with 100% DFS and OS [74]. It remains to be 
determined which subsets of newly diagnosed patients 
in the adolescent and young adult age group with ALK-
positive disease require such aggressive and intensive 
therapy.

9.8 lymphoblastic lymphoma

LL was initially described as a distinct pathological en-
tity by Sternberg in 1916 [75]. In 1975, Barcos and Lukes 
defined this pathological entity as “lymphoblastic lym-
phoma” because of its close morphologic similarity to 
blasts of acute lymphoblastic leukemia (ALL) [76]. LL is 
considered an aggressive form of non-Hodgkin lym-
phoma by the REAL and WHO classifications. The ma-
jority of LL cases (≥75%) express a T-cell lineage and the 
remainder express a pre-B or B-cell immunophenotype. 
The most typical cytogenetic abnormalities, especially of 
the T-cell immunophenotype, commonly include TCR 
gene rearrangement, including TCRα/β (14q11-13), 
TCRβ (7q32-36) and TCRγ (7p15). Other commonly 
abnormal rearranged genes that have been described in 
LL include TAL-1, TAL-2, TCL-1, TCL-2, TCL-3, HOX-
11, RHOM-1, RHOM-2, LYL-1, TAN-1, LCK, PBX-1, 
and E2A among others. There is a high incidence of LL 
in children with a median age of onset at around 9 years 
[77–80], and more importantly, LL also has a peak inci-
dence in the adolescent and young adult group (15–
30 years) with a median onset of approximately 25 years 
of age [81, 83]. There is a predominant male to female 
ratio ranging in different studies from 2:1 to 3:1. LL 
tends to present most commonly as a mediastinal mass 
in the adolescent and young adult age group (≥90%), 
may involve the bone marrow at diagnosis (25%), tends 
to present with advanced-stage disease (≥III; 75%), and 
less often involves the CNS (5%) [84, 85].

9.8.1 Biology/Pathology

LL has been well described in both the REAL and 
WHO classifications, including precursor T (and B) 
lymphoblastic lymphoma. Precursor B-cell disease 

predominates in ALL compared to most of the LLs 
that are of precursor T-cell origin (80–90% T cell vs. 
10–20% B cell). Precursor T-cell LL tends to present as 
mediastinal or upper torso nodal masses, whereas pre-
cursor B-cell LL is more likely to present in skin, soft 
tissue, bone, tonsil, and peripheral lymph nodes [86].

The morphologic features of LL include diffuse or 
partial effacement of lymph nodes that usually infil-
trate interfollicular zones with sparing of benign, reac-
tive follicles. A starry-sky pattern derived from the 
presence of macrophages ingesting apoptotic debris 
occurs commonly. Cytologically, the neoplastic cells 
are indistinguishable from those seen in precursor B-
cell or T-cell ALL. The cells have an immature, blast-
like appearance with fine chromatin, inconspicuous or 
absent nucleoli, and scanty cytoplasm that ranges from 
pale to slightly basophilic in color, and most LL have a 
high proliferative rate [86].

Immature B- or T-lymphoid blasts express terminal 
deoxynucleotidyl transferase (TdT). T-LL commonly 
expresses CD1, CD2, CD5, and CD7 along with coex-
pression of CD4 and/or CD8. Occasionally, both CD4 
and CD8 may be absent. CD10 is expressed in 15–40% 
of cases, and occasionally natural killer antigens such 
as CD57 or CD16 may be seen [86]. Precursor B-cell 
LL most often displays the immunophenotype of early 
pre-B or pre-B phenotypes (CD19, CD10, and TdT 
with variable CD20, CD22, HLA-Dr, and cytoplasmic 
immunoglobulin) [86].

T-LL will commonly display early T-cell gene rear-
rangements (TCRδ, TCRγ, TCRα, and/or TCRβ) [81, 
87]. Precursor B-LL commonly demonstrates clonal 
immunoglobulin gene rearrangements and lacks evi-
dence of somatic hypermutation [88]. Cytogenetic 
abnormalities are common (50–80%) in both B- and 
T-LL [81]. T-LL chromosomal breakpoints have 
included T-cell receptor (TCR) genes or specific onco-
genes TCRα/δ (14q11), TCRβ (7q32-36), and TCRγ 
(7p15). Often the TCR enhancer or promoter elements 
are translocated and juxtaposed to putative transcrip-
tion factors [81, 87]. Specific oncogenes associated 
with T-LL include TCL-1 (14q32), which is involved in 
t(7;14)(q35;q32) or t(14;14)(q11;q32), TCL-2 (11p13), 
which is involved in t(11;13)(p13;q11), TCL-3 (10q24), 
which is seen in t(8;14)(q24;q11), and TAL-1 (1p32), 
which is involved in t(1;14)(q32;q11).



non-Hodgkin lymphoma chapter 9 141

9.8.2 treatment and Management

Children with limited-disease LL, Murphy stages I and 
II, have a favorable prognosis with a long-term OS of 
85–90%, but DFS rates of only 63–73%. The excellent 
OS rates have been attributed to effective salvage strat-
egies for children who have relapsed after initial less-
intensive therapies. Over the past 20 years, the need 
for local radiotherapy in children with LL, especially to 
the mediastinum, has been virtually eliminated [89]. 
Successful therapeutic approaches in children with LL 
have varied and have included CHOP with mercapto-
purine and MTX maintenance (POG) [22, 89], LSA2L2 
(Memorial Sloan-Kettering Cancer Center) [79], 
COMP (CPM + oncovin + MTX + prednisone; CCG) 
[23, 90], and modified LSA2L2 with the addition of HD 
MTX [91].

The treatment for limited-stage disease (I/II) LL in 
the adolescent and young adult group has been quite 
varied [91]. Most adolescent and young adult patients, 
with both limited stage and advanced stage (III/IV), 
have received similar treatment regardless of initial 
staging [91]. The probability of OS of limited-stage LL 
in the adolescent and young adult group varies from 40 
to 60% [81]. Hoelzer et al. reported a 5-year OS rate for 
stage I/II LL in adolescents and young adults of 56±24% 
(Fig. 9.11) in the German ALL studies (GMALL) [83]. 
Few studies of LL in the adolescent and young adult age 
group have utilized involved-field radiotherapy, and 
most studies have utilized either CHOP, BFM, LSA2L2, 
BACOP (bleomycin + epidoxorubicin + CPM + VCR + 
prednisone), and/or M-BACOD (MTX + bleomycin + 
doxorubicin + CPM + VCR + dexamethasone)-type 
multiagent chemotherapy regimens.

The prognosis for children with advanced LL has 
improved significantly since the introduction of the 10-
drug LSA2L2 regimen by Wollner et al. at MSKCC [91]. 
The CCG subsequently compared LSA2L2 with COMP 
in advanced LL in children [92]. The 5-year EFS for 
children with advanced-disease LL treated with LSA2L2 
in comparison with COMP was significantly better 
(64% vs. 34%, p<0.001) [92]. Recent excellent results 
have also been demonstrated without the requirement 
of involved-field radiotherapy [80]. Treatment 
approaches for childhood advanced LL have varied, 
with many pediatric cooperative groups investigating 

ALL-based therapeutic regimens. An OS of 60–90% 
has been demonstrated using a variety of multiagent 
chemotherapy regimens raging from 12 to 32 months 
of therapy (Table 9.5) [15, 77–81, 91–98]. More recently, 
excellent results (including a 90% EFS) have been dem-
onstrated with the BFM NHL90 protocol, which uti-
lizes HD MTX, dexamethasone, moderate doses of 
anthracyclines, and CPM, as well as prophylactic cra-
nial radiation, with a treatment stratification based 
upon tumor response to induction therapy [80].

The treatment for advanced-stage (III/IV) LL in the 
adolescent and young adult group has also been var-
ied. The probability of DFS in advanced-stage (III/IV) 
LL in the adolescent and young adult group has ranged 
from 30 to 60% [81]. Initial results with an LSA2L2-like 
regimen by Coleman et al. [99] and the Stanford group 
in 44 patients with LL yielded a 56% 3-year DFS. Morel 
et al. in a French cooperative series of studies utilizing 
CHOP, LNH-84, FRALLE, and LALA, demonstrated a 
33–53% DFS in adolescent and young adult patients 
with advanced LL [100]. Zinzani et al. reported for the 
Italian cooperative studies an overall 56% 10-year DFS 
in patients with advanced LL treated on successive 
Italian studies (L17, L0288, L20) [101]. More recently, 

A.comparison.of.probability.of.overall.survival.in.
lymphoblastic.lymphoma.patients.with.stage.I/II.
versus.stage.III/IV.disease .From.Hoelzer.D.et.al .[83]

Figure 9.11
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Hoelzer et al., utilizing two German ALL protocols 
(GMALL89 and GMALL93), reported a 57% 3-year 
DFS in adolescent and young adult patients with 
advanced LL (Table 9.5) [83]. Finally, Thomas et al. at 
the MD Anderson Cancer Center have piloted the use 
of hyperfractionated-CVAD (CPM + doxorubicin + 
VCR + dexamethasone) in adolescents and young 
adults with advanced LL and demonstrated in early 
results a 3-year DFS of 72% [81]. In comparison with 
the results with treatment for advanced LL in children 
vs. adolescents and young adults, the outcome appears 
to be superior in children with the use of pediatric-
designed treatment protocols (Table 9.5).

Additional approaches for advanced LL in the ado-
lescent and young adult group have been the use of 
high-dose therapy and autologous or allogeneic stem-
cell transplantation [81]. Bouabdallah et al. reported 
the results of allogeneic stem-cell transplantation 
(n=12; 11 underwent the procedure during their first 
complete remission, CR1) and autologous stem-cell 
transplantation (n=18; 16=CR1) in adolescent and 
young adult patients with advanced LL [102]. The 
overall 5-year EFS for all transplant patients was 66%, ta
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compared to 33% in a similar group of patients not 
transplanted (p<0.01; Fig. 9.12) [102]. The allogeneic 
subgroup had an OS of 78%, compared to 50% in the 
autologous transplant group (p<0.06) [102]. Sweeten-
ham et al. randomized adolescent and young adult 
patients (median age=26 years) with advanced LL in 
CR1 to high-dose therapy and autologous peripheral 
blood stem-cell transplantation (PBSCT) vs. contin-
ued chemotherapy [103]. The relapse-free survival was 
55%, in the autologous PBSCT group compared with 
24% in the chemotherapy group (Fig. 9.13). In a retro-
spective analysis of autologous PBSCT vs. allogeneic 
stem-cell transplantation in patients with LL reported 
to the International Bone Marrow Transplant Registry 
and Autologous Blood and Marrow Transplant Regis-
try, Levine et al. demonstrated that the relapse rate was 
significantly higher in the autologous vs. allogeneic 
subgroups (34% vs. 56%, p<0.004; Fig. 9.14) [104]. 
These results suggest that there may be an allogeneic 
graft vs. lymphoma effect in adolescent and young 
adult patients with advanced LL.

In summary, adolescent and young adult patients 
with advanced LL have benefited from the use of pedi-

atric ALL-type chemotherapy regimens, long-term 
maintenance chemotherapy (12–24 months), aggres-
sive intrathecal CNS prophylaxis, and high-dose ther-
apy and stem-cell transplantation in selected patients 
in CR1 and responders in their first partial remission 
or in their second complete remission. Additional 
research is required to determine the molecular basis 
of adolescent and young adult LL, its relationship to 
pediatric LL, comparison to adolescent and young adult 
T-ALL, mechanisms of drug resistance, and the develop-
ment of novel targeted therapeutic approaches.

9.9 Overall Survival

Overall 5-year survival rates of patients with all types 
of non-Hodgkin lymphoma by era during the past 
quarter century are shown in Fig. 9.15 as a function of 
age at diagnosis. Progress was most significant in chil-
dren and young adolescents, with an increase from 
about 50% to over 89%. Among 15- to 29-year-olds, 
little progress was achieved until the 1990s, when the 
5-year survival rate increased from about 55% to 65%. 

A.comparison.of.probability.of.actuarial.relapse-free.
survival.for.patients.with.lymphoblastic.lymphoma.
randomized.to.autologous.stem-cell.transplantation.
(ASCT;.solid line).or.conventional-dose.(Conv.).
consolidation/maintenance.therapy.(dashed line) .
From.Sweetenham.et.al .[103]

Figure 9.13

A.comparison.of.probability.of.relapse.in.patients.
with.lymphoblastic.lymphoma.treated.with.human.
leukocyte.antigen.(HLA)-identical.sibling.allogeneic.
transplantation.group.vs .autologous.transplanta-
tion .From.Levine.et.al .[104]

Figure 9.14
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Transient reductions in the 5-year survival rate noted 
among 15- to 44-year-olds in the late 1980s and early 
1990s were related, at least in part, to the HIV/acquired 
immune deficiency syndrome (AIDS) epidemic in the 
United States.

For 25- to 45-year-olds in the United States with 
non-Burkitt, non-Hodgkin lymphoma, there was no 
improvement in 5-year survival rate when it was aver-
aged over the past quarter century (Fig. 9.16). Both 
younger and older patients have had a much greater 
survival improvement. For Burkitt lymphoma, a simi-
lar lack of progress is evident (Fig. 9.16, inset), at least 
in comparison to children (the incidence of Burkitt 
lymphoma is too uncommon in older persons to allow 
for a comparison). Burkitt lymphoma has not been 
associated with HIV infection, and yet shows a similar 
adult survival improvement deficit. It thus is not likely 
that the HIV/AIDS era explains the relative lack of 
progress in lymphoma survival in young adults.

9.10 conclusions

The incidence of non-Hodgkin lymphoma has 
increased in all age groups through to age 30 years, 
and in 20- to 29-year-olds, the increase has been dra-
matic, averaging 4–19% per year over 25 years. Follic-
ular (nodular) and mantle cell lymphoma, virtually 
nonexistent before age 15 years, increases to represent 
11% of all non-Hodgkin lymphomas among 25- to 29-
year-olds. Males are far more likely than females to 
develop non-Hodgkin lymphoma, especially Burkitt 
lymphoma. For 15- to 29-year-olds with either Burkitt 
or non-Burkitt non-Hodgkin lymphoma, survival 
improvement has significantly lagged behind that 
achieved in children and older adults with the same 
diseases, a deficit that can not be attributed solely to 
the HIV era.

The biology, prognosis and best treatment regimen 
for adolescents and young adults with non-Hodgkin 
lymphoma is still currently largely unknown. Few 
comparative studies have been performed to determine 
if the genetics and/or biology of adolescent and young 
adult non-Hodgkin lymphoma are similar to those of 
childhood or adult non-Hodgkin lymphoma, or 
whether it is a distinct biological entity. The pediatric 
approach may be more beneficial for certain subtypes 
of adolescent and young adult non-Hodgkin lym-
phoma and with other subtypes there is little data to 
support either pediatric or adult approaches as being 
superior. Further research and collaboration with pedi-

Five-year.survival.of.non-Hodgkin.lymphoma.
patients.(ICCC.IIb,.IIc,.IId.and.IIe).by.era.between.
1975.and.1998;.data.from.SEER.[1]

Figure 9.15

Average.annual.percent.change.(AAPC).in.5-year.
survival.of.patients.with.newly.diagnosed.non-.
Burkitt,.non-Hodgkin.lymphoma.(ICCC.IIb).and.
Burkitt.lymphoma.(ICCC.IIc).during.the.period..
1975–1997,.as.a.function.of.age.at.diagnosis .
Data.from.SEER

Figure 9.16
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atric and adult oncology cooperative groups is required 
to improve our understanding of the biology and best 
treatment approach for this subset of adolescents and 
young adults with non-Hodgkin lymphoma.
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10.1 introduction

We suggest that central nervous system (CNS) tumors 
present unique clinical and scientific challenges in the 
adolescent and young adult age group due to the intri-
cacies of development, presentation, management, and 
rehabilitation for patients with these tumors. These 
challenges compound the complexity of a cancer diag-
nosis and the risk of neurological insult during the 
journey from childhood to adulthood. The cancer di-
agnosis and tumor-related brain injury not only shocks 
the patient, family, and friends, but also affects the 
physiological processes driving development itself. 
Neurological damage and physical disability may oc-
cur, and cognitive deficits may develop that slow down 
training and education, change work ambitions and 
life plans and, at worst, set the individual on a course 
for life-long dependent living.

Neurooncology is an emerging subspecialty. In the 
childhood age range (0–15 years), dramatic improve-
ments in management and outcome have been 

achieved by multidisciplinary teams working in spe-
cialist centers, recruitment of patients to multicenter 
trials of novel therapies, and the establishment of links 
to community-based rehabilitation services. Adult 
neurooncology, on the other hand, is well established 
as a subspecialty, and great advances have been made 
in diagnostic imaging, neuropathology, neurosurgery, 
and radio- and chemotherapeutic approaches to 
tumor-related management.

The incidence of CNS tumors in the 15- to 29-year 
age group is ranked sixth compared to other tumor 
types and accounts for 6% of all neoplasms [1]. 
 Adolescent and young adults with CNS tumors have 
a better overall life expectancy than older adults, 
but age and disease-specific comparisons are rare and 
the poor track record for recruiting adolescent and 
young adults to cancer trials [2] suggests that this 
favorable comparison does not justify a complacent 
approach.

In the first section of this chapter we will outline the 
classification of histological subtypes, consider the 

table 10.1 Annual. incidence. per. 100,000. for. malignant. tumors. of. the. brain. and. nervous. system. (ICD-10. C70-72).
.diagnosed. in. the. 1990s . Populations. ranked. according. to. incidence. in. males. aged. 15–29.years . SEER. Surveillance,.
.Epidemiology.and.End.Results,.IARC.International.Agency.for.Research.and.Cancer

Male age (years) Female age (years)

15–19 20–24 25–29 15–19 20–24 25–29

Algeria,.four.registries.[3] 0 5 0 7 1 0 0 4 0 6 0 9

Japan,.Osaka.[4] 0 7 0 7 1 2 0 5 0 7 1 1

India,.Mumbai.(Bombay).[4] 0 8 1 5 1 3 1 1 0 9 1 1

Zimbabwe,.Harare:.African.[3] 1 2 1 0 0 9 0 3 0 1 0 8

Singapore:.Chinese.[4] 1 2 1 8 1 3 0 3 0 7 0 9

UK,.Scotland.[4] 1 6 1 9 3 0 2 0 0 9 2 4

Colombia,.Cali.[4] 1 9 2 0 3 5 0 5 1 3 1 7

USA,.SEER:.Black.[4] 1 9 2 2 1 8 1 2 1 4 1 3

Australia.[4] 1 9 2 3 4 2 1 8 2 1 2 5

USA,.SEER:.White.[4] 2 0 3 3 3 5 1 9 1 3 2 7

Czech.Republic.[4] 2 0 2 2 2 8 1 0 1 4 2 2

Lithuania.[4] 2 1 2 6 3 2 2 0 1 8 1 7

Netherlands.[4] 2 1 2 6 3 1 2 0 2 0 2 1

Sweden.[4] 2 2 3 3 4 3 2 0 2 6 2 5
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incidence and complex age-incidence patterns of his-
tology in this age group, and describe the recognized 
clinical predisposition syndromes and factors. In the 
second section of this chapter we will describe the 
clinical presentation and assessments needed for plan-
ning approaches to CNS tumor management in gen-
eral. We have chosen to concentrate discussion of evi-
dence-based clinical management on germ cell tumors 
(GCT) as the model adolescent and young adult CNS 
tumor. From this, several general principles will be 
identified that will be proposed as a focus of study for 
adolescent and young adult clinical neurooncology.

10.2  incidence, Pathology, and etiology  
of cnS tumors

10.2.1  incidence of cnS tumors in the 
adolescent and young adult

Table 10.1 shows the annual incidence of malignant 
brain and nervous system tumors among people diag-
nosed at 15–29 years of age in 13 countries. Males had 
consistently higher incidence than females. The ratio 
of cumulative incidence for males to that for females 
ranged from 1.1 in Japan to 2.6 in Zimbabwe, although 
for most populations it was in the range 1.2–1.5. Inci-
dence usually increased with age in both genders. This 
increase was more marked for males. The highest 
incidence for both males and females was in Sweden; 
the lowest was in Algeria. In the USA, African Amer-
icans/blacks had a lower incidence than whites, and 
their incidence did not increase with age. These data 
undoubtedly underestimate the total risk of CNS 
tumors. This is due in part to underdiagnosis, espe-
cially in some less-developed countries where there is 
severely restricted access to neurological and neuro-
surgical facilities. Certain categories of tumors, how-
ever, are systematically excluded from these data. 
Numerically, the most important are nonmalignant 
tumors. In the United States it has been estimated that 
inclusion of nonmalignant tumors would increase the 
incidence among adolescents aged 15–19 years by 
57% [5]. United States Surveillance, Epidemiology, 
and End Results (SEER) data for CNS tumors does 
not include brain lymphomas, which are grouped 

with lymphomas of all other sites, and CNS GCTs, 
which are grouped with gonadal malignancies.

10.2.2  United States Population databases: 
Seer and cBtrUS

Population-based incidence data by histological sub-
group is available from two large United States data-
bases, namely the SEER Program, the data for which 
were collected from 1975 to 1998 [1], and the Central 
Brain Tumor Registry of the United States (CBTRUS), 
for which data were gathered from 1997 to 2001 
(CBTRUS 2004–2005) [6]. There are important differ-
ences, however, between the two sources in scope and 
reporting. The SEER data are reported by 5-year age 
groups, allowing results to be presented for adoles-
cents and young adults defined as people who are 15–
29 years of age; the CBTRUS data are divided into 
adolescents 15–19 years of age and young adults 20–
34 years of age (CBTRUS 2004–2005). The SEER data 
include mainly malignant tumors, but also includes 
some benign CNS tumors, and “lumps” CNS tumors 
into five somewhat broad categories: astrocytoma, 
other gliomas, medulloblastoma/primitive neuroecto-
dermal tumors (PNETs), ependymoma, and miscella-
neous. Therefore, SEER data are not available specifi-
cally for meningioma, adenomas, or craniopharyngioma 
(which are included under miscellaneous), limiting 
the discussion about these tumors. SEER data are 
available for malignant CNS GCTs, but they are not 
included in the overall group of CNS tumors, instead 
being categorized with “Germ Cell, Trophoblastic, and 
Other Gonadal Malignancies”. The CBTRUS uses a 
more detailed histological classification and includes 
nonmalignant tumors. SEER incidence data for 5-year 
age groups up through 44 years of age is shown in 
Fig. 10.1, and CBTRUS incidence data for the age 
group 15–19 years is displayed in Fig. 10.2. The World 
Health Organization (WHO) classification will be 
used to describe tumors throughout this chapter.

10.2.3 data from the United Kingdom

Incidence data for people aged 15–24 years in Eng-
land (United Kingdom) have been published recently 
in more detail [7]. The results are shown in Table 10.2. 
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Total incidence was somewhat lower than in the SEER 
data, but the relative frequencies of the histological 
subtypes were similar. Among astrocytomas of speci-
fied grade, low-grade tumors accounted for a higher 
proportion at age 15–19 years, whereas high-grade tu-
mors were more frequent at age 20–24 years. In both 
age groups, more than 60% of astrocytomas were of 
unspecified subtype. Variations in incidence of spe-
cific histological types in other regions of the world 
are generally poorly documented.

10.2.4 Histology age-incidence Patterns

The pattern of age-incidence of primary CNS tumors 
arising in the adolescent and young adult period sug-
gests that their development is driven, in part, by fac-
tors linked to the completion of the brain’s growth and 
development, its central role in sexual maturation, and 
the influence of adult aging. How such factors influ-
ence the proliferative processes, harnessed by tumor-
driven tissue growth, is poorly understood. However, 
the ranked tumor incidences from the 15- to 19-year 
category (Fig. 10.2), together with patterns of age inci-

table 10.2 Incidence. per. 100,000. of. malignant. central.
nervous. system. (CNS). tumors. at. age. 15–24.years. in.
.England,.1979–1997.[7] .PNET.Primitive.neuroectodermal.
tumor

age 
15–19 years

age 
20–24 years

Astrocytoma 0 83 0 86

.Low.grade 0 18 0 10

.High.grade 0 12 0 14

.Unspecified 0 53 0 61

Other.glioma 0 29 0 44

Ependymoma 0 10 0 12

PNET 0 15 0 15

Germ.cell 0 08 0 05

Other.specified 0 04 0 04

Unspecified 0 16 0 16

Total 1 64 1 82

Incidence.of.central.nervous.system.(CNS).tumors.in.
American.children,.adolescents,.and.young.adults.
by.tumor.type.according.to.age.at.diagnosis .Data.
from.the.United.States.SEER.Program.[1]

Figure 10.1

Ranked.incidence.by.histological.subtype.in.patients.
diagnosed.with.a.brain.tumor.between.15.and.
19.years.of.age,.inclusive .Data.from.the.Central.
Brain.Tumor.Registry.of.the.United.States.(CBTRUS),.
2004–2005.[6] .AYA.adolescents/young.adults,.Astro 
1.grade.I.astrocytoma,.Astro 2.grade.II.astrocytoma,.
Astro 3.grade.III.astrocytoma,.Astro 4.grade.IV.
astrocytoma,.PNET.primitive.neuroectodermal.
tumor,.GCT.germ-cell.tumor,.Malig.malignant,.Oligo.
oligodendroglioma,.Anapl.anaplastic,.NOS.not.
otherwise.specified

Figure 10.2
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dence for these tumor types (Figs. 10.3–10.7) provide 
clues to developmental and aging factors, which may 
influence tumor initiation and progression. Four pat-
terns of tumor incidence can be recognized from the 
SEER and CBTRUS databases: peak incidence in the 
15–19 year age group, decreasing incidence with age, 
rising incidence with age, and varying incidence with 
age.

The peak incidence of GCTs, with a male prepon-
derance that is also seen in extracranial GCTs, is con-
sidered to be a consequence of pubertal development 
and the tumor growth promoting consequences of the 
associated surge in sex hormones. For this reason, 
intracranial GCTs in our view are the “model” CNS 
tumor for an adolescent and young adult neurooncol-
ogy service. The falling incidence of grade 1 astrocyto-

Incidence.of.CNS.germ-cell.tumors.by.age.in.
American.patients.younger.than.age.55.years.who.
were.diagnosed.between.1997.and.2001,.inclusive .
Data.from.the.CBTRUS,.2004–2005.[6] 

Figure 10.3

Incidence.of.grade.I.astrocytoma.(blue bars).and.
CNS.PNETs.(red bars).by.age.in.American.patients.
younger.than.age.55.years.who.were.diagnosed.
between.1997.and.2001,.inclusive .Data.from.the.
CBTRUS,.2004–2005.[6] 

Figure 10.4

.Incidence.of.grade.II.astrocytoma.(blue bars),.grade.
III.astrocytoma.(green bars),.grade.IV.astrocytoma.
(purple bars),.meningioma.(yellow bars),.and.
pituitary.tumors.(red bars).by.age.in.American.
patients.younger.than.age.55.years.who.were.
diagnosed.between.1997.and.2001,.inclusive .Data.
from.the.CBTRUS,.2004–2005.[6] 

Figure 10.5

Incidence.of.nonspecified.oligodendroglioma.(blue 
bars),.anaplastic.oligodendroglioma.(red bars),.and.
oligoastrocytoma.(green bars).by.age.in.American.
patients.younger.than.age.55.years.who.were.
diagnosed.between.1997.and.2001.inclusive .Data.
from.the.CBTRUS,.2004–2005.[6] 

Figure 10.6
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mas and PNETs suggests that tumor development and 
progression in these tumors are linked to factors related 
to early brain growth and development, which recede 
as adolescent brain growth slows and developmental 
processes finalize. The large category of predominantly 
astrocytic tumors that demonstrate a rising incidence 
with increasing age would be compatible with adult 
type, age-related genetic dysregulation or environmen-
tal insult as etiological factors reflected in the complex 
genetic mutations typically seen in these tumor types. 
The relationship between low-grade and higher-grade 
astrocytomas supports the hypothesis that the benign 
variant can transform into the malignant phenotype in 
a proportion of cases. The accelerated development of 
meningiomas and grade 4 astrocytomas in young peo-
ple after prior CNS radiation therapy (RT) for child-
hood cancers suggests that RT can accelerate or mimic 
this aging/environmental effect. Finally, ependymomas 
and craniopharyngiomas show stable incidence across 
age groups, suggesting that their etiology is indepen-
dent of aging. Ependymomas arise from the ependy-
mal lining of ventricles; they remain deficient in reli-
able biological markers of tumor behavior. 
Craniopharyngiomas are tumors that arise as a result 
of the developmental malformations associated with 
Rathke’s pouch and are therefore not tumors in the 
strictest sense, although they are space occupying, have 
the capacity to grow, and respond to radiotherapy.

10.2.5  etiology of cnS tumors adolescent 
and young adult

10.2.5.1  environmental and exogenous risk 
Factors

Environmental and genetic factors are the most com-
monly considered potential causes of brain tumors 
and have been the focus of much research. The most 
comprehensive review of environmental and exoge-
nous risk factors was published in 1996 [8, 9]. The 
authors candidly stated: “We simply have no idea what 
causes most nervous system tumors.” Despite the sub-
sequent publication of numerous etiological studies 
and reviews, this is still true. The evidence is summa-
rized below.

ionizing radiation

The only established environmental risk factor for 
CNS tumors is ionizing radiation. RT for cancer, 
including prophylactic CNS irradiation as part of the 
treatment for childhood leukemia, increases the risk of 
CNS tumors in young people [9]. The predominant 
tumor types are meningiomas and grades 3 and 4 
astrocytomas. Radiotherapy for nonmalignant condi-
tions such as tinea capitis also carries an increased risk 
of CNS tumors [10], although this practice ceased so 
long ago that all the CNS tumors attributable to it 
in those under age 30 years should have already 
occurred.

electromagnetic Fields and radiofrequencies

There is little evidence that residential exposure to 
electric and magnetic fields (EMF) is a risk factor for 
brain tumors at any age [11–14]. There is no consistent 
association between parental exposure to EMF and 
brain tumors in their offspring [13, 15]. Electrical 
workers themselves may be at slightly increased 
risk for brain tumors, but exposure misclassification 
and the absence of a dose–response relationship 
in most studies make the results hard to interpret 
[13]. Epidemiological studies of exposure to 
 radiofrequency emissions from use of mobile 
 telephones suggest that a large risk over a short time of 

Incidence.of.ependymoma.(blue bars).and.cranio-
pharyngioma.(red bars).by.age.in.American.patients.
younger.than.age.55.years.who.were.diagnosed.
between.1997.and.2001,.inclusive .Data.from.the.
CBTRUS,.2004–2005.[6 ]

Figure 10.7
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use is unlikely, but there is insufficient evidence 
 regarding the possibility of increased risks that are 
relatively small or related to longer follow-up periods 
[16].

n-nitroso compounds, diet, and Smoking

Since N-nitroso compounds (NOCs) were found to be 
potent experimental carcinogens more than 20 years 
ago, a succession of epidemiological studies has inves-
tigated the hypothesis that exposure to preformed 
NOCs or their precursors can cause brain tumors in 
humans [8]. The results of a meta-analysis of seven 
case-control studies suggest that maternal con-
sumption of cured meat during pregnancy may be a 
risk factor for childhood brain tumors, especially 
astrocytomas [17]. An earlier review of the same 
 studies, however, noted that some were based on 
rather small numbers of cases, the dietary informa-
tion was apparently not validated, and selection bias 
could not be ruled out [18]. A pooled analysis of nine 
studies of adults did not show clear evidence for an 
elevated risk of brain tumors with ingestion of NOCs 
from cured meat in adulthood [19]. There is limited 
evidence for a reduction in risk of CNS tumors with 
increased fruit and vegetable consumption and with 
use of vitamin supplements, although studies have 
not been consistent [8]. These results may support 
the N-nitroso hypothesis insofar as these nutrients 
inhibit the endogenous formation of nitrosamines, 
but any protective effect could be due to other mecha-
nisms [8].

Tobacco smoke is a potent source of NOCs and 
polycyclic aromatic hydrocarbons (PAHs), among 
other carcinogens. Meta-analyses have provided little 
evidence of an association between maternal smoking 
during pregnancy and childhood brain tumors [20, 
21]. Preconception and childhood exposure to 
 paternal tobacco smoke revealed a raised risk, 
but confounding with other risk factors could not be 
ruled out [20]. The results of studies of smoking as a 
risk factor for CNS tumors in adults have been incon-
sistent [8]. Likewise, there is no consistent evidence for 
an elevated risk associated with alcohol consumption 
[8].

Pesticides and agriculture

Exposure to pesticides has been analyzed in many 
studies of childhood CNS tumors and several studies 
have investigated exposure to animals and residence 
on farms as a risk factor. Elevated risks have been 
found for at least one measure of pesticide exposure in 
half the studies, more markedly for domestic expo-
sure during pregnancy, although there have also been 
numerous nonsignificant results and few studies have 
provided risks for specific histological types [22]. 
Childhood farm residence and maternal or child 
exposure to farm animals tended to be associated with 
higher risk [23]. If the latter associations are real, they 
might be related to oncogenic animal viruses, but 
there is also likely to have been a high degree of con-
founding with pesticide exposure. In the International 
Adult Brain Tumor Study there was little evidence 
that gliomas or meningiomas were associated with 
contact with animals or with occupations involving 
high levels of contact with animals or humans [24].

Other Occupational Factors

There has been little consistency in studies of other 
parental occupations in relation to childhood brain 
tumors [15, 25, 26]. A large international study found 
a raised risk for astroglial tumors associated with 
paternal occupations before conception that were 
likely to involve relatively high exposure to PAHs [27]. 
This result, together with earlier findings of a raised 
risk among children of fathers who smoked, tends to 
support the hypothesis that paternal preconception 
exposure to PAHs is a risk factor for brain tumors, but 
confirmation based on more direct assessment of PAH 
exposure is required. The incidence of brain tumors 
increases with increasing socioeconomic status, but 
there has only been limited consistency in studies of 
occupation and brain tumors in adults [8]. Several 
studies, however, have found raised risks for workers 
in the petrochemical and rubber industries [8, 28–31], 
although odds ratios were often not statistically sig-
nificant. Raised risks have also been found among 
health-care professionals [8, 28–30], but this may 
reflect a social class effect rather than a risk associated 
with any specific exposure.
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Protective Factors

Decreased risks of glioma that have been found in asso-
ciation with past history of allergies [32–34], autoim-
mune diseases [32] or certain common viral infections 
[33, 35] may all indicate a role for immunological fac-
tors in the etiology of glioma. These results should be 
treated with caution, however, as they were based on 
questionnaires in case-control studies without valida-
tion from medical records. Moreover, proxy respon-
dents supplied information on a substantial proportion 
of cases, usually because the subject was too ill to 
respond or had died. For allergies, the odds ratios in 
different studies were inversely correlated with the per-
centage of proxy respondents, indicating possible bias 
[36]. Two studies, however, that were not susceptible to 
recall bias also provide support for an immune-related 
etiology of glioma. A large cohort study in Sweden, 
involving record linkage between the population-based 
Twin Registry, Hospital Discharge Registry, and Cancer 
Registry, found an inverse association between 
immune-related discharge diagnoses and glioma [36]; 
the hazard ratio of 0.46 was not statistically significant, 
but was similar to the odds ratio in earlier case-control 
studies. In the San Francisco Bay Area Adult Glioma 
Study, glioblastoma cases diagnosed during two sepa-
rate calendar periods were significantly less likely than 
their respective controls to have immunoglobulin G 
antibodies to varicella-zoster virus [37, 38].

acquired immune deficiency Syndrome

Primary non-Hodgkin lymphoma (NHL) of the brain 
has occurred consistently as an acquired immune defi-
ciency syndrome (AIDS)-defining illness in around 
0.5% of AIDS patients [39]. A population-based study 
in Italy during the period 1985–1994 found that 22 
out of 40 (55%) cases of brain NHL at age 15–49 years 
occurred in people with AIDS, giving a standardized 
incidence ratio of over 2,000 [40]. In an analysis of 
cancer incidence among nearly 48,000 human immu-
nodeficiency virus (HIV)-seropositive people from 
North America, Europe, and Australia, the adjusted 
annual incidence of cerebral NHL fell significantly 
from 1.7 per 1,000 during the period 1992–1996, to 
0.7 per 1,000 during the years 1997–1999, indicating a 

substantial reduction in risk with the introduction of 
highly active antiretroviral therapy (International 
Collaboration on HIV and Cancer 2000) [41].

noncontributory effects of Simian �irus 40 
(S�40) immunization contamination

Large quantities of polio vaccine administered during 
the period 1955–1963 were contaminated with SV40. 
SV40 DNA sequences have been detected in large pro-
portions of ependymomas and choroid plexus tumors 
in some laboratory studies [42], suggesting a role for 
SV40 in their etiology. No such association has been 
found in other series, however, including one of 33 
ependymomas and 14 choroid plexus tumors from 
northern India, where the population has frequent 
contact with SV40-infected rhesus macaques [43]. 
Cohort studies of populations exposed to contami-
nated vaccines have failed to detect an increased risk. 
In some of these studies, not all vaccine was contami-
nated or the extent of use was poorly documented, but 
these criticisms do not apply to the most recent, large 
national study from Denmark [44].

nonsteroidal anti-inflammatory drugs

A recent case-control study found a protective effect 
of self-reported use of nonsteroidal anti-inflammatory 
drugs (NSAIDs) against glioblastoma [45]. A previous 
cohort study of low-dose aspirin users had found a sig-
nificantly increased risk of brain cancer [46]. This does 
not contradict the hypothesis that NSAIDs could pro-
tect against glioma, however, as the excess was entirely 
in the 1st year of follow-up and could well have been 
an artifact resulting from use of aspirin to relieve 
symptoms of an as yet undiagnosed tumor, and for fol-
low-up in excess of 5 years there was in fact a nonsig-
nificantly reduced risk similar to that observed in the 
case-control study.

epilepsy and Head injury

Raised risks of glioma in association with a history of 
epilepsy have been found in several studies of chil-
dren [47] and adults [33, 35]. It seems likely, however, 
that this reflects, at least in part, the fact that epilepsy 
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can be an early symptom of a brain tumor, especially 
low-grade astrocytomas of childhood [47]. There is 
little consistent evidence that head injury is a risk fac-
tor for CNS tumors. In a national population-based 
cohort study in Denmark, a raised risk was found 
only in the 1st year after head injury [48]. The excess 
was most marked for people who also had epilepsy 
and could well reflect an increased risk of head injury 
in the presence of an asymptomatic brain tumor. A 
borderline significant increased odds ratio for head 
injury was found in the San Francisco Bay Area Adult 
Glioma Study, but this was most likely an artifact of 
incomplete recall by the subset of controls who only 
completed a brief telephone interview [49]. In the 
International Adult Brain Tumor Study there was lit-
tle evidence that head injury was a risk factor for gli-
oma [50]. There was a suggestion that meningioma 
might be associated with head trauma, but this was 
based on small numbers, and patients aged under 
25 years were excluded [50].

10.2.5.2 Predisposing conditions

An appreciable proportion of adolescent and young 
adults with CNS tumors may be associated with pre-
disposition syndromes that in some instances may not 
be diagnosed until the CNS tumor presents. Their rec-
ognition is critical as the predisposing condition may: 
(1) determine the diagnostic process, (2) affect the 
prognosis for the tumor, (3) play a part in treatment 
selection, (4) provide novel genetically determined 
approaches for therapy, and (5) be the presenting 
symptom of a previously unrecognized genetic disease 
and provide an opportunity for participation in impor-
tant tumor-related research, which, with current rates 
of progress, may influence treatment options in the 
foreseeable future. The range of currently recognized 
predisposing genetic conditions is listed in Table 10.3.

cnS tumor risk

Neurofibromatosis

Neurofibromatosis (NF) type 1 is associated with optic 
glioma and other tumors of the CNS [51–55]. NF type 
2 (NF2) is associated with a high risk of intracranial 

meningioma, affecting 18–58% of patients in four large 
studies [56]. Astrocytomas and ependymomas are 
rarer, but each is seen in about 3% of patients [56].

Meningiomas

Multiple meningiomas are the second hallmark of NF2, 
occur earlier in life than sporadic meningiomas, and 
are usually WHO grade 1 tumors. There is no increased 
frequency of atypical or malignant meningiomas, 
although they are more frequently fibroblastic.

Schwannomas

NF2-associated schwannomas are WHO grade 1 
tumors that differ from sporadic schwannomas by pre-
senting at an earlier age and at multiple sites (e.g., 
bilateral vestibular schwannomas occurring in the 
third decade of life). They affect multiple cranial and 
spinal nerves, predominantly sensory (5th and 8th), 
although motor roots such as the 12th are reported. 
They may present as either multilobular tumors or as 
multiple schwannomatous tumorlets with potential to 
progress to schwannomas. Vestibular schwannomas 
may entrap several cranial nerves, exhibiting high pro-
liferative activity.

Gliomas

The overwhelming majority (80%) of gliomas associ-
ated with NF2 are intramedullary, either within the 
spinal cord or the spinal cauda equina. A further 10% 
affect the medulla. Up to 75% are ependymomas, fre-
quently multiple., the remainder being diffuse or pilo-
cytic astrocytomas.

Neurofibromas

Although these occur, they are frequently found to be 
schwannomas upon review. Plexiform neurofibromas 
are not seen in NF2.

10.2.5.3 �on Hippel-lindau Syndrome

Von Hippel-Lindau (VHL) syndrome is an autosomal 
dominant disorder with an incidence of between 
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1:36,000–45,500. Diagnostic criteria are based upon: 
(1) capillary hemangioblastoma in the CNS or retina, 
and (2) the presence of one of the typical VHL-associ-
ated tumors, or (3) a previous family history.

Among 83 subjects in a genetic register for VHL dis-
ease in northwest England, cerebellar hemangioblas-
toma affected 60% and was the presenting manifesta-
tion in 35% [57]. Hemangioblastoma was diagnosed at 
a mean age of 30 years (range 15-56 years), so a sizeable 
proportion of diagnoses must have been at age 15–
29 years. Spinal hemangioblastoma occurred in 14% of 
subjects, at slightly more advanced ages. Of 86 people 
with a CNS hemangioblastoma in the regional cancer 
registry, 13% were on the VHL register.

capillary Hemangioblastoma

A WHO grade 1 tumor of stromal cells and abundant 
capillaries, uncertain histogenesis, and a preferential 
cerebellar location, capillary hemangioblastoma, has 
been reported in the brainstem, spine, and, rarely, 
supratentorially. When associated with VHL, these 
tumors are frequently multiple in number. They occur 
with increasing frequency during development, the 
peak incidence occurring in middle age (30–39 years). 
Success of surgical resection means that life-limiting 
tumor problems of VHL relate to malignancy at other 
sites (e.g., renal cell carcinoma), justifying surveillance 
at regular intervals.

Other CNS Manifestations

Ependymomas and choroid plexus papillomas have 
been reported in association with VHL.

10.2.5.4 tuberous Sclerosis

Tuberous sclerosis (TS) is an autosomal dominant dis-
order with an estimated incidence of 1:5,000–10,000. 
Diagnostic criteria are divided into: definitive features, 
typical TS lesions involving the CNS, retina, skin, heart 
and kidneys; and provisional or suspect features, mul-
tiple cutaneous angiofibromas or their detection early 
in life, involvement of other organs with TS lesions 
including the lungs, spleen, pancreas, bones, teeth, gin-
gival, and gastrointestinal tract [58].

Subependymal giant cell astrocytoma

Patients with either type of TS have a high risk of brain 
tumors. Among a population-based series of 131 pa-
tients, 7 (5%) had developed giant cell astrocytoma by 
age 30 years [59]. The earliest age at diagnosis was 
13 years and incidence at age 15–29 years is likely to 
exceed 5%, as some subjects were still children at last 
follow-up. Subependymal giant cell astrocytoma 
(SEGA) is typically a WHO grade 1 tumor that arises 
in the wall of the lateral ventricles and is composed of 
large ganglioid astrocytes. Malignant transformation 
even at relapse is not reported. Worsening epilepsy and 
raised intracranial pressure due to obstruction of the 
lateral/third ventricles are common presenting symp-
toms; occasionally, massive spontaneous hemorrhage 
can occur. The currently preferred treatment is surgi-
cal resection when possible. The use of chemotherapy 
or other medical treatments is not currently reported. 
The possibility of harnessing knowledge of biological 
consequences of TS mutations may provide novel 
methods for treatment that would require careful eval-
uation. The tuberous sclerosis complex gene product 
TSC2 mediates the cellular energy response to control 
cell growth and survival [60, 61]. Such new approaches 
are worthy of trial in patients with well-defined disease 
not amenable to a surgical approach. In considering 
this, balancing the risks of treatment-related neurotox-
icity is critical, given the inherent cognitive conse-
quences of TS due to cortical lesions and associated 
epilepsy.

10.2.5.5 li-Fraumeni Syndrome

Li-Fraumeni syndrome (LFS) is an autosomal domi-
nant disorder; its population incidence is unknown, 
although 108 families with TP53 germ-line mutations 
were reported from 1990 to 1996 [62]. Diagnostic 
 criteria are: (1) occurrence of sarcoma before age 
45 years, (2) at least one first-degree relative with any 
tumor before age 45 years, or (3) a second- (or first)-
degree relative with cancer before 45 years or a sar-
coma at any age [63–65].

Brain tumors are a recognized component of LFS 
[66]. In a cohort study of 28 LFS families with germ-
line TP53 mutations, the risk of CNS tumors at age 
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15–29 years was 32 times that in the general popula-
tion [67]. The spectrum of CNS tumors associated 
with LFS reflects the age incidence of other tumors in 
the adolescent and young adult population, with 
astrocytomas predominating [62]. The mean age at 
presentation of a CNS tumor in patients with LFS is 
25.9 years – the third youngest age category. Sarco-
mas (mean age 16.7 years) and adrenal tumors (mean 
age 4.7 years) present earlier in life. Multiple tumors 
in those with LFS are well recognized; prior CNS irra-
diation may confer additional risk.

Of those CNS tumors reported to be associated 
with LFS, the age-incidence pattern is preserved, 
with childhood embryonal (PNET), ependymal 
and choroid plexus tumors arising in childhood, 
and the astrocytic tumors (low-grade, anaplastic, 
glioblastoma, oligoastrocytoma, and gliosarcoma) 
arising in the adolescent and young adult and adult 
years.

10.2.5.6 Multiple endocrine neoplasia

Pituitary tumors are a frequent component of multiple 
endocrine neoplasia (MEN) type 1. In a multicenter 
series of 220 affected members of 98 MEN type 1 fam-
ilies, 30% had a pituitary tumor [68]; these tumors 
were nearly always diagnosed before age 40 years.

10.2.5.7 cowden disease

This is an autosomal dominant condition in which the 
population incidence is unknown; it is thought to have 
a relatively high rate of novel mutations and a variable 
severity of phenotype, making its hereditary pattern 
obscure. Diagnostic criteria include multiple trichil-
emmomas (benign skin appendage tumors; 85%), thy-
roid tumors (70%), malignant breast tumors (30%), 
oral papillomatosis, cutaneous keratoses, hamartoma-
tous soft-tissue tumors, and benign breast tumors.

The CNS manifestation of this condition is dys-
plastic gangliocytoma of the cerebellum (Lhermitte-
Duclos disease), which is a diffuse enlargement of the 
cerebellum [69]. The histology is a WHO grade 1 
lesion consisting of large neuronal cells expanding 
the granular and molecular layers. It is unclear 
whether this is a hamartomatous or neoplastic lesion 

because of its proliferation index and absence of pro-
gression. However, recurrence has occasionally been 
noted and they may develop in adults with previously 
normal magnetic resonance imaging scans. Other 
CNS features include megencephaly (20–70%), het-
erotopic gray matter, hydrocephalus, mental retarda-
tion, and seizures [70].

10.2.5.8 turcot Syndrome

This is a group of autosomal dominant and possibly 
autosomal recessive disorders. Diagnostic criteria are 
coexistence of primary colorectal polyps and tumors 
and gliomas The gliomas (usually high-grade astrocy-
tomas) almost always occur before age 25 years and 
are associated with families with hereditary nonpol-
yposis colorectal cancer (HNPCC) [71]. Other clinical 
features include café au lait spots in HNPCC and con-
genital hypertrophic retinal pigmented epithelium. In 
the Dutch HNPCC registry and in a Finnish study of 
50 HNPCC families, the risk of a brain tumor was 4–6 
times that of the general population [72, 73]. These 
tumors may have a more favorable prognosis than spo-
radic tumors of similar histology.

10.2.5.9 gardner Syndrome

This is a group of autosomal dominant and possibly 
autosomal recessive disorders, in which there is coex-
istence of familial adenomatous polyposis (FAP), asso-
ciated colonic polyps, and characteristic bone lesions 
and brain tumors. Most of the brain tumors are medul-
loblastomas, but gliomas also occur [71]. In the John 
Hopkins FAP registry, the relative risk for any brain 
tumor in the first 30 years of life was 23, and the cor-
responding relative risk for medulloblastoma was 99 
[74].

10.2.5.10  Other conditions with increased 
risk of cnS tumors

People with Down syndrome have a reduced overall 
risk of CNS tumors, although the risk of intracranial 
GCTs is increased [75]. Gorlin syndrome is strongly 
associated with medulloblastoma, and germ-line 
mutations in the INI1 gene are associated with atypical 
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teratoid/rhabdoid tumors, although both of these 
associations occur almost exclusively in early child-
hood and are therefore not applicable to the age-focus 
of this chapter [76–79]. Finally, there are reported 
medulloblastomas presenting in patients with ataxia-
telangiectasia, a syndrome that is characterized by cer-
ebellar degeneration and DNA repair defect and is 
associated with an increasing number of specific gene 
mutations within the AT gene complex, making the 
patient particularly vulnerable to the toxic conse-
quences of radiotherapy [80–93].

10.2.5.11  Familial aggregation of Brain 
tumors

The risk of a brain tumor is approximately doubled in 
first-degree relatives of brain tumor patients [84]. Rel-
ative risks are similar for glioma in first-degree rela-
tives of glioma patients [35] and for meningioma when 
a first-degree relative also has meningioma [85]; how-
ever, the risk of low-grade glioma in first-degree rela-
tives may be considerably higher [85]. The absence of 
excess risk among spouses of brain tumor patients in-
dicates genetic rather than environmental origins for 
familial aggregations [86]. Many familial aggregations 
of CNS tumors are attributable to the aforementioned 
syndromes, especially NF1, Turcot syndrome, LFS, 
VHL disease [87], and MEN1. In other instances, how-
ever, there is no evidence of a brain tumor predisposi-
tion syndrome or germ line TP53 mutation [88] and 
explanations are, therefore, awaited.

10.3  Presentation, assessment, treatment, 
and Outcome

10.3.1 clinical Presentation

Prolonged symptom intervals between onset and diag-
nosis are common in brain tumors in adolescents and 
young adults. The spectrum of tumors and their com-
mon locations in adolescent and young adults, together 
with the implications of functional anatomy, means 
that symptomatology is governed by: (1) symptoms of 
raised intracranial pressure due to obstructive hydro-
cephalus or large tumor mass with midline shift, and 

(2) specific symptoms due to neurological dysfunction 
of brain regions involved with the tumor, including the 
primary site of the tumor and areas where metastatic 
disease exists.

The SEER and CBTRUS databases do not contain 
anatomical details. However, as a result of the ranked 
incidence of histological subtypes in this age group 
(Fig. 10.2), we can predict that midline supratentorial 
tumors are likely to predominate, followed by poste-
rior fossa tumors due to tailing of childhood tumor 
pattern distribution, then by meningeal and skull-
based tumors, with cortical tumors and spinal cord 
tumors occurring least frequently.

10.3.2 Symptomatology

Supratentorial midline tumors involve intrasellar/
suprasellar regions (craniopharyngioma, GCT), 
 visual pathways (astrocytoma grade 1 ± NF1), the 
hypothalamus (astrocytoma grade 1 ± NF1, Langer-
hans cell histiocytosis), the pineal region (GCTs, 
PNET, astrocytoma grades 2–4, pinealoma/cytoma, 
retinoblastoma), and the ventricles (choroid plexus 
tumors, subependymal giant cell astrocytoma, epen-
dymoma). Signs and symptoms at presentation in-
clude:

1.  Raised intracranial pressure due to mass effect or 
associated hydrocephalus.

2.  Ophthalmic abnormalities: reduced acuity, disor-
dered eye movements, acquired squint, reduced 
visual field, loss of pupillary reflexes, and fundal 
abnormalities.

3.  Endocrine disturbance: precocious or delayed 
puberty, wasting syndromes, growth hormone  
deficiency, diabetes insipidus, hypopituitarism.

4.  Disturbances of behavior and sleep: changes in 
mood, reduced school or work performance, disin-
hibition, and disturbance of day-night rhythms.

5.  Features of associated predisposing syndromes.

Infratentorial tumors involve the cerebellum (astrocy-
toma grade 1, PNET, ependymoma, AT mutation/ 
RT), or brainstem (astrocytoma grades 1–4, ependy-
moma, PNET). Signs and symptoms at presentation 
include:
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1.  Raised intracranial pressure due to obstructive hy-
drocephalus: nausea and vomiting, headache, and 
neck pain as a result of cranial/cervical dural 
stretching or invasion. Classically these symptoms 
have a diurnal pattern, although this is not univer-
sal.

2.  Cerebellar signs and symptoms: gait disturbance, 
loss of coordination, nystagmus, dysarthria, and 
deterioration in educational performance.

3.  Brainstem signs and symptoms: dysconjugate eye 
movements, cranial nerve palsies (e.g. 7th nerve 
palsy, dysarthria, deafness or tinnitus, choking due 
to swallowing disorder), motor weakness of the 
limbs, alteration in mood, disturbances of respira-
tory pattern, altered consciousness, and cardiac 
arrest.

4.  Features of associated predisposing syndromes.

Meningeal, skull, and spine tumors include meningio-
ma, PNET of the bone, Langerhans cell histiocytosis, 
chordoma, parameningeal tumors (e.g., sarcoma, 
PNET, lymphoma), astrocytoma, ependymoma, and 
schwannoma. Signs and symptoms at presentation in-
clude:

1. Localized headache.
2. Local bony mass.
3. Cranial nerve palsies.
4. Ophthalmic symptoms including proptosis.
5. Gait disturbance.
6.  Spinal cord compression with back pain (particu-

larly at rest), limb weakness, and bladder and bowel 
disturbance.

7. Nerve root pain.
8. Scoliosis/lordosis/kyphosis.
9. Features of associated predisposing syndromes.

Cerebral cortex tumors	 include astrocytoma grades 
1–4, oligodendroglial tumors, neurocytoma, ependy-
moma, PNET, dysembryoplastic neuroepithelial tu-
mor, and ganglioglioma arising in any lobe and pre-
senting with:

1.  Symptoms of raised intracranial pressure (head-
ache and vomiting) due to mass effect or associa-
ted hydrocephalus.

2.  Seizures (status epilepticus, focal seizures, or com-
plicated seizures).

3.  Behavior disturbance, reduced educational perfor-
mance, disturbances of mood.

4.  Thalamic pain syndromes.
5.  Ophthalmic symptoms with reduced acuity and 

visual field cut.
6. Weakness or sensory changes.
7. Features of associated predisposing syndromes.

10.3.3  Multiprofessional Priorities for  
adolescent and young adult 
 centered care

Adolescent and young adult-centered care for patients 
with brain tumors must include the following ele-
ments: (1) the provision of clear information about the 
disease and access to appropriate psychosocial and fer-
tility counseling, (2) access to comprehensive rehabili-
tation services, (3) access to appropriate education and 
neuropsychological assessment and planning, and (4) 
access to family support services. These priorities were 
developed by an experienced, multiprofessional audi-
ence at the Teenage Cancer Trust Conference that took 
place at the Royal College of Physicians, London, in 
March 2004.

Traditionally, clinical services for the management 
of severe neurological problems have not been orga-
nized with an emphasis on the aforementioned 
 services. However, the adolescent and young adult 
patient and family confronted with traditional clini-
cal neurosurgical environments is frequently intimi-
dated, frightened, and unable to understand the com-
plex clinical systems and information presented to 
them as the stages of diagnosis, treatment planning, 
treatment delivery, rehabilitation, and follow-up 
evolve. This experience is disempowering and can 
strongly influence the adolescent and young adults 
compliance with the complex requirements of thera-
py and rehabilitation. The family and care providers 
are as important in this process as the patient 
because one cannot function effectively without the 
other. It is helpful to make available the additional 
resources now provided for adolescent and young 
adult cancer patients and their families, particularly 
via the internet [2].
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10.3.4 assessment and Management

10.3.4.1 neurosurgery

Pediatric and adult neurosurgical Services

CNS tumors in adolescence present neurosurgeons 
with difficulties similar to those found in the pediatric 
and young adult populations. Clinical management in 
this age range creates specific patient-management 
 concerns, although tumor management is approached 
with the same inventory applied to specific tumors in 
any age range.

Neurosurgery has three roles to play in the manage-
ment of brain tumors: (1) reduction of raised intracra-
nial pressure, (2) making a diagnosis, and (3) contrib-
uting to therapy. These will now be discussed

Management of Raised Intracranial Pressure

Raised intracranial pressure demands surgical inter-
vention to reduce mass effect and brain distortion. 
Preoperative treatment with high-dose steroids and, 
in emergencies, mannitol infusions, contributes to 
the control of raised pressure whilst preparation for 
surgery is in progress. Surgical treatment is required 
for large tumors, cysts, and those obstructing 
 cerebrospinal fluid (CSF) pathways. With acute 
hydrocephalus, CSF diversion may be necessary with 
external drainage as a temporary measure, or third 
ventriculostomy or ventriculoperitoneal shunting for 
a more permanent solution. Although concern 
exists about the dissemination of malignant cells, it 
is generally overridden by the need to deal with long-
term hydrocephalus. In a posterior fossa PNET there 
may be a need for temporary external drainage of 
CSF, but a long-term shunt may be avoided after 
tumor resection.

Making the Diagnosis

Histological and genetic examination of tumor tissue 
is an essential part of establishing a tumor diagnosis 
in the brain, as it is for other sites. On the whole, 
 surgery to biopsy or otherwise achieve tissue 
 diagnosis is straightforward in intracranial lesions. A 

variety of techniques can be used, including 
 stereotactic, endoscopic, or open biopsy sampling, as 
well as obtaining tissue at the time of tumor resec-
tion. The risks of these techniques vary. Stereotactic 
biopsy, for instance, has mortality and morbidity 
rates of less than 1% and less than 5%, respectively, in 
supratentorial tumors, and a very high positive diag-
nostic rate.

Midline Supratentorial Tumors

Midline tumors are more common in the adolescent 
age range than later in life, and present major neuro-
surgical management difficulties. Their diagnosis 
may be made by examination of tumor markers [α-
fetoprotein (αFP), β-human chorionic gonadotropin 
(βHCG), and placental-like alkaline phosphatase] in 
either the blood or CSF, and if these tumor markers 
are found then diagnostic surgery may be avoided 
[89]. Surgery may be required for either the manage-
ment of obstructive hydrocephalus with CSF diver-
sion, or to deal with large masses; the latter is less 
common. If pineal region tumors present with 
obstructive hydrocephalus then operative CSF diver-
sion allows the opportunity to take CSF for tumor 
marker analysis. If, rather than performing a ventric-
ular peritoneal shunt, a third ventriculostomy is con-
sidered via a neuroendoscopic procedure, then an 
opportunity arises to visualize a pineal tumor from 
the third ventricle and, indeed, perform an endo-
scopic biopsy procedure. If blood and CSF markers 
are negative, then it is necessary to obtain a biopsy 
sample of pineal tumors to determine their histology, 
which has great influence on their further manage-
ment. Stereotactic biopsy in the pineal region is not 
without risk in view of the deep situation of the pineal 
region and the proximity, in particular, of veins, 
which together with the chance of lesions “bouncing 
off ” biopsy cannulae, raise the possibility of the pro-
cedure failing to provide a tissue diagnosis. These 
risks are justified by the necessity of making a tissue 
diagnosis to direct further treatment. Pineal region 
tumors may, in their own right, cause localized prob-
lems and require excision. However, it is more likely 
that other modalities would be used in their treat-
ment, at least in the initial stages.
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Brainstem

The brainstem is not difficult to biopsy with stereotac-
tic techniques, but there is a higher risk of morbidity. 
Imaging diagnosis has been considered sufficient for 
typical diffuse pontine gliomas until recently. How-
ever, with the introduction of multimodality imaging 
including diffusion, perfusion, and spectroscopy on 
magnetic resonance studies, and the need for identify-
ing tissue targets for trial-based therapies, this clinical 
exclusion from biopsy may be challenged in order to 
provide more comprehensive information about the 
tumor [90, 91].

Surgical therapy

Often tumors will be removed, completely if feasible, or 
subtotally if in highly eloquent areas. Even large tumors 
in eloquent brain areas can be removed as long as resec-
tion remains within the tumor. Difficulty occurs when 
attempting to remove all of a tumor with an indistinct 
edge. Preoperative image guidance with computed 
tomography or magnetic resonance imaging, intraop-
erative ultrasound, or even intraoperative magnetic 
resonance scanning, may be of help. Surgery aimed at 
resection has a therapeutic role in most tumor types, 
save perhaps for lymphoma or GCTs. Tumors encoun-
tered in adolescence may be a problem increasingly as 
a result of previous medical interventions such as the 
use of CNS irradiation for other tumors. Meningiomas 
and other malignant tumors occur in this age range, 
presenting particular difficulties. Malignant tumors are 
difficult to treat in their own right, but benign tumors 
such as meningiomas are particularly complex because 
they may be multiple and may occur within previous 
radiotherapy fields, which not only changes the dura, 
making complete resection difficult, but limits subse-
quent radiation doses due to tissue tolerance limits.

Surgery is paramount in dealing with grade 1, pilo-
cytic astrocytomas, which need as complete a resec-
tion as possible to give long-term disease control. The 
management of grade 2 tumors is often determined by 
their anatomical location. However, the ideal treat-
ment is macroscopic complete resection, which prob-
ably produces a better outcome but is limited by the 
eloquent position of tumors. Subtotal resection is often 

employed; although even 90–99% resections will not 
prevent malignant transformation, bulk reduction 
does improve progressive symptomatology in the short 
to medium term.

Surgery for higher-grade astrocytomas has never 
been subjected to a randomized controlled trial to 
compare resection versus biopsy sampling, but sur-
geons generally attempt the most complete resection 
possible where deemed reasonable. Open surgery also 
allows for implantation of therapeutic agents such as 
chemotherapy wafers [92], and gene therapy [93–99].

Following primary surgery there is sometimes a 
role for a second open operation. A pilocytic astrocy-
toma or ependymoma in the cerebellum might well be 
reoperated if a resectable residuum were found on 
imaging. Recurrent higher-grade tumors are resected 
more than once depending on their response to adju-
vant therapies, patient performance, and overall prog-
nosis. In addition, surgery has a role in symptom con-
trol in a palliative setting, the control of raised 
intracranial pressure, and the resection of symptom-
atic metastatic tumors in selected cases, as appropriate. 
Stereotactic radiosurgery may be more appropriate if 
surgical complications might be reduced by multiple 
stereotactic procedures.

10.3.4.2 radiotherapy techniques

RT is the main adjuvant therapy in CNS tumors where 
either surgical resection is not possible or incomplete, 
or in malignant tumors where dissemination or recur-
rence is predictable. The great advantage of RT is that 
it can be delivered safely to the whole brain and spinal 
cord at doses that are known to carry acceptable acute 
and long-term risks in the vast majority of adolescent 
and young adult patients.

Balancing the risk and Benefits of rt 
 in adolescent and young adult Patients

In pediatric neurooncology, the vulnerability of the 
growing brain (<7–10 years of age) to the consequences 
of RT has led to a range of trials attempting to mini-
mize radiation doses and fields by using complemen-
tary chemotherapy in order to limit neurocognitive 
consequences. The endocrine consequences of cranio-
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spinal RT (CrSp) in this group are considerable, and 
include secondary hypothyroidism, growth hormone 
deficiency, and in girls, either precocious puberty or 
incomplete pubertal development, as well as risking 
infertility from irradiation of the hypothalamus, pitu-
itary, and ovaries. Irradiation to the vertebrae will result 
in failure of these bones to grow during the adolescent 
growth spurt, causing loss of up to 5 cm in height; this 
is unresponsive to growth hormone therapy.

The same balance of risks concerning efficacy ver-
sus toxicity must be considered for the adolescent and 
young adult population, even though the neurocogni-
tive toxicity of conventional RT doses at this age is not 
clear-cut due to the scarcity of good evidence from 
long-term follow-up studies. There is concern that, 
although early estimates of neurocognitive function 
after cranial radiation may be acceptable, long-term 
survival may reveal progressive accelerated cognitive 
decline in a proportion of the population, representing 
a hidden toxicity [100]. The risk of ovarian radiation 
from spinal fields is an important consideration, wor-
thy of ovarian ultrasound for assessment and consid-
eration of oophoropexy to a location outside the 
planned radiation fields. These concerns are greatest 
for those diagnosed in this young age group, as they 
have the longest time to live and to experience the tox-
icity. The endocrine consequences of cranial RT are 
considerable. However, the availability of endocrine 
replacement therapy, coupled with the more advanced 
state of skeletal growth in the adolescent and young 
adult patient prior to diagnosis, means that the growth 
and development consequences may be less severe 
than in younger patients. Careful endocrine follow-up 
of these young adult patients is essential, as the endo-
crinopathies may develop at a later time. These patients 
are also at increased risk for malignancies of endocri-
nological structures that have been irradiated, espe-
cially the thyroid. In addition, the late-effects clinic for 
young adult survivors of childhood cancer, with its 
specialist, multidisciplinary, cooperative team, should 
be of help to these patients.

10.3.4.3 chemotherapy

The outcome for adolescent and young adult patients 
with brain tumors will depend upon developments in 

drug therapy aimed at either killing cancer cells or 
modifying tumor biology. Existing drugs in use are 
primarily chemotherapeutic agents aimed at attacking 
the tumor cell during division, leading to cell death. 
Current experience has identified roles for chemother-
apy in most types of brain tumor. As in extracranial 
malignancies, chemotherapy can assist with multidis-
ciplinary treatment through:

1.  Tumor shrinkage to optimize surgical resectability 
(e.g., GCTs, ependymoma, and low-grade glioma).

2.  Adjuvant treatment to complement reduced dose/
field RT (e.g., medulloblastoma, ependymoma, 
low-grade glioma, high-grade glioma, oligoden-
droglioma, and germinoma).

3.  Treatment or prevention of leptomeningeal tumor 
(e.g. lymphoma, medulloblastoma, and GCT).

However, these roles for chemotherapy are limited in 
their effectiveness by the difficulties of drug access im-
posed by the blood brain barrier (BBB). The BBB is 
located at the endothelial lining of brain capillaries 
and impairs drug access from blood to brain because 
the capillaries have:

1.  Epithelial-like, high-resistance, tight junctions that 
fuse the brain capillary endothelia together.

2.  A paucity of fenestrations and pinocytic vesicles 
that restrict transcellular transport.

3.  A greater number of mitochondria.
4.  A greater number of metabolic enzymes and trans-

porters (e.g., p-glycoprotein multidrug resistance-
associated proteins and organic acid transporters).

Access to the interstitial spaces of the brain requires 
agents to pass through two membranes (luminal and 
abluminal) and the endothelial cell cytoplasm, which 
occurs by passive diffusion or facilitated transport. 
The BBB, as a result, is selectively permeable to lipo-
philic compounds, which can diffuse through plasma 
membranes and nutrients, including glucose and ami-
no acids, for which specific transporters facilitate pas-
sage. In addition to the BBB there is also the blood-
CSF barrier, which has a surface area that is 5,000-fold 
less than the BBB and is located in the vascular epithe-
lium of periventricular organs (choroid plexus, me-



D .A .Walker.et.al .chapter 10168

dian eminence, area postrema). These capillaries are 
porous, allowing small molecules to penetrate the in-
terstitial space of these organs. The composition of the 
CSF is substantially different from the brain intersti-
tium. The CSF is a product of secretory processes of 
the choroid plexus, where drug transporter mecha-
nisms also play a role. Finally, the blood-tumor barrier 
(BTB) restricts drug delivery of systemically adminis-
tered chemotherapy. There may be factors dictated by 
the tumor microenvironment that affect BTB perme-
ability, such as the presence of multiple microvessel 
populations and variations in microvessel density in-
fluencing diffusion distances from the blood vessel to 
the tumor cell. It is known that the BTB merges into 
the BBB within a few millimeters of the tumor’s edge. 
Taken together, these physical characteristics deter-
mine the pharmaceutical qualities required of drugs 
used to treat brain tumors. For optimal BBB penetra-
tion, drugs should: (1) be lipophilic, (2) be buffered to 
a CSF pH, (3) have low serum protein/tissue binding, 
and (4) be of small molecular size. Despite these prin-
ciples, there are several agents that do not meet these 
requirements but yet have activity against CNS tu-
mors [101]. This subject area therefore remains con-
troversial and worthy of further research.

Optimizing cnS drug delivery

Several clinical techniques have been developed and 
tested to enhance drug delivery, including:

1.  BBB disruption including: (1) intra-arterial man-
nitol, (2) vasoactive compounds (bradykinin ana-
logues – Cereport, RMP-7), (3) local radiation, and 
(4) inhibition of drug efflux (P-glycoprotein).

2.  Targeted drug delivery systems: polymer/nano-
particle drug formulations (liposomal daunoru-
bicin).

3.  High-dose systemic chemotherapy (extensively 
tested but not yet an established treatment, most 
effective in medulloblastoma, not effective in high-
grade glioma, being tested in GCTs at relapse).

4.  Regional chemotherapy administration, intrathe-
cal therapy (methotrexate, cytosine arabinoside, 
and thiotepa are established agents, liposomal 
cytarabine, diaziquone, 6-mercaptopurine, mafos-

famide, and topotecan are experimental agents) 
intratumoral (biodegradable polymers, convection 
enhanced delivery), and intra-arterial (limited 
application associated with significant risk of tox-
icity) administration.

Special considerations for chemotherapy 
in cnS tumors

Drugs that penetrate the BBB have the capacity to pro-
duce neurotoxicity as a dose-limiting side effect, which 
may compound other treatment-related neurotoxici-
ties (e.g., methotrexate and RT). The use of chemo-
therapy, especially in high doses, in patients with CNS 
tumors carries additional hazards linked primarily to 
the infectious risks of ventricular- or lumbar-perito-
neal shunts, central venous lines, and frequent epi-
sodes of fever, which cause difficulties in discriminat-
ing between shunt infections and febrile neutropenia. 
A recent publication analyzing tolerance of chemo-
therapy in patients with medulloblastoma showed that 
patients age 10–20 years were more likely to suffer tox-
icity and require modifications in treatment than indi-
viduals 5–10 years of age [102]. These data suggest that 
adolescent and young adult patients would benefit 
from a modification of the aggressive chemotherapy 
regimens often utilized in children.

Symptom control

The adolescent and young adult patient with a brain 
tumor is frequently suffering from both acquired neu-
rological disabilities and side effects of the various 
treatment modalities. Successful delivery of combined 
care requires close attention to all aspects of symptom 
control and integration of rehabilitation both at home 
and in the hospital. Symptoms of raised intracranial 
pressure are common at presentation and are treated 
with corticosteroids preoperatively. However, pro-
longed postoperative use of steroids leads inevitably to 
the development of Cushing syndrome and worsening 
disability due to weight gain, proximal myopathy, per-
sonality disorder, metabolic disturbance, striae, acne, 
and facial and body disfigurement, not to mention the 
increasing nursing burden for the parents and care 
providers. If it is not possible to treat the cause of the 
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raised intracranial pressure (e.g., ventricular shunting 
or ventriculostomy, surgical debulking of the tumor, 
RT, or chemotherapy), steroids should be used only in 
short courses of 3–5 days to assess effectiveness while 
minimizing the risks of severe side effects. Such an ap-
proach requires close cooperation by the clinical team, 
particularly since the transient neurological improve-
ments that occur with short-term steroid use are some-
times grasped by patient, family and doctor alike as a 
sign of a treatment effect, in otherwise very difficult 
circumstances [103, 104].

10.3.4.4 integrated care

Integrated care, as described, is a major undertaking. It 
requires great care in communication with adolescents 
to secure initial and ongoing consent to treatment, 
rehabilitation, and social and personal development. 
Furthermore, there are the inevitable risks of reactive 
depression. Staff with special skills in liaison, counsel-
ing, and family support are essential. Access to reha-
bilitation resources, transportation, educational sup-
port, and communication with peers at home can, 
individually or collectively, make the difference 
between a young person completing the proposed 
treatment or rejecting it altogether.

10.3.5  intracranial gcts – a Model tumor 
of adolescent and young adult 
 neurooncology Practice

We have elected to discuss the progress made in GCTs 
as a model adolescent and young adult tumor because 
their incidence peaks in the age range, the literature 
reports improved outcomes from multidisciplinary 
management, and yet there have been no randomized 
controlled trials for these tumors in this age group.

GCTs are considered to be a heterogeneous group of 
tumors that arise from primordial germ cells (germi-
noma) or from germ cells at a later stage of embryonic 
development (nongerminomatous GCT, NGGCT). 
They typically arise from midline structures, the pineal 
gland and suprasellar region being the most common 
locations. They only rarely arise from other locations 
(Table 10.4). At the time of diagnosis, 5–10% of GCTs, 
predominantly germinomas, occur as bifocal disease 

located in both the pineal region and the suprasellar 
region. It is uncertain if this represents simultaneous 
development of the tumor in two sites or tumor dis-
semination. GCTs have a propensity for leptomeningeal 
spread, with 19% of patients showing dissemination of 
disease at diagnosis in the recent International Society 
of Pediatric Oncology (SIOP) CNS GCT 96 trial.

10.3.5.1 epidemiology of cnS gcts

According to SEER data, CNS GCTs are seen exclu-
sively in individuals between the ages of 0 and 34 years, 
with a peak incidence at age 15–19 years of age 
(Fig. 10.8). The incidence of CNS GCTs in males is 
more than twice that in females (SEER data shows a 
male:female ratio of 3.6:1), and in the adolescent and 
young adult group, CNS GCTs are almost exclusively 
seen in males. SEER data for all subtypes of CNS GCTs 
at any age show a marked male predominance in the 
pineal location (male:female of up to 18:1), and no 
gender predilection for a pituitary location (Table 10.4). 
The incidence of CNS GCTs is increasing over time; 
most striking in individuals <15 years of age (Fig. 10.9). 
Intracranial GCTs are more common in Japan, where 
the incidence is five- to eightfold greater than that seen 

Table 10.4 Anatomic.location.of.CNS.germ-cell.tumors.in.
patients.aged.0–44.years.(United.States.SEER,.1975–1999) .
NOS.Not.otherwise.specified

no. % 
of total

Male Female

Pineal
Pituitary
Ventricle
Cerebrum
Brain.
overlapping
Brain.stem
Cranial.nerve
Olfactory.
nerve
Frontal.lobe
Spinal.cord
Brain.NOS

113
21
11
10
7

3
3
1

1
2

38

54%
10%
5%
5%
3%

1%
1%
0%

0%
1%

18%

107
11
9
7
5

3
1
1

0
0

21

6
10
2
3
2

0
2
0

1
2

17

Total 210
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in the United States. There are no known predisposing 
conditions.

Intracranial GCTs account for 30% of all GCTs; 
their histological appearance in the brain is identical 
to that seen in other anatomical sites. Germinoma is 
the most common subtype, and according to SEER 
data, germinomas comprise 82% of CNS GCTs in 
individuals 15–29 years of age. Germinomas have a 
syncytiotrophoblastic subtype that secretes low levels 
of βHCG. NGGCTs comprise 18% of CNS GCTs in 
the 15–29 year age group [WHO classification: embry-
onal carcinoma (EC), yolk sac tumor (YST), chorio-
carcinoma (CC), teratoma (immature, IT; mature, 
MT), and teratoma with malignant transformation 
(MalT), and mixed GCTs (MGCT)]. Frequently, 
NGGCTs will secrete αFP (YST and MGCT) or βHCG 
(CC and MGCT), which in Europe and the United 
States has been used to stratify treatment and serve as 
a marker for persistent or recurrent disease.

10.3.5.2  tumor Markers and Pathology 
of cnS gcts

Histological diagnosis is complicated by difficulties 
with biopsy and sampling errors of small biopsy spec-

imens from heterogeneous tumors. GGCTs secrete 
αFP or βHCG in low quantities, whilst the majority of 
NGGCTs secrete these tumor markers in substantial 
amounts, embryonal carcinoma being the exception 
[105–107]. As a result, in Europe and the United States, 
treatment strategies are now based upon biochemical 
as well as histological and imaging assessments of the 
tumor. Serum αFP levels of >25 ng/ml and serum 
βHCG levels of >50 IU/l define a secreting tumor. In 
many Japanese studies, more complex interpretations 
of diagnostic criteria are adopted by different groups. 
These biochemical markers are also particularly valu-
able for monitoring disease response [108, 109]. They 
should be measured at diagnosis both in blood and 
CSF whenever possible.

10.3.5.3 cnS gct literature review

An extensive literature review identified more than 25 
reports over the past 40 years describing results of 
single-institutional, multi-institutional, and study 
group retrospective reviews as well as a small number 
of papers describing tumor response in formal phase 
2 and 3 trials and studies of quality of life (QoL) out-
comes. The earliest report, by Wara et al. [110], con-

Incidence.of.CNS.germ-cell.tumors.in.American.
children,.adolescents.and.young.adults.by.era.
according.to.age.at.diagnosis .Data.from.the.United.
States.SEER.Program .[1]

Figure 10.9

Incidence.of.CNS.germ-cell.tumors.in.American.
children,.adolescents.and.young.adults.by.gender.
according.to.age.at.diagnosis .Data.from.the.United.
States.SEER.Program .[1]

Figure 10.8
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cluded that germinoma was radiocurable, but the 
metastatic recurrence risk was such that CrSp RT was 
recommended. Another report, by Jennings et al. 
[110], reviewed the literature for 399 cases, and 
 concluded that anatomical staging was critical to 
identify high-risk patients with metastases and sug-
gested that NGGCTs could benefit from additive che-
motherapy. In that publication, there was a discussion 
regarding the biology of GCTs with respect to endog-
enous surges of sex hormone around puberty as a 
drive for GCT development [111]. These two very early 
reports set the scene for two decades of evolution of 
clinical practice, resulting in current therapies. Pri-
mary surgery, followed by combined adjuvant 
 chemotherapy and RT has led to survival rates for 
GGCTs that exceed 95%, and for NGGCTs that reach 
nearly 70%. Reports of QoL in survivors, although 
sparse, have shown substantial improvements over 
the last two decades.

10.3.5.4  Phase 2 Studies in cnS gcts

The justification for the use of chemotherapy in intra-
cranial GCTs stems from the early experience of 
treating advanced testicular cancer in adults. Cispla-
tin-based regimens were found to be highly effective 
and were combined with bleomycin and vinblastine, 
and subsequently etoposide [112, 113]. A case study 
involving a child with a recurrent suprasellar tumor 
showed that substantial levels of bleomycin and cis-
platin could be detected in the CSF after intravenous 
administration [114]. Subsequent trials of chemother-
apy in relapsed and newly diagnosed patients identi-
fied clear evidence of chemosensitivity to cisplatin-
based regimens [109, 115–116]. Other phase 2 studies 
of cyclophosphamide [117] and carboplatin [118] were 
performed. Taken together, these studies have in-
formed the selection of drugs in current regimens.

10.3.5.5  retrospective institutional 
and Multi-institutional reports

Of particular importance in international studies of 
GCTs are the increasingly collaborative efforts of the 
Japanese groups to collect and collaborate with an 
expanding network of surgical units. However, this 

has not translated into a formal phase 3 trial of ther-
apy and resultant publication of a report. The practice 
of primary surgical resection became increasingly 
unfashionable as: (1) diagnostic trials of RT were used 
to screen pineal region tumors for radiosensitivity 
[119–122] and (2) cisplatin-based chemotherapy per-
mitted the use of highly effective neoadjuvant treat-
ment, thereby reducing the need for extensive tumor 
resections in GGCTs initially, and subsequently, 
NGGCTs [109, 115, 123].

In GGCTs the extension of RT to encompass the 
whole neuraxis led to high levels of confidence in 
achieving cure [124] and justified subsequent attempts 
to introduce chemotherapy aimed at complementing 
reduced-dose cranial or ventricular RT in nonmeta-
static cases. Dose and field selection for the primary 
site, however, has remained inconsistent and contro-
versial.

The report of Aoyama et al. [125] provides compre-
hensive guidance with regard to RT techniques, 
although this single-institution study of 41 patients 
can only demonstrate tumor response and report a 
survival rate; it cannot answer scientific questions 
that might lead to new inquiry. The lack of any formal 
comparative trials in this regard means that any 
recommendation for primary tumor dose and volume 
is vulnerable to conflicting arguments supporting or 
challenging its validity. The motive to reduce dose 
and volume was justified articulately using data from 
CrSp RT in pediatric PNETs, where tumors occurred 
predominantly in the first 10 years of life. Since the 
median age of GCTs in these studies is at least 13 years, 
the difference in age at diagnosis justifies special con-
sideration of late consequences of the different RT 
regimens.

In NGGCTs, it was not until cisplatin-based thera-
pies were introduced and radiation fields were 
extended to the neuraxis that cure rates started to 
rise. The selection of patients by tumor markers and 
avoidance of primary surgery undoubtedly reduced 
the toxicity of therapy. There remains controversy as 
to the relative importance of different histological 
subtypes and their ability to predict sensitivity to the 
improved treatment approaches. This will not be 
addressed until large collaborative trials using consis-
tent staging and treatment approaches are launched 
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and recruit enough patients to study these rare sub-
types effectively.

10.3.5.6 registry reports

Many registries record all GCTs together, incorporat-
ing intracranial tumors along with other extragonadal 
sites. Childhood cancer study groups similarly plan 
treatments for all GCTs in single protocols. This orga-
nizational arrangement goes against the focus of the 
intracranial GCT literature that excludes extracranial 
tumors from their reports because of the special con-
siderations of the neurological requirements for diag-
nosis, treatment, and follow-up.

SEER survival data for all subtypes of CNS GCTs 
combined (0–29 years of age) are shown in Fig. 10.10. 
For individuals 15–29 years of age, the most current 
5-year survival rate is excellent at 94%. These survival 
statistics represent mainly the outcome for germino-
mas, which comprise 80% of the CNS GCTs in the 
adolescent and young adult age group. A steady 
improvement in survival for CNS GCTs has been seen 
over the last two decades in all age groups <30 years 
of age.

10.3.5.7 Phase 3 trials

ggcts – a United States/ 
international approach

The most challenging multinational study performed 
was one initiated in the United States, proposing che-
motherapy-only management of GCTs [126]. The strat-
egy was initiated to test the hypothesis that some GCTs 
(secreting and nonsecreting) could be cured with che-
motherapy alone, with salvage therapy consisting of 
radiation and further chemotherapy offered to those 
who relapsed. Four to six courses of carboplatin, etopo-
side, and bleomycin (PEB) were given according to 
response; second-look surgery was conducted in a sub-
group. Seventy-one patients were enrolled, (45 GGCT 
and 26 NGGCT). Thirty-nine (57%) achieved a com-
plete response (CR) within 4 cycles of chemotherapy, 16 
achieved CR after further chemotherapy or surgical 
resection; thus, a 78% CR rate was achieved without 
irradiation (84% for GGCTs and 78% for NGGCTs). 
Twenty-eight recurred and 7 progressed at a median of 
13 months. All but two were salvaged with further ther-
apy and the 2-year survival rate was 84% for GGCTs and 
62% for NGGCTs. Seven of the 71 died of predomi-
nantly hematological toxicity. The chemotherapy-only 
strategy was successful as treatment in 41% of survivors 
and 50% of all patients. The hematological toxicity was 
significant, with seven toxic deaths during therapy and 
two thereafter. The authors concluded that the chemo-
therapy-only approach was less tolerable than historical 
experience of CrSp RT. All patients who relapsed and 
underwent further chemotherapy and RT were sal-
vaged; however this was an unacceptable strategy for 
two patients, who died. Chemotherapy alone has not 
been demonstrated to be a superior approach when 
compared to combined-modality approaches.

ggcts, a european approach

MAKEI 83/86/89 – German Study Group

The MAKEI studies for nonsecreting, GGCT con-
firmed that CrSp RT was highly effective [127]. In the 
MAKEI 83/86 study, CrSp RT for both localized and 
metastatic tumors was used with a dose of 36 Gy to the 

Five-year.survival.rates.of.American.children,.
adolescents.and.young.adults.with.CNS.germ-cell.
tumors.by.era.according.to.age.at.diagnosis .Data.
from.the.United.States.SEER.Program .[1]

Figure 10.10
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whole brain and spine and a boost of 14 Gy to the 
tumor bed. In the MAKEI 89 study a reduced CrSp RT 
dose for all to 30 Gy with a tumor boost of 15 Gy was 
accomplished without loss of efficacy. Survival rates 
for 60 patients from these 2 studies were 91±3.9% 5-
year event-free survival and 93.7±3.6% overall sur-
vival. Five patients relapsed, one in the spine 10 months 
after completing therapy, and four with extracranial 
disease. Three of the four extracranial relapse patients 
were salvaged with systemic chemotherapy and the 
one patient with spinal cord relapse was salvaged with 
intrathecal chemotherapy and further RT. Two patients 
died of toxicity.

Societe Francaise d’Oncologie Pediatrique Studies

From 1990 to 1996, the Societe Francaise d’Oncologie 
Pediatrique (SFOP) initiated a study combining che-
motherapy (alternating courses of etoposide-carbopla-
tin and etoposide-ifosfamide for a recommended total 
of four courses) and 40 Gy local irradiation for patients 
with localized germinomas [128, 129]. Metastatic pa-
tients were allocated to receive CrSp RT (35 Gy). Fifty-
seven patients were enrolled, 47 had biopsy-proven 
germinoma, and 10 did not undergo a biopsy proce-
dure. All but one patient received at least four courses 
of chemotherapy. Toxicity was mainly hematological 
or linked to diabetes insipidus (n=25). There were no 
tumor progressions during chemotherapy. Fifty pa-
tients received local RT with a median dose of 40 Gy to 
the initial tumor volume. Six metastatic patients and 
one patient with localized disease (who had stopped 
chemotherapy early due to severe toxicity) received 
CrSp RT. The median follow-up for the group was 
42 months, the estimated 3-year survival probability is 
98% (confidence interval 86.6–99.7%) and the esti-
mated 3-year event-free survival is 96.4% (confidence 
interval 86.2–99.1%). Of the four patients who re-
lapsed 9, 10, 38, and 57 months after diagnosis, three 
achieved second complete remission following salvage 
treatment with chemotherapy alone or chemo-RT.

SIOP studies: SIOP 96 GGCT – Nonsecreting

Within the GCT strategy of the SIOP, the MAKEI and 
French TC approaches were recommended and com-

pared whilst piloting diagnostic processes, data collec-
tion, and treatment approaches in the European setting 
[89]. Strategy A (MAKEI) included CrSp RT with 
24 Gy to the neuraxis and a 14-Gy boost to the tumor 
bed. Strategy B (SFOP) involved two courses of carbo-
platin PEI (platinum + VP16 + ifosfamide) chemother-
apy followed by focal RT of 40 Gy to the tumor bed.

For GGCTs a nonrandomized comparison of the 
results of the two strategies revealed no difference in 
event-free survival for both treatments (Fig. 10.11). 
Review of the registered cases, however, identified 
noncompliance with diagnostic work-up with respect 
to performing tumor markers and completing full ana-
tomical and CSF staging before surgery. This meant 
that patients with secreting tumors were missed and 
therefore treated inappropriately. There were concerns 
that three of four relapses were in the combined ther-
apy arm (arm B), raising the possibility that subclinical 
metastasis at diagnosis may not be controllable by this 
combination.

Secreting tumors (nggcts)

MAKEI 86 and 89

MAKEI 86 and 89 studies utilized chemotherapy with 
PVB (cisplatin + vinblastine + bleomycin) after sur-

Event-free.survival.of.European.children.and.
adolescents.with.CNS.germinoma.according.to.the.
presence.of.metastases.at.diagnosis .Data.from.the.
Societe.Internationale.de.Oncologie.Pediatrique.
(SIOP).Consortium,.1996.interim.analysis.[89] .CR.
Complete.remission

Figure 10.11
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gery and before CrSp RT (36 Gy CrSp RT with 14 Gy 
tumor boost), followed by postradiation chemotherapy 
with etoposide and ifosfamide. Subsequently, MAKEI 
89 used preoperative PVB (cisplatin + etoposide + 
bleomycin) followed by tumor resection, followed by 
further chemotherapy with PIV (cisplatin + ifosfamide 
+ vinblastine) and RT (30 Gy CrSp, tumor boost of 
20 Gy). Twenty-seven patients were treated on these 
studies. Two died postoperatively; of the 25 remaining 
who were evaluated, 10 (40%) relapsed locally, of 
whom 9 died. The most recent event-free survival is 
66±6% with a median follow-up of 29 months [130].

The SFOP TC88 protocol was aimed at cure of 
patients with chemotherapy and no radiotherapy. The 
chemotherapy regimen involved alternating courses of 
vinblastine, bleomycin and carboplatin/etoposide and 
ifosfamide [130]. In the TC 90 protocol, the tumors 
were treated with six cycles of carboplatin and etopo-
side, then ifosfamide and etoposide, followed by com-
plete tumor resection of any residue. In both protocols, 
RT was only used if there was unresectable residual 
disease. Of 24 evaluable patients, 15 received chemo-
therapy alone, 14 of whom relapsed. Nine received RT 
(three CrSp RT) to the primary tumor after chemo-
therapy. Nine are in first remission, six are in second or 
third remission after RT and/or high-dose chemother-
apy. Eight patients died from disease. The overall sur-
vival is about 63%. Twenty-one other follow-up 
patients were studied, as they were ineligible for the 
main study. Combining these with the study patients, 
it was found that cumulative cisplatin dose correlated 
directly with survival. Cisplatin cumulative dose 
>400 mg/m2 doubled event-free survival from 38±17% 
to 74±5% [130].

The results of these preliminary studies were a 
marked improvement over previous reports of 
NGGCTs, where survival was 6% after primary sur-
gery and irradiation. They demonstrated that secreting 
tumors (NGGCTs) require both chemotherapy and 
radiotherapy for tumor control. Preoperative chemo-
therapy has been shown to be effective in facilitating 
complete resection of large or infiltrating tumors. It 
would seem that local tumor control is more impor-
tant for outcome than control of meningeal dissemina-
tion [130]. Secreting tumors (NGGCTs) have always 
had poorer survival rates because of relative insensitiv-

ity to RT and technical difficulties of surgical resection. 
Large infiltrating tumors are difficult to resect com-
pletely, leading to the use of primary chemotherapy to 
shrink tumors preoperatively. Delayed resections have 
been shown to be more often complete and technically 
less difficult. Resected tumors following a course of 
chemotherapy are frequently histologically benign. 
[118, 126, 131, 132]

SIOP 96 NGGCTs

This experience stimulated a collaborative approach to 
NGGCTs between French and German groups and in-
cluding other European collaborators. The aim was to 
use markers as diagnostic eligibility criteria (αFP 
>25 ng/ml and βHCG >50 IU/l), thereby obviating the 
need for biopsy and to test the combined treatment 
modality approach using the combination of cisplatin, 
etoposide, and ifosfamide and involved-field RT. Lo-
calized tumors were delivered 54 Gy with 30 Gy CrSp 
RT, boosting with 24 Gy to metastatic sites. A cohort of 
105 patients was recruited, of whom 35 were diagnosed 
on the basis of tumor markers and were therefore pro-
tocol compliant. There were 40 patients who under-
went surgery – 26 stereotactic procedures, 43 open 
procedures of which 10 were biopsies, and 33 attempt-

Event-free.survival.of.European.children.and.
adolescents.with.nongerminomatous.germ-cell.
tumors.according.to.the.presence.of.metastases.at.
diagnosis .Data.from.the.SIOP.Consortium,.1996.
interim.analysis .[89]

Figure 10.12
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ed resections. There were 14 significant surgical com-
plications, including 3 deaths [89].

Survival rates were improved compared to previous 
experience, with 63% and 75% 5-year survival rates for 
metastatic and nonmetastatic patients, respectively, 
indicating that the combined approach negates the 
adverse impact of metastases at diagnosis (Fig. 10.12). 
αFP level was shown to predict outcome: the higher 
the level the worse the outcome (Fig. 10.13). From this 
study it can be concluded that primary surgery is not 
beneficial for NGGCT (secreting). Combined chemo-
therapy and RT have improved the outcome for the 
majority, but not for those with residual disease or 
high αFP levels at diagnosis. There is great need to 
conduct meticulous processes of diagnostic assess-
ment prior to surgery and ensure that staging investi-
gations are thoroughly performed and reviewed before 
planning any treatment.

10.3.5.8 late effects

endocrine

Tumors in the common GCT regions frequently dam-
age the hypothalamic-pituitary axis, necessitating hor-
mone replacement therapy before initial diagnostic 

surgery, where indicated, or during immediate antitu-
mor management. It is unusual for these endocrine 
deficits to improve after completion of treatment, 
indeed surgery and RT may make them worse.

neurological

Focal neurological deficits affecting ophthalmic func-
tion at presentation frequently regress with initial ste-
roids and commencement of antitumor treatment. 
Surgical resection may not improve these symptoms, 
thus justifying consideration of neoadjuvant chemo-
therapy or RT.

cognitive/Health State

Assessment of these measures is becoming increasingly 
easy now that a battery of generic and specific question-
naire methodologies have been developed for use in 
children and young people [133, 134]. Adult oncology 
has already developed this type of measure for evaluat-
ing outcomes in order to assist with a selection of pre-
ferred palliative drug strategies. Their use in children 
and adolescent and young adult populations is lagging. 
Where attempts have been made to measure cognitive 
and health state outcomes in survivors of GCTs in recent 
eras, the burden of morbidity has been low, indeed they 
have compared favorably to normal populations in 
some cases. This lack of recent evidence of true adverse 
cognitive outcomes, coupled with the possibility that 
combined chemotherapy and RT may have a deleteri-
ous impact on health state compared to RT alone, fur-
ther justifies trials of combined treatments aimed at 
measuring QoL as primary outcome measures.

10.3.5.9 Quality of life reports

QoL for survivors is of great importance for this group 
of patients with increasingly curable tumors. Factors 
determining adverse QoL outcomes are becoming bet-
ter understood. Tumor growth and infiltration of brain 
tissue, particularly in the neurohypophyseal region, 
causes local neurological damage and may lead to per-
manent endocrine, visual, and behavioral consequenc-
es. Certainly, primary surgery was seen to aggravate 
these symptoms as well as threaten further neurological 

Event-free.survival.of.European.children.and.
adolescents.with.nongerminomatous.germ-cell.
tumors.as.a.function.of.serum.alpha-fetoprotein.
levels.at.diagnosis .Data.from.the.SIOP.Consortium .
[89]

Figure 10.13
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damage and life itself in the early era of this literature 
review. RT has been widely implicated in causing long-
term neurocognitive damage based upon experience in 
medulloblastoma and leukemia [135]. Chemotherapy, 
on the other hand, has developed a reputation for min-

imal neurotoxicity compared to these other modalities. 
However, a preliminary report gives results of health 
state and behavior measurements in survivors of the 
SIOP PNET3 study at a median of 7 years after comple-
tion of treatment, that indicate a lower health state 

Overall.survival.of.American.patients.with.gliomas.
other.than.astrocytoma.who.were.diagnosed.
between.1975.and.1998,.inclusive,.by.age.at.diagno-
sis .Data.from.the.United.States.SEER.Program.[1] 

Figure 10.16

Overall.survival.of.American.patients.with.astrocy-
toma.who.were.diagnosed.between.1975.and.1998,.
inclusive,.as.a.function.of.age.at.diagnosis .Data.
from.the.United.States.SEER.Program.[1] 

Figure 10.15

Overall.survival.of.American.patients.with.brain.
tumors.who.were.diagnosed.between.1975.and.
1998,.inclusive,.as.a.function.of.age.at.diagnosis .
Data.from.the.United.States.SEER.Program.[1] 

Figure 10.14

Overall.survival.of.American.patients.with.ependy-
moma.who.were.diagnosed.between.1975.and.
1998,.inclusive,.as.a.function.of.age.at.diagnosis .
Data.from.the.United.States.SEER.Program.[1] 

Figure 10.17
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scores for those who received combined chemotherapy 
and CrSp RT as compared to those treated with CrSp 
RT alone [135]. The most common long-term compli-
cations after diagnosis and treatment of GCTs were 
 endocrine disturbances, especially in patients with su-
prasellar tumors. Interestingly, most of these endo-
crinopathies were present at the time of diagnosis or 
following surgery, although radiation could be impli-
cated in a subset of patients [120, 124, 125, 136]. Other 
common long-term sequelae include neurocognitive 
defects, which in most cases were mild [120, 122, 124, 
125, 137], and ophthalmologic abnormalities, with 
Parinaud syndrome seen in pineal region tumors and 
visual impairment seen in suprasellar tumors. Future 
trials for GCTs should aim at improving survival while 
minimizing long-term sequelae of therapy.

10.4  Survival rates for cnS tumors; 
Seer and european data

There are many reports of survival from CNS tumors 
in clinical series that include adolescent and young 
adults, but population-based results are relatively 

scarce. International comparisons are complicated by 
the diversity of age groups and calendar periods, but 
survival was probably somewhat higher in the United 
States than in the United Kingdom and southern and 
central Europe. The especially high survival in the 
Nordic countries may be an artifact resulting from 
inclusion of a higher proportion of nonmalignant 
tumors. Survival in Eastern Europe was somewhat 
lower than elsewhere. No population-based survival 
data from developing countries are available for this 
age group. Five-year survival of children and young 
adults aged 0–34 years ranged from 9% to 44% in two 
Chinese and two Thai cancer registries during the 
1980s and 1990s [138], indicating substantially lower 
survival among adolescent and young adults than in 
developed countries. Survival rates from well-equipped 
treatment centers in developing countries, however, 
are comparable with those achieved in developed 
countries [139, 140].
When reviewing the available SEER survival data 
for the adolescent and young adult population 
(Figs. 10.14–10.18), a common theme becomes appar-
ent; Adolescent and young adults with CNS tumors 
have an intermediate (“astrocytomas”) to superior 

Average.annual.percent.improvement.during.the.
period.1984–1998.in.the.5-year.survival.rate.of.brain.
tumors,.by.5-year.age.intervals,.in.American.patients.
younger.than.age.40.years .Data.from.the.United.
States.SEER.Program[1] 

Figure 10.19

Overall.survival.of.American.patients.with.CNS.
PNETs.who.were.diagnosed.between.1975.and.
1998,.inclusive,.as.a.function.of.age.at.diagnosis .
Data.from.the.United.States.SEER.Program.[1] 

Figure 10.18
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(“other gliomas”, PNET/medulloblastoma and epen-
dymoma) survival rate compared to children and older 
adults, but the improvement in survival in the adoles-
cent and young adult group has lagged behind the 
other age groups (Fig. 10.19). This lack of progress 
may be due to the fact that adolescent and young adults 
are at an “in-between age” and are missing out on 
enrollment in cooperative trials aimed at either chil-
dren or adults. These data support the initiative to 
 collaborate nationally and internationally, across the 
adult and pediatric cooperative groups, to target the 
adolescent and young adult group for future coopera-
tive trials.

10.5 conclusions

This chapter has focused on neurooncology as it ap-
plies to adolescent and young adults by identifying 
clinical problems, relevant clinical and scientific data, 
and how these apply to the emerging subspecialty of 
neurooncology. Central to this theme is the need to 
assist the adolescent and young adult patient as he or 
she moves through the shock of diagnosis and its im-
plications for the future, particularly given the indi-
vidualized pathway through adolescence and the his-
torical lack of progress in outcomes for this age group. 
If adolescent and young adult neurooncology teams 
and trials networks emerge, improved standards of in-
dividualized patient care, enhanced recruitment to 
clinical trials of novel therapies, and improved survival 
in national statistics will evolve.
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11.1 introduction

Soft-tissue sarcomas (STSs) are a very heterogeneous 
group of nonepithelial extraskeletal malignancies that 
are classified on a histogenic basis according to the 
mature tissue they most resemble. Different histotypes 
with different biologies and clinical behaviors are 
included in this group of tumors. Usually, they are 
characterized by local aggressiveness and propensity to 
metastasize, which is correlated to the grade of malig-
nancy. They can arise, generally as an enlarging soft-
tissue mass, anywhere in the body (most frequently in 
the soft tissue of the extremities, and less usually in the 
trunk or head and neck region). They comprise less 
than 1% of all malignant tumors but account for 2% of 
total cancer-related mortality. In addition, they cause a 
relatively high burden of morbidity, due to deforming 
surgery, chemotherapy- and radiation-induced com-
plications, and second cancers. They occur at any age, 
but a shift occurs in adolescence/early adulthood from 
predominantly rhabdomyosarcoma of childhood to a 
mixture of several “adult-type” STSs, with some sub-
types particularly typical of adolescents and young 
adults [1–3] Perhaps because it occurs but is rare across 
all ages, and perhaps because the orthopedic surgeons 
and radiation oncologists who are often involved treat 
both children and adults, the field of STS oncology is 
not “owned” by either pediatric or medical oncology. 
For this reason too, it seems that STS is an adolescents 
and young adults cancer.

Across all ages, the survival rate for STSs averages 
60%, with substantial differences according to the his-
totype, the grade of malignancy, and the stage of the 
disease [1]. The treatment of patients with STSs is 
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complex and necessarily multidisciplinary, requiring 
adequate expertise. All STS patients, including adoles-
cents and young adults, probably receive better 
 treatment within select experienced institutions that 
enroll patients into clinical trials; treating patients out-
side of a referral center has been identified as an inde-
pendent risk factor for recurrence in STS. Such a sug-
gestion appears more relevant if one considers that the 
lowest proportion of patients entered onto national 
clinical treatment trials vs. the number of new cases 
occurring at age 25–29 years, when it was 0.6% 
(Fig 11.1). Below age 10 years, it was over 30% and 
during adolescence it was approximately 12%. Above 
age 40 years it exceeded 3%. These data have been sup-
posed to partially explain the slower rates of improve-
ment in overall outcome observed (during the last 20-
year period) in older adolescents in comparison to the 
younger [4, 5].

STSs of adolescents and young adults can be sepa-
rated in two groups. The first includes the highly malig-

nant tumors, characterized morphologically by small 
round blue cells: rhabdomyosarcoma (RMS), Ewing 
family of tumors (EFT), and the rare desmoplastic 
small round cell tumor. EFT [Ewing sarcoma, (ES) and 
the peripheral primitive neuroectodermal tumor 
(pPNET), which is cytogenetically the same neoplastic 
entity as ES but with a different grade of differentia-
tion] is highly aggressive, with a high propensity to 
metastasize, and is typical of adolescents and young 
adults. Its natural history and treatment is comparable 
to that of the more frequent ES arising in the bone, and 
therefore it will not be described in this chapter, but in 
Chap. 12. The second group of STSs includes the classic 
“adult-type” STSs, which are generally characterized by 
spindle-cell histology and uncertain response to che-
motherapy and radiotherapy. Although Kaposi sar-
coma is a malignant STS that has historically affected 
young adults, its relation to the human immunodefi-
ciency virus epidemic makes its epidemiology and 
management quite different. It will not be considered 
in this chapter and all comments about STS will pertain 
to non-EFT, non-Kaposi sarcoma.

11.2 epidemiology/etiology

Overall, STSs are rare: with an annual incidence of 
around 2–3/100,000 persons of all ages. STS incidence 
increases exponentially with age, but peaks as a percent 
of all cancers in 5- to 10-year-olds. At a rate of 8.2 cases 
per million, STS ties as the fifth most common cancer 
in 15- to 19-year-olds (7.7% of all tumors); in the 20- to 
24-year-olds there are 17.9 cases per million – 6.6% of 
all tumors and the seventh most common. Although 
rates continue to increase with age and reach 62.3 per 
million in 25- to 29-year-olds, they start to become a 
less common proportion of all cancers with age 
(Fig. 11.2). In the 15–29 years age period, rhabdomyo-
sarcoma (RMS, a tumor predominantly of children and 
adolescents) and the spindle-cell sarcomas including 
fibrosarcoma, synovial sarcoma (SS), and malignant 
peripheral nerve sheath tumor (MPNST), are the most 
frequent histotypes (Figs. 11.3 and 11.4) [1–3]. Surveil-
lance, Epidemiology and End Results data from the 
period 1975–1999 finds dermatofibrosarcoma to be the 
most common non-Kaposi STS among 15- to 29-year-

Estimated.proportion.of.all.patients.diagnosed.with.
sarcomas.during.1997–2002.who.were.entered.onto.
United.States.national.treatment.trials .Values.in.the.
parentheses.are.the.average.annual.accrual.to.the.
trials.(numerator).and.estimated.average.number.
of.patients.expected.to.have.been.diagnosed.with.
the.cancer.in.the.United.States.during.the.years.
evaluated.(denominator) .Accrual.data.from.the.
Cancer.Therapy.Evaluation.Program,.United.States.
National.Cancer.Institute .Modified.from.Bleyer.et.al .
[2]

Figure 11.1
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olds, followed by leiomyosarcoma/fibrosarcoma, RMS, 
SS, and malignant fibrous histiocytoma (Table 11.1).

Arising from immature mesenchymal cells that 
are committed to skeletal muscle differentiation, 
RMS is one of the typical cancers of childhood, as it 
constitutes more than 50% of STSs, with an annual 
incidence of 4.3 per million children younger than 
20 years. On the contrary, it is seen exceedingly infre-
quently in adults (3% of STSs). The incidence of RMS 
decreases significantly with increasing age: about 
three out of four cases occur in children under 
10 years, with a peak of incidence between 3 and 

5 years [6]. A second smaller peak occurs in adoles-
cence [6].

For most STS subtypes, the pathogenesis remains 
unknown and there are no well-established risk fac-
tors. Ionizing radiation clearly causes sarcomas, and 
chemical carcinogens and oncogenic viruses have been 
associated with the development of some type of sar-
comas, but the etiological relationship remains unclear. 
A few genetic predispositions are well described, but 
cause few of all STS: neurofibromatosis type 1 (in par-
ticular increases the risk of MPNST) and Li Fraumeni 
syndrome (which increases the risk of RMS) are the 
two classic (but not the only) genetic diseases associ-
ated with soft-tissue tumors [2–3]. Those with certain 
genetic conditions are predisposed to have an STS at a 
younger age, so that the proportion of adolescents and 
young adults with STSs with a genetic predisposition is 
probably higher than in older adults.

11.3 Biology/Pathology

The grade of malignancy describes the aggressiveness 
of the tumor and its natural history. It is determined by 
a combined assessment of histological features: degree 

table 11.1 Soft-tissue.sarcomas.by.histologic.type.in..
15-.to.29-year-olds,.1992–2002 .PNET.Primitive.neuroecto-
dermal.tumor

Histologic type % of 
total

Kaposi.Sarcoma 35 3%

Dermatofibrosarcoma,.including.protuber-
ans 14 9%

Leiomyosarcoma,.fibrosarcoma 6 3%

Rhabdomyosarcoma 6 5%

Synovial.cell.sarcoma 6 0%

Ewing.sarcoma/PNET 4 8%

Malignant.fibrous.histiocytoma 4 3%

Liposarcoma 4 3%

Malignant.peripheral.nerve.sheath.tumor 3 8%

Angiomatous/vascular.sarcomas 2 3%

Spindle.cell.sarcoma 1 5%

Epithelioid.sarcoma 1 4%

Alveolar.soft.part.sarcoma 1 2%

Clear.cell.sarcoma 1 0%

Small.cell.sarcoma 0 6%

Chondrosarcoma.(soft.tissue) 0 5%

Giant.cell.sarcoma 0 4%

Desmoplastic.small.round.cell.tumor 0 4%

Miscellaneous 4 5%

Total.Number 2,812

Proportion.of.soft-tissue.sarcomas.relative.to.all.
invasive.cancer.as.a.function.of.age.in.those.
diagnosed.before.age.45.years.in.the.United.States .
Data.from.the.United.States.SEER.[1]

Figure 11.2
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of cellularity, cellular pleomorphism or anaplasia, mi-
totic activity, and degree of necrosis. Different histo-
types with the same grade of malignancy could display 
the same clinical behavior. In general, low-grade tu-
mors may have local aggressiveness but a low tendency 
to metastatic spread. High-grade tumors have a more 
invasive behavior with a high propensity to metastasize 
(in particular to the lung). Some histotypes (i.e., RMS, 
but also SS, alveolar soft parts sarcoma, and angiosar-
coma) are usually considered as being high grade inde-

pendently from their mitotic index, necrosis, and cel-
lularity. Different grading systems (generally three-grade 
systems) have been defined over the years by pediatric 
and adult oncologists for predicting clinical course and 
prognosis, and defining a risk-adapted treatment. The 
most frequently used grading systems for adult sarco-
mas are the National Cancer Institute (NCI) system 
and the French Federation of Cancer Centers (FN-
CLCC) system. The Pediatric Oncology Group system 
is similar to the NCI system, but accounts for tumors 
found exclusively in childhood. Unfortunately, the use 
of a distinct grading system has made it difficult to 
compare results in pediatrics to those in adults.

RMS is a distinct entity, clearly different from other 
STSs typical of adult age. RMS cells can be recognized 
by the expression of myosin and MyoD protein family 
antigen. Myoglobin, desmin, and muscle-specific actin 
are also useful as diagnostic markers. Classically, two 
histological subtypes of RMS have been distinguished, 
embryonal and alveolar [7]. The diagnosis of alveolar 
subtype has to be given if there is any degree of alveo-
lar architecture or cytology. A third form, pleomorphic 
RMS, needs to be considered separately from other 
RMS subtypes: it is very rare in both the pediatric pop-
ulation (less than 1%) and in adolescents and young 
adults, occurring typically at an age older than 45–
50 years. It is most common in the deep soft tissues of 

Types.of.relative.incidence.
of.soft-tissue.sarcomas.in.
adolescents.and.young.
adults.in.comparison.to.
those.that.occur.in.children.
and.older.adults .LMS.
Leiomyosarcoma,.MFH.
malignant.fibrous.histiocy-
toma,.LPS.liposarcoma,.
MPNST.malignant.peripheral.
nerve.sheath.tumor,.FS.
fibrosarcoma,.SS.synovial.
sarcoma,.pPNET.peripheral.
primitive.neuroectodermal.
tumor,.RMS.rhabdomyosar-
coma

Figure 11.3

Relationship.of.age.to.incidence.of.various.types.of.
soft-tissue.sarcomas

Figure 11.4
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the extremities, with a predilection for males [1, 6]. 
Decades ago, pleomorphic RMS was a commonly 
assigned subtype, then it was regarded as a variant of 
malignant fibrous histiocytoma and its existence put in 
doubt. More recently, ultrastructural, immunohisto-
chemical and molecular techniques have refined crite-
ria its for diagnosis. Other data suggest that pleomor-
phic RMS is probably biologically and clinically closer 
to high-grade spindle-cell sarcomas of adults than to 
pediatric RMS.

Cytogenetic and molecular analyses may help in the 
diagnosis of RMS and in the definition of the subtype. 
Most alveolar RMSs display a specific translocation 
t(2;13)(q35;q14), involving the PAX3 and the FKHR 
genes; a variant, t(1;13)(p36;q14), has been less fre-
quently reported. Embryonal RMS lacks a tumor-spe-
cific translocation, but generally exhibits a loss of het-
erozygosity at chromosome 11p, which may act by 
inactivating tumor-suppression genes [2, 6].

A pattern of association between histotypes and 
clinical features has been described (Table 11.2). The 
alveolar histotype is more frequently localized at the 
extremities and in the trunk, and it is more typical of 
adolescents and young adults than of children. The 
recent International Consensus meeting defined a new 
International Classification of RMS, based on the rela-
tionship between histology and prognosis. Favorable 
subtypes are two variants of the embryonal type, the 

botryoid and the spindle-cell (or leiomyomatous) vari-
ants. The classic embryonal subtype carries an inter-
mediate prognosis and the alveolar RMS (with the 
recently described solid variant) has an unfavorable 
prognosis. Of note, spindle-cell RMS in adults appears 
to have a different natural history and biology from the 
morphologically similar spindle-cell RMS of child-
hood. In adults, it has a propensity to occur in the head 
and neck area and carries a very poor prognosis.

Besides RMS, there are almost ninety subtypes of 
STS. Because of their relative rarity in childhood, many 
pediatric oncologists lump these as “non-RMS STSs” 
(NRSTS). Medical oncologists find this term amusing, 
as this describes 98%, not 50% of the tumors they see. 
The naming and classification of these has been based 
on the normal tissue the morphology of the cancer 
most resembles. The classification has undergone wide 
alteration, and studies suggest a 25% discordance rate 
between pathologists for classification. However, to 
date, this has had little impact on clinical therapeutics, 
as this has been guided more by grade than classifica-
tion. Clinical trials have “lumped” all STSs together. 
Recently, more advanced immunohistochemical tech-
niques, cytogenetics (both traditional and targeted 
hybridization techniques), and even microarray tech-
niques are increasing the precision of the diagnosis. 
Hopefully, this will allow better prognostication and 
development of risk-based and targeted therapeutics.

table 11.2 Translocation.and.fusion.genes.in.sarcomas .Modified.from.Borden.(2003).[8]

Ewing.sarcoma

Clear.cell.sarcoma
Desmoplastic.small.round.cell.tumor
Extraskeletal.myxoid.chondrosarcoma

Myxoid.liposarcoma
Angiomatoid.fibrous.histiocytoma
Alveolar.rhabdomyosarcoma

Synovial.sarcoma
Dermatofibrosarcoma.protuberans
Congenital.fibrosarcoma
Inflammatory.myofibroblastic.tumor
Alveolar.soft.part.sarcoma
Endometrial.stromal.sarcoma

t(11;22)(q24;q12)
t(21;22)(q22;q12)
t(12;22)(q13;q12)
t(11;22)(q13;q12)
t(9;22)(q22;q12)
t(9;17)(q22;q11)
t(12;16)(q13;p11)
t(12;16)(q13;p11)
t(2;13)(q35;q14)
t(1;13)(p36;q14)
t(X;18)(p11;q11)
t(17;22)(q22;q13)
t(12;15)(p13;q25)
t(2p23)
t(X;17)(p11;q25)
t(7;17)(p15;q21)

EWS-FLI1
EWS-ERG
EWS-ATF1
EWS-WT1
EWS-CHN
TAF2N-CHN
TLS-CHOP
TLS-ATF1
PAX3-FKHR
PAX7-FKHR
SYT-SSX1,2
COL1A1-PDGFβ
ETV6-NTRK3
various.ALK.fusions
ASPL-TFE3
JAZF1-JJAZ1
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Most pathologists feel that SS needs to be consid-
ered as a high-grade tumor, independent of mitotic 
index, percent of necrosis, and tumor differentiation, 
given its local invasiveness and propensity for meta-
static spread. It is characterized by the presence of 
 epithelial and spindle cells, probably derived from 
a primitive mesenchymal precursor. There are three 
histological subtypes: biphasic, monophasic, and 
poorly differentiated. In the majority of cases, tumor 
cells (especially the epithelial cells) display immunore-
activity for cytokeratins and epithelial membrane 
 antigen. Immunohistochemistry is essential to differ-
entiate the various spindle-cell sarcomas, but in 
some cases only the cytogenetic analysis may permit 
the diagnosis. Several STSs are characterized by spe-
cific chromosomal translocations (Table 11.2). The 
specific translocation t(X;18)(p11.2;q11.2) has been 
found in more than 90% of SS, with three possible 
transcripts, SYT-SSX1, SYT-SSX2, and SYT-SSX4 
(SYT-SSX2 has recently been associated with better 
survival) [8].

11.4 diagnosis/Symptoms and clinical Signs

The initial signs and symptoms depend on the site of 
origin and tumor extension. An enlarging painless 
mass is the most common presentation. In 15- to 29-
year olds, about one-third of STS originate in the ex-
tremities. RMS can arise anywhere in the body, includ-
ing sites in which striated muscle tissue is normaly 
absent. The head and neck region represents the most 
common location, and the symptoms vary from pro-
ptosis, cranial nerve palsy, or nasal obstruction. He-
maturia may be present in RMS of the genitourinary 
tract; ascites and intestinal obstruction can occur with 
retroperitoneal tumors [2, 3].

In the case of suspected lesions, three diagnostic 
levels need to be evaluated: (1) the histological diagno-
sis, for which an incisional biopsy procedure is usually 
preferred over fine-needle aspiration; (2) the defini-
tion of locoregional extension for which magnetic 
resonance imaging appears to be superior to computed 
tomography (CT) scan in defining soft-tissue tumor; 
(3) the staging of the disease for which a chest CT scan 
and technetium bone scan are usually required. The 

value of positron emission tomography scan in staging 
STS has not yet been determined.

An adequate stratification of the patients is neces-
sary for a risk-adapted therapy. However, as in grad-
ing, pediatric and medical oncologists have not used 
the same systems, making comparison of risk and 
prognosis difficult. The pediatric Intergroup Rhabdo-
myosarcoma Study (IRS) postsurgical grouping system 
[9] supplements the pretreatment clinical tumor-node-
metastases (TNM) classification [10], categorizing 
patients into four groups based on the amount and 
extent of residual tumor after the initial surgical proce-
dure. Group I includes completely excised tumors with 
negative microscopic margins; group II indicates 
grossly resected tumors with microscopic residual dis-
ease and/or regional lymph nodal spread; group III 
includes patients with gross residual disease after 
incomplete resection or biopsy sampling; group IV 
encompasses patients with metastases at onset [9]. 
According to the TNM classification, T1 are those 
tumors confined to the organ or tissue of origin, while 
T2 lesions invade contiguous structures; T1 and T2 
groups are further classified as A or B depending on 
whether tumor diameter is ≤ or >5 cm, respectively. 
Regional node involvement is defined as N0 or N1, 
and the status of distant metastases at onset as M0 or 
M1 [10].

However, adult oncology groups have generally uti-
lized other systems: the Musculoskeletal Tumor Soci-
ety Staging System requires the accurate definition of 
compartmentalization, the American Joint Committee 
on Cancer Staging System combines TNM definitions 
and histological grading [11].

11.5 treatment Management and Outcome

11.5.1 rhabdomyosarcoma

RMS is a distinct entity and clearly differs from NRSTS 
in regard to its natural history and its higher sensitivity 
to chemotherapy and radiotherapy [6].

During the past 30 years the 5-year overall survival 
(OS) rates of pediatric RMS has improved dramati-
cally from 25–30% to approximately 70% [1, 12–14]. 
These results are due largely to the development of 
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treatment approaches that are: (1) multidisciplinary 
(including surgery, radiotherapy, and in particular 
multiagent effective chemotherapy), (2) risk-adapted 
(prognostic factors are used to stratify treatment: more 
intensive therapy improves cure rates in those patients 
with less favorable disease whereas those with more 
favorable findings avoid overtreatment and side effects 
without jeopardizing survival), (3) cooperative multi-
institutional trials able to enroll a large number of 
patients. International cooperative multimodal treat-
ment trials have been carried out by North-American 
and European groups. Historically, these trials, 
included subjects up to the age of 18 or 21 years. In 
2001, the Children’s Oncology Group STS committee 
raised the upper age limit of all STS protocols to 
50 years. In Europe, the opportunity to enroll patients 
up to 30 years is now in discussion.

Historically, risk stratification and therapy was usu-
ally based on the IRS [9] and TNM staging systems 
[10]. With the recognition of different prognostic fac-
tors (i.e., age, histology, tumor site; Table 11.3), the risk 
assignments has became more complex but also more 
careful. Table 11.4 shows the risk stratification of the 
new European pediatric Soft Tissue Sarcoma Study 
Group (EpSSG) and the Children’s Oncology Group 
protocols for localized RMS, with the estimated sur-

vival rates and the proposed treatment for each group 
[15].

RMS is a markedly chemoresponsive and radiosen-
sitive tumor. Multiagent chemotherapy has a response 
rate of greater than 80% in the majority of patients. 
The efficacy of chemotherapy permits partial modifi-
cation of the aggressive surgical concepts that are 
essential in the management of adult-type sarcomas of 
uncertain chemoresponsiveness. Primary resection 
should be performed only when complete (i.e., histo-
logically free margins) and nonmutilating excision is 
considered feasible; otherwise biopsy alone is recom-
mended. Tumor size, local invasiveness, and especially 
tumor site strongly affect the feasibility of surgery, 
which is also influenced by the surgeon’s own judg-
ment and experience. Tumors considered unresectable 
at diagnosis can be completely resected in a high per-
centage of cases after tumor shrinkage following pri-
mary chemotherapy [16]. Due to the efficacy of adju-
vant chemotherapy and radiation, local control can 
generally be obtained by wide resections (en bloc exci-
sions beyond the reactive zone but within the anatom-
ical compartment with histologically free margins), in 
contrast to adult NRSTS, which in general should 
require compartmental resection (en bloc resection of 
the tumor and the entire compartment of origin).

table 11.3 Rhabdomyosarcoma:.the.histological.subtypes.and.their.more.frequent.characteristics ..
RMS.Rhabdomyosarcoma

Favorable.prognosis Botryoid.RMS

Spindle-cell.RMS

6%.of.all.RMS;.mean.age.3.ears;
polypoid.mucosa-associated.lesions.of.
genitourinary.and.head-neck.cavities

2%;.mean.age.7.years;.paratesticular.regions.
(leiomyomatous)

Intermediate.prognosis Embryonal.RMS 60%;.mean.age.7.years;.all.sites,.
in.particular.the.head-neck.regions;.
Loss.of.heterozygosity.at.chromosome.11p15 5.

Unfavorable.prognosis Alveolar.RMS

Pleomorphic.RMS

30%;.older.age.(10–25.years);.
deep.soft.tissue.of.extremities;
t(2;13)(q35;q14).translocation.
(variant.t(1;13)(p36;q14).translocation)

2%;.adults.older.than.45.years;.extremities
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A large number of different chemotherapeutic regi-
mens have been tested over the years within coopera-
tive trials: today, the VAC regimen (combination of 
vincristine, actinomycin D, and cyclophosphamide) is 
still the mainstay of chemotherapy in North America 
[12, 13, 14], whereas the IVA regimen, which differs in 
the choice of the alkylating agent (ifosfamide in the 
place of cyclophosphamide), is the standard therapy in 
Europe [15, 17, 18]. The different drugs (i.e., cisplatin, 
etoposide, and melphalan) added over the years to 
these regimens have not shown clear advantage com-
pared to the standard combinations [13]. Nevertheless, 
in high-risk patients it is imperative to find out more 
effective and intensive regimens. In IRS Study V, topo-
tecan is currently administered in patients with less 
favorable outcome. In EpSSG, as shown in Table 11.5, 
the role of doxorubicin will be under evaluation within 
the IVADO regimen, with the concept of administer-
ing early the maximum dose intensity of doxorubicin 
(which is an effective drug, although its role as part of 
multidrug regimens remains controversial) [19]. In a 
very selected subset of patients with low-risk charac-
teristics (completely resected small tumor, embryo-
nal histology, paratesticular and vagina sites, age 
<10 years), a limited chemotherapy without an alkyla-

ting agent (VA, vincristine and actinomycin D) has 
been shown to be enough to maintain excellent results 
[15]. In adolescents and young adults, given the adverse 
prognostic significance of age, this regimen should 
probably not be recommended. At the opposite pat-
tern of risk groups, the outcome of patients with meta-
static disease at diagnosis remains poor (about 30% of 
survivors) despite the use of very intensive treatments, 
including high-dose chemotherapy followed by recon-
stitution with peripheral blood stem cells. New drugs 
are usually evaluated upfront in these patients, even if 
novel therapeutic approaches are needed (i.e., specific 
molecular targets for gene therapies).

A quite new noteworthy approach may be the use of 
maintenance therapy with low-dose continuous che-
motherapy (maybe with new antitumor mechanisms, 
i.e., antiangiogenic); the EpSSG trial (Table 11.5) will 
randomize patients with localized RMS who are in 
complete remission after 6 months chemotherapy to 
receive or not maintenance therapy with oral cyclo-
phosphamide plus vinorelbine (that appears a promis-
ing drug in RMS) [20, 21].

If chemotherapy is a keystone in the multimodal 
treatment, radiotherapy also plays a relevant role 
because of the high radioresponsiveness of RMS. Con-

table 11.4 Prognostic.factors.for.RMS .IRS.Intergroup.Rhabdomyosarcoma.Study

Favorable prognostic factors Unfavorable prognostic factors

Embryonal.histology Alveolar.histology

Initial.complete.resection.(IRS.group.I) incomplete.resection/unresectability.(IRS.groups.II–III)

Tumor.confined.to.the.organ.or.tissue.of.origin.(T1) Local.invasiveness.(T2)

Small.tumor.size.(<5.cm) Large.size.(>5.cm)

No.regional.lymph.node.involvement.(N0) Nodal.involvement.(N1)

Localized.disease.(M0) Distant.metastases.at.diagnosis.(M1)

Age.between.1.and.10.years Age.over.10.years.(and.less.than.1.year)

Favorable.sites:
. non-parameningeal.head-neck.
. (orbital).
. non-bladder/prostate.genitourinary
. (paratesticular,.vagina)

Unfavorable.sites:
. parameningeal.region
. bladder.and.prostate,.abdomen
. trunk
. extremities
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sidering the risk of late radiation damage (together 
with the effectiveness of systemic treatment), the role 
of radiotherapy has partially diminished over the years 
and its indication is now given more carefully. With 
doses generally ranging between 40 and 55 Gy 
(depending on age, tumor size and site, response to 
primary chemotherapy, histology, and extent of resid-
ual tumor after surgery), radiotherapy is particularly 
important in those cases localized in the paramenin-
geal region and in trunk (i.e., the pelvis), and when-
ever a primary or delayed complete resection is not 
feasible. Alveolar RMS always requires radiotherapy to 
improve the local control rate [22, 23].

Radiotherapy must always be administered using 
megavoltage equipment and allowing wide margins 
(2–3 cm) around the tumor volume. Careful planning 
is mandatory, as well as the use of modern techniques 
such as the three-dimensional conformal radiotherapy, 
to improve the therapeutic index (high dose of radia-
tion on the tumor with reduction in the dosage to nor-
mal tissues), in particular for parameningeal RMS. 
Although interesting suggestions have derived from 
hyperfractionated and accelerated schedules, the con-
ventional fractionation scheme currently remains the 

standard choice. Interstitial radiotherapy can play a 
role in specific situations (e.g., small tumors in the 
head-neck or genitourinary sites) [24].

Debate on the possible different intensities of local 
therapy, and indications for radiotherapy in particular 
(e.g., in IRS group III patients who achieve complete 
remission after chemotherapy, or in group II patients) 
implicates the concept of the “total burden of therapy” 
experienced by a given patient and the predicted 
sequelae; the indication for radiotherapy, in other 
words, can be given taking into account the probability 
of OS (rather than disease-free survival) and the “cost” 
of survival in terms of sequelae [18]. A different phi-
losophy, in fact, was behind previous European studies 
and North American trials: in the former, the evalua-
tion of “cost” pointed to a lesser use of radiotherapy, 
which produced higher local relapse rates than those 
reported elsewhere, but similar OS, since a significant 
number of locally relapsing patients were cured by sal-
vage treatments; in the meanwhile, a subset of patients 
were cured without intensive local therapies and there-
fore without sequelae. This is a matter of debate, and 
clearly, improvements in risk stratification may lead to 
more suitable risk-adapted treatment choices [18].

Table 11.6 Series.of.290.patients.with.RMS.treated.between.1970.and.1990.at.the.Memorial.Sloan-Kettering.Cancer.
Center,.New.York 

Overall series 0–15 years 16–30 years 31–70 years

No .of.patients 290 157 89 44

Histology
. %.Embryonal
. %.Alveolar
. %.Pleomorphic

77%
14%
9%

84%
11%
5%

78%
17%
5%

79%
21%
30%

Sites
. %.Head-neck
. %.Genitourinary
. %.Extremities
. %.Trunk

26%
35%
27%
13%

33%
38%
20%
8%

18%
39%
25%
18%

18%
16%
52%
6%

Stage
. %.T2
. %.>5.cm
. %N1
. %.M1

71%
68%
28%
23%

64%
63%
27%
18%

76%
76%
33%
30%

82%
68%
20%
23%
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In adolescents and young adults, the frequency of 
alveolar RMS and of extremity tumor is clearly higher 
than in younger patients. A study from the Memorial 
Sloan-Kettering Cancer Center compared the clinical 
features (and the outcome) of RMS patients of 16–
30 years of age, with those of patients less than 16 and 
older than 30 years [25]. Table 11.6 shows the higher 
percentage of cases with large, invasive tumors and 
metastatic tumors in the subset of adolescents and 
young adults. So, with the increase of age, there is an 
increase in the presence of adverse prognostic clinical 
findings. Moreover, as shown in Table 11.3, which lists 
the main prognostic factors in RMS, age per se has 
been associated with a less satisfactory outcome (in 
most pediatric reported studies, the outcome of ado-
lescents was worse than that of children) [26].

The behavior of RMS in adults needs, however, 
some specific comments. Adult RMS is rare and scanty 
information is available on its clinical and biological 
findings; all studies, however, highlight a largely poorer 
outcome than in children, with OS rates in the range of 
20–50%. Apart form pleomorphic subtype, which is 
probably a completely different tumor, the previous 
unsatisfactory results raised doubts as to whether adult 
RMS is biologically the same as childhood RMS, and 
as to whether chemotherapy should be used at all to 
treat adults with RMS.

In a recently reported large retrospective study 
(from the Istituto Nazionale dei Tumori of Milan, Italy, 
171 patients >18 years), treatment modalities have 
been analyzed and patients have been stratified accord-
ing to the degree to which they had been treated appro-
priately, based on current treatment guidelines for 
childhood RMS (assigning a score to each patient) 
[27]. Although overall results (5-year OS 40%) paral-
leled those of other published series, in the subset of 
patients whose treatment was consistent with pediatric 
trials guidelines, 5-year OS was 61% and increased to 
72% for patients with embryonal RMS (Fig. 11.5). A 
high score for appropriate treatment was assigned to 
39% of patients (45% of patients 19–30 years old, and 
29% of patients over 30 years). Moreover, the overall 
response to chemotherapy was 85%, substantially dif-
ferent from that observed in other adult sarcomas 
(which is definitely less than 50%) and in the same 
range as the rate for pediatric RMS [27]. In brief, these 

data suggest that chemotherapy could have the same 
activity in adult as in childhood RMS, and, when prop-
erly employed within a treatment strategy like that 
adopted for childhood patients, the outcome in adults 
might also fall in the same range as in children. Of 
course, other findings might concur with the overall 
unsatisfactory results of adult RMS, both clinical (i.e., 
higher proportion of the alveolar subtype and of large 
and invasive tumors) and biological factors (i.e., more 
pronounced expression of multidrug resistance pro-
teins). Nevertheless, every effort should be made to 
improve the number of adults patients with RMS who 
receive fully adequate treatment: it is known that adults 
may tolerate intensive treatments to a lesser degree, 
but also that the adult medical oncologist’s attitude 
toward a tumor so rare in adulthood may be, at least in 
part, important. Thereafter, young adults with RMS, as 
well as adolescents, should be treated within pediatric 
controlled trials, or at least according to the same prin-
ciples that in recent decades have so dramatically 
improved prognosis in children.

11.5.2 adult-type StS

This group includes a heterogeneous variety of differ-
ent tumors that are found more frequently in adult age 
than in childhood and are generally regarded to have 
uncertain responsiveness to chemotherapy and radio-

Rhabdomyosarcoma.in.adults:.5-year.outcome.as.a.
function.of.“pediatric.vs .adult.treatment ”.Data.from.
Ferrari.et.al .(2003) .EFS.Event-free.survival.

Figure 11.5
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therapy. These tumors are called non-RMS STS by 
pediatric oncologists [3, 28–31].

Contrarily to RMS (and extraosseous ES), in which 
chemotherapy plays a crucial role, standard treatment 
for localized, adult-type STSs is based on surgery, often 
complemented by radiation therapy. Surgery remains 
the mainstay of treatment, but overall treatment strat-
egy has partially changed in recent years [32, 33]. His-
torically, “radical” interventions in high-grade sarco-
mas of adult age have been considered: amputations 
and compartmental resections. Currently, functional 
wide resection is the goal of surgical approach, com-
plemented by radiotherapy whenever the resection 
margins are narrow or the tumor is of high grade. 
Radiotherapy needs to be administered at higher total 
doses than RMS (60–65 Gy). It is usually planned as a 
postoperative approach, although various suggestions 
are in favor of using preoperative irradiation (with or 
without neoadjuvant chemotherapy) in locally 
advanced disease, to allow a delayed surgical resection. 
The theoretical advantages of preoperative radiother-
apy are: smaller volume of irradiation with more organ 
preservation, more efficacy on the nonhypoxic tumor 
bed, and a lower risk of intraoperative contamination 
[34, 35].

High-grade sarcomas can recur locally, but also 
with distant metastases, and despite the relatively good 
prognosis for grossly resected patients (70–80% sur-
vival), it is generally agreed that outcome is good 
enough for low-grade and small tumors to be treated 
with surgery alone, but not for high-grade and large 
tumors. Therefore, in some cases, chemotherapy 
should be considered as part of the treatment strategy. 
Actually, the role of chemotherapy in these tumors 
continues to be controversial. To date, only a minority 
of the several randomized adjuvant chemotherapy tri-
als performed in adults have shown a significant sur-
vival advantage for chemotherapy. Among those, the 
Italian randomized trial on high-risk patients (high 
grade, large, deep, extremities site) was stopped early 
due to evidence at an interim analysis of a significant 
advantage in EFS and OS for patients who received 
ifosfamide-doxorubicin chemotherapy versus those 
treated with local therapy only [36]. Moreover, 14 ran-
domized trials comprising 1,568 adult patients were 
included in a meta-analysis that demonstrated a reduc-

tion in the risk of local and distant failures in the group 
treated with intensified doxorubicin-based chemo-
therapy (advantage of 10% in recurrence-free survival 
and of 4% in OS) [37]. Recent hints from pediatric 
series, moreover, suggest that chemotherapy has a 
more beneficial impact than is generally believed when 
it is given to high-risk cases, using the more effective 
combination (full-dose ifosfamide-doxorubicin regi-
men, as indicated in various adult series) [29]. These 
two retrospective studies, from the Istituto Nazionale 
Tumori of Milan [29] and from the Italian and Ger-
man cooperative group [38], show that the combina-
tion of the two variables – high grade and large tumor 
size – produced a very high risk of metastatic spread 
(metastatic-free survival in the range of 30–40%), 
thus suggesting in principle the use of chemotherapy 
to improve the survival, and that the chances of survival 
clearly rise in those patients given chemotherapy. 
In the series from Milan, the response rate to chemo-
therapy in patients with measurable disease was 
39% in terms of complete and partial response, but 
rose to 58% when minor responses were included 
[29].

In the absence of standard guidelines, adolescents 
and young adults could be included in investigational 
trials, or the issue of adjuvant chemotherapy (still 
unclear) could be considered suitable for individual 
clinical use. It is noteworthy that the EpSSG trial for 
pediatric adult-type sarcomas requires the administra-
tion of adjuvant chemotherapy for high-risk cases (G3 
tumor, large than 5 cm) [31].

In addition to tumor size and tumor grade, other 
risk factors have been individuated: the feasibility of a 
complete resection, the local invasiveness, the proxi-
mal sites and deep locations, and obviously the pres-
ence of metastases at onset and the recurrent disease. 
The effect of histopathologic subtype on prognosis is 
yet unclear, although different findings suggest that 
some histotypes (e.g., MPNST) are associated with 
poor outcome, while others (e.g., leiomyosarcoma, 
fibrosarcoma) have been reported to have a more 
favorable prognosis in some series, and a poor out-
come in others [39].

Different findings suggested that age is also a sig-
nificant prognostic factors in STS. In various adult 
series, younger age (generally less than 40 years) is a 
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favorable predictor of survival. Similarly, age has been 
correlated with clinical features and outcome in child-
hood series: in the St Jude Children’s Research Hospi-
tal study (192 patients aged 1 month–22 years), the 
group of adolescents and young adults, with age over 
15 years, had distinctive features [40]. In this age 
group, SS and MPNST were the most common histo-
types. In comparison to younger patients, adolescents 
and young adults had a higher percentage of tumors 
that were large and invasive, with high histological 
grade and with metastases at onset. As a consequence, 
survival rates were lower (5-year OS 49%, EFS 37%) 
than for younger children. The tumor characteristics 
and outcome of this series approach those of the 
younger patients of adult series [40].

In the case of inoperable locally advanced disease 
(and moreover in patients with metastases at onset), 
prognosis is unsatisfactory and all therapeutic 
resources should be taken into consideration. Chemo-
therapy, eventually associated with preoperative radio-
therapy, is the first option. Adult trials have shown that 
the combination of ifosfamide and doxorubicin con-
stitutes the regimen with the higher response rate 
(with a direct relationship between response and 
doses). In a particular subset of patients, locoregional 
approaches (i.e., hyperthermic limb perfusion with 
intra-arterial chemotherapy or immunotherapy) could 
be considered.

It is evident that every effort should be made to 
improve the therapeutic arms for advanced tumors. A 
recent report from the Memorial Sloan-Kettering Can-
cer Center commented that the outcome of localized 
extremity STSs has not improved over the last 20 years, 
suggesting that current therapy has reached the limits 
of efficacy [41]. New drugs and new approaches are 
warranted. Some data have suggested a possible role for 
paclitaxel in the treatment of angiosarcomas and for 
gemcitabine in leiomyosarcomas. New selective mech-
anisms, such as that of the antityrosine kinase imatinib 
mesylate , which dramatically modifies the clinical 
course of gastrointestinal stromal tumors (GIST: gas-
trointestinal mesenchymal tumors that are immuno-
histochemically positive for the product of the c-kit 
oncogene, CD117), must be explored for novel agents 
and for other histotypes. The success of imatinib mesyl-
ate in the treatment of GIST provides important les-

sons for the development of new therapies designated 
specifically for targets identified as being critical to the 
tumor’s biology; most of the specific chromosomal 
translocations present in sarcomas have been cloned 
(with the identification of fusion genes) and may repre-
sent the ideal targets for new molecular therapies [31].

11.5.3 Synovial Sarcoma

SS probably represents the most frequent malignant 
tumor of soft tissues in adolescents and young adults, 
accounting for about 15–20% of all cases. The optimal 
treatment approach to SS remains to be determined. 
As for other STSs of adult age, the standard treatment 
for localized disease is surgery. Complete surgical 
resection of the primary tumor is the unquestionable 
mainstay of treatment. Extensive surgery with histo-
logically free margins is recommended: compartment 
resection is the treatment of choice when feasible, oth-
erwise wide excisions may also be accepted.

A general agreement has not yet been achieved 
regarding the role of adjuvant treatments. Postopera-
tive radiotherapy has a well-defined role to improve 
local control after less-than-compartmental resection: 
after wide resection, particularly in the case of a large 
tumor, but also after marginal and intralesional resec-
tion. In the case of locally advanced disease, the radio-
therapy sandwich technique (preoperative chemother-
apy and radiotherapy, then surgery followed by 
adjuvant chemotherapy and a possible boost of irradi-
ation) may be useful for shrinking the tumor and mak-
ing it resectable [31].

More open questions still exist regarding the role of 
postoperative chemotherapy, given that the rarity of 
the tumor hinders the adequate accrual for a random-
ized trial. Over the years, completely different strate-
gies have been worked out in pediatric oncology pro-
tocols and as compared to the adult setting. Practically 
speaking, in European centers, a patient aged 16 years 
old, enrolled in pediatric trials, was treated very differ-
ently from a 22-year-old patient. Pediatricians mutated 
their approach from the management of RMS: due to 
the quite good chemotherapy response rate in the 
pediatric series, SS was considered as an “RMS-like” 
tumor and was treated with the same protocols 
designed for RMS, thus giving adjuvant chemotherapy 
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to the majority of patients, even in cases of completely 
excised small tumors. On the contrary, adjuvant che-
motherapy was employed in adult patients mainly 
within trials including all histotypes, with a no-therapy 
control arm: therefore, adjuvant chemotherapy was 
rarely utilized in adults and only in the recent years has 
it been routinely proposed for high-risk patients (local 
invasiveness, large size, deep localization) [42]. What 
would be the most adequate strategy remains unclear. 
Published series reported better outcome in pediatric 
series than in adult studies, but all the known adverse 
prognostic factors are more frequent in adults (large 
size, local invasiveness, unresectability, proximal sites), 
and age per se is probably a prognostic indicator. Nev-
ertheless, the better results obtained within pediatric 
protocols might also be correlated with the different 
therapeutic strategies adopted. The most significant 
pediatric experience is the multicenter analysis coor-
dinated by the University of Texas MD Anderson Can-
cer Center (which combined the previously published 
experiences of different research groups) that showed 
a 5-year OS of 80% and a quite high response rate to 
chemotherapy (60%). Of the 219 patients, 52% were 
adolescents (14–20 years) and the risk of event 
increased 0.06 times for subsequent 1 year increase in 
age [43]. Concerning the role of adjuvant chemother-
apy, this study did not show a clear impact of chemo-
therapy on survival in resected patients [43].

Conversely, data from the large series of the Istituto 
Nazionale Tumori of Milan, Italy, showed better out-

comes for patients who received adjuvant chemother-
apy (5-year EFS, 55% vs. 35%) [44]. This study com-
pared the clinical findings, the treatment modalities, 
and the outcome of the different age groups: as shown 
in Table 11.7, the EFS of grossly resected cases increased 
with the increase in the use of adjuvant chemotherapy. 
Far from a demonstration of efficacy of adjuvant che-
motherapy in SS, these data would seem suggestive of a 
role for it [44]. By definition, SS is a high-grade sarco-
mas, and so this could be consistent with some sugges-
tions regarding high-risk sarcomas coming from adult 
trials. SS probably stands halfway between the most 
typical adult STSs and pediatric small round cell sarco-
mas, and chemotherapy seems to play a greater role in 
pediatric terms compared to adult sarcomas; roughly, 
the response rate to chemotherapy could be estimated 
as around 40% for adult-type STSs, 60% for SS, and 
80% for RMS and ES/pPNET. This may imply that the 
use of chemotherapy in all cases, regardless of prognos-
tic stratification (as developed in previous pediatric 
European trials) might be considered as overtreatment: 
a recent pediatric Italian and German review identified 
a subset of patients (completely resected, tumor <5 cm) 
treated with adjuvant chemotherapy that showed a very 
low risk of metastases (48 cases, 4 local relapses, no dis-
tant relapse), suggesting that chemotherapy can be 
omitted in low-risk groups [45]. This will be the indica-
tion for the upcoming EpSSG protocol.

Cooperative trials involving pediatric and adults 
patients with SS could be warranted; moreover, a large 

table 11.7 Synovial.sarcoma.series.from.the.Istituto.Nazionale.Tumori,.Milan,.Italy .Treatment.and.results.according.to.
the.different.age.groups.(from.Ferrari.et.al .2004)

age 0–16 years 17–30 years >30 years Overall

No .of.patients 46.patients 83 142 271

Tumor.>5.cm 49% 60% 73% 60%

Gross.resected.disease 41.patients 66. 108. 215

%.Radiotherapy 58% 45% 49% 50%

%.Chemotherapy 76% 21% 15% 28%

5-year.EFS 66 3% 40.5% 30 9% 40 7%
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accrual of cases could permit investigation of the role 
of new therapies such as Bcl-2 antisense oligonucle-
otide, since in most cases of SS the anti-apoptotic pro-
tein Bcl-2 (overexpression of Bcl-2 correlates with 
tumor growth, chemoresistance, and poor outcome in 
various cancers) is overexpressed.

11.6 Summary and conclusions

STSs represent about 7% of all malignant tumors in 
15- to 29-year-olds. They include a highly heteroge-
neous group of different histotypes, which are gener-
ally characterized by local aggressiveness and propen-
sity to metastasize. Peculiar to childhood, RMS may 
occur in older age and is characterized by its high 
responsiveness to chemotherapy and radiotherapy. 
Multidisciplinary and risk-adapted treatment 
approaches developed by international cooperative 
groups have dramatically improved the prognosis of 
RMS during the past 30 years, improving cure rates 
from 30% to 70%. Young adults with RMS usually have 
a less favorable outcome than children, but their prog-
nosis would be improved if fully adequate treatments 
derived by childhood trials are employed.

Adult-type sarcomas are different tumors with vari-
ous grades of malignancy, which are generally local-
ized to the extremities. In these tumors, surgery is the 
mainstay of treatment, and the role of adjuvant thera-
pies remains unclear. In particular, they are regarded 
to have uncertain responsiveness to chemotherapy, 
although recent hints would suggest a more significant 
beneficial impact in high-risk cases than is generally 
believed. The prognosis is related to the feasibility of 
surgical resection, and to histological grade, tumor 
size, local invasiveness and, clearly, the presence of 
metastases. SSs are typical of adolescents and young 
adults, and are probably positioned halfway between 
the pediatric small round cell tumors (such as RMS) 
and the most typical adult sarcomas with regard to 
responsiveness to chemotherapy.

In conclusion, this heterogeneous group of tumors 
includes entities that are not so rare in adolescents and 
young adults. The treatment of these patients appears 
particularly complex and necessarily multidisciplinary, 
and requires adequate expertise. It is very important to 

emphasize that adolescents and young adults receive 
better treatments within selected and experienced 
institutions that enroll patients into clinical trails. 
Cooperation between pediatric oncologists and adult 
oncologists is needed to better define the treatment 
options for adolescents and young adults patients. In 
particular, histology as well as tumor biology and char-
acteristics appear to be more important than the 
patients’ age. Although age per se may be considered a 
prognostic factor in STSs, a certain histotype would 
behave in the same way when arising in children, ado-
lescents, or adults. This leads to the consideration that 
RMS patients, regardless of their age, would receive 
the better treatment when following guidelines derived 
from the large pediatric experience, whereas the treat-
ment of patients with adult-type sarcomas should 
acquire suggestions from the body of experience 
gained over the years by adult oncologists.

Cooperative studies are needed to investigate the 
role of new therapies that are specifically tailored for 
molecular targets, which might be the several specific 
chromosomal translocations identified in STSs.
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12.1 introduction

Bone tumors, especially osteosarcoma and Ewing sar-
coma, are highly aggressive tumors that lead to signifi-
cant mortality and morbidity amongst adolescents and 
young adults [1]. A Surveillance, Epidemiology, and 
End Results (SEER) review of bone tumor incidence 
reveals a peak in the 10- to 19-year-old age group, with 
a maximum rate of 19 per million in the United States, 
and continued prevalence into the young adult age 
(Fig. 12.1) [1, 2]. The treatment of these tumors requires 
the skills of a multidisciplinary team that includes sur-
gical orthopedic oncologists, medical oncologists, radi-
ation oncologists, and musculoskeletal pathologists. 
Close collaboration within this group of physicians has 
helped to maximize patient care and to decrease the 
relative morbidity and mortality associated with these 
cancers. Survival has subsequently improved over each 
5-year period since 1975 (Fig. 12.2) [1, 2].

Bone tumors other than Ewing sarcoma and osteo-
sarcoma are extremely rare in early childhood and 
account for approximately 10% of bone tumors in 10- to 
14-year-olds. This fraction rises to 15% in 15- to 19-
year-olds, but more than 30% in 20- to 24-year-olds. 
Most of these tumors are chondrosarcomas, many of 
which are low-grade tumors (sometimes in the pres-
ence of a hereditary enchondroma syndrome), and their 
management is distinctly surgical. High-grade chon-
drosarcomas are also treated best by complete excision. 
No standard chemotherapy has been found to be effec-
tive against unresectable or metastatic disease, although 
many clinicians use agents traditionally effective against 
osteosarcoma. Chondrosarcoma will not be discussed 
further in this chapter.
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Both osteosarcoma and Ewing sarcoma involving 
bone are characterized by local destruction, and treat-
ment may require orthopedic surgical intervention, 
radiation therapy, and chemotherapy. The surgical 
principle that governs the management of these 
patients is wide resection of the primary tumor along 
with a generous cuff of normal tissue. The overall goal 
of surgical treatment is to completely remove the 
tumor and then to produce the most functional limb 
that is reasonably attainable. However, when surgical 
management is limited by extent or location, then 
radiation therapy will be used for local therapy in 
Ewing sarcoma. Radiation is less successful in produc-
ing durable local controls in patients with osteosar-
coma. Systemic chemotherapy is aimed at treating 
known or clinically inapparent micrometastatic 
 disease, as well as improving local control of the can-
cer in conjunction with radiation and/or surgical 
therapy. The orthopedic, radiation, and chemotherapy 
advances will be discussed further throughout this 
chapter.

This chapter will discuss the etiology/biology and 
epidemiology of two major types of bone sarcoma in 
the adolescent and young adult age group: osteosar-
coma and Ewing sarcoma. For each, the diagnosis, 
complete management including medical, surgical, 
and radiation treatment regimens, and late effects are 

reviewed. Chondrosarcoma, the third most common 
bone sarcoma in the age group will not be covered.

12.2 Osteosarcoma

12.2.1 epidemiology, etiology, and Biology

Osteosarcoma represents approximately 55% of all pri-
mary tumors of bone in each age group under 20 years, 
and 40% of bone tumors in young adults [1, 2]. Osteo-
sarcoma is slightly more common in males and peaks 
in incidence at around 16 years of age (Fig. 12.3) [1, 2]. 
A second peak occurs after age 65 years, and these 
elderly patients, who certainly have a worse prognosis, 
probably have a different biology, often arising in the 
setting of Paget’s disease. The adolescent peak happens 
to correspond to the most rapid rate of osseous growth 
in the normal child. In addition, the most common 
locations of osteosarcoma occur in the fastest growing 
areas of the skeleton: (1) distal femur, (2) proximal 
tibia, and (3) proximal humerus (Fig. 12.4) [3]. Patients 
with osteosarcoma are significantly taller than the gen-
eral population [4]. These tumors do occur in the axial 
skeleton, but to a lesser extent.

In the pediatric and adolescent patient, most cases 
of osteosarcoma begin without any identifiable cause. 

5-Year.survival.rates.of.bone.sarcoma.by.era,.
United.States.SEER.1975–1999

Figure 12.2

Incidence.of.bone.sarcomas.in.the.U S .by.type.
according.to.the.International.Childhood.Cancer.
Classification.(ICCC),.United.States.SEER.1975–2000

Figure 12.1
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However, some studies suggest a multitude of possible 
inciting factors that may predispose a patient to develop 
osteosarcoma. Ionizing radiation, which is used to treat 
cancer, has been linked in a dose-dependent manner to 
secondary osteosarcoma [5]. Treatment of radiation-
induced osteosarcoma may be difficult; however, out-
come for these patients can be similar to that of de 
novo osteosarcoma if surgical resection of the primary 
is possible [6]. Chemical agents, such as methylcholan-
threne, beryllium oxide, and zinc beryllium oxide have 
been implicated in the pathogenesis of osteosarcoma 
[7, 8]. Viral infection has also been identified as a cause 
of osteosarcoma in animal models [9, 10]. In addition, 
while patients and families often remember trauma to 
the site of disease, there is no evidence that injury to 
bone is a predisposing factor. In adults, but not chil-
dren, cases of osteosarcoma have been reported occur-
ring in the area of bone infarcts [11, 12].

There are specific genetic abnormalities that are 
known to predispose patients to osteosarcoma. For 
example, the incidence is increased in patients with 
germ-line retinoblastoma (Rb) gene mutations, thus 
implicating the Rb gene in the development of osteo-
sarcoma [13, 14]. Germ-line derangement of p53 gene 
function has also been implicated in the development 
of osteosarcoma, and is specifically seen in Li-Frau-
meni syndrome, in which there is a high rate of malig-

nancy including osteosarcoma [15]. In addition, in 
vitro studies have shown that p53 is involved in con-
trolling cell-cycle progression in osteosarcoma, thus 
providing further evidence of its role in the develop-
ment of this malignancy [16]. Even without evidence 
of germ-line mutation, analysis of tumor samples fre-
quently detects either p53 mutations, Rb mutations, or 
both [17].

12.2.2 Pathology/Staging

Osteosarcoma is characterized by malignant spindle 
cells that produce osteoid or bone. Several histologic 
variants of osteosarcoma have been described includ-
ing conventional, telangiectatic, parosteal, periosteal, 
and small cell osteosarcoma. In children and adoles-

Incidence.of.osteosarcoma.by.gender,.United.States.
SEER,.1975–2000 

Figure 12.3

Anatomic.location.of.osteosarcoma.in.15-.to.29-
year-olds,.United.States.SEER.1992–2002

Figure 12.4
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cents the most common type is conventional osteosar-
coma. In this type there is typically a mixture of large, 
atypical, spindle-shaped cells with large irregular nu-
clei and abnormal mitotic figures. Telangiectatic os-
teosarcoma is a rare variant that is typically more vas-
cular and purely lytic in radiographic appearance. The 
parosteal subtype typically arises from the cortex and 
forms in bone outside of the periosteum. This subtype 
typically occurs in the 20- to 29-year-old age group, 
usually does not form metastases, and has a favorable 
outcome after wide surgical resection [18]. Similar to 
parosteal osteosarcoma, the periosteal variant arises 
on the surface of bone; however the lesion does involve 
the periosteum. In addition, this lesion has a more 
 intermediate prognosis; it tends to recur locally and 
may metastasize. These tumors usually require radical 
surgical resection [19]; the use of adjuvant chemo-
therapy for periosteal osteosarcoma is controversial. 
Small-cell osteosarcoma is a rare subtype that must be 
differentiated from other small cell tumors, such as 
Ewing sarcoma or lymphoma, to ensure proper thera-
py [20].

Many oncologists and surgeons use the system 
devised by Enneking and his group to stage osteosar-
coma. Staging is determined by the histological grade 
(low grade, stage I; high grade, stage II) and whether 
the lesion is metastatic (stage III). Stage I tumors are 

rare and include the localized low-grade lesions, such 
as parosteal osteosarcomas. More common are the 
high-grade conventional osteosarcomas [21].

12.2.3 diagnosis

The most common presenting complaint of patients 
with osteosarcoma is pain in the area of the lesion. The 
pain initially begins as an intermittent, deep pain. 
However, this tends to progress and may become unre-
lenting. Pain at night is a hallmark of malignant bone 
disease, and may become difficult to manage, even 
with multiple medications. Other symptoms that may 
manifest include limping, swelling, a palpable mass, 
and unusual limitation of daily activities. These changes 
taken in concert should alert the physician to the pos-
sibility of malignancy.

The first step in evaluation of a patient with a pos-
sible primary tumor of bone starts with a detailed and 
careful history and physical examination. Time of pre-
sentation, duration of pain, and other associated symp-
toms are vital clues to making the diagnosis. Questions 
one should ask include, “Is there pain at night?”, “Is it 
relieved by nonsteroidal anti-inflammatory drugs or 
other drugs?”, and “Is it progressing or has it improved 
over time?”.

The first imaging studies that should be obtained 
are orthogonal plain radiographs of the area of inter-
est. Osteosarcoma often has distinct radiographic 
characteristics and may be blastic, lytic, or both. There 
is often a significant periosteal reaction and possibly 
the presence of Codman’s triangle, an incomplete tri-
angle formed by elevation of the periosteum by the 
malignant tumor (Fig. 12.5). Sometimes, a soft-tissue 
mass can be appreciated on plain film.

Magnetic resonance imaging (MRI) of the entire 
bone allows for evaluation of the accompanying soft-
tissue mass, and for the evaluation of neurovascular 
structures in the vicinity of the tumor. The pretreat-
ment MRI also serves as a baseline from which to eval-
uate the effectiveness of preoperative chemotherapy: 
In some cases, the soft-tissue mass decreases in size, 
and there is often increased necrosis and increased cal-
cification/ossification of the lesion. Finally, the MRI is 
the major guide for planning the resection, and may 
help to determine how the osseous deficit is recon-

Typical.presenting.radiographic.finding.of.Codman’s.
triangle.due.to.osteosarcoma,.epiphysis.of.distal.
femur

Figure 12.5
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structed (e.g., Can growth plates be preserved? Is an 
amputation the most feasible procedure?).

In general, computed tomography (CT)-guided 
core-needle biopsy is sufficient to make a histologic 
diagnosis of osteosarcoma. If nondiagnostic tissue is 
obtained, a formal open biopsy procedure should be 
performed. It is highly recommended that the needle 
biopsy be performed in consultation with and the open 
biopsy procedure performed by the treating orthope-
dic oncologist in order to assure that the subsequent 
resection and reconstruction are not hindered by a 
poorly placed biopsy tract.

Approximately 15% of patients with high-grade 
osteosarcoma present with detectable metastases 
(including skip lesions, defined as a second lesion 
within the same bone); 61% of these metastases are 
isolated to the lung, 7% are isolated skip lesions, 10% 
are isolated bone metastases, and the rest are combined 
lung metastases with either skip or bone lesions [22]. 
The work-up must include a CT scan of the chest and 
a radionucleotide bone scan to look for metastatic dis-
ease. These studies help guide the patient’s treatment 
and allow the clinician to fully educate the patient and 
family about the prognosis. A complete blood count 
with differential, electrolytes, creatinine, and an alka-
line phosphatase level should be obtained initially to 
serve as baseline studies to help guide further care 
once chemotherapy is initiated.

12.2.4 treatment

Neither population data nor clinical trials have found 
that age is a significant prognostic factor in the out-
come of osteosarcoma under the age of 40 years; there-
fore, therapy for adolescents and young adults does 
not differ from that of children. Successful treatment 
for osteosarcoma requires attention to local control as 
well as distant metastases, either clinically evident or 
micrometastatic. A randomized trial comparing neo-
adjuvant chemotherapy to no chemotherapy revealed 
only an 11% 6-year survival in those who did not 
receive chemotherapy compared with a 61% 6-year 
survival in the group of patients who did receive che-
motherapy [23, 24]. Studies such as this indicate that 
the ideal treatment for patients with clinically local-
ized disease includes surgical resection and chemo-

therapy. If the lesion occurs in an expendable bone (e.
g., the fibula), then radical resection is the best option. 
However, for nonexpendable bones (e.g., the femur, 
tibia, or weight-bearing portion of the pelvis), the ideal 
approach consists of wide resection of the lesion leav-
ing a cuff of normal tissue, and then reconstruction of 
the nonexpendable segment of bone. In the case of a 
growing child, disarticulation or modified amputation 
may produce a more functional limb than do attempts 
at limb salvage. When wide surgical margins are not 
attainable without sacrificing vital structures (e.g., spi-
nal cord, aorta, or lumbar plexus), neoadjuvant che-
motherapy, along with local radiation therapy may be 
attempted. Studies over the last few years have reported 
a 45–61% overall survival with chemotherapy and 
radiation therapy as local control [25, 26]. However, 
the standard for local treatment remains wide surgical 
resection of the tumor with negative margins. In addi-
tion, radiation to the affected site is very rarely ade-
quate for ridding the primary site of the tumor, and so 
is rarely used except as described previously.

Surgery is usually performed after an initial period 
of chemotherapy and outcome does not appear to dif-
fer according to whether surgery is performed at diag-
nosis or later. A Pediatric Oncology Group study 
assigned patients randomly to an initial resection or 
neoadjuvant chemotherapy (chemotherapy prior to 
resection), both followed by adjuvant chemotherapy. 
The total dose of chemotherapy used in both arms was 
the same. The overall 5-year event-free survival was 
65%, with no statistical difference in the outcome by 
group [27]. Nearly all pediatric oncologists use neoad-
juvant chemotherapy to allow time for planning and 
discussion regarding surgery.

Historically, chemotherapy for osteosarcoma was 
used for patients with relapsed or metastatic disease, 
and included various agents such as high-dose metho-
trexate (HDMTX) with leucovorin rescue, doxorubi-
cin, cyclophosphamide, and cisplatin. All of these 
drugs demonstrated activity against this tumor, as evi-
denced by decreased tumor size. Studies since the early 
1980s have demonstrated the effectiveness of adjuvant, 
and now neoadjuvant, chemotherapy using HDMTX 
doxorubicin, and cisplatin [22, 23, 27, 28]. This has led 
to an improvement in 5-year relapse-free survival to 
55–65% (Fig. 12.6) [1, 2].
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In addition, histologic studies of osteosarcoma 
specimens following presurgical chemotherapy show a 
positive correlation of degree of necrosis and outcome. 
However, trials adjusting postoperative chemotherapy 
based on the degree of necrosis at surgery have not yet 
led to an improvement in outcome [29, 30]. For 
extremity primary tumors in patients without metas-
tases at diagnosis, limb-sparing surgery has become a 
standard of therapy in those patients with favorable 
prognostic factors for this procedure [31].

Patients with metastatic osteosarcoma have histori-
cally had a dismal outcome, with very few long-term 
survivors. An analysis of patients who presented with 
metastatic disease revealed 11% of patients surviving 
20 months. Patients in this cohort with unilateral pul-
monary metastases had a better survival then those 
with bilateral disease; there were no survivors with 
bone or lymph-node metastases [32]. Numerous 
reports over the last 30 years have shown clearly that 
aggressive attempts at pulmonary metastatectomy 
leads to an overall improvement in survival [33, 36]. In 
addition, a recent study using intensive chemotherapy, 
including the addition of either ifosfamide alone or in 
combination with etoposide, has shown some early 
promise, although more time for follow-up is needed 
[37]. Unfortunately, other studies using intensified 
chemotherapy regimens also including the addition of 

ifosfamide have not had as promising results for 
patients presenting with metastases. In a report from 
the Rizzoli Institute, 36 out of 57 patients had a com-
plete response following surgery and chemotherapy; 
however, only 7 of those 36 patients who were initially 
in remission remained disease free, with follow-up 
times of 2–7 years [38, 39].

The prognosis for patients who relapse following 
treatment of osteosarcoma is extremely poor. One 
recent study identified several prognostic factors that 
influence postrelapse survival. The main factors iden-
tified with poor outcome included a short relapse-free 
interval, greater number of lung metastases, and meta-
static lesions in lymph node or bone, when compared 
to patients with only lung metastases [40].

For patients with a poor prognosis, the goal of treat-
ment is preserving or improving quality of life while 
attempting to prolong survival. Chemotherapy regi-
mens similar to the treatment of metastatic disease at 
presentation are utilized frequently, including the use 
of ifosfamide alone or in combination with etoposide. 
Without complete surgical resection of metastatic 
lesions, chemotherapy will rarely lead to a complete 
response. Newer targeted therapies are starting to enter 
phase I and II clinical trials, including receptor tyro-
sine kinase inhibitors, farnasyl transferase inhibitors, 
and bcl-2 antisense therapy. Unfortunately, the utility 
of these agents will probably not be clarified for many 
more years.

12.2.5 late effects

Osteosarcoma may not only lead to destruction of bone, 
but the therapy for this malignancy, including surgery 
and chemotherapy, may lead to late effects that require 
lifelong observation. Of great concern is the occurrence 
of secondary malignancy following therapy for osteo-
sarcoma. Prior to the 1970s there were few survivors 
and therefore the occurrence rate of secondary malig-
nancy was not known. Since survival has dramatically 
improved over the last few years it is now clear that 
patients deserve close observation following therapy.

In 2002, a follow-up study on 509 osteosarcoma 
patients reported 14 incidents of a variety of secondary 
tumors. These included four neoplasms of the central 
nervous system, five cases of either sarcomas or carci-

5-Year.survival.rate.of.osteosarcoma.by.era,.United.
States.SEER.1975–1999

Figure 12.6
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nomas, two cases of acute myelogenous leukemia, one 
case of myelodysplastic syndrome, and one case of 
non-Hodgkin lymphoma [41].

Long-term care should include routine physical 
exams along with a periodic complete blood count to 
evaluate for any evidence of myelodysplastic syndrome 
or leukemia. Also, since the treatment of osteosarcoma 
routinely includes therapy with doxorubicin, patients 
should receive routine surveillance echocardiography 
and electrocardiograms.

While the studies are not robust, there does not 
appear to be a marked increase in male or female infer-
tility with the traditional agents of methotrexate, cis-
platin, and doxorubicin for osteosarcoma [42]. Oral 
contraceptive therapy has been used in the past for 
females in an attempt to prevent postchemotherapy 
ovarian failure. However, a retrospective analysis 
revealed no difference in rates of ovarian failure in 
women who took oral contraceptives versus those who 
did not [43]. In addition, while azospermia is common 
while receiving traditional chemotherapy for osteosar-
coma, the majority of males recover normal spermato-
genesis following therapy [44]. However, ifosfamide 
has been added to many trials of osteosarcoma, and its 
use has been associated with a high incidence of male 
infertility [45]. Investigators should always discuss the 
option of sperm cryopreservation if ifosfamide is part 
of the planned therapy.

12.3 ewing Sarcoma

12.3.1 epidemiology and etiology

The Ewing family of tumors, including Ewing sarcoma 
and the more differentiated counterpart, primitive 
neuroectodermal tumor (PNET), is the second 
most common primary malignancy of bone in child-
hood and adolescence. While this tumor most 
often originates in bone, approximately 24% arise as 
a soft-tissue primary (personal communication, 
L. Granowetter). Ewing sarcoma occurs slightly 
more commonly in males and has a peak incidence in 
the 15- to 19-year-old age range; the disease has a 
slightly earlier peak in females (Fig. 12.7) [1, 2]. In 
addition, for unknown reasons, these tumors tend to 

affect those of Caucasian and Hispanic ethnicity and 
rarely occur in people of African American or Asian 
descent [46–48].

In spite of these clinical associations, the etiology of 
Ewing sarcoma continues to elude identification. 
There does not appear to be an association with famil-
ial cancer syndromes, and there are only rare case 
reports of Ewing sarcoma occurring in siblings [49–
51]. Unlike the situation with osteosarcoma, it is quite 
uncommon for Ewing sarcoma to occur as a second-
ary cancer following ionizing radiation and chemo-
therapy [52]. In one retrospective analysis of second 
tumors following radiation therapy it was noted that 
3% of these tumors were Ewing sarcomas, while 69% 
of secondary tumors following radiation were osteo-
sarcomas. No specific environmental factors have been 
identified as causal [5].

12.3.2 Biology and Pathology

Ewing sarcoma is a small, round, blue-cell tumor, not 
dissimilar in appearance from other common solid 
tumors of children and adolescents, such as rhabdo-
myosarcoma, non-Hodgkin lymphoma, and neuro-
blastoma. Thus, pathologic diagnosis of Ewing sar-
coma is occasionally very difficult and requires special 
histological staining and, frequently, molecular diag-
nostics.

Incidence.of.Ewing.sarcoma.by.gender,.United.
States.SEER,.1975–2000

Figure 12.7
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Most cases of Ewing sarcoma have a clonal translo-
cation within the tumor cells. Eighty-five percent of 
the time this translocation occurs between the long 
arms of chromosomes 11 and 22 and can be found 
with standard cytogenetics in 80% of tumors and with 
reverse-transcriptase polymerase chain reaction (RT-
PCR) in up to 95% [53]. This translocation results in a 
fusion protein containing the amino terminus of the 
EWS protein joined to the carboxyl terminus of the 
FLI-1 protein [54]. The FLI-1 protein is a member of 
the ETS family of transcription factors, which directly 
bind DNA and either activate or repress transcription. 
Less is known about the EWS protein, yet some evi-
dence suggests that it has a strong transcriptional acti-
vation domain. Researchers have suggested that fol-
lowing DNA binding by FLI-1 within the fusion 
protein, there is replacement of the weak transcrip-
tional activation domain of FLI-1 with the strong acti-
vation domain of EWS [55]. The second most common 
translocation in Ewing sarcomas also involves the EWS 
gene on chromosome 22, crossed with the ERG gene 
on chromosome 21, also an ETS transcription factor 
[56]. Other more rare rearrangements are known to 
occur and also involve the EWS gene. The EWS gene is 
also found to be translocated with still different ETS-
like oncogenes in other tumors of adolescents and 
young adults, such as desmoplastic small, round-cell 
tumor, and clear-cell sarcoma of soft tissue, also called 
malignant melanoma of soft parts (Table 12.1) [57].

The typical histopathologic characteristics of Ewing 
sarcoma include sheets of round, moderate-sized cells 
with scant cytoplasm and round nuclei with few 

mitotic figures. The cells are usually periodic acid-
Schiff (PAS) positive, indicating the presence of glyco-
gen. Immunohistochemistry has been useful to further 
differentiate Ewing sarcoma from other small, round, 
blue-cell tumors. A variety of monoclonal antibodies 
may be used to identify the protein product of the 
MIC2 gene, designated as CD99, which is highly 
expressed on the surface of Ewing sarcoma cells [58]. It 
is notable, however, that while MIC2 is very sensitive 
as a marker for Ewing sarcoma, the detection of this 
protein lacks specificity and can be seen in a variety of 
other tumors and normal cells (especially in a cyto-
plasmic staining pattern as opposed to the cell surface 
pattern usually seen in Ewing sarcomas). Therefore, 
MIC2 detection is diagnostic only in conjunction with 
other more specific analyses [59].

The receptor tyrosine kinase c-kit is found to be 
expressed in 30% of Ewing sarcoma cases. This receptor 
is found in a handful of sarcomas and its presence may 
be helpful to immunohistochemically distinguish some 
sarcomas [60]. C-kit does not appear to have prognos-
tic implications, but may be a potential target of newer 
targeted therapies [61], as will be discussed later.

PNET is not a separate entity from Ewing sarcoma, 
but rather a more differentiated form, displaying fea-
tures of a neural phenotype. It has the same character-
istic t(11,22) translocation. Rosettes, positive neuron-
specific enolase staining, and neural elements seen 
under electron microscopy may be present. In addi-
tion, PNET tends to have a larger cell size with more 
cytoplasm and increased mitotic figures [59, 62]. 
Unfortunately, the term “primitive neurectodermal 

table 12.1 Karyotype.abnormalities,.fusion.proteins,.and.associated.malignancies.involving.the.EWS.locus

gene rearrangement Fusion protein tumor type

t(11;22)(q24;q12) EWS-FLI1 Ewing.sarcoma

t(21;22)(q22;q12) EWS-ERG Ewing.sarcoma

t(7;22)(p22;q12) EWS-ETV1 Ewing.sarcoma

t(2;21;22)(q33;q22;q12) EWS-FEV Ewing.sarcoma

t(17;22)(q12;q12) EWS-E1AF Ewing.sarcoma

t(11;22)(p13;q12) EWS-WT1 Desmoplastic.small.round.cell.tumor

t(12;22)(q13;q12) EWS-ATF1 Clear.cell.sarcoma
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tumor” is also used for a group of brain tumors, lead-
ing some physicians to use the term “peripheral 
 primitive neuroectodermal tumor” when referring to 
this Ewing tumor variant. Ewing sarcoma/PNET may 
also present as a soft-tissue mass without any bone 
involvement. A Children’s Oncology Group (COG) 
study of nonmetastatic Ewing sarcoma/PNET tumor 
showed that slightly more than 20% of patients 
had soft-tissue primaries (personal communication, 
L. Granowetter).

12.3.3 diagnosis

The most common initial presenting symptoms of 
Ewing sarcoma include pain, swelling, or both. Ado-

lescents and young adults often attribute this pain to 
trauma or physical exertion, and may initially disre-
gard these symptoms, leading to a delay in diagnosis. 
In addition, pelvic or back lesions may cause referred 
pain at the knee. Thus, evaluation of knee pain should 
always warrant consideration of referred pain to avoid 
further delay in the possible diagnosis of hip or back 
pathology.

Unlike osteosarcoma, individuals who present with 
Ewing sarcoma may have systemic signs and symp-
toms including fever, weight loss, malaise, and 
increased sedimentation rate. These symptoms tend to 
be present for months prior to medical evaluation and 
approximately half of patients have symptoms lasting 
over 6 months prior to diagnosis [63].

Anatomic.location.of.Ewing.sarcoma.in.15.to.29.year.
olds,.United.States.SEER.1992–2002

Figure 12.8
Typical.presenting.radiographic.finding.of.periosteal.
reaction.with.“onion.skinning”.due.to.Ewing.sarcoma,..
diaphysis.of.distal.femur

Figure 12.9
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Ewing sarcoma may occur within any bone, with a 
slightly increased occurrence in the extremities 
(Fig. 12.8). The first Intergroup Ewing sarcoma study 
(IESS) reviewed 303 patients with bone primaries in 
1983. They reported that the pelvis was the most com-
mon site of Ewing sarcoma, accounting for 20% of 
tumors. Other common locations include the extremi-
ties, with approximately equal proportion of tumors in 
the proximal and distal long bones [64, 65].

Initial radiographic evaluation should include a 
plain x-ray of the primary site, which often shows the 
classic finding of “onion skinning” due to the perios-
teal reaction surrounding cortical bone tumor 
(Fig. 12.9). In addition, a more detailed examination 
with MRI should be done of the primary site to view 
the extent of disease and to optimally characterize the 
initial tumor appearance for more accurate follow-up 
after therapy [66].

It is also imperative to perform a detailed evalua-
tion for metastatic disease. The most common sites 
include the lungs, bone, and bone marrow. In a cohort 
of 110 patients with metastases at diagnosis, 35% had 
isolated lung, 15% had lung plus other sites, 13% had 
isolated bone, and 7% had isolated bone marrow [67]. 
Lymph node metastases are rare in bone primaries and 
the incidence is not yet known for soft-tissue lesions. 
The prognosis for patients with metastatic disease is 

significantly worse, with an approximately 30% 5-year 
survival if there is lung disease and a less than 10% 5-
year survival if there is bone or bone marrow disease 
[68]. In addition, in a large series of Ewing sarcoma 
patients, up to 20% with clinically localized disease 
had bone marrow micrometastasis detected by RT-
PCR [69]. These patients were found to have a 2-year 
disease free survival (DFS) of only 53% compared to 
those with an 80% DFS in RT-PCR-negative patients 
[69]. Therefore, a metastatic evaluation should not 
only include a bone scan and a CT scan of the chest, 
but should also include a bone marrow examination. 
Bilateral iliac crest samples are preferable since disease 
may be sporadically clustered within the marrow 
space, and should be sent for cytogenetics to evaluate 
for any occult disease. The clinical role of RT-PCR on 
bone marrow has yet to be determined. In addition, 
specific attention to the history and physical exam 
should be given to any skeletal complaints or findings, 
other than at the primary tumor site.

Finally, all postpubertal males should be offered 
cryopreservation of sperm prior to the initiation of 
chemotherapy, since the alkylating agents used in 
Ewing sarcoma have a high rate of causing hypo- or 
azospermia [70].

12.3.4 treatment

Treatment of Ewing sarcoma historically involved local 
control with either radiation therapy and/or surgery. 
With these modalities alone, there was an overall 5-
year survival of 22% for patients of all ages with local-
ized disease [63]. This poor overall survival of patients 
with apparent nonmetastatic disease at presentation 
indicates a high propensity for micrometastatic dis-
ease; therefore treatment has evolved over the last 
30 years to include systemic chemotherapy in addition 
to local control. Following the addition of chemother-
apy, the prognosis has greatly improved to close to 70% 
survival in children <15 years of age, and over 50% in 
young adults 15–29 years old (Fig. 12.10) [1, 2].

Initial chemotherapy regimens for Ewing sarcoma 
included combinations of vincristine, actinomycin-D, 
and cyclophosphamide (VAC). The first Intergroup 
Ewing Sarcoma Study (IESS) started in 1972 and ran-
domized patients to receive VAC alone, VAC with 

5-Year.survival.rates.of.Ewing.sarcoma.by.era,..
U .S .SEER.1975–1999

Figure 12.10
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doxorubicin, or VAC with bilateral pulmonary irradia-
tion. Patients who received doxorubicin had the best 
outcome, those who received lung radiation therapy 
had an intermediate outcome; most inferior was VAC 
alone [71]. The use of ifosfamide with or without eto-
poside showed promise in patients with relapsed 
Ewing sarcoma; and therefore, these agents were intro-
duced into clinical trials for patients presenting with 
nonmetastatic disease. Compared to historical con-
trols, investigators from France found no benefit of 
ifosfamide [72], while others have showed a benefit 
from the addition ifosfamide and/or etoposide [73–
75]. The cooperative Ewing Sarcoma Study (CESS 86), 
from the period 1986–1991, incorporated ifosfamide 
for “high-risk” patients, classified as those with central 
axis and large tumors, and found a benefit [73]. Most 
recently, a large randomized comparison by the COG 
showed significant improvement with the addition of 
ifosfamide and etoposide for children with Ewing sar-
coma. Patients who did not have metastases at presen-
tation received either vincristine, cyclophosphamide, 
doxorubicin, and actinomycin alone (VACA), or those 
four drugs alternating with ifosfamide and etoposide. 
Patients receiving ifosfamide and etoposide had a 69% 
5-year survival rate, compared to 54% 5-year survival 
for patients who received VACA alone [65].

More recently, a COG trial evaluated whether dose 
intensification of alternating vincristine, doxorubicin, 
cyclophosphamide with ifosfamide, and etoposide, 
given every 3 weeks had any effect on outcome, and 
was tolerable. Preliminary evaluation showed that 
while there was no increased toxicity for patients 
treated with the intensified arm, the outcome for the 
two groups was not significantly different [76].

Unlike osteosarcoma, there does appear to be sur-
vival variations for Ewing sarcoma by age that call into 
question whether we can or should extrapolate the 
pediatric treatment data to adolescents and young 
adults. In virtually all retrospective studies and in pop-
ulation data, older adolescents and young adults with 
Ewing sarcoma do worse than those <15 years of age 
(Fig. 12.11) [1, 71, 72]. The reason for this disparity 
may be a variety of influences including premorbid 
conditions, differences in patient care in pediatric and 
adult centers, and differences in disease biology. For 
example, in an analysis of 975 Ewing sarcoma patients 

aged 8 months to 47 years, patients ≥15 years had a 
significantly higher proportion of pelvic primaries and 
larger tumor volumes; these older patients also had an 
inferior 5-year relapse free survival of 52% compared 
to 63% in those younger than 15 years [77]. In the 
most recent COG study, young adults older than 
18 years had a 5-year survival of only 44%, and the 
addition of ifosfamide and etoposide did not improve 
survival in those over age 15 years [65]. Finally, adoles-
cents may fare worse when treated in places other than 
pediatric institutions. Of the 1,426 patients that were 
treated on trials CESS81–EICESS92, those registered 
in pediatric institutions fared better than those in 
medical or other institutions [79]. This was mainly due 
to the patients aged >15–20 years, as patients aged 
above 20 years fared equally (inferiorly) in both insti-
tutions. Thus, as yet unexplained differences of care 
between pediatric and medical oncology institutional 
settings (perhaps a reflection of experience with the 
disease), may also contribute to differences in outcome 
of adolescent and young adult Ewing patients.

Successful treatment of metastatic Ewing sarcoma 
has been very difficult, and while improvements in 
outcome have been achieved, the majority of adoles-
cents and adults with metastases at presentation will 
die of their disease. There is no standard regimen with 
which to treat metastatic disease. Current trials include 

Survival.of.persons.with.Ewing.sarcoma.by.age,.
United.States.SEER,.1975–2000

Figure 12.11



M .S .Isakoff.et.al chapter 12214

a European/COG cooperative study of autologous 
transplantation for patients with lung metastases and a 
COG pilot trial of the addition of three times per week 
vinblastine and daily celecoxib to standard therapy for 
patients with very-high-risk metastatic disease. Early 
trials are now underway to investigate the utility of tar-
geted receptor inhibitors, such as imatinab (Gleevec), 
which has been shown in vitro and in vivo to have 
activity against Ewing sarcoma [78]. In addition, the 
presence of a nearly ubiquitous translocation in Ewing 
sarcoma holds out the hope of exquisitely targeted 
therapy.

For patients with relapses, various chemotherapy 
regimens using agents that the patient has not yet 
received may be attempted. The combination of cyclo-
phosphamide and topotecan has shown activity in 
patients with relapsed Ewing sarcoma [80, 81], and 
will be further evaluated by COG in the treatment at 
presentation of patients with nonmetastatic disease. 
Patients with a longer duration of disease control may 
have a good response to retreatment with intensifica-
tion of chemotherapy agents that they have received 
previously [82–84]. For patients who relapse on ther-
apy, achieving cure is very difficult, and treatment uti-
lizing new, experimental agents is quite reasonable.

12.3.5 late effects

Following therapy patients should continue to have 
regular follow-ups with their physician to observe for 
the late effects from treatment or for relapse. Patients 
who received doxorubicin should have periodic echo-
cardiography and electrocardiograms to screen for 
cardiac dysfunction. Female patients will probably 
develop premature menopause as a result of alkylating 
agents, and need to be counseled regarding this possi-
bility. Secondary malignancy is increased following 
therapy for Ewing sarcoma. The topoisomerase II inhi-
bition of etoposide and doxorubicin can induce a 
11q23-type secondary leukemia, and the alkylating 
agents used can induce myelodysplastic syndromes 
and leukemia, typically with monosomy 7. Radiation-
induced sarcomas may also occur in patients who 
receive that modality [85, 86]. In general, all patients 
should be screened with periodic physical exams and 
complete blood counts.

12.4 conclusions

Bone sarcomas, specifically Ewing sarcoma and osteo-
sarcoma, are among the characteristic tumors of ado-
lescence and young adulthood, because they are among 
the top causes of cancer morbidity and mortality, and 
because their lifetime incidence peaks in this age 
group. Therefore, the management of a bone sarcoma 
is often the management of an adolescent/young adult 
patient, and the accepted management of bone sarco-
mas emanates in large part from our experience with 
adolescents and young adults. Although survival has 
improved greatly in the last quarter century with the 
routine use of systemic chemotherapy, much work 
remains to improve the outlook for patients with met-
astatic or recurrent disease. Age appears not to be a 
prognostic factor affecting outcome for osteosarcoma, 
and management should uniformly include multidis-
ciplinary care, aggressive surgery, and chemotherapy. 
The prognosis of these tumors is related to the pres-
ence of metastases, tumor size and, in the case of 
osteosarcoma, the ability to surgically resect. For 
Ewing sarcoma, young adults do have compromised 
survival compared with younger children, and it can 
be presumed there are clinical and/or biologic factors 
for which age is a surrogate. Until it is fully elucidated 
whether Ewing sarcoma patients should receive strati-
fied care based on age, it is recommended to treat them 
according to best pediatric practice, including multia-
gent chemotherapy, and aggressive local control. Ado-
lescent/young adult patients have usually completed 
their growth and do well with limb salvage for bone 
sarcomas, and usually tolerate the intensive chemo-
therapeutic regimens (although compliance with 
schedule and length of therapy can be problematic). 
Physicians should be sensitive to the unique psychoso-
cial needs of the adolescent/young-adult-aged bone 
tumor patient, and assist the patient in ensuring long-
term follow-up, especially as secondary malignancies 
are increased in bone tumor survivors.

The overall outcome for patients with bone sarco-
mas has improved significantly in the last 30 years. 
New advances in surgical technique and reconstruc-
tive methods have allowed limb salvage to become the 
surgical standard of care, in lieu of wide or radical 
amputation of the involved limb, without sacrificing 
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long-term survival. Improvements in chemotherapy 
and the recognition of early micrometastatic disease, 
in conjunction with radical surgical resection of the 
primary tumor or local irradiation, has led to increases 
in the 5-year survival rates from approximately 30% to 
approximately 70% [1, 2].
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chapter 13

Malignancies of the Ovary

Jubilee.Brown.•.Thomas.Olson.•..

Susan.Sencer

13.1 introduction

Although epithelial ovarian cancers comprise approx-
imately 90% of ovarian malignancies in women [1], 
the majority of such cancers are nonepithelial in ado-
lescents and young adult women. The most common 
ovarian tumor in adolescents is of germ-cell origin 
[2, 3]. In females 15- to 20-years of age, genital tract 
tumors account for 18% of all invasive cancers [1], 
which is in distinct contrast to < 2% of cancers being 
ovarian tumors in females younger than 15 years 
[4].

Despite their low incidence, ovarian tumors repre-
sent a major diagnostic and treatment dilemma for 
pediatric oncologists. Pediatric general surgeons may 
be unfamiliar with the current staging recommenda-
tions for work-up of these patients, and many patients 
have therefore undergone unnecessary second surger-
ies or required an upgrade in therapy. Alternatively, 
many adolescents with ovarian tumors are treated in 
adult facilities by gynecologic oncologists, and do not 
benefit from the age-appropriate, full spectrum of 
multidisciplinary care provided in a pediatric oncol-
ogy practice. Adolescents with ovarian tumors are 
grossly under represented on clinical trials, whether 
pediatric or adult cooperative group in origin.

Appropriate treatment of ovarian tumors is deter-
mined by many factors, including patient age, karyo-
type, extent of disease, tumor histology, and co-mor-
bid conditions. Conservative surgery to maintain 
reproductive potential is an important consideration 
in all adolescents and young adults, and is usually fea-
sible. Appropriate surgical staging and assessment are 
necessary components in determining the extent of 
surgery required and the need for postoperative che-

contents
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motherapy. Pediatric oncologists and surgeons must 
work closely with gynecologic oncologists to ensure 
that an appropriate initial evaluation is performed.

Clinical behavior, treatment, prognosis, and the 
potential for maintenance of reproductive capacity are 
markedly different for nonepithelial and epithelial 
tumors. The most common non-epithelial tumors are 
germ-cell tumors (GCTs), sex cord-stromal tumors, 
and rarer tumor types. Common epithelial tumors are 
mucinous, serous, and mixed types. Tumors of low 
malignant potential (LMP), also called borderline 
tumors, can occur in adolescents and young adults. 
The classification of ovarian tumors has been formal-
ized by the World Health Organization: an abbreviated 
version is shown in Table 13.1 [5].

An adolescent or young adult patient will often 
present with an adnexal mass and undergo exploratory 
surgery. Precise histology is difficult to determine by 
frozen section alone. It is important to note that 
requirements for adjuvant therapy can only be based 
on final pathology. With close attention to optimal 
surgical guidelines, the need for re-exploration and 
more extensive surgery can be minimized and preser-
vation of fertility maximized. This chapter discusses 
the management of the common ovarian tumors and 
provides practical guidelines for intra- and post opera-
tive management of ovarian neoplasms in adolescents 
and young adults.

13.2 epidemiology

Ovarian malignancies are rare in adolescents and 
young adults; it has been estimated that only 3–17% 
of ovarian malignancies occur in women younger 
than 40 years of age, although incidence increases 
progressively through adult life (Fig. 13.1 and 
Table 13.2) [1]. There are fewer than 16 cases/million 
of ovarian cancers diagnosed in girls younger than 
15 years of age; this increases to 23.7 cases/million in 
the age group 15–29 years [1]. While GCTs predomi-
nate in girls younger than 15 years (78%) and in those 
aged 15–19 years (54%), carcinomas predominate in 
the 20- to 24-year-old group [6]. In a comprehensive 
review of all pediatric ovarian masses in a 14-year 
period at Children’s Hospital of Philadelphia, 240 
cases were identified; 51% were nonneoplastic. Of the 
117 neoplastic tumors, 79 were GCTs and 19 were 
epithelial in nature [7]. Similarly, a Greek study 

table 13.1 Modified.World.Health.Organization.compre-
hensive.classification.of.ovarian.tumors.[5]

I Common.epithelial.tumors

A Mucinous

B Serous

C . Endometrioid

C Clear.cell

D . Brenner

E Transitional

F Small.cell

G Malignant.mixed.mesodermal

H Unclassified

II Sex.cord-stromal.tumors

A Granulosa.stromal.cell

B Androblastomas;.Sertoli-Leydig.cell.
tumors

C Lipid.cell.tumors.(steroid.cell.tumors)

D Gynandroblastoma

E Unclassified

III Germ.cell.tumors

A Dysgerminoma

B Endodermal.sinus.tumor

C Embryonal.carcinoma

D Polyembryoma

E Choriocarcinoma

F Teratomas

G Mixed.forms

H Gonadoblastoma

IV Soft.tissue.tumors.not.specific.to.the.ovary

V Unclassified.tumors

VI Metastatic.(secondary).tumors

VII Tumor-like.conditions
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showed that GCTs accounted for 61.5% of tumors; 
20% were epithelial and 9.5% were sex-cord-stromal 
tumors [8].

The incidence of ovarian cancer varies with race/
ethnicity. Among 15- to 29-year-olds with malignan-
cies of the ovary, Asians/Pacific Islanders have had the 
highest incidence and American Indians/Alaska 
Natives the lowest (Fig. 13.2).

13.3 Pathology and Biology

There are multiple tissue types present in the normal 
ovary, including germ cells, stroma, and surface epi-
thelium. Each of these can give rise to a set of distinc-
tive tumors that can occur in pure or combined forms. 
The majority of ovarian malignancies found in chil-
dren involve the germ cells. Epithelial and stromal 
tumors become more prevalent throughout the ado-
lescent and young adult years.

13.3.1 germ-cell tumors

GCTs arise from germ cells present in the normal 
ovary. Benign GCTs include mature teratomas and 
gonadoblastomas. Malignant GCTs include dysgermi-
nomas, mixed GCTs, endodermal sinus tumors, imma-

ture teratomas, choriocarcinomas, embryonal tumors, 
and polyembryomas.

Malignant GCTs often display heterogeneous histo-
logic differentiation. In adolescent patients, it is not 
unusual to have GCTs with several histologic patterns 
in the same tumor. Endodermal sinus tract tumors or 
yolk sac tumors (YST) are characterized by elevation 
of alpha fetoprotein (αFP). Choriocarcinomas usually 
demonstrate an elevation of β-human choriogonado-
tropin (β-HCG). Both markers may be elevated in 
embryonal carcinoma. In adolescents and young 
adults, pure ovarian dysgerminomas may also demon-
strate increased β-HCG (Table 13.3) [9].

table 13.2 Ovarian.cancer.incidence.by.age.(Surveillance,.
Epidemiology,.and.End.Results.data,.1975–2000.[1]

age (years) incidence

<15 a

15–29 0 237

30–44 1 293

45+ 9 868

a<16.cases/1,000,000.[1]

Incidence.of.ovarian.malignancies.in.women,.
United.States.SEER.registry.[1]

Figure 13.1

Incidence.of.ovarian.malignancies.in.women.as.a.
function.of.race/ethnicity,.United.States.SEER.[1]

Figure 13.2
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From 1990 through 1996, children and adolescents 
with ovarian GCTs (in addition to other sites of GCT) 
were enrolled on two Pediatric Intergroup germ-cell 
protocols; localized (POG9048/CCG8891) and high-
risk (POG9049/CCG8882) [11, 12]. Most “mixed” 
tumors were immature teratomas that contained YST 
elements. No patient with germinoma was entered 
onto the localized tumor trial, but germinoma was 
the second most common histology on the high-risk 
trial. The high-risk trial included 74 stage III–IV ovar-
ian GCTs. Ages at diagnosis ranged from 2.3 to 
20.0 years (median 12.3 years). In girls ≥10 years, 42% 
presented with dysgerminoma, while 38% had YST 
(Table 13.4).

Ovarian GCTs bear many histologic and biologic 
similarities to testicular GCTs (seminomas). However, 
testicular GCTs in males tend to arise several years 

after the development of puberty, while ovarian GCTs 
in females can occur anytime after birth and are much 
more common in preadolescents. Genetic analysis 
of ovarian GCTs that present in the second decade of 
life reveal isochromosome 12p, the characteristic 
 cytogenetic abnormality found in testicular GCT [13–
15]. Biologic studies from early co-operative pe-
diatric GCT trials showed that such cytogenetic aber-
rations were age-dependent. Chromosome I(12p) 
abnormality has been reported [16] in tumors from 
pubertal and postpubertal males, but the most com-
mon abnormalities in prepubertal females in order of 
prevalence were gains of 1q, +14, +8, +12, +2, +3, 
and +7.

Comparative genomic hybridization (CGH), which 
allows the entire genome to be screened for chromo-
somal gains or losses, has demonstrated [17] recurrent 

table 13.3 Serum.tumor.markers.in.malignant.tumors.of.the.ovary.[9,.10] .hCG.Human.chorionic.gonadotropin,.AFP.
alpha-fetoprotein,.LDH.lactate.dehydrogenase

tumor hcg aFP ldH ca-125

Dysgerminoma +/- - +

Endodermal.sinus.tumor - + +/-

Immature.teratoma - +/- +/- rarely+

Embryonal.carcinoma + + +/-

Choriocarcinoma + - -

Polyembryoma +/- +/- +/-

Mixed + + +

Epithelial. +/-

table 13.4 Pediatric.Intergroup.Trial.(Pediatric.Oncology.Group,.POG,.Children’s.Cancer.Group,.CCG).–.ovarian.germ-cell.
tumor.(GCT).histology.[11,.12] .YST.Yolk-sac.tumor

Histology Stage i/ii Stage iii/i�

# % # %

YST 19 33 3% 28 38 9%

Mixed 35 61 4% 17 23 6%

Germinoma 0 0% 25 34 7%

Choriocarcinoma 2 3 5% 1 1 4%

Other 1 1 7% 3 4 2%
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deletions of 6q and 1p in childhood endodermal sinus 
tumors. The most common detected region of loss was 
6q25-6qter, a finding which is noted in several other 
human tumors, including ovarian, breast, and hepato-
cellular carcinoma. Multipotent imprinting analysis 
showed that gonadal and nongonadal GCTs are derived 
from primordial germ cells that have lost imprinting of 
small nuclear ribonucleoprotein N gene (SNRPN) and 
partial loss of H19 and IGF2 [18]. Cooperative pediat-
ric GCT trials from Pediatric Oncology Group (POG)/
Children’s Cancer Group (CCG), and Maligne Keim-
zelltumoren (MAKEI) found that all pure teratomas 
had normal CGH patterns [19]. Although there 
were few ovarian GCT specimens in these studies, 
mono-allelic expression of H19 and IGF2 was seen, 
suggesting no loss of imprinting. Further studies are 
needed in adolescents and young adults with ovarian 
GCTs to identify genes that are important to patho-
genesis and therefore potential targets for future 
 treatments.

13.3.2 Sex cord-Stromal tumors

Sex cord-stromal tumors originate from the special-
ized gonadal stromal cells and their precursors. Gran-
ulosa cells and Sertoli cells arise from sex cord cells, 
while theca cells, Leydig cells, lipid cells, and fibro-
blasts arise from stromal cells and their pluripotential 
mesenchymal precursors. These tumors can occur as 
an isolated histologic type or in combination, and 
together account for 7% of all ovarian malignancies 
[20], and approximately 5% of ovarian malignancies in 
women ages 15–24 years [6]. Since these cells are 
involved in steroid hormone production, physical 
manifestations of excess estrogen or androgen produc-
tion can occur at the time of diagnosis. The majorities 
of these tumors are clinically indolent and have a good 
long-term prognosis.

13.3.3 epithelial tumors

The primary subtypes of epithelial carcinoma in young 
women are the serous and mucinous types [21]. Ade-
nocarcinoma is found very rarely before the age of 
24 years [6]. Little information is available about the 
biologic issues unique to young women with epithelial 

ovarian cancer. Certainly women with aberrations of 
the tumor-susceptibility genes BRCA1 and BRCA2 are 
at increased risk of developing ovarian cancer at a 
younger age, but there are insufficient data to assess 
risk in the very young. Women are deemed at high 
genetic risk of developing ovarian cancer if they carry 
known BRCA1/2 mutations, or if they have a strong 
family history of ovarian and or breast cancer at a 
young age. Current recommendations are that these 
women be screened with yearly transvaginal ultra-
sound and CA125 from the age of 25–30 years, and 
that they consider prophylactic oophorectomy after 
completion of childbearing or at the age of 35 years 
[22]. The cytogenetics of epithelial cancer are often 
quite complex and may involve a gain of 11p, 12, 18, or 
19p, or loss of 17 or X.

13.3.4 tumors of low Malignant Potential

LMP tumors represent a category of neoplasms that 
are distinct from benign cystadenomas and cystade-
nocarcinomas. First described by Taylor in 1929, they 
have since been referred to as borderline tumors 
or atypically proliferating tumors [23, 24]. These 
tumors arise from the surface epithelium of the 
 ovary and 80–95% are of serous or mucinous histol-
ogy. LMP tumors of the ovary comprise approximately 
15% of all epithelial ovarian tumors [25, 26]. The 
pathologic criteria for diagnosis of these tumors 
include the absence of stromal invasion in the ovary 
and any two of the following characteristics: epithelial 
“tufting,” multilayering of epithelium, mitotic activity, 
and nuclear atypia. Trisomy 12 has been reported in 
LMP tumors [27].

13.3.5 Presenting Signs and Symptoms

The most common presenting signs and symptoms of 
an ovarian tumor are abdominal pain, palpable 
abdominal mass, increasing abdominal girth, urinary 
frequency, constipation and dysuria [10, 28]. Some 
tumors, however, are asymptomatic and only discov-
ered during routine examinations. Abdominal pain is 
most often chronic, but torsion of the ovary can be 
associated with acute pain. Since normal sex cord-
stromal cells are involved in steroid hormone produc-
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tion, physical manifestations of excess estrogen or 
androgen production (hirsutism, virilism) should sug-
gest the possibility of a sex cord-stromal tumor, 
although isosexual precocity may also be seen in mixed 
malignant GCTs due to tumor production of β-HCG 
[29]. Teratomas may demonstrate sonographic find-
ings suggestive of dermoids, including sonographic 
evidence of teeth.

Gynandroblastomas are a separate but rare entity 
comprised of granulosa cell elements, tubules, and 
Leydig cells, and can cause premature breast develop-
ment, hyperestrogenism, or androgenism in adoles-
cents [30, 31].

13.3.6 diagnostic Work-up

When a patient presents with signs or symptoms sug-
gestive of an ovarian mass, a complete history and 
physical examination, including abdominal palpation 
and rectal examination, should be performed. Pelvic 
examination by a skilled practitioner should be con-
sidered, especially in an older adolescent. Laboratory 
values, including αFP, carcinoembryonic antigen, and 
β-HCG should be obtained. Other tumor markers, 
including lactate dehydrogenase (LDH), serum CA-
125, estradiol, testosterone, F9 embryoglycan, and 
inhibin, and Mullerian inhibiting substance may 
offer further diagnostic or treatment information 
(Table 13.3) [9, 10].

Imaging studies may include a pelvic ultrasound to 
delineate the characteristics of the pelvic organs, spe-
cifically the ovaries. A computed tomographic (CT) 
scan of the abdomen and pelvis may be helpful to 
determine the extent of disease preoperatively. If the 
ovarian mass is complex or solid, over 8 cm, or has 
persisted for more than 2 months, surgical exploration 
is indicated [32].

13.3.7 Surgical Management

Young women who present with ovarian masses gen-
erally have many concerns regarding future reproduc-
tive potential. Preoperative discussions should occur 
to review options for maintaining ovarian and/or uter-
ine function based on potential operative findings. In 
general, effective chemotherapy has allowed the suc-

cessful use of conservative, fertility-sparing surgery in 
many adolescent and young adult patients with limited 
disease [33].

13.3.8 general Surgical guidelines

The absolute diagnosis of an ovarian malignancy can 
only be made by microscopic pathologic evaluation of 
a surgically obtained specimen. Detailed surgical 
approach recommendations are included in the Appen-
dix. The importance of appropriate initial staging can-
not be overemphasized, as a small percentage of patients 
have apparent early-stage disease but have positive 
lymph nodes on final review. This can then affect the 
stage, recommended treatment, and overall prognosis.

Although the occasional patient may undergo lapa-
roscopic evaluation for a small solid adnexal mass or 
complex ovarian cyst, the patient with a large, solid 
adnexal mass or evidence of hemodynamic instability 
should undergo laparotomy through a vertical skin inci-
sion to ensure appropriate full surgical staging. Upon 
entering the peritoneal cavity, pelvic washings should be 
obtained, and hemoperitoneum, if present, evacuated. 
The site of hemorrhage is most commonly the mass 
itself, and such that surgical removal of the tumor may 
be all that is necessary to control the bleeding. A unilat-
eral mass in a patient of any age should be removed by 
unilateral salpingo-oophorectomy and sent for immedi-
ate histologic evaluation. Every attempt should be made 
to avoid rupture, as this upstages an otherwise stage 1A 
or 1B carcinoma and may adversely affect survival [34, 
35]. For this reason, the tumor should never be morcel-
lated to effect laparoscopic removal.

Occasionally, an ovarian cystectomy is performed 
in an attempt to preserve ovarian tissue for an appar-
ently benign dermoid cyst. The tumor must be sent for 
immediate histologic evaluation to confirm its benign 
nature; in the event of a malignancy the entire ovary 
should be removed.

If the diagnosis is an epithelial tumor or a malig-
nant GCT of any histologic subtype, excluding the 
benign mature cystic teratoma, complete surgical stag-
ing is indicated. In young patients where fertility is a 
vital concern, preservation of reproductive potential 
should be attempted at the time of surgery. The contra-
lateral ovary is inspected and, if normal in appearance, 
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left undisturbed. Due to the low yield from random 
ovarian biopsy, and the potential for disruption of 
reproductive potential due to adhesions or trauma, the 
routine biopsy of a normal-appearing contralateral 

ovary is not advised [36]. If the contralateral ovary 
appears to contain a cyst, an ovarian cystectomy should 
be performed and sent for immediate histologic evalu-
ation. If malignant disease is revealed, bilateral oopho-

table 13.5 Modified.(1987).International.Federation.of.Gynecology.and.Obstetrics.(FIGO).staging.system.[39,.40]

Stage.I: Growth.limited.to.the.ovaries

Stage.IA:. Growth.limited.to.one.ovary;.no.malignant.cells.in.ascites.or.positive.peritoneal.washings;.no.
tumor.on.the.external.surfaces;.capsule.intact

Stage.IB: Growth.limited.to.both.ovaries;.no.malignant.cells.in.ascites.or.positive.peritoneal.washings;.no.
tumor.on.the.external.surfaces;.capsules.intact

Stage.IC: Tumor.stage.IA.or.IB.but.with.tumor.on.the.surface.of.one.or.both.ovaries.or.with.the.capsule.
ruptured.or.with.ascites.present.containing.malignant.cells.or.with.positive.peritoneal.washings

Stage.II: Growth.involving.one.or.both.ovaries.with.pelvic.extension

Stage.IIA: Extension.or.metastases.to.the.uterus.or.tubes

Stage.IIB: Extension.to.other.pelvic.tissues

Stage.IIC: Tumor.is.stage.IIA.or.IIB,.but.with.tumor.on.the.surface.of.one.or.both.ovaries.or.with.the.capsule.
or.capsules.ruptured.or.with.ascites.containing.malignant.cells.or.with.positive.peritoneal.
washings

Stage.III: Tumor.involving.one.or.both.ovaries.with.peritoneal.implants.outside.the.pelvis.or.positive.
retroperitoneal.or.inguinal.nodes .Superficial.liver.metastasis.equals.stage.III .Tumor.is.limited.to.
the.true.pelvis.but.with.histologically.proved.malignant.extension.to.the.small.bowel.or.omentum

Stage.IIIA: Tumor.grossly.limited.to.the.true.pelvis.with.negative.nodes.but.with.histologically.confirmed.
microscopic.seeding.of.abdominal.peritoneal.surfaces

Stage.IIIB: Tumor.of.one.or.both.ovaries.with.histologically.confirmed.implants.of.abdominal.peritoneal.
surfaces,.with.none.exceeding.2.cm.in.diameter .Nodes.are.negative

Stage.IIIC: Abdominal.implants.greater.than.2.cm.in.diameter.or.positive.retroperitoneal.or.inguinal.nodes

Stage.IV: Growth.involving.one.or.both.ovaries.with.distant.metastases .If.pleural.effusion.is.present,.there.
must.be.positive.cytology.to.allot.a.case.to.stage.IV .Parenchymal.liver.metastasis.equals.stage.IV

table 13.6 Pediatric.Intergroup.Trial.(POG/CCG).–.ovarian.GCT.staging.[11,.12]

I Limited.to.ovary,.peritoneal.washings.negative.for.malignant.cells;.no.clinical,.radiologic,.or.histiologic.
evidence.of.disease.beyond.the.ovaries.(gliomatosis.peritonei.did.not.result.in.upstaging);.tumor.markers.
negative.after.appropriate.half-life.decline

II Microscopic.residual.or.positive.lymph.nodes.(<2.cm);.peritoneal.washings.negative.for.malignant.cells.
(gliomatosis.peritonei.did.not.result.in.upstaging);.tumor.markers.positive.or.negative

III Gross.residual.or.biopsy.only,.tumor.positive.lymph.node(s).>2.cm.diameter;.contiguous.visceral.involve-
ment.(omentum,.intestine,.bladder):.peritoneal.washings.positive.for.malignant.cells

IV Distant.metastases.that.may.include.liver
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rectomy is performed. In 5–10% of malignant GCTs 
there is an associated contralateral benign mature cys-
tic teratoma, and in these situations the remainder of 
that ovary can be preserved.

Unless grossly involved with a tumor, the uterus is 
left in place in the young patient with the desire for 
continued reproductive potential. The conventional 
approach of total abdominal hysterectomy with bilat-
eral salpingo-oophorectomy for older patients with 
epithelial ovarian cancer is not indicated for younger 
women in view of current assisted reproductive tech-
niques using donor oocytes with hormonal support. 
Such techniques make conception and childbearing a 
viable future alternative for such patients with a uterus 
but no ovaries [36–38].

13.3.9 Staging

Staging of pediatric and adult ovarian tumors of all 
types is confusing. The International Federation of 
Gynecology and Obstetrics (FIGO) developed a 
 system for staging ovarian tumors (Table 13.5) [39]. 
This study provided the basis for the development of 
several pediatric GCT staging systems [41–43]. Mod-
ifications to the FIGO staging by the POG/CCG 
Intergroup led to a staging system that was similar to 
other staging systems used in childhood malignan-
cies (Table 13.6). Stage I tumors are those that are 
completely resected, leaving clear margins. Stage II 
tumors are those resected with microscopic margins, 
positive lymph nodes less than 2 cm, or a delay in 
decline of tumor markers. Stage III disease patients 
are those with nodes less than 2 cm or visceral 
involvement, and stage IV patients have distant 
metastases.

13.3.10  gcts: Surgical and Staging  
considerations

Although 60–70% of malignant GCTs are stage I at 
diagnosis, 25–30% are stage III, and a proportion of 
these are advanced in stage due to occult metastases. 
In the recent pediatric intergroup trial, the distribu-
tion of malignant ovarian GCT in girls older than 
12 years was: stage I 36%; stage II 8%; stage III 46%; 
and stage IV 10% [11, 12]. The majority of malignant 

ovarian GCTs are unilateral and large. One recent 
review identified a median size of 16 cm, with a range 
from 7–40 cm [9].

13.3.11  teratomas: Surgical  
and Staging considerations

When an adnexal mass is found to be a mature cystic 
teratoma, areas of squamous differentiation and small 
nodules in the wall of the cyst should be evaluated spe-
cifically for the presence of malignant elements. If 
present, the tumor should be treated as a malignant 
GCT and complete surgical staging attempted. Like-
wise, if immature elements, typically neural elements, 
are identified, the tumor is classified and treated as a 
malignant GCT. If, however, no malignant elements 
are identified, the neoplasm is benign and can be 
treated with an ovarian cystectomy alone. The contra-
lateral ovary should be evaluated, as 12% of cases are 
bilateral. A contralateral cystectomy should be per-
formed in this case, with preservation of as much nor-
mal ovarian tissue as possible [44, 45].

13.3.12  dysgerminoma  
and gonadoblastoma:  
Surgical and Staging considerations

Patients diagnosed with dysgerminoma on pathologic 
frozen evaluation present a unique situation. A minor-
ity of these tumors have an associated gonadoblastoma 
and arise in a dysgenetic gonad in a phenotypically 
normal female with abnormal karyotype. The contra-
lateral dysgenetic or “streak” gonad also carries a high 
potential for a future malignant GCT. Therefore, in 
cases of intra-operative diagnosis of dysgerminoma, 
the pathologist should be asked to carefully evaluate 
for any residual normal ovary and look for any ele-
ments of gonadoblastoma. As the pathologist is evalu-
ating the specimen further, the surgeon should inspect 
the contralateral adnexa to determine whether a nor-
mal ovary or streak gonad is present. Normal ovarian 
tissue excludes the possibility of dysgenetic gonads, 
thereby allowing the surgeon to conserve the contra-
lateral ovary and preserve reproductive potential [46]. 
However, in the event of a “streak” gonad or diagnosis 
of gonadoblastoma, a bilateral salpingo-oophorectomy 
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should be performed to remove any gonadal tissue, 
regardless of age [9, 44, 46].

13.3.13  Sex cord-Stromal tumors: Surgical 
and Staging considerations

A unilateral solid adnexal mass, often yellow and mul-
tilobulated in appearance, or hemorrhagic with hemo-
peritoneum evident, can suggest a granulosa cell tumor 
or other sex cord-stromal tumor. There is no evidence 
to recommend ovarian cystectomy in adolescent or 
reproductive-aged females with sex cord-stromal 
tumors. Unilateral salpingo-oophorectomy should be 
performed as the initial step in such patients with 
apparently limited disease [47]; once the diagnosis of a 
sex cord-stromal tumor is made, exploration of the 
entire abdomino-pelvic cavity should be performed, 
with attention to all peritoneal surfaces and abdomino-
pelvic organs. A complete staging procedure should be 
performed (Appendix). Tumor reductive surgery 
should be performed for patients with advanced dis-
ease to reduce tumor burden as much as possible, pref-
erably leaving the patient with no macroscopic disease 
[39, 48]. Many of these tumors occur in adolescent and 
reproductive-aged women, and although the majority 
are clinically indolent and have a good long-term prog-
nosis, individualized treatment following appropriate 
guidelines is the key to successful outcomes.

13.3.14  epithelial Ovarian cancer: Surgical 
and Staging considerations

The recommended surgical procedure for a patient of 
reproductive age with epithelial ovarian cancer who 
desires continued fertility, and who has clinically lim-
ited disease with no involvement of the contralateral 
ovary or uterus, includes conservative therapy with 
unilateral salpingo-oophorectomy and staging. In a 
review of 36 patients with stage IA disease who under-
went conservative fertility-sparing surgery with com-
plete staging, only 3 patients relapsed, 1 of whom had 
involvement of the residual ovary [49]. The incidence 
of microscopic disease in the residual ovary at the time 
of primary surgery is 5–7% [50], and bivalving or 
biopsy of the normal-appearing contralateral ovary in 
the patient with true stage I disease may be unwar-

ranted, as this may lead to adhesion formation and 
decreased fertility. It may be acceptable to preserve a 
normal-appearing uterus in early-stage disease even if 
both ovaries are removed, thus preserving the option 
of donor egg conception. Although these approaches 
are controversial, fertility-sparing surgery for true 
early-stage ovarian carcinoma appears to be a viable 
option if the patient is adequately counseled about fer-
tility preservation and recurrence risk [21]. One excep-
tion to this may be for clear-cell histology, which may 
connote a significantly more aggressive tumor, contra-
indicating conservative surgery [50]. In addition, con-
sideration should be given to surgical removal of the 
contralateral ovary once childbearing is complete 
[21].

The majority of ovarian epithelial tumors diagnosed 
in young women are stage I. The rare patient with 
apparent advanced-stage epithelial disease should 
undergo cyto-reductive surgery with every attempt 
made to achieve an optimal tumor reduction (no 
implant greater than 1 cm) and, when possible, leave 
no visible tumor. Response to chemotherapy and sur-
vival are significantly improved in patients with opti-
mal or complete cytoreduction [51]. Preservation of 
reproductive capacity in patients with advanced inva-
sive epithelial ovarian cancer cannot be advised; in 
these patients, the uterus, cervix, tubes, and ovaries 
should be removed.

Treatment for patients with epithelial tumors who 
have had inadequate staging is a difficult issue. If the 
patient has documented large residual disease with a 
limited initial attempt at tumor reduction, repeat explo-
ration with staging and tumor reductive surgery is 
indicated. If the patient has had an inadequate explora-
tion, additional studies should be performed, including 
repeat laparoscopic or open exploration with full surgi-
cal staging or, in some circumstances, a post-operative 
CT, serum inhibin, and serum CA-125 levels.

13.3.15  lMP tumors: Surgical  
and Staging considerations

Although invasive epithelial ovarian cancer is typically 
a disease of post-menopausal women, LMP tumors 
tend to occur in younger women, with 71% occur-
ring in pre-menopausal women. The average age at 
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 presentation is 40 years, approximately 10 years 
younger than the average age of women with invasive 
disease [52].

If the diagnosis of LMP tumor is made post-opera-
tively, the patient may need to undergo repeat explora-
tion for a staging procedure, as up to 24% of patients 
with apparent stage I or II disease are upstaged on 
repeat exploration [53], and a percentage of these 
patients may have invasive metastatic implants [54]. 
These findings are extremely important since they 
affect staging and treatment recommendations. Alter-
natively, close surveillance with periodic history and 
physical examinations, serum CA-125 levels, and CT 
scans can be performed.

13.4 treatment

13.4.1 gcts: treatment issues

The current treatment regimen for all patients with 
resected early-stage GCTs of the ovary is adjuvant ther-
apy with bleomycin, etoposide, and cisplatin (BEP) 
[55]. The only exceptions to this schema are patients 
with stage IA or IB, grade 1 immature teratoma, and 
stage IA pure dysgerminoma. These patients should 
not receive adjuvant chemotherapy, but should be 
closely observed following surgery [56]. In addition, 
there is also an increasing body of literature supporting 
no post-surgical treatment (observation only) in 
patients with any stage I GCT [57, 58]. Future clinical 
trials should address and resolve this issue. When eval-
uating a patient, however, caution must be employed in 
labeling ovarian GCT as stage I. In a localized POG/
CCG trial, surgical guidelines were followed in only 1 
out of 56 patients. Since all patients subsequently 
received BEP, surgical attention to guidelines was not 
essential [12]. However, in trials where low-stage 
tumors are not treated with adjuvant chemotherapy, 
adherence to surgical guidelines will be critical.

In a GCT patient with greater than stage I disease, 
there is seldom a role for repeat laparotomy after an 
incomplete staging procedure. If it appears that the 
surgeon performed an adequate initial exploration to 
exclude gross residual disease, post-operative CT scan 
of the abdomen and pelvis can be used as confirma-

tion, and adjuvant chemotherapy with BEP should be 
initiated. If it is not possible to adequately evaluate the 
extra-pelvic contents and retroperitoneum for residual 
disease, then a repeat laparotomy with complete surgi-
cal staging is indicated.

Patients with gross residual disease or advanced-
stage disease after initial surgery should receive BEP as 
outlined above. These patients should be followed with 
CT and tumor markers, and a total of three to six 
courses of BEP should be given [11]. There is no con-
sensus at the present time on the optimal number of 
treatment cycles. Growth factors should be used to 
assist recovery of leukocyte counts and to minimize 
treatment delay for cytopenias [11, 12].

No standard regimen exists for the unusual patient 
with a recurrent GCT. Regimens that have been useful 
include EMA-EP; vinblastine, ifosfamide, and cispla-
tin; and ICE (ifosfamide, carboplatin, and etoposide; 
unpublished data, Thomas Olson). In selected patients, 
one should consider consolidation with high-dose 
chemotherapy and stem-cell rescue, although its role 
remains unclear.

Second-look surgery is not recommended for most 
patients with GCTs. The only exception is when the 
tumor has elements of immature teratoma and no 
serum markers are positive. In this situation, second-
look surgery may be contemplated, but remains con-
troversial [44, 55]. Patients with immature teratoma 
who have residual disease evident after treatment usu-
ally have either benign mature teratoma or gliosis 
comprising the mass [59]. A CT-guided biopsy to con-
firm this diagnosis, followed by serial imaging, may be 
preferable to a second major surgery. Likewise, patients 
with dysgerminoma who have a mass remaining at the 
conclusion of chemotherapy usually have only desmo-
plastic fibrosis [60]. This can be confirmed by CT-
guided biopsy and followed with serial imaging.

13.4.2 dysgerminomas: treatment issues

Although patients with dysgerminoma have histori-
cally been noted to be sensitive to radiation therapy, 
chemotherapy with BEP is more effective and less 
toxic, and it is less likely to adversely affect reproduc-
tive potential than is radiation therapy. BEP is there-
fore the preferred treatment for adjuvant and post-
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operative therapy. If elevated at diagnosis, LDH levels 
can be followed to document serologic response and to 
detect subclinical recurrence. Alternate chemotherapy 
regimens as outlined above and radiation therapy can 
be used to treat recurrent disease.

13.4.3  Sex cord-Stromal tumors:  
treatment issues

Since these neoplasms are rare, clinical trials designed 
to determine which regimens are best suited to specific 
histologic subtypes of sex cord-stromal tumors are not 
feasible. Most published studies combine most or all 
sex cord-stromal tumors together. Therefore, the rec-
ommendations for treatment of these tumors are based 
on limited data. The majority of data have been gath-
ered from patients with adult granulosa cell tumors.

Adjuvant treatment for patients with surgically 
staged stage I disease is not indicated. Patients with 
stage IC disease may benefit from some adjuvant ther-
apy such as paclitaxel and carboplatin or hormonal 
therapy with leuprolide acetate. Patients with more 
advanced disease are typically treated with combina-
tion chemotherapy, usually consisting of three to four 
courses of BEP [61]. A recent evaluation of the utility 
of taxanes and platinum in this setting has been car-
ried out, but confirmation of equivalent outcomes 
between these two regimens awaits performance of a 
larger randomized trial [2, 62]. When patients recur 
after a long progression-free interval, they are candi-
dates for repeat tumor-reductive surgery. With wide-
spread disease or disease refractory to surgery, chemo-
therapy and hormonal therapy are options for 
treatment [63]. Radiation is also occasionally employed 
in the treatment of localized or symptomatic disease.

13.4.4  granulosa cell tumors:  
treatment issues

Granulosa cell tumors occur in two distinct histologic 
varieties: juvenile and adult. The patient profile, natu-
ral history, and recommended treatment differ between 
these subtypes. Juvenile granulosa cell tumors present 
primarily in adolescents. In this patient population, 
the desire to maintain reproductive capacity without 
an adverse effect on survival is of paramount impor-

tance [47]. Survival of patients with early-stage tumors 
is above 95%, but accurate surgical staging is (there-
fore) imperative. Advanced-stage disease is typically 
more aggressive and less responsive to therapy. The 
adult type of granulosa cell tumor is rarely seen in 
younger women.

Any patient with greater than stage IA disease should 
receive platinum-based chemotherapy, usually in the 
form of BEP. When juvenile granulosa cell tumor 
recurs, it usually does so with a shorter progression-
free interval than the adult type. For patients with 
recurrent disease there are many approaches to treat-
ment, including surgical cytoreduction, radiation ther-
apy, and chemotherapy. Despite aggressive treatment, 
however, few sustained responses have been noted. 
Hormonal therapy with leuprolide acetate has resulted 
in several cases of stable disease [63]. Although adult 
granulosa cell tumors are indolent lesions, they can 
recur many years, even decades, following the initial 
diagnosis and treatment. Patients should be followed at 
gradually increasing intervals with physical examina-
tions and with serum inhibin and CA-125 levels.

13.4.5  Sertoli-leydig cell tumors:  
treatment issues

This classification of tumors includes tumors com-
prised of Sertoli cells only, as well as tumors containing 
both Sertoli and Leydig cells. Tumors composed of 
Sertoli cells only are uniformly stage I, and only one 
death has been reported [64]. Sertoli-Leydig cell 
tumors, also called arrhenoblastomas, are rare, 
accounting for less than 0.2% of all ovarian tumors, 
and usually present in adolescents and young adults. 
Since stage is the most important predictor of out-
come, these patients should be accurately staged 
(Table 13.5). Over 95% of these tumors are confined to 
one ovary at the time of diagnosis; therefore, a normal-
appearing uterus and contralateral ovary can usually 
be preserved. Patients with disease greater than IB, 
with poorly differentiated tumors, or with heterolo-
gous elements present should be treated with BEP [65] 
or paclitaxel and carboplatin. Patients can be followed 
with physical examinations and with serum αFP, 
inhibin, and testosterone levels. Of the 18% of patients 
who recur, two-thirds do so within the 1st year after 



J .Brown.•.Th .Olson.•.S .Sencerchapter 13230

diagnosis. Additional platinum-based chemotherapy 
is the mainstay of treatment for recurrent disease.

A subgroup of the sex-cord tumor grouping is the 
ovarian sex-cord tumor with annular tubules. The bio-
logic behavior of this lesion is thought to be intermedi-
ate between granulosa cell tumors and Sertoli cell 
tumors, and is associated with Peutz-Jeghers Syndrome 
[30, 31]. Surgical treatment recommendations are sim-
ilar to those for other sex-cord stromal tumors, but 
patients should be carefully screened for adenoma 
malignum of the cervix, as 15% of patients harbor an 
occult lesion. For such patients, hysterectomy must be 
strongly considered [66].

Steroid cell tumors not otherwise specified are a 
distinct category of steroid cell tumor that can be 
malignant and aggressive; when diagnosed intraopera-
tively, these patients should be staged and aggressively 
cyto-reduced [67, 68]. Lipid cell tumors with pleomor-
phism, increased mitotic count, large size, or advanced 
stage should receive additional post-operative plati-
num-based therapy [68].

13.4.6 epithelial tumors: treatment issues

Patients with stage IA or IB, grade 1 epithelial tumors 
can be treated with surgery alone, although some 
would argue that patients with clear-cell histology 

should receive adjuvant chemotherapy regardless of 
stage [49, 50]. At the current time, patients with stage 
II and higher disease receive six courses of paclitaxel 
and platinum therapy. Consideration is given to con-
solidation chemotherapy thereafter, but this is not 
standard. Some debate exists over the optimal man-
agement of patients with stage IA or IB, grade 2 or 3 
cancers, and stage IC cancers [50]. Most practitioners 
administer three to six courses of the aforementioned 
regimen, but the optimal number of courses in this 
situation is currently being investigated in a Gyneco-
logic Oncology Group trial.

13.4.7  Ovarian tumors of lMP:  
treatment issues

Multiple regimens of chemotherapy have been investi-
gated for the treatment of advanced-stage LMP tumors, 
but no benefit in disease-free or overall survival (OS) 
has been demonstrated for any regimen at any stage. 
Therefore, chemotherapy is not administered to 
patients with LMP tumors of the ovary.

A minority of patients with LMP tumors of the 
ovary will have invasive implants on staging biopsies. 
These patients have a worse prognosis and a higher 
recurrence rate than patients with non-invasive 
implants [69]. Since these invasive implants represent 

Five-year.survival.rates.of.females.with.ovarian.
malignancies,.United.States.SEER.[1]

Figure 13.3
Five-year.survival.rates.of.females.with.ovarian.
malignancies.as.a.function.of.era,.United.States.
SEER.[1]

Figure 13.4
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small foci of invasive carcinoma, treatment recom-
mendations are similar to those for women with epi-
thelial ovarian carcinoma.

13.5 Outcomes

Survival of women with cancer of the ovary has been 
inversely proportional to age (Fig. 13.3). Progress in 
the 5-year survival rate over the past quarter century 
has been less in 15- to 29-year-olds than in younger or 
older women (Fig. 13.4).

13.5.1 germ-cell tumors

Historically, patients with malignant ovarian GCTs 
treated with surgery alone had a poor survival rate. 
Prior to the consistent use of chemotherapy, the out-
come for patients with ovarian non-germinomatous 
tumors was poor, with survival rates of 15–20% [70]. 
Patients with germinomatous tumors could be cured 
with surgery alone [71, 72] or with surgery combined 
with chemotherapy [73, 74].

In the POG/CCG Intergroup studies, patients were 
assigned treatment based on tumor histology (imma-
ture teratoma) and clinical (surgical) staging. Patients 
(n=44) with ovarian immature teratomas were treated 
successfully with surgery and observation [56]. Despite 
the presence of yolk sac elements in resected speci-
mens (13/44), only 1 patient relapsed and was salvaged 
with chemotherapy.

In the POG/CCG study, all stage I/II ovarian GCTs 
were treated with four cycles of BEP, but only received 
33% of the adult bleomycin dose, due to concerns 
about pulmonary toxicity. Even at the reduced dose, 
there was a 6-year event-free survival (EFS) of 93% 
and 6-year OS of 94% in this group of patients [12]. 
Recent adult and pediatric studies suggest that patients 
with stage I ovarian GCTs can be managed with sur-
gery and observation [41, 75]. In a report on 15 patients 
with ovarian stage I GCT (9 immature teratoma and 6 
endodermal sinus tumors) treated with surveillance, 
only 3 relapsed (20%), two of whom were salvaged 
successfully with chemotherapy. Salvage chemotherapy 
[59] might be reserved for patients with progressive 
tumors or for those whose markers do not decline 

appropriately and normalize [76]. Several European 
studies have similarly shown that resected stage I 
tumors can be treated with observation alone, with a 
20–50% relapse rate; most, however, can subsequently 
be salvaged with chemotherapy [42, 43, 75].

Between 1990 and 1996, 299 eligible pediatric 
patients with stage III/IV gonadal and stage I–IV 
extragonadal GCTs were randomized on POG9049/
CCG8882 to standard BEP or high-dose BEP (HDBEP), 
with high-dose cisplatin (40 mg/m2/day × 5). HDBEP 
resulted in a significantly improved 6-year EFS 
(89.6±3.6% vs BEP 80.5±4.8%; p=0.0284). There was 
no difference in OS (HDPEB 91.7±3.3% vs BEP 
86.0±4.1%). Although the study was not designed to 
have sufficient power to test for differences within each 
smaller susbset (testicular, ovarian, extragonadal), 
there was a trend toward improved EFS and OS for 
each subset. The trend was most pronounced for 
extragonadal GCT. However, severe ototoxicity (grade 
3/4, resulting in the need for hearing aids) was a con-
sequence of HDBEP (67% vs BEP 10.5%) [11]. The 
treatment results for high-risk ovarian GCTs are shown 
in Table 13.7. Few patients had stage IV ovarian GCT; 
the ten treated with HDBEP all survived. Two of six 
who were treated with BEP recurred, although one was 
salvaged. Both patients were under 10 years of age. 
These small numbers make conclusions difficult. The 
results for all ovarian GCT patients on both POG/CCG 
trials are shown in Table 13.8.

13.5.2 Sex cord-Stromal tumors

In a study of 72 patients with sex cord-stromal tumors 
registered at the German Pediatric Tumor Registry, 
EFS was 88% at 10 years. Refractory tumors in this 
group were characterized by high proliferative activity 
[77].

13.5.3 epithelial tumors

The prognosis for young women with epithelial ovar-
ian cancer appears to be independent of age [21]. Sur-
veillance after treatment may consist of a CT scan at 
the completion of therapy, followed by physical exami-
nations and serum CA-125 levels every 3 months for 
the 1st year, every 4 months for the next year, every 
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6 months for the ensuing 3 years, and annually 
 thereafter. CT surveillance is recommended only for 
patients with symptoms, physical findings, or elevated 
serum CA-125 levels. In one review of 19 patients 
diagnosed before the age of 21 years, 15 (79%) had 
stage I disease and 4 (21%) had stage III disease. There 
were two deaths in this series, both from small-cell 
anaplastic carcinoma, which is rare in this age group 
[78].

13.5.4 tumors of lMP

The indolent nature of LMP tumors is best demon-
strated by the 95% 5-year survival and 80% 20-year 
survival for all stages. Although the recurrence rate is 
between 7 and 30%, these tumors usually recur as LMP 
tumors and not invasive malignancies. Thus, they are 
amenable to repeat surgical resection. In one study of 
12 patients <40 years of age with early-stage disease 
who were treated with fertility-sparing surgery, there 
was 100% survival and up to 50% subsequent concep-
tion [79].

13.6 conclusions

Ovarian tumors are rare in children, adolescents, and 
young adults. As a result, relatively little information 
exists about incidence rates, treatment, and outcomes 
for specific ovarian tumors for these age groups. This 
chapter is designed as a guide for the evaluation and 
treatment of ovarian tumors in adolescents and young 
adults, with the goal of engendering interest in studies 
aimed specifically at this patient population.

Ovarian neoplasms represent a diagnostic and ther-
apeutic dilemma because of the desire to maintain fer-
tility in this young age group. Thankfully, the majority 
of neoplasms present at an early stage with generally 
good long-term survival. Further work is necessary to 
delineate appropriate screening for young women at 
risk for ovarian cancers. Advances in assisted repro-
ductive medicine will probably impact the manage-
ment of this group of patients in the future.

Although the vast majority of ovarian cancers in 
adult women are epithelial in origin, 60–70% of ovar-
ian malignancies in children and adolescents are non-
epithelial, consisting primarily of germ-cell and sex 
cord-stromal tumors [80]. Hence, the adolescent and 
young adult years are a time of transition in tumor 
type, as the incidence of non-epithelial tumors gra-
dually decreases and epithelial tumors become more 
common. Surgery, chemotherapy, radiation, and 
 hormonal therapy are all components of treatment, 
but specific management recommendations are depen-
dent on many factors, including patient age, tumor 
histology, karyotype, and extent of disease. Conserva-
tive surgery to maintain reproductive potential is an 
important consideration in the treatment of all 
 adolescents and young adults with ovarian tumors. 

table 13.7 POG/CCG.high-risk.trial.–.ovarian.GCT.[11,.12] .EFS.Event-free.survival,.OS.overall.survival

Stage and age n 6-year eFS 
(%) ± Se

6-year OS 
(%) ± Se

Stage.III.<10.years 18 94 4.±.8 4 100

Stage.III.>10.years 40 97 5.±.3 5 97 5.±.3 5

Stage.IV.<10.years 6 66 7.±.22 2 83 3.±.17

Stage.IV.>10.years 10 100 100

table 13.8 Treatment. of. ovarian. GCT. –. Pediatric. Inter-
group.Trials.[11,.12]

Stage n 6-year eFS
(%)

6-year OS
(%)

I 41 95 1 95 1

II 16 87 5 93 8

III 58 96 6 98 3

IV 16 86 7 93 3
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Appropriate surgical staging and assessment are 
 necessary components in determining the extent of 
surgery required and the need for post-operative 
 chemotherapy. With the advent of modern surgical 
and post-surgical techniques, response rates and 
 survival have improved dramatically and are excellent 
for most tumor types.
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appendix: Surgical guidelines  
for the adolescent with an Ovarian tumor

Surgery should be preceded by a thorough bowel prep-
aration. The patient should be placed in the dorsal 
lithotomy position in the operating room, and a verti-
cal midline incision is made. Ascites, if present, is aspi-
rated and sent for permanent cytologic examination. If 
no ascites is present, the pelvis should be irrigated with 
100–200 ml of normal saline, which should be aspi-
rated and sent for permanent cytologic examination. 
The abdomen and pelvis should then be thoroughly 
examined by visualization and palpation, with atten-
tion directed to all peritoneal surfaces, the liver and 
sub-hepatic region, diaphragm, retroperitoneal struc-
tures, omentum, colon, small bowel, mesentery, and 
all pelvic contents, including both adnexae, the uterus, 
and all peritoneal surfaces. The enlarged ovary or pel-
vic mass should be removed and sent to pathology for 
immediate evaluation.

If the unequivocal diagnosis of invasive ovarian can-
cer is made, a gynecologic oncologist should be con-
sulted immediately for intra-operative assistance. The 
surgeon must determine the extent of disease. If there is 
extra-ovarian disease, the surgeon must first determine 
if the disease can be resected to less than 1 cm of resid-
ual disease. This concept of a maximal cyto-reductive 
surgical effort is imperative for a successful outcome. 
Every attempt should be made to remove all visible dis-

ease, as patients with no macroscopic disease at the 
completion of the surgical procedure have the best 
prognosis. If the largest residual focus of disease after 
tumor-reductive surgery is 1 cm or less, this is referred 
to as “optimal cyto-reduction” and connotes a signifi-
cant survival benefit. If the tumor is unresectable to this 
extent, leaving residual disease greater than 1 cm in any 
one location, this is considered “sub-optimal,” and the 
patient should have appropriate surgery to relieve 
symptoms and the procedure should then be termi-
nated. That is, if an impending bowel obstruction exists, 
a bowel resection and re-anastomosis should be per-
formed; if the patient has a large amount of ascites with 
an omental cake, an omentectomy should be performed. 
However, there is no justification for performing exten-
sive tumor-reductive surgery if a focus of disease greater 
than 1 cm will remain at the completion of the surgery.

In the patient with no gross evidence of extra-ovar-
ian disease, a full staging procedure should be 
 performed. This consists of cytology of each hemi- 
diaphragm, infra-colic omentectomy, and peritoneal 
biopsy specimens from each paracolic gutter, the 
 vesico-uterine fold, and the pouch of Douglas. In 
 addition, any suspicious areas should be sampled. 
 Pelvic and para-aortic lymph node sampling are 
 recommended for full staging, as a small percentage of 
patients will have apparent early-stage disease but 
have positive lymph nodes on final review, thereby 
changing the stage, recommended treatment, and 
prognosis. The bowel should be inspected from the 
ileocecal valve to the ligament of Treitz, specifically 
evaluating for tumor implants and sites of obstruction. 
Approximately 30% of patients with apparent limited 
disease are upstaged at the time of staging. This sig-
nificantly impacts treatment recommendations and 
prognosis.

It should be noted that the majority of adolescents 
and young adults with ovarian cancers will have non-
epithelial histology. These patients can usually be 
treated with fertility-sparing surgery, as the tumor 
generally impacts only one adnexa. Therefore, in the 
absence of a grossly abnormal contra-lateral ovary or 
uterus, a unilateral salpingo-oophorectomy can be 
performed with a complete staging procedure and 
tumor-reductive surgery as outlined above, preserving 
the contralateral ovary and tube and the uterus.
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14.1 introduction

Cancer of the testis is the most common solid tumor 
diagnosis in males aged 15–29 years [1]. During the 
past quarter century in the United States, it increased 
in incidence among all age groups between 15 and 30 
years and was the third most rapidly increasing cancer 
in males 25 to 40 years of age [1]. Advances in the 
treatment of testicular cancer, especially platinum-
based combination chemotherapy over the last 
25 years, have resulted in survival figures of 80–90%. 
Despite these achievements, challenges remain in 
understanding the biological and molecular mecha-
nisms of aggressive and resistant tumors, and in deliv-
ering curative therapy to the adolescent and young 
adult population. This chapter describes the pathology, 
incidence, and treatment of testicular cancer, high-
lighting where possible the special considerations 
applicable to the adolescent and young adult popu-
lation.

14.2 epidemiology and etiology

Testicular cancer is the most common solid-tumor 
neoplasm in males aged 15–29 years, accounting for 
21.4% of cancers in this age group and reaching a peak 
incidence between 30 and 35 years of age (Fig. 14.1) 
[1]. This contrasts sharply with the incidence of tes-
ticular cancer in individuals aged 0–14 years, in whom 
it represents 2% of all cancers, and in the 30- to 45-year 
age group, in whom it comprises 7% of cancer diagno-
ses. Approximately 2,088 cases of testicular cancer 
were diagnosed in the United States in adolescent and 
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young adult men, aged 15–29 years, during 2000, 
according to recent Surveillance, Epidemiology, and 
End Results (SEER) data [1, 2]. The incidence of tes-
ticular cancer varies dramatically with race/ethnicity 
in the following order from most to least common: 
non-Hispanic whites, Hispanics/Latinos, Asian/Pacific 
Islanders, African Americans/blacks (Fig. 14.2).

The incidence of testicular cancer has increased in 
all age groups during the past quarter century (Fig. 14.3), 
and this increase appears to be worldwide. However, 
considerable variation in incidence has been observed 
between countries. Denmark, for example, has an inci-
dence of 92 cases per million, while neighboring Fin-
land’s rate is only 25 per million. Ethnic and racial fac-
tors have a profound effect on testicular cancer 
incidence. In the United States, for example, white men 
are diagnosed at a rate 4–5 times that of black men, 
although the incidence rates for both are increasing.

Cryptorchidism is a proven risk factor for testicular 
cancer, both on the ipsilateral and the contralateral 
side. The risk of developing cancer in an undescended 
testis is increased by a factor of 2.5- to 11-fold. Other 
environmental and genetic causative factors have been 
proposed but not proven. Klinefelter’s syndrome is 
associated with mediastinal germ-cell tumor, but not 
with increased risk of testicular cancer. Assessment of 
several environmental or hormonal factors has failed 

to show a convincing association with testicular cancer 
(hernia, trauma, x-ray exposure, viral infection, posi-
tive family history, or high maternal hormone levels).

14.3 Biology and Pathology

The primordial germ cells arise in the yolk sac during 
the 4th week of gestation and then migrate to the 
gonadal ridge. During this migration, the stromal sex 
cords form from celomic epithelium and will develop 
into the seminiferous tubules and supportive struc-
tures of the testicle, including Sertoli cells. Differentia-
tion into the testes begins in the 6th week of gestation, 
under the influence of the Y chromosome. Further 
migration to the iliac fossa and, finally, the scrotum 
should occur by the 8th month of gestation. Failure in 
the processes of differentiation and migration, at the 
varying steps, accounts for the pathological variety in 
testicular germ-cell tumors.

The expression of c-kit receptor has been demon-
strated in fetal and infantile gonocytes and carcinoma 
in situ, but not in normal adult testes. Its persistence 
may indicate the presence of an unstable fetal pheno-
type or lack of adult-type differentiation and raises the 
question of whether c-kit contributes to invasive germ-
cell tumors.

Incidence.of.testicular.cancer,.United.States.SEER.
1975–2000.[1]

Figure 14.1

Incidence.of.testicular.cancer.by.ethnicity,.United.
States.SEER.1975–2000.[1]

Figure 14.2
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Yolk sac endodermal sinus tumors arise as a result of 
lack of differentiation. They are the most common tes-
ticular tumor in prepubertal boys, accounting for more 
than 90% of all germ-cell tumors in this group, but are 
virtually non-existent in adults. Genetically, these 
tumors are commonly diploid or tetraploid, whereas 
adolescent and adult germ-cell tumors are aneuploid. In 
addition, the chromosomal abnormalities found in tes-
ticular tumors vary between pre-pubertal and pubertal 
or post-pubertal males. Pubertal and post-pubertal 
males with germ-cell tumors express the isochromo-
some 12p, and in some cases, multiple copies may be 
present [3]. In pre-pubertal boys, gains of 21, 7, and 1q 
and deletions of 1p have been demonstrated [4].

Germ-cell tumors usually produce one or more 
substances that may be measured to assist in diagnosis, 
assign stage, determine prognosis, assess tumor 
response to therapy, and monitor for recurrence. 
Alpha-fetoprotein (AFP) is produced by cells of yolk 
sac origin, (i.e., yolk sac tumors: endodermal sinus 
tumor, Teilum’s tumor), embryonal carcinoma, and 
teratocarcinoma (mixed nonseminomatous germ-cell 
tumors), whereas AFP is not produced by a pure semi-
noma or a pure choriocarcinoma. Thus, even when a 
diagnosis of pure seminoma is made, in the presence 
of an elevated AFP, the tumor must be considered 
mixed and should be treated as a non-seminomatous 

tumor. The half-life of AFP is generally considered to 
be 4–5 days in adults. The initial level may assist in 
prognosis and the rate of fall with treatment may pre-
dict response. Elevated AFP levels can be monitored in 
stage I patients, in the surgery and observation strat-
egy. Failure of AFP to normalize or elevations follow-
ing normalization are indications for institution of 
chemotherapy. However, while AFP is an excellent 
tumor marker for germ-cell tumor it is not pathogno-
monic, with elevations of AFP first reported in hepato-
cellular carcinomas. Other malignancies, including 
hepatoblastoma, gastric, pancreatic, and pulmonary 
tumors, have been associated with elevations of AFP. 
AFP is also elevated in ataxia telangectasia, tyrosin-
emia, pregnancy, and benign liver diseases. For this 
reason, the Children’s Oncology Group (COG) requires 
a level greater than five times the upper limit of normal 
for a diagnosis of recurrence in the absence of histo-
logical proof of relapse.

Human chorionic gonadotropin (hCG) is secreted 
by syncytiotrophoblasts and consists of alpha (α) and 
beta (ß) subunits. The α subunit is closely related to 
the α subunit of follicle stimulating hormone, lutein-
izing hormone (LH), and thyroid stimulating hor-
mone. The ß subunit, however, is structurally distinct 
and can be measured. The half-life is 16–24 h, and it 
is elevated in 40–60% of all germ-cell tumors, 100% 
of choriocarcinomas, and 80% of embryonal carcino-
mas. In addition, it is elevated in 10–25% of semino-
mas. hCG can be used in a manner similar to AFP 
when elevations are present at diagnosis. Occasionally, 
the ß subunit of LH may interfere or crossreact in 
immunoassays for ß-hCG. Similar to AFP, elevated 
hCG levels may be seen in a variety of other malig-
nancies as well as in pregnancy and some gestational 
disorders.

Lactate dehydrogenase (LDH) has been incorpo-
rated into the TNM (tumor-node-metastases) staging 
system and the International Germ Cell Consensus 
Classification Group (IGCCCG) prognostic classifica-
tion for metastatic testicular germ-cell tumors. It is a 
very non-specific marker and may be elevated in many 
common conditions. It is not associated with specific 
histologic types of germ-cell tumor. It is not helpful in 
diagnosis, but may be used as a marker for response 
and recurrence. It is not currently employed by the 

Incidence.of.testicular.cancer.by.era,.United.States.
SEER.1992–2000.[1]

Figure 14.3
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COG for prognostication, nor in the formulation of 
treatment decisions.

Germ-cell tumors account for 75% of testicular 
tumors in childhood and 90% of adult testicular 
tumors. However, in the adolescent and young adult 
patient groups, non-seminomatous tumors predomi-
nate. In the 15- to 21-year-old population, mixed non-
seminomatous tumors (teratocarcinoma) with various 
combinations of embryonal carcinoma, yolk sac tumor, 
choriocarcinoma, and teratoma are most common. 
The peak age for seminomas occurs at age 30 years. 
When all ages of adults are considered, pure semino-
mas constitute 40%, non-seminomatous tumors 35%, 
and mixed seminoma non-seminomatous tumors 
15%.

14.4 clinical Symptoms and evaluation

Testicular tumors most commonly present as a firm to 
hard painless mass. Occasionally, scrotal swelling and 
acute pain (10%) may be present. The presence of acute 
pain increases the likelihood of infection, trauma, tor-
sion, and infarction, but does not rule out tumor or 
tumor in addition to another diagnosis. A history of 
trauma is present in 30% of cases. Carcinoma in situ 
most commonly presents in patients being evaluated 
for infertility. Germ-cell tumors present more com-
monly in patients with a history of cryptorchidism and 
testicular atrophy. Patients with either condition 
should have both testicles carefully evaluated periodi-
cally. Carcinoma in situ occurs in 5% of testes cor-
rected for non-descent and in 5% of the contra-lateral 
testes in patients with a primary testicular germ-cell 
tumor. In children, up to 20% of cases are associated 
with hernia or hydrocele. Tran-sillumination will assist 
with diagnosis of the hydrocele, but does not rule out 
the co-existence of tumor.

Patients with small or even occult primary testicu-
lar tumors may present with symptoms of large metas-
tases (10%). These most commonly occur in the retro-
peritoneum and may cause low-back pain, small bowel 
or ureteral obstruction, and even compression of the 
inferior vena cava. Anterior mediastinal tumors may 
be extra-gonadal primaries and may present with 
superior vena cava syndrome and associated testicular 

atrophy and Klinefelter’s syndrome. Enlarged, firm, 
non-tender supraclavicular lymph nodes in an adoles-
cent or young adult male should also prompt a thor-
ough evaluation of the testes.

Radiographic evaluation of the testicle has improved 
the pre-operative diagnosis rates for these tumors. 
Such evaluation allows for the accurate determination 
of the correct surgical approach and procedure. Ultra-
sound may be used to evaluate scrotal masses, the con-
tralateral testes when a tumor has been detected, and 
both testes when determining whether an extra-
gonadal germ cell tumor is a primary or metastatic 
lesion from an occult testicular primary.

Abdominal computed tomography (CT) scan is 
currently the gold standard for evaluation of the abdo-
men and retroperitoneum, the most common site for 
metastases. CT scan of the chest should be performed 
in the staging of all patients. Magnetic resonance imag-
ing (MRI) of the brain should be performed when 
symptoms indicate. Bone metastases are usually pain-
ful and may be evaluated with plain radiographs, bone 
scan, or MRI.

The role for positron emission tomography (PET) 
scan has yet to be determined, but may be most useful 
in the evaluation of residual masses. Germ-cell tumors 
actively take up 18-fluoro-2-deoxyglucose and, thus, 
PET scanning deserves further evaluation to deter-
mine its ultimate usefulness in these diseases.

14.5 Staging and risk Stratification

The COG uses a staging system based on extent of dis-
ease and surgical intervention (Table 14.1). Based on 
this system and results of the pediatric intergroup tri-
als Pediatric Oncology Group (POG) 9048/CCG 8891 
and POG 9049/CCG 8882, a risk stratification system 
was developed. For testicular primaries, stage I patients 
are considered to have a good prognosis and are treated 
with surgery for the primary tumor followed by obser-
vation. This approach resulted in 82% event-free sur-
vival (EFS) and 100% survival at 7 years, with all 
patients who recurred being treated successfully with 
low-dose bleomycin (15 u/M2 on day 1 of each course), 
standard-dose etoposide (500 mg/M2/course), and 
cisplatin (100 mg/M2/course) given at 21-day intervals 
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for four cycles. Within COG, stage II–IV testicular 
patients are considered intermediate risk, with survival 
rates in excess of 90% at 6 years (in the COG staging 
system, only extragonadal stage III–IV germ cell 
patients are considered high-risk, with survival rates of 
83.4±4.4% at 6 years) [6, 7].

In adult testicular tumors, the TNM (S) staging sys-
tem is employed (see Table 14.2). In this system, the S 
denotes serum tumor marker status as follows: Sx not 
available; S0 all markers normal; S1 LDH < 1.5 × upper 
limit of normal, hCG < 5000 IU/l and AFP < 1000 ng/
ml; S2 LDH 1.5–10 × upper limit of normal, hCG 
5000–50,000 IU/l, and AFP 1000–10,000 ng/ml; and 
S3 LDH > 10 × upper limit of normal, hCG > 50,000 IU/
l, and AFP > 10,000 ng/ml [8]. As in the pediatric stud-
ies cited above, the staging system was used to develop 
a risk-stratification system and subsequent treatment 
guidelines. The IGCCCG analyzed patients with meta-
static disease (all stage III) from numerous studies 
with a combined enrollment of more than 5,000 
patients. The analysis allowed division of the patients 
into three prognostic groups, as detailed in Table 14.3 
[9, 10].

14.6 treatment

The correct surgical approach is assured when a testic-
ular tumor is suspected pre-operatively. Orchiectomy 
via an inguinal incision with high ligation of the sper-
matic cord is the recommended procedure. In the past, 
a scrotal incision was considered a violation of the scro-
tum and a hemi-scrotectomy was recommended but 

this is no longer considered necessary unless actual 
contamination of the scrotum has occurred.

The need for retroperitoneal lymph-node dissec-
tion (RPLND) in localized tumors is controversial. 
This procedure has undergone major advancements 

table 14.2 American.Joint.Committee.on.cancer.staging.
for. testicular. germ. cell. tumors. [6] . TNM. Tumor,. node,.
metastasis

tnM Stage criteria

0 pTis,.N0,.M0,.S0

I pT1–4,.N0,.M0,.SX

IA pT1,.N0,.M0,.S0

IB PT2–4,.N0,.M0,.S0

IS Any.T,.N0,.M0,.S1–3

II Any.T,.N1-3,.M0,.SX

IIA Any.T,.N1,.M0,.S0–1

IIB Any.T,.N2,.M0,.S0–1

IIC Any.T,.N3,.M0,.S0–1

III Any.T,.any.N,.M1,.SX

IIIA Any.T,.any.N,.M1a,.S0–1

IIIB Any.T,.N1–3,.M0,.S2

IIIB Any.T,.any.N,.M1a,.S2

IIIC Any.T,.N1–3,.M0,.S3

IIIC Any.T,.any.N,.M1a,.S3

IIIC Any.T,.any.N,.M1b,.any.S

table 14.1 Children’s.Oncology.Group.staging.system.for.testicular.germ.cell.tumors.[5] .CT.Computed.tomography

Stage extent of disease

I Limited.to.testis.(testes),.completely.resected.by.orchiectomy;.no.clinical,.radiographic,.or.histologic.
evidence.of.disease.beyond.the.testes .Patients.with.normal.or.unknown.tumor.markers.at.diagnosis.
must.have.a.negative.ipsilateral.retroperitoneal.node.sampling.to.confirm.stage.I.disease .Radiographic.
studies.demonstrate.lymph.nodes.<2.cm

II Transscrotal.biopsy,.microscopic.disease.in.scrotum.or.high.in.spermatic.cord.(≤5.cm.from.proximal.end)

III Retroperitoneal.lymph.node.involvement,.but.no.visceral.or.extra-abdominal.involvement .Lymph.nodes.
>4.cm.by.CT.or.>2.cm.and.<4.cm.with.biopsy.proof

IV Distant.metastases,.including.liver
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table 14.3 International.germ.cell.consensus.classification.for.metastatic.germ-cell.testicular.cancer.[9,.10] .AFP.α-Feto-
protein,.hCG.human.chorionic.gonadotrophin,.LDH.lactate.dehydrogenase,.PFS.problem-free.survival,.norm.normal

good prognosis

non-seminoma Seminoma

Testis/retroperitoneal.primary
and

No.non-pulmonary.and.visceral.metastases
and

Good.markers.–.all.of
AFP < 1000 ng/ml and

hCG < 5000 IU/l and
LDH < 1.5 × upper limit of norm

56%.of.non-seminomas
5-year.PFS.89%

5-year.survival.92%

Any.primary.site
and

No.non-pulmonary.visceral.metastases
and

Normal.AFP,.any.hCG,.any.LDH

90%.of.seminomas
5-year.PFS.82%

5-year.survival.86%

intermediate prognosis

non-seminoma Seminoma

Testis/retroperitoneal.primary
and

No.non-pulmonary.visceral.metastases
and

Intermediate.markers.–.any.of
AFP ≥ 1000 and ≤ 10,000 ng/ml or

hCG ≥ 5000 IU/l and ≤ 50,000 IU/l or
LDH ≥ 1.5× norm and ≤ 10 × norm

28%.of.non-seminomas
5-year.PFS.75%

5-year.survival.80%

Any.primary.site
and

Non-pulmonary.visceral.metastases
and

Normal.AFP,.any.hCG,.any.LDH

10%.of.seminomas
5-year.PFS.67%

5-year.survival.72%

Poor prognosis

non-seminoma Seminoma

Mediastinal.primary
or

Non-pulmonary.visceral.metastases
or

Poor.markers.–.any.of
AFP.>.10,000.ng/ml.or

hCG.>.50,000.IU/l.(10,000.ng/ml).or
LDH.>.10.×.upper.limit.of.norm

16%.of.non-seminomas
5-year.PFS.41%

5-year.survival.48%

No.patients.classified.as.poor.prognosis
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from the en bloc procedure that led to a high incidence 
of emission failure and retrograde ejaculation. Dissec-
tion of the major vessels and sympathetic nerves, along 
with a directed approach, is now employed. As the pat-
tern of metastasis is usually on the ipsilateral side 
(95%), lymph node dissection with sparing of the con-
tralateral sympathetic nerves can be employed. The 
pattern of metastasis becomes less certain with bulky 
disease and the procedure is less valuable in such 
patients. As a staging procedure, RPLND is more accu-
rate than CT scan (false negative rate 15–20%, false 
positive rate 15–23%). However, since 80–85% of 
patients with a negative CT scan will not have disease 
and those who recur are highly curable with chemo-
therapy, to operate on 100 patients to potentially help 
15–20 may not be the best approach for the majority of 
stage I patients. In an effort to improve the chances 
that RPLND may be helpful, risk factors for metastasis 
have been identified. These include the presence of 
lymphatic invasion in the primary tumor (19%), vas-
cular invasion (50%), absence of yolk sac elements 
(32%), and presence of embryonal carcinoma (87%) 
[11]. The presence of three of the four cited risk factors 
is associated with a 46% relapse rate; two of the four 
factors present with a 21% relapse rate and only one of 
the risk factors with a 16% relapse rate. The total 
relapse rate, in a meta-analysis of 29 studies, was 28%, 
but the overall survival was still 98% [10]. Forty-six 
percent of relapses occurred only in the retroperito-
neum. In addition, markers were elevated in 68% of 
relapses, facilitating early detection. Finally, the cure 
rate for patients with recurrence who had not previ-
ously received chemotherapy exceeds 90%. Hence, 
RPLND should not be performed in all low-stage 
patients, either for staging or curative purposes, but, 
depending on risk factors, it remains an option for 
selected cases. In the pediatric intergroup study (POG 
9048/CCG 8891), stage I patients treated with surgery 
and surveillance, had a 6-year EFS of 78.5% (±7%) and 
an overall survival of 100% [12]. Currently, COG pro-
tocols do not employ this approach routinely with 
lymph-node sampling reserved for patients with inde-
terminate lymph nodes of >2 cm but <4 cm. by CT 
scan evaluation. Lymph nodes >4 cm are considered to 
be involved with the tumor, and such patients are 
treated with chemotherapy. Lymph nodes <2 cm are 

considered negative and treated with surgery for the 
primary tumor and a surveillance protocol.

The use of surgery and a surveillance program for 
stage I non-seminomatous germ-cell tumors is well 
established. Although irradiation therapy to the 
 retroperitoneum decreased the rate of relapse in these 
patients, 11% of patients still relapsed outside of the 
treatment field and the only 2 deaths among 156 
patients in a study conducted in Denmark occurred 
in the radiation treatment arm of the study [13]. 
Likewise, the toxicity and costs of chemotherapy 
make it contraindicated, even using single-agent 
therapy.

The major problem with the strategy of surgery and 
observation is compliance. This is especially true for 
adolescents and young adults, who are more spontane-
ous, move frequently, and have a higher un-insured 
rate. In addition, the optimal frequency, extent, and 
duration of the surveillance program are yet to be 
determined. Combining eight previously reported 
studies, patients with adequate follow-up (N=1169) 
demonstrated that 95.5% of all relapses occurred in the 
first 2 years following diagnosis [10]. Another 1.8% of 
relapses occurred in the 3rd year. Only 2.7% (N=9) of 
all relapses occurred beyond 3 years postdiagnosis. 
Tumor markers were elevated in 68% of all relapses. 
This would support the concept of tumor marker 
assessment at gradually decreasing frequency for as 
long as 7–10 years. Omitting CT scans after 3 years 
would, however, potentially allow three cases of relapse 
(33% of nine) to go undetected for a longer period. The 
impact on chance of survival for these patients is 
unknown. With current surveillance, 19% of patients 
relapse as TNM stage III and overall survival remains 
>90%. The cost-effectiveness of continuing radio-
graphic follow-up must be questioned.

The role of RPLND for radiographically TNM stage 
II patients differs from stage I. Due to the false-posi-
tive rate of CT scan, a non-confirmatory lymph-node 
dissection may obviate un-necessary chemotherapy. 
Conversely, confirmation and resection of nodal 
involvement may be curative and eliminate the need 
for chemotherapy. RPLND is not performed in pediat-
ric protocols in the United States and all patients with 
nodal involvement would receive chemotherapy. In 
the COG trials, four cycles at 21-day intervals of 5-day 
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bleomycin, etoposide, and cisplatin (BEP) is the stan-
dard therapy. Bleomycin is administered at 15 u/M2 
once every 3 weeks. Doses of etoposide (500 mg/M2/
course) and cisplatin (100 mg/M2/course) are admin-
istered over 5 days. Patients who are partial responders 
after four cycles receive two additional cycles of ther-
apy. This represents an approximately 67% decrease in 
exposure to bleomycin, compared to the weekly dos-
ing on the standard Einhorn regimen. This dose of 
bleomycin was successful in the pediatric intergroup 
trials POG 9048/CCG 8891 and POG 9049/CCG 8882. 
The 6-year EFS for testicular tumors, stage II–IV, was 
93.3% [5].

Studies of adult germ-cell tumors have also focused 
on modifications to the Einhorn regimen in an effort to 
decrease late effects in this group of patients with good 
prognosis. Attempts to decrease the dose of etoposide 
per cycle to 360 mg/M2 failed to demonstrate efficacy 
when compared with the 500 mg/M2 dosing schedule 
[14]. However, decreasing the number of treatment 
cycles, from four to three, given at 21-day intervals, did 
not adversely affect outcome [15]. In addition, three 
cycles of BEP were equally efficacious when compared 
with four cycles of etoposide and cisplatin (EP) [16]. A 
study reported by the Medical Research Council/Euro-
pean Organization for the Research and Treatment of 
Cancer (EORTC) demonstrated that administering the 
same total doses of etoposide and cisplatin over 3 days 
instead of 5 days was equally efficacious when only 
three cycles of therapy were given [15], with a slight 
increase in acute nausea and vomiting being the only 
differences noted. Thus, the current recommendation 
in adult testicular cancer is to use three cycles of 3-day 
BEP (with bleomycin 30 units weekly) unless there is a 
contraindication to the administration of bleomycin 
(e.g., underlying respiratory disease, older age, and 
prior allergic reaction), in which case, four cycles of EP 
can be employed.

The role of surgery in patients with radiographic 
pulmonary or visceral metastasis requires judgment. 
Occasionally, benign granulomas of the pulmonary 
parenchyma cannot be distinguished from lung metas-
tases. If the presence or absence of malignancy within 
these lesions would make the difference between TNM 
stage I and III or COG stage I and IV, an excisional 
biopsy procedure should be performed.

In patients with residual masses following chemo-
therapy, surgical evaluation remains important. When 
tumor markers remain elevated, the residual mass is 
most likely malignant and resection may be curative. 
When the tumor markers are negative, the residual 
mass is usually benign. Of particular note, when the 
primary tumor contains teratoma, surgery is the treat-
ment of choice since the teratoma will not be chemo-
sensitive. Likewise, suspected recurrences should be 
histologically proven except in the presence of recur-
rent elevations of one or more tumor markers.

In adult patients with poor-prognosis metastatic 
disease, the standard therapy remains four cycles of 5-
day BEP at 21-day intervals with doses as follows: 
bleomycin 30 weekly; etoposide 500 g/M2/course; and 
cisplatin 100 g/M2/course. Studies evaluating autolo-
gous peripheral blood stem-ell transplantation in the 
initial treatment of poor prognosis patients are cur-
rently in progress. The addition of cyclophosphamide 
or ifosfamide to etoposide and cisplatin is also being 
evaluated in this context as well as for previously 
treated relapsed patients.

Seminoma differs from non-seminoma in its 
marked response to radiation therapy. Hence, this 
modality has been incorporated in treatment of stage I 
and II disease. In stage I seminoma of the testis, the 
low recurrence rate after combined surgery and irra-
diation (5%) coupled with a reported incidence of late 

Five-year.survival.rates.of.testicular.cancer,.United.
States.SEER.1975–2000.[1]

Figure 14.4
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recurrences (>5 years) in non-irradiated patients has 
argued against a treatment policy of observation alone 
following surgery. Front-line chemotherapy, in place 
of irradiation therapy for younger adolescents with 
stage I and II nonbulky seminoma, is controversial. 
The morbidity of irradiation therapy in specialized 
centers is low [17, 18].

Selected patients with seminoma should be treated 
with chemotherapy. These include patients with bulky 
abdominal nodal involvement, supra-diaphragmatic 
metastases, or with extra-nodal metastases above or 
below the diaphragm. The volume of abdominal-nodal 
metastases requiring treatment with chemotherapy 
varies from center to center. In the IGCCCG review of 
637 patients treated for advanced seminoma, the 3-
year survival rate was 82% [9]. In patients with only 
nodal or pulmonary metastases, the 5-year survival 
was 86%, while patients with non-pulmonary visceral 
metastases had a 5-year survival of 72%. Protocols 
using cisplatin and etoposide yield 80–90% disease-
free survival rates, with three cycles being sufficient for 
advanced seminoma [19, 20].

Non-germ-cell-derived testicular tumors are rare, 
with an incidence of 5% or less in most series. The 
tumors seen may be functional steroid-secreting (some 
Leydig cell tumors, Sertoli cell tumors, and granulosa 
cell tumors) or non-functional (sarcomas, primarily 
paratesticular rhabdomyosarcoma, gonadoblastoma, 

adenocarcinoma, mesothelioma, and lymphoma). Sar-
comas and lymphomas are treated according to guide-
lines for these tumors in other sites, while the other 
histologies require radical inguinal orchiectomy. Ret-
roperitoneal metastases are rare but may be amenable 
to resection and cure. Unresectable and recurrent met-
astatic disease in these tumor types is poorly respon-
sive to chemotherapy and radiation.

14.7 Outcome

The survival of patients with testicular cancer has 
improved substantially over the last 25 years. This is 
due primarily to improvements in chemotherapy and 
to the education of oncologists in new treatment 
approaches. The 5-year survival rates for older adoles-
cents and young adults with testicular cancer from 
1975 to 1999 are shown in Fig. 14.4. Survival of 91% 
was observed in the 15- to 29-year age group. When 
examined by 5-year age intervals (Fig. 14.4), the 15- to 
19-year and 20- to 24-year age groups had the lowest 
survival rates, at 87% and 90%, respectively.

The trends in testicular cancer survival during the 
years 1975–2000 are presented in Fig. 14.5. All age 
groups experienced improvements in survival during 
this observation period. Individuals in the age groups 
15–19 and 20–24 years demonstrated the largest 

Five-year.survival.rates.of.testicular.cancer.by.era,.
United.States.SEER.1975–2000.[1]

Figure 14.5

Five-year.survival.rates.of.testicular.cancer.by.
histologic.type,.United.States.SEER.1975–2000.[1]

Figure 14.6



J .W .Cullen.•.R .Fallonchapter 14246

increases in 5-year survival rates between 1975–1980 
and 1993–2000. Furthermore, the relatively poor sur-
vival rates in the age groups 15–19 and 20–24 years 
reflect in large part the results reported from the period 
1975–1980.

The histology of testicular cancer has a profound 
effect on 5-year survival rates (Fig. 14.6). This was 
observed across all three adolescent and young adult 
5-year age intervals presented (Fig. 14.6), and varied 
from 66% for non-seminomatous tumors (e.g., chorio-
carcinoma and yolk sac) in 15- to 19-year-olds, to 
greater than 95% for 25- to 29-year-old individuals 
with seminoma.

14.8 late effects

Given the high cure rates for testicular cancer, the 
long-term impact of surviving cancer and its treatment 
has gained importance. While undergoing treatment, 
fear of cancer, sleep disturbances, and cognitive dys-
function occur frequently ([21]. After therapy, a 
minority of patients (10–15%) report continued fear of 
cancer, sleep disturbances, and inability to concen-
trate, complete tasks, or think clearly. Symptoms of 
anxiety or depression persist in 30% of survivors at an 
average of 9 years after therapy compared to 5% of 
controls [22]. Conversely, other investigators have 
found no difference in the level of psychological func-
tioning of long-term survivors versus normal controls 
[23]. Some have even reported improvement in areas 
such as personal optimism, family relationships, per-
ceived quality of life, and self respect [24].

Sexual function has been studied extensively in sur-
vivors. During treatment and soon thereafter, approxi-
mately one-third of survivors report sexual dysfunc-
tion and/or dissatisfaction with level of sexual activity. 
However, this effect does not seem to be permanent in 
the majority of cases and studies indicate the level of 
dysfunction returns to baseline by 3 years after com-
pletion of therapy. The sexual dysfunction of some 
patients at the time of diagnosis, due to testicular atro-
phy and to the presence of disease, must be taken into 
account. The complications of RPLND and ejaculation 
have been well documented and have decreased with 
improved surgical techniques.

Late or prolonged toxicities of chemotherapy are 
agent- and dose-specific. Early studies showed high 
rates of bleomycin-induced pulmonary toxicity rang-
ing from 34 to 46%. In a recent EORTC study, BEP 
induced a 20% decrease in carbon monoxide diffusing 
capacity versus 2% in the EP group [25]. Efforts to 
reduce this toxicity by decreasing the dose of bleomy-
cin (three cycles vs. four) or administering bleomycin 
only on the 1st day of each cycle rather than weekly 
(decreasing the total dose by 66.6%) may ameliorate 
this toxicity without decreasing survival in selected 
patients.

Cisplatin causes proximal renal tubule defects with 
hypomagnesemia, hypokalemia, and hypocalcemia. 
Acute decreases in glomerular filtration also occur. 
Some studies report persistence of these abnormali-
ties, while others report gradual improvement. The 
late occurrence of hypertension has also been 
reported.

Ototoxicity is related to the total dose of cisplatin, is 
permanent, and occurs in 20–40% of patients. It begins 
as a high-frequency loss and progresses to involve fre-
quencies in the speech range with continued exposure 
to the drug. The concurrent exposure to ototoxic envi-
ronmental factors (e.g., rock concerts, airplanes, jack 
hammers) by adolescents and young adults may 
increase their risk of hearing loss. Appropriate antici-
patory guidance and monitoring of audiograms may 
lessen the impact of ototoxicity. The delivery of only 
three cycles of cisplatin, when appropriate, will 
decrease the incidence of severe toxicity.

Peripheral neurotoxicity is characterized by pares-
thesias and dysesthesias. It is induced in 30–40% of 
patients who receive cisplatin and persists over time 
[26, 27]. Vascular toxicities reported with cisplatin 
include Raynaud’s phenomenon, venous thrombosis, 
and myocardial infarctions.

An increased risk of second malignant neoplasms 
has been reported for survivors of testicular tumors. 
Cancer in the contralateral testis is the most common 
finding and is probably not treatment related. Patients 
who receive irradiation therapy have an increased risk 
of stomach cancer (van Leeuwen et al. 1993). Leuke-
mia and myelodysplasia also occur in testicular tumor 
patients. These complications are usually associated 
with total doses of etoposide in excess of 2 g/M2 and 
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are often characterized by an 11q23 or 21q22 translo-
cation [28]. Some secondary leukemias appear to be 
related to the germ-cell tumor and not the treatment.

14.9 conclusions

Testicular cancer is the most common solid tumor in 
male adolescents and young adults and is increasing 
in frequency. The differences between age groups in 
incidence, frequency of histological types, biologic 
markers, and tumor cytogenetics have been identi-
fied. Tumor markers assist in the diagnosis, predic-
tion of prognosis, evaluation of response, and sur-
veillance for relapse. Ultrasonography is the preferred 
modality for evaluation of the primary tumor and the 
contralateral testis, with CT scan used for radio-
graphic staging. Inguinal orchiectomy with high liga-
tion of the spermatic cord is the initial treatment of 
choice. The role of retroperitoneal lymph node dis-
section in stage I and II tumors is discussed. The 
importance of surgery in evaluating and treating 
residual masses as well as recurrences is emphasized. 
Five-year survival exceeds 80%. Chemotherapy can 
be avoided in 80% of patients with localized tumors. 
The preferred chemotherapy, for those requiring it, 
remains bleomycin, etoposide, and cisplatin. Refine-
ments in the number of cycles, drug doses, and treat-
ment days are discussed herein in detail. Minimizing 
the late effects of testicular cancer and its treatment 
on long-term survivors remains a challenge. Changes 
in therapy may now have an impact for the next 
60 years for these survivors.

In summary, the development of a paradigm for the 
treatment of germ-cell tumors of the testicle should be 
viewed as a model of success and demonstrates the 
importance of a multidisciplinary approach in the 
diagnosis, treatment, and long-term follow-up of these 
patients. Cure rates approach 90% for most patients. 
Only high-risk metastatic patients and patients who 
relapse continue to have unsatisfactory outcomes. 
Much still needs to be learned about the biology of 
these tumors. Clinical studies should continue to focus 
on limiting long-term toxicities and risks for these 
patients, who might otherwise live for another 
60 years.
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15.1 introduction

Unlike most of the other chapters in this book, which 
essentially deal with single disease entities, this chap-
ter covers several completely distinct conditions. Each 
of these entities present much more commonly in 
other age groups. For example, Wilms’ tumor (nephro-
blastoma) usually presents in childhood, while renal 
cell carcinoma (RCC), transitional cell carcinoma 
(TCC) of the urothelium, adenocarcinoma of the pros-
tate, and carcinoma of the Fallopian tubes, endome-
trium, and uterus (including cervical carcinoma), 
present much more frequently in later adult life. It is 
not possible within the scope of this chapter to describe 
each or any of these tumors in detail and the reader is 
referred to standard texts or recent reviews in the lit-
erature for further reading. However, when reading 
those texts, it must be remembered that they apply pri-
marily to a different age group. This chapter will there-
fore concentrate principally on comparing and con-
trasting the available evidence regarding these tumors 
in the teenager and young adult with their more com-
mon age group, in an attempt to guide treatment if one 
of these tumors is diagnosed in a teenager or young 
adult.

The tumors described in this chapter are mostly 
epithelial tumors, which are seen more frequently in 
much later life. All of these are associated with good 
outcomes if diagnosed and radically resected before 
metastatic spread has occurred. Unfortunately, many 
patients are diagnosed with metastatic disease or 
relapse after initial surgery. In these cases, systemic 
therapy is of generally modest use in the adult setting 
in providing temporary and partial tumor control as 
part of palliative therapy.

non-germ-cell  
genitourinary tract tumors
Michael.Leahy.•.W .Archie.Bleyer
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15.2 epidemiology and etiology

Individually, these tumors are so rare in the 15- to 20-
year-old age range that several of them do not merit 
attention in the Surveillance, Epidemiology, and End 
Results pediatric monograph [1, 2]. Most adult epithe-
lial malignancies are thought to arise as a result of 
cumulative chronic genotoxic exposure [3]. Cigarette 
smoking accounts for a high proportion of attributable 
risk in many cancers, including TCC of the urothe-
lium, which will be discussed herein. In contrast, the 
diagnosis of one of these tumors in a teenager should 
prompt consideration of genetic predisposition to can-
cer. Several well-characterized inherited syndromes 
are associated with an increased risk of malignancy 
(e.g., von Hippel Lindau syndrome and RCC). Fur-
thermore, it is increasingly recognized that polymor-
phisms in genes that regulate DNA repair and the 
metabolism of carcinogens may be associated with a 
general increased risk of developing cancer. The most 
well known of these is the Li-Fraumeni syndrome, 
which is caused by a germ-line p53 mutation, but it 
seems likely that combinations of polymorphisms of 
much lower penetrance may account for a higher 
degree of attributable risk age group. The cancers that 
arise in those affected in these families characteristi-
cally appear at a younger age than usual.

15.3 Biology and Pathology

In the adult setting, each organ site is usually affected 
by one predominant histological type of cancer (e.g., 
in the kidney, RCC; in the bladder, TCC; in the pros-
tate, adenocarcinoma). However, other histological 
types are also diagnosed, although less commonly: 
small-cell carcinoma may occur in the bladder, cervix, 
and prostate; collecting-duct tumors may occur in the 
kidney; lymphomas and sarcomas are also infrequently 
diagnosed. The pattern of histologies seen in the adult 
setting is presumably in part due to the result of expo-
sure to prevalent carcinogenic agents and one would 
therefore predict that a different profile of histologies 
might be seen in teenagers and young adults. This is 
difficult to confirm given the very small numbers in 
any of the reported series, but there is a general impres-
sion that a wider or more even spectrum of histology is 
seen in the very young adults with cancer in the genito-
urinary system.

Histological tumor grade is a very important indi-
cator of prognosis in adult cancers. While grade pro-
gression (i.e., low grade to higher grade) is seen in 
some cancers (e.g., superficial, well-differentiated TCC 
progressing to muscle invasive disease), it is not com-
mon. Where this does occur, however, one might pre-
dict that younger patients would present with lower-

Theoretical.relationship.between.lead-time.bias.and.
tumor.grade.associated.with.increasing.patient.age

Figure 15.1 Theoretical.relationship.between.tumor.doubling.
time.during.log.phase.of.growth.and.tumor.grade.at.
patient.age.at.diagnosis

Figure 15.2
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grade disease as a result of “lead-time effect” (Fig. 15.1). 
However, the opposite might apply if high-grade can-
cer has a shorter doubling time and therefore a shorter 
time after malignant initiation before the tumor 
becomes clinically apparent (Fig. 15.2). There is some 
evidence that both of these effects are seen (in different 
tumors) in those described here, as will be discussed.

15.4 clinical Presentations and diagnosis

Diagnosis of these tumors in this age group is chal-
lenging. The classic triad of local symptoms of the pri-
mary malignant tumor – bleeding, a mass and pain – 
may be absent or appear late. Metastatic disease may 
present with local symptoms from metastatic sites or 
with generalized symptoms of weight loss, cachexia, 
fevers, and sweats. Symptoms are thus non-specific 
and clinical examination is relatively insensitive at 
detecting a small tumor and, in view of the rarity of a 
malignant diagnosis in this age group, clinical exami-
nation may not be appropriately directed. The differ-
ential diagnosis is likely to be dominated by non-
malignant conditions. Inevitably this contributes to a 
delay in diagnosis for many patients. For example, 
hematuria in this age group is usually due to urinary 
tract infection. In older patients, in whom malignant 
disease is more likely, hematuria is routinely a trigger 
for full investigation to exclude malignant disease by 
imaging, cytology, and endoscopy. However, in the 
younger patient, empiric treatment with a suitable 
antibiotic is reasonable for the first episode, although 
assessment should include microbiological examina-

tion of the urine. For patients with recurrent or persis-
tent hematuria, especially when no infective agent is 
identified, they should be referred for further investi-
gation including a pelvic examination, intravenous 
urography, and/or renal tract ultrasound, urine cytol-
ogy, and cystoscopy.

15.5 treatment

Apart from Wilms’ tumor, the tumors described here 
are not so sensitive to systemic agents that they can be 
reliably cured by such use, and their management is 
centered on good surgical technique. Complete surgi-
cal removal at the earliest possible occasion remains 
the approach most likely to lead to a full recovery. In 
the older-adult setting, radical radiotherapy may be an 
appropriate alternative to surgery for organ-confined 
disease; however, the doses used are high and this 
would argue against its use in a young patient who 
would have a much longer time at risk after treatment 
to develop late effects. In particular, secondary malig-
nancy would be a concern.

In none of these tumors has adjuvant treatment 
with radiotherapy to reduce the risk of local relapse, 
or with systemic therapy to reduce the risk of meta-
static relapse, or neo-adjuvant therapy prior to sur-
gery been shown to improve outcomes significantly. 
Such evidence has been hard to obtain even in the 
adult setting for various reasons, and where random-
ized clinical trials exist they have usually, to date, 
been too small to detect the order of clinical benefit 
that can be expected from adjuvant treatment. 

table 15.1 Relative.roles.of.adjuvant.chemotherapy,.neo-adjuvant.chemotherapy,.and.adjuvant.radiotherapy.in.renal.
cell.carcinoma.(RCC),.transitional-cell.carcinoma.(TCC).of.the.bladder,.and.adenocarcinoma.of.the.prostate

Tumor Neo-adjuvant.systemic.
therapy

Adjuvant.systemic.therapy Adjuvant.radiotherapy

RCC Not.tested No.benefit,.not.well.tested No.benefit,.not.well.tested

TCC.of.bladder Small.survival.benefit.in.
meta-analysis

No.benefit,.not.well.tested No.benefit,.not.well.tested

Adenocarcinoma.of.the.
prostate

No.benefit Benefit.in.node-positive.
patients

Controversial.results
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Table 15.1 reviews the place of adjuvant and neo-
adjuvant therapy in the standard management of 
these tumors in the adult setting.

15.6 Specific tumors

Each non-germ cell genitourinary tract cancer type is 
reviewed below, with the available tumor-specific data 
on epidemiology, etiology, biology and pathology, diag-
nostic work-up, and standard of care for management.

15.6.1 Kidney tumors

The incidence of renal cancer has an early-childhood 
peak and a late-adulthood peak, with a nadir between 
15 and 20 years of age (Fig. 15.3). Above age 25 years, 
the incidence is greater in males than females, 
whereas in children it predominates among females 
(Fig. 15.3).

The survival of patients with renal cancer had a 
lower rate for 15- to 30-year-olds diagnosed between 
1975 and 2000 than either younger or older patients, 
and particularly for males (Fig. 15.4). Survival has 
improved in all age groups below 45 years, albeit the 
relatively small number of patients in the 15- to 24-
year age category limits this conclusion with regard to 
patients in this age group (Fig. 15.5).

In the United States, African Americans/blacks had 
the highest mortality rate at all ages up to at least 45 years, 
and Asians/Pacific Islanders the lowest (Fig. 15.6).

About 5% of cases of Wilms’ tumor are diagnosed 
in patients older than 15 years [4]. This presumably 
includes cases in which diagnosis was delayed signifi-
cantly for various reasons. In contrast, the diagnosis 
of RCC is nearly twice as common in the 15- to 19-
year-olds, and incidence rises thereafter [4]. The 
average annual age-adjusted incidence rate for 
 kidney tumors in the 15- to 19-year-old age range is 
0.4 per million for Wilms’ tumor and 0.7 per million 
for RCC [4].

In the UKW3 trial for patients with Wilms’ tumor, 
increasing age is a poor prognostic factor (although 
the age categories studied were less than 2 years, 2–
4 years, and greater than 4 years, and very few, if any, 
patients were older than 15 years) [5]. The tumor is 
very sensitive to chemotherapy and children present-
ing with metastatic disease are curable, with long-term 
survival over 70% [6]. The possibility that chemo-sen-
sitivity may reduce with age is supported by case 
reports of older patients who failed to respond to treat-
ment [7, 8], but aggressive poly-chemotherapy is indi-
cated and successful in some cases [8, 9]. In the largest 
series in the literature of adult Wilms’ tumor, 3 out of 5 
patients with metastatic disease died, and the overall 
survival of 17 patients was 67% [10]. Cytogenetic stud-

Incidence.of.renal.cancer.by.gender,.United.States.
SEER.1975–2000.[1]

Figure 15.3

Five-year.relative.survival,.renal.cancer,.by.age.and.
gender,.United.States.SEER.1975–1999.[1]

Figure 15.4
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ies of a single case suggest that there may be different 
molecular lesions in adult cases [11].

Staging and work-up of patients with kidney tumors 
should include computed tomography (CT) scan of 
the chest, abdomen, and pelvis. The lung is the most 
common site of metastatic spread. Pelvic imaging is 
usually negative in the absence of symptoms of con-
cern. Primary treatment should be a radical nephrec-
tomy. The value of ipsi-lateral adrenalectomy and 
lymph-node dissection is unknown and probably does 
not affect outcome, although these may contribute to 
prognostic information. The laparoscopy technique is 
being used increasingly for this operation. Large 
tumors are often extremely friable and immediate pre-
operative embolization reduces intraoperative blood 
loss. Partial nephrectomy is possible for peripheral 
tumors and may be indicated if there is reduced renal 
function for any other reason. No adjuvant therapy has 
been found to reduce the risk of local or metastatic 
relapse and patients are routinely offered follow-up 
with surveillance for pulmonary relapse with chest x-
ray [12].

In the adult, treatment of metastatic RCC using 
conventional cytotoxic chemotherapy has not been 
associated with clear evidence of significant benefit. 
Research has focused largely on biological therapies, 
with tantalizing results in small series that suggest that 
the disease is amenable to manipulations of the 

immune system with cytokines such as interferon and 
interleukins, and vaccines. However, few of these have 
been tested in large randomized phase III trials. Both 
interleukin-2 and interferon have shown a small ben-
efit over supportive care with steroids and could be 
considered a standard of care. Surgery may also be 
useful even in the face of metastatic disease and two 
randomized clinical trials have shown a survival 
advantage for nephrectomy in patients with metastatic 
disease who subsequently received immunotherapy 
[13]. Furthermore, selected patients may benefit from 
metastasectomy of the lung and even the brain.

15.6.2 Urothelial and Bladder tumors

The incidence of bladder cancer is similar to that for 
renal cancer, with a nadir between 15 and 20 years of 
age and a prominence in males from age 15 years 
upward (Fig. 15.7).

In contrast to renal cancer, however, 15- to 29-year-
olds with bladder cancer had a better 5-year relative 
survival rate than younger or older patients (Fig. 15.8).

In the adult population, the commonest cancer of 
the bladder is TCC of the urothelium, which may also 
present in the urothelium of the renal pelvis and ure-
ter. Clearly, this reflects the fact that this tissue is 
exposed to carcinogens in the urine. Polymorphism 
with regard to key protective pathways may account 

Five-year.relative.survival,.renal.cancer,.by.era,.
United.States.SEER.1975–1999.[1]

Figure 15.5

Mortality.rate.of.renal.cancer.by.race/ethnicity,.
United.States.SEER.1992–2002.[1]

Figure 15.6
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for increased risk [14] and may be implicated in 
patients with a very young age at diagnosis. Normal 
urinary physiology is also protective, and young 
patients who require bladder augmentation due to 
neurological disorders are at a higher risk of develop-
ing TCC [15]. Excess incidence of urinary cancer, 
including very young patients, has been detected in 
studies of areas affected by heavy pollution [16]. Rare 
histological variants are also found in adults, and one 
might expect these tumors to account for a higher pro-
portion of cases in the much younger patient popula-
tion [17].

A lead-time effect, with regard to the pattern of 
tumor grade at presentation, is perhaps seen in this 
tumor. In one of the few published series of adolescent 
patients diagnosed with bladder cancer, all of the 
patients had well-differentiated and low-stage tumors 
[18]. This hypothesis is also supported by a very large 
epidemiological study from the National Cancer Data-
base, which demonstrated an association between 
young age and low stage [19].

Bladder tumors are usually diagnosed as a result of 
investigation of hematuria. Diagnostic work-up should 
then include endoscopic biopsy of the tumor itself and 
mapping biopsies of the rest of the bladder to look for 
carcinoma in situ. Bi-manual examination under anes-
thetic remains a critical part of assessing tumor stage. 

Patients with invasive tumors should have staging 
cross-sectional imaging of the chest, abdomen and 
pelvis, and imaging of the upper urinary tracts. Bone 
scanning is advised increasingly in view of the high 
incidence of asymptomatic bone metastases. Other 
investigations will be determined by the patient’s clini-
cal symptoms and signs.

Tumors of pTa and pT1 are usually managed by 
endoscopic extirpation with a single post-resection 
instillation of epirubicin, mitomycin-C, or BCG (Bacil-
lus Calmette-Guerin) into the bladder. Surveillance for 
local relapse is mandatory and can be performed by 
flexible cystoscopy. Urine cytology is of potential ben-
efit in follow-up.

Invasive tumors (pT2–pT3) are usually managed by 
radical cystectomy (or nephro-ureterectomy in the 
case of upper-tract tumors) with lymph-node dissec-
tion. Recent data, from re-analysis of a systematic 
meta-analysis of randomized clinical trials of neo-
adjuvant chemotherapy with platinum-containing 
combination regimens such as MVAC (methotrexate, 
vinblastine, adriamycin, and cisplatin), suggests a 
small improvement in overall survival of approxi-
mately 6% at 5 years [20]. Patients who are unfit for 
radical surgery (common in the usual elderly adult 
population but unlikely in the teenager or young adult 
presenting with this disease) may be managed with 

Five-year.relative.survival,.bladder.cancer,.by.age,.
United.States.SEER.1975–1999.[1]

Figure 15.8

Incidence.of.bladder.cancer.by.gender,..
United.States.SEER.1975–2000.[1]

Figure 15.7
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radical radiotherapy, although this would only really 
be appropriate in the young patient for those who are 
clearly beyond treatment of curative intent.

Metastatic TCC of the urothelium is sensitive to both 
radiotherapy and cytotoxic chemotherapy, and patients 
with metastatic or inoperable local disease should be 
managed with a multi-modal treatment plan to opti-
mize their survival and quality of life. This will result in 
a small number of long-term survivors among selected 
patients who have received aggressive combination che-
motherapy based on cisplatin, had good performance 
status at the start of treatment, and have metastases 
restricted to lymph node sites [21]. In the adult, cispla-
tin is the drug associated with the highest single-agent 
activity, and randomized controlled trials have shown 
that combination therapy is superior to single-agent 
treatment. Doxorubicin, methotrexate, vinblastine, 
gemcitabine, and the taxanes all have demonstrable 
activity. Several well-tested combinations exist: MVAC, 
CMV (cisplatin, methotrexate, and vinblastine), and 
GC (gemcitabine and cisplatin), and many new dou-
blets and triplets have been tested in small series.

15.6.3 Prostate cancer

Prostate cancer in teenagers is so rare that almost no 
epidemiological data have been published and the lit-
erature is confined to case reports [22]. Studies of 
early-onset prostate cancer (defined as diagnosed 
under the age of 55 years) generally only contain cases 
aged down to the mid 30s, but reveal associations with 
inherited polymorphisms of critical genes [23–26].

The impression gained from the few case reports of 
prostate cancer in the under-25 years age group is of 
tumors that are different biologically to those seen in 
the normal age range of elderly men. The tumors are 
usually undifferentiated, metastasize early, have lytic 
rather than sclerotic bone metastases, and respond 
poorly to hormonal therapies [22]. This is the opposite 
of what has been observed in bladder cancer.

Patients may present with pelvic pain, dysuria, poor 
urinary stream, and possibly hematuria. Digital rectal 
examination may reveal clues to the diagnosis, but is 
relatively insensitive. Pelvic imaging by MRI, CT scan, 
or trans-rectal ultrasound may also sometimes miss a 
diffuse tumor of the prostate, and biopsy procedures 

(transrectal ultrasound-guided Tru-cut biopsy proce-
dures) are therefore often performed to a template to 
ensure coverage of the gland.

Staging should include screening for bone metasta-
ses by whole-body radionucleotide bone scintigraphy 
as well as cross-sectional imaging to exclude soft-tis-
sue and visceral metastases. Various serum markers 
are used routinely in the adult population, particularly 
prostate-specific antigen, and this can be a very useful 
marker of disease activity and response to treatment.

In the rare patient with clinically organ-confined 
disease, radical prostatectomy is offered increasingly 
over the alternatives based on radiotherapy (radical 
external beam radiotherapy and brachytherapy). In 
view of the comments above, surgery may be preferred 
to radiotherapy in the very young patient being treated 
with curative intent. Nerve-sparing techniques to pre-
serve continence and sexual function are possible 
without sacrificing outcome if the tumor is very small. 
Neo-adjuvant treatment with hormonal therapy is of 
unproven benefit and is not advised outside the con-
text of a clinical trail. Post-operative hormonal treat-
ment may have a small impact in patients with node-
positive disease.

In the adult, metastatic adenocarcinoma of the 
prostate is sensitive to a variety of hormone manipula-
tions. First-line therapy is usually with gonadotrophin-
releasing hormone analogues such as goserelin or leu-
prolide. These agents suppress androgen production 
by the testis and have largely replaced orchidectomy, 
which was used routinely in the past. Second-line 
therapy typically involves attempting to ensure that 
even peripheral and hepatic testosterone production is 
blocked; this is achieved by adding an anti-androgen 
to the luteinizing hormone-releasing hormone ana-
logue. Stilboestrol fell out of favor in view of an excess 
of thromboembolic events, but may still have a role in 
third-line therapy in selected patients. Hormone ther-
apy has dominated the management of the elderly 
adult with prostate carcinoma, and cytotoxic therapies 
are reserved for the final hormone-refractory phase in 
selected patients. However, recent evidence showing a 
small survival advantage with docetaxel-based therapy 
has demonstrated that cytotoxic chemotherapy may 
have an important role to play in the treatment of 
prostate carcinoma [27]. Given the suggestion that 
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hormonal therapies are ineffective in the very young 
patient with prostate cancer, and that some success in 
partial response and palliation may be obtained with 
cytotoxic chemotherapy, it would be reasonable to 
select younger patients for this modality of therapy 
early in their treatment. Bisphosphonate treatment has 
also been shown to be of some benefit in maintaining 
quality of life in the adult population by reducing the 
risk of skeletal events.

15.7 comparative Survival rates

For patients who present with non-localized disease at 
diagnosis, both RCC and TCC of the bladder have a 
much worse long-term survival rate than prostate car-
cinoma (Table 15.2). For localized presentations, the 
results are comparable.

15.8 conclusions

There are significant challenges in managing teenage 
and young adult patients with the conditions described 
in this chapter. Diagnosis is difficult and may be 
delayed, but as soon as a malignant diagnosis is con-
firmed the patient and their family should be referred 
without delay to an institution that can provide both 
the highly specialized tumor-specific multi-disciplin-
ary team to deliver treatment and, ideally, one where 
age-specific support services are available.

Confirmation of the diagnosis is the first crucial 
step. Expert histopathologic review should be 
 preformed on all tumors, since the chance of an 
unusual histology in this age group is high. Treat-
ment planning should involve surgical, radiation 

oncology, and medical oncology input. To optimize 
outcomes, patients should be managed by tumor-
specific multi-disciplinary teams in conjunction with 
specialist services to provide age-specific psychoso-
cial support. Treatment guidelines developed for the 
management of adult patients should be assessed 
carefully before extrapolating them to a different age 
group, but in the absence of good data to support 
 different approaches, these are still the best recom-
mendations for care in many cases. More research is 
required into the etiology (in which genetic suscepti-
bility may play a greater part), natural history, and 
response to therapy in the unusually young patient 
with theses forms of cancer.

In general, existing tumor-specific treatment strate-
gies have been defined in patients in a different age 
group, and there is concern that this may mean that 
these strategies may not be the best for adolescent and 
young adult patients because of the different biology of 
the host and possibly the different biology of the dis-
ease. Nevertheless, in the absence of better data, these 
strategies may be the best to apply, with caution, while 
at the same time encouraging and supporting research 
to clarify these issues.
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16.1 introduction

In adolescents and young adults, thyroid carcinoma 
represents approximately 7.5% of all malignancies in 
the 15- to 19-year-old age group and 10.6% of all can-
cers in patients 20–24 years old [1, 2]. In children 
younger than 15 years of age, it is a much rarer malig-
nancy. Fortunately, in young patients diagnosed with 
thyroid carcinoma, the overall 5-year survival rate is 
98–100% [3], assuring an excellent long-term progno-
sis in most cases. Because of the small number of cases 
in children each year and because of the extended fol-
low up necessary to perform prospective clinical stud-
ies, pediatric thyroid carcinoma remains a poorly 
studied disease, with most treatment recommenda-
tions based upon the experience treating adults. 
Although this is adequate in most cases, there are 
potentially significant differences in the biology of 
pediatric thyroid carcinomas that need to be appreci-
ated by the clinician who is providing care to this group 
of patients. Furthermore, as with any rare disorder, 
optimal treatment for pediatric thyroid carcinoma is 
best accomplished at a center with familiarity and 
multi-specialty expertise in treating this disease.

Pediatric thyroid malignancies arise typically from 
one of two normal thyroid cell populations, either the 
thyroid follicular epithelium or the parafollicular C 
cell, which has a distinct embryologic origin. Differen-
tiated thyroid carcinoma (DTC) – including papillary 
thyroid carcinoma (PTC), follicular thyroid carcinoma 
(FTC), and their variants – arises from the former, 
whereas medullary thyroid carcinoma (MTC) arises 
from the latter. Appreciating this major histologic dis-
tinction is fundamental to understanding the differ-

thyroid cancer
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ences in the biologic behavior and treatment applicable 
to these very different thyroid cancers. Although 
poorly differentiated and frankly anaplastic thyroid 
carcinomas can occur in the adolescent and young 
adult population, they are exceedingly rare. Therefore, 
the current chapter will focus only on DTC and MTC.

16.2 epidemiology

The incidence of thyroid cancer peaks between 40 and 
70 years of age, with an earlier peak in females than 
males (Fig. 16.1) [1]. At all ages it is more common in 
females, with the female:male ratio highest in older 
adolescents and young adults (Fig. 16.2). At all ages, 
thyroid cancer in the United States is most common 
among non-Hispanic whites and Asian/Pacific Island-
ers, and least common blacks/African-Americans 
(Fig. 16.3)

16.3 differentiated thyroid carcinoma

16.3.1 epidemiology

In childhood, thyroid carcinoma is more a disease of 
teenagers, with the approximate median age of diagno-
sis being 15 years [4]. The incidence of DTC varies from 
0.5–1.5 cases/million/year in children less than 15 years 
of age to 14.6, 36.1, and 53.2 cases per million per year 
in the 15–19, 20–24, and 25–29 year age groups, respec-
tively [2, 5]. DTC is more common in females, and the 
female:male incidence is greater than 5:1 in adolescents 
and young adults [1, 2]. This sex difference is not pro-
nounced in children younger than 10 years. Although a 
definite increase in thyroid cancer cases has been iden-
tified in females age 20–40 years between the years 1975 
and 2000, the same has not been found in males or in 
females less than age 20 years [2].

DTC is among the most curable of malignancies, 
particularly if identified early and treated appropriately. 
The overall prognosis of pediatric DTC is favorable 
even for patients with disseminated disease at diagno-
sis [6, 7]. However, some of these individuals may suc-
cumb to their disease or die from treatment-related 
complications decades after diagnosis, which under-

scores the importance of life-long follow up in these 
cases [6]. Children diagnosed prior to age 10 years may 
have a higher chance of dying from their disease, albeit 
still many years to decades after diagnosis [5, 78].

Although several prognostic scoring systems have 
been described for thyroid carcinoma, a thorough dis-
cussion of these is beyond the scope of the current 
chapter. The pathological tumor-node-metastasis 
(TNM) classification is used as the international refer-
ence staging system and may be superior, given that it 
takes into account the prognostic effects of lymph 
node metastases at presentation [9]. By definition, 
however, the highest TNM stage that anyone less than 
age 45 years can achieve is stage II, even with distant 
metastases. Therefore, utilizing the TNM staging sys-
tem as an indicator of prognosis or how aggressive 
treatment should be is not very useful in managing 
children and young adults with DTC.

16.3.2 etiology/Pathology

DTC is the most commonly encountered thyroid can-
cer in childhood, with PTC representing about 80% 
and FTC being roughly 20% of malignancies that arise 
from the follicular epithelium [5, 10, 11]. The diagno-
sis of PTC and FTC is based upon unique histopatho-
logical features, and there are subtypes of each, includ-

Incidence.of.thyroid.cancer.among.males.(blue).
and.females.(pink).as.a.function.of.age.at.diagnosis .
United.States.SEER.1975–2000.[1]

Figure 16.1
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ing follicular cell, tall cell, diffuse sclerosing, columnar 
cell, and encapsulated variants in PTC. Variants of 
FTC include Hürthle-cell (oncocytic), clear cell, and 
insular carcinoma. Certain tumor subtypes, such as 
the follicular and diffuse sclerosing variants of PTC, 
are more common in children and young adults as 
compared to older individuals [12]. Furthermore, as 
compared to the classical type found in older individu-
als, childhood PTC, particularly in patients less than 
10 years of age: (1) may be unencapsulated and widely 
invasive throughout the gland and (2) may have a fol-
licular and solid architecture with unique nuclear fea-
tures and abundant psammoma bodies [5, 7].

Despite the fact that PTC and FTC are both derived 
from the follicular epithelium and are treated in a sim-
ilar fashion, there are some key differences in clinical 
behavior, specifically the risk and pattern of metasta-
ses. PTC is more likely to metastasize through lym-
phatic channels to regional neck lymph nodes. Hema-
togenous metastases, primarily to the lung, occur less 
frequently and typically only when locally metastatic 
disease is also present. FTC, on the other hand, is more 
prone to hematogenous metastases (affecting predom-
inantly the lungs and bones); they metastasize less 
often to regional lymph nodes. Furthermore, PTC is 
more likely to be multifocal and bilateral [13]; FTC, in 
contrast, is usually a unifocal tumor.

The major established environmental risk factor for 
the development of benign and malignant thyroid 
neoplasms, particularly PTC, is radiation exposure to 
the head and neck [14, 15]. Children, particularly 
those less than age 5 years, are much more sensitive to 
the tumorigenic effects of irradiation [4, 15]; this may 
in part be due to the higher rate of thyroid cell replica-
tion in children as compared to adults [12, 16, 17]. 
Since children are no longer treated with radiation for 
benign conditions, such as thymic enlargement, ton-
sillar hypertrophy, or acne, there are now fewer thy-
roid cancer patients with this well-established risk fac-
tor; however, the use of external-beam radiotherapy to 
treat malignancies (especially Hodgkin disease) 
remains a significant risk for the development of thy-
roid carcinoma, even many years after therapy is com-
plete [18]. Although there are some conflicting data, it 
appears that cases of radiation-induced thyroid carci-
noma are not significantly different in clinical behav-
ior as compared to sporadic non-radiation-induced 
tumors [18, 19].

Internal ionizing radiation, such as that which 
occurred with the large environmental exposure to 
radioactive iodine from the Chernobyl nuclear acci-
dent, is another well-documented risk for the develop-
ment of PTC, particularly in children less than 10 years 
of age at the time of exposure [20, 21]. Recent evidence 

Incidence.of.thyroid.cancer.in.the.United.States.
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suggests that the thyroid gland in younger children is 
better equipped to transport iodine as compared to 
older children [17]. Assuming that the mean radiation 
exposure per gram of thyroid tissue is inversely related 
to the age of the individual at exposure, it would make 
sense why the youngest children are most at risk for 
developing PTC after accidents such as Chernobyl. 
Fortunately, the doses of radioactive iodine used in 
diagnostic studies and the treatment of hyperthyroid-
ism appear to be below the threshold needed for 
tumorigenesis [14].

Researchers are beginning to unravel the molecular 
and genetic basis of the differentiated thyroid carcino-
mas. One of the major early somatic events that is 
associated with the development of papillary thyroid 
carcinoma is a chromosomal rearrangement linking 
the promoter region of an unrelated gene(s) (named 
PTC) to the carboxyl terminus of the RET (rearranged 
during transfection) proto-oncogene [12, 16, 21]. This 
occurs either because of a simple inversion of a seg-
ment of chromosome 10 (where RET resides) or a 
translocation of RET to a different chromosome. The 
RET/PTC rearrangement produces a chimeric onco-
gene, resulting in a constitutively activated form of the 
RET receptor tyrosine kinase (i.e., activation in the 
absence of ligand), thereby promoting tumorigenesis. 
Although it is believed that RET/PTC rearrangements 
may be critical for the development of pediatric and 
radiation-induced PTC [22–28], some recent reports 
have challenged these conclusions [29].

Other important genes and gene products impli-
cated in thyroid tumorigenesis and biological behavior 
include RAS and B-RAF (important for intracellular 
signaling pathways; B-RAF is implicated in PTC only), 
rearrangement of the TRK proto-oncogene (akin to 
RET, but found in only a minority of PTCs), MET 
overexpression (mostly in PTCs), the p53 tumor sup-
pressor gene (specifically involved in anaplastic thy-
roid cancer), and Pax8-PPARγ1 translocations (follic-
ular adenomas and follicular thyroid carcinomas only) 
[12, 16, 30, 31].

Approximately 3–5% of patients with PTC have a 
family history of the disease [12, 32]. Having a positive 
family history may portend a worse prognosis, given 
that these cases appear to have more aggressive disease 
and shorter disease-free intervals after initial treat-

ment [32, 33]. As of yet, the genetic basis for domi-
nantly inherited non-MTC has not been elucidated. 
Other familial tumor syndromes in which there is an 
increased risk of DTC include familial adenomatous 
polyposis (Gardner syndrome), Cowden disease, and 
the Carney complex [12].

16.3.3 diagnosis and clinical Presentation

In childhood, DTC usually presents as an asymptom-
atic neck mass [34, 35]. Occasionally, the diagnosis 
may be made incidentally after the discovery of pul-
monary nodules on a chest radiograph. In any indi-
vidual younger than 20 years of age presenting with a 
solitary thyroid nodule, there is a higher likelihood of 
malignancy [10, 36]. The overall prevalence of thyroid 
carcinoma is about 20–25% of thyroid nodules in chil-
dren, compared to 5% in adults [10, 12, 37, 38]. Symp-
tomatic thyroid cancers (i.e., those associated with 
hoarseness, dysphagia, or cough, thus suggesting more 
locally advanced disease) are rare in young individu-
als. Uncommonly, thyroid carcinoma arises ectopically 
in a thyroglossal duct remnant or cyst. Arguably, this 
would be an unusual presentation of childhood thy-
roid carcinoma, but it must be kept in mind for patients 
presenting with a midline mass in the region of the 
hyoid. Finally, although most patients are euthyroid at 
the time of diagnosis, rare cases of differentiated fol-
licular thyroid carcinomas can present as a function-
ing nodule associated with a suppressed thyroid stim-
ulating hormone (TSH) or frank thyrotoxicosis.

In children and young adults, it is not unusual for 
thyroid carcinoma to present only with cervical lymph-
adenopathy, and locally metastatic disease is indeed 
present at diagnosis in the majority of pediatric PTC 
cases [67, 35, 39, 40]. In addition, children more often 
have disseminated disease at diagnosis, with lung 
metastases identified in up to 20% of cases [7, 39–41]. 
Metastases to other sites, such as bone and brain, are 
rare.

In a patient presenting with a painless thyroid nod-
ule, the first procedure should be a high-quality neck 
ultrasound (US; together with fine-needle aspiration, 
FNA), which assists greatly with surgical planning 
[42]. US is useful in determining the size and appear-
ance of the lesion, assessing for other nodules, ensur-
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ing the accuracy of FNA, and looking for evidence of 
metastatic lymphadenopathy. For these reasons, US 
should be considered even when the diagnosis of thy-
roid carcinoma is already known. However, it should 
not be understated that the utility of ultrasound is 
greatly dependent upon the expertise of the ultra-
sonographer, particularly when it comes to identify-
ing metastatic lymphadenopathy. Baseline thyroid 
function tests should also be obtained at presentation. 
Nuclear imaging studies using radioactive iodine or 
technetium pertechnetate are not very useful in the 
initial evaluation of these patients, except in those 
with a low TSH, because even benign thyroid nodules 
will be “cold” on nuclear imaging. In DTC, tumor 
cells typically retain the ability to produce the thyroid-
specific glycoprotein, thyroglobulin (TG). Measuring 
TG is not routinely recommended in the initial evalu-
ation of a thyroid neoplasm, because elevated TG 
 levels are identified in a variety of benign thyroid 
 processes, thereby lowering the specificity of this 
 diagnostic test. Once a diagnosis of thyroid carcinoma 
is established, however, a baseline TG may be useful 
for follow up. A chest x-ray or chest computed tomog-
raphy without contrast to assess for pulmonary metas-
tases should also be considered at diagnosis, noting 
that many individuals with lung metastases may not 
have abnormalities visualized on plain radiographs 
[40].

There remains some controversy about the defini-
tive management of thyroid nodules in children. For 
example, biopsy (often using US guidance) is the rec-
ommended initial procedure in adults and can easily 
be accomplished in mature adolescents and young 
adults [38, 43–46]. Although FNA can also be easily 
performed in younger children, conscious sedation 
may be required. On the other hand, many experts feel 
that the initial diagnostic step should be surgery (i.e., 
lobectomy and isthmusectomy), given the higher like-
lihood that a thyroid nodule in a child, particularly 
when accompanied by palpable lymphadenopathy, is a 
carcinoma. Although this is a reasonable approach, it 
is our feeling that a preoperative FNA (and subsequent 
pathologic diagnosis) allows for better operative plan-
ning and minimizes the need for a second surgery, 
particularly in children who present with a single thy-
roid nodule only.

16.3.4 Management

The initial care of children and young adults with DTC 
is fairly algorithmic in nature, and consensus guide-
lines exist that can help the practitioner manage these 
patients [46]. However, it cannot be emphasized 
enough that established recommendations always 
need to be individualized for each patient. Therefore, 
they provide only a framework in which to practice. 
Finally, it is imperative to note that no prospective 
clinical trials have been undertaken in children to 
determine the optimal therapeutic approach.

Assuming that a diagnosis of PTC is made preoper-
atively, the initial procedure of choice is a total thyroid-
ectomy with care to preserve the parathyroid glands 
and the laryngeal nerves [47, 48]. Total thyroidectomy, 
compared to lesser procedures, is associated with a 
higher incidence of surgical complications, particularly 
hypoparathyroidism. It cannot be emphasized enough 
that the thyroidectomy be done by a surgeon who has 
great experience performing the procedure. Lobec-
tomy and isthmusectomy may suffice in the older teen-
ager and young adult with a small unifocal PTC, but a 
total thyroidectomy (to facilitate 131I therapy) is usu-
ally recommended for children less than 15 years of age 
because of the greater risk of disease recurrence and 
the higher likelihood of metastatic disease in this age 
group [4, 34, 40, 41, 46, 49]. Typically, a selective dis-
section of visibly enlarged or palpable lymph nodes is 
performed at the initial surgery. However, a complete 
neck dissection is indicated in patients with extensive 
involvement of the cervical nodes. In children with 
known distant metastases to the lungs, a total thyroid-
ectomy and neck dissection is still required to facilitate 
subsequent radioactive iodine (RAI) therapy.

A diagnosis of FTC is typically made only after patho-
logic review of a resected thyroid nodule, since the char-
acteristics of FTC (capsular and/or vascular invasion) 
cannot be seen on an FNA specimen, which is usually 
read as a “follicular neoplasm” or “follicular lesion.” 
Although the prognosis of FTC may not be as depen-
dent on the extent of the initial surgery (unlike PTC), a 
total thyroidectomy facilitates the use of 131I therapy to 
ablate the normal thyroid remnant, which permits an 
increased sensitivity to detect disease recurrence, thus 
improving the outcome for patients with FTC [50].
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Following total or completion thyroidectomy (if the 
initial surgery entailed only a lobectomy), the patient 
is rendered hypothyroid with plans to administer RAI 
therapy 4–6 weeks later. This treatment is based upon 
studies in adults that demonstrate a lower recurrence 
rate and subsequent lower cancer-related mortality 
rate in patients treated with 131I [51]. Although RAI 
therapy in low-risk patients is controversial, it is gen-
erally recommended that all patients less than 15 years 
who have been treated surgically for PTC or FTC 
receive additional therapy with 131I, both to ablate the 
normal thyroid gland remnant (hence making long-
term follow up easier) and to treat any remaining thy-
roid cancer or metastases [52].

Although short-term triiodothyronine therapy 
(Cytomel 1–2 µg/kg/day divided twice daily to three 
times daily) is used frequently in adolescents and young 
adults, younger children are often quite tolerant of 
hypothyroidism. Therefore, it is also reasonable to give 
no thyroid hormone therapy and have them return 
about 4 weeks after surgery, when the TSH should be 
well above the desired range of 25–30 μU/ml. A low-
iodine diet is also followed for 2 weeks prior to scanning 
with 131I to facilitate RAI uptake by any remaining thy-
roid tissues. A discussion of the necessity and type (123I 
vs 131I) of a pretherapy thyroid scan (i.e., a diagnostic 
scan) is beyond the scope of the current chapter, 
although most centers routinely obtain this to help 
determine the appropriate treatment dose of 131I. There 
are no standard recommendations for the dose of 131I to 
be administered to children, and most experts deter-
mine the dose based on a weight (or body surface area) 
adjustment of the typical adult dose used in that situa-
tion [48]. Alternatively, dosimetry studies can be used 
in select cases to estimate the appropriate dose of RAI. 
Finally, in any female patient, pregnancy should be ruled 
out prior to the administration of any radioiodine.

After the initial therapies of surgery and RAI abla-
tion, the long-term management of DTC includes 
replacing thyroid hormone with a brand-name levo-
thyroxine product, appreciating that thyroid hormone 
requirements are higher in childhood and understand-
ing that thyroid function tests often have to be moni-
tored regularly (every 3–6 months) to keep pace with a 
growing child. Mildly supra-physiologic dosing is 
administered so that the TSH is kept below the lower 

limits of normal to prevent TSH-stimulated thyroid 
carcinoma growth. Thyroglobulin serves as an excel-
lent tumor marker, and it is expected that TG levels 
will become undetectable after successful therapy. If 
TG does not become undetectable with TSH-suppres-
sive therapy, the possibility of residual disease must be 
entertained and appropriate diagnostic studies should 
be ordered. TG samples should also be screened rou-
tinely for the presence of TG autoantibodies, which 
occurs in up to 25% of thyroid cancer patients. In any 
individual with positive antibodies, the TG cannot be 
interpreted due to assay interference and a likely false-
negative result. In these cases, the antibody titer can be 
followed, since many patients cured of their disease 
will ultimately reach levels of zero, albeit several years 
after diagnosis [53].

Unlike other childhood cancers, DTC in children 
and young adults is not treated routinely with chemo-
therapy or external-beam radiation therapy. Chemo-
therapy has not been shown to be effective in thyroid 
cancer, although it may be tried as a last resort in 
patients who have rapidly progressive disease, despite 
maximized surgical and RAI therapies. External-beam 
radiation therapy is not offered routinely to patients 
who are younger than 45 years of age, although the 
rare case of a pathologically unfavorable thyroid carci-
noma with known residual neck disease may warrant 
such an aggressive approach.

Children and young adults with DTC require life-
long surveillance, both to identify delayed recurrences 
and to assess for any late treatment effects. This is 
accomplished through TG measurements and appro-
priate radiologic studies, such as intermittent neck US 
and RAI scans as indicated. If a patient is identified to 
have a local recurrence, surgery is the treatment of 
choice. If the recurrence is not amenable to surgical 
therapy or if distant metastases are identified, assess-
ment and treatment with RAI is appropriate, assuming 
that the disease readily concentrates the isotope on 
diagnostic imaging.

16.3.5 late effects

One of the unique aspects of DTC is the use of RAI in 
the evaluation and treatment of patients with this dis-
ease. Therapy with 131I is generally well tolerated and 
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safe. Early and usually transient side effects of 131I may 
include nausea, vomiting, sialoadenitis, xerostomia, 
loss of taste, thyroiditis (if a sizable thyroid remnant 
remains after surgery), and, rarely, bone marrow sup-
pression (leukopenia and thrombocytopenia) [54]. 
Some of these early side effects may be minimized by 
having the patient drink lots of water after therapy and 
suck on tart candies, such as lemon drops, to promote 
salivary flow. The long-term consequences of 131I ther-
apy in children remain an area of concern, particularly 
in individuals who receive high cumulative doses in 
early childhood. Much remains to be learned about 
possible late effects, which can include infertility (par-
ticularly in men), permanent damage to the salivary 
glands resulting in chronic xerostomia or salivary duct 
stones, excessive dental caries, reduced taste, pulmo-
nary fibrosis (in those with diffuse pulmonary metas-
tases), and the possibility of the development of other 
cancers (stomach, bladder, colon, salivary gland, 
breast, and leukemia) after very high cumulative doses 
of 131I [54]. Therefore, caution should be exercised 
when giving multiple repeat doses of 131I to children 
and young adults, particularly in those patients whose 
disease is more indolent and does not require such 
aggressive therapy.

16.4 Medullary thyroid carcinoma

16.4.1 epidemiology

In children and young adults, MTC is an uncommon dis-
ease with an incidence of less than 1 case/million/year 
[2]. It accounts for approximately 7–10% of all thyroid 
malignancies. As compared to DTC, there is no clear gen-
der predilection, as would be expected for a malignancy 
that is largely a dominantly inherited disease when diag-
nosed at a young age (see below). Five-year survival rates 
for MTC are between 90 and 95% in the pediatric and 
young adult population [2]. In patients not diagnosed 
early, incurable yet indolent disease is often the norm.

16.4.2 etiology/Pathology

Even though MTC is a unique endocrine neoplasm 
with several distinguishing features, it was not recog-

nized as a distinct clinical entity until 1959 [55]. Dur-
ing embryogenesis, progenitor C cells stream from the 
neural crest and populate several endocrine organs, 
including the pituitary, the thyroid, the pancreatic islet 
cells, the adrenal medulla, and the enterochromaffin 
system of the gut. In mammals, the neural-crest-
derived C cells become entrapped in the upper portion 
of the lateral thyroid complex as it develops during 
embryogenesis. The greatest concentration of these 
parafollicular C cells is at the intersection between the 
upper one-third and lower two-thirds of the thyroid 
cephalad–caudal central axis. It is these cells that give 
rise to MTC. Therefore, although MTC is recognized 
as a thyroid tumor, it is more properly characterized as 
a malignancy of neural crest origin.

Sporadic MTC rarely occurs in children and young 
adults. Therefore, it is more appropriately character-
ized as a genetic disease when it affects this age group. 
Almost all children with MTC are afflicted with one of 
three hereditary cancer syndromes: multiple endo-
crine neoplasia type 2a (MEN2A) or type 2b (MEN2B), 
and familial MTC (FMTC). In addition to MTC, 50% 
of patients with MEN2A and MEN2B develop pheo-
chromocytomas, and up to 20% of MEN2A patients 
develop hyperparathyroidism [56]. Patients with 
MEN2A may also develop a pruritic cutaneous lesion 
on the upper back, termed “cutaneous lichen amyloi-
dosis” [57], and some kindreds can have associated 
Hirschsprung’s disease [58]. All patients with MEN2B 
develop a generalized ganglioneuromatosis, mani-
fested most obviously by the presence of oral mucosal 
neuromas, and a characteristic facial appearance and 
Marfanoid body habitus. Patients with FMTC only 
develop MTC.

MTC occurs in virtually all patients with these 
familial endocrinopathies, and it is the most common 
cause of death in affected individuals. The develop-
ment of MTC in this setting is particularly relevant in 
children because, with current methods of diagnosis 
and treatment, MTC is one of the few malignancies 
that can be prevented or cured before it becomes clini-
cally relevant.

Over 10 years ago, it was found that characteristic 
mis-sense mutations in the RET proto-oncogene 
caused MEN2A, MEN2B, and FMTC [59–61]. RET 
encodes for a tyrosine kinase receptor that is important 
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for the differentiation of neural-crest-derived tissues. 
These point mutations cause activation of intracellular 
signaling pathways in the absence of ligand. In patients 
with MEN2A, mutations are located mostly in the 
extracellular cysteine-rich domain of the RET proto-
oncogene, usually in exon 10 (codons 609, 611, 618, or 
620) or exon 11 (codon 634). In almost all cases, there 
is a family history of MEN2A-associated neoplasms. In 
patients with MEN2B, which occurs as a de novo muta-
tion in over half the cases, the mutation is almost exclu-
sively in exon 16 (a change from methionine to threo-
nine at codon 918), located in the intracellular tyrosine 
kinase domain of the gene. In patients with FMTC, the 
RET mutations are found in codons similar to MEN2A, 
or less often, in exon 13 (codons 768, 790, and 791), 
exon 14 (codon 804), or exon 15 (codon 891). There is 
a correlation between genotype and phenotype in that 
patients with MTC, pheochromocytomas, and hyper-
parathyroidism almost always have mutations in codon 
634, whereas patients with MTC and pheochromocy-
tomas, but not hyperparathyroidism, most often have 
mutations in codons 618, 620, or 634.

The exact etiology of sporadic MTC is unknown. 
However, after the discovery that familial forms of 
MTC are associated with germ-line mutations in the 
RET proto-oncogene, it was discovered that somatic 
mutations in RET, namely in codon 918, can be identi-
fied in over 40% of sporadic cases of MTC [62]. Due to 
the rarity of sporadic MTC in the population less than 
20 years of age, no comparative analysis can be made 
between the tumor in young and old patients.

On gross examination, MTC is whitish tan and 
located in the upper pole(s) of the thyroid lobe. Larger 
tumors often become calcified. In patients with spo-
radic tumors, only one thyroid lobe is involved. In 
patients with heritable disease, the MTC is virtually 
always bilateral, multicentric and located at the junc-
tion of the upper one-third and lower two-thirds of the 
thyroid lobes. Therefore, the finding of a multifocal 
MTC in any patient should raise concern for an under-
lying RET mutation. On microscopic examination the 
tumor cells have a spindle-shape appearance, and with 
special staining, one sees material with histological 
properties of amyloid. Also, in patients with the famil-
ial forms of MTC, clusters of C cells (C-cell hyperpla-
sia) are also routinely identified pathologically. This 

C-cell hyperplasia is believed to be one of the initial 
stages in the development and progression of MTC 
[63].

The biological aggressiveness of MTC depends on 
the hereditary setting in which it develops. In patients 
with MEN2B, the MTC progresses rapidly and thy-
roidectomy, regardless of the age at which it is per-
formed, is rarely curative. In patients with FMTC, 
however, the MTC progresses slowly, and it is uncom-
mon for patients to die from this malignancy. In 
patients with MEN2A, the MTC is somewhat capri-
cious; it usually follows an indolent course, but in some 
patients, it may progress rapidly. The reasons for this 
variable biological behavior of MTC in these various 
clinical entities are unknown. It is also difficult to 
assess the behavior of MTC in sporadic compared to 
familial cases. It is known that the MTC has a biolo-
gical behavior that is more aggressive than PTC or 
FTC but less aggressive than anaplastic or poorly dif-
ferentiated thyroid carcinomas.

16.4.3 diagnosis and clinical Presentation

The MTC cells have great biosynthetic activity and 
secrete calcitonin (CTN) and carcinoembryonic anti-
gen (CEA), both of which are excellent tumor markers 
for the disease. CTN, in particular, provides a high 
degree of diagnostic sensitivity, specifically in the long-
term follow up of MTC. Occasionally, MTC can lose 
its ability to produce CTN, which is usually indicative 
of a more aggressive tumor and hence a poorer prog-
nosis. Intravenous calcium and pentagastrin are potent 
CTN secretagogues that stimulate production of the 
hormone within minutes of injection. Measurement of 
basal and stimulated plasma CTN levels is especially 
useful in the evaluation of patients following thyroid-
ectomy. Elevated levels post-operatively indicate the 
presence of metastatic MTC, even though it may not 
be evident clinically. Furthermore, a pre-operative 
diagnosis can also be made by measuring basal or 
stimulated levels of plasma CTN. Considering the rar-
ity of MTC and the possibility of false-positive results, 
preoperative measurement of CTN in children pre-
senting with nodular thyroid disease is not performed 
routinely . However, in kindred members of MEN2A, 
MEN2B, or FMTC families who present with a thyroid 
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nodule, the diagnosis of MTC must be excluded, and 
measuring plasma CTN levels in this setting may be 
useful.

Similar to DTC, MTC usually presents as a firm, 
painless neck mass without associated abnormalities. 
However, in those who have very high plasma CTN 
levels, diarrhea and/or flushing may be present. The 
tumor has spread usually beyond the thyroid gland by 
the time it becomes clinically apparent. Therefore, 
most patients presenting with a palpable MTC already 
have metastases to regional cervical nodes at diagnosis 
[58]. The overall approach to the evaluation of a child 
suspected to have MTC is similar to the assessment of 
PTC and FTC, including the use of US and FNA. One 
major difference, however, rests in our ability to diag-
nosis MTC (in the context of a positive family history 
and a known RET mutation) in advance of clinical dis-
ease (i.e., a palpable thyroid nodule). As genetic testing 
becomes more widely utilized in families with MEN2A 
and FMTC, more children and young adults are pre-
senting with C-cell hyperplasia or microscopic MTC 
that is detected early only because genetic testing was 
undertaken.

16.4.4 Management

The identification of RET proto-oncogene mutations 
as the cause for hereditary MTC has provided the 
opportunity for direct DNA analysis in clinically nor-
mal individuals at risk for having inherited a mutated 
allele, thus permitting identification at a young age of 
those destined to develop MTC. This technology has 
revolutionized the surgical management in this group 
of patients, since these children can now have prophy-
lactic thyroidectomy before they develop a thyroid 
malignancy [64].

Any child or young adult diagnosed with MTC 
should have a total thyroidectomy with resection of 
lymph nodes in the central zone of the neck (an ana-
tomical region bounded above and below by the hyoid 
bone and the sternal notch, and laterally by the carotid 
arteries). If nodal metastases are evident grossly, the 
lymph node dissection should be extended to the lat-
eral neck(s). Children from kindreds with MEN2A, 
MEN2B, or FMTC found by direct DNA screening to 
have inherited a mutated RET allele should also have a 

total thyroidectomy. Resection of lymph nodes in the 
central zone of the neck is required in MEN2B patients, 
but can be performed selectively in MEN2A and 
FMTC patients, specifically those undergoing prophy-
lactic thyroidectomy, as long as the pre-operative eval-
uation is favorable.

The timing of prophylactic thyroidectomy remains 
an area of debate, and recommendations are based 
upon the earliest ages at which children with a particu-
lar mutation present with clinically relevant disease. 
Currently, RET proto-oncogene mutations are strati-
fied into one of three levels [56]. It is the usual practice 
in MEN2A kindreds (level 2) to perform total thyroid-
ectomy by 5 years of age, whereas in MEN2B patients 
(level 3), surgery is recommended within the first 6–
12 months of life. Children with level 1 mutations 
(codons 609, 768, 790, 791, 804, and 891) have the low-
est risk for the development of aggressive MTC, and 
the timing of thyroidectomy in these cases remains 
controversial [56].

In patients with MTC and/or MEN2, it is critically 
important that the presence of a pheochromocytoma 
be excluded prior to thyroidectomy, since severe com-
plications and even death due to excessive catechol-
amine release may occur during anesthetic induction 
or during the operative procedure. The most useful 
way to screen for this is via plasma metanephrines, 
particularly in young children in whom timed urine 
collections may be difficult. If identified, the pheo-
chromocytoma(s) should be resected, usually laparo-
scopically, prior to thyroidectomy. As with any case of 
pheochromocytoma, surgery should proceed only 
after appropriate alpha (and beta) blockade.

In patients with sporadic or heritable MTC and no 
evidence of hyperparathyroidism, every effort should 
be made to preserve parathyroid gland function at the 
time of thyroidectomy. If there is any question about 
parathyroid gland viability during the procedure, para-
thyroid tissue is typically grafted into a sternocleido-
mastoid muscle. If this procedure is performed care-
fully, it virtually assures that the patient will have 
normal parathyroid function in the post-operative 
period. In patients with MEN2A and hyperparathy-
roidism, a total parathyroidectomy with autotransplan-
tation of parathyroid gland tissue to the non-dominant 
forearm is the procedure of choice. Some surgeons pre-
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fer to perform a radical subtotal 3½-gland parathyroid-
ectomy in these cases. However, in combination with a 
total thyroidectomy, this procedure is associated with a 
greater risk of permanent post-operative hypoparathy-
roidism. If there is no evidence of hyperparathyroidism 
and the patient has a RET codon 634 mutation, which 
is commonly associated with hyperparathyroidism, 
parathyroid tissue is grafted to the non-dominant fore-
arm. It is critically important that parathyroid function 
be preserved in all of these patients, especially in young 
children, since permanent hypoparathyroidism can be 
a difficult problem to manage.

Children who have thyroidectomy performed prior 
to the time that the disease is evident clinically have an 
excellent chance of being cured. Patients are cured 
infrequently if the disease progresses beyond the thy-
roid gland. In these cases, patients may have micro-
scopic disease (detectable only via tumor markers) and 
be asymptomatic for years. However, the tumors tend 
to grow progressively and can metastasize to mediasti-
nal lymph nodes, lung, liver, and/or bone. Metastases 
are often vascular, and hepatic metastases may be con-
fused with hemangiomas on imaging studies. The 
management of patients with metastatic disease pres-
ents a major challenge because the tumors are not sen-
sitive to standard chemotherapeutic regimens, which 
usually incorporate the agent dacarbazine (DTIC), nor 
are they very sensitive to conventional doses of exter-
nal-beam radiotherapy. Unlike DTC, the use of RAI in 
MTC is not beneficial or indicated.

The long-term follow up of children and young 
adults diagnosed with MTC involves monitoring CTN 
and CEA levels, obtaining US and other imaging stud-
ies as indicated by tumor markers, and screening rou-
tinely for the other endocrine manifestations of 
MEN2A and MEN2B, noting that these typically have 
their onset in adulthood. The life-long management of 
heritable MTC also includes appropriate genetic coun-
seling, and it is ideal to involve a genetic counselor at 
the outset to assist these children and their families in 
understanding this dominantly inherited disease.

16.4.5 late effects

If the initial surgical procedure is successful, patients 
are cured of MTC and have normal serum calcium lev-

els and phonation. If the recurrent laryngeal nerves or 
the external branches of the superior laryngeal nerve 
are damaged, patients may be hoarse following surgery 
and require reconstruction procedures of the vocal 
cords. Patients who develop permanent hypoparathy-
roidism will require life-long vitamin D and oral cal-
cium preparations to maintain eucalcemia.

16.5 conclusions

Thyroid carcinoma in childhood is a rare clinical entity 
that can usually be treated successfully, particularly if 
the disease is diagnosed at an early stage. The adoles-
cent or young adult diagnosed with a thyroid malig-
nancy becomes part of a larger group of individuals 
dealing with an uncommon and sometimes chronic 
disease that requires life-long follow up, even if it is 
just to adjust thyroid hormone replacement. The future 
is often uncertain for young patients, specifically for 
those with metastatic disease, given the paucity of pro-
spective clinical studies.
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17.1 introduction

Malignant melanoma is one of the most common can-
cers in young adults and its incidence has increased 
dramatically over the past decade in fair-skinned indi-
viduals. Despite its relatively good prognosis, the in-
creased health-care burden and the fact that it is large-
ly preventable render melanoma one of the most 
important malignances in the age group. As with most 
cancers that are considered preventable, the most ef-
fective preventive strategies are those that are applied 
early in life. As such, melanoma has a special role in 
pediatric and young adult oncology. This chapter will 
examine the epidemiology, etiologies, risk factors, 
clinical presentations, diagnostic and staging evalua-
tion, treatment, and late effects of the disease and its 
therapies, with special emphasis on incidence trends 
and early detection.

17.2 epidemiology

17.2.1 incidence trends

The incidence of melanoma has increased steadily in 
the United States (Figs. 17.1 and 17.2) and in many 
other countries with a predominantly white popula-
tion. For the period 1975–2000, the incidence rate 

among 15- to 29-year-olds increased at a statistically 
significant average annual rate of 1.3% for females 
(Fig. 17.1), or more than triple in the last quarter cen-
tury [1]. The increase in young men was slower, but for 
men and women over the same interval, 20- to 25-
year-olds had a peak increase of >1.2% per year 
(Fig. 17.2), also a tripling. The current rates for whites 
are 18.3 per 100,000 for males, and 13 per 100,000 for 
females [2]. In New Zealand and Australia, the two 
countries with the highest incidence of melanoma in 
the world, the age-standardized rates for melanoma 
are 562 and 289 per year per million, respectively [1]. 
The age-standardized incidence of melanoma in Scot-
land for men and women rose from 35 and 70 per year 
per million, respectively, in 1979, to 106 and 131 per 
year per million, respectively, in 1998. This translates 
to an increase of 303% for men and 187% for women 
over a 19-year period [4].

In the United States, melanoma has become the 
fifth most common cancer among men, and the sixth 
most common cancer in women, accounting for 3.5% 
of all malignancies [5]. Furthermore, melanoma is the 
ninth most commonly diagnosed cancer among 15- to 
19-year-olds, the fourth most common among 20- to 
24-year-olds, and the most common cancer in females 
aged 25–29 years.

Melanoma preferentially affects white individuals 
in the third and fourth decade of life, and its incidence 

Average.annual.percent.change.(AAPC).in.incidence.
of.malignant.melanoma.by.gender,.United.States.
SEER.1975–2000.[1]

Figure 17.1

Average.annual.percent.change.(AAPC).in.incidence.
melanoma,.1975–2000,.by.5-year.age.intervals.from.
15.to.44,.United.States.SEER.1975–2000.[1]

Figure 17.2
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is linked closely to geographical location (higher rates 
are seen in countries whose latitudes are closer to the 
equator), pigmentary traits, and sun exposure pat-
terns. The incidence rates for melanoma appear to be 
stabilizing or even decreasing in many countries, 
including the United States. This trend is most notice-
able among the birth cohort of males and females born 
in the United States between 1945 and 1950 (Fig. 17.1) 
[5]. Despite this trend, the Surveillance Epidemiology, 
and End Results (SEER) section of the National Can-
cer Institute (NCI) estimates that in the United States 

there were 54,200 cases of melanoma and 7,600 deaths 
from melanoma in 2003, and it is likely that an 
increased trend will continue for several years. Based 
on these findings, melanoma must continue to be 
viewed as a threat to public health.

Melanoma is rare during the first two decades of 
life, particularly among pre-pubertal patients. As 
described in Fig. 17.3 and Table 17.1, the incidence of 
melanoma increases rapidly with age, with a nearly 
100-fold incidence difference between children 
younger than 5 years of age and young adults aged 

table 17.1 Incidence,.incidence.trends.and.number.of.cases.of.malignant.melanoma.in.the.United.States.by.age.up.to.
30.years.(Surveillance,.Epidemiology,.and.End.Results,.SEER) .na.Not.available

age at diagnosis (years) <5 5–9 10–14 15–19 20–24 25–29

United.States.population,.year.
2000.census 19,175,798 20,549,505 20,528,072 20,219,890 18,964,001 19,381,336

Average.incidence,.1975–2000,.
per.million 0 7 0 9 2 8 14 0 38 9 69 4

Average.annual.increase,.1975–
2000,.SEER na na na 0 87 1 23 0 58

Estimated.incidence,.year.2000,.
per.million na na 4 0 15 5 44 4 73 8

Number.of.persons.diagnosed.
with.malignant.melanoma,.year.
2000,.United.States

13 19 81 314 841 1,431

Incidence.of.malignant.melanoma,.United.States.
SEER.1975–2000.[1]

Figure 17.3
Incidence.of.malignant.melanoma.ba.race/ethnicity,.
1975–2000,.United.States.SEER.1975–2000.[1]

Figure 17.4
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25–29 years. When the incidence of melanoma relative 
to the incidence of all cancers is compared by age, mel-
anoma accounts for less than 1% of malignancies in 
patients under the age of 10 years, while it accounts for 
7.1% of cancers in the 15–19 year age group and for 
more than 12% of cancers in those 20–29 years of age. 
Approximately 427 new cases of melanoma were pre-
dicted to be diagnosed in 2000 in the United States in 
patients under 20 years of age; 74% of these cases were 
predicted to be in patients 15–19 years of age. These 
findings are of significant importance since the adoles-
cent and young adult population has been grossly 
under-represented in NCI-sponsored clinical trials. In 
a linkage study of consolidated files of invasive cancer 
between 1992 and 1997, the age-specific and age-
adjusted registration rates for patients aged 15–19 years 
was only 24% when compared to 74.3% for patients 
younger than 5 years of age. Furthermore, the registra-
tion rates for carcinomas (melanoma is coded under 
carcinomas in the SEER registries) for 15- to 19-year-
olds was only 6.3% [6].

17.2.2 race/ethnic differences in incidence

Melanoma affects predominantly white, non-Hispanic 
persons, as a fair-skinned population, including those 
of adolescent and young adult age (Fig. 17.4). Hispan-
ics/Latinos have the second highest rates among ado-
lescents and young adults, albeit their rates are a dis-

tant second. African Americans/blacks are essentially 
unaffected by this cancer, at least among those aged 
below 30 years.

17.2.3 gender differences in incidence

Overall, in the United States, males have higher inci-
dence rates of melanoma than females [4]. As shown 
in Fig. 17.5, melanoma in adolescents and young adults 
has a female predominance, in contrast to the male 
predominance seen after age 45 years. The male:female 
ratio (Fig. 17.6) varies more for this cancer than for 
any other.

17.2.4 incidence by anatomic location

In the United States, age-adjusted rates for invasive 
melanoma have increased for the trunk as well as lower 
and upper limbs in men and for the trunk and lower 
limbs in females [4]. The incidence of melanoma tends 
to be higher in anatomic areas that have been intermit-
tently exposed to sun (trunk and limbs) in patients 
younger than 50 years of age, whereas chronically sun-
exposed areas such as the head and neck predominate 
in older patients [4]. Figure 17.7 demonstrates that in 
the 15- to 29-year age group, females have a higher inci-
dence than males of melanoma of both the lower and 
upper limbs and trunk. Only the incidence of head and 
neck melanoma is higher in males in this age group.

Incidence.of.malignant.melanoma.by.gender,.
United.States.SEER.1975–2000.[1]

Figure 17.5

Female:male.ratio.of.malignant.melanoma.as.
function.of.age.at.diagnosis,.United.States.SEER.
1975–2000.[1]

Figure 17.6
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17.2.5  incidence trends by anatomic  
location

The rising incidence of melanoma over time has been 
well established (Figs. 17.1 and 17.2); however, as 
shown in Fig. 17.8, this increase has been slowing in 
age groups younger than 45 years. Although the over-
all incidence trend in younger patients appears 
unchanged during the past decade (Fig. 17.8), the inci-
dence of melanoma for 15- to 29-year-old females had 
been increasing in all age groups at all of the anatomic 
locations evaluated except the upper extremity 

(Fig. 17.9). In males younger than age 30 years, there 
has been no statistically significant change in the inci-
dence of melanoma during the past quarter century at 
any of the anatomic sites evaluated (Fig. 17.10). Some 
of the increase in melanoma at specific anatomic sites 
may be explained by better reporting.

17.2.6  Stage and thickness trends in  
incidence

The majority of invasive melanomas (86.4%) in the 
United States are localized and only 4% have distant 

Incidence.of.melanoma.by.gender.and.site,..
.United.States.SEER.1975–2000.[1]

Figure 17.7

Change.in.incidence.of.malignant.melanoma.by.era,.
United.States.SEER.1975–2000.[1]

Figure 17.8
Average.annual.percent.change.(AAPC).in.
.malignant.melanoma.in.males.by.site,.United.
States.SEER.1975–2000.[1]

Figure 17.10

Average.annual.percent.change.(AAPC).in.
.malignant.melanoma.in.females.by.site,.
.United.States.SEER.1975–2000.[1]

Figure 17.9
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metastases at the time of initial diagnosis. Over the last 
15 years there has been a shift toward an increased 
number of in situ melanomas, with the percentage 
increasing from 3.6% in 1973 to 35.3% in 1998. In the 
United States, between 1973 and 1997, the rate of mel-
anoma for each stage, as well as the estimated annual 
percentage change in each tumor stage was higher for 
males than for females [7]. During the same time 
period, rates for patients under age 40 years decreased 
for each tumor stage in males, while in females only 
rates for metastatic disease decreased. However, the 
rates increased statistically for regional disease among 
females. For patients aged 40–59 years, the rates for 
localized disease increased only among males and for 
those 60 years of age or older, statistically significant 
upward trends were evident for localized and regional 
disease among males and for localized disease among 
females.

17.3 etiology and risk Factors

Pre-pubertal melanoma is rare, accounting for less than 
1% of cases of melanoma and for 0.9% of all malignan-
cies in patients younger than 15 years of age. Richard-
son et al. have defined pre-pubertal melanoma as a 
melanoma that has been diagnosed unequivocally by 
histologic examination before sexual maturity [8]. The 
authors have further divided this entity into three cat-
egories based on the age at which melanoma was diag-
nosed: congenital (in utero to birth), infantile (birth to 
1 year), and childhood (1 year to puberty). Among 23 
cases of infantile and congenital melanoma identified 
in the literature by the authors, 11 were present at birth 
and 12 developed during the 1st year of life. The dis-
ease arose from intermediate and large-sized nevi in 
57% of cases, and from smaller cutaneous nevi in 26% 
of cases. Only one child had a true de novo malignancy 
and three had transplacentally acquired disease. The 
latter phenomenon has been reviewed recently [9]. In 
this report, 6 of 15 cases of transplacentally acquired 
fetal malignancy were due to melanoma (40%), and 
prematurity was a common presenting feature. Five of 
the affected infants died within the first 10.5 months of 
life and the disease became evident in the affected 
infant anywhere from 11 days of life to 8 months of life. 

The authors recommend that placentas of all women 
with suspected metastatic melanoma during pregnancy 
should be closely evaluated by gross and microscopic 
examination including immunohistochemical staining 
for melanoma, and that unaffected newborns be fol-
lowed for up to 24 months postpartum.

17.3.1 Xeroderma Pigmentosum

Xeroderma pigmentosum is a rare autosomal recessive 
disorder characterized by increased cutaneous light 
sensitivity and a greater than a 1,000-fold increase in 
the frequency of sunlight-induced cancers. Neurologi-
cal abnormalities are present in approximately 20–30% 
of these patients. In patients with xeroderma pigmen-
tosum, the median age at diagnosis of skin tumors is 
approximately 8 years; however, the median age at 
diagnosis of melanoma, which occurs in 5% of these 
patients, is 19 years. Melanomas in this population 
more commonly affect the head and neck. Avoiding 
sun exposure is the mainstay of prevention, but admin-
istration of retinoids has been found to decrease the 
incidence of cutaneous neoplasms [10, 11].

17.3.2 immunosuppression

Patients with inherited immune deficiencies have an 
increased risk of developing melanoma [12]. Organ 
transplant recipients have a 1.6- to 4-fold increased 
risk of developing melanoma when compared to the 
general population. In this population, melanomas 
tend to affect patients with a light complexion, a ten-
dency to freckle, and light eyes and hair. Melanoma 
accounts for 6.2% of cancers after organ transplanta-
tion in adults and for 15% in children [13].

A five-fold increased risk of melanoma has been 
described following the use of conditioning regimens 
that incorporate total body radiation prior to allogenic 
bone marrow transplantation. The relative risk of 
developing melanoma is 8.2 after higher doses of total-
body irradiation (>10 Gy per single dose, or >13 Gy 
for fractionated dosing) and a relative risk of 4.5 was 
described for patients who received T-cell-depleted 
donor marrows [14].

More recently, the administration of local radiother-
apy at doses of >15 Gy and the administration of alkyl-
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ating agents and spindle cell inhibitors have also been 
reported to increase the risk of melanoma. Interest-
ingly, children treated for gonadal tumors had an 
increased risk of developing melanoma [15]. The latter 
observation has recently been confirmed by Avril et al. 
[16], suggesting that the relationship between germ-cell 
tumors and melanoma needs to be explored further.

There have been a variety of reports documenting 
the association between melanoma and an increased 
number of nevi that measure less than 5 mm in patients 
who are affected with human immunodeficiency virus 
[17–19]. Survivors of childhood leukemia are also at 
increased risk for developing melanoma. These chil-
dren have been shown to have higher counts of nevi, 
higher nevus densities, and a large number of melano-
cytic nevi more than 6 mm in size when compared to 
the general population [20, 21]. These findings empha-
size the importance of host immunity in the develop-
mental of melanoma and should reinforce the need for 
cautious follow up of these patients.

17.3.3 Familial Melanoma

A family history of melanoma in first- or second-
degree relatives of patients with melanoma can be elic-
ited in up to 10% of cases. Germ-line inactivating 
mutations of the CDKN2A gene have been docu-
mented in 25–40% of families with three or more 
affected individuals, and in up to 15% of individuals 
with multiple primary melanomas [22, 23]. CDKN2A 
encodes two tumor-suppressor proteins: p16 and ARF, 
which are known to negatively regulate the retinoblas-
toma and p53 pathways, respectively. Their loss has 
been documented to predispose to the development of 
melanoma. Mutations of the CDKN2A gene that affect 
p16 are much more common than those that affect the 
p14 gene. The estimated frequency of a mutated p16 
gene in the general population is 0.01%, and the inci-
dence of mutations in sporadic melanoma cases is only 
0.2% [22, 24]. Similarly, the incidence of germ-line 
CDKN2A mutations in patients with early-onset dis-
ease, a population that would resemble a familial can-
cer syndrome, is also exceedingly low (1.6%) [25].

It is estimated that in patients with germ-line 
CDKN2A mutations, the overall cumulative risk of 
developing melanoma by age 50 years is 0.3, and by 

age 80 years is 0.67 [26]. However, the penetrance of 
the gene can be modified by the geographical location 
and the degree of ultraviolet exposure of the popula-
tion. For example, by age 80 years, the age-specific 
penetrance estimate in Europe was 0.58, whereas the 
estimates for patients in the United States and Austra-
lia were 0.76 and 0.91, respectively [26]. Among sub-
sets of families with germ-line CDKN2A mutations 
there also appears to be an increased risk for the devel-
opment of pancreatic cancer and oral squamous cell 
carcinomas [5, 22]. Further collaborative efforts from 
the Melanoma Genetics Consortium are underway to 
help clarify these complex cancer associations. ARF 
mutations, although very rare, have also recently been 
demonstrated to predispose to the development of 
melanoma, as well as nervous system tumors [22].

Activating mutations of the CDK4 gene, which neg-
atively regulates the pRb pathway, have been described 
in three families. All mutations have been clustered 
within codon 24 and the clinical characteristics of 
these patients are similar to those seen in patients with 
CDKN2A mutations [22, 27].

The melanocortin receptor 1 gene (MC1R) is a key 
determinant of the pigmentary process. In humans, 
three variants of the MC1R gene have been associated 
with the red hair phenotype (RHC), which includes 
red hair, fair complexion, inability to tan, and a ten-
dency to freckle [28]. Patients with one or more of the 
variants of the MC1R gene have a compromised capa-
bility of inducing the switch from pheomelanin to 
eumelanin and therefore have a compromised ability 
to respond to damage by ultraviolet light. The presence 
of one or more MC1R variants has been associated 
with the red hair phenotype and an increased pene-
trance of mutations in CDKN2A-melanoma-prone 
families [29, 30].

Other recently described low-penetrance genes that 
are associated with increased melanoma risk include 
the rare alleles at the C500G and C540T polymor-
phisms of the CDKN2A gene, and null GSTM1 (gluta-
thione S-tranferase gene) phenotype [22, 31, 32].

Finally, activating somatic BRAF mutations have 
been identified in approximately two-thirds of malig-
nant melanomas and in common benign and dysplas-
tic nevi. However, germ-line BRAF mutations are 
extremely rare (0.29%), suggesting that the BRAF gene 
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is an important initiating factor in the transformation 
of melanocytic neoplasia, but that it does not contrib-
ute significantly to melanoma susceptibility [33, 34].

17.3.4  nevus Phenotype and environmental 
Factors

The potential for malignant transformation of small 
congenital nevi, which affect up to 1% of all newborn 
infants, continues be a source of debate. A study by 
Mackie et al. revealed that melanoma develops in a 
small nevus that was present either at birth or during 
early childhood, in 44% of patients under the age of 
30 years [35]. However, two recent studies do not sup-
port the view of an increased risk of melanoma in 
patients with small or medium-sized congenital nevi 
[36, 37].

Patients with large congenital melanocytic nevi 
(defined as those that exceed 20 cm in diameter during 
adulthood) have approximately a 5–15% lifetime risk of 
developing melanoma, and the risk is greatest in the first 
decade of life [38]. The risk of cutaneous melanoma in 
these patients appears to be confined to those with axial 
lesions, and an equal risk of extra-cutaneous involve-
ment has recently been documented [39]. Patients with 
symptomatic neuro-cutaneous melanosis have an 
increased risk of developing melanoma. Most of these 
patients have large congenital nevi in the scalp or poste-
rior axial location, and the prognosis is poor [40, 41]. 
The non-symptomatic form of neuro-cutaneous mela-
nosis has recently been described and is characterized 
by the presence of focal magnetic resonance imaging 
signal abnormalities in the brain in up to 25% of patients 
with large congenital nevi, and the large majority of 
these patients have not developed melanoma [42].

A two- to fourfold increased risk of melanoma has 
been consistently documented with increasing number 
of acquired nevi [43]. Given the close association 
between the presence of acquired nevi and melanoma, 
multiple epidemiologic studies have been performed 
examining the association between environmental and 
constitutional factors and the development of nevi and 
melanoma in various populations. In a study of over 
3,000 Italian school children age 13–14 years, patients 
who burned easily following their first sun exposure 
and those with an ability to tan had an increased num-

ber of nevi. The nevus density was directly related to 
recurrent episodes of sunburn, and large nevi size was 
closely associated with the presence of a lighter pig-
mentary trait and a propensity to sunburn easily. In 
another study from Queensland, 111 schoolchildren 
aged 13–14 years who were followed for up to 5 years, 
the degree of shoulder freckling and habitual sun expo-
sure were the most important determinant of melano-
cytic nevi in adolescents in a area of high sun exposure 
[44]. In another study of 61 children from Queensland 
diagnosed with melanoma at 13 and 14 years of age, 
the presence of multiple large nevi, sun-sensitive phe-
notype, and inability to tan strongly, predicted the risk 
of melanoma development in this population [45]. In 
this study, a family history of melanoma was present in 
nearly one-third of cases and was associated with an 
increased risk of developing melanoma, suggesting 
that heredity plays an important role in the predisposi-
tion to childhood melanoma. In a study of 250 eligible 
cases of melanoma in patients aged 15–19 years, the 
strongest predictor of melanoma development was the 
presence of more than 100 nevi 2 mm or more in diam-
eter. Other risk factors included pigmentary traits that 
are commonly associated with the development of 
melanoma, such as, red hair, blue eyes, inability to tan 
after prolonged exposure, heavy facial freckling, and a 
family history of melanoma. Only 2 of 147 cases tested 
had a CDKN2A mutation. A slightly higher number of 
cases reported more than ten episodes of peeling sun-
burn, and a statistically significant increased risk of 
melanoma was documented with increasing number 
of peeling or blistering sunburns [46].

Dysplastic nevi or clinically atypical moles affect 
approximately 5% of the United States population and 
are known to confer an increased risk of melanoma. In 
1 study of 716 patients with melanoma, the presence of 
1 dysplastic nevus was associated with a 2-fold risk of 
melanoma, whereas 10 or more nevi conferred a 12-
fold risk [43]. In a study of 33 families with two or 
more members with invasive melanoma, comprising a 
total of 844 subjects, the authors identified 86 cases of 
melanoma in 37 individuals over a follow-up period of 
2–25 years. Of these melanomas, 51 were found to 
have a precursor lesion and 32 met the criteria for dys-
plastic nevi. In an earlier study, 37% of children in 
melanoma-prone families had dysplastic nevi, and 
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cases of pediatric melanoma only occurred in those 
individuals with these nevi [47].

17.3.5  the Sun and Other Ultraviolet  
exposures

The sun and other ultraviolet exposures are a major 
risk factor for the development of melanoma. Analyses 
of 29 case control studies demonstrated a positive 
association between intermittent sun exposure and 
melanoma with an odds ratio of developing melanoma 
of 1.71. In this study there was also a twofold increase 
of melanoma following sunburns at any age [48]. The 
current data are consistent with cumulative exposure 
being important whether acquired as a adult or as a 
child, and ultraviolet exposure is important in all stages 
of melanoma development.

Whether sunscreens protect or enhance the risk of 
developing melanoma continues to be a source of debate. 
A meta-analysis of 20 studies of sunscreen use and mel-
anoma in humans did not support a positive association 
between the use of sunscreen and melanoma develop-
ment [49]. Among adolescents in Australia, the lack or 
rare use of sunscreen under the age of 5 years doubled 
the risk of melanoma [46]. In another trial the use of 
sunscreen decreased the number of new nevi in children 
[5]. This could indicate that sunscreens might protect 
against melanoma, since the number of nevi is directly 
correlated with the risk of developing melanoma.

The use of tanning beds has been popular only since 
the 1970s, thus there is limited information regarding 
its effects on the risk of developing melanoma. How-
ever, in the United States the use of tanning devices has 
been associated with an increased risk for squamous- 
and basal-cell carcinomas. In a population study from 
Sweden, a significantly increased risk was found for 
developing melanoma with regular exposure to sun 
beds after adjusting for hair color, race, nevi, skin type, 
and number of sunburns [4].

17.4 clinical Presentation

An increased risk of melanoma at an early age is known 
to occur in the setting of large congenital nevus, xero-
derma pigmentosum, and dysplastic nevi. However 

the majority of melanomas in adolescent and young 
adult patients occur in patients with none of these risk 
factors. The patient often does not consider the possi-
bility of melanoma and presents late. More often the 
physician fails to consider the diagnosis of melanoma 
in younger patients, and therefore delays removal of 
the lesion. Failure to consider the possibility of mela-
noma in the adolescent and young adult population 
can delay the diagnosis. In two reports on melanoma 
in pediatric and adolescent patients, delays in diagno-
sis were reported in about half of the patients [50, 51].

In the SEER data, 6,112 cases of cutaneous mela-
noma have been reported in patients age 15–29 years. 
Melanoma in this population has a female predomi-
nance, in contrast to the male predominance seen with 
older adults (male to female ratio of 1:1.7) [52]. The 
most common primary site was the trunk, followed by 
the upper and lower limbs. The lowest incidence was 
in head and neck tumors, and this is the only site where 
there was a slight male predominance.

As in older adults, changes in the appearance of a pig-
mented lesion should alert the physician to the possibil-
ity of melanoma in younger patients. The most common 
clinical presentation includes increasing size, color 
change, bleeding, itching, or palpable adenopathy. The 
initial approach for a suspected melanoma is a biopsy 
procedure. This can be a punch or excisional biopsy, to 
confirm the diagnosis and determine pathologic criteria 
that will then dictate further surgical management.

17.5 Pathology

Melanomas in adolescents and young adults are patho-
logically similar to those in older adults. However, this 
age group has a higher incidence of Spitz nevus, which 
must be distinguished from melanoma.

17.5.1 Primary Skin tumor

All suspicious skin lesions should be removed and sent 
for pathologic review. The revised American Joint 
Committee on Cancer (AJCC) melanoma staging cri-
teria [53] provides a reproducible model that reflects 
the natural history of melanoma and incorporates 
important prognostic variables that are predictive of 
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table 17.3 Tumor.staging

clinical staging Pathologic staging

0 Tis N0 M0 0 Tis N0 M0

1A T1a N0 M0 1A T1a N0 M0

1B T1b
T2a

N0 M0 1B T1b
T2a

N0 M0

IIA T2b
T3a

N0 M0 IIA T2b
T3a

N0 M0

IIB T3b
T4a

N0 M0 IIB T3b
T4a

N0 M0

IIC T4b N0 M0 IIC T4b N0 M0

III Any N+ Mo IIIA T1–4a
T1–4a

N1a
N2a

M0

IIIB T1–4b
T1–4b
T1–4a
T1–4a
T1–4a

N1a
N2a
N1b
N2b
N2c

M0

IIIC T1–4b
T1–4b
T1–4b
Any.T

N1b
N2b
N2c
N3

M0

IV Any Any Any IV Any Any Any

table 17.2 Tumor-Nodes-Metastasis.(TNM).classification

tumor thickness Ulceration

T1 ≤1 0.mm a:.no.ulceration,.II/III
b:.ulceration.or.IV/V

T2 1 01–2 0 a:.no.ulceration
b:.ulceration

T3 2 01–4 0 a:.no.ulceration
b:.ulceration

T4 >4 0 a:.no.ulceration
b:.ulceration

nodes number of positive nodes Ulceration

N1 1 a:.micro
b:.macro

N2 2–3 a:.micro
b:.macro
c:.in.transit,.satellite.with.negative.nodes

N3 ≥4,.or.matted,.or.in.transit,.satellite.with.
positive.nodes
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clinical outcome (Tables 17.2 and 17.3). The pathology 
report for primary cutaneous melanoma should incor-
porate these prognostic variables, including tumor 
thickness, level of invasion, presence of ulceration, 
presence of perineural, venous or lymphatic invasion, 
presence of lymphocytes, presence of regression, and 
mitotic index [54]. In the revised AJCC melanoma 
staging criteria, the most important prognostic factors 
for the primary tumor were thickness and ulceration. 
Level of invasion was only of prognostic value in mela-
nomas <1 mm in thickness [53].

The distinction between Spitz nevus and melanoma, 
particularly among younger patients, can be controver-
sial and difficult. Some authors advocate the term atypi-
cal Spitz tumor to describe controversial melanocytic 
lesions that resemble Spitz nevi, but raise the diagnostic 
possibility of melanoma [55]. Furthermore, these lesions 
may be classified as being at “high risk” for aggressive 
behavior based on presence of ulceration, large size, 
asymmetry, deep extension, hypercellularity, cytologic 
atypia, and prominent and atypical mitosis [55].

17.5.2 Sentinel node

Sentinel-node biopsy allows for the careful pathologic 
assessment of a limited number of lymph nodes. The 
analysis of the sentinel node(s) has evolved over time. 
Initial analyses consisted of routine hematoxylin and 
eosin (H&E) staining of the bisected node. This method 
has been shown to under-estimate the presence of dis-
ease. Serial sections and immunohistochemistry (IHC) 
increases the sensitivity for detecting microscopic 
lymph node metastases. Retrospective evaluation of 
lymph nodes using serial sections and IHC has been 
performed for patients with a false-negative sentinel 
lymph node (SLN) biopsy. These patients had nodal 
recurrences in the lymph node basin for which the 
SLN was initially reported to be negative. More detailed 
analysis of the SLN has revealed the presence of senti-
nel-node tumor in 80% [56] and 31% [57]. IHC stain-
ing can be performed with a variety of melanoma-spe-
cific antibodies, including those for detection of S100, 
tyrosinase, gp100 (HMB-45), and melan-A (melanoma 
antigen recognized by T cells-1, MART-1).

More recently reverse transcriptase-polymerase 
chain reaction (RT-PCR) has been evaluated as a tool 

for the detection of occult metastases in SLNs and 
found to further increase the percentage of positive 
nodes detected [58]. Kuo et al. have shown that RT-
PCR can be done using archival tissue, thus eliminat-
ing the need for additional, immediate processing to 
obtain fresh tissue for RT-PCR [59]. Using four mark-
ers (tyrosinase, MART-1, and tyrosinase-related pro-
tein 1 and 2, TRP-1 and TRP-2, respectively) to evalu-
ate paraffin-embedded specimens, they were able to 
upstage 25% of negative SLNs based on two or more 
positive markers by RT-PCR. Of the ten patients whose 
disease was upstaged by RT-PCR, eight developed 
recurrence, while two have not.

Although RT-PCR increases the percentage of posi-
tive nodes, part of this increase may be due to false 
positives. Cook et al. reported a 7.2% false-positive 
rate due to the detection of capsular or trabecular 
nevus cells by RT-PCR [60]. Based on these findings, 
the European Organization for Research and Treat-
ment of Cancer has adopted a protocol for evaluating 
SLNs using serial sectioning and IHC, without the use 
of RT-PCR.

17.5.3 lymph node dissection

When patients undergo lymph node dissection (LND), 
all lymph nodes should be submitted in their entirety 
with each node evaluated. The total number of nodes 
evaluated, as well as the number that are positive for 
tumor should be reported. The involvement of more 
than one node is predictive of a worse outcome [61].

17.6 Surgery

Early detection and surgical removal of any suspicious 
pigmented lesion is the mainstay of therapy for mela-
noma. The extent of surgery is determined by clinical 
and pathologic findings. The patient should be evalu-
ated clinically for evidence of regional disease, includ-
ing satellite lesions, in transit lesions, or lymph node 
metastasis. Patients should also be evaluated clinically 
for evidence of distant metastases. With thicker mela-
nomas or evidence of regional or distant metastases, 
patients should be evaluated for metastases using 
imaging studies.



C .E .Herzog.•.A .Bleyer.•.A .S .Pappochapter 17282

17.6.1 treatment of the Primary tumor

There are no specific guidelines for the surgical treat-
ment of melanoma in adolescent and young adult 
patients. Thus, recommended guidelines for resection 
of primary melanomas in adolescent and young adult 
patients should follow the same principles as those 
published for adult melanoma. The margins of exci-
sion are determined by the thickness and site of the 
primary tumor. Generally, the margins employed are 
0.5 cm for in situ lesions, 1 cm for lesions less than 
1 mm [62, 63], and 2 cm for lesions 2–4 mm [64]. The 
margins of excision for tumors 1–2 mm are more con-
troversial, with recommendation for margins of 1–
2 cm [62, 64]. For lesions greater than 4 mm, a margin 
of at least 2 cm is recommended, but there have been 
no prospective trials. More conservative margins are 
often employed in anatomically restricted areas such 
as the face.

17.6.2 lymph node Mapping

SLN biopsy has become a standard staging procedure 
in adult melanoma and should be incorporated into 
the surgical management of younger patients. Prior to 
the introduction of SLN biopsy, the alternative for 
patients with intermediate-thickness melanoma, who 
were at risk of developing regional disease, was either 
an elective LND (ELND) or observation. ELND was 
an unappealing alternative due to the facts that only 
15–20% of patients were ultimately found to have evi-
dence of lymph node involvement and ELND is asso-
ciated with a high incidence of morbidity, including 
seroma formation, infection, and edema. Morton et al. 
reported the first use of SLN biopsy in melanoma in 
1992 [65]. An SLN was identified in 82% of patients, 
with tumor identified by H&E in 12% of the nodes, 
and by IHC in 9% of the nodes. Subsequent evaluation 
of the remainder of the lymph nodes, after a complete 
LND revealed only 1% of the non-sentinel nodes were 
positive for tumor.

As with the pathologic evaluation of the SLN, the 
technique used for identification of the SLN(s) has 
evolved over time. In the initial study, isosulfan blue or 
patent blue-V was injected around the primary mela-
noma to enable identification of a blue sentinel node in 

82% of patients [65]. Subsequent use of intra-operative 
lymphoscintigraphy with intra-dermal injection of 
99mTc-sulfur colloid or 99mTc-human serum albumin 
improved the identification of the SLN. The intra-
operative use of both isosulfan blue and 99mTc-sulfur 
colloid with the use of a hand-held gamma counter 
results in the identification of a SLN in almost 100% of 
cases [56, 58]. The false negative rate, that is patients 
who are reported to have a negative SLN but subse-
quently relapse in the nodal region from which the 
SLN was taken, is less than 10% with experienced sur-
geons [56, 66].

Lymphoscintigraphy can identify the lymph node 
basin(s) at risk in cases where the primary melanoma 
is located on the trunk or in the head and neck area 
where one or more of several lymph node basins can 
be involved. Lymphoscintigraphy also allows for detec-
tion of abnormal lymph node drainage sites in 5–7% of 
patients [67–70]. However, use of the hand-held 
gamma counter intra-operatively appears to be more 
sensitive for the detection of 99mTc-sulfur colloid in 
unusual locations. SLNs were identified in unusual 
sites in 7–12% of melanomas on the trunk, 0–6% of 
head and neck melanomas, and 4–7% and 1–2% of 
melanomas of the upper or lower limbs, respectively. 
The unusual site may be the only site of lymph nodes 
identified as harboring occult disease.

The morbidity of SLN biopsy is low. A report from 
the Sunbelt Melanoma Trial gave a 4.6% incidence of 
complications after SLN biopsy, in comparison to an 
incidence of 23.2% after SLN biopsy and complete 
LNDs. Complications for both procedures were more 
common in the groin than in the axilla [71].

A positive SLN is the single most important prog-
nostic factor in patients that have clinical stage I or II 
melanomas. Because of this prognostic significance, as 
well as the fact SLN biopsy sampling is both sensitive 
and specific, and has a low morbidity, the recently 
revised AJCC Staging for Cutaneous Melanoma rec-
ommends SLN biopsy for patients with melanomas 
>1 mm in thickness without evidence of regional or 
distant metastases on exam (T2-4N0M0) [53].

The indication for lymph node mapping and SLN 
biopsy in patient with thin melanomas (<1 mm thick) 
needs further evaluation. Using the new AJCC staging, 
patients with thin melanomas, but with ulceration or 
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level IV or V invasion (T1b) have a worse outcome 
than patients with thin melanomas without these fea-
tures [61]. At the MD Anderson Cancer Center, 
patients with T1b melanomas routinely undergo SLN 
biopsy. A positive SLN has been found in 4.7 % of these 
cases [72]. Bleicher et al. identified a positive SLN in 
1.7% of 118 patients with melanoma ≤0.75 mm in 
thickness, in 3.9% of 154 patients with 0.76–1 mm 
tumors, and 7.1% of 240 patients with 1.01–1.5 mm 
tumors [73]. There was evidence in the Bleicher study 
that the incidence of SLN involvement in thin melano-
mas was higher in patients under age 44 years. 
Although lymph node mapping and SLN biopsy is not 
routinely recommended in older adults with thin mel-
anomas, it should be considered in adolescent and 
young adult patients.

17.6.3 lymph node dissection

When melanoma is detected clinically or microscopi-
cally in any lymph nodes, further treatment with LND 
is recommended. Whether selective LND (SLND) 
improves survival is not yet documented [66, 74]. In a 
retrospective study of stage III patients, when survival 
was measured from the time of the LND procedure, 
those who had SLND did better than those who had 
clinical LND. However, no benefit was seen for SLND 
in comparison to clinical LND when survival was 
measured from the time of primary tumor resection 
[75]. This suggests that while SLND may be of prog-
nostic value, it does not impact ultimate outcome.

17.6.4 Surgical treatment of Spitz nevus

Spitz nevi can be difficult to distinguish from mela-
noma histologically, and are more likely to occur in 
adolescent and young adult patients than in older 
adults. In cases where melanoma cannot be ruled out 
as a possibility, the patient should undergo both wide 
local excision and SLN biopsy. In a survey of derma-
tologists in the United States, over 90% of the respond-
ing dermatologists stated that they would biopsy sam-
ple a lesion suspected of being a Spitz nevus, and 43% 
favored a complete excision. Most respondents selected 
a 1- to 2-mm margin of excision and 69% recom-
mended complete reexcision in cases where the lesion 

was initially incompletely excised. In this survey, only 
8% of respondents recalled ever seeing cases of meta-
static melanoma arising from lesions designated as 
Spitz nevus [76].

The role of SLN biopsy sampling in controversial 
melanocytic lesions such as Spitz nevus remains to be 
established. Involvement of the SLN in these cases can 
further suggest a diagnosis of melanoma; however, iso-
lated regional-node metastases have been reported in 
patients with Spitz nevus with no subsequent distant 
metastases. Nevertheless, the “benign” nature of Spitz 
nevus with regional metastases is questionable [77].

Two studies have been reported on the evaluation 
of SLN in patients with atypical Spitz nevi in which a 
diagnosis of malignant melanoma could not be defini-
tively excluded [78, 79]. In the first report, five out of 
ten patients had a positive SLN. All are without evi-
dence of disease at a mean follow-up of 34 months 
[79]. In the second report, 8 out of 18 patients (44%) 
had a positive SLN and all were without evidence of 
disease at a mean follow-up of 12 months [78]. It is 
clear that further evaluation is needed to determine 
the natural history of these controversial melanocytic 
lesions.

17.7 Staging

The revised staging system developed by the AJCC 
[53] incorporates pathological and clinical factors that 
are predictive of clinical outcome. For localized dis-
ease, there are new thresholds for melanoma thickness 
and recognition that the presence of ulceration is an 
important predictor of outcome. The results of SLN 
biopsy have also been incorporated to account for the 
reported differences in outcomes between pathologi-
cally and clinically involved nodes. For patients with 
nodal spread, the new system recognizes the impor-
tance of the number of lymph nodes involved, as well 
as the prognostic significance of ulceration and in-
transit or satellite metastases. For patients with meta-
static disease, the new staging system incorporates a 
description of sites of metastases and the diagnostic 
value of serum lactic dehydrogenase (LDH). It is vital 
that trials for melanoma in adolescent and young adult 
patients incorporate this staging system in order to 
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facilitate the interpretation of results from different 
institutions and patient populations.

Given the scarce literature describing the use of 
SNL biopsy for pediatric melanoma [80, 81] and the 
suggestion that younger patients have a higher inci-
dence of positive SLN biopsy specimens with thin 
melanoma [73], future trials must mandate the routine 
use of SLN biopsy sampling in order to determine the 
prognostic and therapeutic value of this procedure in 
adolescent and young adult patients and to compare 
these results with those in the older adults.

For patients with localized disease, a complete 
blood count, serum chemistries including liver func-
tion tests, and a chest radiograph are sufficient to 
screen for metastatic disease. For patients with thicker 
melanomas or evidence of regional or distant metasta-
ses, further workup with cross-sectional imaging is 
indicated.

17.7.1 Blood tests

There is no good blood test to screen melanoma 
patients for metastatic disease, although LDH and 
alkaline phosphatase have long been used. Recently, 
several markers have been evaluated for their ability to 
improve staging and prediction for outcome in patients 
with melanoma. Tyrosinase, an enzyme involved in 
melanin synthesis, has been one of the most widely 
studied. Other markers include S-100β, melanoma-
inhibiting activity (MIA), and MART-1.

Elevated LDH is included in the new AJCC staging 
criteria as a variable for staging patients with meta-
static disease [53]. Patients with stage IV disease and 
elevated LDH levels have been shown to have a worse 
outcome, with no additional prognostic information 
added by the evaluation of S-100β or MIA in these 
patients [82].

The value of serum markers in stage I–III disease is 
less clear. Detection of circulating melanoma cells by 
multimarker RT-PCR at the time of diagnosis did not 
increase the ability to predict progression-free survival 
when evaluated by multivariant analysis including 
stage [83]. Others have suggested that monitoring 
serum markers in patients with melanoma allows for 
the earlier detection of recurrence [84, 85]. Prospec-
tive studies are needed to determine the role of tumor 

marker analysis in the follow-up of melanoma 
patients.

17.7.2 imaging Studies

A baseline chest x-ray to evaluate for metastases is 
indicated for all patients except those with thin mela-
noma. Data regarding which patients need further 
imaging studies and, indeed, the most appropriate 
imaging studies continues to evolve.

17.7.2.1 Ultrasound

Ultrasound is useful for the evaluation of clinically 
suspicious lymph nodes and can be used to guide fine-
needle aspiration for the pathologic evaluation of sus-
picious nodes. It can also be used to evaluate liver 
metastases, but is not as sensitive as computed tomog-
raphy (CT) or magnetic resonance imaging (MRI).

17.7.2.2 computed tomography

Buzaid et al. [86] looked at 89 patients with locore-
gional disease who were asymptomatic and had a nor-
mal LDH and chest x-ray. Further imaging revealed 
true positive findings in 6 cases and false positives in 
20 cases. They therefore recommended only chest x-
ray and CT scan of the abdomen as baseline exams. 
For patients with recurrence below the waist, a CT of 
the abdomen is recommended, and, with recurrence 
in the head and neck region, a CT of the neck. How-
ever, a study at St. Jude Children’s Hospital identified 
clinically undetectable metastases in 25% of pediatric 
patients with thick localized melanomas or melano-
mas arising at an unknown primary site [87], suggest-
ing that younger patients have a higher risk of clini-
cally undetectable metastases. This should be further 
evaluated in pediatric, and adolescent and young adult 
patients.

17.7.2.3 Magnetic resonance imaging

MRI, rather than CT, should be done to look for brain 
metastases. However, in the absence of symptoms, the 
routine use of MRI to assess the brain is not recom-
mended. 
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17.7.2.4 Positron emission tomography

Positron emission tomography (PET) scanning has 
been approved for the evaluation of melanoma. PET is 
not as sensitive as SLN biopsy sampling in detecting 
subclinical regional lymph node involvement [88], but 
is more sensitive than CT in detecting distant metasta-
ses, except for pulmonary metastases [89] In patients 
with known recurrence of melanoma, PET imaging 
can identify additional unsuspected sites of disease in 
up to 20% of cases when compared to CT scanning 
[90, 91].

Pediatric patients frequently have reactive lymph 
nodes that raise concerns about metastatic disease. In 
these cases, PET may be helpful in differentiating reac-
tive nodes from metastatic nodes. To date, there are no 
published studies using PET imaging to stage pediatric 
melanoma.

17.8 non-surgical therapy

17.8.1 adjuvant therapy

17.8.1.1 interferon

The role of interferon in the treatment of melanoma 
remains under study. The Eastern Cooperative Oncol-
ogy Group (ECOG) has performed several trials with 
interferon. In the first trial (1684) patients were ran-
domized to either observation or high-dose interferon 
(HDI) [92]. HDI consisted of interferon α-2b 20 MU/
m2/day given intravenously 5 days a week for 4 weeks, 
followed by 10 MU/m2/day given subcutaneously 
3 days a week for 48 weeks. The first trial enrolled 287 
patients with melanomas >4 mm or with regional 
lymph node involvement. At a median follow-up of 
7 years, a significant improvement in relapse-free sur-
vival (RFS) and overall survival (OS) was seen in 
patients who received HDI. The benefit of HDI was 
most marked in patients with clinically detectable 
lymph node metastases.

A subsequent trial (1690) compared HDI, low-dose 
interferon (LDI), and observation [93]. In an attempt 
to lower the rate of interferon-associated toxicity, LDI 
was given at a dose of 3 MU/m2/day given subcutane-

ously 3 days a week for 2 years. With 608 patients 
enrolled and a median follow up of 52 months, a sig-
nificant improvement in RFS was observed with HDI, 
but there was no significant difference in OS. Several 
differences between these two trials may account for 
the differences in outcome. There was higher propor-
tion of patients on 1684 with lymph node involvement 
and a higher proportion with regional recurrence. The 
outcome on the later trial was better in comparison to 
the former trial for both the observation arm and the 
HDI arm, suggesting an impact of improvement of 
surgical staging and treatment. In addition, a substan-
tial number of patients on the observation arm who 
relapsed were treated with salvage HDI therapy, thus 
potentially prolonging the OS in this group.

A third trial (1694) compared HDI to GM2-KLH/
QS-21 vaccine therapy [94]. A total of 880 patients 
were randomized, prior to early termination of the 
trial due to a significantly better RFS and OS with HDI. 
The greatest difference was seen in node-negative 
patients. There was no observation arm in this study, 
but vaccine therapy did not appear to negatively impact 
outcome and may have provided some benefit.

The Sunbelt melanoma trial [95] is currently ongo-
ing. This is a prospective, randomized trial that was 
designed to evaluate the role of interferon in patients 
with lymph node metastases detected only by histol-
ogy, IHC, or RT-PCR.

Despite the evidence that adjuvant HDI is effective 
in patients with high-risk melanoma, the use of HDI is 
associated with significant toxicity, including anorexia 
and weight loss, neuro-psychiatric symptoms, myelo-
suppression, and hepatotoxicity [92–94]. There are 
limited data on the use of this interferon regimen in 
patients under age 18 years. At the MD Anderson 
Cancer Center, 11 patients under aged 18 years have 
been treated with HDI, 1 patient was lost to follow-up 
after completion of the IV interferon (age 4 years), 6 
completed the regimen with no problems (ages 9–
16 years), and 4 had therapy discontinued early due to 
toxicity, 2 liver (age 6 and 11 years), 1 each neuro-cog-
nitive (age 5 years) and pancreatic (age 2 years). At St. 
Jude Children’s Hospital, 11 patients have been treated 
with HDI. It was well tolerated during induction, with 
only two grade 4 hematologic events and one grade 4 
liver event (WL Furman, personal communication).
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Adolescent and young adult patients without mea-
surable disease, but with higher-stage disease, and 
therefore at increased risk of recurrence, should be 
considered for adjuvant therapy. Since interferon can 
be associated with significant toxicity, it is best to use it 
in the setting of a clinical trial. Although melanoma 
trials have in the past excluded patients under the age 
of 18 years, ECOG studies have recently opened to 
include younger patients with melanoma. This should 
allow for evaluation of the benefit and toxicity of the 
HDI regimen in younger patients.

17.8.1.2 radiotherapy

Radiotherapy should be considered in patients with 
high-risk head and neck melanomas, defined as cervi-
cal lymph nodes, with any of the following: (1) extra-
capsular extension, (2) node greater than or equal to 
3 cm, (3) involvement of four or more lymph nodes, or 
(4) recurrence. Ballo et al. reported on 160 adult 
patients with cervical lymph node metastases, all but 
43 of whom had at least 1 of these high-risk features 
[96]. These patients, who were at high risk for recur-
rence, had a 10-year regional control rate of 94% when 
treated with radiation at a median dose of 30 Gy given 
at 6 Gy twice weekly.

17.8.2 treatment of Measurable disease

The majority of adolescent and young adult patients 
present with localized or local regional disease that 
will be treated with surgery and, possibly, adjuvant 
treatment. However, for patients with metastatic dis-
ease either at presentation or subsequently, effective 
treatment options are limited.

17.8.2.1 Biotherapy

Interleukin-2 (IL-2) has been used extensively in adult 
melanoma with response rates of approximately 17% 
[97].

17.8.2.2 Bio-chemotherapy

The use of bio-chemotherapy has been shown to have 
response rates of 40–60% in patients with measurable 

disease [86, 98]. Although the exact regimen varies 
between studies, bio-chemotherapy generally consists 
of cisplatin-based chemotherapy in combination with 
interferon and IL-2. The activity of chemotherapy is 
augmented by the addition of biologic response modi-
fiers [99]. The response rate, complete response rate, 
and median time to progression were 48%, 6%, and 
4.9 months, respectively, for bio-chemotherapy, as 
compared to 25%, 2%, and 2.4 months, respectively, 
for chemotherapy alone. This increase in activity is at 
the cost of significant increase in toxicity. Atkins et al. 
reported a randomized phase III study comparing che-
motherapy to bio-chemotherapy performed in patients 
with metastatic disease [100]. Biochemotherapy was 
associated with higher response rate and higher toxic-
ity, but no difference was seen in OS.

17.8.2.3 chemotherapy

Recently, temozolomide has shown promise in the 
treatment of melanoma [101, 102]. Danson et al. eval-
uated 181 patients with metastatic melanoma [101]. 
Treatment with temozolomide alone resulted in 
response or stabilization in 20%, with a median sur-
vival of 5.3 months. In combination with interferon, 
the results were 26% and 7.7 months, respectively, 
while combination with thalidomide resulted in 24% 
disease response or stabilization and a median survival 
of 7.3 months. Hwu et al. reported a 32% response rate 
with temozolomide and thalidomide [102].

17.8.2.4 �accine therapy

Numerous vaccine approaches have been attempted in 
melanoma [103], including cell-based, peptides, 
recombinant viruses, DNA, and dendritic cell vaccines. 
To date, this approach has not had a significant impact 
on patients with melanoma. Vaccine trials have gener-
ally not been open to patients under 18 years of age.

17.9 Prognosis

Most adolescent and young adult patients with mela-
noma have an excellent prognosis due to the high inci-
dence of lower-stage disease in these patients. Exami-



Malignant Melanoma chapter 17 287

nation of SEER data shows that adolescent and young 
adult patients have a 5-year OS rate of about 90%, sim-
ilar to that seen in the 30- to 44-year age group. Both 
age groups have a better outcome than patients older 
than age 44 years. In all age groups, females have a bet-
ter outcome than males. Despite the higher incidence 
of melanoma in adolescent and young adult females, 
the mortality from melanoma is higher in adolescent 
and young adult males (16% vs 6%) [52].

Prognosis is based on clinicopathologic staging. 
There is very little data on the stage, treatment, and 
outcome of patients under age 18 years. SEER data 
from 1988–1999 include 431 patients <20 years of age 
and 2,823 age 20–29 years. In the <20 years age group, 
23% had in situ lesions, 73% had localized disease, and 
4% had regional disease. Stage at diagnosis was similar 
for 20- to 29-year-olds, 19% in situ lesions, 75% local-
ized disease, 5% regional disease, and 1% with metas-
tases. Survival rates were also similar for both age 
groups, 99–100% for in situ lesions, 96–97% for local-
ized disease and 60–62% for regional disease.

Balch et al. [61] looked at survival for stage I and II 
patients and showed 5-year and 10-year survival rates 
of 85–87% and 75–81%, respectively, for each age 
decade between 10 and 50 years. After age 50 years 
survival decreased with increasing age. For all ages 
survival for stage I and II disease decreased with 
increasing tumor thickness and the presence of ulcer-
ation. The outcome for patients with stage III disease is 
impacted by the number of involved nodes and 
whether the nodes were microscopically or macro-
scopically involved; 5-year survival was 61% with a 
single microscopic nodule, but decreased to 35% with 
four or more microscopic nodes, and to 46% with a 
single macroscopic node. The presence of four or more 
macroscopically involved nodes was associated with a 
24% 5-year survival. Ulceration was also associated 
with a worse outcome.

For patients with stage IV disease, the outcome is 
very poor. Patients with skin, subcutaneous, or distant 
lymph node metastases have a better survival than 
patients with visceral metastases, with a 5-year sur-
vival of 19% and 10%, respectively [53]. Patients with 
lung metastases have a better short-term survival than 
those with involvement of other visceral sites, but the 
survival at 2 years is the same [53, 61].

17.10 conclusions

Melanoma makes up a significant proportion of the 
cancer seen in the adolescent and young adult popula-
tion, and sun exposure appears to be leading to 
increased incidence. There are no data to indicate that 
melanoma in this age group is biologically different 
than melanoma in older patients. Therefore, adoles-
cent and young adult patients with melanoma should 
be treated according to the guidelines established for 
older adults. The mainstay of treatment is surgical, 
including wide local excision of the primary tumor 
with lymph node mapping, and if indicated by nodal 
disease, LND. Patients with stage IIIB or greater dis-
ease should be offered systemic therapy, consisting of 
immunotherapy and/or chemotherapy.
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18.1 introduction

Breast cancer in adolescence and early adulthood is a 
rare condition. Data from the National Cancer Insti-
tute Surveillance, Epidemiology, and End Results 
(SEER) database in the United States demonstrates 
that less than 1% of breast cancers occur in patients 
younger than 30 years and 2.7% occur in those younger 
than 35 years, with an estimated incidence of less than 
0.1 per 100,000 women below the age of 20 years, 1.4 
for women 20–24 years, 8.1 for women 25–29 years, 
and 24.8 for women 30–34 years old [1, 2].

Breast cancer accounts for less than 1% of child-
hood cancers, and less than 0.1% of all breast cancers 
occur in childhood [3, 4]. The most common type of 
breast cancer in childhood is secretory carcinoma, for-
merly known as juvenile carcinoma [5, 6], a morpho-
logically distinct type of breast carcinoma with highly 
indolent clinical behavior. Management is with wide 
local excision and axillary lymph node dissection; dis-
tant metastases are extremely rare. The prognosis is 
favorable, but patients require long-term follow-up in 
view of the potential risk of late recurrence.

Invasive ductal carcinoma in adolescents and young 
women has a more aggressive biological behavior and 
a worse prognosis than breast cancer in older pre-
menopausal women Age is an independent prognostic 
factor, with the youngest patients having the poorest 
survival [7–9]. Tumors in younger women tend to be 
less well differentiated, and have a higher proliferating 
fraction and more lymphovascular invasion than those 
in older patients [10–13]. As a group, women younger 
than 35 years of age have more advanced disease at 
diagnosis and worse 5-year survival than older, pre-
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menopausal patients [11, 14–17]. Consensus state-
ments recommend that all women under the age of 35 
receive adjuvant therapy, regardless of stage [18, 19], 
due to their worse outcome and an increased risk of 
loco-regional recurrence with breast-conserving sur-
gery compared with older pre-menopausal patients.

Optimal management of young women and adoles-
cents requires consideration of the long-term physical 
and psychological consequences of all treatments. Sev-
eral special issues require consideration for young 
women presenting with a diagnosis of breast cancer, 
including the risk of treatment-induced impaired fer-
tility and potential premature menopause. In addition, 
there is evidence that young women are more vulner-
able to emotional distress and have a higher risk of 
psychosocial problems [20–24].

18.2 epidemiology

18.2.1 incidence

The SEER incidence data in this section were collected 
between 1975 and 2000. Less than 1% of all breast can-
cer cases occurred in women under the age of 30 years. 
Breast cancer incidence rose steadily with age, stabi-
lized, and then dropped slightly after 80 years of age 
(Fig. 18. 1).

In the United States, there was an increase in aver-
age incidence of breast cancer per million females per 
year between the age groups, from 1.3 in 15- to 19-
year-olds, to 12.1 in 20- to 24-year-olds, to 81.1 in 25- 
to 29-year-olds (Table 18.1). However, there was no 

annual increase apparent within each age group over 
the same time period.

At diagnosis, women younger that age 30 years pre-
sented with less advanced disease (smaller proportion 
with distant metastases) than those older than 30 years 
(Fig. 18.2), and yet as a group have had a worse out-
come than older women, as is reviewed below.

18.2.1.1 ethnic differences in incidence

From 1992 to 2001, in the United States, African 
Americans/blacks were more likely than any other 
race/ethnicity to develop breast cancer at age 10–
49 years (Fig. 18.3). Above 50 years of age, non-His-

table 18.1 Incidence. of. breast. cancer. in. the. United. States. (U S ). in. persons. younger. than. 30.years. of. age . SEER.
.Surveillance,.Epidemiology,.and.End.Results.Program

age at diagnosis (years) 15–19 20–24 25–29

U S .population,.year.2000.census.(in.millions),.females 10 11 9 48 9 69

Average.incidence.per.million,.1975–2000,.SEER 1 3 12 1 81 1

Average.annual.%.change.in.incidence,.1975–2000,.SEER 0 0 0

Estimated.incidence.per.million,.year.2000,.U S 1 3 12 1 81 1

Estimated.number.persons.diagnosed,.year.2000,.U S 26 229 1,571

Incidence.of.breast.cancer.in.women,.United.States.
SEER.1975–2000.[1]

Figure 18.1
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panic white women had the highest incidence in all 
older age groups. American Indians/Alaska Natives 
had a lower incidence of breast cancer at all ages.

18.2.1.2 trends in incidence

The incidence of breast cancer in young women has 
remained relatively stable over the period 1975–2000 
(Fig. 18.4).

18.3 diagnosis

Breast cancers diagnosed in adolescents and young 
adults tend to be larger and to have a longer history of 
a palpable mass than tumors diagnosed in older 
women [25]. There are several reasons for this, many 
as a consequence of the recognized, statistical improb-
ability of breast cancer occurring in this age group. 
There are low rates of routine screening by mammog-
raphy and only a small percentage of women under 
40 years report performing regular self-examination. 
The accuracy of clinical physical examination in 
detecting malignant tumors is lower in very young 
women as they often have dense or nodular breast tis-
sue that is subject to cyclical hormonal changes. Even 
once a mass is clinically palpable, there is a low clinical 
suspicion of malignancy, as most discrete breast masses 
in this age group are fibroadenomas. In a study of 30 
women under the age of 30 years with breast cancer, 
clinical examination correctly identified a palpable 
mass to be malignant in only 37% of cases, reinforcing 
the need for a tissue diagnosis in all young women pre-
senting with a non-cystic breast mass [25]. In a young 
woman with an asymptomatic palpable mass, it may 
be reasonable to repeat the examination after the next 
menstrual period with advice regarding avoidance of 
caffeine in the interval. The role of magnetic resonance 

Incidence.of.breast.cancer.in.women.by.stage.
of.disease.at.diagnosis;.United.States.SEER.1975–
2000.[1]

Figure 18.2

Incidence.of.breast.cancer.in.women.by.race/
ethnicity;.United.States.SEER.1992–2001.[1]

Figure 18.3

Incidence.of.breast.cancer.in.women.by.era;..
United.States.SEER.1975–2000.[1]

Figure 18.4



M .Phillips.•.B .Arun.•.A .Bleyerchapter 18296

imaging (MRI) in the management of very young 
women remains to be clarified. Certainly MRI has 
lower specificity in young women as benign fibroade-
nomas in this age group share more features in com-
mon with malignancy than do fibroadenomas in older 
women [26].

The accuracy of mammography is inferior in young 
women due to their denser breast tissue [27] and only 
55% of mammograms in young women with breast 
cancer demonstrated definite malignant changes [25]. 
Ultrasound demonstrates malignant features in only 
58% and is interpreted as benign in 30% of cases. The 
greatest accuracy of diagnosis is provided by fine-nee-
dle aspiration cytology of suspicious lesions, with 78% 
samples obtained definitely malignant and a further 
15% suspicious of malignancy.

18.4 Prognostic characteristics

Published studies compare the stage and pathological 
characteristics of breast tumors occurring in young 
women with those occurring in older pre-menopausal 
women. In 1,703 patients treated at Institute Curie 
between 1981 and 1985, young age predicted for 
poorer survival [9]. The relationship between risk and 
age was a log-linear function, demonstrating a 4% 
decrease in the risk of recurrence and 2% decrease in 
the risk of death for every year of age. In multivariate 
analysis for survival and disease-free interval, young 
age was of independent prognostic significance when 
tumor size, nodal status, grade, hormone receptor sta-
tus, loco-regional treatment, and adjuvant systemic 
therapy were all evaluated.

Among 1,837 pre-menopausal women treated at 
the European Institute of Oncology between April 
1997 and August 2000, 185 were aged less than 35 years 
at diagnosis. Young women were found to be more 
likely to have tumors that were estrogen receptor (ER)-
negative (38.8 vs. 21.6%; p<0.001), and grade 3 (61.9% 
vs. 37.4%; p<0.001) compared to older, premenopausal 
women. Young women were also more likely to have 
lymphovascular invasion. No difference was found in 
the proportion of tumors that overexpressed HER2/
neu [28]. Again, in multivariate analyses, age younger 
than 35 years remained a significant predictor for 

shorter disease-free interval, shorter time to distant 
recurrence, and increased overall mortality.

A retrospective analysis of 885 pre-menopausal 
patients confirmed that age <35 years was an indepen-
dent prognostic factor in multivariate analyses for 
recurrence-free survival (RFS) and overall survival 
(OS), and is the second most powerful risk factor after 
lymph node involvement [29]. The survival of 15 women 
aged under 25 years was not significantly different from 
that of women aged 26–35 years, but the survival of all 
women aged ≤35 years was significantly worse than that 
of women aged 36–65 years (p<0.001) [30].

In a Danish population study of 10,356 premeno-
pausal women with breast cancer, the negative prognos-
tic effect of young age was identified almost exclusively 
in women <35 years with low-risk disease who did not 
receive adjuvant chemotherapy or radiotherapy [17]. 
Young women with node-negative disease had a signifi-
cantly increased risk of dying compared to women aged 
45 to 49 years who had also not received adjuvant ther-
apy. However, the effect of age was not seen in patients 
who did receive adjuvant chemotherapy.

Poor outcomes for women <30 years with stage I 
disease who did not receive adjuvant treatment has 
also been identified by others [31]. Young women had 
a 5-year RFS and OS of 46% and 87%, respectively, 
compared with the population-based estimate of 97% 
5-year RFS observed in older pre-menopausal patients 
with stage I disease (National Cancer Database data).

Data from multiple organizations and studies have 
shown worse outcomes for younger women with ER-
positive tumors treated with adjuvant chemotherapy 
alone [28, 32, 33]. A retrospective review of 3,700 pre-
menopausal women in the International Breast Cancer 
Study Group (IBCSG) trials I, II, V, and VI identified 
314 patients younger than 35 years at the time of diag-
nosis. The distribution of tumor size and number of 
involved nodes was similar in the younger and older 
pre-menopausal women, but the proportion of ER-
positive tumors was lower in the younger age group 
(51% vs 63%). Younger women had significantly worse 
10-year disease-free survival (DFS) and OS compared 
with older pre-menopausal women (35% vs. 47%; 
p<0.001 and 49% vs. 62%; p<0.001, respectively). Con-
trary to the pattern seen in older women, young 
women with ER-positive tumors had a poorer progno-
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sis than young women with ER-negative tumors (10-
year DFS 25% vs. 47%; p=0.014; 10-year OS 39% vs. 
56%; p=0.12), a finding that is thought to be due to the 
insufficient endocrine effect of chemotherapy in 
younger women and the absence of any adjuvant endo-
crine therapy in these studies [34].

At the Royal Marsden Hospital, among 1,161 
women who received adjuvant chemotherapy for early 
breast cancer between 1990 and 2001, 104 were aged 
less than 35 years. Younger patients had significantly 
poorer 5-year DFS compared with older women (48% 
vs. 74%; p<0.001). The effect of age on DFS was limited 
to the subset of women with ER-positive disease, 
despite 82% of the patients aged <35 years with ER-
positive tumors receiving adjuvant endocrine therapy 
(5-year DFS 54% vs. 79%; p=0.02) [35].

At the University of Texas MD Anderson Cancer 
Center, 452 women were diagnosed to have breast can-
cer before age 36 years; 69% of the tumors had nuclear 
grade 3, 52% were ER-positive, and 48% were proges-
terone-receptor positive. HER-2/neu status was evalu-
able for 60% of the tumors: 34% were HER-2/neu 
positive. RFS was significantly shorter in patients who 
reported a family history of ovarian cancer (p<0.0001) 
and those who had hormone-receptor-negative tumors 
(p=0.001). OS was significantly shorter in patients who 
reported a family history of ovarian cancer (p=0.001) 
and those who had hormone-receptor-negative tumors 
(p<0.0001) or nuclear grade 3 tumors (p=0.005) [36].

18.5 treatment and Management

The principles of managing invasive breast carcinoma 
in very young women are the same as for all older 
women, but there are several additional issues that 
require special consideration.

18.5.1 Surgery

Breast-conserving surgery is obviously desirable for 
most young women. The two principal considerations 
when deciding between breast-conserving surgery and 
mastectomy are the risk of local recurrence and the 
overall cosmetic result. The most important risk fac-
tors for local recurrence after breast-conserving sur-

gery are young age (<35 years) [36–43], infiltrating 
tumor with an extensive intraductal component [37, 
43–46], vascular invasion [47], and microscopic 
involvement at the excision margins [42, 48–50]. In an 
analysis of two large trials of mastectomy versus con-
servative surgery and radiotherapy, patients aged 
<35 years at the time of surgery were found to have a 
nine times higher risk of local recurrence after conser-
vative surgery than patients over 60 years at the time of 
surgery [39]. However, young patients treated with 
mastectomy did not have an increased risk of local 
recurrence compared to older patients. Similarly, 
women aged less than 40 years treated conservatively 
had a fivefold greater risk of local recurrence compared 
to older patients, but the effect of young age on the risk 
of local recurrence was not seen in women treated with 
mastectomy [38]. No studies have demonstrated that 
conservative surgery in young women has a negative 
impact on survival. Young women should be aware of 
the increase in the risk of local recurrence associated 
with conservative surgery in this age group, but this 
should not preclude breast conservation.

18.5.2 adjuvant therapies

Patients under the age of 35 years are regarded as hav-
ing an average/high risk of recurrence and warrant 
recommendation of adjuvant therapies [18, 19]. Cer-
tainly, consensus panels of the National Institutes of 
Health and the St. Gallen conference recommend 
adjuvant therapy be given to all patients aged under 
35 years based on the evidence that they have a poorer 
prognosis. However, the use of adjuvant therapies in 
young women raises significant issues of long-term 
side effects including the induction of an early meno-
pause, fertility impairment, and adverse effects on 
bone mineral density and cognition [18, 19].

The current choices of adjuvant therapy for pre-
menopausal patients include cytotoxic chemotherapy, 
ovarian ablation (by surgery, irradiation, or chemical 
ovarian suppression), anti-estrogen therapy or any 
combination of these modalities. Adjuvant chemo-
therapy for early breast cancer in patients under 
50 years old reduces the relative risk of recurrence by 
35% and death by 27%, and for patients with ER-nega-
tive tumors, adjuvant chemotherapy alone is appropri-
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ate [51]. However, patients with ER-positive tumors 
require either chemotherapy and endocrine therapy or 
endocrine therapy alone. Five years of adjuvant tamox-
ifen has been shown to reduce the relative risk of 
recurrence by 54% in women with ER-positive disease 
diagnosed prior to age 40 years [52].

18.5.3 adjuvant chemotherapy

In the Danish and MD Anderson studies, women 
under 30 years with early-stage disease and not given 
adjuvant chemotherapy had particularly poor RFS 
[17, 32]. Anthracycline-containing regimens were 
found to be more effective than CMF (cyclophospha-
mide, methotrexate, 5-fluorouracil), with the use of 
an anthracycline resulting in a 2.7% absolute survival 
benefit at 5 years of follow-up [51]. A Canadian study 
comparing CEF (cyclophosphamide, epirubicin, 5-
fluorouracil) with CMF showed improvement in 
 outcome for the anthracycline-containing combina-
tion, with women receiving CEF demonstrating 
 significantly improved 5-year RFS and OS (63% vs. 
53%; p<0.001; 77% vs. 70%; p=0.03, respectively) 
[53].

At the current time, anthracycline-containing com-
binations remain the standard of care for adjuvant che-
motherapy; however, the optimal chemotherapy for 
young women remains controversial, particularly with 
the advent of studies examining the role of taxanes and 
dose-intensive adjuvant therapies.

The CALGB 9344 trial randomized 3,121 patients 
with node-positive early breast cancer to 4 cycles of 
doxorubicin, cyclophosphamide (AC) or 4 cycles of AC 
followed by 4 cycles of paclitaxel [54]. Patients who 
received paclitaxel had a 17% reduction in the risk of 
recurrence and an 18% reduction in the risk of death. 
Results from the National Surgical Adjuvant Breast and 
Bowel Project (NSABP)-28 trial also showed a 17% 
reduction in the risk of recurrence by the addition of 4 
cycles of paclitaxel, although no significant OS benefit 
has yet been observed [55]. The Breast Cancer Interna-
tional Research Group (BCIRG) 001 trial compared six 
cycles of docetaxel, doxorubicin, and cyclophosphamide 
(TAC) with 5-fluorouracil, doxorubicin and cyclophos-
phamide (FAC) and showed that, at a median follow-up 
of 33 months, there was a significant improvement in 

both DFS and OS for patients with one to three positive 
lymph nodes treated on the TAC arm [56].

Recently published results of the Cancer and Leu-
kemia Group B (CALGB) 9741 trial show a survival 
advantage for a dose-intense regimen of AC followed 
by paclitaxel given every 2 weeks with growth factor 
support; 2,005 women were randomized on this study. 
At a median follow-up of 36 months, there was a 26% 
reduction in the risk of relapse (p=0.01) and a 31% 
reduction in the risk of death (p=0.013) associated 
with the dose-intensive arms, but no significant differ-
ences between schedules giving paclitaxel sequentially 
or concurrently with chemotherapy [57].

18.5.4 adjuvant endocrine therapy

Amenorrhea may be important in the action of che-
motherapeutic agents for pre-menopausal patients, 
with pre-menopausal women experiencing chemo-
therapy-induced amenorrhea demonstrating a better 
prognosis than those retaining their menstrual cycle 
[58–61]. RFS and OS appears to be improved by the 
induction of amenorrhea, but the optimal duration of 
the amenorrhea is unknown. The likelihood of becom-
ing amenorrheic following adjuvant chemotherapy is 
dependent on age, with younger women less likely to 
become amenorrheic and, therefore, less likely to max-
imize on the benefits of the endocrine effect of adju-
vant chemotherapy [62]. Suppression of ovarian func-
tional, however, creates significant problems for very 
young women, including menopausal symptoms, psy-
chological distress, and the need to adjust personal 
and family plans.

As described, cytotoxic chemotherapy for young 
women with ER-negative tumors is the only useful 
adjuvant therapy. However, the situation for young 
women with ER-positive tumors is more complex. A 
retrospective review of four IBCSG trials showed that 
women aged less than 35 years with ER-positive 
tumors had a worse outcome than young women with 
ER-negative tumors [34], although no patients in these 
studies received adjuvant endocrine therapy.

Published studies have compared adjuvant CMF 
chemotherapy with endocrine therapy in premeno-
pausal women. There were no differences in DFS or 
OS between the two groups: patients receiving six 
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cycles of oral CMF compared with the combination of 
tamoxifen and ovarian suppression in patients with 
ER-positive early breast cancer [63]. Two-thirds of 
patients randomized to CMF became amenorrheic as 
a result of their chemotherapy, and there was a signifi-
cant difference in OS in favor of these patients 
(p=0.05). In another study comparing 3 years of gos-
erelin plus 5 years of tamoxifen to six cycles of intra-
venous CMF, at a median follow-up of 5 years the 
group that received adjuvant endocrine therapy had a 
significant improvement in RFS (81% versus 76%; 
p=0.037), but there were no differences in OS and only 
7% of patients in this trial were aged less than 35 years 
[64]. Two years of goserelin has been compared with 6 
cycles of either oral or intravenous CMF in 1,640 
patients with node-positive early breast cancer 
unselected for ER status [65]. For patients with ER-
positive disease, 2 years of goserelin was equivalent to 
CMF chemotherapy for DFS and OS, whereas in ER-
negative or receptor-status-unknown patients, CMF 
chemotherapy was superior to goserelin. However, in 
all three of these trials a chemotherapy arm was used 
that would now be considered sub-optimal and the 
proportion of very young women (<35 years) in these 
trials was small.

In the 1998 Early Breast Cancer Trialists’ Collabora-
tive Group overview there were only 177 premenopausal 
women with ER-positive disease randomized to adju-

vant chemotherapy or a combination of chemotherapy 
and tamoxifen [51]. More recently, a trial comparing 
cyclophosphamide, doxorubicin, 5-fluorouracil (CAF), 
with CAF plus goserelin or CAF followed by tamoxifen 
and goserelin has been analyzed. The addition of gose-
relin to CAF failed to improve DFS, whereas tamoxifen 
added to CAF and goserelin significantly improved the 
outcome (5-year DFS 67% versus 78%) [66].

Further trials are required to better evaluate the 
potential benefit of the addition of optimal endocrine 
therapy to optimal adjuvant chemotherapy in very 
young women.

18.6 Outcome

18.6.1 Survival

Five-year survival rates for breast cancer, by age, 
revealed that survival was lowest for those in the ado-
lescent and young adult age group. Within that group, 
25- to 29-year-old women had the lowest survival 
rates. Females in the 20- to 39-year age range had sta-
tistically significantly lower rates than those aged 40–
84 years at diagnosis (Fig. 18.5). A recent study of 
more than 45,500 cases of breast cancer has suggested 
that 10-year survival rates in women with stage I dis-
ease are determined more by age at diagnosis than 

Five-year.relative.survival.rates,.breast.cancer.in.
women,.by.era.and.age.at.diagnosis;.United.States.
SEER.[1]

Figure 18.6

Five-year.relative.survival.rate,.breast.cancer.in.
women;.United.States.SEER.1975–2000.[1]

Figure 18.5
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tumor size, tumor location, number of examined 
lymph nodes, histology, grade, hormone receptor sta-
tus, marital status, race, registry area, year of diagno-
sis, type of surgery, and radiotherapy [24]. In this anal-
ysis, breast-cancer-specific mortality increased 5% per 
each year younger than 45 years (p=0.0001).

The lower survival rate for young women may be 
due to several factors: breast cancer in young women is 
typically invasive, more aggressive, and is associated 
with a worse prognosis than in older women, detec-
tion rates are lower due to lack of suspicion in the gen-
eral population and medical community, and breast 
tissue in younger women is commonly more dense 
than in older women, resulting in mammography 
results that may be inconclusive.

Five-year survival rates, by 6-year eras, reveal that 
although survival rates for the adolescent and young 
adult population remained relatively stable over time, 
a slight improvement was seen for each age cohort in 
the most recent era (Fig. 18.6).

Breast cancer survival is consistently lower for ado-
lescent and young adult women than for other age 
groups, regardless of histologic type. Five-year survival 
is limited for women with inflammatory disease for all 
age groups (Fig. 18.7). Lower survival rates reflect the 
aggressive biologic and pathologic characteristics 
tumors specific to this age group and the fact that rou-

tine screening for breast cancer is not the standard of 
care for adolescents and young adults. Although treat-
ment modalities have improved considerably over the 
last 30 years, improvements in survival of breast can-
cer patients in the U. S. have not been observed in ado-
lescents and young adults to the extent seen for older 
females.

Five-year.relative.survival.rates,.breast.cancer.in.
women,.by.histologic.type.and.age.at.diagnosis;..
United.States.SEER.1975–1998.[1]

Figure 18.7

Five-year.relative.survival.rates,.breast.cancer.in.
women,.by.era,.stage.of.disease.at.diagnosis,.and.
age.at.diagnosis;.United.States.SEER.[1]

Figure 18.8

Five-year.relative.survival.rates,.breast.cancer.in.
women,.by.age.at.diagnosis.and.year.of.at.diagnosis,.
age.less.than.40.years,.United.States.SEER.1988–1993.
[1]

Figure 18.9
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As expected, 5-year survival rates for all women were 
best for those with localized disease, followed by those 
with regional disease. Survival was poor for all women 
with distant disease. However, 5-year survival rates were 
consistently low for 20- to 24-year-old women, regard-
less of extent of disease at diagnosis. For localized dis-
ease, women in the age groups 20 to 24 and 40 to 44 years 

had high survival rates, although rates were relatively 
high for all ages (Fig. 18.8). For regional and distant dis-
ease, survival rates increased with age (Fig. 18.8).

It may be that with all of the diagnostic and thera-
peutic advances that have occurred during the past 
decade, survival in young women may have improved 
since 1998, the latest era for which is able to provide 
5-year survival data. It is more difficult to be certain of 
survival outcomes when not all patients have been fol-
lowed for at least as long as the survival end-point 
being evaluated. Nonetheless, there is little evidence 
that survival rates among those less than 30 years of 
age at diagnosis have improved during the most recent, 
evaluable era: 1998–2003 (Fig. 18.9).

18.6.2 Mortality

During 1975–2000 in the United States, breast cancer 
mortality rates rose steadily with age, reflecting an 
increasing breast cancer incidence (Fig. 18.10). Mortal-
ity for all age groups remained stable or dropped after 
1981. The decrease in mortality was more pronounced 
for those over 30 years of age, particularly in the most 
recent era of 1993–2000 (Fig. 18.11), and is likely to 
reflect the introduction of screening programs, improved 
diagnostic techniques, and adjuvant chemo- and radia-
tion therapies. There was a more significant improve-
ment in mortality over time for older age groups.

National.breast.cancer.mortality.rate.by.era;..
United.States.SEER.1975–2000.[1]

Figure 18.10

National.breast.cancer.mortality.rate.in.women;..
United.States.SEER.1975–2000.[1] .The.inset.is.a.semi-
logarithmic.representation.of.the.rates.for.women.
younger.than.age.45.years

Figure 18.11

National.breast.cancer.mortality.rate.by.race/
ethnicity;.United.States.SEER.1992–2001.[1]

Figure 18.12
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18.6.3 race/ethnic differences in Mortality

In the United States, for women younger than 45 years 
of age, the mortality for African Americans/blacks was 
nearly twice as high as that for other racial/ethnic 
groups (Fig. 18.12). The death rate for African Ameri-
cans/blacks was disproportionately high despite the 
increased incidence of breast cancer in these women 
compared to other ethnic groups. African American/
black patients have been reported to present with 
higher-stage or more advanced disease [23]. White 
women were significantly more likely to be older and 
to have smaller tumors, less lymph node involvement, 
and to have ER-positive tumors compared with His-
panic or African American/black women [23].

An additional analysis of treatment modalities used 
for women under 35 years of age with invasive breast 
cancer revealed that African American/black women 
– and some Hispanic females – received less aggressive 
initial therapy than white, non-Hispanic women, 
despite similar prognostic variables. These analyses 
were multivariate and adjusted for stage, grade, lymph 
node status, and treatment. Overall, 9% of the wom-
en in this study were registered on clinical trials, 
although African American/black women were less 
likely to be included in this group. African American/
black and Hispanic women had worse outcomes and a 
higher mortality rate than white, non-Hispanic women 
[23].

18.6.4 trends in Mortality

In the United States, a reduction in breast cancer mor-
tality occurred over time, and was significant for each 
age group. This improvement has been considerable in 
more recent years (Fig. 18.13). The average annual 
percent change in mortality for whites compared to 
African Americans/blacks reveals a significant dis-
crepancy between the two racial groups. Whites expe-
rienced substantial improvements in survival in all age 
groups in the period 1975–2000, whereas similar 
improvements were not observed in the African 
American/black population. Decreases in mortality 
during this time period were three times greater for 
whites than for African Americans/blacks 
(Fig. 18.14).

18.7 Special considerations

18.7.1 Fertility issues

Young women are especially likely to have concerns 
regarding the potential effects of chemo- and endo-
crine therapy on their fertility. In patients with ER-pos-
itive tumors it is unclear whether there is any advan-
tage to permanent menopause compared with reversible 
hormonal manipulation. Of patients aged less than 
40 years treated with goserelin for 2 years at random-
ization, 90% had a return of menstrual function, and 
this did not adversely affect their outcome [65].

Chemotherapy can be cytotoxic to the ovaries and a 
proportion of pre-menopausal women receiving che-
motherapy for early breast cancer will develop men-
strual abnormalities and premature menopause, 
although younger women require higher cumulative 
doses of chemotherapy to develop gonadal failure [67]. 
The histological effect of chemotherapy is fibrosis and 
atrophy, resulting in a dose-related progressive and per-
manent depletion of primordial follicles [67, 68]. 
Increasing age at chemotherapy exposure is correlated 
with increasing ovarian failure rate [62, 67–70]. Alkylat-
ing agents (e.g., cyclophosphamide) appear to be the 
most gonadotoxic, but there is limited information con-

Average.annual.percent.change.in.the.national.
breast.cancer.mortality.rate;.United.States.SEER.[1] .
The.left.panel.depicts.the.change.over.the.last.
quarter.century;.the.panel.on.the.right.displays.a.
more.recent,.era:.the.last.decade

Figure 18.13
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cerning newer agents including taxanes [70]. In addi-
tion, for young women, chemotherapy-related amenor-
rhea may be reversible in 22–56% of patients [67].

Most data addressing the risk of becoming amenor-
rheic with adjuvant chemotherapy for early breast can-
cer is derived from women receiving CMF, and results 
may not be comparable for anthracycline-based che-
motherapy regimens. In the MD Anderson series, no 
patient under 30 years of age treated with a doxorubi-
cin-containing regimen ceased menstruation, com-
pared with 33% of patients aged 30–39 years and 96% 
of those aged 40–49 years [36].

Current fertility preservation options for women 
commencing adjuvant chemotherapy are limited. The 
option of submitting to a cycle of ovarian hyperstimu-
lation and egg harvest raises concerns over the safety 
of ovarian hyperstimulation in the breast cancer set-
ting. The possibility of ovarian cryopreservation 
requires further progress in in-vitro maturation of 
thawed primordial follicles, their fertilization, and 
subsequent embryo transfer. Attempts to reduce the 
gonadotoxic effect of chemotherapy have been tried 
with co-treatment with a gonadotropin-releasing hor-
mone (GnRH) agonist analogue. In 13 breast cancer 
patients aged between 26 and 39 years given leuprolide 
during their adjuvant chemotherapy; all patients 
resumed spontaneous menstruation within 1 year of 
completion of therapy [71]. In addition, in 64 patients 
who received goserelin, 3.6 mg monthly in combina-
tion with their adjuvant chemotherapy with a median 
follow-up of 55 months, 86% of patients resumed nor-
mal menses and one patient achieved a successful 
pregnancy [72].

18.7.2 Breast cancer during Pregnancy

Between 0.02 and 0.1% of all pregnancies are compli-
cated by cancer [73]. A high index of suspicion is 
required to diagnose breast cancer during pregnancy 
due to the anatomic and physiologic changes occurring 
in the breast during this period, and studies have found 
an average delay of 5 months between first symptoms 
and the diagnosis [74]. Pregnant women have a 2.5-
fold higher risk of presenting with metastatic disease 

Average.annual.percent.change.(AAPC).in.the..
national.breast.cancer.mortality.rate,.by.race..
(cream bars.whites,.brown bars.African.American/
blacks);.United.States.SEER.1975–2000.[1]

Figure 18.14

table 18.2 Features.associated.with.a.high.risk.of.breast.cancer

Three.or.more.women.diagnosed.with.breast.or.ovarian.cancer.on.the.same.side.of.the.family

Women.diagnosed.with.breast.cancer.under.40.years.of.age

Women.with.bilateral.breast.cancer

Women.with.ovarian.cancer.under.50.years.of.age

Women.with.breast.and.ovarian.cancer

Male.relative.with.breast.cancer

Ashkenazi.Jewish.ancestry

Demonstrated.germ-line.mutation.in.a.high-risk.breast.cancer-associated.gene
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and a decreased chance of stage I disease, and delay in 
diagnosis may contribute to the more advanced stage 
of presentation in such women [75]. The pathology of 
pregnancy-associated breast cancer is almost identical 
to that occurring in non-pregnant women but with a 
higher incidence of ER-negative tumors, probably 
reflecting the young age of the patient cohort [76, 77].

Treatment of pregnancy-associated breast cancer 
should follow the same principles as in non-pregnant 
women. Early termination of pregnancy has not been 
shown to improve outcome [78]. Modified radical 
mastectomy is the standard surgical treatment, as 
radiotherapy during pregnancy would deliver high 
doses of radiation to the developing fetus. Breast con-
servation is an alternative if radiotherapy is scheduled 
for after the delivery of the baby. Recommendations 
for adjuvant chemotherapy should be based on the 
stage, age, and pathological findings as for non-preg-
nant women, although chemotherapy should be 
delayed until the second trimester to minimize expo-
sure of the fetus to cytotoxics during organogenesis 
and as administration of chemotherapy in the second 
and third trimesters does not appear to carry an 
increased risk of teratogenesis [79].

With appropriate management, pregnant women 
have similar actuarial survival and RFS to non-preg-
nant women [75, 80–81]. For breast cancer survivors, 
despite the theoretical risk that the hormonal effects of 
a pregnancy after breast cancer may cause relapse, 
there is no evidence to support this [82].

18.7.3  risk reduction in Women with inher-
ited Predisposition to Breast cancer

The management of young women at an increased risk 
of developing breast cancer at a young age requires 
consideration. These include women who have germ-
line mutations in BRCA1, BRCA2, p53 (Li Fraumeni 
syndrome), or PTEN (Cowden’s syndrome). Factors 
that define women at potentially high risk of develop-
ing breast cancer are summarized in Table 18.2. For 
example, clinical disease may develop in about 50% by 
age 50 years and 80% by age 70 years in women with a 
mutated BRCA1 gene.

Li Fraumeni syndrome is a rare, dominantly inher-
ited condition caused by germ-line mutation in the 

Tp53 gene on chromosome 17 [83]. Affected patients 
have a 50% risk of developing cancer by age 35 years 
and a 90% lifetime risk. The syndrome is characterized 
by pediatric bone or soft tissue sarcoma, early-onset 
breast cancer, and other cancers including those affect-
ing the brain, lung, and adrenals, and leukemia. 
Cowden’s syndrome is caused by a mutation in the 
PTEN gene on chromosome 10 [84]. Affected patients 
have multiple hamartomas and an increased risk of 
developing breast or thyroid carcinoma at a young 
age.

It is especially important for women identified to be 
at potentially high risk to maintain breast awareness 
from a young age [85]. The recommendations for fol-
low-up of individuals with an inherited predisposition 
to breast cancer, from the Cancer Genetics Studies 
Consortium, include monthly self-breast examination, 
beginning at age 18 to 21 years, annual, or semi-annual 
clinical breast examination commencing at age 25 to 
35 years, and annual mammography from age 25 to 
35 years [86]. The recommendations for optimal 
screening modality and frequency are currently not 
well described in planned prospective studies designed 
with mortality endpoints, and are largely based on 
expert opinion [87, 88]. Several studies have suggested 
that screening with MRI benefits women at high risk, 
as the sensitivity for detecting invasive breast cancer 
was higher for MRI compared to mammography or 
clinical breast examinations, although whether MRI 
provides a meaningful clinical benefit and improves 
survival requires further evaluation [89–92].

Currently, tamoxifen is the only drug to be approved 
for the risk reduction of breast cancer in high-risk 
individuals [93, 94]. The study that led to its approval 
was the phase III NSABP chemoprevention trial 
(BCPT-P1), which randomized 13,388 women at high 
risk for breast cancer to tamoxifen versus placebo for 
5 years [95]. After a median follow-up of 54 months, a 
49% reduction in the incidence of invasive breast can-
cer was observed for those receiving tamoxifen 
(p<0.00001). However, tamoxifen did not reduce the 
occurrence of ER-negative breast cancers and it 
remains questionable whether a reduction in the inci-
dence of breast cancer will eventually lead to improve-
ments in survival. Furthermore, identification of the 
ideal target population that would derive the most 
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benefit from using tamoxifen for breast cancer preven-
tion is urgently required, especially as the risks and 
benefits of tamoxifen are considerable. The side effects 
of tamoxifen in the NSABP trial included an increased 
risk of endometrial cancer, with a relative risk in the 
tamoxifen group of 2.5, increasing to 4.01 in women 
aged 50 years or older. Deep vein thrombosis and pul-
monary emboli were also seen more often in the 
tamoxifen group, with women aged 50 years or older 
at highest risk (relative risk 1.7 for deep vein thrombo-
sis, 3.0 for pulmonary emboli) [95].

The impact of tamoxifen on women with high 
genetic risk, such as BRCA1 or BRCA2 mutation car-
riers, is currently being evaluated. BRCA1 and BRCA2 
gene sequencing was performed on all breast cancer 
cases (n=288) in women enrolled in the NSABP-P1 
trial, and 19 cases were found to have the BRCA1 or 
BRCA2 mutation [95]. Five out of 8 patients with 
BRCA1 received tamoxifen, and 3 out of 11 patients 
with BRCA2 mutations received tamoxifen: 83% of 
BRCA1 breast tumors were ER-negative vs. 76% of 
BRCA2 breast tumors that were ER-positive, with 
results suggesting that tamoxifen reduces breast can-
cer incidence in BRCA2 carriers, but not in BRCA1 
carriers, although the sample size was low. In contrast, 
another study showed that tamoxifen reduces the risk 
of contra-lateral breast cancer in women with BRCA1 
or BRCA2 mutations [96]. Furthermore, studies have 
also shown that bilateral prophylactic oophorectomies 
also reduce the risk of breast cancer in BRCA1 or 
BRCA2 mutation carriers, indicating the efficacy of 
anti-hormonal intervention [97, 98].

It remains unknown whether tamoxifen can reduce 
the risk of breast cancer in BRCA1 mutation carriers. 
Preventive mastectomy and oophorectomy have also 
been shown to reduce subsequent breast cancer risk 
and should be considered potential options [99–107].

Girls and young women who have received mantle 
(mediastinal and/or axillary lymph node) radiother-
apy for Hodgkin lymphoma are at significantly 
increased risk of developing breast cancer [108]. The 
risk of developing breast cancer is most pronounced in 
women treated during puberty (10 to16 years). Among 
1,380 children treated for Hodgkin lymphoma, the 
ratio of observed to expected breast cancer cases was 
75-fold higher in women who received mantle radio-

therapy [108]. The actuarial cumulative probability of 
breast cancer was 35% at age 40 years. The increased 
risk of breast cancer is evident at 10 years following 
treatment, with further cases seen 15 years or more 
into follow-up. The long-term risk of developing breast 
cancer falls with increasing age at radiation exposure, 
demonstrating the predisposition to the development 
of breast cancer to be due to the exposure of mammary 
tissue to radiation during the pubertal growth phase. 
A reasonable recommendation for these patients is bi-
annual mammographic screening beginning 8 years 
post-radiation until age 30 years and annually thereaf-
ter [109].

18.7.4 Psychosocial issues

There are a variety of other psychosocial challenges for 
the young woman with breast cancer. Some of these 
are unique, as described below, and others are general 
to the age group, as described in other chapters in this 
book.

Younger women with breast cancer are likely to face 
unique concerns, and studies have shown them to be 
particularly vulnerable [110, 111]. In a retrospective 
study of 577 women aged 25 to 50 years when diag-
nosed to have breast cancer and disease-free for a 
mean of 6 years (range 2–10 years), their quality of life 
was, in general, inversely proportional to their age at 
diagnosis. The younger the patient, the worse the 
scores on emotional and social well being, vitality, and 
depression [111].

Young women frequently have concerns about the 
impact of the diagnosis on their partner and may have 
practical issues related to the care of young children 
during their treatment. Research suggests that peer 
support and self-help groups decrease feelings of social 
isolation, depression, and anxiety [112, 113]. Young 
age of onset of disease has been identified as a risk fac-
tor predicting adverse psychological outcomes, and 
very young women are especially vulnerable to psy-
chological distress related to body image and sexuality. 
Loss of fertility may also be the source of psychological 
distress in young patients, with between 10 and 50% of 
women experiencing sexual problems following the 
diagnosis and treatment of breast cancer [114, 115]. 
Adjuvant chemotherapy and endocrine therapy may 



M .Phillips.•.B .Arun.•.A .Bleyerchapter 18306

affect sexual response, and the induction of premature 
menopause may produce atrophic vaginitis. Physicians 
should be aware that these young patients have an 
increased risk of psychological problems and refer 
patients early for counseling.

18.8 conclusions

Breast cancer is rare in adolescents and young women, 
with less than 1% of all breast cancer cases occurring 
before the age of 30 years. Invasive breast cancer in 
young women is more aggressive and associated with a 
worse prognosis than in older women. Breast cancers 
in young women are more often poorly differentiated, 
ER-negative, and have high proliferating fractions and 
lymphovascular invasion. Current evidence suggests 
that even when corrected for these risk factors, the 
prognosis is worse when the diagnosis occurs before 
age 40 years and especially before age 30 years.

Young women at high risk of developing breast can-
cer include those with germ-line mutations of BRCA1, 
BRCA2, Tp53, or PTEN, or patients who have previ-
ously received mantle irradiation for Hodgkin lym-
phoma. These women are candidates for screening and 
close follow-up from a young age.

Breast-conserving surgery in women <35 years old 
is associated with a higher risk of local recurrence than 
in older women. All young women should be consid-
ered at high risk by age alone and offered adjuvant 
therapy. The long-term toxicities of possible fertility 
impairment and premature menopause due to adju-
vant therapies is a particular concern for these patients 
and require consideration when planning adjuvant 
chemo- and/or endocrine therapy. Adolescents and 
young women are particularly at risk from emotional 
and psychosocial problems and require appropriate 
support.
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19.1 introduction

Primary neoplasms of the liver are rare in adolescents 
and young adults aged 15–29 years, accounting for 
only 1% of all neoplasms [1]. This is similar to the 1.1% 
incidence seen in individuals 0–14 years of age. Hepa-
toblastomas (HBLs) comprise over two-thirds of the 
malignant liver tumors in children, while hepatocel-
lular carcinomas (HCCs) are the most common liver 
tumor seen in adolescents and young adults as well as 
in older adults.

In attempting to focus on cancer of adolescents and 
young adults aged 15–29 years, one finds oneself in as 
yet largely uncharted waters. On the more firm land on 
one side of the waters are the classical embryonal 
tumors occurring almost exclusively in children, and 
on the other, the carcinomas found invariably in 
adults.

Specifically for liver tumors, the two sides are repre-
sented by HBL in children and HCC in adults. Only 
rarely do both these tumors occur in adolescents or 
young adults. However, very little evidence-based 
information about the biology, epidemiology, treat-
ment, and outcome of these rare events is available. 
Does HBL occurring outside the usual age peak of 
3 years respond to the same treatment, and is the out-
come as good? Is HCC in children, adolescents, and 
young adults similar in all respects to those seen in 
older adults, or are there relevant differences?

This chapter will review briefly the incidence, out-
comes, etiology, and pathology of the liver tumors in 
adolescents and young adults. In an attempt to address 
the aforementioned questions, we will focus on HCC, 
and highlight the similarities and differences between 
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this tumor in adolescents, young adults, and older 
adults. It is also the aim of this chapter to give direc-
tions for future research in this gray area.

19.2 epidemiology

19.2.1 incidence

The estimated incidence of liver and intrahepatic bile 
duct tumors increases with age from 2.0 per million in 
individuals 15–19 years of age to 14.6 per million for 
those 25–29 years of age (Table 19.1). According to the 
Surveillance, Epidemiology, and End Results (SEER) 
data, 404 adolescents and young adults in the United 
States were diagnosed with these tumors in the year 
2000.

According to the SEER data collected between 1975 
and 1998, a total of 9,300 individuals 15–29 years of 
age were diagnosed with liver tumors in the United 
States. Although these data include both liver and 
intrahepatic bile duct tumors, the occurrence of the 
latter tumors in individuals less than 29 years of age is 
extremely rare. The incidence of liver tumors is rela-
tively constant between 5 and 35 years of age, but then 
it increases steadily with age (Fig. 19.1). The incidences 
of liver and intrahepatic bile duct tumors have 
increased progressively between 1975 and 2000; how-
ever, this increase is more pronounced in patients older 
than 45 years of age (Fig. 19.2). The male to female 
incidence ratio for liver tumors is close to 1.1 for indi-
viduals 15–29 years of age. However, this ratio steadily 
increases after 30 years of age, with a predominance of 
males being diagnosed with these tumors (Fig. 19.3). 

Liver tumors are more prevalent among Asians/Pacific 
Islanders, followed by African Americans when com-
pared with whites and Hispanics in the USA.

Bosch et al., utilizing population-based cancer reg-
istries and the World Health Organization (WHO) 
mortality data bank, reported the incidence and mor-
tality of liver cancers worldwide [2]. With an estimated 
437,000 new cases in 1990, liver cancers rank fifth in 
frequency in the world, accounting for 5.4% of all 
human cancer cases. Liver cancer corresponds to 7.4% 
of all cancer cases among men and 3.2% of all cancers 
among women. The largest estimated concentrations 
of liver cancer cases are located in Eastern Asia (China, 
Hong Kong, Korea, Mongolia, and Japan), Middle 

table 19.1 Incidence,. incidence. trends,. and. number. of. new. diagnoses. of. liver. cancer;. United. States. Surveillance,.
.Epidemiology,.and.End.Results.(SEER)

age at diagnosis (years) 15–19 20–24 25–29

United.States.population.(in.millions),.year.2000.census 19 90 18 70 17 63

Average.incidence,.1975–2000,.per.million 2 0 5 6 14 6

Average.annual.increase,.1975–2000,.SEER 0 1 8 2 6

No .persons.diagnosed.with.liver.and.intrahepatic.bile.
duct.cancer,.year.2000,.United.States

41 105 258

Relative.incidence.of.liver.(solid bars).and.intrahe-
patic.bile.duct.cancer.(hatched bars).by.age.at.
diagnosis .United.States.SEER.[1]

Figure 19.1
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Africa (Cameroon, Chad, Congo, and Equatorial 
Guinea), and in some Western African countries 
(Gambia, Guinea, Mali, and Senegal) [3]. The lowest 
concentration of liver cancer is seen in Northern 
Europe, Australia, New Zealand, and among the Cau-
casian populations in North and Latin America [3].

The data given above, although comprehensive, 
detailed, and useful for health-care planning, have one 
serious weakness as far as scientific value is concerned: 
these do not discriminate between wide ranges of clin-
ically and histologically disparate tumors, including 
biliary carcinoma, which rarely occurs in adolescents 
and young adults. Even when only the strictly epithe-
lial tumors (HBL and HCC) are considered together, 
the conclusions of such studies can hardly be consid-
ered relevant for HCC. For instance, in the past, since 
HCC is so rare in children and adolescents, these 
patients have consistently been treated according to 
the same prospective trials developed for children with 
HBL or according to adult guidelines.

The European Automated Childhood Cancer Infor-
mation System data, based in France, which collects 
data from National Cancer Registries in Europe, has 
similar and other weaknesses, particularly since there 
is no standard method of collecting data from tumor 
registries in the various European countries.

The International Society of Pediatric Oncology 
(SIOPEL) studies have registered more than 685 cases 
of HBL and 119 of cases of HCC on the last 2 trials 
conducted during their 14 years of existence. Despite 
the fact that the incidence data in these international 
trials are not population based, they have provided 
important information on prognosis and survival of 
children and adolescents with these tumors.

19.3 risk Factors and etiology

HCCs appear to result from complications of previous 
hepatic damage due to metabolic or inflammatory dis-
orders. Chronic infection with hepatitis B virus is the 
leading cause of HCC in children, adolescents, and 
young adults in Asia and Africa. However, in the West-
ern countries, less than one-third of the adolescent or 
young adult patients diagnosed with HCC have an 
identifying cause such as hepatitis or other inflamma-
tory liver disease [4, 5]. This is in marked contrast to 
older adults, in whom almost 90% of the cases are cir-
rhosis related, secondary to viral infection or alcohol 
consumption [6]. The prevention of a carrier state in 
children by a universal program of hepatitis B immu-
nization has shown a dramatic decrease in the preva-

Incidence.of.liver.and.intrahepatic.bile.duct.cancer.
by.era.and.age.in.patients.diagnosed.before.age.
40.years .United.States.SEER.[1]

Figure 19.2

Incidence.of.liver.and.intrahepatic.bile.duct.cancer.
by.gender,.in.patients.diagnosed.before.age.
40.years .United.States.SEER.1975–2000.[1]

Figure 19.3
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lence of chronic hepatitis B virus, and a decline in the 
rates of HCC in Taiwan among children less then 
15 years of age [7].

Less frequently, HCC is associated with congenital 
diseases such as hereditary tryosinemia, biliary cirrho-
sis, glycogen storage disease, and alpha 1-antitrypsin 
deficiency [8–11]. Prolonged exposure to anabolic ste-
roids, toxin-contaminated foods (aflatoxin), and 
potential hepatic carcinogens (pesticides, vinyl chlo-
ride, Thorotrast) have also been associated with the 
development of HCC [12–14].

19.4 Pathology and Biology

The four most common liver lesions in adolescents 
and young adults are reviewed below.

19.4.1 Hepatocellular carcinoma, adult type

The pathologic features of HCCs are well established. 
HCCs are often multinodular and extensively invasive, 
and usually show hemorrhage, necrosis, and vascular 
invasion (Fig. 19.4). The main biological and patho-

logical features have been reviewed recently [15, 16], 
and to date, no differences have been recognized 
among children, adolescents, and adults in the biology 
and pathology of typical HCC and its variants. A sys-
tematic analysis of the significance of histopathologic 
risk factors identified in adult HCC patients [17] has 
yet to be performed in adolescents and young adults.

19.4.2 Fibrolamellar Hcc

Fibrolamellar HCC (FL-HCC) occurs most often in 
young individuals. It is characterized by a single 
expanding mass with typical histological features con-
sisting of large eosinophilic cells embedded in a copi-
ous collagen-rich stroma (Fig. 19.5) [18–20]. A clear-
cell variant of FL-HCC exists [21]. The neoplasm has 
distinct immunohistochemical features [22], includ-
ing reactivity for cytokeratin 7 [23]. FL-HCC accounts 
for about 30% of HCC in patients younger than 
20 years of age. Typically, FL-HCC develops without 
underlying cirrhosis, viral infection, or metabolic dis-
orders. The relationship between HCC and FL-HCC is 
not clear, although both lesions may occur in close 
association [24]. Alpha-fetoprotein (AFP) is frequently 

Hepatocellular.carcinoma,.trabecular.type:.thick.
plates.without.typical.intervening.sinusoids

Figure 19.4

Fibrolamellar.carcinoma:.solid.nests.of.large.and.
eosinophilic.cells.are.embedded.in.a.collagen-rich.
stroma.forming.fibrolamellar.structures

Figure 19.5
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within normal levels, however these may be associated 
high serum vitamin B12 and transcobalamin I [25–
28], elevated serum neurotensin [29], and expression 
of aromatase causing gynecomastia [30]. Whereas 
DNA fingerprinting has revealed genomic homogene-
ity of FL-HCC [31], there are striking differences in 
cytogenetic aberrations in primary FL-HCC and 
recurrent FL-HCC, probably caused by increasing 
genetic instability [32].

19.4.3 transitional liver cell tumor

Recently, a novel subset of liver cell tumors developing 
in older children and young adolescents has been rec-
ognized [33]. Among the first seven tumors described, 
six had initially been diagnosed as HBL. However, 
these hepatocellular lesions exhibit, for the age group 
involved, an unusual phenotype with respect to clini-
cal presentation, pathology, and treatment response. 
Specifically, these tumors show a highly aggressive 
behavior, and reveal histology intermediate between 
HBL and HCC (Fig. 19.6). Immunohistochemically, 
all tumors analyzed so far were AFP-positive, and 
more than half disclosed nuclear reactivity for beta-

catenin, indicating mutations of the respective gene 
[33]. Based on the hypothesis that these tumors may 
reflect growth of a cell type situated between hepato-
blasts and hepatocytes, the term “transitional liver cell 
tumor” was coined as a working formulation.

19.4.4 Hepatoblastoma

HBL is rare in adolescence and adulthood [34]. The 
pathology of HBL is the same in young and older sub-
jects, and the criteria for histologic diagnosis have 
been reviewed recently (Fig. 19.7) [35]. HBL is associ-
ated with distinct cytogenetic aberrations and, in about 
50%, genetic anomalies of the Wnt/beta-catenin sig-
naling pathway have been detected [36]. Histogenetic 
aspects of HBL have been discussed [37]. There are 
intriguing situations whereby HCC occurs in combi-
nation with HBL [38], or HCC recurring as HBL [39], 
suggesting a possible at filiation. However, the carcino-
genic pathways of HCC and HBL are different. HCCs 
show multiple chromosomal aberrations (mainly 
losses), whereas HBLs exhibit a low number of chro-
mosomal changes [34, 36]. In contrast to HCC, p53 
gene (and related genes) mutations are almost lacking 

Transitional.cell.liver.tumor:.cells.forming.this.
neoplasm.are.morphologically.situated.between.
hepatoblasts.and.hepatocytes .Few.multinuclear.
giant.cells.are.seen

Figure 19.6

Hepatoblastoma,.fetal.morphology.type:.most.of.the.
tumor.cells.exhibit.a.clear.cytoplasm .Extramedullary.
hemopoiesis.is.present

Figure 19.7
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in HBL, and p53 protein overexpression is seen infre-
quently [15, 40–43]. Anecdotal survival information 
about 12 patients older then 12 years of age treated in 
the SIOPEL studies appears to be worse than for those 
in the younger age group.

19.5  genetic and Molecular Mechanisms 
of Hepatocarcinogenesis

Recent publications have summarized the vast data 
now available on the genetic and molecular pathogen-
esis of human HCCs [36, 44, 45]. Briefly, the develop-
ment of HCC is a slow, multistep process that is associ-
ated with changes in genomic expression that lead to 
alterations of the hepatocellular phenotype and the 
appearance and progression of a tumor. The develop-
ment of HCC may take many years, and starts in the 
setting of chronic hepatitis or cirrhosis, with destruc-
tion of hepatocytes and inflammatory changes that alter 
the matrix and the microenvironment of the liver.

During the long pre-neoplastic stage (10–30 years), 
phenotypically altered hepatocytes appear. These abnor-
mal hepatocytes frequently present quantitative changes 
in gene expression, such as elevation of expression of 
transforming growth factor-α and insulin-like growth 
factor-2, and functional inactivation of tumor-suppres-
sor genes, like p53 and Rb, leading to the accelerated 
proliferation of hepatocytes. This leads to the produc-
tion of monoclonal populations of aberrant and 
 dysplastic hepatocytes that have telomerase erosion, 
microsatellite instabilities, and occasional structural 
aberrations in genes and chromosomes. The accumula-
tion of these irreversible structural alterations continues 
through the development of dysplastic foci and nodules, 
and the emergence of HCC. The genetic changes 
observed in different HCC nodules are frequently dis-
tinct, suggesting heterogeneity in that the malignant 
hepatocyte phenotype is produced by the disruption of 
genes that function in different regulatory pathways, 
producing several molecular variants of HCCs.

Understanding the molecular pathogenesis of 
HCCs may provide us with clues about the critical 
regulatory pathways involved in tumor development, 
and create new opportunities for therapeutic interven-
tion by either delaying the development of the mono-

clonal dysplastic hepatocyte population or by interfer-
ing in the progression and metastatic spread of 
established HCCs.

19.6 clinical Presentation and diagnosis

The symptoms associated with HCC are usually of short 
duration, and most often patients present with an 
enlargement of the abdomen and an associated palpable 
right upper quadrant mass. Anorexia, weight loss, and 
abdominal pain are frequently seen in association with 
advanced disease. Rarely, it may present as an acute 
abdominal crisis secondary to tumor rupture. Jaundice, 
vomiting, fever, and pallor are rare. On physical exami-
nation, hepatomegaly is common, and a palpable hard 
mass is frequently found. If the tumor is associated with 
pre-existing inflammatory or metabolic diseases of the 
liver, signs associated with cirrhosis of the liver can be 
found, including splenomegaly and spider angiomata. 
Most frequently there is extensive involvement of the 
liver by the tumor, and often the tumor is multifocal in 
origin. The presence of ascites may suggest intra-
abdominal extension, and at least one-third of patients 
present with metastatic involvement, with the lungs 
being the most common site of disease.

Mild normochromic-normocytic anemia can be 
seen, as well as thrombocytosis and occasionally poly-
cythemia secondary to extrarenal secretion of erythro-
poietin. Hepatic enzymes can be elevated, however 
elevation of bilirubin is infrequent unless it is associ-
ated with cirrhosis of the liver.

AFP is the most valuable laboratory test for diagno-
sis and monitoring of hepatic tumors. AFP is a normal 
globulin that is present during fetal life, and is synthe-
sized in the liver and fetal yolk sac. Elevated levels of 
AFP are seen during the newborn period, and adult lev-
els are reached by about 1 year of age. The biologic half-
life of AFP is 5–7 days. The level of AFP at diagnosis has 
been shown to be of prognostic value, and it can be uti-
lized to monitor response to therapy and disease recur-
rence in HBLs [46]. AFP levels, however, can be normal 
in at least 30–50% of the patients with HCC. Lectin-
affinity immunoelectrophoresis can differentiate AFP 
derived from malignant liver tumors from that derived 
from benign inflammatory or regenerative hepatic dis-
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ease [47]. Levels of carcinoembryonic antigen and fer-
ritin can also been increased in HCC [48]. The fibrola-
mellar variant of HCC can be associated with an 
abnormality of the vitamin B12 binding protein, which 
can occasionally be used to monitor disease status and 
response to therapy [25, 48]. Screening for viral hepati-
tis (B and C) should be performed in all patients.

Plain radiographs of the abdomen frequently dem-
onstrate the presence of a right upper quadrant mass, 
and calcifications may be noted in approximately 6% 
of the malignant tumors [49]. Ultrasonography is a 
reliable and non-invasive imaging technique for estab-
lishing the presence of an intrahepatic mass. It aids in 
differentiating solid from cystic masses, and in deter-
mining the presence and extent of vascular invasion 
[50, 51]. Computed tomography (CT) scanning 
(including the chest) is the most commonly used imag-
ing study to determine both local and distant extent of 
tumor involvement. Features like the presence of mul-
tiple lesions and portal hypertension may suggest the 
diagnosis of HCC [52, 53]. Due to the multiplanar 
nature of magnetic resonance imaging (MRI), this 
technique is rapidly replacing CT scan as a predictor of 
tumor resectability [54].

Arteriography has been used to help surgeons map 
the liver vasculature in planning for surgery; however, 
MRI/magnetic resonance angiography is being used 
increasingly for this purpose. Although gallium scan is 
used infrequently in the diagnosis of liver tumors, it 
may add in distinguishing between regenerating nod-
ules of cirrhosis and tumors, since the regenerating 
nodules are usally gallium negative.

19.6.1 differential diagnosis

Some other liver tumors (non HBL and non HCC) 
that can occur in this age group should be considered 
in the differential diagnosis, and are discussed below:

19.6.1.1  embryonal (Undifferentiated) 
Sarcoma of the liver

This is a specific, well-described [55] but rare tumor 
which, although not to be confused with rhabdomyo-
sarcoma, generally responds to the types of chemo-
therapy used in the treatment of that disease. It occurs 

mostly in older children and adolescents; 25% occur 
between the age of 11 and 20 years and 6% between 16 
and 20 years. The tumor presents mainly as a large 
solitary mass often preceded by rather non-specific 
abdominal symptoms. Liver function is usually not 
compromised.

The imaging can be confusing in that, on ultrasound 
it appears solid, but on CT and MRI may show cystic 
elements even so far as to be misinterpreted as a soli-
tary cyst [56]. Therefore histological diagnosis is essen-
tial and can show some specific (i.e., “polygonal” 
cells).

There is no standard treatment protocol and ini-
tially this tumor was considered to be highly malig-
nant with a poor prognosis. This opinion has of late 
been revised, especially since the advent of pre-opera-
tive chemotherapy [57]. Most tumors respond very 
well to rhabdomyosarcoma-like therapy (i.e., VAC 
regimen with vincristine, actinomycin and cyclophos-
phamide) and to agents like doxorubicin, and cispla-
tin. When these tumors are resected completely the 
prognosis is relatively good [56]. With this approach in 
some personal experience, even some ruptured tumors 
are curable [58].

19.6.1.2  angiosarcoma and 
 cholangiocarcinoma

These tumors rarely occur in this age group, except 
when associated with a predisposing disease such as 
biliary atresia. However, they should be considered as 
part of the differential diagnosis.

19.6.1.3 Benign tumors

Focal nodular Hyperplasia and liver cell 
adenoma

These are essentially tumors of adults that are found 
most commonly in women taking oval contraceptives, 
but occasionally also occur in the age group under 
consideration here, although with no known hormonal 
etiology. In the Armed Forces Institute of Pathology 
Monograph (1977–1999), 20% of the total of the 
benign liver tumors seen in patients aged between 11 
and 15 years were focal nodular hyperplasia (FNH).
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Focal Nodular Hyperplasia

FNH often presents as an asymptomatic mass in the 
liver, which can mimic a well-differentiated carcinoma. 
However, there is usually a very specific scar-like lesion 
in the center, which differentiates it on imaging from 
this and from liver cell adenoma and other benign 
lesions [59]. In children it has been associated with 
other disorders such a sickle cell disease, vascular mal-
formations, and limb hyperplasia [60]. It has also been 
described in children who have undergone treatment 
for solid tumors [61].

Liver Cell Adenoma

Liver adenomas have a bimodal distribution, occur-
ring within the 1st year of life and then again over the 
age of 5 years. Liver adenomas can be quite large and 
present with abdominal symptoms, like distension and 
pain, and their growth is unpredictable.

Obviously, for benign lesions, the only possible 
treatment apart from the “watch, wait, and see” 
approach, is surgical excision. There are no hard and 
fast rules about which is best; the various guidelines 
are very flexible and the results of both approaches 
acceptable [62]. Basically, symptomatic lesions should 
be excised if feasible without too great a risk. None of 
these lesions poses a realistic risk of malignancy so 
that the “watch, wait, and see” approach with regular 
imaging and follow-up is quite appropriate.

19.6.2 tumor Staging

Tumor staging is used to determine prognosis and in  
planning therapy. Since children and adolescents with 
HCC have been treated according to therapeutic trials 
for HBL, the staging classifications used by the pediat-
ric groups are very different than those used by the 
adult oncology groups. In North America the most 
widely used staging system is based on the extent of 
tumor and surgical resectability [62–65]. The Interna-
tional Society of Pediatric Oncology (SIOP), however, 
has developed a pre-operative staging system (Pretreat-
ment Extent of Disease System – PRETEXT; Fig. 19.8. 
PRETEXT relies on radiological staging using the main 
veins and bile ducts to identify the number of liver sec-

tors involved by the tumor [66, 67]. Since more than 
70% of HCC in adults develop in cirrhotic livers, the 
conventional pre-treatment TNM staging system is 
clinically inadequate because it does not take in to con-
sideration parameters of hepatic function. Instead, 
current staging systems used in adult liver cancer trials, 
such as the CLIP (Cancer of the Liver Italian Program) 
[68], the BCLC (Barcelona Cancer of the Liver Com-
mittee) [69], the CUPI (Chinese University Prognostic 
Index score) [70] and the Japanese Okemah system 
[71], incorporate the extent of disease and liver func-
tion, as determined by the Child’s-Pugh system [72], to 
determine risk groups and for treatment planning.

In contrast, since adolescents and young adults fre-
quently develop HCC without pre-existing cirrhosis, it 
would seem appropriate to use a system least depen-

Pretreatment.Extent.of.Disease.System.(PRETEXT).
of.the.International.Society.of.Pediatric.Oncology.
(SIOP) .VCI.Inferior.vena.cava,.VP.portal.vein

Figure 19.8
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dent on the functional state of the liver, such as the 
TNM or PRETEXT system.

19.7 treatment and Outcomes

Children and adolescents with HCC have up to now 
usually been treated according to clinical trials 
designed for the treatment of childhood HBL, and less 
commonly according to adult guidelines. Since these 
strategies are so different, they will be discussed sepa-
rately in this chapter.

Complete tumor resection is the cornerstone of 
therapy for liver tumors and offers the only realistic 
chance of long-term disease-free survival [4, 5, 67, 73]. 
New surgical techniques and careful patient manage-
ment during and after surgery have minimized the 
risks associated with liver resection and improved 
resection rates.

HCCs most often present as multi-focal tumors 
with vascular invasion and frequent metastases at 
diagnosis, making complete surgical excision almost 
impossible [5, 74]. Total hepatectomy followed by liver 
transplantation has been used successfully as an alter-
nate surgical approach for un-resectable liver tumors. 
The use of liver transplant for the treatment of child-
hood HBL has been associated with satisfactory results 
[75–77]; however, the experience is still limited for the 
treatment of patients with HCC.

19.7.1 adults with Hcc

Worldwide HCC represents the third largest cause of 
cancer-related death. Since the main risk factor for 
HCC is liver cirrhosis caused by alcohol consumption 
and/or chronic infection by hepatitis B or C, primary 
prevention through vaccination (hepatitis B), imple-
mentation of adequate health standards, and antiviral 
treatment to prevent progression to cirrhosis (hepatitis 
C) may be the only effective ways to change this out-
come. As discussed previously, a universal program of 
hepatitis B immunization has resulted in a decrease in 
hepatitis-B-virus-related HCC [7, 78]; however, no 
therapy has been demonstrated to be efficacious once 
cirrhosis develops. Therefore, surveillance aimed at 
early detection of the tumor and implementation of 

effective therapy is the only option to diminish tumor-
related mortality. The European Association for the 
Study of the Liver recommends that patients with cir-
rhosis who could undergo potentially curative treat-
ment for HCC should have surveillance ultrasonogra-
phy and serum AFP measurements made every 
6 months [79].

The choice of treatment for adults with HCC has 
been based on the extent of disease and liver function. 
Treatment strategies can be divided in three groups: 
(1) patients with localized disease (early stage); (2) 
patients with advanced disease as determined by 
extensive hepatic involvement, vascular invasion, or 
presence of extrahepatic disease; and (3) patients with 
significant liver dysfunction (Child’s-Pugh class C).

Treatment for patients with localized disease (i.e., 
with a single nodule <5 cm or with ≤3 nodules that are 
less then 3 cm in size) should be with curative intent 
since their 5-year survival rate may exceed 70% [80, 
81]. Curative treatments, such as resection, liver trans-
plantation, and percutaneous ablation have been asso-
ciated with a high rate of tumor response and sur-
vival.

Resection is the treatment of choice for non-cir-
rhotic patients, but should be used with caution for cir-
rhotic patients to prevent post-operative liver failure. 
Optimal candidates are those without relevant portal 
hypertension and normal bilirubin levels [82]. Liver 
transplant is regarded as the ideal therapy because it 
theoretically cures both the tumor as well as the under-
lying liver disease [82–85]. However, this treatment is 
not readily available worldwide. In Western countries 
the shortage of cadaveric donors impacts negatively on 
the usefulness of transplantation [82, 86]. While adju-
vant therapies have been used to prevent tumor pro-
gression while patients are on the waiting list, the ben-
efit of these therapies have yet to be confirmed by 
randomized studies. The lack of sufficient cadaveric 
donors has prompted the use of living donor liver 
transplantation as a feasible alternative [87–89].

Percutaneous tumor ablation refers to the destruc-
tion of tumor cells by the intra-tumoral injection of 
chemical substances (ethanol, acetic acid, hot saline) 
or by modifying the temperature of tumor cells (radio-
frequency, microwave, laser, and cryo-ablation) [90–
96]. Percutaneous ethanol injection (PEI) is the most 
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widely used method, and is well tolerated and of low 
cost. Patients in Child’s-Pugh A treated with PEI have 
a 5-year survival rate of 50%. Radio-frequency abla-
tion is now the second option. Some studies suggest 
that radio-frequency ablation is as efficacious as PEI, 
and requires fewer treatment sessions. However, it is 
associated with a higher number of severe side effects. 
Other techniques are either associated with increased 
complications or are still experimental.

Treatment for patients with advanced disease (mul-
tinodular tumors, vascular invasion, or presence of 
extra-hepatic disease) is generally considered pallia-
tive, since they are not aimed to cure but to control 
disease progression and prolong survival. Multiple 
approaches to palliation have been used for these 
patients, including arterial embolization with or with-
out chemotherapy (chemo-embolization), systemic 
chemotherapy, hormonal therapy, internal radiation 
with 131I lipiodol, immunotherapy, and others.

Arterial embolization with or without chemother-
apy has been the most widely used treatment for these 
patients. Objective responses have been achieved in 
15–55% of patients as have substantial delays in tumor 
progression and improvements in survival [97–102].

Systemic chemotherapy is the only therapeutic 
option for those patients with extrahepatic disease or 
portal venous system involvement. However, one 
needs to be careful in evaluating the reported results of 
this approach since the patients for whom systemic 
chemotherapy has been offered routinely are those 
with advanced disease and with compromised liver 
function. Poor liver function may lead to increased 
morbidity and mortality. The discouraging results 
obtained with past studies may in part reflect the need 
for adjusting the doses of the therapeutic agents to the 
degree of liver dysfunction. HCCs are considered 
widely chemotherapy resistant. Response rates from 
15 to 35% have been reported with single agents, but 
durable remission is uncommon. The high incidence 
of overexpression of the multidrug resistance gene 
(MDR-1) and the gene product P-glycoprotein may in 
part explain some of this chemotherapeutic resistance 
of HCC [103–105]. Anthracyclines, like doxorubicin, 
epirubicin, and mitoxantrone, are among the most 
commonly used single agents for the treatment of 
HCC [106–110]. Other chemotherapeutic agents of 

the older generation that have been studied as single 
agents for the treatment of HCC include 5-fluorouracil 
[111–113], cisplatin [114, 115], and etoposide [116, 
117]. The newer generation chemotherapeutic agents, 
like capecitabine [118], gemcitabine [119, 120], pacli-
taxel [121], and irinotecan [122] as single agents have 
not shown any better response and at times even shown 
lesser activity. Combination chemotherapy has helped 
improved responses rates, although the duration of 
remission has remained short, with no evidence of 
improvement in survival [123–130].

Using a four-drug systemic chemotherapy combina-
tion with cisplatin, recombinant interferon-α2b, doxo-
rubicin, and 5-fluorouracil (PIAF regimen) Patt et al. 
achieved a complete pathologic remission in a case of 
disseminated HCC [131]. Leung et al. reported on 149 
patients with HCC treated with a modified regimen 
using the same drug combination [132]. The objective 
response rate was 16.8%, with a complete response seen 
in 3 patients and a partial response in 22 patients. 
Although the response rate was not high, 16 patients 
had their disease rendered operable after chemother-
apy. In eight patients a complete pathologic response 
was seen, and the remainder had greater than 95% 
necrosis. The median overall survival time for all 
patients was 30.9 weeks. Prognostic factors associated 
with increased response and survival were absence of 
cirrhosis and low bilirubin levels. The objective response 
rate was 50% for those patients with good risk factors.

The favorable results obtained with the PIAF regi-
men, especially when compared with previous trials of 
single or multiagent systemic chemotherapy, may be a 
result of the antiangiogenic activity of interferon-α 
[133, 134]. The expression of various angiogenic fac-
tors (e.g., vascular endothelial growth factor, platelet-
derived endothelial growth factor, interleukin-8 (IL-
8), cyclo-oxygenase-2, tumor necrosis factor-alpha) 
that lead to endothelial cell proliferation, migration, 
invasion, differentiation and capillary tube formation 
have been associated with the development and pro-
gression of HCCs. Recent evidence suggests that the 
addition of anti-angiogenic agents to conventional 
chemotherapy improves the efficacy against experi-
mental drug-resistant cancer [135]. Thalidomide and 
bevacizumab, a monoclonal antibody to vascular 
endothelial growth factor, have anti-angiogenic activ-
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ity and have been evaluated in phase II trials for HCC 
patients [136, 137].

The presence of estrogen and androgen receptors in 
HCC cells led to the rationale of using anti-hormonal 
therapy [138, 139]. Two large randomized phase III 
trials using the anti-estrogen tamoxifen showed no 
survival benefit for patients treated with this agent 
when compared with best available supportive care 
measures [140, 141].

Finally, there is no proven effective therapeutic 
option for patients with significant liver dysfunction 
(Child’s-Pugh class C). These patients usually die 
within 6 months; therapy should thus focus on symp-
tomatic relief to avoid unnecessary suffering.

Chemotherapy has become an important part of 
the therapy for children with HBL. It has been used as 
adjuvant therapy for patients who undergo complete 
tumor resection at the time of diagnosis, to induce 
tumor shrinkage pre-operatively in those tumors con-
sidered unresectable, or when primary resection is 
considered hazardous. Since HCCs are rare in children 
and adolescents in the Western world, they have con-
sistently been treated according to therapeutic trials 
for HBL, despite the fact that the two malignancies are 
biologically different.

Katzenstein et al. [74] and Czauderna et al. [142] 
reported on the results of children and adolescents 
with HCC treated on the recently completed North 
American Intergroup Hepatoma study (INT-0098) 
and the first International Society of Pediatric Oncol-
ogy liver tumor study (SIOPEL-1). Both studies uti-
lized pre-operative chemotherapy in an attempt to 
increase surgical resectability, since this is the founda-
tion for curative therapy for liver tumors.

Forty-six patients were entered onto the North 
American Intergroup Hepatoma study [74]. After ini-
tial surgery or biopsy all patients, 8 with stage I (com-
pletely resected tumors), 25 with stage III (unresect-
able tumor), and 13 with stage IV (metastatic disease) 
were randomized to receive cisplatin with either doxo-
rubicin or 5-fluorouracil and vincristine. There was no 
difference in response or survival rates between the 
two treatment regimens.

Seven of the eight patients (88%) with complete 
tumor excision at time of diagnosis (stage I) followed 
by adjuvant cisplatin-based chemotherapy survived. 

This was a significant improvement when compared 
with only 12 of 33 historical control patients (36%) 
treated before the routine use of adjuvant chemother-
apy [74, 143]. This result suggests that adjuvant che-
motherapy is of benefit for patients with completely 
resected HCC. In contrast, outcome was uniformly 
poor for patients with advanced-stage disease. Five-
year event-free survival for stage III and IV patients 
was 23±9% and 10±9%, respectively. Tumor resection 
after neo-adjuvant chemotherapy was only feasible in 
two patients, and although they did have a prolonged 
survival they eventually died of recurrent disease.

Thirty-nine patients were entered onto the SIOPEL-
1 study [142]. Of these, 2 had complete resection of the 
tumor at diagnosis followed by adjuvant chemother-
apy, and 37 had pre-operative chemotherapy using cis-
platin and doxorubicin. Tumor extent was determined 
by radiologic findings, and was classified according to 
the PRETEXT system. Disease was often advanced at 
the time of diagnosis, with 24 of 39 patients (62%) 
classified as PRETEXT III and IV. Metastases were 
identified in 31% of the patients, and extra-hepatic 
tumor extension, vascular invasion, or both in 39%. 
The tumor was multifocal in 56% of the patients. 
Although partial tumor response to therapy was 
observed in 49% (18/37) of the patients, complete 
tumor resection was achieved in only 36% (14/39). 
The results of this study were also unsatisfactory, with 
a 5-year event-free survival of 17% (6–30%). All long-
term survivors had complete surgical excision of their 
tumor.

Twenty-one patients diagnosed with HCC were reg-
istered in the SIOPEL 2 study from March 1994 to May 
1998, and data are available for 17 of those (personal 
communication, J. Plaschkes, 2004). Disease was 
advanced in most patients at diagnosis. Metastases 
occurred in 18% of the patients, extra-hepatic tumor 
extension and/or vascular invasion were found in 35% 
of patients, and the tumor was multi-focal in 53% of 
the patients. One patient died 17 days after diagnosis 
from massive gastrointestinal bleeding, having never 
received treatment. Thirteen of the 16 treated patients 
received pre-operative chemotherapy (SuperPLADO 
– cisplatin/carboplatin and doxorubicin). A partial 
response to pre-operative chemotherapy was observed 
in 6/13 cases (46%). Tumor resection was achieved in 
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eight patients (47%; three at the time of diagnosis), and 
one had a liver transplant. Nine tumors (53%) never 
became operable. One patient was lost to follow-up just 
before planned surgery. Four of the resected patients 
were alive at a median follow-up time of 53 months 
(35–73 months). Twelve patients died due to progres-
sive disease and one from surgical complications. The 
3-year overall survival for this study was 22%.

In the SIOPEL-2 trial, treatment intensity was 
increased, compared with SIOPEL-1, by rapidly alter-
nating the administration of cisplatin (every 14 days) 
with carboplatin and doxorubicin (personal commu-
nication, J. Plaschkes 2004). Despite this intensification 
of standard systemic chemotherapy, no improvement 
in event-free or overall survival has been achieved.

When we compare the results of these three studies 
with three North American studies conducted between 
1973 and 1984 [144], the outcome for patients with 
HCC has shown no significant improvement, despite 
the improvements observed in surgical techniques, 
chemotherapy delivery, and patient support. It seems 
obvious that a completely new treatment approach is 
needed to increase HCC cure rate.

First described in 1956 by Edmonson [18] as a dis-
tinct pathologic variant, FL-HCC has been associated 
with a higher resection rate and better survival when 
compared with the typical pathologic variant of HCC 
both in adolescents and young adults [145–151].

The higher resection rate was not supported by the 
studies reported by Katzenstein et al. [152] and Czaud-
erna et al. [142]. Ten of 46 patients (22%) entered onto 
the Intergroup Hepatoma study had a FL-HCC. 
Resectability at diagnosis and response to therapy was 
not different than for those patients with typical HCC. 
Patients with FL-HCC did not have a better outcome 
when compared with those with typical HCC; the 5-
year event-free survival was 30±15% and 14±6%, 
respectively (p=0.18), although the median survival 
was longer for patients with FL-HCC. The same results 
were seen in the SIOPEL-1 study. Four out of 6 patients 
with FL-HCC died of the disease. However, their sur-
vival was much longer (25 months versus 11 months) 
than for the rest of the group.

Extent of disease (stage and PRETEXT) and pres-
ence of metastases at diagnosis were the two most 
important prognostic factors for patients diagnosed 

with HCC and entered onto the Intergroup Hepatoma 
or SIOPEL-1 studies [142]. Advanced disease and/or 
presence of metastases at diagnosis were associated 
with a lower survival. Analysis of the Intergroup Hepa-
toma trial showed a trend toward improved event-free 
survival for those children with normal AFP level at 
diagnosis when compared with those with elevated lev-
els, with 5-year event-free survival estimates of 29±12% 
and 10±6%, respectively (p=0.09) [152]. However, this 
finding was not confirmed by the SIOPEL-1 study 
[142]. AFP levels were low in eight of nine patients 
with FL-HCC in the Intergroup Hepatoma study and 
in all six patients in the SIOPEL-1 study [142].

Treatment of recurrent HCC in this age group has 
had dismal results. Due to the rarity of these tumors, 
very little experience has been gained from phase I and 
II trials. Hepatic arterial chemo-embolization refers to 
the intra-arterial administration of chemotherapeutic 
and vascular occlusive agents (generally gelatin) with 
anti-tumor agents. The most commonly used chemo-
embolization agents are doxorubicin, mitomycin, and 
cisplatin [153–155]. Intra-arterial injection of anti-
cancer agents results in a higher local concentration of 
drugs with reduced systemic side effects, while the 

Five-year.survival.of.patients.with.liver.and.
.intrahepatic.bile.duct.cancer.by.age.(left panel).
and.gender.(right panel) .United.States.SEER..
1975–1998.[1]

Figure 19.9
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intra-arterial embolization causes ischemic necrosis of 
the tumor. This therapy has been used in a small num-
ber of children and adolescents with recurrent HCC 
while waiting for a donated liver to become available, 
or as adjuvant therapy in an attempt to allow tumor 
resection [156–159]. A major limiting factor for the 
success of this therapy is the status of the liver func-
tion; since in children and adolescents HCCs are rarely 
associated with liver cirrhosis and therefore they usu-
ally have normal liver function, chemo-embolization 
may be useful for these patients.

19.7.2 Mortality and Survival

The mortality rate of liver tumors has shown a signifi-
cant decrease over time (1975–2000) for patients less 
than 45 years of age, but not for older patients (>45 years). 
Survival has improved significantly for individuals with 
liver tumors younger than 15 years of age since the 
introduction of a multi-disciplinary therapeutic 
approach after the 1980s. However, progress has been 
much slower for older individuals (>15 years of age). 
The survival of patients less than 15 years of age is close 
to 60%, while for those individuals between 15 and 

29 years of age, survival is approximately 16% and 
steadily decreases with the advancement of age, as shown 
in Fig. 19.9. This is due to the fact that younger patients 
are predominantly diagnosed with HBLs, which are far 
more responsive to chemotherapy than HCC and bile 
duct tumors. Although survival is not different for males 
compared to females younger than 15 years of age, 
females have a much better survival in the group between 
15 and 29 years of age (Fig. 19.5).

According to Bosch et al., mortality rate estimates 
worldwide present the same pattern to that observed 
with the incidence rates, with higher mortality rates 
seen in the developing countries when compared to 
those seen in developed countries [2].

19.8  liver cancer in adolescents and 
young adults

One of the main striking differences between HCC in 
adults and a younger population is the absence of cir-
rhosis in the latter. Other differences are listed in the 
Table 19.2. The finding and description of a tumor in 
adolescents and young adults with characteristics in 
between HBL and HCC could be explained by a novel 
hypotheses postulating two different pathways of ori-
gin of the tumors with an overlap in the adolescent and 
the young adult age population (Fig. 19.10).

19.9 Future Perspectives

The overall survival for children and adults with HCC, 
with the exception of highly selected patients for whom 
complete tumor resection is feasible, continues to be 
dismal. In Western countries, where HCC in older 
adults is secondary to liver cirrhosis caused by alcohol 
consumption and/or chronic infection by hepatitis B or 
C, primary prevention through vaccination (hepatitis 
B), implementation of adequate health standards and 
antiviral treatment to prevent progression to cirrhosis 
(hepatitis C) may be the only effective ways to change 
this outcome. In Asia, and African countries HCC is 
related to chronic infection with hepatitis B virus 
acquired at birth or at an early age. Universal hepatitis B 
immunization programs will continue to dramatically 

Conceptual.depiction.(not.drawn.to.scale).of.the.
overlap.between.pediatric.and.adult.types.of.liver.
cancer,.which.may.explain.the.type.of.liver.cancer.
observed.in.older.adolescents.and.young.adults .
HB.Hepatoblastoma,.HCC.hepatocellular.carcinoma,.
AYA.adolescents.and.young.adults

Figure 19.10
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reduce the incidence of HCC in these countries. Since 
no therapy has been demonstrated to be efficacious 
once cirrhosis develops, surveillance aimed at early 
detection of tumors and implementation of effective 
therapy is the only option to diminish tumor-related 
mortality.

In contrast to the older adults in whom almost 90% 
of the cases of HCC are associated with cirrhosis, less 
than one-third of adolescent or young adult HCC 
patients have hepatitis or other inflammatory liver dis-
eases. Furthermore, most of these young patients are 
in a good state of health and have normal liver func-
tion. Therefore, treatment choices for these patients 
should have a curative goal even at the expense of 
increased toxicity.

Tumor resection should be the therapy of choice for 
adolescents and young adults with localized disease. 
For those patients for whom up-front surgical resec-
tion is not feasible, the use of percutaneous tumor 
ablation or intra-arterial chemo-embolization has 
been associated with a high response rate and increased 
survival; however, failures are usually associated with 
local tumor recurrence. Therefore, future studies are 
needed to determine whether surgical resection of 
these lesions following local control measures, like 
chemoembolization or percutaneous ablation, can 
improve these results.

Unlike that for those with localized disease, treat-
ment for patients with advanced unresectable or meta-
static disease has not been associated with an improve-
ment in the response rate or overall survival. Despite 
the aggressive use of systemic chemotherapy followed 

by an attempt at surgical resection, the pediatric clini-
cal trials have failed to demonstrate an increase in 
tumor resectability and survival. Trials for adults with 
advanced and metastatic HCC, on the other hand, 
have been frequently designed with palliative intent 
due to the potential risks associated with the use of 
systemic chemotherapy in patients with hepatic dys-
function.

Recently, the use of systemic chemotherapy for the 
treatment of adults with advanced HCC with the PIAF 
regimen has resulted in an increased tumor response 
rate and resectability [132]. This favorable result may 
be due to the combination of chemotherapeutic agents 
with the anti-angiogenic activity of interferon-α.

Angiogenesis is important for the growth of both 
the primary and metastatic tumors. Therefore, drugs 
that inhibit angiogenesis may be useful in the treat-
ment of malignant tumors. Angiogenesis is dependent 
on the interaction of various factors, such as vascular 
endothelial growth factor, platelet-derived endothelial 
growth factor, IL-8, cyclo-oxygenase-2, and tumor 
necrosis factor-alpha, which lead to endothelial cell 
proliferation, migration, invasion, and differentiation, 
and capillary tube formation. Various factors have 
already been associated with the development and 
progression of HCCs. Their expression have also been 
associated with histology grade, proliferative activity, 
invasion, and patient survival. Multiple studies have 
demonstrated that agents with antiangiogenic activity 
(e.g., TNP-470, thalidomide, angiotensin-converting 
enzyme inhibitors, aspirin) may reduce the size and 
frequency of development of experimentally induced 

table 19.2 Differences.between.adult.and.childhood.hepatocellular.carcinoma .HBV.Hepatitis.B.virus

clinical differences Pediatric adult

Liver.cirrhosis
Incidence
Male:female.ratio
Response.to.chemotherapy
Histology

Associations.(etiology)

<30%
0 5–1.per.106

2 5:1
40–49%
High.incidence.of.fibrolamellar.hepato-
cellular.carcinoma
Congenital.metabolic.diseases
Congenital.HBV.vertical.transmission
Biliary.atresia

70–90%
3–150.per.105

3 8:1
10–20%
Lower.incidence.of.fibrolamellar.
hepatocellular.carcinoma
HBV
Toxins
Hormonal.factors

Endemic.HBV.regions No Yes
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HCC in rats and inhibit tumor growth, invasion, and 
metastasis of human HCC in nude mouse models.

Based on these data and the encouraging results 
obtained for good-risk patients (non-cirrhotic and 
with low bilirubin levels) treated with the PIAF regi-
men, the development of studies using the combina-
tion of systemic chemotherapy and anti-angiogenic 
agents should be explored for the treatment of adoles-
cents and young adults with HCC. The treatment 
should have as its main goal tumor shrinkage, allowing 
for complete excision of the tumor by conventional 
surgical resection or by liver transplant. These patients 
are ideal candidates for exploring the role of this thera-
peutic approach as well as other new chemotherapeu-
tic regimens, and novel therapeutic approaches such as 
gene therapy as they become available.

In order to achieve this aim, however, broad col-
laboration and compromise between adult and pediat-
ric oncologists on an international level will be neces-
sary to successfully design and conduct a therapeutic 
trial for adolescents and young adults with HCC.
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20.1 introduction

Colorectal cancer (CRC) is the third most common 
malignant tumor in adults [1]. It was estimated that, in 
the United States in 2004, 147,000 new cases of CRC 
were diagnosed and 56,730 would die of CRC [2]. The 
risk of CRC begins to increase at the age of 40 years, 
and patients less-than 40 years of age account for only 
2–6% of all patients [3]. However, CRC is very unusual 
in children and adolescents (Fig. 20.1).
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20.2 epidemiology

20.2.1 incidence

The incidence of CRC increases exponentially as a 
function of age from 15 to 40 years (Fig. 20.1). Over 
90% of CRC cases occur after the age of 50 years and 
are very unusual in children ≤20 years of age, with an 
estimated annual incidence of about one case in one 
million persons less than 20 years old in the United 
States. It is estimated that CRC accounts for 2.1% of all 
neoplasms in adolescents and young adults (AYA) 
between the ages of 15 and 29 years [1]. At St. Jude 
Children’s Research Hospital, where over 20,000 chil-
dren and adolescents with cancer have been seen since 
March 1962, 77 children ≤20 years of age have been 
diagnosed with CRC.

Relative to non-Hispanic whites and Hispanics/
Latinos, African Americans/blacks have had a higher 
incidence of CRC and American Indians/Alaska Native 
have had a low incidence, differences in racial/ethnic 
incidence rates that are apparent by age 25 years 
(Fig. 20.2). Since the 1980s, the age-corrected inci-
dence of CRC has been declining in the United States 
for adults over the age of 45 years (Fig. 20.3). Below 
this age, however, there has been no significant change 
in the incidence (Fig. 20.3).

The distribution by extent of disease at diagnosis did 
not differ as a function of age at diagnosis (Fig. 20.4). 
The proportion of patients with distant metastases, or 
with regional extension plus distant metastases was 
essentially the same in the age groups evaluated: 60% 
had regional extension and/or distant metastases.

20.2.2 etiology

It is thought that, in adults, adenomatous polyps are 
precursors for the vast majority of CRCs. High fat 
intake and consumption of red meat and alcohol have 
been implicated as risk factors for the development of 
CRC. Use of cyclo-oxygenase-2 inhibitors and diets 
with increased fiber and calcium are believed to reduce 
the risk. How these factors contribute to CRC develop-
ment in patients <20 years old is unknown.

Predisposing risk factors for CRC in AYA include 
inflammatory bowel disease, prior radiation exposure, 

and certain hereditary conditions. Based on familial 
clustering studies, 20–30% of all CRC cases have a 
potentially definable inherited cause. However, for the 
majority of these cases the specific genes remain to be 
characterized [4]. Well-defined CRC pre-disposition 
syndromes account for only about 3–5% of all colon 
cancer and include Peutz-Jeghers syndrome, familial 
juvenile polyposis, hereditary mixed polyposis syn-
drome, hereditary non-polyposis colon cancer, and 
familial adenomatous polyposis [4]. The most com-
mon is familial adenomatous polyposis, which is 
inherited as a dominant trait with 90% penetrance and 
may be associated with the appearance of multiple 
cancers by the age of 37 years [5, 6]. Early diagnosis 
and total colectomy eliminates the risk of development 
of CRC for these patients. Other syndromes associated 
with CRC in young people include Turcot’s syndrome 
[7], for which the frequent mutation of the adenoma-
tous polyposis coli gene has been found [8], Oldfield’s 
syndrome [9], and Gardner’s syndrome [10]. There 
may be an association with neurofibromatosis and pol-
yposis coli [11], and one individual with multiple ade-
nomatous polyps and multiple colonic carcinomas had 
a constitutional deletion of the p53 gene, also in asso-
ciation with neurofibromatosis [11].

For children and adolescents there is no evidence 
that a family history of bowel cancer confers a greater 
risk for the development of CRC before the age of 

Incidence.of.colorectal.carcinoma.by.race/ethnicity,.
United.States.SEER,.1992–2002.[1]

Figure 20.2
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20 years [12]. The risk for persons younger than 20 years 
belonging to families with hereditary CRC, cancer fam-
ily syndromes, or familial juvenile polyposis is unclear. 
Most do not develop CRC until after the third decade 
of life. For example, the mean age for CRC develop-
ment in patients with familial adenomatous polyposis 
is 39 years [13]. However, colon cancer in children as 
young as 5 years of age has been reported [14].

20.3 Biology/Pathology

There is extensive literature on the biology of adult 
CRC. In contrast, little has been published regarding 
the biology of this tumor in patients less than 21 years 
of age. As in adults, the histologic types of CRC include 
gland-forming non-mucinous adenocarcinomas 
(Fig. 20.5), mucinous adenocarcinomas (tumors in 
which >50% of the lesion is composed of mucin; 
Fig. 20.6), and signet-ring-cell carcinomas (tumors in 
which >50% of cells in the lesion contain intra-cellular 
mucin; Fig. 20.7). Signet-ring cells can occur within 
the mucin pools of mucinous adenocarcinoma or as a 
diffusely infiltrative process with minimal extra-cellu-
lar mucin. Well-differentiated neuro-endocrine carci-
nomas (carcinoid tumors) also occur in this age group, 
with the majority of colorectal carcinoid tumors occur-
ring in the appendix [15]. Perhaps the most striking 
difference from adults with CRC is the finding reported 
by multiple authors of a high prevalence of mucinous 
tumors in AYA. In adults, mucinous CRC occurs in 
2–4% of patients. In AYA, however, the prevalence 
approaches 50% [16–28]. La Quaglia et al. noted that 
the incidence of signet-ring carcinoma was 45% in a 
cohort of 29 patients with CRC who were less than or 
equal to 21 years of age at diagnosis [29]. Karnak et al. 
noted a prevalence of mucinous adenocarcinoma in 
80% (13 patients of 20 patients reported) [17]. They 
also described one patient with Bloom’s syndrome and 
another with a family history of colon cancer in this 
cohort. Rao et al. reported 30 patients seen at St. Jude 
Children’s Research Hospital who were under the age 
of 30 years at the time of diagnosis and 25 of these had 
mucinous adenocarcinoma [26].

Mucinous adenocarcinoma has been shown in 
larger series of adults to be associated with a higher 
incidence of peritoneal, but not hepatic metastases, 
and a worse prognosis. Consorti et al., in a case-
 control study matched for age, sex, location, and 
Dukes stage, reported that patients with mucinous 
adenocarcinoma had a worse prognosis compared to 
those with non-mucinous adenocarcinoma [30]. 
Secco et al. noted that disease recurrence was more 
frequent with mucinous or signet-ring carcinomas 
[31]. They also reported that the 5-year survival rate 
was 45% for non-mucinous adenocarcinoma of the 

Incidence.of.colorectal.carcinoma.by.era,..
United.States.SEER.[1]

Figure 20.3

Proportion.of.colorectal.carcinoma.cases.that.
are.localized,.have.regional.extension,.or.distant.
metastases.at.diagnosis,.United.States.SEER,..
1975–2000

Figure 20.4
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colorectum compared to 28% for mucinous tumors 
and 0% for signet-ring tumors. Primary signet-ring 
carcinomas of the colo-rectum have been associated 
with a higher percentage of stage III or IV tumors, 
and an increased frequency of peritoneal seeding, 
lower rate of hepatic metastases, and lower rate of 
curative resection when compared to non-signet-ring 
matched controls in adults [32]. Finally, Sugerbaker 
et al., in reporting patients with peritoneal carcino-
matosis, noted that mucinous histology was an 
adverse prognostic factor [33].

Datta et al. reported micro-satellite instability (MSI) 
in 6 out of 13 patients who were under 21 years of age 
at diagnosis and who had available slides and paraffin 
blocks for analysis [34]. MSI-positive cancers were not 
associated with distinct clinical, histological, or famil-
ial features compared to MSI-negative cancers. How-
ever, MSI-positive cancers did have a significantly 
lower prevalence of K-ras mutation and of loss of het-
erozygosity (LOH) at 17p or 18q. Subsequent studies 
of early-onset CRC (unpublished data, Philip Paty lab-
oratory, Memorial Sloane-Kettering Cancer Center) 
have shown K-ras mutation to be a strong prognostic 
marker associated with increased cancer mortality. In 
addition, cancers with K-ras mutation frequently 
develop aneuploidy of the K-ras locus at 12p21, with 

gain of the mutant K-ras allele and loss of the wild-
type allele. The frequency and prognostic significance 
of these genetic changes in pediatric CRC is of consid-
erable interest.

In summary, MSI status in adults correlates posi-
tively with early-age onset, positive family history of 
colon cancer, right-sided and poorly differentiated 
tumors, a distinct pattern of molecular genetic altera-
tions (diploidy, low LOH, low prevalence of K-ras and 
p53 mutations), favorable prognosis, and high risk of 
metachronous tumors. In a pilot study of 13 children 
and adolescents, the frequency of MSI was 46% and 
was associated with a low prevalence of LOH and K-
ras mutations, but did not correlate with favorable 
prognosis or other clinicopathologic features. These 
data suggest that MSI positivity is associated with a 
unique pattern of molecular genetic development and 
has a different clinical course in childhood and adoles-
cence.

20.4 diagnosis: Symptoms and clinical Signs

The presenting symptoms of AYA with CRC, similar to 
older adults, are usually non-specific. Rarely is the 
diagnosis made in an asymptomatic AYA patient. The 

Mucinous.adenocarcinoma.characterized.by.large.
pools.of.blue.mucin-containing.malignant.glands.in.
an.adolescent/young.adult.patient

Figure 20.6

Moderately.differentiated.adenocarcinoma.invading.
into.pericolic.fat.in.an.adolescent/young.adult.
patient

Figure 20.5
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most common symptom is vague, usually generalized 
abdominal pain [18, 26, 29, 35, 36]. Localizing abdom-
inal pain is usually an indication of peritoneal involve-
ment or perforation. This pain is occasionally sugges-
tive of appendicitis [35, 37, 38]. Weight loss is relatively 
common according to our recent review of St. Jude 
patients in which approximately two-thirds noted 
weight loss [median loss 20 lbs (9.1 kg); range 5–81 lbs 
(2.3–36.8 kg)] [39]. Other less frequent associated 
symptoms include nausea, vomiting, constipation, 
diarrhea, pallor, anorexia, rectal bleeding, abdominal 
distension, dysuria, and intestinal obstruction [18, 26, 
29]. In one review of 29 patients, 13 presented acutely 
whereas 16 had more chronic symptomatology [29]. 
In our experience, the duration of symptoms before 
diagnosis has ranged from 3 days to 12 months, with a 
median of 2 months [18]. A mass or fullness may or 
may not be palpable on physical exam [26, 35, 37]. Pri-
mary tumors of the right colon usually present with 
less symptomatology than do left-sided tumors, prob-
ably because the right colon has a larger diameter and 
a greater liquid content than the left side. Blood in 
stools or rectal bleeding is almost always associated 
with left-sided or rectal primaries.

Unfortunately, CRC is rarely thought of in the 
 differential diagnosis of an adolescent with what would 

be considered “usual” symptoms for this diagnosis in 
an older patient, such as abdominal pain, change in 
bowel habits, and anemia. This has resulted in a delay 
in diagnosis and felt to be at least part of the reason 
why, according to several authors [36, 38] most AYA 
patients present with advanced-stage disease.

20.4.1 Staging

Staging is performed following the American Joint 
Commission on Cancer guidelines [40]. An attempt to 
assign a pre-operative, post-operative, and pathologi-
cal stage should be made. This system is depicted in 
Table 20.1.

20.5 treatment/Management

Since CRC is so rare in children and young adults, 
treatment guidelines for these young patients are usu-
ally extrapolated from adult trials. A multi-disciplin-
ary approach is essential for managing these complex 
patients, and early referral to centers that are expert in 
the care of young patients with cancer will ensure the 
best possible outcome. Whenever possible, managing 
these patients on a clinical trial is preferable.

The diagnosis may be suspected when there is a 
history of cramping abdominal pain, change in bowel 
habits, unexplained weight loss, or hematochezia. If 
the diagnosis is suspected, the patient should undergo 
a flexible colonoscopy to the cecum unless the lesion 
is completely obstructing. Any intraluminal mass 
should be sampled via biopsy and notation made of 
concomitant polyps. If there are only a few polyps 
these should be removed for histological analysis. 
Computerized axial tomography of the chest, 
 abdomen, and pelvis with both liver and lung win-
dows should be done to identify peritoneal, or much 
less frequently hepatic and pulmonary metastases. 
18F-fluorodeoxyglucose-positron emission tomogra-
phy imaging has the potential to detect malignant 
cells by their increased glucose metabolism, and is 
felt by many to be the best method for staging CRC in 
all localities. However, this modality is less useful in 
patients with mucinous histology, which is the histol-
ogy seen in a majority of AYA patients. Both intrave-

Signet-ring-cell.carcinoma.composed.of.individually.
dispersed.tumor.cells.with.a.single.large.mucin.
droplet.displacing.the.nucleus.to.the.edge.of.the.cell.
in.an.adolescent/young.adult.patient

Figure 20.7
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nous and intraluminal contrast should be used both 
for tumor enhancement and identification of normal 
bowel. Hydronephrosis may be observed because of 
infiltration around the distal ureters from peritoneal 
metastases.

There is no specific tumor marker for colorectal 
adenocarcinoma in this age group, including carcino-
embryonic antigen. Abnormalities of liver function 
tests, especially lactic dehydrogenase, may indicate 
hepatic involvement. There are no data evaluating use 
of the carcinoembryonic antigen in follow-up after 
therapy in AYA.

20.5.1 Surgery

Radical surgery with curative intent is the mainstay 
of treatment. In fact, if patients cannot be rendered 
surgically free of disease, they are rarely cured. Resec-
tion should follow guidelines established in adults. In 

particular, primary and secondary draining lymph 
node echelons should be removed. The basic surgical 
principles are removal of the major vascular pedicle 
supplying the tumor along with its lymphatics, and 
en bloc resection of any organs or structures attached 
to the tumor. At least a 5-cm margin of normal bowel 
should be obtained on either side of the tumor to 
minimize the possibility of an anastomatic recur-
rence [41]. Adequate lymph node resection is imper-
ative because some patients with stage III tumors are 
cured by surgery alone. A minimum of 14 negative 
lymph nodes should be examined to define node-
negative disease. The surgeon must also remember 
that the pattern of spread of mucinous CRC may be 
intra-peritoneal. Therefore an extensive exploration 
of the peritoneal surface including that overlying 
Gerota’s fascia and the diaphragm should be under-
taken at laparotomy. All peritoneal nodules should be 
removed if feasible.

table 20.1 American.Joint.Committee.on.Cancer/International.Union.Against.Cancer.(AJCC/UICC).staging.system.for.
colorectal.cancer.[40]

Primary tumor (t) regional lymph nodes (n)

TX Primary.tumor.cannot.be.assessed NX Nodes.cannot.be.assessed.(e g ,.local.
excision.only)

T0 No.evidence.of.tumor.in.resected.specimen.
(prior.polypectomy.or.fulguration)

N0 No.regional.node.metastases

N1 1-3.positive.nodes

Tis Carcinoma.in.situ N2 4.or.more.positive.nodes

T1 Invades.submucosa N3 Central.nodes.positive

T2 Invades.muscularis.propria

T3–T4 Depends.on.whether.serosa.is.present

If serosa present:
T3.Invades.through.muscularis.propria.into.
subserosa,..serosa.(but.not.through),.or.
pericolic.fat.within.the.leaves.of.the.
mesentery
T4.Invades.through.serosa.into.free.
peritoneal.cavity.or.through.serosa.into.a.
contiguous.organ

If there is no serosa present (as in the 
distal two thirds rectum, posterior left 
or right colon):
T3.Invades.through.muscularis.propria
T4.Invades.other.organs.(vagina,.prostate,.
ureter,.kidney)

distant Metastases (M)

MX.=.Presence.of.distant.metastases.cannot.be.assessed

M0.=.No.distant.metastases

M1.=.Distant.metastases.present
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If the diagnosis is not made pre-operatively or if the 
patient is urgently explored for an acute abdomen, and 
CRC is found, the surgeon should convert the proce-
dure to a standard colon cancer resection with exci-
sion of draining lymphatics. This may necessitate clos-
ing the original wound (e.g., appendectomy incision) 
and using a midline approach. 

Cases of localized recurrence may benefit from re-
excision. Hyperthermic perfusion of the peritoneal 
cavity after colon resection and peritonectomy has been 
applied, but only in a few cases. There is not enough 
data to recommend this approach in all patients.

Unfortunately, in many AYA patients the initial sur-
gery is not done as a cancer operation. In those 
instances, re-exploration of the abdomen, with the 
goals of resection of bowel with adequate margins and 
adequate lymph node sampling should be done at a 
center experienced with this type of surgery.

20.5.2 radiation therapy

The use of radiation therapy in children and young 
adults with CRC is dependent on the location of the 
primary disease. In general, radiation reduces the risk 
of local treatment failure in primary tumors in the rec-
tal area, and occasionally it is useful in inoperable 
patients with localized disease. The indications for 
radiation therapy include extension of the tumor to 
surrounding organs or perforation of the visceral peri-
toneum (T4). Radiation has been found to be more 
effective when given with concurrent continuous-infu-
sion 5-fluorouracil (5-FU).

20.5.3 adjuvant chemotherapy

CRC that has been completely resected with adequate 
lymph node sampling (≥14 nodes) and does not invade 
through the muscularis propria (T1S-2, N0, M0; Stage 
I–II) has an 80–90% overall survival rate when treated 
with surgery alone. Minimal follow-up recommenda-
tions according to the National Comprehensive Can-
cer Network include: history, physical exam, measure-
ment of carcinoembryonic antigen levels every 
3 months for 2 years and then every 6 months for a 
total of 5 years. Colonoscopy should be done yearly for 
2 years and then every 2–3 years thereafter.

For patients whose tumor invades through the mus-
cularis propria or into other organs or has either lymph 
node or distant metastases (T3-4, N1-2, M0-1; Stage III–
IV) adjuvant chemotherapy is necessary. For patients 
with stage III disease, 6 months of 5-FU and leucovo-
rin (LV) has been standard treatment. Recently, com-
binations of 5-FU/LV with either irinotecan (FOL-
FIRI) or oxaliplatin (FOLFOX) have demonstrated 
improvements in response and survival. In addition, 
erbitux (cetuximab), a humanized monoclonal anti-
body against the epidermal growth factor receptor, 
and avastin (bevacizumab), a monoclonal antibody 
against the vascular endothelial growth factor have 
both recently been approved by the Food and Drug 
Administration for patients with advanced CRC.

20.6 Outcome

The outcome of AYA with CRC, similar to adults with 
this disease, is dependent on the extent of disease at 
diagnosis. As illustrated in Fig. 20.8, the overall survival 
for patients <30 years of age was lower than for older 
patients during the 1990s, whether the 1-, 2-, or 5-year 

One-,.2-,.and.5-year.relative.survival.for.patients.with.
colorectal.carcinoma.by.age;.United.States.SEER,.
1992–1998.[1] .The.number.of.patients.in.each.5-year.
age.group.is.listed.above.the.abscissa

Figure 20.8
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survival rates are evaluated. For adolescents, the 5-year 
survival rate was about 40%, as opposed to the 60% rate 
achieved overall in patients over 30 years of age and 
regardless of the age group between 30 and 70 years.

The lower survival rate in patients diagnosed before 
age 30 years is not due to a more advanced stage at 
diagnosis in this age group as compared to older 
patients, as shown in Fig. 20.4. When survival rates are 
assessed within localized, regional, and distant disease 
presentations, a lower survival rates among 15- to 30-
year-olds is apparent in each (Fig. 20.9).

When the 5-year survival rate is assessed by era of 
diagnosis (Fig. 20.10), the least amount of progress is 
apparent in patients less than 30 years of age.

The prognosis in younger patients has previously 
been reported to be dismal [16–19, 37, 42–47]. Expla-
nations for the poor prognosis have included a delay in 
diagnosis because of its rarity, a greater percentage of 
patients having more advanced disease at presenta-
tion, and unfavorable histologic characteristics. The 
SEER data do not appear to substantiate the more 
advanced stage hypothesis. More likely, the different 
biology in the younger age group, lacking the sequen-
tial mutations induced in part by environmental car-
cinogens and driven more by MSI, are contributing to 
the worse prognosis.

20.7 conclusions

CRC in AYA is rare, but of regular occurrence and 
repeated challenge. Past studies, mostly limited to col-
lections of cases from single institutions, have sug-
gested that AYA patients with CRC do worse in com-
parison to CRC in adults. This difference is partly 
explained by a higher frequency of mucinous histol-
ogy and more advanced stage disease at diagnosis in 
these younger patients.

CRC in AYA is rare, accounting for about 2% of all 
neoplasms in patients between the ages of 15 and 29 
years of age. Presenting symptoms, similar to adults, 
are often chronic, vague, and ill defined. Because of the 
young age, CRC is not considered early enough in the 
differential diagnosis. In contrast to adults, most of the 
reported cases in this young age group have mucinous 
or signet-ring-cell carcinomas. Although most large 
series suggest that AYA present with more advanced-
stage disease, this is not borne out by the SEER data 
(Fig. 20.4). This discrepancy may be a result of selec-
tion bias in patients referred to academic centers and/
or cases chosen for literature reports. AYA patients 
with localized CRC have an excellent prognosis and 
this diagnosis needs to be considered earlier in patients 
who present with vague abdominal complaints.

Five-year.relative.survival.rate.in.patients.with.
colorectal.carcinoma.by.era,.United.States.SEER.[1]

Figure 20.10
Five-year.relative.survival.rate.in.patients.with.
colorectal.carcinoma.who.were.less.than.45.years.of.
age.at.diagnosis,.by.stage.of.disease.at.diagnosis,.
United.States.SEER,.1975–2000.[1]

Figure 20.9
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21.1 introduction

This chapter is based on the premise that services can, 
and should, be reorganized in such a way as to better 
meet the many and varied needs of teenagers and young 
adults with cancer. Cancer in adolescence is relatively 
rare and yet presents challenging management prob-
lems, both medical and psychosocial. The context for 
proposing change is the perception that traditional 
models of care are not meeting these needs adequately.

In the United Kingdom, a national charity, the 
Teenage Cancer Trust (TCT), was set up originally 
with the explicit aim of championing the needs of 
teenagers with cancer, principally by promoting the 
concept of, and providing capital for, specific inpatient 
facilities. Several such sponsored units have opened in 
major cancer centers during the past decade, yet there 
has been limited formal evaluation of these centers, 
and the concept of such units remains the subject of 
professional medical controversy [1]. To some extent, 
controversy exists because evidence has not been 
sought formally and because some clinicians doubt the 
need to consider teenagers and young adults as an 
identifiable and separate group, believing that cancers 
occurring in this group should be managed within a 
more traditional model of care.

In this chapter, we examine the case for considering 
the special needs of teenagers and young adults with 
cancer. We consider which elements of care should be 
within a teenage-and-young-adult-specific patient 
pathway; describe how models and paradigms of care 
are evolving to meet these needs; address some of the 
barriers or obstructions to change; and describe how 
these might be overcome.

Models of care  
and Specialized Units
Ian.Lewis.•.Sue.Morgan
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21.2 aims of care and the Patient Pathway

The aims of care for all patients, irrespective of age at 
diagnosis or type of cancer, should be to maximize the 
chance of survival whilst minimizing the physical, 
psychological, and social cost of survivorship.

In order to achieve this objective, a patient pathway 
that provides the key elements of diagnosis and treat-
ment must be developed, as exemplified in Fig. 21.1. 
The first step is the referral process, which, in the 
United Kingdom, is most commonly from general 
practitioner to general physician, surgeon, or pediatri-
cian, followed usually by further referral to an oncolo-
gist. It is clear that this period should be as short as 
possible.

The next element is the formal medical evaluation 
of the patient for histological diagnosis, disease stag-
ing, and the assessment of underlying health status, 
including comorbidity. The following step incorpo-
rates the need to inform the patient and family about 
these findings, to advise and decide on an initial treat-
ment plan, and to discuss entry into a clinical trial if 
appropriate. This presumes an informed consent pro-
cess.

Treatment then commences, varying considerably 
depending on the diagnosis and staging, but for many 
patients will include one or more of chemotherapy, 
radiotherapy, or surgery. For some, it may continue 
for many months or even years. This all demands 
close collaboration and multidisciplinary teamwork. 
Patients require a wide range of supportive care that 
is both medical (to treat or prevent major treatment-
related effects) and psychosocial (to help and sustain 
them and their families through immensely stressful 
and challenging experiences). At the conclusion of 
successful treatment, patients embark on appropriate 
follow up, having completed an end-of-treatment 
evaluation, proceeding thereafter to assessment and 
management of any long-term or late effects of 
 treatment. Sadly, treatment might be unsuccessful 
initially, or disease may recur either during treatment 
or some time after its completion. Usually patients 
then require further evaluation of disease status and 
discussion about a new therapeutic strategy. For 
many, this will involve further therapy with cura-
tive intent but, for some, further treatment will not 

be curative and they embark on a palliative course 
that may be brief or may last for months or even 
years.

This path, however, is rudimentary as it provides 
little detail of the specific requirements for any one 
patient and needs to be expanded to identify the ser-
vices that may need to be provided at each of these 
steps. Pathways for children differ from those for 
adults, and there are differing pathways for different 
cancer diagnoses.

21.3  teenagers and young adults 
 Have Special needs

Working with teenagers and young adults can be both 
stimulating and challenging. These young people are 
experiencing a period of life when they are initiating 
major tasks including establishing their personal iden-
tity, experiencing independence, making occupational 
choices, and developing philosophical and lifestyle 
options.

Periods of hospitalization and illness may contrib-
ute to increased dependence on parents, who quite 
naturally feel protective and may want to take over 
care. Reliance on family for financial support and on 
health-care professionals for treatment contributes to 

Patient.pathway.–.the.minimal.model

Figure 21.1
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this loss of independence. The effects of chemotherapy, 
surgery, or radiotherapy will affect identity and self-
esteem [2], which, combined with effects on fertility, 
may also influence the young person’s sexual confi-
dence. Peer contact will decrease at a time when peer 
group acceptance is crucial.

Illness and treatment changes the lifestyle of teen-
agers. Education can be disrupted and future occupa-
tional plans may be changed, either because of therapy 
or because of a real or perceived threat to life.

21.3.1 What do young People Say they need?

In designing and delivering services, it is essential to 
take the experiences and views of patients and their 
carers into account. It is imperative that the young 
people are given a “voice and a choice” in their care, as 
this helps to inform and underpin everything that is 
developed for them. Given the opportunity, young 
people will say what they want from services and those 
who provide them. They are an interesting, challeng-
ing and rewarding group and will “tell it as it is!”

There is an informative, although not extensive, lit-
erature that reveals some insights into the concerns of 
young people with cancer and how their management 
might be improved. Major elements of the direct can-
cer experience that concern young people include the 
possibility of disease recurrence, changes in body 
image, personal relationships with friends, family or 
partners, reintegration into education, and job pros-
pects [3–6]. Whilst some issues are cancer specific, 
others are shared by many young people who do not 
have cancer. Teenagers and young adults with cancer 
need to be seen firstly as young people and only then 
with cancer.

One key element identified in several publications 
is the requirement for clear, appropriate, and compre-
hensive information at all stages as this allows for par-
ticipation and a level of control in decision-making 
factors that relate positively to self-image and help 
with adjustment [7–9]. Patients need to be able to 
make choices for themselves.

The qualities of health professionals that young peo-
ple favor to communication have been identified [7]. 
These included the ability to listen and to express con-
cern, professional expertise, and honesty. In contrast, 

an impersonal manner, excessive jargon, haste, and a 
perceived generation gap impaired communication.

There are not many studies of young people’s views 
of health services. One study assessed the views of 
young people about their care [10]. In addition, evi-
dence has been gathered at three TCT-sponsored 
events held between 2001 and 2004 that have brought 
together several hundred young people with cancer 
who have experienced treatment in a range of set-
tings. The views expressed by these young people 
seem consistent. In ranking those factors deemed to 
be essential, the most important was to “get better” 
and a desire to return to normal. A large majority 
indicated their willingness to travel long distances to 
get the necessary expertise and environment. Young 
people want to have treatment directed by profes-
sionals expert in their disease, preferably in a special-
ized center that caters specifically for their age group. 
To know that they are not the only young persons 
with cancer can have a very positive impact on their 
journey, and many strong bonds are formed in the 
process. Peer support can be vital to self-esteem in 
the pursuit of normality. This need was followed by 
the desire to keep up with their education in order to 
maintain parity with their peers who do not have 
cancer.

Wherever possible, young people want to be pro-
vided with their own space, so that they can mix with 
their own peer group in an age-appropriate environ-
ment and have experienced professionals who can 
guide them expertly in order to help them with their 
individual needs [8].

Whenever asked, young people want to be able to 
access family and friends and, if possible, to be at home 
or close to home. This desire is outweighed strongly by 
the willingness to travel to specialized centers if this 
means that outcome might be improved. Finally, an 
important factor, which has been identified often but 
for which evidence is sparse, is the widely expressed 
perception of significant and avoidable delay in the 
initial diagnosis and referral. Many young people, par-
ticularly those with solid tumors, provide stories of 
numerous attendances and assessments before referral 
for investigations leading to a correct diagnosis. This 
causes them enormous concern, often expressed as “I 
don’t want other people to experience this.”
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21.4  developing a Pathway to Meet the 
needs of teenagers and young adults

21.4.1  centralization of care and access to 
clinical trials

There appears to be fairly strong evidence from pediat-
ric oncology that centralization of care improves out-
come for rare tumors or those requiring complex treat-
ment [11–13]. Further evidence has been published to 
support the benefits of specialized cancer care in adults 
[14].

The specific evidence for teenagers and young adults 
is mixed. Patients with testicular tumors have better 
outcome with centralized care [15]. In a study of teen-
agers and young adults with leukemias in the United 
Kingdom presenting between 1984 and 1994, increased 
survival over this interval was demonstrated and it did 
not vary with category of hospital [16]. This study was 
undertaken before the development of specific Teen-
age and Young Adult units. In contrast, evidence from 
the United States of treatment of acute lymphoblastic 
leukemia [17], and from Germany, of the treatment of 
Ewing sarcoma [18], suggests that centralized care 
with an intensive pediatric regimen is better. A study 
of teenagers and young adults aged 15 to 24 years with 
cancer in Yorkshire between 1984 and 1994 demon-
strated differences in outcome between geographical 
areas [19]. Whilst the exact reasons are unclear, it is 
possible that one factor may have been different pat-
terns of care, as patients from the area with the poorest 
outcome were least likely to be referred to the special-
ized center. There is also evidence to suggest that cen-
tralized care reduces physical late effects. A study of 
children with Wilms tumor demonstrated that those 
not treated in specialized centers might be overtreated 
[20].

There is similar literature to support the contention 
that patients entered into clinical trials often have 
higher survival rates, especially for less common can-
cers. Trial entry has never been found to be associated 
with lower survival rates [21]. There is therefore some 
evidence supporting the recommendation that cen-
tralized treatment and access to clinical trials should 
be important elements of care for teenagers and young 
adults in order to maximize survival.

21.4.2  improving Psychological, Social, and 
educational Support

Psychological, social, and educational outcomes are 
important factors that must be taken into account 
when planning services for teenagers and young adults. 
It is intuitive that these particular outcomes are likely 
to be improved if teenagers and young adults receive 
care in an environment designed for young people, 
where they can meet others of similar age, and where 
staff are expert in and can focus on the needs of ado-
lescents. However, there is little firm evidence to sup-
port this belief and psychosocial outcome studies are 
needed to compare results of teenagers and young 
adults treated in different settings. In the absence of 
clear evidence of better outcome, it would be reason-
able to measure benefit by comparing process out-
comes between traditional and new models. These 
should include comparison of rapidity of diagnosis, 
the clarity and quality of information received, choices 
about treatment, access to clinical trials, availability of 
psychological and peer support, facilitation of educa-
tion, and existence of facilities designed for young 
people.

21.4.3  cancer-Specific or teenagers-and-
young-adults-Specific Multidisci-
plinary teams: is there a conflict?

In expounding our view of the needs of teenagers and 
young adults, it is clear that a tension continues to exist 
between providing centralized care in a unit specializ-
ing in a particular malignant disease and in a unit spe-
cializing in the care and needs of young people. To some 
extent, we view this tension as spurious, perpetuated by 
different factions of health-care professionals. It might 
be thought that the best solution for young people 
would be to create an environment that combines these 
elements to ensure that teenagers and young adults 
benefit from both. This requires individual clinicians 
and groups to commit to working in new ways, thereby 
providing multidisciplinary teams expert in both the 
specific cancers and the needs of young people.

Whelan uses similar arguments to promote the case 
that, where possible, the optimal model is a unit 
designed specifically for young people and staffed by a 
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skilled multiprofessional team expert in both the care 
of teenagers and young adults and their diseases [22].

This is a challenging agenda, given that teenagers and 
young adults develop a wide range of cancers that 
encompasses both pediatric and adult types of tumors 
and that pediatric and adult teams currently have very 
different ways of working. Adult oncology multidisci-
plinary teams are “site specific” and shaped by the disci-
plines required to treat the person with a specific form of 
cancer. The volume of patients is high and time for indi-
vidual patients and families at a premium. The pediatric 
model is somewhat different, having a philosophy of 
care that is family centered rather than disease centered, 
and tends to be more holistic in its approach. There is 
usually a lower volume of patients, thus allowing more 
time for team meetings and reflective practice.

Nevertheless, bringing those from pediatric and 
adult backgrounds together to form a Teenage and 
Young Adult multidisciplinary team should be a core 
aim if teenagers and young adults are to have their 
needs for disease-related expertise and psychosocial 
support met appropriately. This should be a place for 
referrals, discussion and dissemination of knowledge, 
identifying patterns of care, and should become the 
focus for developing a local database concentrating on 
this age range. The Teenage and Young Adult multidis-
ciplinary team needs to develop close relationships 
with several site-specific teams so that additional 
expertise can be harnessed for the benefit of patients. 

This provides an opportunity to develop a forum for 
discussing the many ethical issues and treatment con-
troversies that occur in these patients.

What should emerge eventually is a single, equitable 
model of delivery of care, tailor-made to these young 
patients and their family/carers, allowing equal access 
to expert diagnostic, treatment, and support services 
regardless of their disease or referring physician.

21.4.4  What Might a Single Pathway  
for teenagers and  
young adults look like?

Currently there is little predictable in the experiences 
of teenagers and young adults with cancer and many 
elements of chance in any one patient’s journey. A 
pathway should be evidenced-based if possible and 
take into account the expressed wishes and experience 
of those undertaking the journey. Figure 21.2 is an 
attempt to unify these factors into a single pathway 
based on the input of young people and incorporating 
competencies and requirements rather than particular 
places, people, or professional interest groups.

The first element of this pathway identifies the need 
for early diagnosis. This imposes responsibility on young 
people themselves to learn how to recognize symptoms 
or signs of concern and then seek appropriate profes-
sional help or advice. It demands also that health-care 
professionals listen to young people and make early 
referrals for specialized assessment. Examples of these 
circumstances include increasing public awareness 
amongst young men of the importance of testicular self-
examination, and providing evidence that patients are 
being referred rapidly from primary or secondary care 
to specialized cancer services with a reduction in time 
from initial symptoms to commencing treatment.

Much of the rest of the pathway might appear self 
evident, yet the evidence from the literature, and 
reports of many young people’s personal experiences, 
tell a very different story.

As outlined earlier in this chapter, young people 
find themselves managed by a wide range of medical 
teams, many of whom have little understanding of 
their needs. Both in the United States [23] and in the 
United Kingdom, only a minority appear to be given 
the opportunity to participate in clinical trials.

Patient.pathway.–.the.expanded.model

Figure 21.2
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For many patients it is not known if late effects of 
therapy are taken into account appropriately when treat-
ment is planned. It is recognized, however, that many 
young people report not having adequate information 
about fertility risks at the time of starting treatment and 
many “adult” treatment protocols pay little regard to 
cardiac, renal, and audiological toxicity monitoring.

Many young people report not being encouraged to 
continue with their education through treatment and 
are sometimes actively discouraged by well-meaning 
professionals. In addition, there are often less than 
adequate resources available to “adult” teams to pro-
vide the level of psychological and social support needs 
of teenagers and young adults.

It is perhaps for these reasons that there has been 
such strong pressure for and movement towards pro-
viding specialized facilities and health-care teams. 
Young people need to be offered the opportunities to 
choose, if they wish, to have their management coordi-
nated by a professional team that is expert in young 
people and in the cancers from which they suffer. They 
should have access to a team that has developed age- 
and developmentally appropriate methods of commu-
nication, and which can provide necessary support. 
They should be able to undergo treatment in facilities 
that meet their very particular needs where they can 
meet other young people similarly affected, and where 
the needs of parents, partners, family, and friends can 
also be addressed. They should be given the opportu-
nity to spend as much time as possible at home, or 
close to home, whilst still receiving the benefit of 
expert supervision and access to clinical trials.

21.5  an action Plan For teenagers 
and young adults With cancer

In the United Kingdom there is formal recognition by 
government and professional organizations that adoles-
cents have special health needs [24–26]. There have 
been similar formal recommendations specifically for 
young people with cancer with the Expert Advisory 
Group in Cancer to the Chief Medical Officers of Eng-
land and Wales recognizing these needs and recom-
mending the formation of specialized units for adoles-
cents [27].

Despite this strong recommendation, there was, 
and remains, little understanding in the health-care 
community of what this might mean and how to pro-
ceed. The original focus, as proposed by the TCT, was 
for separate facilities and the provision of physical 
areas or units for young people within institutions, 
with the idea that teenagers and young adults would 
continue to be managed by their current health-care 
teams. There was no broad recognition that staff might 
need special training or development in order to meet 
the particular needs of teenagers and young adults 
with cancer, or that it might be necessary to develop 
specialized teams.

For those who set out on this path, the best hope of 
success appeared to lie in encouraging pediatric and 
adult disciplines to work together. There were threats 
to many entrenched beliefs and ways of working. 
Developing services for teenagers and young adults 
with cancer has been challenging and fraught with dif-
ficulties, most obviously inertia, or even obstruction, 
from professional colleagues, financial constraints 
within institutions, and a lack of understanding by 
commissioners of healthcare of the need for change. 
Despite these barriers, there has been a notable change 
in the climate such that this agenda is moving forward 
at a reasonable pace into a slightly less chilly, and at 
times even warm, atmosphere.

21.5.1  Past and current Practice

In discussing how far we have moved down the road 
toward an ideal pathway for all teenagers and young 
adults with cancer, it will help to describe factors that 
influence current practice. These include patterns of 
how, where, and by whom teenagers and young adults 
are treated at present. This focuses largely on practice 
in the United Kingdom, where it is apparent that teen-
agers were, and are still, subject to a lottery in which 
decisions about referrals and patterns of care have 
developed in an apparently ad hoc manner.

21.5.2 Patterns of care

These vary for different ages and diagnoses and are 
depicted pictorially for several diagnostic categories in 
Fig. 21.3.
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21.5.2.1 Patients under 15 years of age

In the United Kingdom, nearly all children and young 
people below 15 years of age are now referred to one of 
the 22 major United Kingdom Children’s Cancer Study 
Group (UKCCSG) pediatric oncology centers for 
management. This has been a progressive change. 
Prior to the mid-1970s, when pediatric oncology 
began to be recognized as a separate specialty, most 
children received their treatment locally, under the 
care of general pediatricians or surgeons. Following 
the establishment of children’s cancer centers, there 
was a rapid change in referral patterns such that, by the 
early 1980s, the majority of children aged 0–9 years 
were treated centrally.

Interestingly, it took up to a decade longer before 
the majority of young adolescents aged 10–14 years 
achieved similarly high referral rates to children’s can-
cer centers. As an example, in the period 1992–1994, 
only 58% of those aged 13 to 14 years and 73% of those 
aged 10 to 12 years were registered with UKCCSG cen-
ters, compared to 85% of those aged 0–9 years. 
Although never formally analyzed, it is now accepted 
that, during this time, adult specialists were treating 
many young teenagers in adult settings. There was only 
gradual and sometimes grudging acceptance by these 
specialists that young people would gain benefit from 
being treated in an environment more generally 
designed for them, where staff were more likely to 
understand their developmental, psychological, edu-
cational, and social needs. Perhaps more importantly, 
pediatric oncology centers and teams also became 
more expert in treating those cancers occurring most 
commonly in this age group and providing patients 
with access to appropriate clinical trials.

21.5.2.2 Patients aged 15 to 19 years

Pediatric Oncology teams

Throughout the past 20 years, there has been a small 
but increasing number of young people over the age of 
15 years managed by pediatric oncology teams. This 
group can be divided largely into three.

The first consists of patients diagnosed before the 
age of 15 years and treated in a children’s cancer center, 

Current.patterns.of.care .Number/Yrs.refers.to.
approximate.number.of.expected.cases.in.the.
United.Kingdom.by.5-year.age.band

Figure 21.3
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who suffered a relapse as an older teenager or young 
adult. These young people and their families often 
request treatment in a familiar environment by the 
team known to, and trusted by, them.

The second group is made up of patients over 
15 years newly diagnosed with cancers deemed to be 
“pediatric” in nature, most commonly bone sarcomas, 
acute lymphoblastic leukemia, or the rarer diagnoses 
in this age group of embryonal tumors.

The third group comprises patients aged over 
15 years but deemed to have “pediatric” needs. In some 
geographical areas, formal service guidance has 
included the requirement that patients of 16 years, or 
in full-time secondary education, be treated in a chil-
dren’s setting. Elsewhere, the direction of referral has 
been determined by the referring clinician. The rea-
sons given why older teenagers are referred to pediat-
ric centers vary, but are often accompanied by a per-
ception that the young person is relatively immature. 
This can be determined often by the size of the young 
person – a 6-foot-tall 15-year-old boy being thought 
capable of receiving treatment in an adult environment 
whilst a 5.5-foot-tall 17-year-old might be deemed to 
be treated more appropriately within a children’s ser-
vice. The direction of referral often takes place without 
any structured assessment of educational capability or 
social support mechanisms, although the numbers in 
this age group referred to pediatric teams have been 
small. In 1995, less than 100 young people of 15 years 
or over were registered as being treated at UKCCSG 
centers. Since then the number registered has increased 
but, as there has been also a growth in the number of 
units designed specifically for teenagers during this 
time period, it is not possible to disentangle those 
referred to children’s teams from those referred to 
Teenage and Young Adult units that happen to be colo-
cated with pediatric oncology units.

adult Oncology teams

The majority of young people over 15 years continue 
to be managed by teams whose work is mostly with 
older adults. This is often determined by the patho-
logical diagnosis, but a range of factors, some of them 
more rational than others, have determined the team 
taking the lead in treating young people.

As an example, a young person with a lymphoma 
may be referred to and treated by a variety of teams. 
Most patients with lymphoma are managed by clinical 
hematology teams, but a substantial number are man-
aged by medical oncology teams, depending on the 
setting or personal interest of the clinicians involved. 
The type of team can vary between, or even within, 
individual hospitals. Many young people are referred 
to major cancer centers, but a large number continue 
to be managed in more local settings where a teenager 
with cancer is a relative rarity.

Adult teams treat most young people with sarcomas 
or germ-cell tumors, although patterns of care vary. The 

Paradigms.of.care

Figure 21.4
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adult oncology community has demonstrated clearly 
the value of centralized treatment for testicular tumors 
in young men [15] and nowadays, structured multidis-
ciplinary teams within cancer centers manage the 
majority. In contrast, many young women with ovarian 
tumors are managed by predominantly surgical gyne-
cological teams, often in district hospitals.

There is a similar pattern for sarcomas. In England 
and Wales, the majority of young people with bone 
sarcomas have their diagnostic and definitive surgery 
in one of two specialized surgical centers, with adju-
vant chemotherapy delivered in pediatric, medical, or 
clinical oncology settings, usually in cancer centers. In 
contrast, soft-tissue sarcomas are often investigated 
initially and treated in district hospital settings by sur-
gical teams. They may be seen in cancer centers or by 
specialized teams only if deemed to be more complex 
or if disease recurs.

Epithelial tumors appear to be managed mainly in 
local units. In a study of patterns of referral for young 
people aged 15–23 years in Yorkshire (United King-
dom), only a small proportion were treated in a hospi-
tal not in their own district [28]. This implied that only 
the minority of carcinomas were referred to special-
ized centers. Nasopharyngeal cancer and breast can-
cers were referred more frequently than other epithe-
lial cancers, reflecting the importance of radiotherapy 
in accepted management. There is little evidence in the 
literature to suggest that patterns of care have changed 
significantly in more recent years.

21.5.2.3 Patients aged 20 years and Over

Treatment for young people over 20 years is generally 
very similar to that observed in those aged 15–19 years, 
with the majority being managed in adult units and 
with very few, if any, being managed in children’s ser-
vices. There is a perception that a small but increasing 
number of young people under 30 years old are being 
managed in Teenage and Young Adult Units.

21.5.3  Paradigms of care, communication, 
and interaction

There are quite marked differences in how teams from 
differing disciplines interact with patients, and these 

can have a notable effect on how relationships and 
trust develop between young people, their families or 
partners, and the professional teams. These differences 
are illustrated in Fig. 21.4.

21.5.3.1 children’s teams

Pediatric professionals work within the classic triad of 
professionals, parents, and patient. Clearly, very young 
children are not able to express complicated ideas ver-
bally and, whilst they can be enormously expressive in 
several ways, most of the complex discussion and deci-
sion-making tends to take place between professionals 
and parents or carers. Pediatricians and children’s 
nurses are trained to observe and listen to children so 
that some assessment of their views can be made. As 
children get older, their contribution to decision-mak-
ing becomes more apparent, although decisions and 
discussions remain an intricate process in which par-
ents’ views tend to predominate.

Pediatric oncology teams have been relatively well 
resourced, with a high staff:patient ratio. A culture of 
multidisciplinary and multiprofessional working has 
become embedded into practice, which should be fam-
ily-centered in approach. It is axiomatic that this 
approach combined with extensive multicenter, 
national, and international collaboration in the devel-
opment of clinical trials and other studies, has been 
the reason why advances have been incorporated rap-
idly into pediatric oncology practice, thereby improv-
ing patient outcomes.

21.5.3.2 adult teams

Professionals working with adults who have cancer 
tend to work within a more classical medical model of 
a lead doctor interacting directly with the patient. This 
doctor–patient relationship is at the core of practice 
and is based on confidentiality and consent. The patient 
rather than the family is at the center of this particular 
care paradigm and other family members or partners 
interact with the professional team largely through the 
consent of the patient. Medical, clinical, and hemato-
logical oncology practice tends to be strongly medi-
cally led with other professionals providing a support-
ing role. Historically much of the focus of adult teams 
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has been on older patients and there is much logic in 
this as the number of older patients who develop can-
cer is large. The emphasis has been often on treating 
with largely palliative intent whilst paying particular 
attention to unwanted acute side effects.

In contrast to pediatric oncology, resources have 
been more stretched and staff/patient ratios smaller. 
This implies less time for complex interaction and less 
reliance on professional support. The proportion of 
patients entered into multi-center clinical trials is 
much lower, although increasing this number in adults 
with malignant disease is a key objective of the National 
Cancer Research Institute and Network.

21.5.3.3 teenage and young adult teams

Patterns for teenagers and young adults with cancer 
are really only just emerging but the evidence base is 
starting to increase. It is clear that teenagers and young 
adults do not fit easily into either of the classic pediat-
ric or adult paradigms of interaction.

Cancer nearly always interferes with normal physi-
cal and psychosocial developmental processes of young 
people. It is paramount, therefore, that professionals 
dealing with teenagers and young adults develop 
knowledge of and sensitivity to such issues, whilst rec-
ognizing that considerable flexibility is required to 
meet the needs of each individual.

This requires an approach that utilizes elements of 
both classic pediatric and adult models. Professionals 
should interact predominantly with the patient. They 
should, however, be sensitive to the needs and wishes of 
each individual and actively encourage patients to be 
accompanied and supported. For younger teenagers this 
is virtually always by parents, legal carers, or other family 
members, but for older teenagers or young adults it could 
be partners, friends or any combination of these. It is not 
uncommon to have a number of people accompanying 
teenagers and young adults with cancer. Individual 
choices can also change. The 14 year old who comes 
accompanied by her parents and who defers largely to 
their wishes may well develop into the 18 year old who 
brings her boyfriend and who may wish to override the 
advice of all around her. At 20, however, she may wish 
her parents to come as well, and also take and listen to 
advice from those around her. This demands an approach 

that is both flexible and offers choices. It is almost impos-
sible for this to be feasible without an extensive multi-
professional and multi-disciplinary team.

Typically, patients in the teenage and young adult 
group have a much lower rate of entry into clinical tri-
als than children. This reality is likely to be multi-fac-
torial, but one important factor has been the perceived 
‘difficulty’ of engaging young people in complex dis-
cussion. There is no fundamental reason for thinking 
that teenagers and young adults are less likely to con-
sent to clinical trials than patients in any other age 
group.

21.5.3.4  teenage and young adult Units and 
teams

The first unit identified specifically as being for adoles-
cents with cancer is sited at the Middlesex Hospital in 
London. This 10-bedded facility was opened in 1990 
and focused predominantly on the care of young peo-
ple with bone sarcomas [29]. Since then other units 
have opened, each reflecting local influences that have 
determined which cancers are managed within or out-
side of them and which clinicians are involved primar-
ily in the care of patients.

Some of these Teenage and Young Adult units 
opened as an adjunct to the local adult oncology facil-
ity, whilst others have developed predominantly as an 
adjunct to pediatric oncology services. It has been less 
common for units to be developed by joint collabora-
tion between adult and pediatric oncology teams but 
examples of this do exist.

Most of these units started with a combination of 
professional goodwill and charitable support. Funding 
from formal National Health Service sources has been 
sporadic, dependent upon local champions harnessing 
evidence and sympathetic commissioners of health-
care being prepared to listen. As a result there has been 
no standard package of funding nor pattern of devel-
opment. Some units continue to exist because staff 
expanded their roles voluntarily from their original 
remit whilst others have had varying degrees of spe-
cific funding which may have included nursing staff, 
medical staff and other support staff.

The impetus for formation of these units has come 
from a combination of professional awareness, patient 
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pressure, and lobbying by the voluntary sector. Despite 
notable successes to date, it is worth pointing out that 
it is still only the minority of cancer centers in the UK 
that have any specific facilities for young people. Even 
where these do exist, there is often disagreement 
between different groups of professionals about the 
value of such units. It seems that clinical hematologists 
are the medical professional group that has the most 
difficulty with the concept of managing young people 
within age-specific facilities.

When Teenage and Young Adult units were first 
created, the emphasis was on external appearances, 
albeit as a means of improving care and providing peer 
support. The need for bright and cheerful surround-
ings was paramount, with elements of “home” such as 
a sitting room with sofas to lie down on, a kitchen area 
to make drinks and snacks, and teenage-friendly facil-
ities including TVs, pool table, DVD player, and com-
puters with Internet access. These were to be places 
where their friends and family could visit without 
embarrassment, to provide an environment that 
enabled them to maintain a sense of normality and 
continuation of their lives. As these units have taken 
shape over the last 10 years, it has become apparent to 
those caring for this group of patients that the work is 
challenging and demands special skills. This has led to 
increasing numbers of staff either being appointed 
specifically to Teenage and Young Adult units or 
changing their roles to provide a greater proportion of 
time to this service. Expertise has been developing in 
both the management of the particular cancers experi-
enced by teenagers and young adults and in their spe-
cific supportive care and psychosocial needs.

21.5.3.5 �irtual Units and Peripatetic teams

In the absence of specific facilities it has been possible, 
nevertheless, to develop some services for young peo-
ple by offering a “service without walls.” Examples exist 
where specialized psychosocial support and expertise 
can be offered to the teenagers and young adults as a 
peripatetic service. In our own service in Leeds (United 
Kingdom), a team of professionals (i.e., nurse, social 
worker, learning mentor, and youth worker) can help 
provide some elements of care to those young people 
who cannot, for whatever reason, be cared for within 

the confines of our inpatient facility. The team works 
alongside, not instead of, the specialized hospital-
based teams. Patients and their families can be visited 
at home, in their local hospital, or at work/school, and 
can have access to a system that offers advice, support, 
disease and treatment expertise, and a base for them to 
contact at any time, for any reason. The inclusion of a 
youth worker in this team facilitates patients’ access to 
a network of other young people with cancer and over-
comes some of the isolation they experience. Virtual 
units can become the foundation of definitive units, as 
the former have the capability of defining and, to a cer-
tain extent, quantifying the need for future develop-
ments.

There is a national review taking place currently of 
services for children and young people with cancer by 
the National Institute of Clinical Excellence, which is 
aimed at producing firm guidance to commissioners 
of healthcare by July 2005. This guidance encompasses 
those aged up to their mid-20s (www.nice.org.uk child 
and adolescent cancer).

Interestingly, whilst the United Kingdom may have 
taken the lead in developing adolescent cancer units, 
units are now being developed in several other coun-
tries including Australia and France.

21.6 conclusions

In this chapter we have demonstrated ways in which 
services could be reorganized to meet the needs of the 
teenager or young adult with cancer. The path that will 
lead to the implementation of such developments is 
not a particularly easy one to take, and many obstacles 
may be placed in the way of establishing such best 
practice for this specific, separate group. However, we 
recommend that this does not deter those profession-
als who both understand the need and are in a position 
to influence change.

All-too-often, services have evolved in an unplanned 
way, with the result that these appear to serve the needs 
and predilections of professionals rather than consum-
ers who then have to try to fit in. We believe it is fea-
sible to outline a single generic pathway for teenagers 
and young adults with cancer that will require tailor-
ing for each individual’s specific disease and personal 
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circumstances. We believe that this will provide opti-
mal care for young people and is worth striving for, but 
we know that it will happen only when the grip of pro-
fessional ownership is loosened and the needs of young 
people are addressed as the primary concern.
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22.1 introduction

The terms compliance and adherence describe the 
behavior of following advice or instructions, and these 
terms are used interchangeably. In the medical con-
text, compliance refers mostly to drug intake, but may 
also include adherence to diet, lifestyle, and other 
therapeutic modalities including medical follow-up. 
Noncompliance can be manifested as failure to fill the 
prescription, failure to take the prescribed drug, and 
incorrect frequency, timing, or dosage of drug admin-
istration. Correctly defined, misunderstanding the 
instructions of the health-care provider does not con-
stitute noncompliance, but since this reason is raised 
frequently by the patient, a striking lack of understand-
ing may reflect an underlying problem of noncompli-
ance. Likewise, refusal of treatment might be consid-
ered as noncompliance at its extreme, as the case of the 
13-year-old boy Tyrell Dueck, who refused treatment 
for osteosarcoma [1], even though the total lack of 
agreement to accept any treatment is a different issue.

Compliance may imply acceptance and accommo-
dation to a dominant force (i.e., the physician dictates 
and the patient accepts). In the current climate of prac-
tice, however, the treatment process is ideally a part-
nership between the patient and the health-care pro-
viders, and therefore, compliance has to be redefined 
as an agreement between the patient and his health-
care providers to restore or maintain the patient’s 
health [2]. The best definition for compliance is the 
extent to which the patient’s behavior coincides with 
medical or health advice [3–4].
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Lack of compliance transcends the boundaries of 
disease categories and age groups. The number of 
research articles on patient compliance increased from 
15 per year in the mid-1970s to more than 100 per year 
in recent years [5]. Although an abundance of litera-
ture is available on compliance issues in the adult can-
cer patient, little research exists on compliance of chil-
dren [6, 7], and particularly of adolescents with cancer 
[8, 9].

The clinical implications of poor drug compliance 
are enormous. Noncompliance with oral chemother-
apy may play a role in the long-term prognosis of 
childhood leukemia [10, 11], in the relapse rate [12–
14], and in the graft survival after transplantation [15]. 
The prednisone nonadherence rate in adolescents and 
young adults with acute lymphoblastic leukemia (ALL) 
or Hodgkin disease was 52% according to the mea-
sured drug levels [12, 16]. The noncompliance in ado-
lescent outpatients with cancer was 59% [11]. In a 
study of compliance using blood levels of 6-mercapto-
purine in children with ALL, one-third of patients had 
undetectable levels of drug [14, 17]. The rate of com-
pliance in pediatric and adolescent patients with can-
cer ranges from 40 to 60% [9]. With the advent of more 
successful treatment for childhood and adolescent 
cancer, the compliance factor is gaining greater impor-
tance because therapy is given currently with curative, 
rather than only palliative intent.

Thus, the implications of poor drug compliance by 
teenagers with cancer are enormous, and preventing 
this major factor of therapeutic failure is a paramount 
challenge for clinicians. Furthermore, the compliance 
of physicians and their prescription pattern of mainte-
nance chemotherapy in ALL may contribute substan-
tially to the success or failure of treatment, and 
improved physicians’ compliance may improve the 
prognosis of the disease [18]. In order to understand 
the behavior of drug compliance, it is important to 
realize that for the adolescent with cancer, very often it 
is not survival of the disease in the future, but rather 
survival of the treatment in the present that is crucial 
[19].

Strict adherence to chemotherapeutic protocols is 
essential to secure optimal outcome. In clinical trials, 
noncompliance may lead to an overestimation of 
required dosage and may lead to significant toxicity 

and morbidity if drug dosage is increased because of 
perceived lack of response, or if the compliance of a 
patient suddenly improves. Drug noncompliance may 
obscure the actual rate of adverse reactions and may 
lead to a waste of resources. The availability of venous 
access ports and easy-to-operate pumps make the 
administration of parenteral chemotherapy at home 
(“home care”) possible, but this introduces a new 
dimension to the issue of noncompliance.

22.1.1 compliance: definition and History, 
cultural changes during the last 50 years

Historically, Hippocrates (470–410 BCE, Greece) 
expressed in his famous oath his concerns about 
patients’ noncompliance: “Keep watch also on the fault 
of patients which often make them lie about the taking 
of things prescribed” [20, 21]. Compliance with drug 
therapy for acute diseases and symptoms is often bet-
ter than for chronic diseases [22]. Along with these 
therapeutic goals, social and legal changes of rights 
and the autonomy of the patient have caused major 
changes in the patient–physician relationship (PPR). 
The involvement of the patient and his consent for 
treatment is crucial, and nowadays no therapeutic 
modality is conceivable without the full cooperation of 
the patient.

Research on compliance focused initially on non-
compliers and on the reasons for failure to adhere to 
instructions about medication given by patients: inad-
equate supply of medication, forgetfulness, misunder-
standing of instructions, errors, discontinuation of 
treatment because symptoms have cleared, resistance 

Cancer,.adolescence,.and.compliance

Figure 22.1
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of the child, apparent ineffectiveness of the medica-
tion, or side effects [23]. More recently, research has 
aimed to identify the risk factors and predictors of 
noncompliance by more objective measures.

22.2 conclusions

22.2.1 cancer, compliance, and adolescence: 
definitions and interactions

The diagnosis of cancer has major effects on the 
patient’s life. The fear of death and the severe adverse 
effects of treatment cause major stress for the patient 
and his family. The patient is often discouraged and 
copes suboptimally with his diagnosis and the aggres-
sive treatment (Fig. 22.1).

Adolescence is commonly defined as the age range 
between 11 and 20 years, 12 and 19 years, or 13 and 
25 years. Others define adolescence as a stage between 
childhood and adulthood, or as an overlap of both 
childhood and adulthood (Fig. 22.2). Adolescence has 
been described as a period of life characterized by 
“sturm and strife”, rebellious behavior, and disagree-
ment with parents and other authority figures [24]. 
Adolescence entails a process of growth and develop-
ment when the healthy individual gains more control 
and independence [25].

22.2.1.1 cancer and adolescence

Cancer is very often the first personal encounter of the 
adolescent with death. The diagnosis of cancer and its 
treatment cause loss of control and increased depen-
dency, when parents and physicians tend to protect the 
patient from facing the risks of morbidity and mortal-
ity. This situation may interfere with normal psycho-
logical development during adolescence.

The unclear line of responsibilities regarding the 
administration of drugs in the adolescent age group 
affects drug compliance [8, 26]. Parents of adolescents 
tend to be too optimistic regarding the compliance of 
their adolescent children with oral chemotherapy [27]. 
Adolescents have been described both as “abusers of 
nonprescribed drugs” and as “nonusers of prescribed 
drugs.” Scare techniques also have been found to be 
rarely effective [28].

22.3 assessment of compliance

Identification of noncompliance is important in 
explaining the absence of a therapeutic response, tar-
geting individuals for intensive intervention, and the 
selection of appropriate compliance-improving strate-
gies. Unfortunately, poor compliance is difficult to 
anticipate because of the lack of clear factors that pre-
dict which children will be compliant. Moreover, this 
assessment must include parents and other family 
members, which may complicate the process. Once 
lack of drug compliance is suspected, factors associ-
ated with noncompliance or patients at risk for non-
compliance should be identified and targeted for inter-
vention.

Both indirect and direct methods have been used to 
identify and monitor patients’ compliance (Table 22.1), 
with advantages and shortcomings for each technique. 
Measurement of compliance over a short period of 
time may not reflect long-term patterns [29] and meth-
ods used for research purposes may not be practical 
for routine clinical use. An individualized approach 
should be chosen for each patient according to the 
conditions, personality of the patient, and the health-
care providers. A combination of different techniques, 
particularly direct and indirect methods, might be 

Childhood,.adolescence.and.adulthood.–.three.
different.approaches

Figure 22.2
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particularly useful. Compliance studies using patients’ 
and parents’ questionnaires have demonstrated a 
rather high correlation with objectively measured 
compliance [30]. In adolescents with cancer, a strong 
correlation was found between subjectively reported 
compliance and the blood levels of medication [9].

22.3.1 indirect Methods

Reports from patients and parents as to whether drugs 
are being administered are a valuable and practical way 
to get a first impression in clinical practice. Question-
ing patients per se tends to increase adherence by serv-
ing as a reminder to take the medication [31]. There-
fore, interviews on drug compliance may serve as an 
effective intervention [9]. Self-reports of noncompli-
ance are often more accurate than self-reports of com-
pliance [32]. The questions used in such investigations 
should be nonthreatening and nonjudgmental.

Written reports, diaries, and questionnaires, in 
which patients or family members record drug intake, 
may be helpful in obtaining more accurate data from 
the patient in order to monitor drug compliance.

Pill counts may document a discrepancy between 
the number prescribed and/or reported to be taken 
and the number of remaining pills. The value of this 
method may be limited in clinical practice, because 
patients may not always bring their medications to the 
clinic visit and drugs could have been vomited, spilled, 
or spit out [31]. In addition, patients may intentionally 
discard unused medications; this is known as the 
“parking-lot effect,” or “pill dumping effect” [33].

Physicians tend to overestimate drug compliance 
[34]. Noncompliance is often suspected with treatment 

failure, but clinical outcome or absence of side effects 
cannot be used as reliable indications of noncompli-
ance, since the disease does not always respond to the 
treatment [6] and side effects do not always correlate 
with drug intake.

22.3.2 direct Methods

When noncompliance is suspected on clinical grounds, 
direct methods to assess compliance may be useful. 
These include measurement of drug levels in the blood 
or urine [11] and specific tracers added to the drug for 
better monitoring [31]. However, this information 
typically reflects only recent ingestion of the drug and 
patients may alter their compliance just prior to the 
test [35].

The leukocyte count may serve as a surrogate 
marker for the oral intake of 6-mercaptopurine, as may 
the clinical and hematological side effects of steroids. 
Yet there is not necessarily a linear correlation between 
the clinical or laboratory effects and the amount of 
drug ingested.

Recently, various microelectronic automated 
devices such as the Medication Event Monitoring Sys-
tem (MEMS, Aprex Corporation, Fremont, California) 
offer a major advantage to monitor compliance [36, 
37], particularly in noncooperative patients [38]. 
Microprocessors in the cap of these standard drug 
containers record every bottle opening as a presump-
tive dose. MEMS can monitor compliance over a 
period of time. For the individual patient, MEMS may 
help to determine the pattern of noncompliance and 
differentiate between poor compliance and pharmaco-
dynamic or pharmacokinetic mechanisms leading to 

table 22.1 Indirect.and.direct.methods.to.assess.patient.compliance.(after.Matsui.[39]) .MEMS.Medication.Event.Moni-
toring.System

indirect methods direct methods

Patient.and.parental.report Measurement.of.drug.levels.in.blood/urine

Interview,.questionnaires Measurements.of.tracers.added.to.drugs

Pill.count Surrogate.markers.for.drug.intake.(e g ,.leukocyte.count)

Physcian’s.estimate Automated.devices.(MEMS)

Clinical.outcome
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low drug levels [39]. The use of electronic compliance 
monitoring has resulted in the recognition of different 
patterns of drug noncompliance, which can then be 
addressed better by the physician. For instance, the 
compliance with the evening dose tends to be higher 
than with the morning dose, possibly due to more 
intensive parental supervision in the evening than in 
the busy hours of the morning. Dose omissions are the 
most common dosing errors [40], and include incor-
rect dosage, premature discontinuation of the drug, 
and failure to fill the prescription, which was found in 
5 to 20% of cases [41]. Studies with MEMS showed the 
pattern of “drug holidays,” defined as a period of 3 or 
more drug-free days, often during holidays or week-
ends [42]. An improvement in compliance several days 
prior to a scheduled medical visit has been observed 
and has been called the “toothbrush effect” or “white-
coat compliance” [35, 43]. The data obtained from par-
ents and patients can be studied systematically with 

MEMS and the results of drug dosing patterns of non-
compliant children would be useful in designing a 
more appropriate medication regimen for those chil-
dren. The expense and the incorrect use of electronic 
monitoring devices are major drawbacks for a broad 
clinical use of MEMS [6]. Less expensive electronic 
compliance monitors would be more practical for 
widespread use, particularly in noncompliant adoles-
cents with cancer.

22.3.3 risk Factors and Predictors  
of noncompliance

A variety of factors may influence patient’s compliance 
(Table 22.2): (A) the disease and its treatment, (B) 
demographic and social factors, and (C) the child’s 
and the parents’ knowledge and attitudes toward the 
disease and its treatment. Clinically, these factors 
might be important indices of suspicion, but they are 

table 22.2 Factors.predicting.drug.compliance.(modified.from.Tebbi.1993.[8])

A .Features.of.treatment.and.adverse.
effects.of.medication

Duration.of.treatment
Physical.characteristics.of.medication
Number.of.medications
Number.of.doses.each.administration
Mode.of.administration
Administered.by.healthcare.provider.vs .self-administered.drugs
Cost
Number,.severity,.and.expectations.of.side.effects
Appearance.(color,.taste,.and.size).of.the.tablets

B .Demographic.and.social.factors Age.and.sex.of.child
Family.socioeconomic.status
Marital.status.of.mother
Parent.of.child.responsible.for.medication
Parent.accompanies.child.to.provider
Effect.of.child’s.illness.on.family.life

C .Child’s.and.parents’.knowledge.and.
attitudes

Purpose.of.medication
Dosage
Frequency
To-do.list
No.overflow.of.information.regarding.long-term.(“U-shaped”.correlation)
Belief.about.the.effectiveness.of.the.medication
Beliefs.about.cancer.cure
Satisfaction.with.medical.care.received
Control.over.health.outcomes
Instructions.about.medication.given.and.understood
Satisfaction.with.information.about.the.disease.and.treatment
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not reliable as predictors of the patient’s drug compli-
ance [44].

22.3.3.1 Features of treatment and adverse 
effects of Medication

The severity of the disease as assessed by physicians has 
not been found to correlate with compliance [22]. 
Compliance may be related to the duration of treat-
ment, the physical characteristics of the drugs such as 
the number of these, the number of doses for each 
administration and the mode of administration. The 
cost, and the appearance, color, and size of tablets can 
all influence drug compliance. Palatability is a very 
critical factor in children [45, 46]. Compliance is higher 
with medications administered by a health-care pro-
vider when compared with self-administered drugs. 
Compliance decreases significantly over the duration 
of treatment when the treatment exceeds 5 days [2]. In 
a study of 46 children and adolescents with cancer and 
40 of their parents, compliance, judged by response to 
questionnaires and by bioassays, was >80% at 2 weeks 
of therapy and decreased to 60% by 20 weeks [9]. Com-
pliance is better with drugs having less or milder side 
effects and among patients whose expectations about 
side effects were worse or about the same as what actu-
ally occurred. However, others have found no correla-
tion between side effects and compliance [9]. In some 
studies compliance may be decreased by complex regi-
mens, prolonged therapies [47], oral self-administered 
medication and regimens causing severe side effects. 
Compliance tends to decrease sharply soon after the 
child’s symptoms have improved and is generally lower 
in the treatment of asymptomatic conditions or with 
preventive medications [48].

22.3.3.2 demographic and Social Factors

The studies analyzing the correlation of compliance 
with demographic and social factors have been contro-
versial and did not demonstrate any evident relation-
ship [22]. Patients aged about 10 years of age tend to 
be good compliers, as opposed to very poor compli-
ance at the age of about 17 years. The child’s illness has 
an effect on the life of the whole family; strong family 
cohesiveness, positive attitudes of others, and avail-

ability of help and support by the family enhance com-
pliance [49–51], whereas family dysfunction may be a 
risk factor for noncompliance [22]. The socioeconomic 
status of the family per se does not necessarily corre-
late with compliance. The compliance of children of 
single parents or of children coming without company 
to the clinic visits tends to be reduced [52].

22.3.3.3 Parents’ and child’s Knowledge and 
attitudes

The child’s understanding of the disease has a major 
impact on compliance. The interaction and communi-
cation with the health-care provider are crucial. Edu-
cational conversations shortly after diagnosis are often 
not very effective due to the emotional trauma at that 
time. Misunderstanding and forgetting are aggravated 
by stress, and during the visit to the physician up to 
50% of advice and instructions are forgotten almost 
immediately [53]. Only 50% of instructions given by 
physicians are recalled immediately following the visit 
[32]. Therefore, repeated discussions with the health-
care providers, a written contract, and a home-support 
person to clarify the responsibility of drug administra-
tion tend to enhance compliance. Positive effects on 
compliance were found if the health-care provider 
relates in a friendly and respectful way to the patient, 
shows interest in the child [54], and believes in the effi-
cacy of the treatment [55]. Better compliance is corre-
lated with more visits to the physician, with patients 
attending specialized and private clinics, probably due 
to individualized attention [56], and better under-
standing of instructions. Defining with the parents the 
responsibility for drug administration improves com-
pliance [9, 57].

The nature of the knowledge of the disease is criti-
cal: Practical knowledge about the purpose of the 
treatment, and dosage and frequency of drug intakes 
enhances compliance, whereas an overload of infor-
mation extending beyond the practical aspects of the 
regimen like lifelong consequences, side effects, and 
prognosis, may result in discouragement and futility, 
and therefore in a “U-shaped” correlation with com-
pliance [58]. The attitude and the belief system [59] of 
the patient may correlate with good compliance and 
outcome [16].



drug compliance by adolescent ans young adult ... chapter 22 359

22.4 discussion

Noncompliance with therapy is widespread among 
adolescents with cancer, who are at particularly high 
risk, since their malignancies may have a poorer prog-
nosis than those of younger children and the state of 
mind of the adolescent may interfere significantly with 
adherence to treatment. Therefore, the importance of 
compliance in adolescents with cancer cannot be over-
emphasized.

In order to develop with the family and the health-
care team an individualized approach for each patient, 
we suggest a checklist for the physician (Table 22.3). 
Continuous educational efforts and reinforcement 
should be tailored to meet the needs of the individual 
patient during various stages of the disease and inter-
vening social and medical changes. It is through proper 
education and personalized needs assessment and 
intervention that progress toward better compliance 
can be made [8].

Communication skills are crucial to identify and to 
address noncompliance. Only few patients object when 

a compliance measurement is proposed and its ratio-
nale explained [60]. Treatment goals should be dis-
cussed in collaboration with the patient and his family. 
Explicit instructions should be provided. The pre-
scribed regimen should be simple and tailored to the 
patient’s daily routine. Written information including 
educational handouts, self-monitoring calendar, 
schedules (“road maps”), and brief telephone remind-
ers might improve communication [61].

A positive, hopeful ,and encouraging attitude will 
improve compliance as part of the relationship between 
the physician and his patient. A careful review of the 
risk factors listed above may guide clinicians to identify 
problems. For noncompliant patients, different mea-
sures might be appropriate: More frequent visits for fol-
low-up, social support, monitoring drug levels in blood 
or urine, replacing oral self-administered medication 
with parenteral medication, and finally, using sophisti-
cated electronic pill containers. Favorable results using 
behavioral strategies, such as self-monitoring, contract-
ing, and reinforcement programs, have been obtained 
with chronic disease treatment regimens [22].

table 22.3 Suggestions.to.improve.compliance .PPR.Patient-physician.relationship

1 Think.about.the.compliance.of.each.of.your.patients 

2 Address.compliance.with.your.patient.and.his.family.and.listen.to.them.very.carefully 

3 Regularly.report.issues.of.compliance.in.the.patient’s.chart,.including.the.attitude.of.the.family.and.friends 

4 Discuss.compliance.with.your.team.of.health.providers 

5 Reduce.forgetfulness.and.misunderstanding.of.your.explanation.with.detailed.written.information.including.
schedules.(“road.maps”),.calendars,.and.other.reminders 

6 Involve.the.patient.and.his.family.to.share.and.define.responsibility .Questionnaires.and.personal.charts.for.
the.patient.may.be.very.helpful 

7 Check.Table.22 2.and.consider.individual.improvements 

8 A.positive.and.hopeful.attitude.with.encouragement.will.enhance.compliance.and.well.being.of.the.patient.
and.his.family 

9 For.noncompliant.patients.consider.
. [i].More.frequent.visits.for.follow-up.
. [ii].Provide.immediate.and.extended.family.and.social.support.
. [iii].Monitor.drug.levels.in.blood.and.urine.
. [iv].Replacing.oral.self-administered.medication.by.parenteral.medication.
. [v].The.use.of.sophisticated.electronic.pill.boxes

10 Assess.your.own.skills.to.address.issues.of.compliance .Try.to.improve.your.PPR .Feedback.of.your.skills!
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Patients’ adherence to physicians’ instructions 
depends very much on the interpersonal skills of the 
physician and her/his ability to understand the patient’s 
personality and needs. The complexity of compliance 
leads to reflections on the mission of the physician, 
defined as the holistic management of the patient and 
on the PPR. As suggested by Emanuel and Emanuel 
[62], there are different models for the PPR in the adult 
population (Table 22.4). The relationship may differ 
significantly in various clinical situations for which 
different models may be appropriate. Historically, 
there has been a shift in the PPR from paternalism to 
increased autonomy of the patient. The principle of 
“autonomy” has a different role in these four models, 
increasing from left to the right. Similar shifts have 
occurred in nonmedical professions such as politics, 
education, religion, and law. The ideal modern model 
of PPR is the deliberative model, in which the physi-
cian is a teacher and friend of the patient, and the dia-
logue deals with the worthiness of health-related val-

ues. The patient’s autonomy is a moral self-development, 
supported by the physician’s values, which are relevant 
to the patient. Particularly for a longstanding relation-
ship during cancer treatment, the deliberative model 
of PPR seems to be most appropriate [63].

The four models of PPR for adults of Emanuel and 
Emanuel [62] have to be modified for pediatric patients 
and their families. The autonomy of the child is limited 
by definition, but is certainly not absent. In adolescent 
cancer patients, all of these models may apply simulta-
neously. Over the longstanding treatment of cancer, 
the adolescent patient may actually mature and 
undergo a development through all four models of the 
PPR. His individual psychological maturation paral-
lels the historical development of the four models. 
From a very minimal role in the paternalistic model, 
the autonomy according to the informative model 
expects the patient to accept the technical facts and the 
professional expertise of the physician. According to 
the interpretative model, the autonomy of the patient 

table 22.4 Four.models.of.the.PPR.(after.Emanuel.and.Emanuel.1992).[62]

conflict between autonomy (patient) <–> paternalism, health (physician)

Model Paternalistic informative 
(scientific, “engineer-
ing”)

interpretative deliberative

Role.of.Physician
(Paternalism,.
Health)

Guardian.of.health,.
dictates.to.the.
patient

Provides.facts,.
technical.expert

Provides.facts,.
technical.expert
–>.Interpret.and.elicit.
patient’s.values.
“counselor”

Teacher/friend
Dialogue.on.the.
worthiness.of.health-
related.values

Role.of.patient.
(autonomy)

Minimal.function Autonomy.=.values.
fixed

Autonomy.=
Self-understanding

Autonomy.=.moral.
self-development

Comments “Patient.control”;.
justified.only.in.
emergency.situation

Lack.of.care.and.
understanding.the.
patient,.no.self-reflec-
tion.and.deliberation;.
based.on.trend.of.
specialization.and.
impersonalization.of.
medicine,.physician.is.
a.technologist .
Justified.in.walk-in-
clinic,.consultations

Place.for.“second-
order.desires”,.
particularly.if.conflict-
ing.values.in.patient.
present.and.ongoing.
relationship
Physician’s.values.
unwittingly.imposed.
upon.the.patient.
(shift.to.paternalism)

Ideal.concept.of.
autonomy;.physi-
cian’s.role.for.patient;.
physician’s.values.are.
relevant.to.the.
patient
Patient’s.and.
physician’s.values.are.
incommensurable
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means self-understanding of his disease [64], whereas 
in the deliberative model the autonomy is a moral self-
development during the dialogue with the physician.

It is evident that the PPR plays a crucial role in drug 
compliance for adolescent patients with cancer. Dur-
ing the longstanding treatment of the patient with can-
cer, a mutual trust is essential to ensure cooperation 
and compliance.

The quality of the PPR influences adherence with 
therapy, showing better results with patients who were 
treated consistently by the same physician than patients 
treated by different physicians on different occasions 
[47]. Adherence is usually better with patients treated 
by pediatricians in private practice than by pediatri-
cians in a hospital setting [28]. Understanding the par-
ents’ major concerns and meeting their expectations 
from the medical visit during the prolonged time of 
active treatment and follow-up are extremely impor-
tant for successful compliance [65]. Therefore, the 
physician should develop his/her skills toward a long-
standing dialogue with cancer patients and their fami-
lies. Continuous educational effort from both patients 
with their families and the health-care team are neces-
sary [66].

The essential role of compliance needs more atten-
tion in order to prevent therapeutic failures. Most of 
the research on compliance has been conducted in the 
adult population, and these issues are not yet well 
studied in pediatrics. There is a need to improve edu-
cation of the patient and his health-care providers with 
respect to compliance.

The training of all physicians, and particularly of 
oncologists, should address the importance of compli-
ance. Input from clinical psychology and communica-
tion skills are crucial to improve the PPR, particularly 
in chronic diseases. Physicians caring for children 
should be educated to have a high index of suspicion 
for drug noncompliance. Identification of potential 
barriers to compliance may allow for early interven-
tion to ensure compliance and minimize the negative 
consequences of inappropriate administration of med-
ications.

Compliance remains a poorly understood subject 
and a source of frustration for today’s practitioners. 
Clinical research to identify noncompliers and to treat 
them optimally is crucial. Research on compliance 

does not only address the patient and his psychology, 
but also has a major impact on drug development and 
treatment regimens [60]. Moreover, the attitudes to 
better understand and address noncompliance may 
improve the well being of the patient and the overall 
quality of the PPR.
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23.1 introduction

Diagnosis of cancer during adolescence is especially 
challenging. Typically, adolescence is a time of major 
freedom and increasing independence from parents 
and family. A diagnosis of cancer challenges adoles-
cents’ views about their invulnerability, threatens their 
self-esteem, and compromises all aspects of quality of 
life. Treatments are associated with major changes in 
physical appearance and physical energy. Long-term 
educational goals can be seriously compromised by 
hospitalization and health complications. These obsta-
cles and roadblocks may derail normal adolescent 
development and interfere with transition into adult-
hood. These potential difficulties merit the establish-
ment of innovative specialized programs to ensure 
treatment management and create a seamless transi-
tion from adolescence to young adulthood. This chap-
ter will highlight the challenges of transitioning from 
diagnosis to long-term survivorship, pediatric to adult 
medical care, and psychological and economic depen-
dence to independence. Due to limited space, we will 
be unable to cover issues relating to end-stage disease 
in adolescence, which is covered in Chap. 24. From 
empirically based studies and descriptive articles, 
those psychological approaches that have been, in our 
experience, the most useful will be discussed.

23.2 From diagnosis to aftercare

The cancer experience has been likened to a journey, 
or progression through the seasons of the year. The 
focus following diagnosis is on acquisition of informa-

chapter 23
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tion, acute care, and management. This is followed by 
an extended period from the end of intensive treat-
ment through to a period of watchful waiting and fear 
of relapse, then a period of permanent survival with 
concern for adverse late effects, and finally an ultimate 
resolution. Obviously, the journey is long, if not a life-
time, and rarely is it fully completed.

23.2.1 diagnosis

Any negative life event creates changes that can be 
stressful and that require adaptation on the part of the 
individual. The initial period after such an event is 
critical, and the inability to cope during that period 
can be a precipitating factor in the development of 
long-term problems. Behavior patterns exhibited dur-
ing this period are likely to become fixed and may 
shape behavior during subsequent phases [1], suggest-
ing the benefits of an early and ongoing rehabilitation 
program [2]. Kaplan et al. [3] have emphasized the 
importance of developing appropriate “psychosocial 
tools” during the initial period, which can be utilized 
throughout the treatment course and beyond. Ross [4] 
emphasizes the need to be aware of the critical phases 
through which the adolescent cancer patient and fam-
ily pass, and to determine the nature of the interven-
tion based on a clear understanding of those phases.

Efforts directed at mitigating developmental dis-
ruption and increasing quality of life must begin at the 
time of diagnosis [2]. Normalcy and belonging to a 
peer group is paramount, yet the onset of illness and 
treatment side effects make the adolescent patient feel 
and look different. The loss of normalcy in terms of 
appearance, body integrity, and daily activities is often 
of greater concern for the adolescent than the potential 
loss of life [5].

A sense of control plays a part in adolescent devel-
opment, and has implications for treatment adherence 
[6–8]. Giving adolescents options and choices is one 
way to regain a sense of control for young patients and 
foster the adolescent’s cooperation, and this can best 
be achieved through a concerted effort by staff and 
family. To enhance a patient’s sense of mastery and 
sense of control, List et al. [2] suggest education regard-
ing the illness, simple and understandable explana-
tions about the cancer experience, written directions 

on treatment procedures and medical schedules [6–8], 
and teaching coping strategies, such as guided imag-
ery.

It is inevitable that adolescents will have much more 
difficulty accepting a diagnosis of cancer compared 
with children. Their greater cognitive competence, 
knowledge, and experience mean that they are likely to 
be much more aware of the potential seriousness of the 
disease. Adolescents typically see themselves as invul-
nerable [9], and knowledge of a life-threatening dis-
ease is therefore extremely challenging.

In addition to accepting the diagnosis, adolescents 
may be expected to make decisions about treatment or 
participation in clinical trials. These are very difficult 
decisions for anyone. Adolescents may take into 
account different considerations compared with those 
of adults. For example, in making decisions about 
amputations or limb salvage, adults may focus on long-
term issues, body image, and potential impact on 
interpersonal relationships. Adolescents may put more 
weight on whether they can continue contact sports. 
In the longer term, they may come to regret this deci-
sion.

Social support has been linked to positive adjust-
ment [10, 11], and reduced feelings of uncertainty [11, 
12] found adolescents able to adapt to cancer in the 
context of strong family and social support. Yet adoles-
cent patients can experience emotional isolation both 
within their families [5] and from their peers [13]. 
Adolescents report that parents expect to see them as 
strong, upbeat, and pleasant [14]. Social isolation is a 
major concern of adolescents, and peer reactions leave 
many adolescents feeling very lonely [14]. In an effort 
to counteract isolation, Haluska et al. [15] suggest that 
the medical staff allow the adolescent patient every 
opportunity to maintain social networks of friends 
and family by encouraging visits, providing social 
opportunities in the hospital, and emphasizing the 
importance of attending school. However, not all 
sources of support are perceived as positive. Manne 
and Miller [16] suggest that mother-adolescent con-
flict be an appropriate target for psychosocial inter-
ventions.

Other factors influence adjustment and a positive 
transition through the treatment course. A sense of 
hopefulness [17, 18] and maintenance of self-esteem 
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[10] have been identified as “protecting mechanisms” 
and relevant in the care for adolescents during treat-
ment [10]. Developing care strategies to promote self-
esteem and hope includes identifying the patient’s 
positive abilities, giving genuine and honest feedback 
[10], and encouraging certain self-initiated behaviors 
[18]. Haase [19] found that resilient adolescents fre-
quently use the defensive coping strategy of denial in 
dealing with their cancer experience. Although denial 
plays an important role in adjusting to a cancer diag-
nosis, if left unchecked it may have a long-term adverse 
effect.

23.3  Pediatric-, adolescent-  
or adult-Based care?

Typically, adolescents are cared for in pediatric wards, 
although some may be admitted to adult care units. 
Neither is optimal. On pediatric units, adolescents 
may be disturbed by the noise and crying of younger 
children, and they usually find the toys and books 
unsuitable. On the other hand, adolescents on adult 
wards can be highly distressed, finding little to talk 
about with elderly and sometimes dying patients [20]. 
Teenagers typically want personal space to play music 
or use personal computers, for example, and an oppor-
tunity to be with others of the same age.

The solution is provision of adolescent units wher-
ever possible. In the United Kingdom, the first Teenage 
Cancer Unit opened in 1990 and has been followed by 
similar units in major oncology centers. The advan-
tages of such units include specialist medical care of 
cancers that typically affect this age group: acute leuke-
mias, Hodgkin and non-Hodgkin lymphomas, brain 
tumors, sarcomas, and germ-cell tumors. In addition, 
the medical staff is specially trained to deal with the 
social and psychological consequences of cancer for 
this age group. The units seem to be well received by 
patients [21]. Advantages for patients include contact 
with specialist nurses who are not only experts in can-
cer care but also in touch with teenage issues, opportu-
nities to share experiences with similar others, involve-
ment of parents, and opportunities to take part in 
activities and education. More formally, there is little 
evidence that survival rates are improved. However, 

given the excellent rates of survival in conditions such 
as Hodgkin lymphoma, it is “unnecessarily narrow 
to consider this as exclusive justification for Units” 
[22].

23.3.1 When treatment ends

Given the frequent report of anxiety, fear, and feelings 
of vulnerability, MacLean et al. [23] suggest psycho-
logical care target patients as they transition from on-
treatment to off-treatment. The authors suggest imple-
menting a formal conference to address unfinished 
business, accurately assess relapse, and administer a 
quality of life assessment to determine an intervention 
plan that will enhance long-term psychological adjust-
ment. This transition is covered in Chap. 30.

23.3.2 Follow-up care

As described in Chap. 30, many survivors experience 
physical or psychological late effects depending on 
treatment received. Follow-up care is therefore consid-
ered essential for many survivors, with the aim to 
identify problems early and provide appropriate inter-
vention, as well as to inform them about risks to future 
health.

Although the nature of the problems survivors face 
is increasingly well described, there is as yet no con-
sensus on how best to provide long-term care. Proce-
dures are far from standard across centers [24, 25]. The 
results from a postal questionnaire in the United States 
concluded that few programs exist that focus on long-
term care for survivors into adulthood [24]. Indeed, 
only 44% of responding institutions had mechanisms 
in place for continued care of adult survivors. The vast 
majority employed pediatric staff in the follow-up care, 
and only 13% of programs involved adult oncologists. 
According to the survey respondents, the major barri-
ers to providing long-term follow-up care were: 
patient’s uncertainty about the need for follow-up; 
unwillingness to be followed up; and difficulties locat-
ing adult survivors. In a similar study in the United 
Kingdom, Taylor et al. [25] also found large disparities 
in care between treatment centers.

Thus, the evidence suggests that follow-up is far 
from systematic and more needs to be done to assess 
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how long-term care should be provided to this patient 
group, as described in Chaps. 31 and 32. Taylor et al. 
(2004) advise that a subset of survivors may benefit 
from permanent transfer to primary care, whereas a 
proportion of patients with complex needs should 
receive specialist-led hospital-based care in an adult 
environment. Likewise, strategies have been proposed 
for the development of follow-up programs [26]. For 
example, telephone or postal surveys may be adequate 
for those who receive low-risk chemotherapy or sur-
gery alone. Rosen [27] argues that adult clinics for 
adolescents and young adults with cancer have several 
major benefits. First, the transition to adult care can 
provide a positive and optimistic sense of future that 
indicates life after a serious illness; a sense of gradua-
tion. Second, adult clinics can provide a more suitable 
environment in which to discuss age-relevant health 
information, such as contraception, sexuality, and fer-
tility. Third, given the importance placed on follow-up 
care for cancer survivors, an adult environment can 
avoid having the young adult cancer survivors feeling 
that they have outgrown the service provided by pedi-
atricians and consequently become lost to follow-up. 
Several authors have suggested multidisciplinary clin-
ics that combine the skills of pediatricians, adult 
oncologists, and nursing staff to provide comprehen-
sive care for the range of medical issues survivorship 
can entail [23, 28].

In terms of psychological support, follow-up clinics 
need to offer reassurance as well as advice and educa-
tion [29]. Traditional health promotion advice is 
needed regarding the risks associated with smoking or 
sunbathing, for example. In addition, these young peo-
ple face additional risks to their health depending on 
past treatment. Problems that require some psycho-
logical intervention include those related to weight-
gain following treatment, infertility, or reduced cardiac 
function. As more is learned about possible late effects, 
questions need to be asked about how such risk infor-
mation is best communicated to survivors. They have a 
right to know about such risks, but care must be taken 
not to create unnecessary anxiety. Where possible, 
information about risk needs to be associated with 
information about what the individuals can realisti-
cally do to ensure their own health. Some examples are 
given in the following section.

23.4 long-term issues

23.4.1 Body image

Many survivors are at risk of obesity, low bone density, 
and have poor body image. A healthy lifestyle involv-
ing exercise may be a first step toward minimizing 
these late effects of cancer. Participation in sports 
activities among survivors seems to be similar to the 
general population. Survivors who participate in sports 
were more likely to report having access to health 
insurance and medical care by a local physician, 
although there were no differences based on age, race, 
socioeconomic status, body mass index, time since 
diagnosis, length of treatment, and time since com-
pleted treatment [30]. Males were found to exercise 
more than females, a difference typically also found in 
the general population.

Survivors who are overweight need particularly sen-
sitive counseling and motivation to take part in regular 
activity. As these problems are recognized in the gen-
eral community, several community-based programs 
are being reported. It is likely that similar approaches 
will also be beneficial for survivors of cancer.

23.4.2 Fertility

Infertility is potentially a side effect, especially for those 
treated with radiotherapy below the diaphragm or che-
motherapy with alkylating agents, as covered in 
Chap. 27 and considered in Chaps. 24, 25, and 30 . It is 
established in other settings that infertility can cause 
considerable distress, although individuals differ sub-
stantially in their psychological reactions [31]. Infor-
mation about possible infertility and its impact on psy-
chological function in cancer survivors was investigated 
by Green et al. [32]. Interviews conducted with 15 male 
survivors suggested that survivors varied greatly in how 
prepared they were for such information, with some 
being well prepared while others regarded it as “a bolt 
from the blue.” The most common emotional response 
was anger. However, emotional responses varied greatly. 
Three coping styles were identified. A first group 
wanted no further counseling and chose to get on with 
their lives as best as possible. A second group included 
those who were prepared to think about infertility to a 
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limited degree. This group reflected at length about the 
information but chose not to discuss the matter further 
with friends or medical staff. The third group wanted 
more information (about alternative routes to parent-
hood) and engaged important others in discussions 
about what to do.

Of significance is the finding of great and unpredict-
able variability in reactions that makes it difficult to rec-
ommend a single approach to information giving and 
counseling about infertility in the clinic. Undoubtedly 
there is a certain amount to be learned from the experi-
ence of those working in other infertility clinics, and it is 
likely that the importance of this issue will become 
greater as greater numbers of survivors reach adult life.

23.4.3 employment

Survivors of childhood cancer report prejudice in the 
workplace and indeed may be less likely to be employed 
than peers or healthy siblings [33]. Particularly for 
those with physical or cognitive disability, realistic 
vocational guidance is essential. In addition, other 
research is needed to determine survivors’ attitudes to 
work and employment.

23.5  adolescence to young adulthood –  
the developmental transition

23.5.1 Unique challenges of adolescence

Adolescents with cancer are faced with several interre-
lated developmental challenges that impact transition to 
adulthood and must be considered in the provision of 
psychological care. These include: (1) developing a posi-
tive body image, (2) forming a sense of identity and 
achieving economic and emotional independence, (3) 
developing a firm sexual identity, and (4) attaining a clear 
goal orientation with regard to a future career [14].

23.5.1.1 Positive Body image

Many adolescents report that the treatment is worse 
than the disease [1], and the bodily changes that 
accompany chemotherapy and radiation make it more 
difficult to develop a positive body image [34]. While 

on treatment, satisfaction with body image was found 
to be related to gender, age, education level, and the 
frequency of changes in appearance caused by chemo-
therapy [35]. The effect on physical appearance is espe-
cially disruptive for females [36]. Pendley et al. [37] 
examined body image in adolescents who completed 
treatment and found that adolescents who had been 
off treatment longer reported more negative body 
image perceptions. Findings suggest that body image 
concerns do not develop until several years after treat-
ment termination. Persistent negative perceptions may 
result in a loss of sex appeal and virility [34]. A dis-
torted body image, whether based on reality or not, 
produces feelings of inferiority, low self-esteem, and 
incompetence. These findings suggest that more atten-
tion should be paid to adolescents who perceive 
changes in their appearance and help them develop a 
positive body image [35].

23.5.1.2 Sense of identity and independence

During adolescence, individuals struggle to separate 
and formulate their own unique identity [38]. Identity 
formation among adolescent survivors of childhood 
cancer has been found to differ from that of healthy 
adolescents, with a greater frequency of survivors than 
healthy peers falling within foreclosed identity status 
and tendency to foreclose prematurely on a career 
choice [39, 40]. Factors associated with the foreclosed 
identity status include a cancer diagnosis, symptoms of 
posttraumatic stress disorder, and family functioning 
characterized by greater levels of conflict. The tendency 
to foreclose may be adaptive in adolescent cancer survi-
vors by serving a protective function in assisting survi-
vors to cope with the stressors of the cancer experience 
[39]. Counseling is recommended to mitigate the 
stressors of cancer and its treatment [40].

The onset of illness threatens attempts to establish 
independence [41] with imposed dependence on family 
and medical staff, compliance to treatment, and loss of 
control [2]. Emotional separation from parents is often 
complicated by parental overprotectiveness [14]. Fur-
thermore, the new and unfamiliar role as “patient” 
increases dependence and can lead to a sense of helpless-
ness at the very time when normal development involves 
breaking away and establishing independence [36].
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Cancer necessarily restricts the freedom normally 
typical of adolescence [42]. Adolescent cancer patients 
can be resentful about the sudden restrictions imposed 
upon them, which are seen as symbolic of the per-
ceived lack of control over their own lives and their 
dependent role [43].

23.5.1.3 Sexual identity

The course of normal sexual development is also likely 
to be affected by a diagnosis of cancer during adoles-
cence. The inherent lack of privacy that accompanies 
the illness is likely to inhibit or delay social explora-
tion, while overprotective parents may limit the time 
spent away from the family. At the same time, there 
may be fewer peer contacts in the school environment 
and fewer opportunities for social exploration. Koocher 
et al. [41], for example, found that adolescent girls with 
physical impairments had more difficulty establishing 
intimate relationships than similar girls without 
impairments. Concerns about late effects from the dis-
ease and treatment are superimposed on age-related 
issues such as establishing intimate relationships, 
defining physical attractiveness, and preparing for 
marriage and family [14].

23.5.1.4 Future career goals

The development of future goals and clear objectives is 
influenced by the way the adolescent feels about him or 
herself, about the physical limitations brought about by 
the illness, and by ongoing socialization and peer group 
experiences. The constant need to “catch-up” in school 
and the general unpredictability of the future can frus-
trate and demoralize the adolescent cancer patient. The 
sense of uncertainty and ambiguity about the future 
and the threat of recurrence of the disease may taint the 
future outlook [14].

23.6  treatment approaches to Meet  
the developmental challenges  
of adolescents and young adults

Various forms of psychosocial support have been sug-
gested in working with adolescents and young adults 

as they attempt to cope with cancer, including indi-
vidual therapy, camps, cognitive behavioral techniques, 
and support groups. Given the significance of peer 
relationships and the reality that a cancer diagnosis 
may lead to physical and emotional isolation, peer-
based interventions can play an important role in psy-
chological adjustment. Therapeutic group work 
appears to have several advantages over individual 
psychotherapy. Group interaction allows members to 
feel that they give, as well as receive, which can serve to 
enhance self-esteem and lessen feelings of powerless-
ness. The experience of sharing with others provides a 
sense of community and reduces the sense of isolation 
so common among cancer patients. However, most 
intervention studies have examined primarily group 
treatment for adult cancer patients, concluding in gen-
eral that such group interventions can be effective [42]. 
Little empirically based knowledge is available regard-
ing adolescent and young adult survivors and the ben-
efits of group treatment models [43a] Moreover, 
encouraging adolescent cancer patients to participate 
in a group program is a major challenge [5].

There is limited evidence that individual counseling 
may be appropriate in some cases. Cain et al. [44] 
 studied adult female cancer patients who attended psy-
choeducational counseling sessions over a 6-month 
period. After the 6-month period, the patients were 
 significantly less depressed and anxious, had more 
knowledge about their illness, developed better 
 relationships with their caregivers, experienced fewer 
sexual difficulties, and participated in more leisure 
activities.

The psychosocial needs of adolescents with cancer 
can be met through a variety of support programs 
focusing on school reintegration, learning coping 
methods such as relaxation and hypnosis techniques, 
and participating in peer-based programs. Such pro-
grams should be offered routinely rather than in a 
response to a crisis. While there is a need for crisis-
initiated interventions, such programs are a last resort 
and tend to foster stigmatization, alter effective treat-
ment, and discourage self-help [45].

Studies on the effectiveness of camping programs 
suggest that this type of program can enhance a cancer 
patient’s self-esteem as well as improve family commu-
nications [46]. This line of research was extended in 
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two studies of adolescents with cancer who partici-
pated in a summer camp [47, 48]. These researchers 
found that camp participation improved adolescents’ 
knowledge about cancer, even in the absence of formal 
educational programs. They also found that relation-
ships formed at the camp were maintained after the 
camp itself. Their key finding was the shared experi-
ence with other camp participants; it was valuable in 
bringing about better quality peer relationships and a 
higher degree of knowledge about the medical and 
psychological aspects of cancer.

Most studies on group treatment for adolescents 
with chronic illness are descriptive, but in general, 
show that group interventions can be effective. The 
opportunity to actively participate and to have recipro-
cal relationships can be a welcome respite from the 
nonreciprocal and passive roles patients play in the 
typical medical environment [49]. This is a particularly 
significant issue for adolescents. Ross [4] observed that 
adolescents who associated with others having similar 
medical conditions were more successful in develop-
ing positive self-images. Moreover, the use of groups 
for adolescents can give them an opportunity for peer 
reinforcement not otherwise available [50]. Given the 
fact that the adolescents’ mode of coping is often asso-
ciated with their support from a peer group, organized 
but informal groups can play an important role in this 
area.

23.6.1 impact cancer, a transition Model

For over 16 years, the Teen Impact program – housed 
at Children’s Hospital Los Angeles – has served thou-
sands of adolescents and young adults on and off can-
cer treatment throughout the Southern California area 
[50]. The program is appropriate both for those on 
treatment as well as survivors.

Capitalizing on the adolescent need for peer rela-
tionships and groups, Teen Impact has developed a 
comprehensive multidimensional psychosocial treat-
ment model that provides age-appropriate activities 
such as support groups, 3-day retreats, and special 
events to help the adolescent navigate the obstacles of 
illness and treatment.

To assist with the transition into young adulthood, 
the program has established a three-tiered transition 

model of care for adolescents across the developmen-
tal path. To incorporate the issue of transition very 
early, a support group was developed for patients in 
the latency age range, 9 to 11 years. Conducted con-
currently, the adolescent group serves patients between 
12 and 22 years of age. Trained mentors, 18 to 22 years 
of age, who are former Teen Impact participants, 
attend adolescent group meetings to help younger 
members, recruit new patients, and assist with pro-
gram design and supportive activities on the 3-day 
retreats. Long-term young adult survivors serve as 
counselors and cocounselors on the retreats. The con-
cept of reciprocity, giving rather than always receiving, 
plays a major role in helping adolescents with cancer 
begin to define who they are and where they are going 
– important developmental tasks. Through curricu-
lum-based training and ongoing supervision, the 
maturing adolescent is given the opportunity to help 
younger members and the newly diagnosed patient to 
cope with the onset of illness. Thus, this model paral-
lels the targeted developmental needs of the popula-
tion, while fostering the transitional process from ado-
lescence to adulthood.
Teen Impact incorporates a family-centered approach, 
based on research that, despite the increased need for 
peer support during adolescence, families, and partic-
ularly mothers, play a major role in the lives of these 
patients. Cancer is a family disease and all members 
need help. Supporting all family members will not only 
help the family as a whole, but will also enhance com-
munication between parents and the adolescent patient 
to prevent parent-adolescent conflict and encourage 
honest dialogue. Teen Impact provides a bilingual par-
ent group and a sibling group to meet the unique needs 
of individual family members and enhance the func-
tioning of the family system.

Clinical observations and patient testimonials sug-
gest that group-related participation encourages dis-
cussions associated with being an adolescent and 
young adult with a life-threatening illness, creates a 
sense of normalcy by belonging to a supportive net-
work of peers, empowers through cancer-related edu-
cation, enhances coping skills by sharing strategies on 
how to deal with the illness, builds self-esteem through 
positive interpersonal interactions, and encourages 
treatment adherence by providing hope. The finding 
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that Teen Impact members used a broader variety of 
strategies for coping than the comparison group of 
nonparticipants implies that the intervention may have 
been successful in teaching a range of coping skills 
[51].

Several underlying mechanisms may contribute to 
the overall effectiveness of the group experience, with 
the most apparent being the fact that group members 
model coping behavior and provide mutual support 
for one another. Whatever the specific mechanisms, 
however, it seems clear that group approaches can be 
effective in working with adolescents with cancer.

23.7 conclusions

The diagnosis of cancer during adolescence threatens 
normal physical and psychological development. 
While younger children may be somewhat protected 
by their limited ability to understand the implications 
of the illness, adolescents may be well-informed and 
fully aware about the seriousness of their condition. As 
a group, therefore, they may be more vulnerable psy-
chologically than either children or adults. For this 
reason, comprehensive programs of care must involve 
provision for psychological support, both in the imme-
diate period after diagnosis and in the long-term.
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24.1 introduction

This chapter focuses on the psychosocial impact of 
cancer on adolescents and young adults and provides 
a basis for therapeutic recommendations provided in 
the chapter on psychologic support by Eiser and 
Kuperberg (Chap. 23). It examines the unique devel-
opmental and psychosocial issues and subsequent 
needs of these young people as they occur through-
out a continuum of survivorship, as well as approaches 
to address those needs. In contrast to the aforemen-
tioned chapter, which primarily addresses the patient 
undergoing active therapy, this chapter focuses on 
patients and survivors together because the experi-
ence of young adulthood stimulates responses to a 
personal history of childhood cancer that may differ 
from those evident in earlier developmental periods. 
Young adulthood is a time of increased vulnerability 
to stress and presents cancer survivors with major 
developmental challenges above and beyond those 
faced by other young people [1]. For example, gain-
ing independence, establishing one’s sense of identity, 
negotiating interpersonal relationships (including 
intimacy and forming families), as well as making 
important decisions about education and employ-
ment, all require a focus, in most individuals for the 
first time, on the medical, cognitive, or psychosocial 
effects of cancer treatment.

Chesler and Barbarin’s [2] Stress-coping model is 
useful for organizing psychosocial issues across five 
dimensions: intellectual, practical, interpersonal, emo-
tional, and existential. The utility of this model comes 
from its organization of the cancer experience into 
observable categories of stress, coping responses and 
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strategies, and sources of social support. It helps iden-
tify patient and survivor needs from perspectives 
incorporating quality of life, positive adaptation, and 
family systems, thereby informing the development of 
interventions that address psychopathologic disease 
prevention as well as health promotion.

24.2 intellectual issues

24.2.1  information about cancer diagnosis, 
Prognosis, and treatment

Communicating information to adolescent and 
young adult cancer patients can be a sensitive issue. 
Some patients prefer to be shielded from direct com-
munication about their cancer; others may desire to 
assume a more prominent position in the informa-
tion flow and management of their care. For instance, 
Young and colleagues [3] report that parents most 
often manage what and how their children are told 
about cancer, and that young people vary in their 
preferences as to how much information should be 
disclosed to them. Last and van Veldhuizen [4] found 
that while the majority of young people with cancer 
prefer to be fully informed about their disease, 
approximately one-third of the young adult patients 
surveyed preferred not to know. Nonetheless, in gen-
eral, the adolescent and young adult patients’ desire 
for information is a chief concern. They typically 
express preferences for face-to-face communication 
with health professionals that is open, honest, non-
judgmental, respectful, and inclusive of them in the 
formulation of treatment plans [5, 6].

Researchers and clinicians alike have stressed the 
importance of adolescents and young adults receiving 
adequate and direct information about their cancer 
history and related risks (e.g., late effects, including in 
fertility, risks for second cancers, potential genetic 
effects on offspring [7–9]). Survivors themselves often 
express desires for services related to diet and nutri-
tion, supportive counseling, health insurance, assis-
tance with career planning, guidelines for appropriate 
long-term medical follow-up, and access to commu-
nity physicians familiar with oncologic late-effects, 
and meeting other long-term survivors [10, 11].

24.2.2 information Seeking

Adolescent and young adult survivors of childhood 
cancer often lack critical information regarding their 
cancer and its treatment, including information about 
the types and dosages of chemotherapy, and in some 
cases even the type of cancer they had, along with 
knowledge about potential long-term physical effects 
[12]. The active process of seeking and obtaining infor-
mation about cancer appears to be related to improved 
self-confidence [8], and young survivors who preferred 
and received open communication about their diagno-
sis and prognosis at the initial stage of disease also 
showed significantly less anxiety and depression later 
[4]. Yet, adolescents’ and young adults’ attitudes about 
information-seeking may change over time, depending 
on cultural backgrounds or beliefs about cancer, health 
or illness. The extent to which survivors and their family 
members perceive risks of relapse or a “need to know” 
may also influence information-seeking.

As adolescent and young adult cancer patients com-
plete treatment, grow older, become geographically 
mobile (e.g., move away from their families of origin 
and from their source of medical/oncologic care), and 
become more solely responsible for their own health-
care, the process of seeking and accessing healthcare is 
often perceived to be stressful [13]. Selecting employer-
offered or other group health-insurance packages, or 
finding a doctor are all new experiences for cancer sur-
vivors to handle on their own. In these regards, survi-
vors and health professionals alike have identified sig-
nificant barriers or obstacles to obtaining appropriate 
follow-up care, including survivors’ lack of knowledge 
about relevant and appropriate care, limitations with 
regard to health insurance and financial resources, as 
well as healthcare providers’ lack of knowledge about 
relevant long-term survivorship issues [14, 15].

24.3 Practical issues

24.3.1  the Hospitalization experience, 
including Pain and Painful Procedures

As adolescent and young adult patients undergo diag-
nostic procedures and subsequent treatment, they 
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meet innumerable health-care professionals and ancil-
lary hospital staff who will be involved in their care for 
an extended period of time. Diagnostic tests, curative 
and palliative therapies, and subsequent side effects 
often bring discomfort, pain, nausea, vomiting, fevers 
and infections, fatigue, changes in appetite, altered 
bodily appearance, and sleep disturbances. While sub-
ject to these painful procedures and treatments, ado-
lescent cancer patients have reported a lost sense of 
control over their lives [16]. End-of-life care presents 
special difficulty as emotional stress increases, physical 
functioning deteriorates and pain management 
becomes an issue.

24.3.2 School and Work

Adolescent and young adult patients and survivors 
confront myriad disruptions in the worlds of school 
and work as a direct result of cancer diagnosis and 
treatment. Returning to school represents the continu-
ation of “normal” life, as junior high and high school 
attendance for all and college for some are vital social 
and developmental activities for this population. Reg-
ular school attendance is vital to foster normal devel-
opment and to prevent isolation from peers and social 
regression [17]. Research suggests the importance of 
encouraging adolescents to participate in school activ-
ities as fully as possible, since positive school experi-
ences can reduce teenagers’ maladaptive emotional 
responses to the disease and its treatments by helping 
them feel academically accomplished and socially 
accepted [18]. It also helps reestablish normal life pat-
terns and a renewed sense of control and stability.

In the United States, state and local school districts 
are required by law to provide a free, appropriate ele-
mentary and secondary education in the least restric-
tive environment for all young people needing special 
attention/education, including students with cancer or 
a cancer history whose medical problems might 
adversely affect their educational performance [19]. 
For those whose physical conditions place them at risk 
of further health problems, homebound or hospital-
based education may be necessary. When possible, 
however, preference should be given to the regular 
school environment, and if this is not possible, the 
hospital-based school [20].

With regard to educational achievement, employ-
ment, and living situations, studies indicate that most 
patients and survivors are functioning well and lead-
ing normal lives [21, 22]; yet many young adult cancer 
patients and survivors report having experienced 
restricted role function at work and in daily activities, 
including social discrimination and rejection in 
employment and military opportunities [23–27]. Some 
also experience difficulty maintaining or obtaining 
independent or family-based health insurance, 
encounter financial strain, and attain lower income 
levels when compared to other noncancer groups [9, 
24, 25, 28].

Subsets of survivors also experience impaired 
achievement in education, employment, and social 
and family goals when compared to others [24, 29–31]. 
In particular, central nervous system (CNS) tumor 
patients/survivors and leukemia survivors treated with 
cranial radiation are much less likely to complete high 
school, attain an advanced graduate degree, or follow 
normal elementary or secondary school paths when 
compared to survivors of other cancer types and to 
healthy controls [29, 32]. CNS tumor survivors also 
are more likely to be unemployed, have a health condi-
tion that affects their ability to work, and enroll in 
learning disabled programs [33]. In a Childhood Can-
cer Survivor Study that monitors a multi-institutional 
epidemiologic cohort of over 16,000 survivors, use of 
special education services was reported by 23% of sur-
vivors in comparison to only 8% of siblings, with the 
greatest differences observed among female survivors 
who were diagnosed before age 6 years, and most 
notably among survivors of CNS tumors, leukemia, 
and Hodgkin lymphoma [34].

24.4 interpersonal issues

24.4.1 relationship with Parents

The literature suggests that seriously ill young people 
tend to become more dependent upon their parents, at 
least temporarily. For adolescents and young adults, 
this may involve regression from recently achieved 
independence into a prior dependent relationship. As 
young people with cancer try to deal with or discuss 
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the illness with their parents, they sometimes discover 
that they have quite different coping strategies. Just as 
symmetry in coping strategies is an important factor 
in spousal interaction, it affects child–parent interac-
tions as well. Parents may want to discuss issues with 
their children that the children do not wish to discuss, 
or vice-versa, perhaps because doing so evokes issues 
or feelings that for so long have been buried in the 
past. Parents also may express or manifest emotional 
distress quite differently than their children. Some 
young people with cancer desire to protect their par-
ents and not share their deepest worries with them, 
perhaps out of guilt for what their parents are going 
through, or perhaps just because they can see how 
upset their parents are [2, 35].

24.4.2 relationships with Peers

Problems with establishing close interpersonal rela-
tionships have been reported among long-term survi-
vors and appear to be associated with longer duration 
of treatment and more recent illness [36]. Gray [37] 
reports that cancer survivors describe improvements 
in social relationships (as compared to controls), but 
also feel greater disappointment in those relationships, 
suggesting that this disappointment is a result of hav-
ing higher expectations of those relationships. Indeed, 
a common theme arising out of survivor meetings and 
present in the medical literature is the notion that prior 
social networks may fail to provide the type or kind of 
support that long-term survivors seek, and may even 
cause additional stress [38].

Although adolescents with cancer may be thought 
of as being more socially isolated than their healthy 
peers, empirical evidence does not support this asser-
tion. In general, adolescents with cancer have been 
shown to be similar to peers on numerous dimensions 
of psychological and social functioning [39]. However, 
adolescents and young adults with cancer commonly 
experience changes in friendships and a sense of isola-
tion from friends due to lengthy time away from home, 
school, or work for treatments, and many friendships 
may fall by the wayside over time [40, 41]. Specifically, 
adolescents and young adults report feeling that some 
friends are no longer able to relate to their life situation 
and get uncomfortable continuously talking with the 

patient about cancer, resulting in feelings of being “dif-
ferent” and apprehensive about forming new friend-
ships [40, 42]. Consequently, many of these young 
people form (or would like to form) new friendship 
circles, often with other cancer patients and survivors 
with whom they can relate to their current life situa-
tion and past experience with cancer.

According to Heiney [43], studies have found that 
there is a general lack of knowledge about the anatomy 
and physiology of reproduction among adolescents 
generally. This comes at a time when most adolescents 
display heightened curiosity about sexuality, and some 
begin to experiment with intimacy and sex. Reviewing 
the impact of cancer treatment on sexuality, intimacy 
and relationships, Thaler-DeMers [44] suggests that 
the issue of sharing one’s cancer history with a new 
partner is particularly salient to a young adult survivor 
population, and Roberts et al. [45] report that relevant 
issues arising in a group intervention study among 
young adult survivors included concerns about fertil-
ity and raising children. With regard to family plan-
ning, Schover and colleagues [46] identify salient rela-
tionship-oriented concerns for young adults, including 
infertility, reproductive problems, desire for children 
in the future, sperm banking, concerns about the 
health of their offspring, and genetic risks, pregnancy 
concerns and complications, and attitudes about hav-
ing children after cancer.

24.5 emotional issues

24.5.1 Psychological distress

Current research suggests that 15–30% of childhood 
and young adult cancer survivors are seriously trou-
bled psychologically, or significantly more likely than 
various comparison groups to report distress [1, 31, 
47, 48]. These problems include a wide range of psy-
chosocial adjustment difficulties, such as delayed social 
maturation, mood disturbances, academic difficulties, 
job and insurance discrimination, increased health 
concerns, and relationship problems. These findings 
suggest that a cancer diagnosis during childhood con-
tinues to interfere with the ability of many survivors to 
master the developmental tasks of young adulthood 



Psychological Support chapter 24 379

[49]. Comparative studies of survivors have demon-
strated significantly greater psychological distress in 
childhood cancer survivors as compared to various 
comparative groups when measured by standardized 
psychometric scaling techniques [28, 50, 51].

In contrast, several other investigators demonstrate 
that, on aggregate, adolescent and young adult cancer 
survivors score in the normal range on standardized 
psychometric measures and live normal social lives 
with no evidence of significant mental or emotional 
distress, thereby being quite similar to peers without a 
history of cancer in terms of their psychosocial adjust-
ment and quality of life [22, 52–56].

In some instances, psychological and quality of life 
outcomes among young adult survivors are the same 
as, if not better than those among comparison popula-
tions [57–61]. In a study of young adult survivors of 
childhood leukemia and lymphoma, Gray and col-
leagues [55] indicate that, compared with their peers, 
survivors reported significantly more positive emo-
tional health status, less negative mood or affect, a 
higher motivation for intimacy (i.e., thinking about 
others, concern for others), more perceived personal 
control, and greater satisfaction with control in life 
situations. Maggiolini and colleagues [62] showed that 
teenagers cured of leukemia showed a more positive 
and mature self-image when compared to student 
peers.

In general, the psychosocial literature on survivors 
of pediatric cancer suggests that cancer universally 
alters the way survivors view themselves and that these 
alterations can be positive or negative and both posi-
tive and negative [63]. In particular, adolescents have 
reported a sense of relief upon completion of therapy, 
but also ambivalence related to perceived loss of social 
ties (i.e., with other adolescents with cancer, with 
health-care providers who have come to know them, 
with the health-care system), and fears of life without 
the protective “crutch” of effective treatment [64]. The 
aforementioned series of studies vary substantially in 
their theoretical frames, inquiry methods, and samples 
of informants. By examining them on aggregate, a rea-
sonable summary argues that some young adult and 
childhood cancer survivors have managed to grow in 
positive ways as a result of their cancer experience.
Most probably are relatively normal in psychosocial 

terms and on most psychosocial measures, and an 
important minority experience ongoing psychological 
and/or social adjustment problems. Moreover, most 
survivors, even those apparently doing quite well, con-
tinue to be concerned about the physical, psychologi-
cal, and social quality of their current and future lives.

24.5.2 Posttraumatic effects

A recently emerging literature on stress, threat, and 
trauma provides a new and different paradigm for 
examining and understanding emotional responses to 
life-threatening situations like cancer. Recent concep-
tualization of cancer as a psychological “trauma” has 
furthered our understanding of the long-term psycho-
logical effects of cancer and its treatment, with studies 
assessing the symptoms of posttraumatic stress indi-
cating that anywhere from 10 to 30% meet the criteria 
for posttraumatic stress disorder, and an additional 
proportion meet the criteria for at least one trauma 
symptom [65]. Reporting symptoms of posttraumatic 
stress appears to be associated with survivors’ retro-
spective subjective appraisal of life threat at the time of 
treatment and the degree to which the survivor experi-
enced that treatment as “hard” or “scary,” as well as 
with general anxiety, history of other stressful life 
experiences, less time since end of treatment, female 
gender, and lack of family or social support.

A new trauma paradigm raises the possibility that 
some people may not just survive such stress and 
trauma, but that they may “thrive” or achieve “post-
traumatic growth” as a result, and they may create or 
experience a higher quality of life than prior to the 
stress [66, 67]. As Folkman and Greer [68] argue, the 
focus on “psychiatric symptoms, such as anxiety and 
depression…obscure the struggle for psychological 
well-being and the coping processes that support it,” 
and Paterson et al. [69] discuss how some people can 
transform their lives by responding to an illness in 
ways that enhance the quality and meaning of their 
lives. Some cancer survivors report positive growth as 
a function of how they and their families dealt with 
their illness and appear significantly better adjusted 
psychosocially in comparison with population norms 
or healthy controls groups [57, 70, 71]. Even so, these 
young people still worry about their physical health 
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status, their self-esteem and identity, their immediate 
family’s welfare, relating with the social world and 
being “different”, reintegrating with the school system, 
possibilities for the future (including access to life and 
health insurance, jobs and career options, and under-
standing genetic compromises stemming from treat-
ment), and continued care from a skilled and attentive 
medical system [72–74].

24.5.3 coping

Research has addressed the factors and variables asso-
ciated with coping and adjustment among adolescents 
and young adult cancer patients and survivors. For 
example, positive thinking or maintaining a positive 
outlook on the future is commonly reported as a coping 
strategy for adolescent and young adult cancer patients 
and survivors [13]. In a quality-of-life assessment of 
176 adolescent and young adult survivors, Zebrack and 
Chesler [75] observed that having a sense of purpose in 
life and perceiving positive changes as a result of cancer 
were associated with positive quality of life.

Some investigators have suggested that the afore-
mentioned aspects of positive adaptation or meaning-
making may in fact suggest that denial is a common 
coping style among adolescent and young adult 
patients who maintain a positive outlook for the future 
[71, 76, 77]. However, adolescents and young adults 
with cancer can experience positive self-images and 
life outlooks without necessarily “denying” their true 
condition or fears [78]. Clearly, patients’ and survivors’ 
denial of their problems associated with cancer treat-
ment (e.g., treatment refusal and noncompliance, 
ignoring signs of relapse or infections, engaging in 
health-risk-taking behavior) is unproductive and mal-
adaptive, but denial of some of the discomforting emo-
tions associated with cancer (anxiety about recurrence, 
worry about peer acceptance, obsession about a healthy 
long-term future, feeling like a victim) may be very 
adaptive and productive. In these instances, denial 
may even lead to the adoption of disease-preventing 
and health-promoting behaviors or the assumption of 
a positive life future and possibility of long-term per-
sonal growth. Yet, gaining knowledge of one’s cancer 
treatment and effects also has been shown to be associ-
ated with positive adaptation and coping [8].

24.5.4  the importance of Social, Peer,  
and Family Support

During a period of time in which individuals increas-
ingly experiment with and seek relationships and 
social support, a diagnosis of cancer has the obvious 
potential to subvert normal adolescent and young 
adult development. At the same time, a perception of 
high levels of social support can help teens and young 
adults with cancer cope with their illness and over-
come the feeling that they are alone. Kyngas et al. [8] 
found that social support was the major coping strat-
egy used by adolescents to deal with cancer, with sup-
port coming from family, friends, and health-care pro-
viders, although the family was perceived to be the 
most important source of emotional support. Actively 
seeking support also has been demonstrated to be 
associated with positive adjustment [8, 79].

Several studies identify family support and cohe-
siveness as a most important contributor to positive 
adjustment [80] and family functioning as the single 
best predictor of distress, with poorer family function-
ing predictive of greater distress [81]. In addition, 
Trask and colleagues [82] report that adolescent and 
parental adjustment are related to one another, and 
suggest that the ability of teenage patients to cope with 
their illness is dependent upon their parents’ ability to 
cope, and vice-versa. Lynam [83] found that the sup-
portive role of the family is demonstrated through sev-
eral actions and perceptions in the parent–child rela-
tionship. Notably, Lynam found that a reciprocal 
supportive relationship exists in which young adults 
share information about their condition with family 
members to allay their mutual concerns, but in some 
cases filter information that they felt would burden 
their family with excessive worry.

24.5.5 Support groups

There exists a perception among some oncologists 
and parents that attending survivors meetings or sup-
port groups, spending time with other cancer survi-
vors, and revisiting the cancer experience may be 
maladaptive and prevent survivors from integrating 
with other so-called “normal” peers. Yet, there exists 
no empirical evidence to suggest this is the case. In 
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contrast, Roberts et al. [45] report the results of a sup-
port group intervention for young adults that led to 
improvements in psychological well-being. Topics 
covered included anxiety about health and physical 
well-being, worry about fertility and raising children, 
relationship problems, financial concerns, and body 
image. The authors noted that the group quickly 
developed a level of cohesion and suggested that the 
quickness and ease with which this happened was 
demonstrative of the need and desire for support 
among these participants.

An important issue for adolescent and young adults 
is the decision of if, when, and how to share informa-
tion about cancer with their peers. An even more deli-
cate issue is what and how much to say about their ill-
ness to new acquaintances, and particularly those for 
whom a long-term intimate relationship may be pos-
sible. Faced with the potential for varied reactions, 
young people with cancer may lose confidence because 
of their uncertainty about whether and how they will 
be accepted. When loss of opportunities for social 
interaction with peers is severe, it is experienced as a 
major deprivation that multiplies other stresses of the 
illness. When positive interaction with peers occurs, it 
helps ease the stress of coping with the illness and 
renews youngsters’ adaptive capacities.

Thus, participation in teenage or young adult oncol-
ogy camps, outdoor adventure programs, cancer sur-
vivor day picnics and family retreats offer opportuni-
ties for life experiences that promote successful 
achievement of age-appropriate developmental tasks. 
For instance, a dramatic wilderness adventure provides 
adolescents undergoing therapy with extraordinary 
experiences that boost self image and facilitate coping 
skills [84]. An 8-day adventure trip for 17 young adult 
survivors of childhood cancer provided participants 
with an opportunity for physical challenges and 
resulted in reports of improvements in self-confidence, 
independence, and social contacts [85]. In general, 
opportunities for peer involvement provide these 
young people a chance to address areas of concern 
such as coping with uncertainty, dependency versus 
autonomy, social exclusion, separation processes, body 
image, intimacy, sexuality and fertility, and occupa-
tions with others whom they can observe as sharing 
similar experiences.

24.6 existential/Spiritual issues

In the face of a life and death diagnosis, which is rare 
and totally unexpected for people their age, adolescent 
and young adult patients and survivors also experience 
a sense of existential crisis, a challenge to their sense of 
the normal order of things and the way they have 
assumed the world should work. Their faith in the con-
tinuity and predictability of life obviously is threat-
ened. Especially because the precursors of adolescent 
and young adult cancers are largely unknown to the 
medical and scientific community, patients’ often 
experience a high level of uncertainty about their cur-
rent and future place in the world.

24.6.1 Uncertainty

Uncertainty has been defined by young people with 
cancer as more than living with the unknown, but also 
as not knowing what to expect [86]. Survivors in their 
teens and young adult years also suggest that, while 
uncertainty can be a source of distress, it also can be a 
catalyst for personal growth, a deepened appreciation 
for life, greater awareness of life purpose, development 
of confidence and resilience, and optimism [87].

Having a positive life attitude, belief in one’s own 
resources, belief in God, earlier positive life experi-
ences, and willingness to fight against the disease also 
have been identified as important resources for coping 
with cancer [8]. Nichols [88] reports the use of spiri-
tual support as a coping behavior for teenage patients, 
but waning as the length of illness increased. Many 
young people report that their religious faith was tested 
by the cancer experience; most who experience such a 
test report that their faith has been strengthened by 
their experience, if not by the fact that they survived. 
Others, with or without a strong religious orientation 
or commitment, report a greater sense of existential 
clarity, a form of psychospiritual adaptation and 
growth that takes the form of knowledge about the 
meaning and purpose of their life, a sense that God 
would not give them more than they could handle, and 
a willingness to accept the uncertainty of life [88, 87].

Reflecting the notion that “a positive future exists for 
oneself,” the concept of hope has been investigated in 
adolescent and young adult patients, with findings 
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indicating a positive association between being hopeful 
and psychosocial adjustment [89]. In an investigation 
involving patients aged 8 to 18 years old, increased 
hopefulness and decreased feelings of helplessness were 
the most important factors associated with positive 
coping and decreased anxiety [90], with hopefulness 
reflected in patients’ comments about attending school, 
future careers, and marriage.

24.7 conclusion

Adolescents and young adults with cancer often report 
a desire for more information – about their diagnosis, 
prognosis, treatment, and potential short- and long-
term effects. These desires are often not expressed to 
the medical staff or parents, and thus often go unmet. 
Moreover, young people with cancer often do not share 
with their parents the full extent of the pain and anxi-
ety that they experience during the treatment process. 
They observe and understand their parents’ distress 
and often hide their own concerns in order not to fur-
ther worry or add to their parents’ strain.

In addition to anxiety about the future course of 
medical treatment, young adult survivors of childhood 
cancer report worry about body image, sexual identity, 
and fertility. Such issues are part of a normal develop-
mental process in this age group, but become more 
potent in the context of a serious and chronic illness. 
Moreover, these concerns may be further escalated in 
the case of unsettled peer relationships, as absence 
from school during treatment often changes the young 
person’s relationships with former friends and neigh-
bors. For some, school absence results in educational 
disadvantage and delayed preparation for higher edu-
cation or career progress. The same holds true for 
young adults in their work and social worlds, where 
employment becomes disrupted, where they may be 
subject to prejudice and discrimination, and where 
young adults feel uncertain or burdened about how 
much to disclose about their cancer to employers, 
coworkers and friends.

In the end, the majority of young adult cancer sur-
vivors appear to be psychologically well-adjusted, even 
when acknowledging the visible and limiting physical 
effects of treatments. Overall, these young people 

experience emotions and behave in ways that are nor-
mative for this age population. On the other hand, a 
substantial minority experience posttraumatic stress, a 
form of emotional and psychosocial disability that 
requires psychological counseling of some form. An 
important minority appear to experience posttrau-
matic growth and are able to transform their lives in 
ways that represent more positive outlooks and com-
petencies than one would have expected prior to their 
diagnosis and treatment. Given the full range of these 
responses, including the possibility that some teenag-
ers and young adults surviving cancer can exhibit signs 
of greater emotional stability and security, interven-
tion programs that historically have focused on allevi-
ating stress and preventing negative outcomes (such as 
posttraumatic stress symptoms) must be comple-
mented by programs focusing on promoting success-
ful achievement of age-appropriate developmental 
tasks and positive psychological and emotional 
growth.
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25.1 introduction

With continuing advances in medical diagnosis and 
treatment, the focus on the individual cancer patient’s 
perceptions of his or her health and well-being has 
assumed increasing importance [1]. The term “health-
related quality of life” (HRQL) has been used at times 
in an imprecise manner along with other terms such as 
health status, functional status, and quality of life [2–
4]. Quality of life is a global concept encompassing 
many different components according to the choice of 
the user [5]. HRQL, however, focuses more specifically 
on the wide-ranging implications that disease and 
treatment may have on an individual’s appraisal of 
important aspects of life [5–7]. HRQL has been defined 
as a multidimensional construct [8, 9], consisting at a 
minimum of the physical, psychological, and social 
domains recommended by the World Health Organi-
zation [10], as well as the impact of disease-specific 
and treatment-related symptoms on a patient’s self-
perceptions of functioning [11–14]. More recent char-
acterizations of this construct have also included spiri-
tual and existential aspects of experience [15].

Although most medical research continues to focus 
on the overall survival rates of disease and the devel-
opment of new treatments, HRQL research has proven 
to be valuable in monitoring and evaluating patient 
progress. By focusing on the patient’s perspective of his 
or her experience, the hidden benefits and costs of ill-
ness and therapy are elucidated beyond that which is 
learned by measuring objective parameters of health 
alone [16]. In this way, monitoring HRQL in cancer 
patients is expected to enhance overall clinical out-
comes [17]. It has been suggested that HRQL is critical 
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to effective cancer care, second in importance only to 
survival itself [18, 19].

Within the field of oncology, Aaronson [20] has 
identified five purposes of researching HRQL: (1) to 
describe the nature and extent of functional and psy-
chological problems that patients encounter during the 
course of their disease; (2) to determine norms for psy-
chosocial problems for specific patient groups; (3) to 
screen patients for involvement in appropriate behav-
ioral or psychopharmacological intervention pro-
grams; (4) to monitor patient care in order to improve 
the way that treatment is provided; and (5) to evaluate 
competing behavioral, psychosocial or medical treat-
ment protocols. Ganz [21] has suggested that HRQL 
assessment will facilitate improvements in the quality 
of medical care provided to cancer patients (e.g., by 
informing healthcare providers of their patient’s sub-
jective experiences, they will be better able to tailor 
supportive interventions and improve quality).

HRQL research has become a salient factor in ran-
domized, controlled clinical trials for new medical 
treatments [22, 23]. For example, HRQL question-
naires are used increasingly in cost effectiveness/utility 
analyses, and play an important role in the clinical 
documentation of the efficacy of new drugs and the 
quality of care for purchasers [14, 24, 25]. In adult 
oncology, HRQL measures have been well-incorpo-
rated into clinical trials, clinical practice improvement 
strategies, and healthcare services and research evalu-
ation [4, 26]. In pediatric practice, these measures have 
only more recently begun to generate widespread 
interest and investigation [1, 22, 27, 28]. Particular 
sensitivity to developmental issues is needed when 
considering adolescents and young adults with cancer, 
for whom the diagnosis and treatment impact virtually 
every aspect of their lives [6, 29–33].

The adolescent with cancer moving into adulthood 
faces many unique psychological and emotional chal-
lenges [29, 34–37]. Adolescence is a period when peers 
play an increasingly significant role in how a young 
person views the world; a time for establishing auton-
omy and independence from parents and family [38, 
39]. Other major changes associated with this period 
include beginning significant relationships, establish-
ing future educational and career goals, and making a 
start toward financial security [40]. Cancer and its 

treatment creates unique and difficult additional chal-
lenges for young people, including frequent hospital-
izations, separation from family and friends, coping 
with changes in appearance and physical abilities, dis-
ruption of schooling, traumatic medical procedures, 
and the uncertainty of survival [37, 41, 42]. Cancer in 
adolescents and young adults often requires a return to 
dependence on parents and caregivers, leading to real 
and perceived disruptions in the forward momentum 
of life and a decrease in quality of life [32, 33, 36, 37].

Adolescent and young adult survivors of cancer in 
childhood face many barriers in their transition from 
pediatric to adult care, including the lack of familiarity 
with long-term side-effects of pediatric cancers and ther-
apy by adult physicians and other healthcare providers 
[34]. Appropriate follow-up care may be delayed or post-
poned indefinitely because of difficulties in insurance 
coverage for health screening and surveillance [43]. 
Young adult survivors may be reluctant to switch their 
care from pediatric practitioners and clinical settings 
they have come to know and trust over many years to 
new, adult practitioners with whom they may not easily 
establish a rapport [34]. They may avoid appropriate fol-
low-up medical care altogether, or they may choose not 
to inform their adult providers about their cancer expe-
rience due to anxiety about the past, fear of losing insur-
ance coverage due to a preexisting condition, or the 
desire to be “like everyone else” who does not have a can-
cer history [34, 37].

The purpose of the current chapter is to review crit-
ical issues and methods for the meaningful assessment 
and evaluation of HRQL in adolescent and young adult 
childhood cancer patients and survivors. We will also 
offer recommendations for the inclusion of HRQL into 
clinical trials and health surveillance programs to pro-
mote optimal HRQL and health outcomes in this pop-
ulation.

25.2 dimensions Used in Measuring HrQl

According to Berzon et al. (1993), the measurement of 
HRQL should include an assessment of “physical, 
mental, psychological, and social health, as well as 
global perceptions of function and well being.” Other 
components (sometimes referred to as dimensions, 
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domains, categories, or attributes) that may be assessed 
also include pain, energy and fatigue, sleep, appetite, 
cognitive functioning, role functioning, and specific 
symptoms related directly to the disease or treatments 
[1, 20, 44–45]. According to Fayers and Machin [26], 
there is a causal relationship between disease-specific 
symptoms and HRQL; therefore, it is important to 
include the domain of “symptoms related to illness and 
treatment” when assessing HRQL. In cancer popula-
tions, pain, fatigue, nausea, and cognitive impairments 
are symptoms likely to be assessed.

25.3  generic and cancer-Specific Measures  
of HrQl

Three main purposes for HRQL assessments have been 
delineated by Guyatt et al. [11]: discrimination, evalu-
ation, and prediction. The purpose of discrimination is 
to distinguish the burden of morbidity among groups 
or individuals at a point in time; this is especially useful 
in cross-sectional studies, in which the reliability of the 
measure is essential. Evaluation involves assessment of 
change in HRQL over time, which is particularly help-
ful in longitudinal studies in which the responsiveness 
of the measure is crucial. HRQL measures are used less 
often for prediction, such as determining how well 
these measures relate to prognosis.

HRQL measures may be either generic in scope, 
assessing broad and global issues, or more specific and 
targeted to unique subpopulations of patients. Generic 
measures are useful in the measurement of HRQL across 
diverse patient populations or disease groups, allowing 
for group comparisons. Generic HRQL measures may, 
however, be unresponsive to changes in specific condi-
tions [11] and may fail to provide adequate data about 
specific disease symptoms and treatment-related side 
effects of relevance to particular disease groups [46]. In 
these cases, use of a disease-specific measure may pro-
vide a more accurate assessment of HRQL.

Disease-specific measures provide substantial and 
comprehensive analysis of the HRQL of patients suf-
fering from specific conditions [47, 48]. Such measures 
generally contain a symptom checklist, in addition to 
disease and treatment-related issues that characterize a 
specific disease. In this way, disease-specific measures 

are more sensitive to clinical change in patients with a 
particular illness, which may result from including 
only important aspects of HRQL that are relevant to 
the patients being studied [11, 46, 49].

25.4  Measuring HrQl in adolescents  
vs adults

Most published HRQL research in cancer focuses on 
adults. However, as child-mortality rates for cancer 
decline and the number of adolescent and young adult 
survivors continues to increase, conducting HRQL 
research with this age range is of critical importance [2, 
50]. In addition, with a significant proportion of young 
people diagnosed with cancer presenting during their 
adolescent years, focusing specifically on this age range 
is an increasingly important issue [51]. Because of dif-
ferences in developmental issues faced at different ages, 
however, adjustment to illness and treatment presents 
unique challenges across the adolescent age span [37].

Health in adolescents and young adults is defined as 
the ability to participate fully in developmentally 
appropriate activities [12, 43]. As in older adults, this 
ability requires physical, psychological, emotional, and 
social energy [12]. However, assessing HRQL in youths 
is different than assessing HRQL in adults for several 
reasons. First, measuring HRQL in the general popula-
tion of adolescents and young adults can be more dif-
ficult due to the relative lack of illness in this age group 
when compared to older adults ([12]. Therefore, any 
HRQL measure to be used in this group must be 
extremely sensitive to small differences in health and 
changes over time [4, 12, 52]. Second, young people 
who have significant problems with HRQL may present 
with impaired or delayed physical, emotional, or intel-
lectual development rather than a sudden, specific 
occurrence of a symptom or abnormality [12, 53]. This 
failure to develop appropriately may happen slowly 
over time, and may be difficult to capture in one mea-
surement. Therefore, the timing of the assessment of 
HRQL in young people is crucial.

The dimensions typically assessed in HRQL research 
(i.e., physical function, role function, social/peer func-
tion, emotional well-being, effects of disease and treat-
ments) are often utilized in both adult and youth 
HRQL studies [14, 52, 54]. However, the context in 
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which the components of HRQL are measured may 
differ between adults and adolescents. For example, in 
some adult HRQL instruments that measure physical 
functioning, more value is placed upon independence 
and autonomy within that domain [54, 55]. Although 
it is also important to assess physical functioning in 
young patients, it would be inappropriate to place 
heightened value on independence, since it is expected 
that adolescents and young adults living at home would 
require more assistance than autonomous adults [54].

Another contextual difference arises when examin-
ing the way young people are required to function at 
school and with friends versus the way adults must 
function in the workplace and with social groups [54]. 
Although both of these functions are addressed in the 
domains of role and social functioning, the different 
context requires that different questions be raised for 
adults and younger subjects. These differences in con-
text should be considered by researchers as they 
develop appropriate HRQL instruments for adoles-
cents and young adults.

Although by definition the measurement of HRQL 
requires input from the individual, the accuracy or 
validity of self-report HRQL measures is sometimes 
questionable [6, 56]. A person may have a cognitive or 
motor impairment, or be too sick to respond appropri-
ately to HRQL questionnaires[5, 6, 8]. This point 
becomes even more salient when assessing adolescents 
and young adults with brain tumors who may have 
cognitive impairments due to their disease and treat-
ment [6, 56, 57].

25.5  Self report vs. Proxy reports  
(i.e., Parent, Provider, or caregiver)

Reliance on parental proxy assessments of an adoles-
cent’s internal and external functioning is somewhat 
questionable [4, 54], as the parents’ own anxieties and 
uncertainties about the future may influence their 
HRQL reports for their offspring [58]. Studies have 
consistently shown imperfect concordance rates 
between self-report and parental proxy ratings for chil-
dren and adolescents with asthma, cystic fibrosis, 
chronic headache, limb deficiencies, and cancer [1, 14, 
59]. This lack of agreement between proxy and self-

report is known as “cross-informant variance” and is 
even present with well-standardized measures [22, 60]. 
One reason for this discrepancy may be that, despite the 
fact that parents know their progeny better than anyone 
else, it is difficult for most parents to assess and inter-
pret the internal emotional states of their children.

Researchers have discovered that, in general, agree-
ment among parental proxy informants and their off-
spring tends to be higher for externalizing problems 
(e.g., aggression, hyperactivity, behavior problems) 
and lower for internalizing problems (e.g., depression, 
anxiety, pain, nausea) [52, 61, 62]. Because parents’ 
perceptions of HRQL in their adolescent or young 
adult offspring are likely to influence healthcare utili-
zation [63], and because there may be instances in 
which patients may not be able to provide self-report 
of their HRQL (either due to cognitive difficulties, 
unwillingness to participate, or because they do not 
feel well), parental proxy reports continue to be very 
important to clinical care [14, 64]. Parental proxy 
reports are especially useful when adolescent or young 
adult patients are living with their parents. It is expedi-
tious and prudent to utilize HRQL measures that 
include both self-report and parental proxy report in 
order to consider both perspectives [1].

In adult HRQL research, proxies who have been 
used to provide HRQL ratings of an ill person include 
significant others/caregivers and healthcare providers 
[57, 65] von Essen [66] conducted a recent review of 
all proxy ratings of adult patient HRQL, and supported 
the use of proxy reports together with self reports 
whenever possible. This review emphasizes that self 
report is the preferred rating to consider when the 
patient is cognitively intact and a reasonable reporter. 
Differences in patient-proxy ratings for adults tend to 
be most pronounced for ratings of emotional func-
tioning, similar to pediatric studies that demonstrate 
weaker concordance between parent and child ratings 
for internalizing behaviors [65].

25.6  HrQl Measurement and clinical  
cancer care

During the past decade, clinicians and researchers 
have explored the value, appropriateness, and feasi-
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bility of integrating HRQL assessments into the daily 
routines of oncology clinics [19, 66, 67]. Researchers 
have found that physicians vary greatly in their abil-
ity to encourage patients to provide specific informa-
tion about their quality of life, and patients vary in 
their ability to clearly express their problems and 
concerns [68]. This may be a particular problem with 
adolescents and physicians of the opposite gender 
[69].

Without appropriate and consistent provider–
patient communication, physicians and healthcare 
providers may not fully appreciate their patients’ 
symptoms, they may misjudge a patient’s physical 
functioning, and they may be unable to gauge the 
patient’s level of psychological distress [68]. Although 
patients frequently express a desire to feel understood 
by their physicians, many patients believe that it is only 
appropriate to raise issues about the effects of treat-
ment on their daily lives and emotional states if their 
physicians indicate that it is acceptable to do so [68, 
70]. Although oncologists generally feel it is essential 
that they discuss physical symptoms with their patients 
during medical appointments, they usually defer to 
their patients to raise psychosocial issues [68]. This 
situation may lead to a “conspiracy of silence,” whereby 
psychosocial topics are not discussed because both 
physicians and patients are reluctant to raise such 
issues without a clear signal from the other that this is 
appropriate and desired. In these cases, formal HRQL 
assessments can be instrumental in helping patients 
communicate to their physicians and other healthcare 
providers areas of concern that may not be discussed 
otherwise. Furthermore, by monitoring HRQL, clini-
cians can evaluate symptom management, medical 
adherence, daily functioning, and the coping abilities 
of patients and their families.

In adult patients’ communication with their physi-
cians during outpatient palliative care visits, it has been 
demonstrated that patients’ self-reported HRQL is the 
most powerful predictor of discussing HRQL issues 
with their physicians [71]. Even in patients experienc-
ing serious HRQL problems, however, emotional func-
tioning and fatigue were not addressed approximately 
50% of the time in the absence of HRQL assessments. 
In pediatric research, investigations of psychosocial 
health as the “new hidden morbidity” has demon-

strated the continuing underidentification of psycho-
social problems in routine practice and in tertiary care 
for children with chronic health conditions [63, 72]. 
These findings suggest that the value of systematic 
assessment of HRQL concerns utilizing screening 
methods similar to diagnostic laboratory tests. Similar 
to laboratory tests for biological disease, screening for 
HRQL morbidity in a patient population requires a 
standardized test with established reliability and valid-
ity [63].

HRQL measures may serve as standardized screen-
ing instruments for identifying physical and psychoso-
cial health concerns from the perspectives of both the 
patient and the parent at the point of service [Table 25.1] 
[73]. For example, the American Academy of Pediat-
rics [74] has suggested that an integrated model of pal-
liative care should include pain and symptom manage-
ment at diagnosis and throughout the course of the 
condition, regardless of the ultimate outcome. From 
this perspective, all young subjects diagnosed with a 
potentially life-threatening condition should be 
screened on a regular basis for HRQL concerns and 
provided with appropriate palliative therapies based 
on these serial screenings. In this way, regardless of the 
potential for cure, they would be managed with opti-
mal HRQL as an essential health outcome goal. This 
integrated measurement and targeted intervention 
approach would work well for evaluating and manag-
ing the HRQL of adolescents and young adults with 
cancer.

In addition to the assessment of patient groups, 
HRQL instruments can also be used to evaluate the 
physical and psychological functioning of individual 
patients. An individual patient can be compared to 
other patients with the same diagnosis and phase of 
treatment, to gain an understanding of his or her func-
tioning relative to a group of similar patients (e.g., 
symptoms of nausea, pain, and emotional distress in 
an individual with newly diagnosed cancer in com-
parison to published data on a group of similar 
patients). This approach can be especially relevant in 
situations where patients with the same clinical crite-
ria respond on HRQL instruments in different ways 
[11]. For example, two patients may indicate difficul-
ties in different areas; one may report more problems 
with physical functioning while the other reports more 
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problems in emotional or social functioning dimen-
sions. A careful assessment of those areas of dysfunc-
tion for individual patients can aid a physician or men-
tal health professional in designing specific treatment 
interventions.

A second use for HRQL assessment in individual 
patients is to monitor HRQL over time, to evaluate the 
efficacy of a particular treatment or to monitor health 
outcomes over the course of survivorship. If a patient’s 
HRQL scores decrease from one visit to the next, a cli-
nician can examine alternative treatments that may be 
more successful, or consider initiating if a survivor’s 
status has deteriorated [Meeske K, personal communi-
cation]. Likewise, if a patient’s scores increase after 
beginning a new treatment, the physician or nurse can 
conclude that the treatment is working [11].

25.7  Selected HrQl Measures  
for adolescents and young adults

The current HRQL assessment strategy across pediat-
ric and adult disorders has focused on the develop-
ment and utilization of generic scales that evaluate the 
same basic domains and questions for all disorders, 
and can be benchmarked with healthy individuals for 
comparison purposes [14, 26, 75]. In addition to these 
generic measures, modules have been developed that 
focus on specific disease or cancer groups (e.g., breast 
cancer, prostate cancer, pediatric patients on active 
treatment), and finally symptom-specific modules 
such as pain, fatigue, and palliative care [1, 19]. In 
selecting measures for a specific application, such as a 
psychosocial outcome for a clinical chemotherapy 

table 25.1 Generic. health-related. quality. of. life. (HRQL),. disease-specific. HRQL,. and. symptom-specific. scales. for.
.adolescents.and.young.adults.with.cancer*

type instrument age 
(years)

number 
of items

domains respondents

Generic HRQL Instruments

Pediatric.Quality.of.Life.Inventory™
(PedsQL™).[4]

2–18 23 Physical,.emotional,.social,
school

Parents.of.children.
2–18.years
Children.5–

18.years

Child.Health.and.Illness.Profile.[77] 11–17 153 Risks,.discomfort,.satisfaction,.
disorders,.achievement,.resilience

Adolescent

SF-36.[78] 14+ 36. Physical,.role-physical,.bodily.pain
general.health,.vitality,.social,
role-emotional,.mental.health

Adolescent
Young.Adult

Cancer-Specific HRQL Instruments

Pediatric.Quality.of.Life.Inventory™
(PedsQL™).Cancer.Module.[1]

2–18 27 Pain.and.hurt,.nausea,.procedural.
anxiety,.treatment.anxiety,.worry,

cognitive.problems,.perceived.
physical.appearance,.communica-

tion

Parents.of.children.
2–18.years
Children.5–

18.years

FACT-G.[79] 18+ 27. Physical.well-being,.social/family.
well-being,.emotional.well-being,

functional.well-being

Young.adult

EORTC.QLQ-C30.[80]) 18+ 30 Physical,.cognitive,.emotional,.
social,.role,.fatigue,.pain,

nausea/vomiting

Young.adult
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trial, great care must be devoted to the selection of 
scales that focus on the exact behaviors and compo-
nents that are likely to be sensitive to treatments under 
evaluation [76]. Table 25.1 lists several selected 
generic, disease-specific, and symptom-specific HRQL 
scales for use with adolescents and young adults, along 

with the recommended age range for administration, 
number of items, domains assessed, and respondents 
for each measure. Scales included in this table were 
selected to illustrate approaches that follow similar 
assessment models in adolescents and adults with 
cancer.

type instrument age 
(years)

number 
of items

domains respondents

Pain Instruments

Varni-Thompson.Pediatric.Pain.
Questionnaire
(PPQ).[81]

5–19 35 Pain.intensity,.sensory,.affective,.
evaluative,.pain.location,.

interference

Parents.of.children.
5–18.years
Children.5–

18.years

Waldron-Varni.Pediatric.Pain.Coping
Questionnaire.[82]

5–16 41 cognitive.self-instruction,.
problem-solving,.distraction,.

seeks.social.support,.catastroph-
izing/helplessness

Parents.of.children.
5–16.years

Children.5–16

McGill.Pain.Questionnaire.[83] 18+ 20 Total.score Young.adult

West.Haven-Yale.Multidimensional.
Pain
Inventory.(MPI).[84]

18+ 61 Pain.severity,.interference,.life.
control

affective.distress,.support.from.
others,.self-perception.of.

disability

Young.adult

Fatigue Instruments

Pediatric.Quality.of.Life.Inventory™
(PedsQL™).Multidimensional.Fatigue.
Scale.[1]

2–18 18 General.fatigue,.sleep/rest.fatigue,
cognitive.fatigue

Parents.of.children.
2–18.years
Children.5–

18.years

Schwartz.Cancer.Fatigue.Scale.[85] 18+ 28 Physical,.emotional,.cognitive,.
temporal

Young.adult

Fatigue.Symptom.Inventory.[86] 18+ 13 Fatigue.interference,.fatigue.
duration,

fatigue.intensity

Young.adult

Multidimensional.Fatigue.Inventory.
[87]

18+ 20 General.fatigue,.physical.fatigue,.
mental.fatigue,.reduced.motiva-

tion,.reduced.activity

Young.adult

*This.list.does.not.include.preference-based.instruments.that.provide.utility.scores.for.HRQL,.such.as.the.Quality.of.
Well-Being.scale.[88],.the.EuroQOL.5D.[89],.and.the.Health.Utilities.Index.[90]

table 25.1 (continued)
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25.8  Barriers to the Use of HrQl Measures 
and Proposed Solutions

While HRQL assessments appear to have potential 
usefulness in the clinical setting, their use has been 
limited due to a number of barriers, as noted in 
Table 25.2. The attitudes of physicians and healthcare 
providers regarding HRQL assessment with their 
patients are critical to the adoption of these assessment 
tools. Unfortunately, the concerns expressed by pro-
viders are rarely based on empirical considerations, 
with many physicians believing that it is only practical 
to assess HRQL within randomized clinical trials or in 
palliative care situations [67].

In clinical settings, a bias may exist toward the use of 
qualitative approaches to assess HRQL, with the belief 
that such methods are less burdensome and intrusive 
than standardized quantitative methods. As mentioned 
previously, the use of a standardized assessment tool 
can enhance patient–provider communication and 
ensure that the patient’s concerns and needs are ade-
quately understood. Legitimate concerns about bur-
dening patients and staff with time-consuming ques-
tionnaires of limited value can be addressed by 
designing brief instruments (to reduce respondent bur-
den), developed with focus groups and cognitive inter-
views to hear the views of patients and family members, 
and by careful attention to the methodological details, 
involved in establishing the reliability and validity of 
instruments to be used [8, 23].

The perception by some physicians and other 
healthcare providers that HRQL measures are neither 
sufficiently associated with nor predictive of subtle 
changes in physiological parameters is not accurate. In 

fact, small-to-medium correlation effect sizes have 
been found between perceived HRQL and physiologi-
cal parameters across a broad range of diseases [91]. 
The fact that HRQL measures correlate modestly with 
clinical outcomes suggests that physiological parame-
ters and perceptual ratings are relatively independent. 
No one laboratory or subjective measure of patient 
functioning is inherently better for determining the 
general outcome of a treatment or clinical intervention 
by itself. Measures across modalities measure different 
things, and the clinical incorporation of data from 
multiple sources, including HRQL, will generally lead 
to better clinical decisions [91]. HRQL measures are 
not proxies for physiological parameters, but rather 
provide a more comprehensive evaluation of patient 
functioning across multiple life domains. The “gold 
standard” of comprehensive cancer care is only possi-
ble when multidimensional assessment leads to tar-
geted interventions based on the clinical data and the 
patient’s perceived needs [4, 27, 92].

25.9  Facilitating clinical decision-Making 
with HrQl data

The impact of an HRQL measurement instrument on 
clinical decision-making can be tested under the work-
ing hypothesis that HRQL measurement must occur at 
the point of service for each individual patient in order 
to improve healthcare outcomes [93]. In adult primary 
care, computer-generated feedback of HRQL findings, 
accompanied by problem-specific resource and mana-
gement suggestions, has resulted in subsequent im-
provements in patient mental health functioning [104].

table 25.2 Barriers.to.utilization.of.HRQL.measures.in.clinical.practice

(1) Physicians.and.health-care.providers.may.not.be.convinced.that.standardized.HRQL.measures.are.sensitive.to.
individual.differences.in.response.to.illness.and.treatment 

(2) The.use.of.HRQL.measures.may.require.additional.resources.such.as.personnel,.time,.money,.and.computer.
scoring.systems 

(3) Measurement.of.HRQL.might.interfere.with.clinic.operation 

(4) The.information.provided.might.already.be.available.through.conventional.evaluation.methods.(e g ,.
interviews.or.other.assessments.of.mood) 
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Health status survey research methods have relied 
traditionally on paper-and-pencil procedures, admin-
istered by interviewers, or self-administered by respon-
dents [95]. Recent technological advances, however, 
have enabled the use of laptop and palmtop lightweight 
computers in the assessment of HRQL. Computer-
assisted assessment as a screening methodology may 
facilitate shared clinical decision-making, including 
the identification of areas of need at the point of ser-
vice, and interventions to enhance HRQL [96, 97]. For 
instance, a one-page report might be generated elec-
tronically to provide a brief summary of symptoms 
and problem areas for the individual patient on a real-
time basis, and may influence clinical decision-mak-
ing of the healthcare team [65].

Investigators of HRQL have found that the use of 
electronic questionnaires versus conventional paper 
questionnaires increases the completeness of data and 
the speed of data flow, and decreases the workload of 
handling data [24]. As personal computers are now 
ubiquitous in clinical oncology settings, computerized 
HRQL questionnaires might become very useful to the 
integration of HRQL assessment in oncology clinics. 
The results of a small study by Detmar and Aaronson 
[65] indicate that, when done correctly, computer-
based HRQL assessment is feasible in the daily routine 
of an outpatient clinic. These findings are supported by 
the work of Berry and colleagues [98]. Providing phy-
sicians and patients with printouts of computerized 
graphical summaries of patients’ current and previous 
scores enables providers and patients to take more 
responsibility for bringing up HRQL issues and use 
their time efficiently to focus on issues that warrant 
further discussion [65, 99].

The application of computer-assisted assessment 
technology to the measurement of patient self-report 
and parent/other proxy-report in clinical care may 
reduce some of the burden associated with the admin-
istration and completion of standardized HRQL 
instruments. Data suggest that individuals are more 
truthful providing personal data in this manner, with 
electronic communications perceived as more private 
than completing written forms [100]. Computer and 
web-based assessment strategies also represent a devel-
oping method that young people, generally well expe-
rienced with the technology, may find appealing in its 

application to HRQL [101]. New applications of touch-
screen and talking methods of administration may 
hold great promise for increasing access and evalua-
tion of low-literacy populations who might otherwise 
be excluded, including survivors who may be cogni-
tively impaired as a result of their illness or treatment 
[102].

When HRQL scores are available at the point of ser-
vice, patient and parent/other perceptions of the 
patient’s physical and psychosocial health can inform 
clinical decisions by the healthcare provider [1]. Varni 
et al. [103] demonstrated the benefits of routine clinic 
HRQL assessments, whereby the clinic physician 
reviewed the measure during patient examinations and 
addressed problems indicated by the measure. This is 
similar to the findings of Detmar and Aronson [65] in 
a group of patients with cancer.

Previous research with adult patients, however, has 
demonstrated that simply providing primary care phy-
sicians with HRQL screening information without 
specific resource and management suggestions was 
not sufficient in either changing healthcare provider 
behavior or changing patient HRQL outcomes [104]. 
Linking HRQL findings directly to referral resources 
may reduce the barrier to implementation further by 
facilitating the process of problem identification and 
appropriate intervention.

25.10 risk Prediction

Risk prediction is of increasing importance for care-
givers of adolescent and young adult cancer survivors 
who need to be provided with ongoing health surveil-
lance to monitor the possible late effects of illness and 
treatment [34]. In addition, health insurance purchas-
ers, payers, and policy makers also need this informa-
tion to allocate resources appropriately [105]. Predict-
ing resource utilization is key to managing defined 
populations in a prospective payment system and for 
proactively case-managing those at greatest risk of 
poor health. When practitioners know in advance 
which survivors are most likely to experience debilitat-
ing late effects of illness and treatment, they are able to 
target those individuals in order to minimize or pre-
vent morbidity and associated costs.



E .R .Katz.et.al chapter 25396

Progress in predicting health outcomes in adoles-
cent and young adult survivors has been made, but is 
hampered by lack of good transition services for ado-
lescents and incomplete access to ongoing surveillance 
for adult patients [51]. Being able to demonstrate the 
usefulness of HRQL measurement in identifying ado-
lescents and young adult patients with the greatest 
needs, while simultaneously demonstrating the cost 
advantages of providing timely targeted interventions 
to address those needs, may ultimately provide the 
driving force for incorporating HRQL measurement 
in clinical practice [105]. A recent report by Danmark-
Wahnefried and colleagues [106] identified a positive 
correlation between HRQL and exercise behavior in 
childhood cancer survivors. These data suggest that 
screening specific quality of life domains can help tar-
get individuals in need of targeted health-promoting 
interventional strategies.

25.11 conclusions

Efforts to understand and improve the HRQL of 
patients are now recognized as necessary components 
of clinical trials and comprehensive cancer care, 
throughout the entire temporal trajectory of cancer: at 
diagnosis, during active treatment, at the end of treat-
ment, and across long-term survival. If the patient 
relapses, needs palliative care, and approaches death, 
the ongoing monitoring of HRQL can help maximize 
psychosocial and health outcomes to the best degree 
possible [107, 108].

The continuity of active healthcare and health sur-
veillance across the lifespan makes it imperative that 
HRQL evaluation be an ongoing process that may 
begin during childhood or adolescence, and is main-
tained into adulthood. Adolescents and young adults 
face unique developmental challenges associated with 
their age and life experience that make HRQL assess-
ment especially challenging. The need to use appropri-
ate and sometimes different measurement instruments 
as a teenager transitions to young adulthood requires 
care and further study to ensure seamless attention to 
HRQL variables.

Much has been accomplished over the last decade 
in the development of clinically reliable and valid 

assessment instruments, but the process of implement-
ing current knowledge into clinical trials and decision-
making is not yet standard practice. HRQL assessment 
needs to become a regular part of medical care and 
health surveillance like other basic laboratory mea-
sures, and HRQL data need to be made available to 
clinical providers in real-time to facilitate care and 
maximize health outcomes. Computerized and web-
based technologies need to be developed and evalu-
ated to increase the usage and utility of HRQL assess-
ment and monitoring strategies to aid clinicians and 
researchers, and increase their acceptability to adoles-
cent and young adult patients.

Further research on HRQL methodology in adoles-
cents and young adults is required to help attain the 
promise of more effective therapy and supportive care 
that can be delivered when the patient is in greatest 
need and most receptive to intervention. Future inves-
tigations should attempt to determine which measures 
work best for specific adolescent and young adult pop-
ulations, and whether participation in clinical trials is 
associated with improved HRQL. Research needs to 
evaluate how improved HRQL may be associated with 
better adherence to follow-up care, and whether pro-
spective HRQL assessment is associated with better 
health outcomes. We need to determine whether elec-
tronic assessment and scoring strategies provide 
empirical advantages over traditional paper-and-pen-
cil versions. Finally, given the increasing multicultur-
alism of numerous populations, the interaction 
between HRQL and culture, acculturation, language, 
socioeconomic status, and educational level must be 
examined. These efforts will greatly improve our 
understanding of HRQL, and pave the way to more 
effective medical and psychosocial interventions to 
improve health outcomes in adolescents and young 
adults with cancer.
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26.1 introduction

Rehabilitation and exercise are essential components 
of comprehensive cancer care, as the disease and its 
treatments present many challenges to functional 
independence and health. For adolescents and young 
adults (AYA) these challenges are compounded by the 
complex developmental transitions that take place 
during this time of life. Rehabilitation programs focus 
on the prevention or alleviation of physiological and 
psychosocial impairments, the promotion of partici-
pation in age-appropriate activities, and the enhance-
ment of quality of life. The overall goal is the achieve-
ment of an independently functioning and 
self-sufficient individual who has a satisfying social 
and emotional life and is a contributing member of 
society within the limits of their disease and environ-
ment. An adolescent’s goal may be simply to get life 
back to normal.

There is a paucity of studies specific to rehabilita-
tion and exercise for AYA with cancer. Strategies for 
clinical practice are based therefore on general princi-
ples of rehabilitation, evidence- and theory-based 
knowledge regarding motor learning, physiology, and 
psychology, and information extrapolated from stud-
ies of cancer patients of all ages. These are linked with 
an understanding of the physical and psychosocial 
events and tasks inherent to adolescence and young 
adulthood.

rehabilitation and exercise

Marilyn.J .Wright

chapter 26
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26.2 general Principles of rehabilitation

General principles of rehabilitation regarding goals, 
decision-making, and therapeutic approaches should 
be incorporated into all stages of cancer care: at diag-
nosis, throughout treatment, following treatment, and 
in some cases at the end of life. Goals should be realis-
tic, promote participation in meaningful life activities, 
and have measurable outcomes. These should be indi-
vidualized depending on the unique needs and 
strengths of each patient and family, support systems, 
and environment. Goals may need to be readjusted, 
based on ongoing assessment of a constantly changing 
array of impairments and associated problems. The 
patient and family should be involved in decision-
making regarding goals, wishes, preferences, and ways 
to achieve these, as a sense of control regarding inter-
ventions will result in more effective programs [1]. It is 
important to educate the AYA and relevant family 
members about the implications of cancer-related 
impairment, the importance of rehabilitation and 
exercise, and optimal activities and strategies to achieve 
their goals. This enables them to make informed deci-
sions and may promote motivation and compliance. 
They need to be encouraged also to accept some 

responsibility for their outcomes. Healthcare profes-
sionals and others in the community can support them 
in their efforts and provide specific programs and 
interventions, but for the best results, the day-to-day 
and long-term follow-through have to be adopted by 
the recipient.

In some cases, compromises among the goals of the 
adolescent, the parent and the health care team will 
have to be made. The latter must be sensitive to indi-
vidual differences in short-term and long-term needs, 
values, culture and the day-to-day variation in how the 
adolescent and family are coping physically and emo-
tionally. Services are interdisciplinary, involving poten-
tially many different health care professionals. These 
may include physiotherapists, occupational therapists, 
child life specialists, psychologists, speech and lan-
guage pathologists, nurses, physicians, recreation ther-
apists, dieticians, and social workers. Ongoing com-
munication and collaboration are imperative.

26.3 rehabilitation and exercise needs

The International Classification of Functioning, Dis-
ability, and Health [2] provides a standard language 

Potential.impairments,.
activity.limitations,.and.
participation.restrictions.
encountered.by.adoles-
cents.and.young.adults.
receiving.treatment.for.
cancer

Figure 26.1
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and framework for the description of health and 
health-related states to classify and address rehabilita-
tion assessment, options, treatments, methods of ser-
vice delivery and outcomes. The tool recognizes the 
interactions among the dimensions of body -anatomic 
structure and physiological function; activity – the 
execution of a task or action by an individual (capac-
ity); and participation – an individual’s involvement in 
life situations (performance). Problems within these 
dimensions are termed respectively impairments, 
activity limitations, and participation restrictions. The 
model also considers the impact of contextual envi-
ronmental and personal factors on function.

The potential issues within these dimensions 
encountered by those receiving treatment for cancer 
that could impact on rehabilitation are outlined in 
Fig. 26.1. Although all of these may impact on inter-
vention and must be considered when planning goals 
and intervention strategies, only those most pertinent 
to physical rehabilitation are discussed.

26.3.1 Body Structure and Function

Cancer and its treatment can result in numerous 
impairments in body structure and function. Problems 
vary within the course of treatment and vary greatly 
among patients. There is a wide range in the burdens 
of morbidity, even in patients receiving the same treat-
ment.

Fatigue (a feeling of weariness, tiredness, or lack of 
energy) is a very common and pervasive complication 
of cancer treatment that may persist after therapy is 
completed. Fatigue can be physical, mental, or emo-
tional. It contributes to the overall morbidity of the 
disease and has a significant impact on quality of life if 
it causes patients to reduce their level of activity and 
participation. The etiology is most likely multifactorial 
but includes a reduction in oxygen delivery to the cells 
[3]. Davies et al. [4] categorized fatigue in children and 
adolescents receiving treatment for cancer as typical 
tiredness (normal tiredness from regular activities or 
circumstances), treatment fatigue (energy lost greater 
than energy replenished resulting from hospitaliza-
tion, disrupted sleep, pain, chemotherapy, radiation 
therapy, anemia, and psychological or emotional 
stress), or shutdown fatigue (sustained or profound 

loss of energy resulting in disengagement with sur-
roundings).

Procedural, treatment-associated, and cancer-
related pain, are common and concerning problems 
during cancer treatment [5]. Pain can limit activity to 
the extent that bed rest is necessary and can affect the 
quality and quantity of sleep. Specific examples include 
neuropathic, steroid-induced, and osteoporotic bone 
pain.

Reduced cardiovascular and pulmonary function 
[6] as well as poor exercise tolerance, fitness, and 
endurance [7] can occur. Anthracycline-induced car-
diomyopathy can cause reduced exercise capacity [8].

Weight loss or weight gain can be problematic. The 
prevalence of obesity in the general population is 
increasing in many countries; a disturbing trend asso-
ciated with undesirable body image, poor self-esteem, 
and the risk of subsequent higher morbidity and mor-
tality rates [9]. These issues concerning obesity are 
amplified in AYA receiving and following treatment for 
cancer. Mechanisms may include cranial irradiation, 
chemotherapy, inactivity, and improper diet [10].

Musculoskeletal impairments are also prevalent. 
Osteopenia is a common complication of cancer ther-
apy. Contributing factors include high-dose cortico-
steroids and possibly reduced activity during times of 
illness [11]. Treatment with corticosteroids can result 
also in myopathy of the proximal musculature [3, 12]. 
Lack of activity due to bed rest, malaise, fatigue, or 
nausea also contribute to muscle weakness. Loss of 
range of motion, leading potentially to contracture, is 
a secondary impairment resulting from weakness and 
immobility. Vincristine-induced neuropathy can con-
tribute to this problem. Skeletal impairments such as 
amputation, deformity resulting from limb-sparing 
procedures, and scoliosis can occur due to tumors and 
their treatment.

Central nervous system (CNS) damage can result in 
cognitive and perceptual deficits and abnormal muscle 
tone. Spasticity can cause pain and interfere with 
hygiene and functional independence [12] These prob-
lems, compounded by other impairments such as 
weakness, decreased range-of-motion, and obesity, 
can contribute to multisystem impairments such as 
difficulties with balance, coordination, and motor 
learning [13].



M .J .Wrightchapter 26404

26.3.2 activity and Participation

Physical and psychosocial impairments can impact 
potentially on all areas of activity and participation, and 
activity limitations and participation restrictions can 
impact reciprocally on impairments. Limitations in 
motor function are obvious in many AYA treated for 
bone and CNS tumors. More subtle limitations in gross 
motor proficiency have been documented during and 
following treatment in adolescents with leukemia and 
lymphoma [14, 15]. Problems with fine motor skills 
including poor handwriting, manual dexterity, and 
drawing performance have also been identified [16].

Self-care skills such as bathing, toileting, dressing, 
personal care, and grooming can be affected. This can 
be devastating for adolescents who are striving to be 
independent and maintain their privacy. Other activi-
ties of daily living such as household tasks or yard 
work may be limited. These may not be priorities for 
adolescents, but they are important skills to learn to 
enable independent living as an adult.

Learning, cognitive, and language skills may be 
affected due to neurosurgery, radiation therapy, or 
other CNS treatments, and may affect participation in 
educational, social, and other activities. Oral motor 
dysfunction of neurogenic or mechanical origin, which 
may disrupt communication and eating, can be a sig-
nificant impairment.

Participation in normal activities may also be 
affected by isolation restrictions, hospitalization, or 
preconceived ideas of people encountered by AYA in 
their schools and community. Teachers, coaches, 
employers, or even family members may overprotect 
or overrestrict the AYA with cancer.

Research in this area includes a study of leisure-time 
physical activity in adolescents receiving treatment for 
cancer that documented decreased participation and 
feelings of less competence while on treatment, with 
improvement following treatment. Those who remained 
active throughout their cancer experience reported bet-
ter self-concept, perception of physical abilities, interac-
tions with parents, and same and opposite sex relation-
ships; many of the psychosocial areas that are 
compromised in AYA with cancer [17].

Long-term follow-up of AYA treated for acute lym-
phoblastic leukemia (ALL) has identified similar find-

ings; the subjects felt less competent in physical activi-
ties, were less likely to participate in physical versus 
sedentary activities, enjoyed physical education less, 
and were more prone to sports injury. These findings 
were associated with decreases in health-related qual-
ity of life [18]. These AYA would have been less likely 
to reap the potential physical and psychological bene-
fits of physical activity.

Activities in which AYA receiving treatment for 
cancer do participate when not feeling well or hospi-
talized include sedentary pastimes such as watching 
television, using the Internet, or playing video games. 
These pursuits have been linked to obesity [9]. A 
 tendency to partake in these activities may continue 
following completion of treatment, resulting in further 
inactivity and long-term problems.

26.4 intervention

26.4.1 Physical activity

The most researched, efficacious, and efficient inter-
vention to address physical impairments, activity limi-
tations, participation restrictions, and reduced quality 
of life in people receiving treatment for cancer is phys-
ical exercise. Studies of various exercise interventions 
on adult populations have contributed most of the data 
that support the current understanding of the effects 
of exercise in AYA with cancer. Reviews of these stud-
ies have shown consistently that physical exercise fol-
lowing diagnosis has a clinically and statistically posi-
tive effect on many of the negative consequences of 
cancer and its treatment [19]. Exercise benefited phys-
iological functions including aerobic capacity, muscle 
strength, flexibility, body composition and weight, 
hematological indexes, nausea, fatigue, pain, and diar-
rhea, and also had positive effects on many facets of 
psychological and emotional well-being including per-
sonality functioning, anxiety, depression, feeling of 
control, perceived physical competence, self-esteem, 
self-confidence, and satisfaction with life [3, 19, 20]. 
There is some evidence that physical activity can have 
an effect on the immune system, to reduce the risk of 
cancer recurrence and/or secondary malignancies and 
increase survival time. However, these data must be 
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considered in the context of several methodological 
limitations inherent in the studies with respect to sam-
pling, design, and outcome measures [3, 21].

Some studies of fatigue have included AYA. In a 
qualitative investigation of adolescents with cancer, 
clinical interventions identified as alleviating fatigue 
included maintenance of optimal fitness levels through 
an appropriate balance of rest and exercise, in addition 
to distraction and entertainment and relief from dis-
ease or treatment-related symptoms [4, 22]. A survey 
of cancer survivors who considered themselves ath-
letes prior to diagnosis included young adults. Those 
who continued to exercise with modifications during 
treatment believed exercise made them less likely to 
develop health problems, and physical activity bal-
anced with rest was an effective intervention for fatigue 
[23]. These studies have been complemented by the 
more rigorous research investigating the role of exer-
cise in preventing and/or alleviating cancer-related 
fatigue in adults. This has demonstrated that increased 
physical exercise is associated with less fatigue during 
and after treatment [3, 19]. These findings are particu-
larly important as the past recommendations of rest-
ing and avoiding physical effort can have a paradoxical 
effect. Inactivity induces further muscular wasting and 
loss of cardiorespiratory fitness and endurance, creat-
ing a self-perpetuating condition of further dimin-
ished activity, leading to easy fatigue and vice versa, 
which can be long lasting [3].

Sharkey et al. [7] found that an exercise program in 
AYA who had received anthracyclines resulted in 
increased exercise ability and a trend toward improved 
peak oxygen uptake and ventilatory anaerobic thresh-
old. Children and adolescents who were encouraged to 
be physically active during treatment for ALL had less 
loss of passive range of motion compared to a group 
who did not receive activity intervention. Surgical pro-
cedures had been necessary in some of the patients in 
the nonintervention group [25].

To promote exercise in AYA receiving treatment for 
cancer, it is necessary to be aware of the determinants 
of physical activity. In addition to the many potential 
impairments, prediagnostic levels of activity influence 
participation during and following treatment [17]. 
Other predictors include individual factors such as 
physical and cognitive status, communication and 

psychosocial abilities, gender, body mass index, feel-
ings of competence, and perceived benefits. Environ-
mental and personal factors such as available facilities, 
season, economics, alternative sedentary activities, 
social influences, cultural perspectives, preferences, 
and activity levels of family and peers; the educational 
influences of health professionals and educators, and 
the media are also influential [1]. These factors must 
be taken into consideration when working with AYA. 
Therapists must provide ongoing encouragement and 
reinforce the importance of regular activity. Ideally, 
participation in physical activity should take place 
throughout and following treatment. Efforts should be 
focused particularly on those individuals identified 
with low incentive, as they are most at risk for inactiv-
ity and its associated problems.

In addition to physical activity promoting health 
and well-being during treatment, there may be impli-
cations for long-term health, as adolescence is an 
important time for adopting healthy practices includ-
ing preferences for activity or inactivity [25], which 
may impact on future fitness, obesity, bone density, 
and cardiovascular disease. This is particularly impor-
tant for adult survivors of cancer who are at risk for 
multiple health problems.

The intensity, frequency, type, location, and pro-
gression of programs are based on medical condition, 
assessment, preferences, and goals. Exercise prescrip-
tion in adult cancer studies is typically moderate–
intensity exercise, 3–5 days per week, 20–30 min per 
session. However, low exercise intensities may achieve 
similar health benefits [19, 20]. Daily exercise with 
shorter, lighter-intensity bouts with rest intervals and 
slower progressions may be preferable for decondi-
tioned patients [19]. These recommendations can be 
used for adolescents, but a consensus process devel-
oped recommendations for children and adolescents 
in the general population of participation in at least 
1 h of moderately intensive physical activity daily, 
either continuous or spread throughout the day. Mod-
erate intensity is activity equivalent to a brisk walk, 
such as that when the participant might feel warm or 
slightly out of breath. Those who do very little activity 
per day should start with 30 min per day. Activities 
that enhance muscle strength, flexibility, and bone 
health should be done twice weekly [26]. Exercise pre-
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scription should include warm-up and cool-down 
activities.

Types of exercise used most frequently in adult 
cancer patients were aerobic or cardiovascular endur-
ance and occasionally strength training programs 
[19]. Activities included regular walking, treadmill 
walking, bicycle ergometry, or bed ergometry for 
hospitalized patients. Walking is the most common 
exercise for cancer patients [19, 27]. It is a natural, 
safe, and tolerable choice that relates directly to daily 
living and is conducive to AYA lifestyle, particularly if 
complemented with music or participation with 
peers. It is important for AYA to participate in activi-
ties in which they will experience personal accom-
plishment. Recreational pursuits are often the most 
preferred form of activity. Popular options include 
martial arts, dance, aerobics, swimming, walking, 
biking, and activities at fitness clubs. Some AYA are 
able to resume competitive sports, although adapta-
tions may be necessary.

Individual lifestyle may influence the preference for 
type of program, varying from self-directed home pro-
grams to group exercise classes [27]. Alternatives 
should be offered, particularly for those who have a 
busy school or work life. The concept of “lifestyle phys-
ical activity interventions” has been an efficacious 
approach for youth treated for cancer. This approach 
focuses on increasing moderate-intensity activity 
through individualized programs that take into 
account individual, cultural, and environmental differ-
ences [28].

26.4.1.1  Precautions and contraindications 
(table 26.1)

It is important to be aware of the implications of car-
diotoxicity, susceptibility to fractures, and other effects 
of cancer treatment on motor skills and balance when 
counseling AYA regarding exercise. Clinical concerns 
regarding the prescription of exercise for cancer 
patients have included the potentially immunosup-
pressive effect of vigorous exercise, fracture due to 
compromised bone integrity, and exacerbation of car-
diotoxicity, pain, nausea, and fatigue. However, 
research is beginning to dispel many of the myths and 
fears about safety and feasibility [19]. Guidelines on 

contraindications to participation in exercise pro-
grams for adults with cancer have been published but 
are not necessarily based on sound research [19, 27]. 
Precautions have included uncontrolled and unstable 
cardiac disease, certain metastatic lesions, and recent 
intracranial hemorrhage or deep-vein thrombosis 
with pulmonary embolism. Other recommendations 
include the avoidance of the following: high-intensity 
activities if the hemoglobin level is less than 80 g/l, 
activities that present a risk of bacterial infection if the 
absolute neutrophil count is less than 0.5×109/l , con-
tact sports or high-impact activities that pose a risk of 
bleeding if the platelet count is less than 50×109/l [19], 
and power weight lifting if cardiomyopathy is a risk 
factor [29].

Patient symptomatology is the foremost guide for 
the intensity, duration, and mode of exercise employed 
during treatment for cancer [30]. It may be necessary 
to vary the intensity and frequency of exercise depend-
ing on treatment schedule and variations in response 
to therapy. Ideally, patients should receive individual-
ized consultation.

Recommendations regarding a physically activity 
lifestyle should be part of a comprehensive program 
to effect an overall healthy lifestyle. Other healthy 
behaviors that should be addressed include proper 
diet, not smoking, sun protection, and regular check-
ups.

26.4.2 Other Specific interventions

Adolescents with certain impairments, diagnoses, or 
treatments may require particular interventions. If a 
patient has or is at high risk for loss of range of motion, 
implementing the principles of treatment for contrac-
ture management may be indicated [12]. These may 
include prolonged stretch through positioning, serial 
casting, and the use of splints or orthoses. Orthoses may 
provide stability for protection from injury or enhance-
ment of function. For example, ankle-foot orthoses may 
be used for significant vincristine neuropathy. These are 
sometimes unacceptable to adolescents due to cosmetic 
considerations and inconvenience. When neurological 
impairments are impacting on function or quality of 
life, a variety of therapeutic interventions, such as spas-
ticity management techniques and motor learning prin-
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table 26.1 Potential.issues.impacting.on.rehabilitation.programs.for.adolescents.and.young.adults.with.cancer

impairments of activity Participation

body function/structure limitations restrictions

Fatigue, pain, nausea limitations in restricted partici-
pation in

Thrombocytopenia, anemia Gross motor function Education

Cardiotoxicity, pulmonary 
dysfunction

Fine motor function Recreation/leisure

Weight.loss/weight.gain,.
↓fitness.

Self-care Sports

↓Range.of.motion/
contracture

Activities.of.daily.
living

Social.activities

Osteopenia/osteoporosis Communication Volunteering

Muscle.weakness,.bone.
deformity

     ↔ Learning         ↔ Employment

Spasticity,.balance/
coordination.deficits

Interpersonal.
relationships

Travel

Motor.learning.problems

Cognitive deficits, percep-
tual deficits

Sensory/motor.neuropa-
thy

Visual.and.hearing.deficits

Bowel/bladder problems

Dysphagia/dysarthria

Psychosocial.problems

    ↑       ↑

Personal factors environmental 
factors

Gender Accessibility

Age Health.care.facilities

Family.support Community.facilities

Contextual.factors Peer.support Educational.facilities

Culture Climate,.season,.
location

Spirituality Societal.attitude

Economic.
resources

Transportation
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ciples, may be incorporated into treatment [12, 13]. The 
etiology and nature of persisting fine motor and hand-
writing problems are diverse, so individualized rehabili-
tation programs are warranted [16].

AYA undergoing amputations for bone tumors need 
to follow rehabilitation programs addressing strength-
ening, contracture management, prosthetic use, and 
adaptations for driving a car [30]. Therapy using ortho-
pedic and gait-training principles is important for 
those having limb-sparing surgery. Guidelines for 
therapy vary depending on surgical protocols, specific 
procedures, and the amount of bone replaced.

Treatment principles involving cognitive strategies, 
generalization of learning, and behavioral approaches 
may need to be incorporated into rehabilitation pro-
grams. In some cases, a compensatory approach is 
necessary, requiring the use of adaptive equipment, or 
modification of environments or activities.

Pain management can be an important role for 
rehabilitation professionals. To augment the pharma-
cological management of pain, interventions such as 
massage, heat, cold, acupuncture, positioning, trans-
cutaneous electrical stimulation, or behavioral tech-
niques may be used. Appropriate precautions must be 
followed.

Interventions may involve the facilitation of safe 
and efficient swallowing for patients with pharyngeal 
dysfunction. Input for patients with dysarthria result-
ing from oral motor dysfunction of neurogenic or 
mechanical origin may involve the provision of com-
munication devices or exercise.

26.4.3 Facilitating Participation

Various strategies are used to promote participation 
in an active life with respect to socialization, sports, 
leisure, recreation, education, volunteering, employ-
ment, and community. School reentry after a diagno-
sis of cancer can be very challenging, but is generally 
encouraged as it maintains some normalcy in life and 
allows for continued social and academic participa-
tion while providing hope for the future. Rehabilita-
tion professionals may be involved in liaising with and 
educating school staff and peers about the diagnosis 
and its implications. Recommendations regarding 
positioning, lifting, and transferring, learning needs, 

and physical education may facilitate the return to the 
educational setting. In school-based programs, thera-
pists may prescribe equipment for accessibility and 
computer-based systems [31]. Going to college can 
present challenges of independence in learning, 
mobility, and self-care. Some postsecondary institu-
tions may have programs to facilitate students with 
special needs. Vocational counseling is helpful for 
some AYA.

Families should be encouraged to access commu-
nity recreational facilities, as these may be motivating, 
well equipped, and socially inviting. Alternatively or 
additionally, specialized groups or camps and adapted 
recreational programs provide opportunities for those 
who desire involvement with peers who are experienc-
ing similar health issues.

26.4.4  intervention for the acutely ill,  
isolated, or Hospitalized Patient

Rehabilitation and exercise are very important for hos-
pitalized patients. Goals for acutely ill patients will be 
focused on comfort and prevention of unnecessary 
secondary complications. Bed rest and immobility 
combined with cancer treatments can result in rapid 
loss of muscle strength, contracture, pulmonary com-
plications, skin damage, and osteoporosis. Interven-
tions to prevent these problems may include position-
ing, frequent change of position, active bed exercises, 
and breathing exercises and airway clearance tech-
niques if respiratory function is compromised [32]. 
Patients should get out of bed for weight-bearing 
activities as soon as possible. Patients in isolation, such 
as recipients of bone marrow transplants, require 
encouragement and activity opportunities to remain 
mobile, maintain the ability to perform activities of 
daily living, and avoid boredom [32]. Stationary bicy-
cles, ergometers, treadmills, or light weights can be 
used if appropriate disinfection protocols are employed. 
Performance of activities such as getting dressed, and 
if the isolation protocol allows, walking to the wash-
room or climbing stairs should be incorporated into 
the day. The temporary use of mobility or walking aids 
may facilitate early mobilization. A leave of absence 
from the hospital can be very beneficial physically and 
psychologically.



rehabilitation and exercise chapter 26 409

26.4.5 Palliative care

Providing palliative care for a young person is very dif-
ficult for all involved. Rehabilitation input has been 
found to make a significant difference to the lives of 
patients with terminal cancer and their families by giv-
ing them the ability to participate in meaningful activ-
ities and decreasing the burden of care [33]. Rehabili-
tation professionals may be involved with facilitating 
function and optimizing comfort to help the young 
person and their family achieve the best possible qual-
ity of life. This is accomplished through applying reha-
bilitation principles and practices in respect to pain 
management and facilitation of independence in 
mobility and activities of daily living as tolerated and 
desired. Discharge from the hospital may be facilitated 
with appropriate environmental or mobility aids and 
assistive devices.

26.5 conclusion

Adolescence and young adulthood can be a particu-
larly difficult time to experience cancer and its treat-
ment as there may be missed opportunities for partici-
pation in the normal daily activities and special events 
of these years. Rehabilitation professionals work col-
laboratively toward limiting impairment and facilitat-
ing optimal participation in the activities of impor-
tance to this group. There is a need for further research 
in all levels of functioning in this area.
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27.1 introduction

The overall incidence rate of cancer in 15- to 19-year-
olds is twice that in younger persons [1]. Specifically, 
among adolescents 15 to 19 years of age in the United 
States during the 1990s there were 203 new cases per 
year per million persons, a rate that is 100% higher 
than the incidence of cancer in children less than 
15 years of age. With the use of risk-based therapies, 
the overall 5-year survival rate is exceeding 75% [1]. 
Recent figures from the population-based National 
Cancer Registration System for England [2], which 
relate to cancers diagnosed in the year 2000, have been 
used to calculate the cumulative risk of developing 
cancer between the ages of 15 and 29 years inclusive. 
The cumulative risks are about 0.46% (or 1 in 217) for 
both males and females. Recent survival statistics for 
the United Kingdom indicate that about 75% of indi-
viduals diagnosed with cancer between the ages of 15 
and 24 years survive at least 5 years [3]. Consequently, 
it is reasonable to anticipate, ignoring competing 
causes of death, that approximately 0.35% (or 1 in 286) 
of the population of adults aged over 30 years will 
eventually be survivors of cancer diagnosed between 
15 and 29 years of age.

Unlike older cancer patients, adolescents and young 
adults tolerate the acute side effects of therapy rela-
tively well. However, the use of cancer therapy can 
produce complications that may not become apparent 
until years later, hence the term “late effect” for late-
occurring or chronic outcomes – either physical or 
psychological – that persists or develops beyond 
5 years from the diagnosis of cancer. Approximately 
two out of every three survivors will experience at 
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least one late effect [4–7] and about one out of four 
will experience a late effect that is severe or life-threat-
ening [4, 6, 7]. These complications involve all organ 
systems.

Topics that will be reviewed in detail in this chapter 
include issues related to the potential adverse events 
faced by the survivors (Table 27.1), the options for 
providing survivorship care, and the future research 
opportunities that need to be explored (Table 27.2). 
We will review the known late effects in survivors of 
cancer occurring during adolescence and young adult-

hood, and discuss the relationship between these 
effects and individual therapeutic modalities (surgery, 
radiation, or single- and multiple-agent chemother-
apy) or combined-modality regimens, including those 
used for blood and marrow transplantation. The result-
ing complications include cardiopulmonary compro-
mise, endocrine dysfunction, renal impairment, gas-
trointestinal dysfunction, musculoskeletal sequelae, 
and subsequent malignancies. These complications are 
related not only to the specific therapy employed, but 
may also be determined by individual host character-

table 27.1 Late. effects. associated. with. common. therapeutic. exposures . AML. Acute. myeloblastic. leukemia,. MDS.
.myelodysplastic.syndrome,.HIV.human.immunodeficiency.virus

therapeutic exposure Potential late effects

Vincristine,.vinblastine Peripheral.neuropathy,.Raynaud’s.phenomenon

Corticosteroids Cataracts,.osteopenia,.osteoporosis,.avascular.necrosis

Mercaptopurine Hepatic.dysfunction,.venoocclusive.disease

Methotrexate.(systemic) Osteopenia,.osteoporosis,.renal.dysfunction,.hepatic.dysfunction

Methotrexate.(intrathecal) Neurocognitive.deficits,.clinical.leukoencephalopathy

Cytarabine.(high-dose) Neurocognitive.deficits,.clinical.leukoencephalopathy

Anthracyclines Cardiomyopathy,.arrhythmias,.secondary.AML

Alkalyting.agents Hypogonadism,.infertility,.secondary.AML/MDS

Busulfan,.carmustine,.lomustine Pulmonary.dysfunction

Cyclophosphamide,.ifosfamide Hemorrhagic.cystitis,.dysfunctional.voiding,.bladder.malignancy,.renal.
dysfunction.(ifosfamide.only)

Heavy.metals.(platinum) Ototoxicity,.peripheral.sensory.neuropathy,.renal.dysfunction,.dyslipidemia

Etoposide,.teniposide Secondary.AML

Bleomycin Pulmonary.dysfunction

Mantle.radiation Hypothyroidism,.premature.cardiovascular.disease,.cardiac.valvular.disease,.
cardiomyopathy,.arrhythmias,.carotid.artery.disease,.scoliosis/kyphosis,.
second.malignant.neoplasm.in.radiation.field.(e g ,.thyroid,.breast),.pulmo-
nary.dysfunction

Inverted.Y.radiation Hypogonadism,.infertility,.adverse.pregnancy.outcome,.second.malignant.
neoplasm.in.radiation.field.(e g ,.gastrointestinal)

Cranial.or.craniospinal.radiation Neurocognitive.deficits,.clinical.leukoencephalopathy,.cataracts,.hypothy-
roidism,.second.malignant.neoplasm.in.radiation.field.(e g ,.skin,.thyroid,.
brain),.short.stature,.scoliosis/kyphosis,.obesity

Splenectomy Acute.life-threatening.infections

Blood.products Chronic.viral.hepatitis,.HIV
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istics. The research leading to our current state of 
knowledge began almost 30 years ago in single institu-
tions and multi-institution consortia. With the recog-
nition that large cohorts of survivors would be needed 
to evaluate the effects of multiple therapies on indi-
viduals treated for a variety of neoplasms at different 
ages, and with funding from the National Cancer Insti-
tute, the Childhood Cancer Survivor Study (CCSS) 
was established [8]. The publications of the CCSS 
include analyses of some of the late effects reported 
below; the web site may be accessed for more details – 
www.cancer.umn.edu/ltfu#ccss.

27.2 Medical issues

27.2.1 late Mortality

Overall mortality among adolescent and young adult 
cancer survivors has been described to be tenfold that 
of the general population [9, 10]. The CCSS assessed 
overall and cause-specific mortality in a retrospective 
cohort of 20,227 5-year survivors and demonstrated a 
10.8-fold excess in overall mortality [9]. Risk of death 
was statistically significantly higher in females, indi-
viduals diagnosed with cancer before the age of 5 years, 

and those with an initial diagnosis of leukemia or brain 
tumor. The excess mortality was due to death from pri-
mary cancer, second cancer, cardiotoxicity and non-
cancer death, and existed for up to 25 years after the 
initial cancer diagnosis.

27.2.2 Second Primary neoplasms

Etiological factors for the development of second pri-
mary neoplasms after cancer in adolescence and young 
adulthood include elements of treatment for the first 
primary neoplasm – particularly radiotherapy and 
chemotherapy, as well as genetic predisposition, hor-
monal factors, immunosuppression, and the potential 
interactions between these risk factors. Among survi-
vors of cancer diagnosed in adolescence and young 
adulthood, during the initial years of follow-up there is 
relatively little opportunity for environmental factors 
(for example smoking, drinking, diet, and lifestyle 
influences) to be important etiologically, when com-
pared with survivors of initial primary neoplasms 
diagnosed in middle age or older adulthood. We con-
centrate on second primary neoplasms occurring after 
those specific types of first primary neoplasm that 
occur more commonly in adolescence and young 
adulthood, and for which there is reliable large-scale 

table 27.2 Challenges.in.survivorship.research

Treatment.for.cancer.in.young.people.
undergoes.constant.change,.including.
introduction.of.new:

–.Therapeutic.agents/combinations.of.agents
–.Radiation.techniques
–.Surgical.procedures
–.Supportive.care.agents/techniques

Most.current.data.relates.to.outcomes.within.
the.first.decade.following.treatment;.only.
minimal.data.addresses.longer-term.
outcomes

Research.is.needed.to: –.Determine.the.potential.long-term.impact.of.cancer.therapy.in.the.
young

–.More.clearly.define.survivors.at.greatest.risk.for.specific.outcomes
–.Identify.genetic.predisposition.to.certain.key.outcomes,.including.

the.role.of.gene–environment.interactions
–.Identify.the.role.of.lifestyle.choices.(e g ,.alcohol,.tobacco,.diet,.

exercise).and.their.impact.on.risk.of.late.outcomes
–.Develop.intervention.strategies.to.prevent.or.minimize.the.

impactof.adverse.late.effects
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evidence available, for example from large-cohort or 
case-control studies.

27.2.2.1  Second Primary neoplasms 
after Hodgkin lymphoma

A meta-analysis of previous studies has reported the 
risk of second primary leukemia to be 37-fold that 
expected (standardized incidence ratio, SIR) with a 
95% confidence interval of 23, to 61-fold that expected 
[11]. The SIR for acute myeloid leukemia is higher 
than for other types of leukemia and is strongly associ-
ated with chemotherapy, which includes alkylating 
agents, particularly the MOPP (mechlorethamine, 
oncovorin, procarbazine, prednisone) regimen. There 
is no conclusive evidence indicating an independent 
effect of radiotherapy on the risk of leukemia, although 
some studies have suggested a link with the extent of 
radiotherapy. The excess risk of leukemia seems to 
diminish beyond 15 years from Hodgkin lymphoma, 
although the number of survivors followed beyond 
this interval is still relatively small [11].

In contrast to radiotherapy for Hodgkin lymphoma 
being, at most, weakly leukemogenic, it is associated 
with an increased risk of several solid cancers includ-
ing: breast, lung, thyroid, stomach, bone, soft tissue, 
skin, and possibly colon and pancreas [12]. These 
excess risks of solid tumors tend to emerge by about a 
decade after Hodgkin lymphoma, and again, in con-
trast to leukemia, the excess risk is still increasing after 
15 years of follow-up.

The risk of breast cancer after Hodgkin lymphoma 
was reviewed recently [13]. The risk of breast cancer is 
particularly excessive among women irradiated when 
young. For women irradiated under age 21 years, risks 
15 to 25 times expected have been reported. The abso-
lute excess risks have mostly been about 20 to 40 extra 
breast cancer cases per 10,000 survivors per year. Esti-
mates of cumulative risk range from 12% at 30 years 
after treatment in the Nordic countries [14] to 17% by 
30 years from treatment reported by the Late Effects 
Study Group [15].

The risk of breast cancer is also in excess of that 
expected following Hodgkin lymphoma diagnosed in 
young adulthood (ages 20–29 years), but the SIRs are 
lower than for those treated in childhood and adoles-

cence. Unfortunately, the lower SIRs are not necessarily 
accompanied by lower absolute excess risk, as several 
investigators reported absolute excess risks of compa-
rable magnitude for patients treated between the ages 
of 20 and 29 years and below 20 years of age [13].

Two recently published studies investigated the 
effects of radiotherapy doses delivered to the breast 
and the effects of exposure to specific types of cyto-
toxic agents on subsequent breast cancer risk [16, 17]. 
The largest was a matched case-control study of cancer 
within a cohort of 3,817 female 1-year survivors of 
Hodgkin lymphoma diagnosed before age 31 years, 
within 6 population-based cancer registries [16]. The 
investigators assessed the relative risk of breast cancer 
in relation to radiation doses delivered to the breast 
and the ovaries, and the cumulative dose of alkylating 
agents received. Breast cancer developed in 105 survi-
vors of Hodgkin lymphoma who were matched to 266 
survivors without breast cancer. A radiation dose of at 
least 400 cGy to the breast was associated with a three-
fold increased risk, compared with individuals receiv-
ing lower radiation doses and no alkylating agents. The 
relative risk was eightfold at exposures of at least 
4000 cGy. Increased risks persisted for at least 25 years 
following radiotherapy. Breast cancer risk declined 
with increasing number of alkylating agent cycles. The 
relative risk of breast cancer was low (0.4) among 
women who received at least 500 cGy to the ovaries 
compared with those given lower doses. The authors 
concluded that hormonal stimulation appears to be 
important for the development of radiation-induced 
breast cancer. Such a mechanism could potentially 
explain why breast cancer risk declines with age at 
irradiation for Hodgkin lymphoma, as women irradi-
ated at age 30 years or older experience much lower 
excess risk than those irradiated before this age [13].

As breast cancer is a common disease in the general 
population, even modest SIRs may yield substantial 
increases in the absolute excess number observed. A 
surveillance strategy for women receiving supradia-
phragmatic radiotherapy for Hodgkin lymphoma at 
less than 35 years of age has recently been published by 
the Royal College of Radiologists [18].

Doses of radiation to the lungs are substantial as a 
result of several radiotherapy field configurations used 
to treat Hodgkin lymphoma. In a review published in 
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1999 it was reported that the risk of lung cancer has 
consistently been in excess of that expected among 
Hodgkin lymphoma survivors [12]. Recently a large 
international collaborative case-control study of the 
role of radiotherapy, chemotherapy, and smoking in 
the development of lung cancer after Hodgkin lym-
phoma has been reported [19, 20]. It was ultimately 
based on 227 patients who developed second primary 
lung cancer and 455 matched controls who did not. An 
excess risk of lung cancer increased with both increas-
ing number of cycles of alkylating agents (p for trend 
<0.001) and increasing radiation dose (p for trend 
<0.001). Statistically significant elevated risks of lung 
cancer were apparent within one to 4 years of treat-
ment with alkylating agents, whereas the excess risks 
after radiotherapy began 5 years after treatment and 
persisted for more than 20 years. Tobacco use increased 
lung cancer risk more than 20-fold; risks from smok-
ing appeared to multiply risks from treatment [19].

Excesses of cancers of several other sites have been 
observed after Hodgkin lymphoma including thyroid, 
stomach, bone, non-Hodgkin lymphoma (NHL), and 
melanoma [12].

27.2.2.2  Second Primary neoplasms 
after non-Hodgkin lymphoma

A meta-analysis of studies available in 1999 indicated 
that among survivors of NHL, the observed numbers 
of the following second primary neoplasms were found 
to be in excess of the numbers expected: acute myeloid 
leukemia, Hodgkin lymphoma, lung cancer, mela-
noma, renal cancer, and brain cancer [11]. The authors 
concluded that the excess risk of acute myeloid leuke-
mia is probably due to alkylating agent exposure; 
whilst the increased risk of Hodgkin lymphoma might 
be due to shared risk factors and susceptibility, but 
might also be partially explained by diagnostic mis-
classification.

27.2.2.3  Second Primary neoplasms 
after testicular cancer

Excess risks of cancer of the stomach, bladder, bone, 
and connective tissue appear to be attributable to radio-
therapy [12]. It also appears likely that there is some 

increased risk of second primary leukemia resulting 
from chemotherapy use and that this may be related to 
use of etoposide, particularly in higher doses [21].

27.2.2.4  Second Primary neoplasms 
after Breast cancer

As noted in a review [12], before the implementation 
of breast-conserving surgery and localized radiother-
apy to treat node-negative breast cancer, the principal 
method of local control was radical mastectomy and 
extensive radiotherapy to the chest wall and lymph 
nodes. Consequently, such women have experienced 
an excess risk of leukemias and cancers of the contra-
lateral breast and lung, and possibly of esophagus, 
bone, connective tissue, and thyroid gland [22–26]. 
The risk of second primary leukemia is associated with 
radiotherapy (relative risk=1.8), alkylating agents (rel-
ative risk=6.5), and both (relative risk=17.4) [23]. The 
radiation dose to the contralateral breast can amount 
to several Grays and a review [12] has inferred that 
women irradiated in young adulthood are probably at 
increased risk of contralateral breast cancer, based 
mainly on one study [22]. However, another review 
[27] suggests no convincing evidence of such an effect. 
As the dose and effect appear to be less than substan-
tial, it is possibly a question of statistical power that 
accounts for this apparent conflict. Women given 
radiotherapy who survived at least 10 years appear to 
have about double the risk of lung cancer experienced 
by nonirradiated women [24, 25, 28]. This risk is likely 
to be less following modern radiotherapy techniques. 
A recently published study [29] indicates that smoking 
is associated with a sixfold increased risk of second 
primary lung cancer, while radiotherapy was not sig-
nificantly associated with an increased risk. However, 
another recent report of lung cancer in 3,515 breast 
cancer survivors, which was particularly informative 
as radiotherapy was subject to randomization and 
there was over 20 years of follow-up, reported a small 
increased risk associated with radiation use [30].

27.2.3 cardiovascular Function

The anthracyclines doxorubicin and daunomycin are 
well-known causes of cardiomyopathy [31, 32]. 
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Anthracyclines have a wide range of clinical activity, 
and about 40 to 50% of adolescent and young adult 
cancer survivors were treated with anthracyclines, 
making it one of the more common exposures. Chronic 
cardiotoxicity usually manifests itself as cardiomyopa-
thy, pericarditis, and congestive heart failure. The inci-
dence of cardiomyopathy is dose-dependent, and may 
exceed 30% among patients who received cumulative 
doses of anthracyclines in excess of 600 mg/m2. With a 
total dose of 500 to 600 mg/m2, the incidence is 11%, 
falling to less than 1% for cumulative doses less than 
500 mg/m2 [33]. This has formed the basis for consid-
ering 500 mg/2 as the threshold cumulative dose for 
cardiotoxicity. However, a lower cumulative dose of 
anthracyclines may place individuals at increased risk 
for cardiac compromise [34]. Kremer et al. evaluated 
the cumulative incidence of anthracycline-induced 
clinical heart failure in a cohort of 607 patients who 
had been treated with a mean cumulative anthracy-
clines dose of 301 mg/m2 and were followed for a 
median of 6.3 years. A cumulative dose of anthracy-
clines greater than 300 mg/m2 was associated with an 
increased risk of clinical heart failure (relative risk 
11.8) compared with a cumulative dose lower than 
300 mg/m2. The estimated risk of clinical heart failure 
increased with time, and approached 5% after 15 years. 
In addition, several investigators have described sub-
clinical anthracycline-induced myocardial damage.

Steinherz et al. found 23% of 201 patients to have 
echocardiographic abnormalities, a median of 7 years 
after therapy [35]. The median cumulative dose of 
doxorubicin received by these patients was 450 mg/m2 
(range 200 to 1275 mg/m2). Lipshultz and colleagues 
evaluated cancer survivors who had received a median 
doxorubicin dose of 334 mg/m2 (range 12 to 550 mg/
m2). They concluded that doxorubicin causes progres-
sive elevation of afterload or depression of left-ventric-
ular contractility in about 75% of the patients. How-
ever, the clinical relevance of subclinical myocardial 
injury is not clearly established, in part due to widely 
varying methods used to define and assess such injury.

These studies and others emphasize that cardiomy-
opathy can occur many years after completion of ther-
apy (15 to 20 years), and that the onset may be sponta-
neous or coincide with exertion or pregnancy. During 
the third trimester, the cardiac volume increases, 

increasing the cardiac workload, leading to overt 
symptomology in women with left-ventricular dys-
function [36, 37]. Risk factors known to be associated 
with anthracycline-related cardiac toxicity include: 
mediastinal radiation, uncontrolled hypertension, 
exposure to other chemotherapeutic agents, especially 
cyclophosphamide, dactinomycin, mitomycin, dacar-
bazine, vincristine, bleomycin, and methotrexate, 
younger age, dyselectrolytemia such as hypokalemia 
and hypomagnesemia, and female gender [38].

Chronic cardiac toxicity associated with radiation 
alone most commonly involves pericardial effusions or 
constrictive pericarditis, sometimes in association with 
pancarditis [39]. Although 40 Gy of total-heart radia-
tion dose appears to be the usual threshold, pericarditis 
has been reported after as little as 15 Gy, even in the 
absence of radiomimetic chemotherapy. Symptomatic 
pericarditis, which usually develops 10 to 30 months 
after radiation, is found in 2 to 10% of patients [40]. 
Subclinical pericardial and myocardial damage as well 
as valvular thickening may be common in this popula-
tion [41], and symptomatic pericarditis may first 
appear as late as 45 years after therapy [42, 43].

Coronary artery disease has been reported follow-
ing radiation to the mediastinum, although the mor-
tality rate was not significantly higher in patients with 
Hodgkin lymphoma who had received mediastinal 
radiation than in the general population [44]. A Dutch 
study of Hodgkin lymphoma survivors reported a 
cumulative risk for ischemic heart disease of 21% at 
20 years after radiation [45]. In another study follow-
ing 415 Hodgkin lymphoma survivors, 10% developed 
coronary heart disease [46].

Prevention of cardiotoxicity is a primary focus of 
investigation. Certain analogs of doxorubicin and dau-
nomycin, and liposomal anthracyclines, which appear 
to have decreased cardiotoxicity, with equivalent anti-
tumor activity, are being explored. The anthracyclines 
chelate iron, and the anthracycline–iron complex cata-
lyzes the formation of hydroxyl radicals. Agents that are 
able to remove iron from the anthracyclines, such as 
dexrazoxane, have been investigated as cardioprotec-
tants. Clinical trials of dexrazoxane have been con-
ducted with encouraging evidence of short-term car-
dioprotection [47, 48], although the long-term 
avoidance of cardiotoxicity with the use of this agent 
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needs to be determined. In a recent prospective, ran-
domized study of pediatric ALL patients, Lipshultz et 
al. have demonstrated that patients treated with doxo-
rubicin at 300 mg/m2 alone were more likely than those 
treated with dexrazoxane and doxorubicin to have car-
diac injury as reflected by elevated troponin T levels 
(50% vs. 21%, p<0.001) and extremely elevated tropo-
nin T levels (32% vs. 10%, p<0.001), without compro-
mising the antileukemic efficacy of doxorubicin (event-
free survival was 83% at 2.5 years for both arms) [49]. 
However, longer follow-up is necessary to determine 
the influence of dexrazoxane on echocardiographic 
findings, and hence, the clinical significance of these 
findings. Lower doses of anthracyclines and reduced 
port sizes of radiation therapy may also help in decreas-
ing the incidence of carditis. Management of survivors 
with asymptomatic deterioration of left-ventricular 
function is controversial. Angiotensin converting 
enzyme (ACE) inhibitors have been known to improve 
morbidity and mortality in patients with cardiomyopa-
thy. There appear to be theoretical risks with such ther-
apy in adolescence, since the ACE inhibitors, while 
lowering the afterload in the short-term, may also limit 
the cardiac growth potential by inhibiting cardiac 
growth factors. Thus, the role of ACE inhibitors and 
beta-blockers in asymptomatic survivors with cardiac 
dysfunction remains in question [50, 51].

Patients who received anthracycline chemotherapy 
need ongoing monitoring for late-onset cardiomyopa-
thy, with frequency of evaluation based on total cumu-
lative dose and age at the time of initial therapy. In 
addition to monitoring for cardiomyopathy, survivors 
who received radiation potentially impacting the heart 
(i.e., chest, spine, upper abdomen, or total body irra-
diation, TBI) also need monitoring for potential early-
onset atherosclerotic heart disease, valvular disease, 
and pericardial complications. Specific recommenda-
tions for monitoring, based on age and therapeutic 
exposure, are delineated within the Children’s Oncol-
ogy Group (COG) Long-term Follow-up guidelines 
(described below).

27.2.4 Pulmonary Function

Pulmonary fibrosis and pneumonitis can result from 
pulmonary radiation. Thus, these problems are seen 

most often in patients with thoracic malignancies, 
notably Hodgkin lymphoma. Asymptomatic radio-
graphic findings or restrictive changes on pulmonary 
function testing have been reported in more than 30% 
of such individuals [52–54]. Of 25 HD survivors 
treated with standard mantle radiation before age 
35 years, 60% had an abnormal chest radiograph at a 
mean follow-up of 9 years [55]. Of the 19 who had pul-
monary function testing, 89% had an abnormality, 
with 72% having a reduced diffusion capacity. None of 
the patients were symptomatic. These changes have 
been detected months to years after radiation therapy, 
most often in patients who suffered radiation pneumo-
nitis during or shortly after therapy [56]. Clinically 
apparent pneumonitis with cough, fever, or dyspnea 
occurs in only 5 to 15% of patients, and is generally 
limited to those who received more than 30 Gy in 
standard fractions to more than 50% of the lung [56]. 
Craniospinal radiation for patients with malignant 
brain tumors and scatter from abdominal ports con-
tribute to the development of late restrictive lung dis-
ease [57]. Obstructive changes have also been reported 
after conventional radiation therapy. Following blood 
and marrow transplantation, both restrictive and 
obstructive lung disease including bronchiolitis oblit-
erans are well described [58, 59]. In one series [58], 
after 10 Gy TBI in a single fraction, 8% of patients had 
a forced expiratory volume in 1 s (FEV1)/vital capacity 
(VC) (a measure of obstructive lung disease) below 
50% of normal at 3 years, and 29% had an FEV1/VC 
below 70% by that time.

On a molecular level, radiation-related pulmonary 
injuries in adolescents and young adults are likely to be 
mediated by cytokine production, which stimulates 
septal fibroblasts, increasing collagen production and 
resulting in pulmonary fibrosis [60, 61].

The incidence of radiation-induced late pulmonary 
toxicity has dramatically decreased in the last decade 
secondary to refined techniques of radiation therapy 
[62–64]. In a recently published study of patients with 
stage I and IIA Hodgkin lymphoma treated with radia-
tion alone (40 to 45 Gy to involved fields), the late pul-
monary effects observed were minimal [64]. While 
VC, residual volume, FEV1, the normal diffusing 
capacity of the lung for carbon monoxide (DLCO), 
and total lung capacity were significantly decreased at 
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completion of radiation therapy compared with pre-
treatment studies, all except DLCO returned to near 
normal within 1 year. The decrease in DLCO remained 
stable but the forced expiratory flow rate between 25 
and 75% of VC had a significant decline at 3 years 
posttreatment compared with baseline studies. Use of 
more modest radiation doses also has contributed to 
decreased pulmonary toxicity [65].

In addition to radiation therapy, chemotherapeutic 
agents appear to be responsible for pulmonary disease 
in long-term survivors. Bleomycin toxicity is the pro-
totype for chemotherapy-related lung injury, present-
ing as interstitial pneumonitis and pulmonary fibrosis 
[66, 67]. The chronic lung toxicity usually follows per-
sistence or progression of abnormalities developing 
within 3 months of therapy. Like the acute toxicity, it is 
dose-dependent above a threshold cumulative dose of 
400 units/m2 and is exacerbated by concurrent or pre-
vious radiation therapy [68]. Above 400 units/m2 in 
the absence of other risk factors, 10% of patients expe-
rience fibrosis [68]. At lower doses, fibrosis occurs 
sporadically in less than 5% of patients, with a 1 to 2% 
mortality rate. In some reports, bleomycin toxicity was 
anticipated on the basis of DLCO abnormalities.

Alkylating agents also are believed to cause chronic 
lung injury. As with bleomycin, carmustine and lomus-
tine pulmonary toxicity is dose-related. Cumulative 
carmustine doses greater than 600 mg/m2 result in a 
50% incidence of symptoms [69]. A marked increase 
in pulmonary fibrosis appears at doses exceeding 
1500 mg/m2 [69]. Pulmonary fibrosis has also been 
observed in 16 to 40% of transplant recipients treated 
with cytotoxic conditioning agents including carmus-
tine at doses of 500–600 mg/m2; the incidence of fibro-
sis declines considerably when doses are limited to less 
than 300 to 450 mg/m2 [70, 71]. Female patients are at 
a higher risk for this complication than their male 
counterparts. Case reports and small series suggest 
that cyclophosphamide can cause delayed-onset pul-
monary fibrosis with severe restrictive lung disease in 
association with a marked reduction in the anteropos-
terior diameter of the chest [67, 72]. Melphalan and 
busulfan are also known to cause pulmonary fibrosis 
in a dose-related manner. Busulfan toxicity is most 
predictable in transplantation doses exceeding 500 mg, 
and may be associated with a progressive, potentially 

fatal restrictive lung disease. Lung injury associated 
with busulfan is characterized by diffuse interstitial 
fibrosis and bronchopulmonary dysplasia.

Additional factors contributing to chronic pulmo-
nary toxicity include superimposed infection, under-
lying pneumonopathy (e.g., asthma), cigarette or res-
pirator toxicity, chronic graft versus host disease, and 
the effects of chronic pulmonary involvement by tumor 
or reaction to tumor. Increased oxygen concentrations 
associated with general anesthesia or scuba diving 
have also been found to exacerbate pulmonary fibrosis 
[73, 74].

Monitoring for pulmonary dysfunction in cancer 
survivors includes asking about symptoms such as 
chronic cough (with or without fever) or dyspnea on 
yearly follow-up. All patients must understand the risks 
of smoking. The best approach to chronic pulmonary 
toxicity of anticancer therapy is preventive, and includes 
respecting cumulative dosage restrictions of bleomycin 
and alkylators, limiting radiation dosage and port sizes, 
and avoiding primary or secondhand smoke. Pulmo-
nary function tests (including DLCO and spirometry) 
have been recommended as a baseline upon entry into 
long-term follow up for patients at risk, in patients with 
symptoms, or in those who require general anesthesia 
for any reason. Patients with risk factors for lung dis-
ease are discouraged from scuba diving.

27.2.5 endocrine Function

The endocrine system is particularly susceptible to the 
long-term effects of cancer therapy. In a survey of the 
patients attending one late-effects clinic, 41% of 
patients had an endocrinopathy directly attributable to 
their disease or treatment [6]. This is likely to be an 
underestimate as it does not take into account the risk 
of growth hormone (GH) deficiency, which is now rec-
ognized to have important implications in adult life. 
Within the same group, a further 14% were reported to 
have problems related to fertility [6]. The endocrine 
system is particularly affected by radiotherapy, which 
impacts upon the normal function of the hypotha-
lamic–pituitary axis, the thyroid, and the gonads. Che-
motherapy can have a significant effect upon gonadal 
function, affecting steroid hormone secretion and 
reproductive potential.
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27.2.6 Pituitary Function

Hypopituitarism, deficiency of one or more anterior 
pituitary hormones [growth hormone (GH), follicle-
stimulating hormone (FSH), luteinizing hormone 
(LH), adrenocorticotrophic hormone (ACTH), and 
thyroid-stimulating hormone (TSH)], may be present 
at the diagnosis of cancer as a result of pathology in the 
sellar or suprasellar region that destroys normal pitu-
itary tissue or disrupts the pituitary stalk, or may be a 
result of the treatments used, either surgery or irradia-
tion. Deficiencies of the posterior pituitary hormones, 
antidiuretic hormone, and oxytocin, may occur in the 
presence of large suprasellar lesions such as a cranio-
pharyngioma or germinoma, but are rarely caused by 
irradiation.

Patients at risk of radiation-induced hypopituita-
rism may have been treated for an intracranial tumor, 
malignancy of the nasopharynx, acute lymphoblastic 
leukemia (ALL) or with prepared for blood or marrow 
transplantation [75]. Pituitary dysfunction may 
develop several years after treatment and can be pro-
gressive; GH secretion is the most vulnerable to irra-
diation, followed by the gonadotropins, ACTH, and 
finally TSH [76, 77]. The risk of hypopituitarism 
increases with time from radiation and as the radiation 
dose increases [78]. Patients treated for ALL, the most 
common childhood malignancy, have been found to 
have abnormalities of GH secretion up to 25 years after 
they received prophylactic cranial irradiation at doses 
of 18 to 24 Gy [79]. Patients exposed to higher doses, 
such as those used to treat nasopharyngeal tumors or 
malignant brain tumors, are at greater risk; 50% will 
have abnormal GH secretion within 5 years of treat-
ment and many will go on to develop other abnormal-
ities of anterior pituitary function [77].

The majority of patients diagnosed with malignant 
disease between the ages of 15 and 30 years will have 
completed growth and development. However, GH is 
now known to play an important role throughout the 
adult lifespan, but particularly up to the age of 25 years. 
Studies have shown that GH-deficient adults complain 
of fatigue, have abnormal body composition (fat mass 
is increased and lean mass decreased), are osteopenic 
[80], and exhibit an adverse cardiovascular risk profile, 
which may contribute to the twofold increased cardio-

vascular mortality [81] observed in patients with 
hypopituitarism. GH replacement therapy, adminis-
tered to adults as a single nightly injection, improves 
quality of life, increases lean mass, decreases fat mass, 
increases bone mineral density, and improves the car-
diovascular risk profile. Although the improvements 
in the cardiovascular risk profile would support an 
improvement in cardiovascular risk, it is not yet known 
whether GH replacement therapy reduces mortality in 
adults [82].

GH is important for skeletal health, particularly in 
the years immediately after achieving final height, 
when it is vital to optimize peak bone mass, which is 
achieved in the middle of the third decade. A recent 
study in adolescents treated for GH deficiency during 
childhood has shown that continuing GH replacement 
beyond achievement of final height doubles the rate of 
bone mass accrual [83]. Thus young adults that develop 
GH deficiency may not reach peak bone mass, which 
will increase their risk of osteoporosis in the future. In 
a patient cohort that may have been exposed to other 
agents that have a negative impact upon bone mass, 
such as high-dose glucocorticoids, it is important to 
ensure that peak bone mass is achieved in order to 
minimize the risk of fracture in later life.

27.2.7 gonadal Function

The ovaries and testes are sensitive to the effects of che-
motherapy and radiotherapy. The risk of premature 
ovarian failure increases as the age at treatment 
increases; treatment before the age of 13 years is not 
associated with an increased risk, but treatment 
between the ages of 13 and 19 years is associated with 
a twofold increase in the risk of developing premature 
ovarian failure [84, 85]. This risk increases further as 
the age at cancer diagnosis increases. The majority of 
adolescent women undergoing treatment with combi-
nation chemotherapy will retain ovarian function. 
However, women undergoing blood and marrow 
transplant are at particular risk for ovarian failure. 
Some series suggest that the frequency of ovarian fail-
ure in women pretreated with high-dose alkylating 
agents may be as high as 100% [86].

The ovaries are particularly sensitive to radiation. 
Abdominal irradiation for Hodgkin lymphoma or 
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Wilms’ tumor is associated with a high risk of ovarian 
failure. TBI used in preparation for blood and marrow 
transplantation is associated with ovarian failure in 
100% of women at the time of treatment, of whom a 
small number will experience subsequent recovery of 
function [75].

In the male there are two aspects of testicular func-
tion to consider in those undergoing treatment for 
malignant disease: the germinal epithelium responsi-
ble for production of spermatozoa under the control of 
FSH, and the Leydig cells responsible for testosterone 
production under the control of LH. Chemotherapy, 
particularly alkylating agents such as cyclophospha-
mide and procarbazine, can cause failure of the germi-
nal epithelium, resulting in oligospermia or azoosper-
mia. Although Leydig cell function may be impaired, 
with testosterone levels in the low–normal range asso-
ciated with an elevated LH level, testosterone defi-
ciency is rarely seen following chemotherapy. Radia-
tion to the testes can cause germinal epithelium failure 
at doses as low as 2 Gy. Doses in excess of 20 Gy result 
in Leydig cell failure and testosterone deficiency [87]. 
Men undergoing treatment known to cause azoosper-
mia should be counseled and offered sperm banking, 
for use later in life when considering fertility.

Estrogen deficiency in women causes menopausal 
symptoms and abnormalities of cholesterol, which 
may impact upon cardiovascular risk. There is also 
increased loss of bone mass, and in younger women 
peak bone mass may be affected, increasing the risk of 
osteoporotic fractures. Testosterone deficiency in men 
causes reduced libido, erectile dysfunction, reduction 
in muscle mass, increased bone loss, and lipid abnor-
malities. Replacement therapy should be undertaken 
to promote well-being and to protect against osteopo-
rosis and the risk of fracture in later life. Men should 
receive testosterone replacement either as a monthly 
intramuscular injection, via the transdermal route 
using patches or gels, or via the buccal mucosa. Women 
should receive estrogen therapy, which can be given 
orally or via the transdermal route. Women who have 
an intact uterus should receive progesterone during 
the latter part of the month to promote a menstrual 
bleed, reducing the risk of endometrial hyperplasia 
and subsequent development of endometrial carci-
noma. The optimal dose of estrogen replacement in 

young women is not known; the oral contraceptive 
may provide too much estrogen, while the traditional 
hormone replacement therapy used in menopausal 
women may not provide sufficient estrogen. Further 
work is required to clarify this.

27.2.8 Other endocrinopathies

Radiation may affect the thyroid gland. Patients that 
received radiation to the neck or craniospinal irradia-
tion are at risk of thyroid dysfunction. This may take 
the form of hypothyroidism, thyrotoxicosis, or thyroid 
nodules, which may be malignant. Patients at risk 
should have regular thyroid function tests performed 
and their thyroid should be examined by palpation on 
an annual basis. Endocrine dysfunction of the thyroid 
should be managed as for any patient with hypo- or 
hyperthyroidism. The presence of nodules should be 
treated seriously and referral for thyroidectomy made 
where appropriate [88].

The parathyroid glands may also be affected by irra-
diation. Retrospective studies suggest that patients 
who received neck irradiation may be at increased risk 
of hyperparathyroidism compared with the back-
ground population, which may develop up to 50 years 
after irradiation [89].

Increasing numbers of patients are surviving malig-
nant disease in early adult life. Endocrine dysfunction 
is one of the most common long-term effects of cancer 
therapy, and in many cases the endocrinopathy evolves 
with time. Such patients should remain under long-
term follow-up in a multidisciplinary service, which 
includes an endocrinologist with experience in the 
conditions that these patients are likely to face.

27.2.9 genitourinary Function

27.2.9.1 renal

Long-term renal damage in individuals treated for can-
cer is most often associated with drugs such as cisplatin 
or ifosfamide, and radiation therapy. Cisplatin can 
damage the glomerulus and distal renal tubules, poten-
tially causing diminished glomerular filtration rate 
(GFR) and electrolyte wasting, most commonly involv-
ing magnesium, calcium, potassium, and sodium [90]. 
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Ifosfamide damages the proximal renal tubule, poten-
tially resulting in Fanconi’s renal syndrome (hypokale-
mia, hypophosphatemia, glucosuria, proteinuria, renal 
tubular acidosis, and rickets) [91]. Individuals at par-
ticular risk include those who received treatment with 
more than one nephrotoxic agent and those with con-
comitant renal damage related to surgery or radiation. 
Although the GFR may improve over time, the electro-
lyte wasting associated with ifosfamide therapy and 
hypomagnesemia associated with cisplatin therapy 
appear to persist in some patients [92, 93]. Yearly sur-
veillance should include monitoring of serum creati-
nine, blood urea nitrogen and serum chemistries, uri-
nalysis, and measurement of blood pressure. Ongoing 
management includes electrolyte replacement, treat-
ment of hypertension, and avoidance of further neph-
rotoxic agents. Patients with a history of nephrectomy 
should be counseled regarding the importance of pro-
tecting the remaining single kidney. These patients 
should be cautioned to avoid potentially nephrotoxic 
agents (e.g., ibuprofen, aminoglycosides), maintain 
normal weight, obtain early intervention for urinary 
tract infections, and consult with their healthcare pro-
vider prior to participating in contact sports.

27.2.9.2 Bladder

Cyclophosphamide and ifosfamide are both capable of 
inducing hemorrhagic cystitis as a result of accumula-
tion of acrolein in the bladder [94]. Urgency, frequency, 
and dysuria are symptoms commonly associated with 
hemorrhagic cystitis, which can be a long-term com-
plication of cancer therapy in some patients [95]. Radi-
ation to the pelvis or bladder can result in fibrosis and 
scarring, with resultant decreased bladder capacity and 
predisposition to urinary tract infections [96]. Bladder 
cancer has developed in some patients who received 
bladder-toxic agents during treatment for cancer [94]. 
Yearly urinalysis should be done in these patients to 
evaluate for the presence of microscopic hematuria.

27.2.10 gastrointestinal Function

Fibrosis and enteritis are the most common pathologic 
abnormalities of the gastrointestinal tract in long-term 
survivors of cancer. These can arise as late complica-

tions of radiation to any site from the esophagus to the 
rectum [97–102], and have been associated with adhe-
sions or stricture formation, sometimes with obstruc-
tion, ulcers, fistulae, and chronic enterocolitis or 
incontinence. Their frequency depends on the radia-
tion dosage delivered by external beam or by brachy-
therapy. The stomach and small intestine appear to be 
more radiation sensitive than the colon or rectum. 
Overall, the incidence of fibrosis after 40 to 50 Gy is 
5% and as high as 36% after 60 Gy or more. Most com-
plications of intestinal fibrosis arise within 5 years, but 
strictures have developed as late as 20 years after treat-
ment [97, 100, 102, 103]. Once they occur, radiation-
induced gastrointestinal strictures may be progressive 
or recurrent. The incidence of clinically significant 
problems is enhanced by radiomimetic chemotherapy 
[98] or abdominal surgery [98, 103]. Abdominal sur-
gery even without radiation can result in late-onset 
obstruction [104, 105].

Chemotherapy even in the absence of radiation 
therapy may be a cause of chronic hepatopathy. In sev-
eral early prospective studies of patients given metho-
trexate for ALL or psoriasis, the incidence of biopsy-
proven hepatic fibrosis was as high as 80% after 
3–5 years of low-dose daily oral methotrexate [106, 
107]. With intermediate doses of intravenous metho-
trexate, the incidence of fibrosis has been below 5% 
[108]. In general, and apparently in contrast to what 
occurs after radiation therapy, methotrexate-related 
hepatic fibrosis stabilizes or resolves after discontinua-
tion of the drug. Radiation-induced or chemotherapy-
related (in conservative or myeloablative doses) veno-
occlusive disease, often fatal but sometimes transient, 
has been reported in a few cases [109].

Viral hepatitis, most often related to transfusion of 
blood products prior to 1992, is another cause of 
chronic liver disease in long-term survivors [110–112]. 
In one retrospective series of 658 cancer survivors who 
had been treated before routine screening of blood 
products, 117 (17.8%) were seropositive for hepatitis C 
[111]; 35% of these also were positive for hepatitis B 
with or without delta virus. Eighty percent of the sero-
positive patients had been transfused, so that in 20% 
other risk factors appeared to have been responsible. 
In one series of 10-year survivors of bone marrow 
transplantation for hematologic malignancy, hepatitis 
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C was the major risk factor for late development of cir-
rhosis: of 16 patients with cirrhosis, 15 had disease 
attributable to hepatitis C [113]. Hepatitis B has largely 
been eliminated in populations treated after 1972 
[114].

The true incidence of hepatic pathology is undoubt-
edly higher than current numbers suggest because the 
presence of cirrhosis is seldom reflected by abnormal 
liver function tests or hepatomegaly, because hyper-
transaminasemia may be asymptomatic, and because 
liver biopsy procedures or liver scans are not routinely 
recommended after therapy. Thus, it is difficult to sug-
gest foolproof guidelines for long-term follow-up. 
Patients at risk for gastrointestinal complications 
should be monitored by history or physical examina-
tion for hepatomegaly, icterus, and malabsorption. 
Especially for those patients with acute hepatotoxicity 
during therapy and for patients treated with hepatec-
tomy, methotrexate, or hepatic radiation, the potential 
consequences of excessive alcohol and other high-risk 
behaviors should be emphasized. In such patients, we 
consider a posttreatment baseline screen including 
transaminase and bilirubin levels to be cost effective. 
Prothrombin time and serum albumin for evaluation 
of liver synthetic function may be indicated. If persis-
tent, abnormalities should be evaluated further in col-
laboration with a gastroenterologist. The Center for 
Disease Control recommendations for hepatitis C 
screening include patients transfused or transplanted 
before 1992, even when transaminases are normal 
[115]. Hepatitis A and B testing should be considered 
in unimmunized patients with abnormal liver func-
tion tests.

Newer approaches to the treatment of gastrointesti-
nal malignancy, including both administration of 
radiolabeled monoclonal antibodies for the therapy of 
hepatomas and intrahepatic arterial chemotherapy, 
have not yet been examined with respect to possible 
delayed effects.

27.2.11 Musculoskeletal and related tissues

Functional and cosmetic disabilities involving bone, 
teeth, muscle, and other soft tissues are common and 
are reported in up to one-third of survivors of various 
cancers affecting adolescents and young adults, nota-

bly solid tumors. Most clinically significant problems 
involve avascular necrosis (AVN), and osteoporosis 
(bone density ≥2.5 SD below mean)/osteopenia (bone 
density 1–2.5 SD below mean). Probably because most 
patients have already achieved their maximum growth 
at the time of diagnosis, leg length discrepancy does 
not appear to be a significant problem in Ewing sar-
coma, in which the entire bone may receive as much as 
70 Gy [116].

Young adult cancer survivors may also have reduced 
bone density, as measured by dual energy x-ray absorp-
tiometry (DEXA) scans [117–119]. Although several 
studies have demonstrated decreased bone density at 
diagnosis in patients with ALL [120], osteopenia and 
osteoporosis are well-recognized to progress following 
exposure to corticosteroids or radiation therapy in 
doses used in patients with soft-tissue sarcomas or 
Ewing sarcoma [116]. Osteopenia in ALL survivors, as 
documented by quantitative computed tomographic 
scans, has also been related to cranial irradiation [121]. 
Exposure to radiation at a dose less than 25 Gy may 
result in osteopenia significant enough to cause spon-
taneous fractures, but which may go undetected by 
plain radiographs. Antimetabolites have been linked 
to decreased bone density in a manner that appears to 
be dose dependent. Following methotrexate, this prob-
lem appears primarily during therapy and resolves 
once the drug has been discontinued [122]. Both gen-
ders are at risk for reduced bone mineral density. Cau-
casians may be at greater risk than blacks [119]. Con-
tributing factors include treatment-related gonadal 
and growth hormone failure, hyperthyroidism, poor 
calcium intake, and increased body weight [123, 124]. 
Some data suggest that bone density may increase 
1 year off treatment of ALL, but that the risk of frac-
ture remains high, suggesting that changes in bone 
architecture not assessable by DEXA scans may be rel-
evant [120].

Avascular necrosis similarly is a radiographic diag-
nosis, which may be asymptomatic until the involved 
bone is subject to fracture or infection. Although AVN 
usually develops during therapy, the latency period 
has been as long at 13 years after treatment. Major risk 
factors are radiation therapy and systemic corticoste-
roids. Clinically significant AVN presenting as pain is 
well described in Hodgkin lymphoma and non-Hodg-
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kin lymphoma, and in patients with ALL in whom the 
overall incidence has been about 5%, but in a more sig-
nificant percent of adolescents [125–127; cf. also Chap-
ter 6]. Dexamethasone appears to have more bone tox-
icity than equivalent doses of prednisone, and increased 
cumulative exposure conveys increased risk [126]. In 
one retrospective review, almost 15% of adolescents 
treated with dexamethasone experienced symptomatic 
AVN [128]. AVN most commonly involves the femo-
ral heads, where it may be accompanied by slipped 
capital femoral epiphysis, but it has been described in 
virtually all locations and commonly is multifocal.

Detection and diagnosis of musculoskeletal and 
connective tissue toxicities depend largely upon 
anticipating these issues in vulnerable hosts, of tak-
ing a careful history, and performing a thorough 
physical examination. The need for diagnostic radio-
graphs and appropriate referral in the case of clini-
cally apparent disease is obvious. The relative benefit 
of surveillance radiographs of bones encompassed by 
radiation ports, and of bone densitometry is less 
clear. However, because of progress with various 
interventions (including the use of calcium supple-
mentation, calcitonin, bisphosphonates, and sex hor-
mone replacement in postmenopausal patients), a 
baseline DEXA scan has been recommended when 
survivors reach 18 years of age, with repeat studies as 
clinically indicated.

27.3 delivering Survivorship care

Chapters 29 (Access to Care after Therapy) and 30 
(Information and Resources for Young Adults and 
Adolescents with Cancer) provide appropriate health-
care for survivors of cancer who are transitioning 
from pediatric to adult healthcare. As described in 
these chapters, this topic is emerging as one of the 
major challenges in medicine. Young cancer survi-
vors, an especially high-risk population currently 
exceeding 270,000 in the United States, seek and 
receive care from a wide variety of healthcare profes-
sionals, including oncologists, medical and pediatric 
specialists, surgeons, primary care physicians, gyne-
cologists, nurses, psychologists, and social workers 
[129]. The challenge arises from the heterogeneity of 

this patient population treated with numerous thera-
peutic modalities in an era of rapidly advancing 
understanding of late effects. The Institute of Medi-
cine has recognized the need for a systematic plan for 
lifelong surveillance that incorporates risks based on 
therapeutic exposures, genetic predisposition, life-
style behaviors, and comorbid health conditions 
[129]. As described by Oeffinger [130], several key 
components are required for optimal survivorship 
care. These include: (1) longitudinal care utilizing a 
comprehensive multidisciplinary team approach, (2) 
continuity, with a single healthcare provider coordi-
nating needed services, and (3) an emphasis on the 
whole person, with sensitivity to the cancer experi-
ence and its impact on the entire family.

Providing comprehensive risk-based care that is 
readily accessible to survivors presents a significant 
challenge. Although the number of young cancer sur-
vivors is ever increasing, healthcare professionals out-
side academic centers are unlikely to see more than a 
handful of survivors in their practice, and unless those 
patients share a similar diagnosis and receive similar 
treatment, there will likely be little similarity in their 
required follow-up care. Academic settings may allow 
for the establishment of a specialized multidisciplinary 
follow-up team to care for large numbers of survivors; 
however, the paucity of such centers and their limited 
geographic access often make them an option only for 
survivors who live nearby or who can afford time and 
expenses in order to travel to a distant center. There-
fore, finding ways to educate local healthcare providers 
regarding needed follow-up is a priority. Efforts focus-
ing on educating survivors regarding the indicated fol-
low-up may be efficacious, with survivors in turn pro-
viding the necessary link in order to direct healthcare 
providers to specialized information regarding appro-
priate long-term follow-up care.

Regardless of the setting for follow-up, the first step 
in any evaluation is to have at hand an outline of the 
patient’s medical history and comprehensive treatment 
summary (Table 27.3). Following completion of ther-
apy, the treatment record and possible long-term prob-
lems should be reviewed with the patient and family. 
Correspondence between the treating oncologist and 
subsequent caretakers should address these potential 
long-term issues.
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27.4 recommendations for Screening

The development of standardized guidelines to screen 
young cancer survivors for potential complications has 
also presented substantial challenges. In contrast to 
the considerable literature describing treatment-
related sequelae in young cancer survivors, specific 
recommendations for monitoring have generally been 
lacking. The development of screening recommenda-
tions in this population has been especially difficult 
due to continuing changes in cancer therapy, long 
latency periods required to evaluate many late treat-
ment-related effects, multiple factors known to influ-
ence cancer-related health risks, and the unknown 
effects of aging on potential treatment-related compli-
cations. However, despite these challenges, two sets of 

clinical follow-up guidelines designed to guide care for 
young cancer survivors have recently been published 
and are described below.

The COG recently released risk-based, exposure-
related guidelines (Long-Term Follow-Up Guidelines 
for Survivors of Childhood, Adolescent, and Young 
Adult Cancers) [131] that were designed specifically to 
direct follow-up care for patients who were diagnosed 
and treated for pediatric malignancies. These guide-
lines represent a set of comprehensive screening rec-
ommendations that are clinically relevant and can be 
used to standardize and direct the follow-up care for 
this group of cancer survivors with specialized health-
care needs. Implementation of these guidelines is 
intended to provide ongoing monitoring that facili-
tates early identification of and intervention for treat-

table 27.3 Elements.of.a.comprehensive.therapeutic.summary .GVHD.Graft-versus-host.disease

topic data elements

Demographics Name
Date.of.birth
Sex
Race/ethnicity
Record.number/patient.identification.number

Diagnosis Date/age.at.diagnosis
Treating.physician/institution
Sites.involved,.stage,.laterality,.diagnostic.details
Pertinent.past.medical.history
Hereditary/congenital.history
Family.history
Relapse(s).dates/age.at.relapse(s),.site(s).(if.applicable)

Treatment Treatment.dates.(initiated/completed)
Protocols.used
Chemotherapy.agents.received,.including:

Route.of.administration
Age.at.treatment
Cumulative.doses.for.alkylators,.anthracyclines,.bleomycin,.cytarabine,.and.methotrexate
Bioimmunotherapy

Radiation.fields,.doses,.dose.fractions
Surgical.history
Transfusion.history
Stem.cell.transplant(s),.including.donor.source,.preparative.regimen,.GVHD.prophylaxis/
treatment

Complications/late.
effects

Significant.therapy-related.complications.(e g ,.tumor.lysis,.septic.shock,.typhlitis,.acute.GVHD)
Significant.complications.following.completion.of.therapy.(e g ,.acute.life-threatening.infection.
following.splenectomy,.cardiomyopathy,.second.malignancies)
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ment-related complications in order to increase qual-
ity of life for these patients. Specially tailored patient 
education materials, known as “Health Links,” accom-
pany the guidelines, offering detailed information on 
guideline-specific topics in order to enhance health 
maintenance and promotion among this population of 
cancer survivors. The entire set of guidelines, with 
associated Health Links, can be downloaded from 
www.survivorshipguidelines.org.

The Scottish Intercollegiate Guidelines Network 
(SIGN) has also released an evidence-based guideline 
(Long-Term Follow-up of Survivors of Childhood 
Cancer: A National Clinical Guideline). The SIGN 
guideline is targeted to provide a framework for the 
follow-up of young people who have survived cancer 
and covers five key areas, including growth, puberty 
and fertility, cardiac function, thyroid function, and 
neurodevelopment and psychological health. At this 
time, the guideline does not address long-term follow-
up of the renal, pulmonary, gastrointestinal, ocular, 
auditory, or musculoskeletal systems and does not 
provide guidance regarding surveillance for second 
malignancies. The guideline can be downloaded in its 
entirety from www.sign.ac.uk.

27.5  cancer Survivorship – Future research 
Opportunities

Because of its heterogeneity, the growing population of 
young cancer survivors provides remarkable opportuni-
ties for research relating to the etiopathogenesis of can-
cer and early detection and prevention of adverse out-
comes. Therapeutic exposures occurring at known time 
points, with close follow-up after the exposure, enables 
researchers to study testable hypotheses and to deter-
mine the effects of host and therapy-related factors in 
the development of adverse outcomes ranging from car-
cinogenesis and organ dysfunction to psychosocial con-
sequences. Opportunities also exist to explore gene–
environment interactions that may modify individual 
responses to treatment, as well as the susceptibility to 
develop adverse outcomes, thus providing insights into 
the identification of high-risk populations.

Notwithstanding the unique opportunities, several 
challenges exist to the conduct of survivorship research. 

Cancer survivorship research is an evolving issue. 
With more than 20% of young cancer patients in need 
of better treatment options, new agents and combina-
tions of agents are being developed [132]. Targeted 
therapies such as imatinab mesylate and other growth-
factor inhibitors will probably contribute to increased 
survivorship. Evaluation of their late effects will need 
to keep in step with their increased usage. Recent 
refinements in radiation therapies such as conformal 
irradiation, and popularization of surgical techniques 
such as laparoscopy have been intended to minimize 
late effects. Evidence-based medicine will need to 
determine whether they will live up to this expecta-
tion. Advances in supportive care, including transfu-
sions and hematopoietic growth factors, also require 
ongoing surveillance for identification of late effects. 
Furthermore, the influence of genetic profiles on sus-
ceptibility to late effects, as well as their interaction 
with lifestyle exposures such as tobacco, alcohol, and 
diet, is of growing interest, and has not been fully 
explored. However, the multifactorial etiology of the 
adverse effects, coupled with the heterogeneous nature 
of the patient population, necessitates large sample 
sizes within the context of well-characterized cohorts 
with complete long-term follow-up, and this remains 
the biggest challenge in conducting sound survivor-
ship research.

In 1996, the National Cancer Institute established 
the Office of Cancer Survivorship (http://survivorship.
cancer.gov), which promotes research into the effects 
of cancer and its treatment. To investigate adverse 
health outcomes among survivors, large-scale epide-
miological investigations are required, particularly 
because of the complex and multifactorial etiology and 
rarity of many adverse outcomes. Two large ongoing 
cohort studies are addressing a wide spectrum of 
adverse health outcomes that may be increased follow-
ing cancer and its treatment in the young. The CCSS 
was established in 1994 and comprised 25 clinical cen-
ters in the United States and Canada. Eligible cancer 
patients were aged under 21 years at diagnosis between 
1 January 1970 and 31 December 1986 and survived at 
least 5 years [133]. Ultimately 20,276 survivors were 
accrued and baseline questionnaires have been com-
pleted by 69% of survivors (for further information 
visitwww.cancer.umn.edu/ccss and www.cancer.umn.
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edu/ltfu). In 1998, the population-based British Child-
hood Cancer Survivor Study (BCCSS) was established 
[134]. Using the National Registry of Childhood 
Tumors, 18,123 individuals diagnosed with cancer 
before the age of 15 years between 1940 and 1991 and 
who survived at least 5 years were identified as eligible. 
The overall cohort will be used to study long-term sur-
vival and causes of late deaths and the incidence and 
etiology of second primary cancers. A postal question-
naire has been sent via primary care physicians to 
14,550 survivors aged 16 years or older. Thus far, 
10,205 questionnaires (70%) have been returned com-
pleted. For further information visit www.bccss.bham.
ac.uk. Both of these research initiatives provide exam-
ples of the practicality and usefulness of large-scale 
follow-up of survivors employing minimally intrusive 
methodologies using mostly postal questionnaire and 
telephone contact. The considerable uncertainties 
relating to the long-term health of survivors of cancer 
diagnosed in adolescence and young adulthood pro-
vide a strong justification for comparable surveillance. 
It is important to distinguish between follow-up moti-
vated by research and follow-up to address clinical 
need. Ideally, clinical follow-up should either provide 
demonstrable (evidence-based) benefit to the survivor, 
or be part of a clinical research investigation with clear 
and achievable objectives aimed at extending the evi-
dence base. In relation to survivors of cancer in adoles-
cence and young adulthood, the evidence base is cur-
rently very limited; nevertheless, it is important that 
guidelines for standardized clinical follow-up be used 
and regularly updated as the evidence base grows.
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28.1 introduction

The issues surrounding clinical decision-making fac-
ing families with adolescents and those facing young 
adults differ from those facing families with younger 
children and older adults. The nature of the involve-
ment of adolescents and young adults in decision-
making around his or her own life are summarized in 
Table 28.1

The extent to which an adolescent is informed, and 
therefore able to really participate in and consent to 
therapeutic decisions and interventions, changes radi-
cally as the family and the youngster become more 
educated and sophisticated in the course of their deal-
ings with the healthcare system. In this chapter, we 
would like to use a case approach to explore some of 
the issues facing the patient, the family, and the medi-
cal caregivers [1–3]. “The case itself and the transcripts 
are fictitious, and not based on a single individual, but 
are rather an illustrative rendering based an our expe-
rience with similar patients.”

The subject of this case study, Mark, was diagnosed 
with Ewing sarcoma when he was 14 years old. He was 
to begin his freshman year of high school, expecting to 
be the forward on his school’s basketball team. His 
story is told below by his physician, his mother Sue, his 
father George, and by Mark himself.
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28.2 Mark’s Story at diagnosis

28.2.1 July 20, 1998

28.2.1.1  case report Presented by the 
attending Physician

Mark was referred for evaluation of pain in his left 
thigh of 6 months duration. My orthopedic colleague 
reviewed the films taken at the time of referral, and 
another set from 5 months ago, and found an expans-
ile lytic lesion, which had increased in size between 
February and June. Biopsy showed Ewing sarcoma, 
and metastatic work-up, including bone marrow, was 
negative. In a 3-hour family meeting, which included 
our social worker and nurse practitioner, I explained 
the diagnosis, the prognosis, and my therapeutic rec-
ommendations to Mark and his parents.

Mark was impressively stoic. He allowed his parents 
to ask medical questions, but had few himself, mostly 
clarifying how his treatment would affect his school 
attendance and sports activities. His parents agreed 
readily to his enrollment on the Intergroup Ewing’s 
Sarcoma Study (IESS). Mark said he wanted his par-
ents to decide about his treatment, and was reluctant 
to sign the assent form presented, but did so when I 

told him we could not begin until he signed the form. 
The discussion went well, and therapy will begin as 
soon as the central venous access device is in place.

28.2.1.2  Mark’s Mother Sue’s diary entry,  
July 20, 1998

This is the worst day of my life. We spent 3 hour with 
the doctor and nurse today – I thought it would never 
end! My beautiful baby has cancer. I cannot believe it 
– he has always been so healthy! He could die from this 
disease, he could die from this treatment, and he could 
lose his leg. His hair will fall out. There is no way he will 
be playing basketball this fall, and it is all he has ever 
wanted to do. If only I hadn’t kept working when I was 
pregnant with him – I’ll bet it is all the chemicals in the 
hair color I use every day at the shop. Or maybe it is 
from the pesticides George uses in his landscaping 
business. He has always made fun of the organic farm-
ers – how I wish he had paid more attention and tried 
to do some of that! And the drugs they are planning to 
give him – speaking of poisons! One can make him 
sterile, one will damage his heart, one will ruin his kid-
neys, one has major allergic reactions, and they all 
make his hair fall out. And on top of that, they can give 
him leukemia! I am just so terrified, I can’t even figure 

table 28.1 The.nature.of.the.involvement.of.adolescents.and.young.adults.in.decision-making.around.his.or.her.own.life

Principal adolescent young adulthood

Autonomy.(self.determination) Patient.has.only.partial.autonomy,.
shared.with.parents/guardians .Most.
adolescents.in.Western.society.do.
not.have.independent.responsibili-
ties,.but.others.have.some.respon-
sible.for.them

Patient.has.full.autonomy,.with.right/
ability.to.make.independent.
decisions .Young.adult.may.have.
newly.assumed.responsibilities

Consent Legal.requirement.is.for.assent,.with.
proxy.consent.given.by.parents/
guardians

Legally.able.to.consent.without.
limitation

Avoidance.of.harm Ability.of.patient.to.judge.long-term,.
as.opposed.to.short-term.harm,.may.
not.be.fully.developed

Patient.has.more.mature.capacity.to.
see.complexities.and.long-term.
implications.of.decisions

Paternalism Paternalism.may.be.appropriate,.
limiting.the.patient’s.liberty.to.
promote.well-being

Paternalism.–.limiting.liberty.to.
prevent.self-harm.–.is.generally.not.
deemed.appropriate,.and.patients.
may.make.unwise.decisions
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out what questions to ask! What am I ever going to tell 
my mother? She will have a heart attack and die when 
she finds out. The doctor wants us to agree to all this. 
How can we possibly do that? And how can we not, 
since otherwise, Mark will die? How can anyone expect 
us to make decisions like this? Thank God George is 
willing to take charge; I just don’t think I can handle it.

28.2.1.3  Mark’s Father george’s conversation 
at the chatterbox café, July 20, 1998

What a day! Mark seems to be doing pretty well; he’s 
my boy, pretty tough. We spent half the day with the 
doctor. I have no idea how she thinks we can under-
stand everything she said today. Reminds me of when 
I was in the Marines – only lousy choices, either way, 
he can die. It is just so complicated. The doc was pretty 
good, though – answered all my questions, I must have 
driven her nuts. I can’t put Mark in the position of hav-
ing to make any decisions about his treatment. I am his 
father, it’s my job to do that, but that means I need to 
understand it. They seem to know what they are doing, 
so I decided we would go along with what she recom-
mended. Sue was relieved when I told her I would take 
care of making the decisions, since I know she has 
most of the work and it is just too much to ask of her. 
What I can’t believe is that they don’t know what causes 
this? How can a healthy kid get cancer? I bet it was that 
bone bruise he got when he fell of the snowmobile 
when he was 9. So, do you think it’s going to rain this 
weekend?

28.2.1.4  Mark’s email to his girlfriend,  
July 20, 1998

Hey, Snooks, I can’t tell you how much I miss you! 
Guess what? The pain in my leg turns out to be cancer! 
I’m in the hospital. They did a million tests. Real pretty 
nurses, you’d better come rescue me. We met with the 
doctor today. She says she absolutely expects me to get 
better, that some people can die from this, but that I 
won’t. I was scared that they would want to take my leg 
off, but they don’t even have to do that. She just read a 
whole long list of drugs, and a lot of nasty side effects. 
And later maybe some surgery, and some radiation, 
but that doesn’t hurt. The guys have told me they will 

all shave their heads when my hair falls out, so it will 
be pretty cool. May not make it to the basketball court 
this fall, but next fall, for sure. And I may get a tutor, so 
I won’t have to take biology with that dweeb Turner. 
Tomorrow they make me a bionic man with a cool 
tube in my chest. Not sure why they feel they have to 
tell me so much information – like I have a choice? 
With MY dad? I can hardly bear to look at my mom, 
though, she’s pretty broken up. They made me sign 
some silly form saying this is okay with me – can you 
believe it? Well, whatever. Gotta go, lol Mark

28.3 Mark’s Story after Several relapses

28.3.1 January 7, 2000

28.3.1.1  case report Presented by the 
attending Physician at tumor Board

Mark is a 16-year old boy who presented with non-
metastatic Ewing sarcoma in July, 1998. He completed 
the intensive arm of the IESS, and completed therapy 
in March, 1999. His 3-month off-therapy evaluation 
showed bilateral pulmonary metastases, confirmed 
surgically, without bone marrow involvement. He 
underwent whole lung irradiation, followed by salvage 
therapy with cyclophosphamide and topotecan. He 
had biopsy-confirmation of a tumor in his L5 vertebral 
body in October, 1999, and then received navelbine.

Mark presented on New Year’s Eve with fever, weight 
loss, and pancytopenia. Cultures were negative, and 
antibiotics had no effect. A bone scan shows diffuse 
abnormalities, and bone marrow biopsy confirms 
tumor. Options presented to the family include pallia-
tive care, NSC #655649, Gleevec, and referral to the 
National Cancer Institute for immune therapy. The 
family has an excellent understanding of the gravity of 
the situation, and seems eager to pursue options for 
further therapy.

28.3.1.2  Sue’s diary entry,  
december 31, 1999

I just know the cancer is back. We are back in the 
hospital, but this does not seem like his usual fever-
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and-neutropenia admissions. Mark is exhausted; he 
just seems to be losing the will to fight. I don’t want 
him to think I would ever give up, but how can we 
keep putting him through all this? The nurse-practi-
tioner suggested hospice. That is probably the right 
thing to do, but I can’t tell him he is dying! I wish I 
knew what he was thinking. He just keeps telling me 
everything will be okay, and I don’t want to take away 
his hope. How will I ever live without him? What will 
happen to George? Mark is his only son, he was sup-
posed to keep the business going. If we don’t go for 
some new treatment, we are abandoning him and let-
ting him down. If we go to Washington or New York, 
we will be in a strange place, with new doctors and 
nurses, and all Mark really wants to do is hang out 
with his friends here. He’s just a kid – only 16 – he 
can’t make these decisions. But it is his life. When I 
was 16, George and I were already talking about get-
ting married.

28.3.1.3  george’s conversation with his 
Buddies at the chatterbox café, 
January 7, 2000

Well, fellows, it’s back again. This is the third time – 
nobody’s talking about cure any more. Sue is a wreck. 
She’s smoking again, and has lost 20 pounds. Some 
weight loss program this is! So, the doc laid it out: we 
can get these hospice people who will come out to the 
house, but if we do that, we may not be able to get any 
other kind of treatment for the cancer. We’d have to 
work that out with the insurance people. And the kinds 
of treatment we can get have no track record at all – 
they don’t even know what the right doses are! They 
don’t know how much they have to give you to kill you! 
And I’m supposed to agree to use these on my kid?

You know, the worst part is that I really don’t know 
what to do. I’ve been making the decisions because it 
is too much for Sue, and Mark shouldn’t have to do 
this. How do we tell him he is going to die? If we don’t 
go for some new treatments, what kind of hope do we 
offer him? He’ll think we are giving up on him. 
But sometimes, I think he is ready to stop, and that 
he keeps going with these new treatments so he won’t 
let us down. Are there right answers to these ques-
tions?

28.3.1.4  Mark’s email to his girlfriend, 
January 1, 2000

Well, Snooks, sorry to stand you up last night – you 
sure looked pretty all dressed up for that party. Sorry 
Mom wouldn’t let you come to the hospital with me. 
They gave me a couple of bags of blood, and I don’t 
look so much like Dracula today. Just black and blue.

I think it’s back. My bones all hurt, same as when 
the back hurt around Halloween. This really sucks. 
Pardon my French. I have just had it with all this stuff. 
The nurses are great, the docs are okay, but if I never 
see another hospital room, it will be too soon. I want to 
stay home, in my own bed, listen to my own music, 
hang out with you, see the guys. I just know they will 
come in with a long list of things they can do, none of 
which will work. The worst part is, I don’t know how to 
deal with my parents. Dad feels like it’s his job to make 
the decisions, fix things, all that macho guy stuff. He’ll 
think I’m criticizing him if I try to make any decisions. 
I don’t know how my Mom will live if I die – how can 
I do this to her? I’ve hurt her just by being rude – now 
I am supposed to croak on her? If I don’t go for the 
new! improved! chemotherapy!, I will be letting them 
both down. I can’t destroy her hope – she is so desper-
ate! Any ideas? Sorry to be so morbid, Snooks. Glad I 
can count on you to listen. Lol, Mark.

28.4 reflections on the concept of assent

Mark’s story is powerful, and our language is limited to 
words like “poignant” and “tragic” to describe the feel-
ings generated by the text. To call it “Mark’s story” is 
itself unfair, because the story also belongs to his par-
ents, girlfriend, doctors, nurses, and many others who 
are touched by their connection to this young man. As 
such, the narrative presented above stimulates consid-
eration of a wide range of ethical issues relating to the 
care of adolescents with cancer. In this chapter, we cen-
ter the discussion on two of the crucial concepts: assent 
and end-of-life care.

Assent is defined in Webster’s Dictionary as “to 
agree to something (especially) after thoughtful con-
sideration.” This usage has been changed in modern 
bioethics to reflect agreement without necessarily 
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expecting the “thoughtful consideration.” This is a 
direct result of the inflated significance that bioethics 
has given to the related concept of informed consent. 
Driven by a commitment to autonomy, informed con-
sent has become a litmus test for ethical propriety. 
Assent has unfairly become reduced to the pediatric 
equivalent of informed consent, a kind of “informed 
consent-lite.” This unfortunate turn of events does not 
do justice to the complexity and potential value of a 
more fully developed notion of assent.

Juxtaposition of two different kinds of assent in 
three distinctive arenas will help the reader to develop 
a richer understanding of the potential for assent prop-
erly understood. These juxtapositions include: (1) 
assent for research compared with assent for treat-
ment, (2) assent in the context of a new cancer diagno-
sis compared with assent after a relapse, and (3) assent 
viewed as empowerment for adolescents compared 
with assent understood in the family-centered, negoti-
ated context. By applying these juxtapositions to Mark’s 
case, the significance and complexity of assent as an 
ethical construct will be clarified.

28.4.1  assent for treatment and assent 
for research

Assent for treatment must be understood as something 
different than assent for research participation [4]. For 
example, assent for treatment is clearly less optional 
than assent for research. When Mark was diagnosed 
with nonmetastatic Ewing sarcoma at age 14 years, his 
parents agreed to his enrollment on a research study. 
They also provided consent (parental permission) for 
treatment. We are told in the narrative that, after expla-
nation of the disease and treatment by the physician, 
“Mark said he wanted his parents to decide about his 
treatment.” When he made this request, Mark was sim-
ply asking for the substituted decision making that all 
children need and deserve. Good parents do this natu-
rally, in a graduated fashion, as their children transi-
tion from infancy to adulthood. For younger children, 
parents make all decisions. Actual decisions transition 
from parent to child as children develop decision-
making capacity. This oversimplifies the process 
because of the distinction between trivial and pro-
found decisions. While Mark most certainly would 

want to and be permitted to decide which movie to see 
with his girlfriend, he instinctively and appropriately 
wanted his parents to make a major decision like the 
one about cancer treatment.

In this case, however, assent for treatment and 
research was solicited and obtained in a simultaneous 
(and likely suboptimal) manner. Had Mark refused 
treatment, his parents and doctor would clearly make 
every effort to persuade him to accept treatment. If he 
persisted in refusal, many would argue that treatment 
should begin despite his protestation based on a “best 
interests” argument. By contrast, his refusal to partici-
pate in research would constitute a very different kind 
of decision. Because research participation in this (and 
almost all) contexts is supererogatory, refusal to assent 
to research should be binding. The reason for this dif-
ference is that the goal of treatment is to save Mark’s life, 
but the goal of research is to save the lives and decrease 
the toxicities that will happen to other children with 
Ewing sarcoma. In this way, assent for treatment at 
diagnosis should be seen as an educational process 
whereby Mark learns why chemotherapy and radiation 
are necessary, not given an option about whether or not 
they should be administered. The federal regulations 
that guide research involving children define assent as 
“a child’s affirmative agreement to participate in 
research. Mere failure to object should not, absent affir-
mative agreement, be construed as assent” [5].

28.4.2  assent at diagnosis and assent 
at relapse

Mark was 14 years old at the time of diagnosis. During 
the 17 months that elapsed between his diagnosis and 
the text dated January 2000, he and his family were 
transformed in many ways. His ability to provide 
meaningful assent increased by virtue of both his age 
and his experiences. When Mark writes about the 
“new! improved! chemotherapy!,” his language is both 
skeptical and cynical, comic and tragic, at the same 
time. The author of this email is someone who can and 
should be taking the lead in decisions around his med-
ical treatment. This applies to whether the issue is the 
capability for altruism in the context of a phase I clini-
cal trial, or a decision to forego antibiotic therapy in 
the event of sepsis.
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By contrast, Mark was not ready for this decision-
making role at the time of diagnosis [6]. The narrative 
reveals that Mark “was reluctant to sign the assent form 
presented, but did so when I told him we could not 
begin until he signed the form.” The fact that it is the 
physician who insists on the signature for the assent 
document is disturbing if not outright coercive. What is 
the ethical basis for compelling this frightened 14-year-
old to sign a form that he most likely does not and can-
not understand? Rituals can be meaningful and may 
have symbolic importance, but Mark’s initial email to 
his girlfriend suggests that this particular ritual had no 
meaning to the patient himself: “They made me sign 
some silly form saying this is o.k. with me – can you 
believe it?” In pediatric oncology, the distinction 
between treatment and research is often blurred at the 
time of initial diagnosis. The implications of this ambi-
guity include the fact that assent as authorization should 
have a very limited impact at the time of a new diagno-
sis. This is not to imply that assent in the educative 
function is unimportant in this time period. In fact, had 
Mark’s doctor been less concerned about the signature 
on the document and instead spent 15 min of individu-
alized one-on-one time with Mark, his feelings and 
level of initial trust might have been quite different.

28.4.3  assent as empowerment or assent 
negotiated?

All accounts presented in Mark’s story point to the 
interrelated web of emotion and connection that 
reflects the reality of adolescent cancer. One view of 
assent suggests that older children need to be liberated 
from decisions made on their behalf by their parents, 
doctors, or others. This account suggests that assent 
provides empowerment, and allows us to hear the 
voice of the patient himself. By contrast, the text sug-
gests that decisions are not made in isolation and that 
each member of the family unit (and to a lesser extent, 
the healthcare team) is influenced by their perception 
of the expectations, hopes, and fears of others.

Mark’s mother fears “abandoning him and letting 
him down.” His father speaks of offering him hope, but 
also wonders whether “he (Mark) is ready to stop, and 
that he keeps going with these new treatments so he 
won’t let us down.” Most importantly, Mark tells his 

girlfriend that he may agree to further treatment to 
avoid “letting them both down.” We are not told, but 
can only imagine, the thoughts, feelings, and responses 
of Mark’s girlfriend, his friends, grandparents, siblings, 
or others who know and love him.

These narratives make it clear that decisions of this 
kind are not made in isolation. Rather, they are negoti-
ated among those who depend on one another, 
attempting to protect one another from the inevitable 
pain and anguish associated with cancer in the adoles-
cent. Assent must be contextualized in this way, so that 
well-meaning ethical theories do not lead to unattain-
able or hypocritical idealized rules or protocols. The 
stakes are too high to be carried away with efforts to 
empower or liberate when a caring, holistic, and com-
passionate approach to the care of the patient and his 
family is required.

28.5  reflections on the concept  
of Palliative care

28.5.1 Professional and Family roles

There are few places in the practice of medicine in 
which the role of the doctor as teacher is as sensitive 
and important as it is in dealing with an adolescent 
facing a serious illness. The adolescent is not fully 
competent, but neither is he incompetent. The patient 
and the family need support to develop the analytic, 
assessment, and communication skills essential to suc-
cessful navigation of the frightening, painful, and 
overwhelming circumstances in which they find them-
selves. Adolescence is an emotional roller coaster even 
without the added challenges of facing serious illness. 
The adolescent’s sense of identity and competence is 
highly impacted by social and environmental factors, 
and self-image often reflects both narcissism and pro-
found insecurity. The patient is neither fully dependent 
upon nor truly independent of the family. Profession-
als attempting to assist patients and families negotiate 
these situations often feel as if they are navigating in a 
hurricane.

Parents and their children have a legitimate interest 
in each other’s well being. Parental and sibling rela-
tionships are covenantal, not contractual; a serious ill-
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ness in an adolescent directly affects far more than the 
patient. Respect for the dynamics of family systems, 
and of relationships between persons whose egos and 
identities are not easily separable is essential for the 
effective management of complex and ambiguous situ-
ations. While peer relationships are overwhelmingly 
important to adolescents, it is usually difficult for 
friends and classmates to either understand or ade-
quately support a seriously ill teenager, especially if the 
illness interferes with the patient’s ability to engage 
fully in common activities.

No individual can meet all the complex needs of 
any person with a chronic illness. The importance of a 
team approach is hard to overemphasize, as both pro-
fessional roles and the personal characteristics of the 
professionals themselves are important to cover the 
many areas involved. Key roles can be filled by physi-
cians, nurses, social workers, psychologists, spiritual 
caregivers, and family members and friends. The most 
important functions are ongoing throughout an ill-
ness, and reflect both changing circumstances (relapse, 
toxicities) and the developmental stages of individuals 
and families. Key functions include: Accurate diagno-
sis; identification of the patient’s and family members’ 
concerns and therapeutic options; communication of 
choices to patient and family; establishment of realistic 
goals; attention to management of symptoms; mainte-
nance of hope; preparation for events, which respects 
the need to prepare for transitions, including the need 
to say goodbye.

28.5.2  involvement of adolescents  
in decisions about their Own care

An ethical approach to involvement of adolescents in 
key decision-making regarding their care can be envi-
sioned in the same context as involvement of human 
subjects in research. The principles of ethical practice 
outlined in the Belmont report [7] include respect for 
persons, beneficence, and justice. Respect for persons 
requires both recognition of individual autonomy, and 
protection of those with diminished autonomy. Appli-
cation of these principles is particularly challenging to 
put into practice when dealing with adolescents, who 
have diminished, but not absent, autonomy. The stages 
of cognitive development are fluid throughout life, but 

at no time changing more rapidly in ways which impact 
autonomy than in late adolescence. Ability to learn 
information, to comprehend the information learned, 
and to assess risks and benefits change dramatically 
during adolescence. Frontal lobe development contin-
ues well into adulthood, impacting skills in risk assess-
ment and comprehension. All of these factors have 
substantial impact upon the ability of an adolescent to 
assess the complex issues facing any person with a 
potentially lethal disease. Emotional development is 
less linear than cognitive development. Once mas-
tered, cognitive skills tend to be retained and depend-
ably present, while skills for coping with overwhelm-
ing emotions usually come and go.

28.5.3  impact of Symptom control  
on therapeutic decisions

“Palliative care” addresses issues specifically related to 
morbidity, rather than mortality. Morbidity encom-
passes existential concerns (fear, anxiety, concerns 
about body image, sexual attractiveness, competence, 
depression, isolation, and abandonment), symptoms 
that are caused by the disease itself (pain, weight loss, 
dyspnea, gastrointestinal symptoms, lack of mobility), 
and therapy-related symptoms (hair loss, weight gain, 
nausea, vomiting, and mutilating surgical procedures, 
including amputation, evisceration, and venous access 
devices). Adequate attention to relief of symptoms can 
transform a devastating experience into one that is 
manageable, and which may even enhance personal 
growth and intimacy [8, 9].

28.5.4  Palliative care issues at diagnosis

At the time of Mark’s diagnosis, the key palliative issues 
concern control of disease- and therapy-related symp-
toms, which impact both quality of life and the ability 
or willingness of the adolescent to endure potentially 
life-saving therapy. Mark’s expressed concerns reflect 
his level of maturity. He clearly comprehends that he 
has a serious and potentially fatal illness, but his focus 
is not on death. His major concerns deal with his abil-
ity to participate in sports, and the impact of his treat-
ment on the issues of immediate importance in his life 
(school, friendships), and on his parents. Both he and 
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his parents perceive the key decisions as ones in which 
their individual interests are totally aligned; this is a 
crucial point in his willingness to defer critical deci-
sions to his parents. He is given full access to necessary 
information; he is able to focus on his adolescent con-
cerns and allow his parents, particularly his father, to 
focus on the fully adult issues, and to endorse their 
decisions. Adequate attention to palliation is essential 
if he is to receive potentially curative therapy. While he 
may be submitting to rather than embracing toxic 
therapy, it cannot be administered if he refuses to 
accept it. Adequate palliation allows him not to focus 
on the toxicity of therapy or the possibility of a bad 
outcome [10].

Mark’s situation is particularly fortunate: the family 
is intact; parents and teenager communicate well; there 
is no major conflict between Mark and his parents; 
Mark is realistic enough to be able to accept the toxici-
ties of therapy in search of a longer-term good out-
come. This is often not the case, and significant con-
flicts challenge the most skillful clinicians to persuade 
without coercion, to communicate information that a 
parent or patient may not be developmentally ready to 
process, and to resolve conflicts that have no satisfac-
tory outcome.

For the physician, the primary challenges at diag-
nosis are communicating complex information and 
assisting the family and patient to achieve cognitive 
mastery and become her partners in achieving a com-
mon goal. Respect for autonomy can be demonstrated 
by providing information, teaching mastery skills, and 
attending to concerns that are common to most 
patients in this situation. Offering hope is largely a 
matter of focusing on the positive aspects of a reality, 
and minimizing the focus on the seeds of disaster. 
Most of the key issues are encompassed in good medi-
cal care, and can be addressed by expert nurses and 
physicians.

28.5.5 Palliative care issues at the end of life

After several relapses, Mark no longer has a potentially 
curable illness. His impending death separates him 
from his parents [11, 12]. Optimal symptom control 
extends far beyond offering hope and conveying infor-
mation. To adequately demonstrate respect for his 

autonomy, the physician must assist Mark and his par-
ents as they struggle to communicate with each other. 
The poignancy of Mark’s and his parents’ individual 
narratives highlights the key challenges to such com-
munication. Mark now has a very adult perspective on 
death [13]. He perceives his death not only as it ends 
his own life, but as it will devastate his parents [14]. 
Mark and both his parents are clinging emotionally to 
hope for a miracle, while recognizing cognitively that 
death is inevitable [15, 16]. All are very fearful that 
they may be failing each other by accepting the reality 
of a situation they cannot change.

Acknowledging autonomy requires that the physi-
cian in this tragic situation assist the members of the 
family to understand their own and each others expec-
tations. She cannot honestly offer hope for cure. Their 
real fears of physical suffering, isolation, and abandon-
ment must be addressed to provide adequate palliation 
in this situation [19, 20]. The frequency with which 
palliation of physical and existential symptoms is inad-
equately achieved testifies to the difficulty and com-
plexity of managing these complex issues [19–22]. The 
physician’s work in this situation involves far more 
than communicating information and ensuring mas-
tery. Optimal palliative care to an adolescent at the end 
of life requires that the patient and key supportive fam-
ily members and close friends establish common goals 
[23–25]. This is not always possible, even with the best 
medical, nursing, and psychological support [26, 27]. 
The challenge of facilitating this communication, with-
out which it is not possible for Mark or his parents to 
make decisions that encompass their individual but 
intensely interlinked lives and psyches, is one of the 
greatest challenges to the ethical practice of medicine 
[10, 30, 31] While failure to succeed in this is common 
and inevitable, it is important for physicians to make a 
valiant effort to help families achieve the most elusive 
goal: peace with themselves and each other [33–35].

28.6  Biological Basis for Ongoing 
 development of competence  
in adolescents and young adults

A robust literature is emerging documenting the extent 
to which higher executive functions are highly relevant 
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to the ability of older children and young adults to 
assume responsibility for decision-making in young 
adulthood [36, 37]. Two key functions that continue to 
mature throughout the third decade are executive 
functions and processing of emotions [38, 39]. Gray 
matter maturation flows posteriorly to anteriorly, in 
contrast to the pattern of other measures of brain 
development, with frontal lobe functions maturating 
last, showing the largest differences between teens and 
young adults [40]. The degree of myelination in the 
adult frontal cortex appears to relate to the maturation 
of cognitive processing and other executive functions. 
In contrast, parietal and temporal areas mediating 
 language, spatial, and sensory functions are largely 
mature in the teen brain. The corpus callosum increases 
in size as long as measures of mentation continue to 
develop, usually into the early part of the fourth decade 
[41].

Functional magnetic resonance imaging of brain 
activity of normal volunteers who are imaged while 
they are identifying the emotions represented on pic-
tures of faces demonstrates that young teens activate 
the amygdala, which mediates fear and other visceral 
reactions. With maturity, brain activity shifts to the 
frontal lobe, which is associated functionally with 
more reasoned perceptions and more mature perfor-
mance on tests. On language skill tasks, activation 
shifts from the temporal lobe to the frontal lobe as 
teens mature, while functional changes parallel struc-
tural changes in temporal lobe white matter[42, 43].

The implications of these findings are that while 
adolescents may be cognitively capable of processing 
the information presented with any serious diagnosis, 
analyzing data, and remembering facts, their ability to 
organize and use such information is not fully devel-
oped, and the extent to which visceral responses may 
override rational analysis is even greater than it is in 
fully mature adults. Serious or life-threatening diagno-
ses are overwhelming to adults whose competence and 
right to make decisions about their own lives are not 
questioned. Over the course of the third decade of life, 
the ability to assume such responsibility continues to 
mature significantly in normal persons.

In the light of these developmental processes, con-
sider how some of the key issues in decision-making 
and priorities might be impacted if Mark were a young 

adult, instead of an adolescent, at the time of his diag-
nosis.

28.6.1 an alternate Scenario

Imagine that Mark were diagnosed at age 24 years, 
instead of 14 years. He is now 2 years out of college, 
having married his college sweetheart right after grad-
uation. He and his wife bought a house just before 
their first child, now 1 year old, was born, and expect 
to have their second child in another year or so. He is a 
junior associate in a hedge fund firm. Now, he is diag-
nosed with Ewing sarcoma, with the same medical 
data outlined in the history provided.

Mark plays a central role in the economy of his 
household. As a husband and father, his presence and 
his income are essential for the security of his wife and 
child. While he may rely heavily upon his parents in 
facing this crisis, their role is consultative, and he is 
unlikely to expect them to make decisions for him. His 
wife is now his primary partner in making these deci-
sions. The young couple has assumed the serious obli-
gations of adulthood.

In the United States, a key issue that arises is that his 
access to healthcare is tied to his employment status, 
or that of his wife. If he does not have insurance, his 
family must deplete its resources to make him eligible 
for Medicaid programs. Either Mark or his wife must 
be employed with insurance for him to obtain the care 
that will enable him to have a chance of survival, sup-
portive care, and control of symptoms. In a few short 
years, he has gone from having both responsible adults 
and social safety nets to buttress him, to making his 
own decisions and needing to obtain the resources 
needed to get care. Issues of the couple’s reproductive 
future, his responsibility for his young family, and his 
work identity and career development are not hypo-
thetical future questions, but pressing and immediate.
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29.1 introduction

Obtaining access to appropriate medical care by young 
adults and adolescents is important for both newly 
diagnosed patients needing treatment and survivors 
who have completed therapy. Survivors who were 
treated as young adults require continued follow-up 
with their medical oncology teams to monitor for 
recurrence and for treatment-related sequelae. Young 
adult survivors who were treated for cancer as children 
similarly require long-term monitoring, but in addi-
tion face other major challenges associated with “com-
ing of age,” including finding access to competent, age-
appropriate follow-up, obtaining medical insurance, 
completing school and/or finding employment, and 
completing psychosocial maturation. While all of these 
are essential for the realization of independent adult-
hood, the emphasis of this chapter is the provision of 
medical care in a framework that is optimal for the 
emerging adult survivor of childhood cancer.

29.2 Survivors of young adult cancer

In contrast to the situation in pediatric oncology, for-
mal programs appear to be uncommon and no uniform 
guidelines appear to exist for the long-term follow-up 
(LTFU) of survivors of cancer with onset in young 
adulthood [1]. In the United States, one factor contrib-
uting to this may be the markedly lower rate of enroll-
ment of patients onto open clinical trials sponsored by 
the National Cancer Institute (<2% for those aged 20 to 
29 years; see Chaps. 1 and 33) [2]. Patients not treated 
in the context of clinical trials lack the protocol-driven 
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uniformity of required observations at specified time 
points in follow-up, and instead are reevaluated accord-
ing to the prevailing opinions of treating oncologists, 
which may vary substantially. In clinical practice, some 
medical oncologists instruct young adult survivors that 
they have treated to return for extended follow-up both 
for disease recurrence and for long-term side effects. 
Other oncologists follow patients for a year or two post-
therapy and then expect the patients to continue with 
their primary care physicians. In either setting, other 
factors may further impede compliance with follow-up 
by this patient population, although these have not 
been well studied. These include the generally lower 
level of concern for serious treatment-related morbid-
ity (as patients were developmentally mature when 
treated), their geographical mobility, and insurance 
and employment issues in patients who are not yet 
vocationally stable. While important research has been 
done to study health-related quality of life in survivors 
of many young-adult malignancies, there is a need for 
studies of approaches to follow-up care in these 
patients.

29.3  young adult Survivors  
of childhood cancer

Like their counterparts treated for cancer as young 
adults, young adult survivors of childhood cancer also 
need to be monitored for disease recurrence, although 
this is less frequent in the latter group because of the 
longer time interval from diagnosis. In addition, child-
hood cancer survivors are at particular risk for late-
onset complications of treatment. Studies indicate that 
over half of young adult survivors have at least one late 
effect, and about one-third have severe or moderately 
severe late complications [3–7]. However, a recent ret-
rospective cohort analysis from the Childhood Cancer 
Survivor Study found that only 45% of survivors aged 
20 to 24 years and 39% of those aged 25 to 29 years had 
a cancer-related medical visit in the 2 years prior to 
being queried [8]. Therefore, a critical task is to iden-
tify optimal approaches to ensure longitudinal care for 
these survivors, who began their encounter with can-
cer as children under the protection of their parents 
and pediatric providers, but must continue their fol-

low-up as responsible adults. This course of events, 
characteristic of chronic illness in children generally, 
has been termed “transition of care.” Because of their 
risk for late complications of treatment, expert opinion 
based on limited data recommends lifelong monitor-
ing of childhood cancer survivors [9]. As discussed 
below, planned transitional care is considered to be 
appropriate for survivors of childhood cancer. The 
need for more systematic and effective approaches to 
their care has become acute because of the sheer num-
ber of young adult survivors, who currently account 
for almost 1 in 500 Americans aged 20 to 29 years [1].

29.3.1  transition of care:  
Background and Principles

To date, most of the literature dealing with transition 
of care has focused on adolescents and young adults 
with special healthcare needs [10–16]. According to 
the United States Maternal-Child Health Bureau, the 
“special needs” population has been defined as, “those 
who have or are at increased risk for chronic physical, 
developmental, behavioral, or emotional conditions, 
and who also require health and related services of a 
type or amount beyond that required by children gen-
erally” [10, 17]. The number of noninstitutionalized 
children with a chronic condition in the United States 
alone is estimated to be 4.4 million, or 6.5% of those 
less than 18 years old [18]. When considering all ado-
lescents with a condition requiring follow-up or sur-
veillance, that figure may be as high as 30%. This pop-
ulation includes those with developmental delay, 
congenital cardiac anomalies, asthma, cystic fibrosis, 
diabetes, sickle cell disease, spina bifida, and many 
with other acquired or congenital disabilities requiring 
ongoing medical attention. It is estimated that the 
overall survival of children with special healthcare 
needs exceeds 80% with current medical care [16]. 
Because of their similarly high survival rates, risk for 
developing late effects of treatment and consequent 
need for lifelong monitoring, childhood cancer survi-
vors are felt to be encompassed by the definition of 
“special needs” patients cited above. Therefore, many 
considerations about transition of care for traditional 
“special needs” population are applicable to this group 
of patients.
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The fundamental challenge is to assist this popula-
tion in making a successful transition from a child-ori-
ented to an adult-oriented healthcare system. Whereas 
the general orientation in the former is typically nur-
turing and directed, the world of adult healthcare 
requires skills of independence and self-advocacy [14]. 
Individuals with chronic conditions may need medical 
care or surveillance, psychosocial support, help with 
vocational issues if cognitive skills are impaired, con-
sultation regarding fertility if it is impaired by an ongo-
ing condition or previous therapy, and advice regard-
ing insurance coverage. In the United States, it is 
estimated that one in five young adults (19- to 29-year-
olds) with a disability lacks health insurance [19].

From the mid 1980s, medical providers, policy 
makers, and survivors in the United States have advo-
cated for a standard insuring the seamless, coordinated 
and comprehensive transition of healthcare for chil-
dren with special healthcare needs [20]. As a result, 
pediatric studies have been conducted to identify bar-
riers to successful transition. Although each diagnos-
tic group of young adults may have certain disease-
specific issues, themes common to all individuals with 
special healthcare concerns have emerged.

First, transition is a process rather than a discrete 
event. Ideally, it should begin in early adolescence with 
conversation directed to the young person in order to 
educate the young adolescent about his/her condition 
and to teach advocacy skills [21]. The transition pro-
cess spans several years and, if the responsibility for 
medical care is eventually assumed by an adult-ori-
ented provider who is different from the originating 
pediatric service, eventuates in a transfer of care. There 
is agreement that successful transitions of care are not 
“surprise events,” but are the result of careful prepara-
tion of the youth, parents, and all involved care provid-
ers [22]. A positive attitude is important, which views 
transition as an expected part of normal development 
and as something to be celebrated rather than dreaded. 
Prior to formal transfer of care, complex patients may 
require a nurse case manager to coordinate the switch 
and a patient advocate to ensure that needed services 
will actually be available in the new care setting [18].

Second, flexibility is appropriate in choosing the age 
for transition and transfer of care. Transition is com-
monly carried out between approximately 18 and 

21 years of age, but the exact time needs to be indi-
vidualized on the basis of physical development and 
emotional/social maturity. Two key areas of concern 
for older adolescents that should be addressed at that 
time are key symptoms that should prompt them to 
seek medical evaluation and concerns about sexuality 
and reproductive health [23].

Third, travel distance to a specialized follow-up 
center has been identified as an important consider-
ation. In a survey of 334 adults with cystic fibrosis, it 
was found that 71% of patients receiving care at a cys-
tic fibrosis center lived within 50 miles of that center, 
while 75.5% of those receiving care somewhere other 
than a cystic fibrosis center reported the nearest center 
was over 50 miles away. Distance may be a consider-
ation for individuals choosing a specialty-oriented 
center [13].

Finally, several barriers that impede successful tran-
sition have been identified through focus group/sur-
vey methodology. Barriers on the part of providers 
may include time restrictions, lack of knowledge or 
training, financial reimbursement and letting go of the 
established relationship with the child [10, 14, 23–26]. 
Obstacles to transition for the patient may include 
dependent behavior, immaturity, lack of support sys-
tems, lack of trust in the caregiver, and noncompli-
ance. For the family, the need for control, emotional 
dependency, overprotectiveness, and lack of trust in 
the prospective adult care providers may also present 
barriers to transition [25].

The literature regarding transition for children with 
special healthcare needs has generally identified four 
models of care: (1) disease/specialty-specific, (2) ado-
lescent health-focused, (3) a primary care model where 
the family practitioner or internist is the coordinator, 
and (4) a single-site model where the ancillary services 
remain constant. The two predominant models in use 
appear to be the disease/specialty-specific and adoles-
cent health-centered types [23, 25, 27].

29.3.2  transition of care: Key issues  
for childhood cancer Survivors

Because of the multiple physical and psychosocial risk 
factors imposed by their therapy and previous disease, 
childhood cancer survivors require lifelong care [9, 14, 
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21, 28]. They are at increased risk for secondary neo-
plasms, organ dysfunction, endocrine abnormalities, 
neurocognitive deficits, and early death [29–34]. Thus, 
every long-term survivor of childhood cancer will ulti-
mately need to be transitioned from his or her pediat-
ric environment to an adult care setting. How this can 
take place and various solutions are presented in the 
next section. A factor complicating this transition is an 
apparent lack of knowledge and understanding on the 
part of the survivor and the primary care physicians 
regarding the increased risk for these various health 
and psychosocial impairments [35, 36].

In the cancer survivor literature, the most fre-
quently described approach for LTFU is a clinic 
designed for this purpose at a pediatric cancer center 
[1, 37]. However, it is likely that multiple models of 
care are needed to address the heterogeneity in char-
acteristics, location, and resources of this survivor 
population. There is an ongoing debate within LTFU 
programs about how to best provide care for child-
hood cancer survivors who have reached adulthood. 
Traditionally, many pediatric oncologists and pediat-
ric oncology nurses have continued to see these 
patients as needed to provide education and screening 
for late effects. This practice has continued despite 
concerns that some adult healthcare needs may not be 
ideally dealt with by pediatric providers (e.g., screen-
ing and treatment for hypertension, infertility, dyslip-
idemias, and type II diabetes). In addition, because 
there is a need to record and research late-occurring 
long-term effects, there is reluctance and often an 
inability to release patients from follow-up at the pedi-
atric oncology center. In 1998, Oeffinger et al. pub-
lished data from the Children’s Cancer Group and the 
Pediatric Oncology Group indicating that few pro-
grams focus on the long-term healthcare needs of 
adult survivors of childhood cancer. At that time, 
most treating institutions were beginning to focus on 
the continued care of their pediatric cancer survivors. 
A reported 53% of the institutions interviewed had a 
LTFU program at their institution. In more than 90% 
of the programs, adult survivors were followed up in a 
pediatric institution by a pediatric hematologist-
oncologist [38]. Only 13% of responding institutions 
utilized an adult-oriented provider, and <10% involved 
a primary-care physician.

29.3.3  transitional care concerns  
among nurses in the children’s  
Oncology group

To determine their views on what is the most effec-
tive method for providing LTFU services to young 
adult survivors of childhood malignancies, a project 
was undertaken by the Late Effects Nursing Subcom-
mittee of the Children’s Oncology Group (COG). An 
additional goal of the study was to determine existing 
barriers to care and concerns the pediatric oncology 
team members had in caring for adult survivors in 
their pediatric settings. Practitioners were also asked 
what they conceived is the “ideal” follow-up program 
for adult survivors of pediatric cancer. We were inter-
ested in identifying existing successful models of care 
already in place for young adult childhood cancer 
survivors that may be adapted for use in other insti-
tutions.

To accomplish this, a short, open-ended question-
naire was developed. The pilot survey was performed 
at the March 2003 COG meeting. Questionnaires 
were distributed to nursing members who attended 
the Late Effects section of the Clinical Practice Com-
mittee. The survey was received positively with affir-
mation that care of young adult survivors was an 
issue of concern to many LTFU programs. A revised 
questionnaire was sent out later to nurses at other 
institutions via the COG Late Effects e-mail network. 
The sample of responding institutions was limited 
(23 out of a total of >240 COG institutions), but did 
represent a variety of both large and small medical 
centers in the United States and Canada. Seventy per-
cent had a relationship with an institution that pro-
vided adult care and 30% did not. In addition, 87% of 
the respondents felt that their LTFU clinic would 
benefit from affiliating with or developing a LTFU 
program for adult survivors. The most frustrating 
issues faced by pediatric providers in caring for adult 
survivors of childhood cancer were identified. Nurses 
felt that there were needs specific to the adult popula-
tion not being met (e.g., obtaining higher education 
and employment, chronic rehabilitation, assisted-liv-
ing situations for those with more severe cognitive 
deficits, addressing the emotional issues of transition, 
providing written information in Spanish, and pro-
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viding a separate location away from the pediatric 
institution where follow-up clinics could be held). A 
major barrier for adult survivors in the United States 
is inadequate or absent health insurance. Respon-
dents from COG institutions dealt with this issue in a 
variety of ways, including 39% who provided free vis-
its or used available funding from their institution; 
another 26% were unable to see any patients without 
insurance. Another difficult issue is tracking patients 
who have become “lost to follow-up.” None of the 
nurses surveyed had a formalized way of finding 
these patients. Two nurses tried to track patients 
themselves, making phone calls when they had the 
time. Nine programs had databases to track patients, 
but most did not have the personnel to do an ade-
quate job. Three programs relied on Certified 
Research Assistants to track patients who were treated 
in studies. Two programs had a cancer registrar 
involved with the program who tracked patients, and 
three utilized yearly reminders and newsletters.

Interesting information was revealed when the 
responding nurses were asked to describe their opin-
ion of an “ideal system” for follow-up of adult survi-
vors. All of the answers were different, reflecting a wide 
variety of beliefs. Some opinions included:
 Developing a close relationship with an adult facil-

ity for transition, and sharing a database.
 Transferring care to an adult primary care provider 

with access to specialists and psychosocial support.
 Developing an adult practitioner model with a di-

rect link to the pediatric oncologist for consulta-
tion.

 Providing a setting that combines adult and pediat-
ric care, with family practitioners, pediatric oncolo-
gists or other subspecialists, and pediatric nursing 
practitioners.

 Transitioning within the same institution to the 
adult setting.

 Yearly contact by phone, mail or e-mail to maintain 
a database.

At the heart of the transition issue is a feeling of con-
flict among pediatric providers. There is a clear desire 
to maintain a relationship with adult survivors in order 
to collect data about the effects of childhood cancer 
and its treatment that may occur much later in life. In 
addition, there is a desire to keep the survivors 

informed of any new developments in the manage-
ment of late effects. There is also a well-founded con-
cern that survivors may not receive the most compre-
hensive follow-up care from an adult provider who 
may be unaware of long-term risks of childhood can-
cer treatments. At the same time, there is the realiza-
tion that providing care to adults is outside the scope 
of practice of pediatric providers, as well as the logis-
tics of continuing to provide care to an ever-growing 
number of survivors in addition to newly diagnosed 
patients.

In reality, not all pediatric oncology treatment insti-
tutions will choose or are able to have a formal LTFU 
program for their adult survivors. However, pediatric 
oncologists, advanced practice nurses, and other team 
members must remain cognizant of the often-compli-
cated healthcare issues adult survivors may face. They 
also need to advocate for their patients by acting as a 
bridge to adult primary care physicians and set up 
referrals to subspecialists who are familiar with child-
hood cancer late effects. Advocacy can also come in 
the form of providing information. The COG recently 
created formal Long-term Follow-up Guidelines and 
Health Links for guidance in providing care to survi-
vors. These risk-based, exposure-related clinical prac-
tice guidelines provide recommendations for screen-
ing and management of late effects that may potentially 
arise from childhood cancer treatment (these can be 
accessed at www.survivorshipguidelines.org) [39, 40]. 
This information is valuable for pediatric oncologists 
and pediatricians, and is especially useful for adult 
practitioners who are not familiar with potential or 
actual late effects of childhood cancer.

29.3.4  Models of transitional care as 
reported By nurses in the cOg

In the COG nursing survey described above, respon-
dents also provided descriptions of their programs. 
Based upon those descriptions, the authors grouped 
programs with similar features and were able to dis-
cern four basic models used for care delivery to young 
adult survivors. Some pediatric treating institutions 
appeared to use a combination of one or more of the 
model types. Respondents to the questionnaire repre-
sented free-standing pediatric treating institutions, 
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major medical centers, and two Canadian hospitals. 
This is important because different forms of access to 
adult care providers may influence the quality of the 
transition of care. It should be noted that the four basic 
models that were discerned in this study, and are 
described below, are not exhaustive of valid approaches 
to transition of care. Some models that are currently 
less common, such as that where responsibility for sur-
vivor follow-up is formally transferred to community-
based adult primary care providers, were not repre-
sented in the study sample.

29.3.4.1 Model 1: adult Practitioner Model

The adult practitioner model was identified when a 
pediatric oncology advanced practice nurse, experi-
enced in LTFU issues works with an adult practitioner 
(i.e., an internist or family practice doctor) providing 
follow up of the pediatric cancer survivor while 
screening for the patient’s potential or actual late 
effects of therapy. Patient education, health promo-
tion, and health maintenance are important parts of 
this model of care. This takes place in an adult care 
facility and patients are referred to a special group of 
subspecialists who are familiar with the common late 
effects of the cancer treatment. A social worker or psy-
chologist may be part of the team. The advantages of 
this model are the ability to capture data and potential 
for research, easy access to subspecialists, and insur-
ance coverage, particularly if the doctor in-plan is the 
primary care provider. In addition, the physician is 
trained in general medicine and can see the survivors 
for non-cancer-related issues. Disadvantages are that 
the childhood cancer survivor must go to a new facil-
ity for care and medical records may be difficult to 
obtain.

29.3.4.2 Model 2: resource Model

The resource model was identified when a young adult 
or adult survivor is referred to a pediatric treating 
institution on a one-time or annual basis, but also sees 
a primary care provider. There is a great deal of com-
munication from the pediatric oncologist to the gen-
eral medicine physicians. Physicians in the adult set-
ting are directed in their care for the survivors in issues 

related to late effects. Advantages to the patient include 
maintaining contact with a pediatric cancer center and 
having their primary care provider being educated by 
the pediatric oncologist, an arrangement that can help 
with insurance coverage. Some disadvantages could be 
the loss of data on out-going survivors and the amount 
of paperwork for the pediatric oncologist. In addition, 
if each primary care practitioner has only one or two 
survivors in their practice, their expertise with this 
population could be an issue.

29.3.4.3 Model 3: Switch Model

The switch model was identified when pediatric oncol-
ogy patients are seen in a major medical center with a 
pediatric oncology department. Once the young adult 
survivor is “too old” to be seen in the pediatric setting 
they will be “switched” to an adult provider within the 
same medical center. Advantages to the patient are that 
they are familiar with the setting and location of the 
hospital or clinic. Data and medical records can also be 
readily shared. The general consensus among pediatric 
oncologists is that it is not ideal for adult oncologists to 
be made responsible for follow-up of these patients 
due to the demands of treating large numbers of newly 
diagnosed adults. In this model, it may be better for 
patients to be referred to general practitioners, internal 
medicine, or family practice physicians. A collabora-
tive relationship needs to be formed between the pedi-
atric oncology department and the group accepting 
the survivors for follow-up. Will the pediatric oncolo-
gists remain “in the loop” and be utilized for questions? 
If the answer is no, then the transition process may be 
less than ideal for the patients.

29.3.4.4 Mode 4: comfort Model

This model is when the pediatric oncology team keeps 
the patients coming back for follow-up indefinitely, 
irrespective of their age or time elapsed since diagno-
sis. Some of these oncology programs do not have 
defined LTFU programs and may see their survivors in 
the general oncology clinic. One advantage of this 
model is that the young adult and adult survivor is 
familiar with the pediatric oncologist and staff mem-
bers. In addition, longitudinal research can be per-
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formed on these patients. Disadvantages are the pedi-
atric oncology team’s lack of expertise with adult care 
issues as they arise and lack of “well adult” care pro-
vided. Referral to competent, knowledgeable, adult 
subspecialists can also be difficult to make from a 
pediatric setting. Finally, treating young adults along-
side young children may be uncomfortable for both 
sets of patients.

29.4 conclusions

Access to appropriate care for young adults following 
completion of cancer treatment is necessary both for 
those who were treated as young adults and for those 
treated as children. Both groups have increased risks for 
serious treatment-related complications, although the 
risks appear to be greatest in those treated during child-
hood before growth and development were complete. 
Both groups also face similar challenges characteristic 
of young adulthood that may interfere with obtaining 
appropriate medical monitoring, including geographi-
cal mobility, incomplete education or vocational train-
ing, lack of an established career, uncertain health insur-
ance status, and varying degrees of social maturity.

In addition to all of these, a key challenge for young 
adult survivors of childhood cancer is making a suc-
cessful transition of care from the pediatric to adult-
oriented healthcare system. The ideal of carrying out 
such a planned, coordinated transition of care for chil-
dren with chronic illnesses – including cancer survi-
vors – is now well-accepted. Despite important barri-
ers that can impede transition, several successful 
models of care are in use that facilitate transition of the 
lifelong follow-up from the exclusive domain of pedi-
atric oncology to the more suitable realm involving 
adult medicine. The ever-growing number of child-
hood cancer survivors requires a concerted effort to 
develop effective mechanisms for caring for young 
adult survivors, which will ensure risk-based health 
monitoring, timely intervention in the event of prob-
lems, psychosocial support, wellness education and 
disease prevention practices, vocational and insurance 
assistance, and collection of outcomes data, which are 
vital for the completion of important studies of late 
effects and transitional care.
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30.1 introduction

As described in Chap. 27 on late effects, survivors of 
cancer during adolescence and early adulthood face 
lifetime risks associated with their previous cancer and 
cancer therapy. It is well understood that the develop-
ing and maturing organ systems of an adolescent or 
young adult are sensitive to radiation therapy, chemo-
therapy, and surgery that are delivered to cure the can-
cer [1, 2]. When alterations in the development or 
aging of normal tissues reach a critical threshold, organ 
system dysfunction can result. Virtually all organ sys-
tems can be affected, depending upon the cancer ther-
apy exposure, leading to a wide array of late effects, 
including second cancers, cardiovascular and pulmo-
nary disease, cognitive dysfunction, and musculoskel-
etal problems. Commonly, late effects may not become 
apparent for years or even decades after the exposure 
to the cancer therapies. Of concern, is the potential 
that persistent, often initially subclinical, effects may 
exacerbate common diseases associated with aging, 
such as cardiovascular, skeletal, and endocrine disor-
ders.

Illustrating the impact of late effects of cancer ther-
apy are two seminal papers from the Childhood Can-
cer Survivor Study (CCSS), a 26-institution cohort 
study tracking the outcomes of about 14,000 survivors 
of childhood, adolescent, and young adult cancers 
diagnosed prior to the age of 21 years [3]. Mertens and 
colleagues reported that cancer survivors had an excess 
risk for all-cause mortality (deaths due to any cause) 
that increased with age [4]. This was due primarily to 
second cancers and cardiac or pulmonary disease. 
Hudson et al. reported on the health status of 9,435 
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young adult survivors, age 18 to 48 years, who were 
diagnosed with their cancer prior to the age of 21 years 
[5]. Forty-four percent of the population had at least 
one moderate to severe adverse outcome of their health 
status. Some degree of mental health impairment was 
observed in all diagnostic groups studied, with the 
highest incidence in survivors of Hodgkin lymphoma, 
sarcomas, and bone tumors, malignancies that com-
monly present in adolescence and young adulthood. 
These findings suggest that the cancer experience dur-
ing this developmental period results in specific adjust-
ment issues for the cancer patient mature enough to 
appreciate the gravity of the cancer diagnosis and the 
risks of treatment side effects.

The physical and emotional impact of cancer should 
be considered when counseling adolescent and young 
adult survivors about cancer-related health risks. 
Importantly, the risks of late effects are modified, either 
positively or negatively, by a variety of host, treatment, 
cancer, and behavioral factors (Fig. 30.1). This chapter 
describes the role of two important components in the 
lifelong or future health of survivors of cancer diag-
nosed during adolescence and the early adult years. 
First, the healthcare of survivors, including screening 
and surveillance for late effects, is described. Follow-
ing this, the promotion of healthy lifestyle habits is dis-

cussed, focusing on the interaction of lifestyle habits 
and the expression of late effects.

30.2 Healthcare of cancer Survivors

From the perspective of health and chronic disease 
models, cancer survivors represent an interesting pop-
ulation with health needs and healthcare utilization 
patterns that vacillates between a wellness and an ill-
ness model (Fig. 30.2). Prior to the symptomatic onset 
of the cancer, most individuals are “healthy” and oper-
ate in a wellness model, with preventive healthcare 
needs that are usually addressed by a primary care 
physician. With the onset of symptoms and the diag-
nosis of cancer, the individual then assumes the role of 
“cancer patient” and is treated for the disease, gener-
ally in a chronic care model with care focusing on the 
disease and provision of care provided largely by the 
oncology team. Upon completion of therapy and some 
interval thereafter, depending on the cancer, the patient 
is declared “cured.” Some survivors develop a chronic 
health problem as an early consequence of the cancer 
or cancer therapy. For instance, a seizure disorder may 
result from the location of a brain tumor, or the cura-
tive surgery or radiotherapy. Such a survivor may con-

Multiple.factors.contribute..
to.cancer-related.morbidity .
The.risks.of.late.effects.may.
be.modified,.either.positively.
or.negatively,.by.host.
(gender,.age,.race,.genetics),.
cancer.(location,.histology,.
biology),.or.treatment.(type,.
intensity).factors.as.well.as.
behavioral.practices .
Practicing.healthy.lifestyles.is.
the.primary.method.
survivors.of.adolescent.and.
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from.Hudson.(2005).[1]
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tinue in a chronic disease model and be monitored by 
a neurologist. As another example, an adolescent with 
an osteosarcoma may require limb-sparing surgery 
involving a lower extremity. The musculoskeletal sys-
tem is permanently altered by the tumor and its treat-
ment and long-term monitoring by an orthopedic sur-
geon would be anticipated. In both of these examples, 
the survivor would be cared for in a chronic disease 
model but would also have preventive care needs that 
would need to be addressed.

Most survivors of adolescent or young adult can-
cers, however, do not have a chronic health problem 
upon completion of their cancer therapy, and thus, in 
a sense, enter back into the wellness model. Impor-
tantly, though, they have new long-term health risks, 
many of which have not been well characterized. Most 
survivors are not cognizant of their long-term health 
risks associated with the cancer therapy. Mentally and 
emotionally, many if not most survivors of adolescent 

and young adult cancers figuratively close the door on 
the cancer chapter of their life. Similarly, most clini-
cians that provide care for a survivor apart from the 
cancer center setting are not familiar with the health 
risks of this relatively small and heterogeneous popu-
lation. Operating in this mode, most clinicians will 
note the previous history of the cancer in the medical 
record, but will usually not consider the survivor as a 
high-risk individual and will rarely order screening or 
surveillance studies different than would be warranted 
in the general population.

A sizeable proportion of survivors, perhaps as much 
as one-third, will have relatively minimal risk for clini-
cally significant late effects [2]. Receiving healthcare 
that does not address their previous cancer likely will 
make little difference in their lives. Most, though, can 
be stratified into either middle- or high-risk groups. In 
the traditional wellness model, in which preventive 
care is delivered to the general population, a similar 
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stratification of risk is incorporated. Most screening 
recommendations are based on genetic predisposi-
tions, comorbid health conditions, or lifestyle behav-
iors.

30.2.1 risk-Based Healthcare of Survivors

Faced with these risks and challenges, how can the 
healthcare delivered to survivors be optimized? It is 
important to recognize that there is a window of 
opportunity to modify the severity of health outcomes 
by prevention or early intervention. Early diagnosis 
and intervention or preventive care targeted at reduc-
ing risk for late effects can benefit the health and qual-
ity of life of survivors [6]. The outcomes of the follow-
ing late effects can be influenced by early diagnosis and 
early intervention: second malignant neoplasms fol-
lowing radiation therapy (breast, thyroid, and skin), 
altered bone metabolism and osteoporosis, obesity-
related health problems (dyslipidemia, hypertension, 
diabetes mellitus, cardiovascular disease), liver failure 
secondary to chronic hepatitis C following blood 
transfusion, and endocrine dysfunction following 
chest/mantle or cranial radiotherapy. Primary, second-
ary, and tertiary prevention, including tobacco avoid-
ance/cessation, physical activity, low-fat diet, and ade-
quate calcium intake, can modify risk. Longitudinal 
care addressing other late effects, such as infertility, 
musculoskeletal problems, cognitive dysfunction, and 
psychosocial issues, may also improve survivors’ health 
outcomes and quality of life.

Based on these precepts, the concept of risk-based 
healthcare of survivors has evolved over the past 10 to 
15 years. The term “risk-based healthcare,” coined by 
Meadows, Oeffinger, and Hudson, refers to a concep-
tualization of lifelong healthcare that integrates the 
cancer and survivorship experience into the overall 
lifetime healthcare needs of the individual [2, 6]. We 
endorse the following basic tenets of risk-based care: 
(1) longitudinal care that is considered a continuum 
from cancer diagnosis to eventual death, regardless of 
age; (2) continuity of care consisting of a partnership 
between the survivor and a single healthcare provider 
who can coordinate necessary services; (3) compre-
hensive, anticipatory, proactive care that includes a 
systematic plan of prevention and surveillance – a 

multidisciplinary team approach with communication 
between the primary healthcare provider, specialists of 
pediatric and adult medicine, and allied/ancillary ser-
vice providers; (4) healthcare of the whole person, not 
a specific disease or organ system, that includes the 
individual’s family and his cultural and spiritual val-
ues; and (5) a sensitivity to the issues of the cancer 
experience, including expressed and unexpressed fears 
of the survivor and his or her family/spouse. A system-
atic plan for lifelong screening, surveillance, and pre-
vention that incorporates risks based on the previous 
cancer, cancer therapy, genetic predispositions, life-
style behaviors, and comorbid health conditions 
should be developed for all survivors.

About one-half of cancer centers have a long-term 
follow-up (LTFU) program for their survivors [7]. 
These programs provide screening for late effects, 
including second cancers, education regarding risks, 
and promotion of healthy lifestyles. As this is resource-
intense and generally a low clinical revenue generator, 
it is not anticipated that the number of centers in the 
United States with an LTFU program will substantially 
increase in the near future. Even in cancer centers with 
an LTFU program, most survivors gradually discon-
nect from the cancer center as they age or move away 
and become “lost to follow-up.” Apart from cancer 
centers, few healthcare professionals see more than a 
handful of survivors, each with different cancers, treat-
ment exposures, and health risks. This has led to an 
epidemic of survivors who are not being followed by a 
clinician familiar with their risks and a general lack of 
risk-based care. To assist the clinician, regardless of 
setting, who cares for survivors, the following two sec-
tions describe briefly the general care of symptomatic 
and asymptomatic survivors.

30.2.2 asymptomatic Survivors

As noted above, depending upon risks, survivors may 
benefit from early intervention or prevention. To assist 
the clinician in caring for the asymptomatic survivor, 
the Children’s Oncology Group developed the Long-
Term Follow-Up Guidelines for Survivors of Child-
hood, Adolescent, and Young Adult Cancers [8]. These 
guidelines were produced through a multidisciplinary 
effort, cochaired by one of the authors (MMH) and 
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Wendy Landier, RN, MSN, CPNP. The guidelines can 
be can be downloaded free of charge at website www.
survivorshipguidelines.org. A web-based interactive 
and user-friendly format of these guidelines, targeted 
for healthcare professionals and survivors, is under 
development.

The guidelines are a hybrid, based on evidence and 
consensus. There is abundant evidence linking cancer 
treatment exposures to late effects; however, because 
of the relatively small size of the heterogeneous survi-
vor population, there are no studies (nor will there be 
in the near future) that show a reduction in morbidity 
or mortality with screening. As with other high-risk 
populations that are relatively small, limiting the types 
of studies evaluating the risks and benefits of screening 
and surveillance, there are two options in assessing the 
evidence. The first option is to state that, based on 
these limitations, there are no high-quality studies, 
thus limiting the strength of recommendation. How-
ever, to do so belies the wealth of high-quality studies 
from standard-risk populations that are applicable. 
Evidence gathered from studies in standard-risk pop-
ulations can be extrapolated and used in the scientific 
basis of guideline development for high-risk popula-
tions. As principles from standard-risk populations 
are applied to high-risk groups, the two primary dif-
ferences are timing of initiation and frequency of 
screening. By virtue of a lack of studies capable of 
answering these two questions, decisions must be 
founded on the biology in question within the 
grounded framework of risk and benefits. To do other-
wise, in our opinion, would be akin to placing one’s 
head in the sand and avoiding a difficult question.

30.2.3 Symptomatic Survivors

Although many survivors will remain asymptomatic, 
some will experience symptoms that may or may not 
be related to their risks and their previous cancer ther-
apies. Clinicians who are not familiar with the popula-
tion and are faced with uncertainty will often diverge 
to the extremes in evaluating a new problem. When 
young adult survivors present with symptoms not typ-
ical of their age group, their symptoms may be dis-
missed as anxiety or similar conditions, or conversely 
they may be over tested. Following are three recurrent 

themes that we have heard through our experience. A 
survivor who was treated with mantle or chest radia-
tion faces an increase risk of premature coronary artery 
disease [9–14]. When a survivor of Hodgkin lym-
phoma presents as a young adult with chest pain, clini-
cians who are not cognizant of this risk often attribute 
the pain to anxiety or gastroesophageal reflux disease. 
A survivor who had a splenectomy as a staging proce-
dure for their Hodgkin lymphoma faces a lifetime risk 
of overwhelming sepsis of 2 to 4% [15–18]. Clinicians 
unfamiliar with this population may not be aggressive 
in evaluating a febrile illness and miss the opportunity 
of early diagnosis and prompt treatment of sepsis due 
to pneumococcus or another encapsulated bacterium. 
Another example is the obstetrician who is not famil-
iar with the risks of late-onset cardiomyopathy follow-
ing exposure to anthracyclines [19–21]. The increased 
intravascular volume associated with pregnancy and 
the increase cardiac workload during labor and deliv-
ery may trigger overt congestive heart failure second-
ary to an underlying, unrecognized cardiomyopathy.

Illustrating these issues from the survivors’ perspec-
tive are three responses from young adult survivors 
from a 4-year study that we conducted, supported 
through the Robert Wood Johnson Foundation, assess-
ing barriers to long-term healthcare:

“Most of the time I feel that my primary care physi-
cian thinks that since I have been diagnosed over 
20 years ago, that my cancer history is not important, 
and that they do not need to do extra tests or even a 
blood test; this makes me feel frustrated and concerned 
that if there was something wrong they would just want 
to watch it for awhile …” ”Although I got annual check-
ups with an internist, gynecologist, and dermatologist 
(an oncologist is not appropriate at this point), I don’t 
feel these providers have any special knowledge about 
long-term studies about my cancer (Hodgkin lym-
phoma).”

“I am treated no differently than any other patient, 
except that they order more tests and consider every-
thing suspect. I wish I knew what to look out for in the 
years ahead.”

Two methods can help to remedy this situation: 
educating survivors regarding the potential late effects 
of therapy and communicating with other healthcare 
professionals about the risks and needs of this popula-
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tion. First, it is critically important that the cancer cen-
ter team educate the survivor and his or her family 
regarding potential late effects and their presenting 
symptoms. To be effective, education about late effects 
should be provided over time, beginning during or 
soon after completion of therapy. A summary of the 
cancer and cancer therapy should be provided to all 
cancer survivors. As needed, this summary should be 
updated and supplemented by exposure-specific edu-
cational materials. An excellent source of such survi-
vor-targeted materials can be found in the Health 
Links that are provided with the guidelines described 
above (www.survivorshipguidelines.org).

Communicating with other healthcare profession-
als is a time-intensive, but critically important 
endeavor. Regardless of whether or not a survivor is 
followed in an LTFU program, he will inevitably inter-
face with other healthcare professionals away from the 
cancer center. Cancer centers should provide contact 
information and easy accessibility for questions from 
survivors or their other healthcare providers. Assisting 
other healthcare professionals in the interpretation of 
a survivor’s presenting symptoms or problems can be 
life altering.

30.3 Promoting Healthy lifestyles

30.3.1  Health Behavior counseling  
of the adolescent/young adult  
cancer Survivor

Cancer and its treatment render adolescent and young 
adult cancer survivors at greater risk for morbidity 
from health-risk behaviors than their peers without 
cancer [4, 5, 22–24]. Chronic or subclinical changes 
persisting after treatment recovery may result in pre-
mature onset of common diseases associated with 
aging such as obesity, diabetes mellitus, cardiovascular 
disease, hypertension, and second cancers [22, 24–28]. 
In young people who are already vulnerable to these 
conditions, the addition of health-risking behaviors, 
such as smoking, poor nutrition, and inactivity may 
increase this risk further. Consequently, health profes-
sionals caring for adolescent and young adult survi-
vors have the responsibility and challenge of motivat-

ing the practice of healthy lifestyles in this vulnerable 
group. Education about cancer-related health risks and 
risk-modifying measures for the adolescent and young 
adult cancer survivor can be readily integrated into 
routine follow-up evaluations. Health education in the 
oncology setting has several advantages. Childhood 
cancer survivors have a close, long-term relationship 
with their oncology staff and generally respect them as 
credible medical experts. This relationship provides a 
strong foundation on which to introduce discussions 
about cancer-related health risks and risk-modifying 
behaviors. Survivors’ enhanced perceptions of vulner-
ability during the check-up may also create a “teach-
able moment” that facilitates reception of health pro-
motion messages [29]. In particular, evaluations after 
completion of therapy in long-term survivors that 
focus on health surveillance, rather than disease eradi-
cation, provide an atmosphere favorable for health 
promotion discussions.

The optimal components of health promotion coun-
seling of survivors described in detail by Tyc et al. are 
summarized in Table 30.1 [29]. To be truly informed 
about potential health risks, survivors need accurate 
information about their cancer diagnosis, treatment 
modalities, and cancer-related health risks. This is crit-
ical information that many survivors lack [30]. Health 
counseling should be personalized to consider the 
unique educational needs related to the individual sur-
vivor’s cancer experience. The content of traditional 
adolescent health programs can be modified to include 
information that enhances the survivor’s perception of 
increased vulnerability. Health behavior discussions 
should avoid characterizing the survivor as being dif-
ferent from healthy peers. An approach that starts first 
with a discussion of the adverse effects of health-risk-
ing behaviors followed by an explanation of the addi-
tional risks predisposed by cancer should reduce the 
survivor’s anxiety and permit identification with peers. 
The knowledge that certain behaviors are riskier for 
them than for others may provide some teens with a 
welcome excuse to resist peer pressure.

Healthcare professionals should also be prepared to 
address the increased vulnerability of individual 
patients to specific cancer-related health risks that may 
be related to sociodemographic factors, cancer treat-
ment modalities, familial or genetic predisposition, 
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and maladaptive health behaviors. Following this dis-
cussion, survivors should also be reminded that cancer 
treatment may accelerate the presentation of common 
health conditions associated with aging, including 
organ dysfunction and malignancy. Incorporating 
personal risk information may increase the signifi-
cance of the discussion, heighten the survivor’s per-
ception of vulnerability, and enhance their reception 
to health counseling.

In health promotion counseling, clinicians should 
encourage survivors to establish priority health goals. 
Behavioral goal setting should include an extensive 
discussion of the personal benefits of practicing healthy 
behaviors. Fear of future illness does not provide 
strong motivation to change for many teens, therefore, 
the clinician must think broadly when discussing the 
personal benefits with teens – including financial, cos-
metic, and social reasons to choose healthier behav-
iors. For example, teens may chose not to smoke 
because of the cost, the effect on yellowing of teeth and 
nails, the smell, and the conflict it creates with parents 
and, hopefully, with friends. Deterring an adolescent 
girl from excessive drinking might include a discus-
sion of avoidance of situations where she can’t defend 
herself from unwanted sexual advances. Potential bar-
riers to and personal costs associated with behavioral 
change should be explored in detail to identify poten-
tial solutions. In these discussions, role playing regard-
ing alternative health actions and problem-solving 
may be beneficial. Importantly, providers should 
inquire about the progress of health goals and provide 
follow-up counseling at subsequent evaluations.

30.3.2  lifestyle recommendations  
for the adolescent/young adult 
cancer Survivors

Multiple factors contribute to the risk of cancer-related 
morbidity in the long-term survivor (Fig. 30.1). 
Among these, health behaviors represent an important 
means of risk-reduction that can be readily pursued by 
survivors. Six common health practices – diet and 
physical activity, tobacco use, alcohol consumption, 
sun protection, and dental care – are reviewed below 
to provide the clinician with fundamental information 
to facilitate health promotion counseling efforts. The 
clinician is also referred to the aforementioned Health 
Links (www.survivorshipguidelines.org).

30.3.3 diet and Physical activity

Diet and physical activity are the most important 
health behaviors that affect cancer and cardiovascular 
disease risk. Tobacco use may be more problematic in 
causing second cancers and heart disease (see 30.3.4 
Tobacco Use), but obesity is overtaking tobacco use as 
the greatest health problem faced by cancer survivors. 
The trend for tobacco use by cancer survivors is favor-
able, as noted below, but the trend in increasing body 
weight among cancer survivors is not.

Investigations of dietary practices in childhood 
cancer survivors have been largely limited to small 
cohort studies evaluating the relationship of caloric 
intake with energy expenditure [31–33], nutrient 
intake with bone mineral density [34–36], or choles-

table 30.1 Components.of.health.promotion.interventions.with.adolescent.cancer.patients .Reprinted.with.permission.
from.Tyc.et.al .(1999).[29]

Inform.of.potential.health.risks 

Address.increased.vulnerability.to.health.risks.relative.to.healthy.peers 

Provide.personalized.risk.information.relative.to.treatment.history 

Establish.priority.health.goals 

Discuss.benefits.of.health.protective.behaviors 

Discuss.barriers.to/personal.costs.of.engaging.in.self-protective.behaviors 

Provide.follow-up.counseling 
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terol intake with cardiovascular disease risk factors 
[37]. Results show concerning trends, with energy 
intake exceeding energy expenditure, suboptimal 
dietary calcium correlating with osteopenia, and 
dietary fat intake in levels that will not reduce choles-
terol. These findings suggest that childhood cancer 
survivors would benefit from dietary interventions 
that match caloric intake with physical activity, opti-
mize calcium and other nutrients needed for bone 
accretion, and reduce dietary fat.

Likewise, relatively little information is available 
regarding physical activity in adolescent and young 
adult cancer survivors [32, 33, 37, 38]. Several studies 
noted reduced total daily energy expenditure resulting 
from relative physical inactivity in survivors of child-
hood acute lymphoblastic leukemia (ALL) and cranio-
pharyngioma [31–33]. In ALL survivors, reduced 
energy expenditure was correlated with increased per-
centage of body fat [32, 33]. Similarly, Reilly et al. dem-
onstrated significantly lower energy expenditure in 
preobese children treated for ALL compared to healthy 
controls that was related primarily to reduced energy 
expended on habitual physical activity [38]. In another 

study, Oeffinger et al. observed cardiovascular disease 
risk factors such as obesity, dyslipidemia, hyperten-
sion, and insulin resistance in 62% of a cohort of young 
adult survivors treated for ALL in association with 
sedentary activity levels [37]. The higher prevalence of 
obesity in survivors treated with cranial radiation has 
been attributed to lower physical activity and resting 
metabolic rate, and hormonal insufficiency [32]. In 
particular, hypothalamic insult may predispose to obe-
sity through leptin insensitivity [39] and adult growth 
hormone deficiency, which is associated with higher 
rates of dyslipidemia, insulin resistance, and cardio-
vascular mortality [40, 41].

In contrast to the dearth of information about phys-
ical activity after treatment for childhood cancer, 
abundant literature is available documenting an 
increased incidence of health concerns that are influ-
enced directly by these health behaviors, including 
overweight/obesity [27, 28, 39, 42, 43], cardiovascular 
disease [20, 44–48], and osteopenia/osteoporosis [34, 
49–53]. In studies of healthy populations, physical 
inactivity is associated with an increase in all-cause 
and cardiovascular-related mortality [54–58], coro-

table 30.2 American.Cancer.Society.(ACS).individual.guidelines.on.nutrition.and.physical.activity.for.cancer.prevention .
Adapted.from.Byers.et.al .(2002).[76]

1 Eat.a.variety.of.healthy.foods,.with.an.emphasis.on.plant.sources 

•. Eat.five.or.more.servings.of.a.variety.of.vegetables.and.fruits.each.day 

•. Choose.whole.grains.in.preference.to.processed.(refined).grains.and.sugars 

•. Limit.consumption.of.red.meats,.especially.those.high.in.fat.and.processed 

•. Choose.foods.that.help.maintain.a.healthful.weight 

2 Adopt.a.physically.active.lifestyle 

Adults:.engage.in.at.least.moderate.activity.for.≥30.min.on.≥5.days.of.the.week.(≥45.min.of.moderate-to-
vigorous.activity.≥5.days.per.week.may.further.enhance.reductions.in.the.risk.of.breast.and.colon.cancer )

3 Maintain.a.healthy.weight.throughout.life 

•. Balance.caloric.intake.with.physical.activity

•. Lose.weight.if.currently.overweight.or.obese 

4 If.you.drink.alcoholic.beverages,.limit.consumption 
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nary heart disease [59–62]. strokes [63]. and osteopo-
rosis [64–66]. Conversely, physical activity has been 
shown to be protective and reduce risk for coronary 
heart disease [67], hypertension [68], non-insulin-
dependent diabetes mellitus [69, 70], and osteoporosis 
[71–73]. Therefore, adolescent and young adult cancer 
survivors, particularly those treated with potentially 
cardiotoxic cancer therapies, should be routinely coun-
seled regarding the benefits of physical activity in 
reducing cancer-related morbidity in adulthood.

Adherence to a healthful diet and regular physical 
activity has been shown to reduce the risk of cancer, 
cardiovascular disease, and other chronic illnesses [74, 
75]. The American Cancer Society outlined nutrition 
and physical activity guidelines that aim to reduce can-
cer and cardiovascular disease risk [76]; similar rec-
ommendations have been endorsed by the American 
Heart Association and the Department of Health and 
Human Services [77, 78]. Briefly summarized in 
Table 30.2, these guidelines promote balancing fat, 
protein, and carbohydrate intake to assure nutrient 
adequacy and maintain health. The benefits of health-
ful dietary practices should be emphasized during 
counseling sessions with survivors: higher consump-
tion of vegetables and fruits may be associated with a 
lower incidence of lung, colorectal, and other gastroin-
testinal cancers. Eating foods rich in monounsaturated 
and omega-3 fatty acids (e.g., fish, walnuts) is associ-
ated with a lower risk for cardiovascular diseases. 
Ingestion of healthful carbohydrates like whole grains 
provides many vitamins and minerals, such as folate, 
vitamin E, and selenium, which have been associated 
with a lower risk of colon cancer [79]. Similarly, 
misperceptions regarding micro- and macronutrients 
should be corrected: ingestion of specific nutrients in 
pharmacologic doses does not provide the same ben-
efit of eating a variety of fruits and vegetables, which 
provide vitamins, minerals, and phytochemicals that 
work synergistically to reduce cancer risk. The conse-
quences of health-risking dietary practices should be 
explored in the context of the risks conferred by survi-
vor’s cancer treatment and family history: consump-
tion of a high-fat diet may increase the risk of coronary 
artery disease in a survivor predisposed to cardiac dys-
function following anthracycline chemotherapy or 
chest radiation.

The American Cancer Society guidelines also pro-
vide recommendations regarding regular physical 
activity, which has been associated with reduced risks 
of breast, colon, and other cancers, as well as well as 
cardiovascular health risks [80, 81]. Moderate-to-vig-
orous physical activity produces beneficial effects on 
metabolism of stored body fat and physiological func-
tions affecting insulin, estrogen, androgen, prostaglan-
dins, and immune function [75, 82]. Participation in 
moderate-to-vigorous physical activity for at least 
45 min on 5 or more days is advised to be optimal for 
already active adults; children and adolescents should 
engage in at least 60 min per day of similar activities. 
Individuals who are sedentary or just beginning an 
exercise program are advised to gradually increase to 
30 min, of moderate activities, a level that should pro-
vide cardiovascular benefit and aid in weight control.

30.3.4 tobacco Use

In contrast to earlier studies describing tobacco use in 
childhood cancer survivors [83, 84], recent investiga-
tions indicate positive trends in reduction of smoking 
initiation and an increase in cessation in childhood 
cancer survivors, suggesting an increased awareness 
about tobacco-related health risks associated with 
public health education efforts [85–88]. Children’s 
Cancer Group investigators compared the smoking 
habits of 592 survivors of acute lymphoblastic leuke-
mia diagnosed between 1970 and 1987 to those of 409 
sibling controls [88]. Compared to sibling controls, 
survivors were significantly less likely to have ever 
smoked (23% vs. 36%) and less likely to be current 
smokers (14% vs. 20%). Emmons et al. reported simi-
lar results in a CCSS investigation examining the 
smoking behaviors of over 9,000 adult study partici-
pants surviving a childhood cancer diagnosed between 
1970 and 1986 [85]. Rates of ever smoking (28%) and 
currently smoking (17%) reported by survivors were 
significantly lower than population prevalence rates 
for both male and female survivors. Other positive 
findings included evidence that male and female sur-
vivors who smoked were also significantly more likely 
to quit.

These trends are encouraging and provide support 
for the potential benefits of health education that 



M .M .Hudson.•.K .C .Oeffingerchapter 30460

should continue as long as investigations indicate that 
childhood cancer survivors continue to compromise 
their health by smoking or using any form of tobacco. 
Cigarette smoking has been linked to an increased risk 
of cardiopulmonary disease including hypertension, 
emphysema, and stroke. In addition, tobacco use is the 
most important preventable cause of cancer in adult-
hood and has been linked to 90% of cases of lung can-
cer, and one-third of all other cancers including can-
cers of the mouth, larynx, pharynx, liver, colon, rectum, 
kidneys, urinary tract, prostate, and cervix. Investiga-
tions of adult cancer patients demonstrate additive 
risks of lung cancer when tobacco carcinogens are 
combined with thoracic radiation and specific chemo-
therapeutic agents [89–91]. Although the additional 
risks conferred by tobacco use to the development of 
cancer and cardiovascular disease in survivors of can-
cers presenting during adolescence and young adult-
hood has not been well studied, an excess risk is antic-
ipated in survivors treated with the antineoplastic 
modalities outlined in Table 30.3. Therefore, survivors 
at risk should be reminded of their increased vulnera-
bility to tobacco-related health problems. Likewise, 
counseling regarding secondhand smoke seems pru-
dent, despite the lack of demonstrating excess risk of 
adverse tobacco-related health outcomes in cancer 
survivors exposed to environmental tobacco smoke.

30.3.5 alcohol

Investigations evaluating the practice of health-risking 
behaviors in adolescent and young adult cancer survi-
vors indicate rates of alcohol consumption comparable 

to those of their peers without cancer [92–94]. This sta-
tistic is concerning, considering the fact that some can-
cer treatments and complications predispose the long-
term survivor to an increased risk of hepatic dysfunction 
(Table 30.4). Most contemporary hepatotoxic antineo-
plastic therapies are associated with acute toxicity, 
from which the majority of patients recover without 
apparent long-term sequelae [95]. Conditions reported 
to exacerbate hepatic dysfunction include chronic hep-
atitis, particularly chronic hepatitis C (HCV), and 
hepatic graft-versus-host-disease (GVHD). HCV is the 
most common etiology of chronic hepatitis, cirrhosis, 
and hepatocellular carcinoma in the United States. The 
prevalence of chronic HCV ranges from 6.6 to 49% of 
childhood cancer survivors who were transfused before 
contemporary screening of blood donors [96–102]. 
Contrary to earlier reports demonstrating a mild clini-
cal course in childhood cancer survivors with chronic 
HCV [96, 99, 100, 103], we now recognize that a sig-
nificant number of these patients are at risk for adverse 
outcomes including impaired quality of life, cirrhosis, 
hepatic failure, and hepatocellular carcinoma [97, 104, 
105]. Although the transmission of HCV has declined 
since the development of blood donor screening tests 
for the virus, there are many patients surviving with 
chronic transfusion-acquired infection and many 
childhood cancer survivors untested and likely unaware 
of their risk of chronic infection and its implications 
for future liver health. Because of the high incidence of 
chronic infection in the majority of individuals exposed 
to HCV, the potential adverse outcomes associated 
with chronic infection including liver failure, and the 
availability of antiviral therapy that significantly reduce 

table 30.3 Antineoplastic. therapies. with. cardiopulmonary. toxicities. potentiated. by. tobacco. use . Adapted. with.
.permission.from.Tyc.et.al .(1997).[134]

Potential effects therapy

Pulmonary.toxicity.(pneumonitis,.
fibrosis,.restrictive.lung.disease).

Bleomycin,.lomustin,.carmustin,.busulfan,.cyclophosphamide,.methotrex-
ate,.cytarabine

Cardiac.toxicity.(cardiomyopathy) Anthracyclines:.doxorubicin,.daunorubicin,.idarubicin
High-dose.cyclophosphamide

Cardiopulmonary.toxicity Thoracic.radiation.therapy
(mantle,.mediastinal,.lungs,.spinal,.total.body.radiation)
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this risk, the Centers for Disease Control and Preven-
tion recommend that all individuals at risk transfused 
before implementation of blood donor testing for HCV 
(July 1992) should be screened for the disease [106]. 
Survivors with chronic HCV infection confirmed by a 
polymerase chain reaction test for viral RNA should be 
counseled regarding transmission and treatment 
options. It is important to emphasize that chronic 
hepatic injury associated with chronic GVHD, chronic 
infection, nodular regenerative hyperplasia from cyto-
reductive therapy, or drug-related liver injury, may 
accelerate the course of liver disease in survivors 
treated with hematopoietic stem-cell transplantation 
[107–110].

Liver injury related to treatment for childhood can-
cer is most often subclinical and may develop without 
a history of prior acute toxicity, thus it is important for 
clinicians to obtain a baseline screening of serum 
transaminases (alanine aminotransferase and aspar-
tate aminotransferase) in asymptomatic survivors. In 
survivors with cancer-related hepatic dysfunction, 
preservation of residual hepatocyte function is critical 
since therapy is not available to reverse hepatic fibro-

sis. In addition to referral for antiviral therapy in cases 
with chronic HCV, standard recommendations to 
maintain liver health include abstinence from alcohol 
use and immunization against hepatitis A and B in 
patients who have not established immunity to these 
hepatotrophic viruses. Weight reduction in over-
weight/obese survivors is also prudent to reduce the 
risk of hepatic injury from fatty liver hepatitis (steato-
hepatitis) [111].

In addition to its direct hepatotoxic effects, con-
sumption of alcoholic beverages, particularly in com-
bination with tobacco products, increases the risk of 
cancers involving the oral cavity, larynx, esophagus, 
and possibly colon [112–115]. Cancer risk increases in 
direct proportion to alcohol intake and rises with reg-
ular consumption of as few as two drinks per day, with 
a drink defined as 12 fluid ounces (approx. 355 ml) of 
beer, 5 fluid ounces of wine (approx. 148 ml), and 
1.5 fluid ounces (approx. 44 ml) of 80-proof distilled 
spirits [112–115]. Alcohol consumption has also been 
associated with a linear increase in breast cancer inci-
dence in women over the range of consumption 
reported by most women [116–119]. In one study, 

table 30.4 Antineoplastic.therapies.with.hepatic.toxicities.potentiated.by.alcohol.use 

therapy Potential effects

Dactinomycin Acute.venoocclusive.disease

Mercaptopurine
Thioguanine

Hepatic.dysfunction
Acute.venoocclusive.disease

Methotrexate Hepatic.dysfunction
Hepatic.fibrosis

Hepatic.radiation.(hepatic,.whole.abdomen,.total.body) Hepatic.fibrosis
Cirrhosis
Hepatocellular.carcinoma

Hematopoietic.stem.cell.transplantation Graft-versus-host-disease
Chronic.hepatitis
Cirrhosis
Iron.overload

Blood.product.transfusion Chronic.hepatitis
Cirrhosis
Hepatic.failure
Hepatocellular.carcinoma
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daily consumption of one alcoholic drink was associ-
ated with an 11% (95% confidence interval, 7–16%) 
excess risk of breast cancer compared with nondrink-
ers [117]. Alcohol is hypothesized to enhance the risk 
of breast cancer through increases in circulating estro-
gens or other hormones, reduction in folic acid levels, 
or by a direct effect on breast tissue [116]. To avoid 
alcohol-related carcinogenesis, people who drink alco-
hol should limit intake to no more than two drinks per 
day for men and one drink per day for women. Because 
population studies indicate that modest alcohol intake 
of one to two drinks per day is associated with a lower 
risk for cardiovascular disease [120], the potential 
hepatotoxic and carcinogenic risks conferred by regu-
lar alcohol consumption must be weighed against its 
potential cardiovascular benefits.

30.3.6 Sun Protection

The use of sun protection measures is another under-
studied area of adolescent and young adult cancer sur-
vivor health behavior. Recreational and lifestyle pref-
erences have resulted in a steady increase in the 
incidence of skin cancers, such that skin cancer is now 
the most common type of cancer diagnosed in adults 
in the general population [121]. Melanoma and non-
melanoma skin cancers (basal cell and squamous cell 
carcinoma) have also been reported with increased 
frequency in survivors of childhood malignancy 
treated with radiation therapy [122–124]. Non mela-
noma skin cancers are low-grade lesions that typically 
develop in skin included in radiation treatment fields, 
which may be in an unusual or non-sun-exposed part 
of the body. It is not known if sun protection will 
reduce the risk of radiation-associated non melanoma 
skin cancer in childhood cancer survivors [125]. How-
ever, public education regarding sun protection and 
self-examination has been associated with earlier diag-
nosis and treatment of melanoma in the general popu-
lation [125]. Therefore, it seems prudent to counsel 
survivors regarding methods of sun protection, the 
risk factors and symptoms of skin cancer, and the 
importance of periodic examination of the skin in and 
around the radiation field. Adherence to the skin can-
cer prevention measures recommended for healthy 
populations are especially important for childhood 

cancer survivors [126, 127]. These recommendations 
include: (1) limiting the amount of time in the sun, 
especially between 10:00 am and 2:00 pm when ultra-
violet rays are most intense; (2) regularly using sun-
screen with a sun protection factor of 15 or more; (3) 
wearing protective clothing, especially when planning 
extended activities in the sun; and (4) not tanning.

30.3.7 dental care

Adolescents and young adults surviving cancer are at 
risk for oral health problems including salivary gland 
dysfunction, accelerated dental decay, chronic gingivi-
tis, periodontal disease, and a variety of developmental 
abnormalities adversely affecting enamel and tooth 
development [128–132]. Consequently, routine dental 
care is important for early detection and institution of 
ameliorative interventions. To date, the only study 
reporting dental utilization practices in long-term 
childhood cancer survivors was organized through the 
CCSS [133]. Dental utilization practices in a CCSS 
cohort of over 9,000 adult survivors of pediatric malig-
nancies were below recommended levels, even in 
patients at highest risk for dental abnormalities. 
Minority status, low educational attainment, annual 
household income below $20,000, and lack of health 
insurance were positive predictors for lack of dental 
follow-up, which are demographic factors associated 
with inadequate dental utilization in the general popu-
lation [133]. Clinicians should emphasize that annual 
dental follow-up is important for all survivors to main-
tain oral health. Survivors treated with head and neck 
radiation involving oral cavity structures may require 
more frequent dental monitoring and intervention to 
preserve dentition.

30.4 Summary

The achievement of long-term survival in the majority 
of adolescent and young adults diagnosed with cancer 
has appropriately focused efforts on maintenance of 
future health in this growing population. Following 
the cancer experience, a large proportion of these 
young men and women will experience some adverse 
effect on their health [5]. Through risk-based care and 
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education about the health risks conferred by the can-
cer experience, clinicians caring for long-term survi-
vors play a critical role in the prevention, diagnosis, 
and rehabilitation of cancer-related complications and 
adjustment to chronic health conditions predisposed 
or exacerbated by cancer. Consequently, health profes-
sionals caring for adolescent and young adult cancer 
survivors may positively influence the future health of 
this vulnerable group by correcting knowledge defi-
cits, addressing factors that enhance the survivor’s vul-
nerability to health problems, and providing personal-
ized health counseling that promotes the practice of 
health-promoting behaviors.
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31.1 introduction

In the 1970s and 1980s, the popular American educa-
tional television series called “School House Rock!” 
inspired children and teens with its slogan, “Knowl-
edge is Power” [1]. For today’s young adult cancer 
patients and survivors, that aphorism remains as true 
now as it was when many of them first discovered the 
value of learning through the program’s catchy songs. 
As elaborated by Ruccione, successful cancer survivor-
ship addresses the concerns of normalization, living 
with uncertainty, living with compromise, and over-
coming stigma [2]. This requires that healthcare pro-
fessionals work closely with survivors, their families, 
and support and advocacy organizations to create a 
“partnership of empowerment” [3]. It would stand to 
reason that this involves providing survivors with 
information concerning their underlying disease, 
potential medical complications, a range of related 
psychosocial and financial issues, and available 
resources. Because information represents knowledge 
acquired in any manner [4], knowledge is indeed 
power in the realm of cancer survivorship.

31.2  the �alue of Sharing Medical  
information

Providing information is beneficial to cancer patients. 
Studies indicate that nearly 90% of adults with cancer 
desire maximal information across the continuum of 
their care [4–6]. Chelf and colleagues reviewed 
empirical studies that demonstrate measurable ben-
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efits from providing cancer patients with information 
in the areas of treatment decision-making, under-
standing about treatment, and management of pain 
and fatigue [4]. Obtaining information is a key cop-
ing strategy for some cancer patients [7] and may 
decrease anxiety through an enhanced sense of con-
trol [4]. Yet, in a large, recent study of adult cancer 
survivors conducted by the Office of Cancer Survi-
vorship at the United States National Cancer Institute 
(US-NCI), Hewitt and colleagues [8] found that only 
58% had received patient education materials from 
their healthcare providers (94% of whom found them 
to be helpful). Only 10.9% had direct contact with 
major cancer organizations such as the US-NCI or 
the American Cancer Society.

31.3  Methods of Sharing Medically related 
information

There are several effective methods for delivering 
information to cancer patients. Face-to-face verbal 
contact between patient and healthcare team is widely 
agreed to be the cornerstone and the “gold standard” 
for information sharing. Several studies confirm that 
healthcare providers are the major and preferred 
sources of information for cancer patients [4, 5, 9, 10]. 
In addition to allowing for an exchange of informa-
tion, direct contact achieves the other aims of medical 
communication, which are to create a good interper-
sonal relationship and facilitate medical decision-mak-
ing [11]. At the same time, research indicates that ver-
bal communication is enhanced if supplemented 
appropriately with effective materials [4, 9, 12]. These 
may include written materials (booklets, pamphlets, 
brochures, books, monographs, and photocopied arti-
cles), audio-visual aids (video or audio tapes, DVDs), 
and computer-based approaches (interactive learning 
modules and utilization of the World-Wide Web, or 
Internet). Regardless of the modality used, the caveats 
summarized by Mills and Sullivan [9] concerning writ-
ten materials are applicable to all of them. Supplemen-
tal information should: (1) reinforce rather than intro-
duce critical new ideas; (2) be accurate and current; (3) 
address the actual concerns of patients; (4) be pre-
sented in a style and at an educational level that can be 

understood by patients; and (5) be of high quality and 
presented in an appealing way.

31.4  the expanding role of internet-Based 
Health and Medical information 
resources

The vast repository of information accessible on the 
Internet has a prominent role for persons seeking 
health and medical information. According to a recent 
survey conducted by the Harris poll, 69% of American 
adults go on-line from home, work, school, the library 
or elsewhere [13]. The same survey found that 51% 
(111 million adults) have ever looked for health-related 
information on-line, and 35% had done so within the 
previous month [13]. In a previous survey, it was found 
that young adults aged 18 to 29 years old accounted for 
the largest proportion of American adults who go on-
line [14]. In that survey, Internet users tended to be 
Caucasian (76%), have some post-high-school educa-
tion (63%), and be relatively affluent (46% with an 
annual income of greater than US$50,000).

The Internet is also a major source of health-related 
information for cancer patients. In two recent studies 
conducted in the United States [15] and Canada [5], 
approximately 50% of adult cancer patients obtained 
information from the Internet. This was supplemented 
with printed resources by 79% of the Internet users 
[15]. In a study of Internet use among a cohort of 
adults with lung cancer, an association was found with 
educational level and income [10].

A recent study from the United Kingdom by Zieb-
land and colleagues [16] suggests that Internet use 
serves several valuable functions for oncology patients, 
especially for young adults and including those who 
are post-treatment. One hundred and seventy-five 
men and women aged 18 to 83 years with cancer of the 
breast, bowel, cervix, prostate, or testicle were inter-
viewed. Subjects were recruited from all stages of man-
agement (from diagnosis through to long-term follow-
up). On average, 44% of patients or their friends and 
family accessed the Internet (range 26 to 59% across 
the five diagnostic groups). The highest Internet use 
was noted in the diagnostic groups having the young-
est subjects: testicle (59%), breast (51%), and cervix 
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(48%). Valuable qualitative data were collected indi-
cating why subjects found the Internet helpful. The 
main reasons given for using the Internet related to 
privacy, round-the-clock access, and the ability to 
search for different types and levels of information as 
and when needed. The main reasons given by those 
who did not use the Internet related to a lack of home 
computer access, and technological unfamiliarity. The 
Internet was used by these cancer patients during all 
phases of their illness, including short- and long-term 
follow-up. Immediately posttreatment, information 
most frequently sought concerned side effects, reas-
surance about symptoms and advice on finances. In 
long-term follow-up, survivors desired to share expe-
rience and advice, to contact support groups and to 
become active in cancer advocacy [16].

Despite its clear value for some, direct information 
seeking on the Internet by cancer patients faces several 
limitations. As indicated in the Harris poll cited previ-
ously, despite enormous growth in recent years, 30% of 
adults in the United States are still not on-line and the 
percentage of users may have reached a plateau [13]. 
While demographic studies indicate that most users 
are younger (which could imply a greater comfort level 
with the technology that will persist with age), they 
also reveal them to be Caucasian, relatively affluent, 

and better educated [13, 17]. Finally, studies have doc-
umented concerns about the quality of health infor-
mation contained on the Internet, in terms of difficulty 
encountered in searching for relevant information; 
bias and inaccuracy of key clinical elements in some 
websites; and the relatively high-grade level of reading 
needed to understand them [18, 19]. Biermann [20] 
has drawn attention to the fact that consumers tend to 
judge health information websites by their “net appeal” 
(attractiveness of the site) rather than their content.

To address the above concerns and assist patients in 
searching the Internet for medical information, crite-
ria have been developed for judging the quality of 
health-related websites and the information they con-
tain (summarized in Table 31.1).

31.5 Using this chapter

This chapter provides the healthcare professional with 
a selection of websites (and, by extension, other infor-
mation obtainable through those websites) that may 
be shared with their young adult and adolescent survi-
vors of childhood cancer, in order to provide them 
with appropriate medical care, health-related informa-
tion, and other resources. It should be noted that the 

table 31.1 Criteria.for.evaluating.medical.and.health.information.websites

Health on the net Foundation:
eight principles in code of conducta

national cancer institute:
“ten things to know about evaluating medical 
resources on the Web”b

1 .Authority
Any.medical.advice.is.provided.only.by.medically.trained.
and.qualified.professionals.unless.a.clear.statement.
made.to.contrary 

1 .Who.runs.the.site?
Those responsible for the site should be clearly indicated.

2 .Complementarity
Information is designed to support, not replace, the 
relationship between the patient and existing physician.

2 .Who.pays.for.the.site?
The source of a site’s funding should be clearly stated. Does 
it sell advertising? Is it sponsored by a company with a 
financial interest in the product or information presented?

3 .Confidentiality
Confidentiality of personal identity and data of patient are 
fully respected.

3 .What.is.the.purpose.of.the.site?
Related to who runs and pays for the site, the purpose of the 
site should be clearly stated and will help evaluate the 
trustworthiness of information. Check the “About This Site” 
link.
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Health on the net Foundation:
eight principles in code of conducta

national cancer institute:
“ten things to know about evaluating medical 
resources on the Web”b

4 .Attribution
Information is supported by clear references to source data 
with direct links where possible.

4 .Where.does.the.information.come.from?
Many health and medical sites post information from other 
sites. If the information is not original, this should be clearly 
indicated.

5 .Justifiability
Any claims relating to benefits of a specific treatment, 
commercial product or service should be supported by 
appropriate, balanced data with sources cited.

5 .What.is.the.basis.of.the.information?
In addition to identifying the author, the evidence for 
material presented should be described. Medical facts and 
figures should be referenced. Opinions and advice should 
be clearly distinguished from evidence-based conclusions.

6 .Transparency.of.authorship
Information should be provided in the clearest possible 
manner. Contact addresses should be clearly provided if site 
visitors wish to obtain more information.

6 .How.is.the.information.selected?
Is there an editorial board? Is material reviewed by persons 
with excellent credentials before it is posted?

7 .Transparency.of.sponsorship
Support for the site should be clearly identified, including 
all organizations that have contributed funding.

7 .How.current.is.the.information?
Health and medical websites should be reviewed for 
currency and accuracy on a regular, frequent basis 
indicated by the date.

8 .Honesty.in.advertising.and.editorial.policy
A clear statement about advertising as a source of funding 
should be made, if applicable. A brief description of the 
advertising policy should be displayed on the site. A clear 
distinction should be made between advertising or 
promotional material and the original content provided by 
the organization operating the site.

8 .How.does.the.site.choose.links.to.other.sites?
Check the site’s policy for choosing links. Some may link to 
any site that asks or pays for a link, whereas others link only 
to those meeting certain criteria.

9 .What.information.about.you.does.the.site.collect,.and.
why?
Many sites routinely track visits to determine which pages 
are being used most. Others may ask a visitor to “subscribe” 
or “become a member.” This may require paying a fee or 
revealing personal information. Any credible site will 
indicate exactly what will be done with the information. Be 
certain to understand the privacy policy, which should be 
stated clearly. Don’t sign up for anything that is not fully 
understood.

10 .How.does.the.site.manage.interactions.with.visitors?
There should always be a way to contact the site operators 
with problems, feedback and questions. Are chat rooms or 
discussions moderated by an expert? Spend some time 
reading the discussion before becoming a participant.

aAvailable.at:.http://www hon ch/HONcode/Conduct html.
bAvailable.at:.http://cancer gov/cancerinfo/ten-things-to-know

table 31.1 (continued)
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information available through these websites is meant 
to be shared in the context of an educational approach 
appropriate for each patient’s needs, comprehension, 
learning style, and available resources.

Information available through these websites has 
been grouped into five categories: resources for obtain-
ing appropriate medical care (Table 31.2; for assistance 
in locating qualified providers of cancer treatment and 
follow-up services for young adults and adolescents); 
resources for medical information (Table 31.3; for 
finding specific, detailed information related to cancer 
treatment and its long-term side effects); Resources for 
Financial Information and Assistance (Table 4; for 
assisting survivors with issues related to employment, 
health and life insurance, and paying for medical care); 
Resources for Information on Wellness and Disease 
Prevention (Table 31.5; for educating survivors on 
improving personal health and preventing subsequent 
cancer and other medical problems); and resources for 
psychosocial issues and survivor advocacy (Table 31.6; 
for helping survivors cope with the emotional aspects 
of cancer and become active in promoting survivor-
ship). Although some websites span more than one 
category, it was felt that this subject-directed approach 
would make the information most accessible to the 
reader.

In selecting websites for inclusion, recognized crite-
ria for evaluating health and medical websites were 
applied (Table 31.1). At the same time, the list of web-
sites is not represented as being exhaustive, for the 
ongoing explosion of Web-based health and medical 
information has made it extremely difficult to create 
an international compendium that is truly compre-
hensive. Excellent websites not listed directly will be 
available through links within those websites that are. 
An emphasis was placed on including websites partic-
ularly relevant to the posttreatment survivor in the 
young adult or adolescent age group. However, in 
keeping with the US-NCI Office of Cancer Survivor-
ship’s definition of survivor (from the time of diagno-
sis throughout the balance of that person’s life; National 
Cancer Policy Board 2003) [21], many of the websites 
provide information directed toward the patient 
recently diagnosed or receiving treatment. All websites 
were accessed for currency in Dec. 2006.

Given the aforementioned caveats about sharing 

medically related information, the following points 
should be considered when utilizing the websites pro-
vided in this chapter:

1.  What kind of information or resources does the 
patient need? For most patients – especially soon 
after diagnosis – the most effective information is 
that which is carefully chosen by the health profes-
sional to supplement verbal communication and 
address specific needs (as voiced by the patient 
and/or recognized by the professional). Some ex-
perienced patients with on-line skills may wish to 
explore this list of websites on their own.

2.  What modality of information sharing is best for 
the patient? For some patients, direct access to 
websites suggested by the health professional may 
be the most satisfying. For others, written informa-
tion or telephone numbers obtained by the health 
professional through these websites may be more 
appropriate. Treatment centers may wish to main-
tain an inventory of written materials from organi-
zations represented in this list of websites.

3.  Does the patient have computer access and requi-
site skills? A substantial proportion of patients will 
continue not to have ready access to a computer, 
Internet service, and/or essential computer skills, 
and the comfort level for using them. For them, 
printed materials may be the most appropriate. In 
many treatment centers, computers with Internet 
access are now provided routinely for patient use at 
no charge. Assistance should be available for using 
them on-site during hours convenient for patients. 
Basic Internet training allows some patients to 
continue their exploration of Web-based resources 
at home (if they have a computer with Internet 
access) or in their own communities (through their 
workplace or a public library).

4.  Which team members carry out patient education? 
The information provided through these websites 
crosses professional disciplines and should be 
made available for physicians, mid-level providers, 
nurses, and medical social workers to review and 
use in their interactions with patients. Ideally, these 
professionals should familiarize themselves in 
advance with these websites and the information 
contained therein.
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table 31.2 Resources.for.obtaining.appropriate.medical.care .NCI.National.Cancer.Institute

Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

BMT.infonet Blood.and.Bone.
Marrow.Trans-
plant.Informa-
tion.Network

Locator.service.for.blood.and.bone.marrow.
transplant.centers.where.long-term.follow-up.
services.or.referrals.will.be.available 

www bmtnews org

Cancer.
Council.
Australia

Under.“Information.About.Cancer”.tab,.informa-
tion.for.locating.a.cancer.specialist.in.Australia 

www cancer org au

CancerIndex Guide.to.Internet.
Resources.for.
Cancer

Broad,.inclusive.website.that.is.uniquely.
international.in.scope,.providing.extensive.links.
to.treatment.and.follow-up.centers.in.many.
countries.around.the.world 

www cancerindex org

Candle-
lighters

Candlelighters.
Childhood.
Cancer.Founda-
tion

Under.“Treatment”.>.“Comprehensive.Follow.Up.
Programs”.tabs,.description.of.benefits.and.
desirable.characteristics.of.comprehensive.long-
term.follow-up.clinics .Tips.for.arranging.for.
insurance.coverage.for.evaluation.in.same 

www candlelighters org

CTEP.(Clinical.
Trials.
Evaluation.
Program)

National.Cancer.
Institute

Links.to.home.pages.of.all.NCI-supported.
cooperative.groups;.useful.for.locating.institu-
tions.participating.in.NCI-funded.clinical.trials.
and.providing.follow-up.services.for.young.
adult.and.adolescent.survivors 

ctep cancer gov/resources/
coop html

CureSearch Children’s.
Oncology.Group.
and.National.
Childhood.
Cancer.Founda-
tion

Under.“Resource.Directory”.tab,.a.geographical.
listing.of.all.Children’s.Oncology.Group.institu-
tions.in.the.United.States,.Canada.and.Australia .
The.majority.of.these.provide.survivor.services.
to.adolescents.and.some.young.adults .Those.
that.do.not.can.provide.referrals.for.young.adult.
care 

www curesearch org

Macmillan.
Cancer Relief

Organization.in.the.United.Kingdom.for.patients.
and.health.professionals .Information.includes.
how.to.become.a.Macmillan-affiliated.oncology.
health.professional;.opportunities.for.profes-
sional.development;.how.to.provide.a.healing.
care.environment.for.cancer.patients .

www cancerlink org

National.
Coalition.for.
Cancer.
Survivorship

Extensive.website.with.broad.information.and.
multiple.links .Under.“Resource.Guide”.tab,.a.
listing.of.NCI-designated.comprehensive.cancer.
centers.and.other.centers.providing.long-term.
follow-up.services.to.young.adult.survivors 

www canceradvocacy org

Patient-
Centered.
Guides

O’Reilly.and.
Associates

Under.“Childhood.Cancer.Survivors”.>.“Organi-
zations”.tabs,.list.of.well-established.survivor.
programs.in.the.United.States.meeting.certain.
criteria.for.inclusion;.list.not.necessarily.
exhaustive 

www patientcenters com
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Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

Pediatric.
Oncology.
Resource.
Center

List.of.well-established.survivor.programs.in.the.
United.States.meeting.certain.criteria.for.
inclusion;.list.not.necessarily.exhaustive 

www acor org/ped-onc/
survivors

uicc-global.
cancer.control

International.
Union.Against.
Cancer

Under.“Collaboration”.tab,.contact.information.
for.an.extensive,.international.list.of.member.
institutions.categorized.by.country,.which.may.
be.useful.for.locating.care.providers 

www uicc org

table 31.3 Resources.for.obtaining.medical.information

Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

American.
Cancer.
Society

Under.“Survivors”.>.“Support.for.Survivors.and.
Patients”.>.“Support.Programs.and.Services”.
tabs,.access.to.“Tender.Loving.Care”.magazine-
catalog.for.information.and.affordable.products.
for.women.coping.with.complications.of.cancer.
treatment,.including.wigs,.hairpieces,.breast.
forms,.prostheses,.bras,.swimwear,.and.more 

www cancer org

American.
Dental.
Association

Under.the.“Your.Oral.Health”.tab,.this.official.
website.of.the.American.Dental.Association.
provides.an.extensive.list.of.topics.pertinent.to.
the.cancer.patient 

www ada org

BMT.infonet Blood.and.Bone.
Marrow.Trans-
plant.Informa-
tion.Network

Access.to.multiple.resources.of.importance.to.
blood.and.bone.marrow.transplant.patients.and.
survivors .Locator.service.for.transplant.centers .
Database.of.transplant.drugs.and.information.
on.major.side.effects 

www bmtnews org

Canadian.
Cancer.
Society

Information.on.specific.cancers;.cancer.encyclo-
pedia .On-line.directory.of.over.4,000.cancer-
related.services.throughout.Canada 

www cancer ca

Cancer.
Council.
Australia

Under.“Information.About.Cancer”.tab,.numer-
ous.links.addressing.cancer.and.treatment-
related.issues.for.Australian.patients 

www cancer org au

Cancer.
Information.
Service

National.Cancer.
Institute

Cancer-related.information.and.education.
network.sponsored.by.the.NCI .Toll-free.
numbers.for.personalized,.confidential.
responses.to.specific.questions.about.cancer.
given.in.English.or.Spanish .Under.“Cancer.
Resources”.tab,.links.to.informative.“What.You.
Need.to.Know.About…”.series.of.disease-
specific.on-line.monographs 

cis nci nih gov

table 31.2 (continued)
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Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

CancerBACUP Extensive.website.for.patients.in.the.United.
Kingdom.and.mainland.Europe .Under.respec-
tive.tabs,.information.about.specific.cancers.and.
treatments .Under.“Treatment”.tab,.includes.
detailed.discussion.of.radiation.therapy.and.side.
effects .Under.“Resources.and.Support”.tab,.
advice.on.dealing.with.numerous.long-term.
side.effects.and.also.fertility.information.and.
recommendations .Currently.has.link.to.
CancerBACUP-sponsored.website.for.teenagers.
that.is.under.construction 

www cancerbacup org uk

CancerHelp.
UK

Cancer.Research.
UK

Detailed.information.about.specific.cancers.and.
treatment .Under.“Cancer.Treatments”.tab,.
informative.discussion.of.long-term.side.effects.
of.radiation.therapy.on.various.body.systems .
Suggested.reading.list.available 

www cancerhelp org uk

CancerIndex Guide.to.Internet.
Resources.for.
Cancer

Broad,.inclusive.website.that.is.uniquely.
international.in.scope.(a.major.strength.of.site).
providing.extensive.links.to.information.about.
specific.cancers,.treatment.modalities,.and.
short-.and.long-term.side.effects .Information.
offered.in.multiple.languages.for.some.
resources 

www cancerindex org

Cancernet 
co uk

Site.in.the.United.Kingdom.providing.extensive.
information.on.specific.malignancies.and.
conventional.treatment;.alternative,.hormonal,.
and.other.treatments;.and.a.range.of.fertility.
and.sexuality.issues.for.both.women.and.men 

www cancernet co uk

Cancer-
SourceKids 
com

Association.of.
Pediatric.
Oncology.Nurses

Under.“Teens”.and.“Learn.About.Cancer”.tabs,.
provides.description.of.malignancies.common.
in.teens.and.children;.and.articles.written.for.
young.people.describing.need.for.follow-up.
care.and.potential.long-term.problems 

www cancersourcekids com

Candle-
lighters

Candlelighters.
Childhood.
Cancer.
.Foundation

Under.“Treatment”.tab,.information.available.
concerning.treatment.modalities,.numerous.late.
effects.important.for.the.older.childhood.cancer.
survivor 

www candlelighters org

Chemocare 
com

Scott.Hamilton.
and.The.
Cleveland.Clinic.
Foundation

Comprehensive.and.accessible.website.for.
information.about.chemotherapy.and.related.
issues,.including.specific.drugs,.managing.side.
effects.and.maintaining.nutrition .Thorough.
summary.of.complementary.therapy.options 

www chemocare com

Childhood.
Cancers

National.Cancer.
Institute

In-depth.information.on.types.of.childhood.
cancers;.also.numerous.NCI.links.for.topics.
related.to.childhood.cancer.and.treatment 

cancer gov/cancerinfo/
types/childhoodcancers

table 31.3 (continued)
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Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

Coping.with.
Cancer

National.Cancer.
Institute

In-depth.information.on.dealing.with.a.broad.
range.of.side.effects.resulting.from.cancer.
treatment 

cancer gov/cancertopics/
coping

CureSearch Children’s.
Oncology.Group.
and.National.
Childhood.
Cancer.Founda-
tion

Under.“After.Treatment”.tab,.concise,.informa-
tive,.understandable,.downloadable.summaries.
of.numerous.important.medical.problems.(late.
effects).that.may.affect.some.survivors .Under.
“For.Health.Professionals”.>.“Late.Effects”.tabs,.
comprehensive,.evidence-based.medical.
guidelines.for.long-term.follow-up.care.are.
downloadable 

www curesearch org

Facing.
Forward.
Series:.Life.
After.Cancer.
Treatment

National.Cancer.
Institute

Comprehensive.discussion.of.follow-up.care.
after.treatment:.what.to.expect,.how.to.make.
the.most.of.it 

cancer gov/cancerinfo/.
life-after-treatment

fertileHOPE Comprehensive.website.addressing.the.
challenge.of.infertility.following.cancer.
treatment,.including.medical.information,.
parenthood.options,.resource.directory,.and.
financial.assistance 

www fertilehope org

Liddy.Shriver.
Sarcoma.
Initiative

Liddy.Shriver.
Sarcoma.
Initiative

Sarcoma.information.not.readily.available.
elsewhere,.particularly.for.soft-tissue.sarcomas .
A.newsletter.(http://liddyshriversarcomainitia-
tive org/Newsletters/esun_newsletter htm).
reports.on.recent.medical.literature.and.clinical.
trials 

http://liddyshriversarco-
mainitiative org/

Livestrong Lance.Armstrong.
Foundation

Under.“Physical.Topics”.tab,.description.of.
several.physical.issues.that.may.affect.survivors,.
including.both.male.and.female.infertility.and.
sexual.dysfunction .Healthy.behaviors.and.
physical.rehabilitation.discussed 

www livestrong org

Macmillan.
cancer relief

Organization.in.the.United.Kingdom.with.
information.on.cancer,.detection,.diagnosis,.and.
treatment;.also.complementary.treatment.
approaches .On-line.directory.of.cancer.leaflets,.
booklets,.books.and.videotapes.endorsed.by.
Macmillan 

www cancerlink org

Medline.Plus National.
Institutes.of.
Health

Extensive.website.offering.information,.
directories.of.providers,.links.and.lists.of.
resources.for.a.wide.range.of.health-related.
information .Under.“Health.Topics”.tab,.provides.
comprehensive.information.on.specific.cancers.
and.related.topics 

medlineplus gov

table 31.3 (continued)
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Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

National.
Center.for.
Complemen-
tary.and.
Alternative.
Medicine

National.
Institutes.of.
Health

Health.information.and.links.to.resources.about.
complementary.and.alternative.medicines.
(CAM),.specific.alerts.and.advisories,.types.
of.treatments,.and.how.to.evaluate.CAM.
.practitioners 

nccam nih gov

National.
Coalition.for.
Cancer.
Survivorship

Under.“Resource.Guide”.and.“Essential.Care”.
tabs,.in-depth.information.on.specific.underly-
ing.diagnoses;.medical.management.of.pain.
and.other.major.side.effects.during.and.after.
cancer.treatment.and.more .Much.of.the.
information.is.available.in.non-English.language.
translations 

www canceradvocacy org

People.Living.
With.Cancer

American.So-
ciety.of.Clinical.
Oncology

Under.“Cancer.Type”.tab,.description.of.malig-
nancies.common.in.young.adults .Under.
“Coping”.tab,.discussion.of.fertility.following.
cancer.treatment.and.pregnancy.and.cancer,.
with.links.to.additional.resources 

www plwc org

PubMed National.Library.
of.Medicine

Powerful.search.engine.of.biomedical.literature.
for.health-related.citations.dating.to.the.1950s 

www ncbi nlm nih gov/
PubMed

Quackwatch.–.
Your.Guide.to.
Health.Fraud,.
Quackery.and.
Intelligent.
Decisions

Quackwatch,.Inc .
(Stephen.Barret,.
MD)

Topical.website.providing.information.and.
perspectives.to.protect.healthcare.consumers.
from.fraud,.questionable.therapies.and.
misleading.information .Portions.of.site.have.
been.translated.into.languages.other.than.
English 

www quackwatch org

Teens.Living.
With.Cancer

Melissa’s.Living.
Legacy.Founda-
tion.and.
Children’s.
Oncology.Group

Friendly.site.with.language.and.graphics.
designed.for.young.adults.and.teens .Under.
“Cancer.Facts”.tab,.includes.description.of.
common.malignancies.and.their.treatment.in.
teens.and.young.adults;.also.medical.dictionary.
with.understandable.definitions 

www teenslivingwithcancer 
org

Testicular.
Cancer.
Resource.
Center

Association.of.
Cancer.Online.
Resources

Very.complete.site.for.medical.and.related.
information.concerning.this.specific.cancer.of.
teenage.and.young.adult.males,.including.late.
effects 

tcrc acor org

Ulman.Cancer.
Fund.for.
Young.Adults

Under.“Treatment.Decision.Tools”.tab,.a.
decision-support.tool.to.assist.young.adults.in.
understanding.treatment.options.and.side.
effects 

www ulmanfund org

Young.
Survival.
Coalition

Website.of.international.organization.devoted.
to.supporting.young.women.under.40.years.of.
age.diagnosed.with.breast.cancer .Information.
provided.on.current.treatment,.research,.
community.branches,.and.advocacy 

www youngsurvival org

table 31.3 (continued)
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table 31.4 Resources.for.financial.information.and.assistance

Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

American.
Cancer.
Society

Under.“Survivors”.>.“Support.for.Survivors.and.
Patients”.>.“Support.Programs.and.Services”.
tabs,.access.to.“Taking.Charge.of.Money.
Matters”.workshop.for.dealing.with.financial.
concerns 

www cancer org

Cancer.
Survivors.
On.Line

Information.and.additional.links.and.references.
about.financial.assistance,.health.insurance,.
cancer-related.disability,.and.employment.
issues;.includes.summary.of.the.Americans.with.
Disability.Act.as.it.applies.to.cancer.survivors 

www cancersurvivors org

CancerBACUP Extensive.website.for.patients.in.the.United.
Kingdom.and.mainland.Europe .Under.
“Resources.and.Support”.tab,.detailed.informa-
tion.about.financial.issues,.including.practical.
advice.and.resources.for.assistance 

www cancerbacup org uk

CancerCare Under.“Financial.Needs”.tab,.information.and.
links.for.finding.financial.assistance,.including.
programs.offered.by.this.organization 

www cancercare org

Cancernet 
co uk

Information.about.insurance.and.legal.issues.for.
cancer.patients.in.the.United.Kingdom 

www cancernet co uk

Candle-
lighters

Childhood.
Cancer.Founda-
tion.Canada

Under.“Programs”.tab,.information.on.CCFC.
Bursaries.available.for.survivors.in.Canada.
planning.to.attend.college 

www candlelighters ca

Chemocare 
com

Scott.Hamilton.
and.The.
Cleveland.Clinic.
Foundation

Comprehensive.website.for.information.about.
chemotherapy .Under.“Before.and.After.Chemo”.
tab,.discusses.and.offers.links.about.financial.
assistance.programs.to.help.pay.for.chemother-
apy.medications.and.treatments 

www chemocare com

Childhood.
Cancer.
Ombudsman.
Program

Childhood.Brain.
Tumor.Founda-
tion

Investigation.and.resolution.of.patient-initiated.
complaints.related.to.employment.and.
insurance 

www childhoodbraintumor 
org/ombuds html

CureSearch Children’s.
Oncology.Group.
and.National.
Childhood.Can-
cer.Foundation.

Under.“After.Treatment”.tab,.information.about.
specific.insurance.programs.and.for.dealing.
with.insurance.issues.and.denials 

www curesearch org

fertileHope Information.and.links.about.insurance.coverage.
of.infertility.and.adoption.services,.and.financial.
assistance.programs.for.fertility.preservation 

www fertilehope org

Georgetown.
University.
Health.Policy.
Institute

Extensive.on-line.consumer.guides.for.obtaining.
and.keeping.health.insurance.in.the.United.
States;.information.is.specific.to.all.states.and.
District.of.Columbia 

www healthinsuranceinfo 
net
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Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

Henry.J .
Kaiser.Family.
Foundation

Consumer.guide.to.handling.disputes.with.
employer-based.or.private.health.plans 

www kff org/consumerguide

Leukemia.and.
Lymphoma.
Society

Under.“Patient.Services”.>.“Stay.Informed”.>.
“National.Education.Workshops”.>.“Survivor.
Education.Series”.tabs,.offers.access.to.teaching.
modules.of.the.“Cancer:.Keys.to.Survivorship”.
program,.which.provide.specific.information.
and.suggested.resources.for.addressing.employ-
ment.issues,.cancer-based.job.discrimination,.
health.insurance.regulations.and.how.to.obtain.
and.collect.health.insurance.benefits 

www leukemia-lymphoma 
org

Livestrong Lance.Armstrong.
Foundation

Under.“Practical.Topics”.tab,.addresses.several.
related.issues.including.employment.discrimina-
tion,.health.and.life.insurance,.life.expectancy,.
planning.for.the.future.and.others 

www livestrong org

NeedyMeds An.information.source.for.pharmaceutical.
company-sponsored.free.medication.programs.
for.qualified.patients.lacking.insurance .Also.
links.to.discount.pre-scription.card.programs,.
state-sponsored.programs.and.Medicaid.sites.
for.assistance.in.obtaining.medications 

www needymeds com

National.
Coalition.for.
Cancer.
Survivorship

Extensive.website .Under.“Essential.Care”.tab,.
wealth.of.detailed.information.regarding.
employment.rights,.maximizing.health.insur-
ance.benefits,.and.how.to.find.potential.sources.
of.financial.help.for.cancer.survivors .Under.
“Resources”.>.“Essential.Care”.tabs,.numerous.
links.and.contact.information.for.resources.on.
employment.rights.and.insurance/financial.
assistance .Under.“Cancer.Survivor.Toolbox”.tab,.
access.to.skill-building.module.for.helping.
underinsured.and.uninsured.cancer.patients.pay.
for.care 

www canceradvocacy org

National.
Children’s.
Cancer.
Society

Under.“How.We.Can.Help”.>.“Cancer.Resources”.
tabs,.extensive.list.of.links.to.obtain.information.
about.(1).health.insurance.and.its.legal.aspects;.
(2).college.scholarships.and.more .Under.
“Program.Services”.tab,.information.and.on-line.
application.for.direct.financial.assistance.from.
the.National.Children’s.Cancer.Society.for.paying.
insurance.premiums.and.for.aspects.of.medical.
care 

www nationalchildrenscan-
cersociety com

table 31.4 (continued)
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table 31.5 Resources.for.information.on.wellness.and.disease.prevention

Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

2bMe.–.A.Site.
for.Teens.with.
Cancer

CTFA.Foundation
and.American.
Cancer.Sosiety

Colorful,.upbeat.website.that.promotes.
personal.empowerment.by.providing.practical.
information.on.skin.care,.nutrition,.activity,.and.
dealing.with.hair.loss.(with.links.to.finding.head-
gear.that.suits.one’s.style) 

www 2bme org

Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

Outlook-Life.
Beyond.
Cancer

University .of.
Wisconsin.
Children’s.
Hospital

(1).Information.on.how.to.choose.a.health.
insurance.plan.and.prepare.for.coverage.and.
employment;.(2).Information.and.links.to.federal,.
state,.and.community.resources.that.can.provide.
insurance.coverage.or.financial.assistance;.(3).
Discusses.how.prior.treatment.may.affect.job.
performance,.how.to.confront.medical.history.at.
work,.and.survivor.rights.at.work 

www outlook-life org

Patient.
Advocate.
Foundation

Active.assistance.on.behalf.of.patients.to.resolve.
insurance,.job.retention,.and/or.debt.crisis.
matters 

www patientadvocate org

Patient-
Centered.
Guides

O’Reilly.and.
Associates

Extensive.website.with.wealth.of.information.for.
survivors .Site.includes.excerpts.from.books.and.
articles.concerning.job-.and.insurance-related.
issues 

www patientcenters com/
survivors

Pediatric.
Oncology.
Resource.
Center

Association.of.
cancer.online.
Resources

Extensive.list.of.college.scholarships.available.to.
cancer.survivors 

www acor org/ped-onc/
scholarships/

Surviving.and.
Moving.
Forward

The.SAMFund The.SAMFund.is.an.organization.dedicated.to.
providing.grants.and.scholarships.to.young.
adult.survivors.of.cancer.as.a.way.to.assist.in.the.
financial.transition.off.treatment.into.the.“real.
world ”

www thesamfund org

Ulman.Cancer.
Fund.for.
Young.Adults

Under.“Scholarship.Info”.tab,.information.on.
college.scholarships.available.for.qualified.
students.living.with.cancer 

www ulmanfund org

table 31.4 (continued)
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Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

American.
Cancer.
Society

Under.“Health.Information.Seekers”.>.“Preven-
tion.and.Early.Detection”.tabs,.recommenda-
tions.for.maintaining.personal.health.after.
treatment,.including.nutritional.and.physical.
activity,.cancer.prevention.and.early.detection .
Under.“Survivors”.>.“Support.for.Survivors.and.
Patients”.>.“Support.Programs.and.Services”.
tabs,.a.list.of.several.American-Cancer-Society-
sponsored.programs,.including.a.nutritional.and.
activity.improvement.program.for.teens,.
employee.wellness,.smoking.cessation,.and.
various.cancer.screening.programs 

www cancer org

American.
Institute.for.
Cancer.
Research

Nutritional.and.exercise.guidelines.for.survivors www aicr org/survivor

Canadian.
Cancer.
Society

Contact.information.for.Smoker’s.Helpline.
available.in.each.province.for.all.smokers,.
whether.or.not.they.are.ready.to.quit .Informa-
tion.concerning.genetic.cancer.risks,.cancer-
specific.screening.recommendations,.environ-
mental.contaminants,.and.staying.well.through.
good.nutrition.and.physical.activity 

www cancer ca

Cancer.
Council.
Australia

Under.“Cancer.Prevention”.tab,.information.
about.smoking.cessation.and.prevention.of.
various.cancers;.includes.links.to.Australian.
prevention.and.screening.programs .Under.“Sun.
Protection.Products”.tab,.information.about.
Council-endorsed.sun.protection.products.and.
where.to.obtain.them 

www cancer org au

CancerBACUP Extensive.website.for.patients.in.the.United.
Kingdom.and.mainland.Europe .Under.
“Resources.and.Support”.tab,.detailed.and.
practical.discussion.of.diet.for.cancer.patients,.
including.special.dietary.considerations.for.
those.who.have.had.stomach.surgery 

www cancerbacup org uk

CancerHelp.
UK

Cancer.Research.
UK

Under.“Worried.About.Cancer?”.tab,.thorough.
discussion.of.cancer.screening.and.prevention .
Under.“Healthy.Eating”.tab,.detailed,.sensible.
information.on.nutrition.and.cooking.for.cancer.
patients 

www cancerhelp org uk

Cancernet 
co uk

Site.in.the.United.Kingdom.offering.general.and.
contact.information.on.smoking.cessation .
Detailed.information.on.dietary.and.exercise.
issues 

www cancernet co uk

familydoctor 
org

American.Aca-
demy.of.Family.
Physicians

Prevention.and.wellness.information.under.the.
headings.of.healthy.living,.men’s.and.women’s.
health,.health.tools.and.more 

familydoctor org

table 31.5 (continued)



information and resources for young  ... chapter 31 483

Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

Livestrong Lance.Armstrong.
Foundation

Under.“Survivorship.Tools”.tab,.provides.
templates.for.keeping.track.of.medical.treat-
ment,.creating.a.health.journal,.and.organizing.
important,.practical.information 
Under.“Physical.Topics”.tab,.healthy.behaviors.to.
recover.and.maintain.health.are.discussed.in.
detail.with.additional.resources.provided 

www livestrong org

National.
Children’s.
Cancer.
Society

Under.“How.We.Can.Help”.>.“Cancer.Resources”.
tabs,.extensive.list.of.links.including.several.for.
smoking.cessation.information.and.programs 

www nationalchildrenscan-
cersociety com

National.
Coalition.of.
Cancer.
Survivorship

Under.“Essential.Care”.tab,.extensive.information.
on.nutrition.and.exercise .Under.“Resources”.>.
“Essential.Care”.tabs,.links.for.additional.informa-
tion.and.help.concerning.wellness,.quality.of.
life,.sleep.issues,.fertility.and.sexuality,.exercise.
and.more 

www canceradvocacy org

Office.of.
Cancer.
Survivorship

National.Cancer.
Institute

Links.to.federal.guidelines.and.related.informa-
tion.for.nutrition.and.cancer.screening 

dccps nci nih gov/ocs/
resources html

Outlook-Life.
Beyond.
Cancer

University.of.
Wisconsin.
Children’s.
Hospital

Under.“Health.Issues.and.Concerns”.tab,.
Wellness.Management.offers.description.of.the.
philosophy.and.benefits.of.several.health.
practices.for.prevention.and.early.detection.of.
adult.cancers 

www outlook-life org

Patient-
Centered.
Guides

O’Reilly.and.
Associates

Extensive.website.with.wealth.of.information.for.
survivors .Site.includes.links.to.excerpts.from.
books.and.articles.dealing.with.emotional.and.
psychological.challenges,.achieving.successful.
transition.to.adulthood.and.adult-oriented.care,.
the.meaning.of.surviving.life-threatening.illness,.
and.related.topics

www patientcenters/
survivors

Ulman.Cancer.
Fund.for.
Young.Adults

Under.“Prevention.Tips”.tab,.pointers.for.
preventing.and.recognizing.cancer.of.the.skin,.
breast,.testicle,.and.colon

www ulmanfund org

WebMD Extensive.website.providing.wealth.of.general.
health.information.useful.to.survivors .Under.
“Condition.Centers”.tab,.in-depth.discussions.of.
diseases,.conditions.and.health.topics,.including.
diet.and.nutrition,.fitness.and.exercise,.mental.
health,.infertility,.men’s.and.women’s.health.
issues,.sexuality.,.and.much.more 

www webmd com

table 31.5 (continued)
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table 31.6 Resources.for.psychosocial.issues.and.survivor.advocacy

Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

Canadian.
Cancer.
Society

On-line.directory.of.over.4,000.cancer-related.
services.throughout.Canada .Opportunities.for.
donating.and.getting.involved.in.advocacy.
efforts .Information.for.those.wishing.to.donate.
hair.for.wigs 

www cancer ca

Cancer.
Survivors.On.
Line

Under.“Resources”.tab,.references.and.links.for.
information.on.personal.relationships,.including.
communication.and.sexuality.for.the.survivor 

www cancersurvivors org

CancerBACUP Extensive.website.for.patients.in.the.United.
Kingdom.and.mainland.Europe .Under.
“Resources.and.Support”.tab,.extensive.index.of.
information.about.CancerBACUP.services.and.
centers.and.other.support.organizations;.
detailed.discussions.of.coping.with.emotional.
effects.and.sexuality .Under.“Get.Involved”.tab,.
multiple.opportunities.for.international.events.
and.adventures.to.raise.funds.and.awareness 

www cancerbacup org uk

CancerHelp.
UK

Cancer.Research.
UK

Under.“Help.and.Support”.tab,.extensive.list.of.
links.and.other.contact.information.for.general.
and.cancer-specific.support.organizations.in.the.
United.Kingdom 

www cancerhelp org uk

CanTeen The.Australian.
Organization.for.
Young.People.
Living.with.
Cancer

CanTeen.is.an.Australian.national.organization.
providing.support.for.adolescents.and.young.
adults.living.with.cancer .Member.participation.is.
encouraged.in.camps,.other.outings,.and.
educational.meetings 

www canteen org au

Candlelight-
ers

Childhood.
Cancer.Founda-
tion.Canada

Under.“Programs”.tab,.information.on.Candle-
lighters.Teens,.a.Canada-wide.network.to.
support,.develop.and.empower.teens.with.
cancer .Contact.information.provided.by.
province 

www candlelighters ca

Children’s.
Cause

Under.“Policy”.>.“Quality.Cancer.Care.and.
Survivorship”.tabs,.information.about.policies,.
issues,.Congressional.news,.and.advocacy.
resources.related.to.ensuring.quality.of.care 

www childrenscause org

CureSearch Children’s.Onco-
logy.Group.and.
National.Child-
hood.Cancer.
Foundation

Ideas.and.opportunities.for.assisting.both.
individuals.and.organizations.in.the.fight.against.
childhood.cancer .Links.to.legislative.contacts.
provided 

www curesearch org

Gilda’s.Club.
Worldwide

Gilda’s.Club.provides.friendly,.supportive.
meeting.places.to.help.build.emotional.and.
social.support.for.people.living.with.cancer .
Website.provides.contact.information.for.Gilda’s.
Club.homes.and.links.to.other.resources ...

www gildasclub org
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Website 
name

Website sponsor
(if different)

Summary of information or services provided Website address

Group.Loop Wellness.
Community

A.safe,.on-line.community.for.teens.dealing.with.
cancer .Includes.on-line.discussion.boards,.
support.groups.and.other.empowering.informa-
tion.written.specifically.for.teens.to.help.them.
cope 

www grouploop org

Livestrong Lance.Armstrong.
Foundation

Under.“Emotional.Topics”.tab,.addresses.
numerous.related.issues.including.communica-
tion,.dating.and.new.relationships,.finding.mean-
ing,.living.with.uncertainty,.sadness,.setting.
priorities,.and.more 

www livestrong org

Macmillan.
cancer relief

Organization.in.the.United.Kingdom.offering.
contact.information.for.Macmillan.Cancer.
Information.and.Support.Centers,.and.an.on-line.
directory.of.other.support.and.self-help.organi-
zations.throughout.the.United.Kingdom .
Opportunities.for.cancer.advocacy 

www cancerlink org

Outlook-Life.
Beyond.
Cancer

University.of.
Wisconsin.
Children’s.
Hospital

Under.“Health.Issues.and.Concerns”.tab,.
Emotional.Well-Being.discusses.potential.
emotional.side.effects.of.life-threatening.illness.
and.how.to.build.stronger.emotional.and.
physical.health 

www outlook-life org

Patient-
Centered.
Guides

O’Reilly.and.
Associates

Extensive.website.with.wealth.of.information.for.
survivors .Site.includes.links.to.excerpts.from.
books.and.articles.dealing.with.emotional.and.
psychological.challenges,.achieving.successful.
transition.to.adulthood.and.adult-oriented.care,.
the.meaning.of.surviving.life-threatening.illness,.
and.related.topics 

www patientcenters com

People.Living.
With.Cancer

American.Society.
of.Clinical.
Oncology

Under.“Coping”.tab,.information.about.dealing.
with.emotional.aspects.of.cancer,.mental.health,.
relationships,.support.groups,.and.sexuality .
Also.includes.expanding.section.on.Cancer.in.
Teenagers.and.Young.Adults,.with.links.to.several.
sites 

www plwc org

Planet.Cancer Planet.Cancer.is.dedicated.to.supporting.young.
adults.with.cancer .The.website.is.a.colorful,.hip.
source.of.humor,.support,.and.some.medical.
information;.serves.as.a.networking.forum.for.
patients 

www planetcancer org

Pregnant.With.
Cancer.
Network

Support.network.connecting.persons.who.have.
experienced.the.diagnosis.of.cancer.while.
pregnant .Some.links.and.other.information.
available 

www pregnantwithcancer 
org

table 31.6 (continued)
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32.1 introduction

For most healthcare professionals, the financial aspects 
of clinical practice are considerably less familiar than 
the care they actually render. At the same time, few cli-
nicians in today’s world fail to appreciate that delivery 
and financing of care are tightly intertwined. An 
understanding of key economic issues has become 
essential for successfully providing oncology care.

Which economic issues are most important depends 
upon the perspective adopted. An economic evalua-
tion of healthcare services has been defined as a com-
parison of the costs and consequences of relevant 
treatment alternatives [1]. In this sense, economic 
evaluations pertain to specific medical conditions and 
treatments. A truly comprehensive evaluation consid-
ers the viewpoints of all stakeholders, including the 
patients, providers, third-party payers, and society. In 
that type of evaluation, a determination of the appro-
priateness of treatments must ultimately integrate both 
their effectiveness and their true cost. It has been 
argued that such analyses should be included routinely 
as part of randomized clinical trials [1].

This chapter will review some of the key financial 
issues encountered in the management of adolescent 
and young adult patients with cancer. In contrast to 
the economic evaluation just described, the focus of 
this analysis is a specific patient population rather 
than a treatment intervention. The perspective taken 
is that of patients and their healthcare team consisting 
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of the physician, nurse, social worker, and others. Of 
necessity, limiting the discussion to this perspective 
excludes other vital economic issues raised by this age 
group, such as reimbursement of care providers or the 
cost-utility of successful treatment of young adults 
who survive and enter society’s workforce. Neverthe-
less, the financial issues raised here do represent genu-
ine concerns of patients who strive to overcome the 
effects of malignant disease, and rely on the knowl-
edgeable assistance of their oncology team to suc-
ceed.

Relative to financial issues, cancer statistics in the 
adolescent and young adult population are informa-
tive but must be interpreted in a clinical context. 
Although the incidence of newly diagnosed invasive 
cancer is far lower among persons aged 20 to 29 years 
(approximately 45 per 100,000 persons) than it is in 
older adults (approximately 730 per 100,000 for adults 
aged 50 to 59 years) [2], the financial challenges faced 
by the younger group are disproportionately complex, 
and for this reason alone are worthy of concern. 
Numerically speaking, an even more daunting chal-
lenge in the adolescent and young adult population 
may be posed by young adult survivors of childhood 
cancer, who outnumber newly diagnosed cancer 
patients by over four to one (1 in 490 persons versus 1 
in 2200 persons, respectively) [2, 3]. This fact requires 
increased awareness of the similarly complex chal-
lenges faced by this growing population.

The financial issues examined in this chapter include 
employment, health and life insurance, out-of-pocket 
expenses (the direct, nonmedical cost of obtaining 
treatment), and selected health-related quality of life 
(HRQL) issues that may influence them (e.g., educa-
tion and marital status). For purposes of this discus-
sion, the adolescent and young adult population is 
divided into two groups, the younger adolescent (less 
than 18 years old) and the older adolescent and young 
adult (18 to 29 years old). Younger adolescents are 
nearly always financially dependent on their parents or 
guardians, and their financial issues are essentially 
equivalent to those of younger children. These are 
mostly associated with active therapy and result in 
increased family financial burden, largely due to out-
of-pocket expenses. In contrast, older adolescent and 
young adult tend to be financially independent. Their 

issues relate to preserving income, paying for medical 
expenses, providing for dependents, and planning for 
the future.

32.2  younger adolescents:  
the Financially dependent Patient

32.2.1 case example

A 16-year-old boy was diagnosed with localized osteo-
sarcoma of the right distal femur. He was a full-time 
high-school student living with both working parents 
and his siblings, aged 4 and 7 years, approximately 2 h 
driving time from the oncology center. Treatment 
lasted 1 year and consisted of intensive, multiagent 
chemotherapy that required frequent hospitalization 
for several days at a time. He was referred to a different 
center for a complex limb-salvage procedure. At diag-
nosis, the patient’s mother, who had worked part-time 
as an elementary teacher’s aide, quit her job in order to 
attend to her son at the hospital and home. The father, 
who was employed as a food store manager and 
received health insurance benefits covering his family, 
was permitted to reduce his hours by 20% to help care 
for the patient’s younger siblings and assist with trans-
portation to and from the hospital. During treatment, 
the patient qualified for supplemental coverage of 
medical expenses through a government-sponsored 
program for children with serious chronic illnesses. 
The patient is now in active follow-up 2 years off ther-
apy and is in continuous first remission. Both parents 
have returned to their previous levels of work.

32.2.2 Major Financial issues

Adolescents like the one above resemble the younger 
pediatric patient, as both are financially dependent. 
Depending on the particular healthcare system, the 
direct costs of medical care for the majority of children 
and younger adolescents with cancer are largely paid 
for, especially in Canada, the United Kingdom, Europe, 
and other countries with national health programs. In 
the United States, direct medical costs are mostly cov-
ered by insurance through a parent’s private or (more 
commonly) employer-derived group plan, with or 
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without support from various public supplemental 
programs. Therefore, the major financial concerns for 
dependent patients are those that contribute to the 
“family economic burden.”

The financial impact of childhood cancer treatment 
on families has been the subject of surprisingly little 
study, with only seven publications appearing in the 
past 25 years [4–10]. While these have originated in 
diverse societies with a wide variety of healthcare sys-
tems (United Kingdom, United States, New Zealand, 
China, and Canada), the common message is clear: the 
economic burden can be enormous. For example, even 
in the Canadian system of universal access and “first 
dollar coverage,” the average costs to families amount 
to one-third of after-tax income [9].

Data on these costs are difficult to collect compre-
hensively, especially in the early phase of active treat-
ment soon after diagnosis. Retrospective attempts can 
result in substantial underestimates and other meth-
odological considerations contribute to systematic 
underreporting [11]. Even the process of collecting 
such information on costs imposes an added burden to 
these families.

Out-of-pocket expenses have been defined as the 
direct, nonmedical costs of care [12]. These include 
expenses such as those arising from transportation to 
and from the treatment center, parking, long-distance 
telephone calls, extra meals in restaurants, lodgings, 
childcare for siblings left at home, wigs, copayments 
for medications covered by insurance, and full pay-
ment for those that are not covered. For research and/
or clinical purposes, such expenses can be recorded 
prospectively in suitably structured diaries, with addi-
tional questionnaires capturing other infrequent but 
substantial expenditures. On the other side of the bal-
ance sheet, a record may be kept of reimbursements 
from insurance companies, social service agencies, 
and charitable organizations. Notably, these expense 
reports do not include indirect costs such as lost 
income, cessation of work not normally performed for 
remuneration (e.g., housekeeping), and the opportu-
nity costs of family labor (the monetary value of time 
spent caring for the patient rather than generating 
income) [13]. In the United States, insurance premi-
ums and consumption of limited benefits represent 
other indirect costs.

The financial impact on families of adolescents with 
cancer is particularly burdensome: the period of active 
therapy is lengthy compared with other illnesses; the 
patients experience substantial morbidity; the patients 
are often too young to have developed support mecha-
nisms outside the family unit; and their families often 
have other considerable, fixed expenses during this 
phase of life [9]. Unfortunately, the financial burden of 
out-of-pocket expenses is magnified in the setting of 
poverty. Out-of-pocket expenses (and even copay-
ments and insurance premiums in the United States) 
are fixed and therefore “regressive,” accounting for even 
larger percentages of lower incomes [12]. In poverty, 
these effects are increased further by “nonmedical 
financial pressures,” such as general social disorganiza-
tion, lack of education, unstable housing arrangements, 
family violence, crime, and substance abuse [14].

32.3  Older adolescent and young adult:  
the Financially independent Patient 
or Survivor

Older adolescent and young adult face a number of 
financial challenges related to their developmental 
stage. Unlike the younger child, where the combina-
tion of responsible adults and existing medical insur-
ance programs assure payment for most oncology 
services, adolescent and young adult patients are 
largely “on their own.” In the United States, the 
healthcare financing system for financially indepen-
dent patients greater than 21 years old is a patchwork 
of private, federal, state, and local funding programs. 
The application process to gain access to benefits 
often requires completion of numerous, unfamiliar 
forms with long waits for processing at a time when 
patients are dealing with the shock of a new diagno-
sis, starting difficult therapy, and feeling physically 
and emotionally unwell. In the United States, many 
newly diagnosed young adults are treated in busy, 
community-based adult oncology office settings 
where it is uncommon to have social work or finan-
cial counseling services available. Finally, the per-
sonal and family profiles of these patients can be 
challenging: careers are not well established; 
employer-derived medical benefits are marginal or 
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simply not available; their children are very young 
and require considerable care; and often both of the 
patient’s parents are working – if they are together.

32.3.1  case example: the young adult 
On therapy

A 28-year-old married woman was diagnosed with 
breast cancer. She and her husband had a total of six 
children from prior marriages, in addition to discover-
ing during her cancer work-up that she was pregnant 
with their first child as a couple. The patient had been 
employed as an office assistant but was unable to con-
tinue working following diagnosis, which resulted in 
loss of her income and her family’s primary health 
insurance benefits. Initial treatment included mastec-
tomy followed by dose-limited chemotherapy for 
6 months, during which she received high-risk perina-
tal services that culminated in the delivery of a healthy 
full-term baby. Subsequently, she underwent dose-
intensive chemotherapy and external beam irradia-
tion, followed by breast reconstruction. During treat-
ment, the patient’s husband needed to reduce his work 
hours substantially to care for the other children and 
his wife (which he could do with the help of coworkers 
who donated some of their own earned time-off hours). 
His secondary health insurance program was limited 
in scope. With the assistance of a medical social worker, 
the family enrolled in various government-supported 
financial and social support programs, obtained pay-
ment deferrals from their telephone and utility compa-
nies, and received meals and cash gifts from their 
church. Additional funds needed for living expenses 
were raised through donation collection cans set out at 
banks and stores in her community. The patient is now 
off therapy and recovering, with the husband back to 
work full-time.

32.3.2  Major Financial issues

32.3.2.1 Health insurance

The lack of insurance coverage for medical care and/or 
medications in the United States is a major issue for 
this age group. This reflects a relatively high rate of 
uninsured Americans in this age group in general. 

According to the United States General Accounting 
Office, about 30% of Americans aged 19 to 29 years 
lack health insurance [15]. Many of these are employed 
at jobs simply offering no group insurance benefit or 
by small companies not bound by federal laws govern-
ing insurance. Because of the costliness of private 
health insurance, many in this age group try to save 
money by “playing the odds” of remaining healthy.

Unless they already carry private or group health 
insurance, patients in the United States must pursue 
several strategies for assistance. For patients ≥21 years, 
the major resource is Medicaid-derived programs 
(“Medicaid” is a catch-all term referring to various 
state-administered programs that use both state and 
federal dollars to pay for medical expenses of qualified 
individuals). Another option is to apply for non-
employer-based group insurance soon after the diag-
nosis of cancer is made. 

Because American private and group health plans 
vary in scope of coverage, some treatment-related 
expenses exist whether or not the patient has health 
insurance. For example, not all insurance programs 
have benefits for prescription medications. Options 
for addressing this include enrolling in patient assis-
tance programs offered by some pharmaceutical com-
panies; using samples of oral supportive care medica-
tions provided by oncology clinics; and exploring the 
possibility of obtaining a lower price through interna-
tional suppliers.

A major portion of medical expenses comprises 
hospital bills. Patients can work with the hospital bill-
ing department to qualify for indigent care status, in 
which case some services will be provided at no charge, 
or to set up an affordable long-term payment plan.

Many of the strategies described above can be over-
whelming. The assistance of an experienced medical 
social worker or financial counselor can be invaluable 
in accessing them. If such is not available in the medi-
cal oncology office where the patient is receiving care, 
a referral may be made to a social worker associated 
with a nearby hospital-based cancer program.

32.3.2.2 reduced Work and loss of income

This major issue for young adults on therapy results 
chiefly from decreased hours at paid work for the 
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patient and/or the spouse, who may need to care for 
the patient or rest of the family. In some cases, the 
patient may be so medically compromised that tempo-
rarily it may not be possible to work at all. Options 
exist to offset this loss of income, although they are 
inconsistent and must be used in combination. Some 
government programs exist to provide supplemental 
income for patients who are medically unable to work. 
Another option is to apply shortly after diagnosis for 
short- or long-term disability insurance through the 
patient’s employer. In this case, the patient must already 
work for an employer who offers disability insurance 
and must qualify for the plan.

Diagnosis-specific assistance is available for some 
patients. Funds from organizations supporting patients 
with certain diagnoses may be granted as available for 
miscellaneous expenses, such as house payments and 
other living expenses. For medically necessary travel, 
several major airlines offer tickets issued on frequent 
flyer miles donated by other travelers.

Other funds to help offset lost income may be avail-
able through a patient’s social network. Churches com-
monly make benevolent funds available to help pay for 
food, housing, or transportation. Finally, if a patient 
has a supportive family and community, fund-raisers 
may be held, although this practice seems to be more 
common for childhood cancer patients.

32.3.3  case example: the Older adolescent 
and young adult Survivor  
of childhood cancer

A 24 year old male underwent long-term follow-up 
clinic evaluation that was initiated by the patient for 
help with health insurance. Seven years had passed 
since his last visit. He had been diagnosed at age 
15 years with a localized Ewing sarcoma of his right 
proximal radius. He received standard treatment con-
sisting of multiagent chemotherapy for the disease, as 
well as resection of the proximal radius for local con-
trol. The patient sustained significant anatomical and 
functional disability affecting his right fingers, hand, 
and wrist. He was right-handed. The function was 
improved somewhat after fusion of the radius and ulna 
and tendon transfer procedure completed at age 
17 years. In his period of being lost to follow-up, he was 

in prison for 3 years, during which he earned his high 
school equivalency diploma. However, he had recently 
lost his job, apartment, and car, and was now living 
with his mother. He was working for a construction 
crew, but with his anatomically fixed wrist and limited 
finger extension, he could only hold the “stop-and-go” 
traffic sign at the job site. He could not swing a hammer 
but felt he could operate power tools if given the chance. 
He had no job-related benefits. He had recently seen a 
psychiatrist for chronic anxiety and depression.

32.3.4 Major Financial issues

The financial problems encountered by the young 
adult survivor of childhood cancer seem to be influ-
enced by the age of the survivor. According to Hays 
[16], survivors older than approximately 30 years have 
relatively few problems and tend to resemble control 
groups, except for obtaining life insurance. In contrast, 
survivors younger than 30 years exhibit more prob-
lems and variance from control groups. The reasons 
for this may relate to life tasks of the different groups. 
In almost all respects, the younger adult is less estab-
lished and still in the process of completing an educa-
tion, settling on a vocation and redefining primary 
relationships. Thus, representative problems cluster 
around the interactions of employment, health insur-
ance, and educational level.

32.3.4.1 employment

As recently summarized by the Institute of Medicine 
in the United States, prior to recent protective legisla-
tion about 10 to 25% of childhood cancer survivors 
experienced discrimination or difficulties in employ-
ment as adults [17]. In accounting for this, some of the 
concerns voiced by employers relating to childhood 
cancer survivors have been possible increased costs 
due to insurance expenses and lost productivity, as 
well as negative psychological impact on other employ-
ees [17]. Other issues may include out-of-date person-
nel policies and uninformed managers, difficulty 
 interpreting existing legislative requirements, and mis-
conceptions about a survivor’s ability to work.

Currently, the employment picture for this group is 
mixed, perhaps improving, but difficult to assess due 
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to changes in government protection and workplace 
attitudes that may be reflected in only the most recent 
studies. As summarized by Langeveld and colleagues 
[18] in a review of 30 empirical studies meeting strin-
gent methodological criteria, some studies have 
detected no significant difference in the rates or types 
of employment of survivors compared with controls. 
However, others have detected a difference. Zeltzer 
and colleagues found that, compared with siblings, 
adult survivors of acute lymphoblastic leukemia (ALL) 
who did not complete higher education had higher 
unemployment rates or worked less than half-time 
[19]. Green and colleagues found that female survivors 

were unemployed at a rate higher than the national 
average [20]. A Dutch study found a significantly lower 
employment rate for both male and female survivors 
compared with population controls (approximately 
53% vs 75%) [21].

Employment discrimination refers to unfair hiring 
practices or treatment in the workplace due to atti-
tudes concerning a person’s ability to work. As sum-
marized by Langeveld [18], some studies have found 
that, as self-reported, approximately 10–30% of survi-
vors experienced job discrimination. A survey con-
ducted by the United States National Center for Health 
Statistics found that 23.6% of adult cancer survivors 

table 32.1 Selected.United.States.legislation.addressing.financial.issues.of.young.adults.and.adolescents.with.cancer

Family and Medical 
leave act (FMla)

americans with 
disabilities act of 1990 
(ada)

Health insurance 
Portability and 
accountability act 
(HiPaa)

consolidated Omnibus 
Budget reconciliation 
act of 1986 (cOBra)

Primary.
function

•. Continuation.of.
employment

•. Procurement.and.
retention.of.employ-
ment.and.benefits.
(including.health.
insurance)

•. Retention.of.health.
insurance

•. Retention.of.health.
insurance

Persons.
covered

•. Employee-cancer.
patients

•. Employees.with.
spouse,.child,.or.other.
dependent.with.
cancer

•. Cancer.patients.and.
survivors

•. Employees.or.
prospective.employ-
ees.with.dependent.
cancer.patient.or.
survivor

•. Employees.who.
become.cancer.
patients

•. Employee-cancer.
patients

•. Dependent.children.
and.spouse.(regard-
less.of.marital.status)

Entities.
regulated

•. Employers.with.≥.50.
employees

•. Employers.with.≥.15.
employees

•. State.and.local.
governments

•. Legislative.branch.of.
federal.government

•. Employment.agencies
•. Labor.unions

•. All.employers •. Public.and.private.
employers.with.≥.20.
employees

Qualifying.
conditions

•. Serious.health.
conditions.rendering.
employee.unable.to.
perform.job

•. Childbirth,.adoption,.
family.medical.
emergencies

•. Any.disability.in.
qualified.individual.
able.to.perform.essen-
tial.functions.of.job

•. Usually.includes.
cancer.whether.cured,.
controlled.on.
treatment,.or.in.
remission

•. Any.prior.diagnosis,.
including.cancer

•. Any.prior.diagnosis,.
including.cancer
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who were less than 35 years at diagnosis had experi-
enced a variety of cancer-related employment prob-
lems [22]. Interestingly, the problem of unfair bias 
seems to be of greater magnitude for those seeking to 
enter the military, where discrimination was felt to 
affect 30–80% of survivors [18]. Among Israeli 
 survivors, Dolgin and colleagues found that 46% 
reported  job discrimination and 55% had difficulty 
gaining entry into the military [23]. Once hired, 

income levels of survivors, as summarized by Lan-
geveld [18], seem to be comparable with controls in 
most studies.

Employment of survivors may be influenced by 
the type of cancer and the treatment administered. 
While Nicholson and coworkers detected no differ-
ence in employment status for bone tumor survivors 
compared with siblings [24], Felder-Puig and col-
leagues found that bone tumor survivors encountered 

Family and Medical 
leave act (FMla)

americans with 
disabilities act of 1990 
(ada)

Health insurance 
Portability and 
accountability act 
(HiPaa)

consolidated Omnibus 
Budget reconciliation 
act of 1986 (cOBra)

Major.
benefits

•. 12.weeks.unpaid.
leave.during.any.12-
month.period

•. Employer.must.
continue.benefits.
(including.health.
insurance).during.
leave

•. Restoration.of.
employee.at.same.or.
equivalent.position

•. Employee.must.be.
allowed.reduced.or.
intermittent.work.
schedule.when.
necessary

•. Prohibits.discrimina-
tion.in.hiring,.firing.
and.providing.
benefits.on.basis.of.
disability

•. Employers.may.not.
ask.applicants.
whether.they.have.
had.cancer.–.only.
whether.s/he.can.
perform.essential.job.
functions

•. Employees.needing.
extra.time.or.assis-
tance.are.entitled.to.
“reasonable.accom-
modation”.(e g ,.
adjustment.of.work.
hours.or.duties.to.
accommodate.
medical.appoint-
ments.or.treatment.of.
side.effects)

•. Allows.employees.
insured.for.≥.12.
months.to.change.
jobs.without.losing.
coverage,.even.if.
previously.diagnosed.
with.cancer

•. Reduces.“job.lock”.
(inability.to.change.
jobs.for.fear.of.losing.
health.insurance)

•. Group.plans.may.not.
impose.exclusion.
clauses.of.>.
12.months.for.pre-
existing.conditions.if.
medical.care.received.
for.it.within.previous.
6.months

•. Requires.health.plans.
to.renew.coverage.for.
groups.and.individu-
als

•. Increases.tax.deduc-
tion.for.health.
insurance.expenses.of.
self-employed.
persons

•. Requires.continuation.
of.group.medical.
coverage.to.employ-
ees.who.would.have.
lost.it.due.to.indi-
vidual.circumstances,.
including.a.reduction.
in.work.hours.or.
termination.for.any.
reason.except.gross.
misconduct

•. Coverage.must.be.
continued.for.18.
months.and.must.be.
equivalent.to.group.
plan.offered.to.other.
employees

•. Premiums.must.be.
paid.by.employee.but.
cannot.exceed.group.
premium.by.more.
than.2%

•. Secures.valuable.time.
to.shop.for.replace-
ment.coverage.after.
changing.jobs

•. Extends.coverage.for.
employee’s.childhood.
cancer.survivor.who.
becomes.indepen-
dent.and.must.find.
new.coverage

Refer-
ences

[17] [17,.29–31] [17,.30] [17,.30,.31]

table 32.1 (continued)
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more difficulty with changing jobs and job orienta-
tion [25]. Neither study found a difference in income 
levels for survivors. Novakovic and coworkers found 
that significantly fewer survivors of Ewing sarcoma 
than sibling controls were employed full-time [26]. 
In these studies, survivor cohorts included both 
patients with upper or lower extremity tumors, but it 
is not reported whether the site correlated with any 
employment differences. A more recent report by 
Nagarajan and colleagues for the Childhood Cancer 
Survivor Study (CCSS) [27] found that of 694 survi-
vors of lower extremity bone tumors, 97% had ever 
been employed and 83% had worked during the pre-
vious year. Work was associated with a higher educa-
tional level, and amputation predicted for lower edu-
cation and employment, as well as more insurance 
problems. For both male and female survivors of 
ALL, Pui and colleagues report that unemployment 
was higher than national averages (35% versus 5.2% 
for females; 15.1% versus 5.4% for males) [28]. 
Patients with central nervous system (CNS) tumors 
have been identified as having major challenges in 
education and employment [16]. In a recent Dutch 
study, employment status was not reported separately 
for CNS tumor survivors, although this subset was 
noted to have greater difficulties in other HRQL 
domains [21]. In the same study, low-dose cranial 
irradiation was associated with an eight-fold risk of 
lower educational level.

Military service appears to be a problematic area 
of employment for survivors. In a study of Dutch sur-
vivors, Langeveld found that 55% of males were 
denied entry compared with 27% of the general pop-
ulation [21]. In Israel, only 49% of survivors served 
compared with 71% of controls [23]. For entering the 
United States military, Weiner and colleagues report 
that medical waivers can be obtained, and that the 
general rule for entry is that patients must be without 
evidence of disease and at least 5 years off therapy 
(2 years for Wilms’ and testicular germ-cell tumors) 
[29].

Several strategies and tools exist to assist adolescent 
and young adult survivors with employment. In gen-
eral, treatment centers should routinely provide survi-
vors with information concerning their legal rights 
and advice on obtaining employment, taking into con-

sideration their specific physical or cognitive chal-
lenges.

As summarized in Table 32.1, several federal and 
state laws in the United States work to protect employ-
ment and related rights of survivors. The most signifi-
cant is the Americans with Disability Act (ADA) of 
1990, which prohibits covered employers from dis-
criminating on the basis of disability (including cancer) 
in hiring, firing, and providing benefits [17, 29–31]. 
Most states in the United States have similar laws, with 
a few, including California and Vermont, expressly 
 prohibiting discrimination against cancer survivors 
[17].

Because adolescent and young adult survivors were 
diagnosed with cancer before their careers were estab-
lished, specially tailored programs are required for 
assisting them with employment. These should be ori-
ented toward completion of education and vocational 
training rather than rehabilitation, reentry, and retrain-
ing, as for older adults [12]. In some instances, pro-
grams are available to assist in vocational training and 
placement, requiring a physician’s assessment of physi-
cal capabilities. Disabilities generally represent conse-
quences of treatments that were necessary to save the 
patient’s life. As such, the oncology team should 
endeavor to correct or otherwise manage key disabili-
ties in order to maximize function. Because these are 
often complicated and require the involvement of 
other surgical or rehabilitation specialists over time, 
the issue should be anticipated and undertaken early 
enough to benefit the survivor seeking to enter the 
workforce. In addressing employment issues, oncol-
ogy teams should utilize the expertise of the medical 
social worker, whose knowledge will be most current 
in the complex and changing world of survivor employ-
ment opportunities and rights [14]. In the years of fol-
low-up leading to young adulthood, adolescent survi-
vors should be counseled to think ahead, stay in school, 
obtain their diplomas, and seek stable living arrange-
ments, as these other HRQL domains seem to influ-
ence employment (as discussed further below). In 
responding to employment problems, Hoffman has 
pointed out that lawsuits are not the only or optimal 
approach [30]. Rather, preemptive strategies for survi-
vors should include: (1) keeping their cancer history 
private unless it directly affects their job qualifications; 
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(2) asking about benefits packages only after receiving 
a written job offer; and (3) stressing their current abil-
ity to do the job in question. If necessary, other infor-
mal and formal responses to perceived discrimination 
can be pursued before resorting to expensive and time-
consuming litigation [30].

32.3.4.2 Health and life insurance

For multiple reasons, the adolescent and young adult 
population is generally vulnerable to health insurance 
problems [17]. In the United States, which does not 
have a nationalized system of healthcare, health insur-
ance is closely related to employment – the “terrible 
twins” of survivorship [32]. The “aging out” of child-
hood health plans by survivors often results in a loss of 
coverage or change to that which is less comprehen-
sive. According to recent data from the United States 
General Accounting Office, 30% of Americans aged 18 
to 24 years and 23% of those aged 25 to 34 years lack 
any health insurance whatsoever [15].

These facts may have negative effects on adolescent 
and young adult cancer survivors trying to obtain 
long-term follow-up services, which are recommended 
to continue for life [33]. There is a popular misconcep-
tion that people without health insurance still manage 
to obtain the medical care they need. In fact, these per-
sons are much more likely to go without needed care. 
According to White, uninsured patients receive fewer 
preventative services and less regular care for chronic 
medical conditions [15].

What is the current state of health insurance cover-
age for adolescent and young adult survivors of child-
hood cancer? Several studies suggest increased difficul-
ties obtaining insurance compared with controls, 
especially for the younger adult. Seven studies of health 
insurance in this population reviewed by Langeveld 
[18] suggest that approximately 10 to 25% have diffi-
culty obtaining insurance or have exclusion clauses 
pertaining to a previous diagnosis of cancer, compared 
with only 1 to 3% of control groups. In a recent study of 
adolescent and young adult survivors of lower extrem-
ity bone tumors by the CCSS, 87% held health insur-
ance but 30% had difficulty obtaining it [27]. In that 
study, successfully obtaining insurance was associated 
with being a nonamputee, completing college, and 

being married. Among survivors of acute lymphoblas-
tic leukemia, 28.4% had been denied health insurance 
and 18.6% were faced with prohibitive premiums. 
Among the uninsured, 27.7% were not receiving needed 
care [28]. This lack of coverage seems to be an Ameri-
can phenomenon, as multiple international studies of 
HRQL describe frequent difficulties in domains such as 
completing education, finding employment, entering 
military service, and qualifying for a driver’s license, 
but not in obtaining health insurance. Presumably, this 
is because national health insurance programs in many 
other developed countries eliminate the “coverage gap” 
of American young adults.

Similar shortfalls exist for survivors obtaining life 
insurance. Again, this seems to be more striking for 
younger than older adults, although this is not always 
identified by them as a concern until they are in an 
established career, have dependents, and own prop-
erty. Five studies that evaluated life insurance were 
reviewed by Langeveld [18] and indicate that 24 to 
44% of survivors have difficulty obtaining affordable 
life insurance, compared with approximately 2% of 
controls. According to the United States Institute of 
Medicine [17], insurance companies take cancer his-
tory into account because life insurance is based on 
actuarial risk of death, and cancer patients have an 
increased risk of death at an earlier age. Thus, some life 
insurance companies will not insure survivors at all, or 
else charge very high premiums to do so.

In assisting the adolescent and young adult cancer 
survivor in obtaining or keeping health insurance, the 
treatment center should begin by routinely providing 
all survivors with information concerning its impor-
tance, how the system works, and how to navigate it 
successfully. As summarized in Table 32.1, three pieces 
of legislation in the United States are particularly note-
worthy for protecting health insurance for some survi-
vors: the ADA [17, 29–31], the Health Insurance Por-
tability and Accountability Act [17, 30], and the 
Consolidated Omnibus Budget Reconciliation Act of 
1986 [17, 30, 31].

Monaco and colleagues [31] have provided several 
recommendations for assisting adolescent and young 
adult survivors with their insurance needs. The overall 
goals should be to find an insurer who will provide any 
coverage at all to the survivor, either through offering 
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limited coverage at normal premiums until after the 
preexisting diagnosis period has expired, or through 
offering full coverage at a higher rate until the policy-
holder is considered to be at no increased risk. Open 
enrollment periods for certain insurance companies 
and employers may provide an opportunity for survi-
vors to apply. Group insurance plans may also be 
offered through organizations to which the survivor 
belongs, such as labor unions, business associations, 
and religious groups. The most effective strategy, 
according to the authors [31], is to seek affordable 
group insurance by securing stable employment with a 
large company (more than 300 employees). Hoffman 
has provided several practical suggestions for survivors 
wishing to shop wisely for health insurance [30]. As 
with employment, it is critical for treatment centers to 
assist the patient, especially during the adolescent years 
of initial follow-up, in anticipating the importance of 
health insurance and planning accordingly, especially 
with respect to finding gainful employment.

32.3.4.3  Other Factors threatening Financial 
Stability: education and Marital 
Status

Across multiple countries, studies of childhood can-
cer survivors have found that a higher level of educa-
tional attainment is associated with employment. In 
the extensive review by Langeveld and coworkers 
[18], studies suggest that survivors of CNS tumors, 
especially if they were treated with irradiation, and 
patients who were given cranial irradiation for ALL, 
complete higher education less frequently than other 
patients. The effect is most striking for those who 
were diagnosed at a young age. In a study of educa-
tional attainment by the CCSS group [35], a lower 
proportion of survivors than siblings completed high 
school or college, especially among patients treated 
for CNS tumors. The use of special education services 
was higher among survivors (23%) than siblings 
(8%), which helped offset the educational risk. 
Among lower-extremity bone tumor survivors, the 
CCSS group discovered that 93% had graduated from 
high school (a lower rate than the reference group) 
and 50% had graduated from college [27]. In that 
study, it was also noted that patients less than 12 years 

old at diagnosis and those who had not undergone 
amputation were somewhat more likely to graduate 
from college. In addition, education was a positive 
predictor for both employment and having health 
insurance [27]. In a Dutch population, survivors who 
were female or had a history of either CNS tumor or 
cranial irradiation for ALL were significantly less 
likely to complete high school or pursue a graduate 
degree [21]. In a study in the United Kingdom, 25% 
of survivors compared with 48% of siblings received 
higher education, although both levels were higher 
than the national average of 17.3% [36]. In an Israeli 
study population, no difference was noted between 
survivors and siblings for high school graduation or 
attainment of a university degree [23].

Marital status might also be viewed as an indirect 
indicator of financial risk because unmarried survi-
vors do not enjoy the security of a spouse’s income or 
benefits providing medical and life insurance. The 
two largest studies of marriage involving more than 
12,000 childhood cancer survivors combined found 
that, compared with controls, there was a lower prev-
alence of marriage among survivors in general [37, 
38], especially male survivors of CNS tumors [37, 
38], and women and whites [37]. In the CCSS, 66% of 
survivors of lower extremity bone tumors were mar-
ried or living as married; within that study popula-
tion, no difference was found for amputees [27]. 
Among survivors of ALL, the only significant differ-
ence in marriage rates was noted for the subset of 
females who had received cranial irradiation (35.2%) 
compared with the matched general population 
(48.8%) [28]. In The Netherlands, survivors of cancer 
compared with a reference group were significantly 
less likely to be married, especially among males and 
those with a history of CNS tumor and/or cranial 
irradiation [21]. As reviewed by Langeveld, most 
other studies found similar results [18].

The frequency of divorce reported for childhood 
cancer survivors varies in different studies [reviewed 
in 18]. The two largest studies of marital status 
 mentioned above [37, 38] found that divorced 
 survivors had similar characteristics to those who 
never married. Although the CCSS group [37] found 
that the overall proportion of survivors who were 
divorced or separated was lower than that of 
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the United States population, males (especially in the 
20- to 24-year-old group) had a higher rate. The 
authors also state that survivors who had a CNS 
tumor divorced or separated at a rate higher than 
those with other diagnoses and matched reference 
populations. Byrne and colleagues [38] found that 
male survivors of CNS tumors had a substantially 
higher divorce rate than controls, especially if diag-
nosed at a young age.

32.4 conclusions

Attention to financial issues constitutes an important 
part of caring for the whole adolescent or young adult 
with cancer. For the younger adolescent who is finan-
cially dependent, the major financial challenge is the 
family economic burden, which is created by substan-
tial out-of-pocket expenses and reduced income of 
parents. For the older adolescent or young adult who is 
financially independent and on treatment, the major 
financial challenges involve payment for care (particu-
larly in societies without national health programs), 
loss of income while unable to work, and out-of-pocket 
expenses. For the financially independent young adult 
survivor of cancer in childhood or adolescence, seri-
ous financial challenges may arise due to difficulties 
obtaining employment and health and life insurance, 
especially in certain clinical subgroups such as those 
who had CNS tumors and/or cranial irradiation. 
Assisting patients at risk begins with an awareness of 
the substantial financial problems facing these popula-
tions and continues with creative efforts to meet their 
needs using available resources most suitable for each 
situation. Especially for survivors, strategies for com-
pleting education and finding stable employment 
should be emphasized and implemented as early as 
possible.
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33.1 introduction

In contrast to the vast medical literature on cancer 
during the first 15 years of life (infants, children, and 
young adolescents) and an even greater volume of lit-
erature on cancer in older adults, this book represents 
the first comprehensive treatise on cancer in older 
adolescents and young adults. With national and inter-
national focuses on younger and older patients during 
the past half-century, despite the fact that cancer 
patients diagnosed during late adolescence and early 
adulthood are at the interface of pediatric and adult 
oncology, young adults and older adolescents have 
become orphans, lacking the overall progress made in 
cancer prevention, diagnosis, and treatment for other 
age groups [1, 2].

The vast majority of cases of cancer diagnosed 
before age 30 years appear to be spontaneous and 
unrelated to either carcinogens in the environment or 
inherited factors, a distinctly different situation to that 
which occurs in cancer in older adults. There are 
exceptions, namely melanomas caused by ultraviolet 
light, cervical carcinoma due to human papillomavi-
rus infection, Kaposi sarcoma and some non-Hodgkin 
lymphoma related to the human immunodeficiency 
virus, and Hodgkin and Burkitt lymphomas associated 
with the Epstein-Barr virus. However, these account 
for only one-third of the total cancer problem in all 
young adults and older adolescents.

As is documented in this book, survival improve-
ment trends portend a worse prognosis for young 
adults diagnosed with cancer today than for younger 
children, where as the reverse used to be true, with this 
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deficit increasing with longer duration of follow-up. 
The deficit in survival improvement is not limited to 
the United States; rather, it appears to be a global prob-
lem.

This chapter summarizes the current status of the 
epidemiology and outcome of cancer in persons 
between 15 and 29 years of age. It presents reasons for 
the lack of progress cited above, as they apply to soci-
ety, the patient, healthcare professionals, the family 
and community, the health insurance system, and 
where and by whom the patient is treated. It then sug-
gests how the multiple challenges posed by this age 
group can be prioritized, and subsequently, practical 
solutions developed and implemented.

33.2 current Status

In this age group, cancer is unique in the distribution 
of the types that occur. Hodgkin lymphoma, mela-
noma, testis cancer, female genital tract malignancies, 
thyroid cancer, soft-tissue sarcomas, non-Hodgkin 
lymphoma, leukemia, brain and spinal cord tumors, 
breast cancer, bone sarcomas, and nongonadal germ-
cell tumors account for 95% of the cancers in 15- to 
29-year-olds. Over a span of only 15 years (i.e., from 
age 15 to 29 years), the frequency distribution of can-
cer types changes substantively, such that the pattern 
demonstrated at the youngest age does not resemble 
that at the oldest.

The incidence of cancer in the 15- to 29-year age 
group has increased steadily over the past quarter cen-
tury. However, the rate of increase is slowing and at the 
older end of the age range the overall incidence appears 
to be reducing toward the rate of the 1970s. Reasons 
for these changes remain speculative.

Compared to females, males in the 15- to 29-year 
age group are at higher risk of developing cancer and 
have a lower likelihood of survival. The risks are 
directly proportional to age. Among the races/ethnici-
ties evaluated, the incidence of cancer in this age group 
is highest among non-Hispanic whites and lowest 
among Asians, American Indians, and Alaska Natives. 
Survival has been worse among African Americans/
blacks, American Indians, and Alaska Natives than 
among the other races and ethnicities.

At the beginning of the last quarter century, the 
diagnosis of cancer in 15- to 29-year-olds carried a 
more favorable prognosis compared to a cancer diag-
nosis at other ages. Since then, there has been a rela-
tive lack of progress in survival improvement among 
older adolescents and young adults. In the US, the 
15- to 19-year age group showed some progress in the 
early 1980s, but progress has remained relatively 
static since 1986 (Fig. 33.1, upper panel). In the 20- 
to 24-year age group, there has been no improvement 
since 1980 (Fig. 33.1, middle panel). The 25- to 29-
year age group actually showed a decline in the over-
all survival rate in the mid- to late 1980s, probably 
due to human immunodeficiency virus (HIV)-related 
cancers, primarily Kaposi sarcoma and non-Hodgkin 
lymphoma (Fig. 33.1, lower panel). In this age group, 
the decrease in survival abated as HIV-induced can-

Five-year.survival.for.all.invasive.cancers.in.patients.
aged.15.to.19.years.(top panel),.20.to.24.years.(middle 
panel),.and.25.to.29.years.(bottom panel) .United.
States.(US).Surveillance.and.Epidemiology.End.
Results.(SEER).database,.1980–1998

Figure 33.1
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cers were prevented during the 1990s, and there is 
evidence that a modicum of overall survival improve-
ment has been achieved subsequently (Fig. 33.1, 
lower panel).

Paramount among other challenges is improving 
the quality of survival of cancer patients in this 
age group. This includes enhancing the psychosocial 
 environment during diagnosis and treatment, 
 reducing and preventing acute, chronic and delayed 
 adverse sequelae, and abrogating the financial costs 
associated with diagnosis, treatment, and long-term 
follow-up.

33.3 reasons for lack of Progress

The relative lack of survival improvement for older 
adolescent and young adult cancer patients is a com-
plex issue. In this section, probable explanations and 
contributing factors are specified and potential solu-
tions are suggested. Contributing factors were derived 
from workshops and discussion groups hosted by the 
United States National Cancer Institute (NCI) [3], the 
Children’s Oncology Group (COG), the International 
Society of Pediatric Oncology (SIOP) [4], and from 
preliminary studies in the United States [5]. Proposed 

table 33.1 Factors.likely.(primary).or.unlikely.(secondary).to.explain.the.survival.deficit

general category Primary factorsa Secondary factors

Personal/patient:
older.adolescents.and.
young.adults

Independence/Autonomy
Feelings.of.Invincibility
Under-utilization.of.Healthcare.Services
Awareness
Delays in Diagnosis
Health Insurance
Adherence
Financial.limitations
Participation in clinical trials
Tumor specimens
Translational research

Embarrassment
Psychosomatic.emphasis
Transportation.limitations
Psychosocial.environment.during.
diagnosis.and.treatment
Pharmacokinetic.differences

Family/community:
family.members,.col-
leagues/friends,.educators,.
employers,.politicians,.
legislators,.knowledge.
workers

Awareness
Lack.of.education
Lack.of.guidance
Inadequate.community.resources

Constituency.influence

Health.professional:
physicians,.nurses,.allied.
health.professionals

Awareness
Delays in diagnosis
Healthcare.teams
Education/training
Reimbursement
Health insurance
Participation in clinical trials
Tumor specimens
Translational research
Lack.of.specialty/discipline

Communication.skills
Facilities
Turf.conflicts
Lack.of.dedicated.researchers

Societal/Cultural
healthcare.system

Awareness.(by.employers,.school.personnel,.
associates,.neighbors,.community)
Health insurance
Delays in diagnosis

Focus.on.young.and.middle.age
Competing.challenges

aItems.in.italics.appear.in.multiple.categories
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explanations were categorized according to whether 
they applied to individuals (potential patients or 
patients diagnosed to have cancer), family/community 
members, the healthcare profession, or society/culture 
in general. In turn, each category was subdivided into 
factors that were likely (primary determinants) or 
unlikely (secondary determinants) to explain the sur-
vival deficit (Table 33.1).

33.3.1 Personal/Patient

The personal/patient category includes the individual 
adolescent and young adult before, during, and after a 
cancer diagnosis. Importantly, it includes persons 
before they are diagnosed with cancer because of the 
importance of early diagnosis in an age group for which 
prevention is largely ineffective. Factors within this cat-
egory can be further subdivided into those that are bio-
logic/physical, psychologic/emotional/spiritual, eco-
nomic/financial, and social. Biologic factors include the 
unique physiologic and pharmacologic characteristics 
of adolescent and young adult patients and their array 
of cancers, many of which are unique to their age.

A primary factor in the personal/patient category is 
the overarching goal for those in this age group to 
learn how to become independent and autonomous. 

To a large extent, making one’s way in the world does 
not lend itself to concern about the risk of cancer. The 
individual is much more challenged by tasks of daily 
living and the immediate future. Another factor is the 
characteristic, age-specific feeling of immortality and 
invulnerability, which at no other time in life is more 
prominent. It is striking how few adolescents and 
young adults are aware that cancer can and does occur 
in their age group, or that the risk of developing cancer 
increases exponentially with age.

Adherence to treatment regimens is another major 
factor, both in terms of an intrinsic antagonism towards 
compliance (as a result of the need to become autono-
mous) and external pressures that mitigate adherence. 
The former has been well characterized in adolescents, 
not only with respect to expectations, but also with 
regard to compliance with chemotherapy [6–9]. Once 
in college or in the workforce, many young adults face 
restrictions about taking time for medical concerns. 
Having to attend class, complete homework, or be on 
the job make it difficult to adhere to the rigors of diag-
nosis and treatment, especially when teachers, school 
administrators and employers are not aware of, or 
won’t accommodate, their student’s or employee’s 
needs with respect to cancer management (see 33.3.2 
Family/Community below).

Percentage.of.the.US.population.(aged.18–65.years).
without.health.insurance.in.2003 .Data.are.from.the.
US.Bureau.of.Census

Figure 33.2

Percentage.of.the.US.population.(aged.18–65.years).
with.state.or.no.health.insurance.in.2003 .Data.are.
from.the.US.Bureau.of.Census

Figure 33.3
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Also important is the frequent lack of, or utilization 
of, health insurance in adolescents and young adults. As 
described below and in Chapter 32, Section 3.4.2, this is 
more problematic in this age group than in any other. In 
the United States, young adults are the most underin-
sured age group, falling in the gap between parental cov-
erage and programs designed to provide universal 
health insurance to children (Medicaid and Children’s 
Health Insurance Programs) on the one hand, and the 
coverage supplied by a full-time, secure job on the other. 
Nearly one-third of all 18- to 24-year-olds in the United 
States are uninsured, and more than 40% are either 
uninsured (Fig. 33.2) or have Medicaid (state govern-
ment) assistance (Fig. 33.3) [10]. More than twice the 
number of 18- to 24-year-olds are uninsured or under-
insured as 45- to 54-year-olds (Figs. 33.2 and 33.3).

Young adults and older adolescents also have the low-
est rate of primary care use of any age group in the United 
States [11]. Regardless of health insurance status, adoles-
cents and young adults are more likely than younger 
children to lack a usual source of care. Without a pri-
mary physician with knowledge of the patient’s baseline 
heath status, the symptoms of cancer can be missed.

Cancer patients in the 15- to 29-year age group are 
at the interface between pediatric and adult oncology 
(Fig. 33.4). They have cancers that peak in incidence 

within their age range (Fig. 33.4) and a mix of tumor 
types (Fig. 33.5) unique to their age. As a result, 
patients in this specific age group present a special 
challenge to those trained to care for younger and 
older persons (see 33.3.3 Health Professional below).

33.3.2 Family/community

The family/community category includes family mem-
bers, colleagues/friends, educators, employers, politi-
cians, and knowledge workers, who, in general, also 
lack awareness of the cancer problem in the adolescent 
and young adult group. Despite often being the first 
source of information and guidance for a young per-
son, they almost always lack education and guidance 
themselves. Patient navigator programs conducted by 
community volunteers and cancer survivors (e.g., 
prostate, lung, breast, or colorectal cancer), have been 
formed in many communities because of this need. 
However, such programs, when they do exist, are rarely 
applicable to adolescents or young adults, and com-
munity resources that exist at the local level are gener-
ally devoted to younger and older patients.

Age.15–29.years:.the.interface.of.pediatric.and.adult.
oncology .AYA.Adolescents.and.young.adults

Figure 33.4

Cancers.in.older.adolescents.and.young.adults .US.
SEER,.1975–2001 .The.segments.in.color.represent.
“pediatric.malignancies” .CNS.Central.nervous.
system,.AML.acute.myelogenous.leukemia,.ALL.acute.
lymphoblastic.leukemia,.NHL.non-Hodgkin.lym-
phoma,.GI.gastrointestinal

Figure 33.5
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33.3.3 Health Professional

Health professional factors include a lack of awareness 
about cancer in the adolescent and young adult, in part 
due to a lack of training and in part to the absence of 
continuing medical education programs on the topic. 
Oncology specialists and allied health professionals 
have less knowledge about treating this age group than 
of treating children or adults with cancer. Approxi-
mately one-half of the cancers in the 20- to 29-year age 
group constitute those ordinarily treated by adult oncol-
ogists (medical, gynecologic, surgical; Fig. 33.5, lower 
pie diagram); the other half are more familiar to pediat-
ric oncologists and their specialized pediatric diagnos-
tic, therapeutic, and supportive care teams (oncology 
nurses, radiologists, pathologists, infectious disease 
specialists, endocrinologists, nephrologists, psycholo-
gists, psychiatrists, and social workers). The pediatric 
approach is favored for 15- to 19-year-olds, because 
two-thirds to three-quarters of the malignancies that 
occur in this age group are well known by the pediatric 
oncology team (Fig. 33.5; upper pie diagram).

In contrast to the breadth of the pediatric oncology 
team, healthcare teams available to the young adult 
patient in an adult care program are significantly lim-
ited by comparison. It is rare that an adult patient has 
access to all of the services provided to a patient at a 
pediatric cancer center (Fig. 33.6). All too often, oncol-
ogists and other caregivers on adult services are reluc-
tant to relinquish their young patients to providers 
who have these services.

In general, specific communication skills are needed 
to relate to adolescents. Neither adult nor pediatric 
oncologists are trained with these skills, and difficult 
topics of conversation, such as sexuality and fertility, 
are often not addressed.

There is no other patient age group for which the 
time period to diagnosis is longer, clinical trial partici-
pation is lower [12], and fewer tumor specimens are 
available for translational research (Fig. 33.7). The lack 
of clinical trial participation is particularly problem-
atic. Only 1 to 2% of all 20- to 29-year-olds with cancer 
can be identified as participating in a therapeutic clini-
cal trial sometime during their cancer experience. A 
correlation exists between the level of clinical trial 
activity and improvement in survival prolongation and 

mortality rate reduction [13–15]. These factors explain 
much of the deficit in translational research and the 
lack of tumor specimens available for studies assessing 
molecular and cellular mechanisms of cancer in this 
age group. There is also a shortage of laboratory-based 
and clinical researchers dedicated to the study of can-
cers in the adolescent and young adult age group.

Patterns of care delivered to adolescents and young 
adults differ from those delivered to younger and older 
patients. Children are treated almost always in pediat-
ric facilities where the specialists are familiar with their 
diseases, where they receive age-appropriate therapy, 
and where they are frequently enrolled in clinical trials 
[16–18]. By contrast, some adolescents receive care in 
adult facilities, where certain diagnostic and treatment 
events take longer to accomplish than in pediatric cen-
ters [19]. Adolescents are also more likely to delay con-
tact with the healthcare system; behavior likely related 
to their increasing autonomy [20–22]. Finally, types of 
cancer differ between children and adolescents, and 
the two groups have different tolerances for therapy 
[23, 24]. Taken together, these factors contribute to 
delays in diagnosis and treatment for adolescents and 
young adults with cancer. When their care is managed 
less efficiently and effectively than that of other age 
groups, decreased survival is the likely outcome.

As alluded to earlier, few healthcare centers in North 
America have dedicated units for adolescents and 

Pediatric.oncology.team

Figure 33.6
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young adults. One of the most frequent complaints 
from patients in this age group is that they have little in 
common with other patients in the waiting room, out-
patient clinic, or hospital environment.

Reimbursement is a factor for both pediatric and 
adult oncology treatment teams in the United States. 
The lower rate of health insurance coverage in young 
adults lowers the reimbursement rate of services ren-
dered and tends to diminish incentives for providers 
and limit diagnostic evaluation, treatment interven-
tions, and supportive care.

That patients in the adolescent and young adult age 
group are at the interface between pediatric and adult 
medicine may lead to uncoordinated care, to uncer-
tainties about who is responsible for their manage-
ment, and, in worst-case scenarios, to conflicts in 
management.

33.3.4 Societal/cultural

The societal/cultural category consists of the chal-
lenges societies face in providing for the healthcare 
needs of older adolescents and young adults. The gen-
eral public is largely unaware of cancer as a significant 
healthcare problem among young adults in the United 

States. Even healthcare providers at universities and 
colleges do not have cancer in their curricula. High 
schools and universities do not have cancer awareness 
as an essential educational or health evaluation com-
ponent. It is not surprising, therefore, that the time to 
diagnosis in older adolescent and young adult patients 
is not only delayed relative to the time to diagnosis in 
younger patients, but that it is also correlated with 
health insurance status, as discussed below.

33.4  Prioritization of challenges  
and Potential Solutions

Primary factors (Table 33.1) contributing to the deficit 
in survival for older adolescents and young adults 
should be prioritized over secondary factors, and those 
factors that appear in more than one category are likely 
to be more important targets for change. Lack of 
awareness, for example, appears in all of the four major 
categories. Inadequate health insurance coverage 
appears in three categories, as does low participation 
in clinical trials. A deficit in translational research and 
lack of tumor specimens for research appear in two 
categories. These four factors – awareness, health 
insurance, participation in clinical trials, and transla-
tional research – may be regarded as paramount and 
are emphasized in the prioritization review below.

33.4.1 Personal/Patient

Awareness is a primary goal. Older adolescents and 
young adults not only believe that they are immune to 
the risks of disease and accident, they do not realize 
that the risk of cancer is 1:210 for those between 15 
and 29 years of age in the United States. Overcoming 
ideation of invincibility will require local and national 
educational efforts. The importance of healthcare 
availability and healthcare insurance coverage will also 
need more emphasis, while the availability and goals of 
clinical trials will require particular attention. More-
over, the approaches used to educate and recruit ado-
lescent and young adult cancer patients to clinical tri-
als and translational research efforts will probably need 
to be quite different from those utilized for older 
adults.

Tumor.bank.specimens.(blue triangles;.data.provided.
by.Katherine.Sexton).and.incidence.of.cancer.(red 
triangles;.US.SEER,.1975–2000).as.a.function.of.age.of.
the.patient

Figure 33.7
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33.4.2 Family/community

Those who associate with older adolescents or young 
adults should be aware that cancer occurs in this age 
group and be able to advise and encourage a medical 
evaluation for the symptoms and signs of malignant 
disease. This applies to family members, friends, neigh-
bors, classmates, teachers, fellow employees, employ-
ers, and clergy.

33.4.3 Health Professional

Health professionals must become more aware of can-
cer occurring during early adulthood, and professional 
training and continuing education should emphasize 
the risk of cancer and its common symptoms and 
signs. Health professionals should become advocates 
for affordable health insurance. Oncologists should 
become more cognizant of the gaps in clinical trial 
activity and translational research in the adolescent 
and young adult group. They should make available 
more clinical trials for the adolescent and young adult 
population and seek ways to increase clinical trial par-
ticipation specific to this age group.

33.4.4 Societal/cultural

The lack of awareness of the adolescent and young adult 
cancer problem should be overcome with public infor-
mation and education programs. Legislators, health 
policy administrators, insurance company directors, 
national medical organization leaders, and leaders of 
institutions of higher learning should be particularly 
informed and educated. The role of healthcare insur-
ance should be emphasized, as should the risk of cancer 
in educational curricula. In the United States, cancer 
organizations such as the American Society of Clinical 
Oncology, the American Cancer Society, the National 
Cancer Institute, the National Comprehensive Cancer 
Network, C-Change, and the national cancer coopera-
tive groups should make adolescent and young adult 
oncology a priority (see Appendix 33.1). They should 
be joined in this effort by private cancer foundations 
that have a responsibility for young adults or older ado-
lescents, such as Planet Cancer, Fertile Hope, Young 
Survival Coalition, and The Leukemia and Lymphoma 

Society (see Appendix 33.1). Ideally, universal health-
care insurance should be available to all persons in the 
18- to 29-year age range, until private insurance is pro-
vided by an employer or young people can afford or 
supplement it on their own.

In summary, improving awareness of the cancer 
problem, providing better healthcare insurance cover-
age and access to healthcare services, and increasing 
clinical and translational research on cancer in older 
adolescents and young adults are challenges that would 
benefit patients in this age group. This is not to say that 
challenges such as psychosocial supportive care and 
dedicated healthcare facilities are not important. On 
the contrary, they are crucial. However, tackling prob-
lems of highest priority is likely to have downstream 
effects that will alleviate many of the other problems 
listed in Table 33.1. The solutions will take a coordi-
nated effort at local, regional, national, and interna-
tional levels. Four additional challenges are discussed 
in further detail below.

33.5  longer time to diagnosis  
in adolescents and young  
adults than in children

The interval from the onset of the first cancer-specific 
symptom to the first anti-cancer treatment, known as 
the waiting time, has been shown to be longer in ado-
lescents than in children [25–28]. Young children 
(younger than 5 years of age) have been observed to 
have the shortest waiting times [29]. The waiting time 
may be influenced by factors related to the individual, 
to the healthcare system, and/or to the disease. Varia-
tion in waiting times among children has been shown 
to be due primarily to the type of disease, and second-
arily to age. The time from onset of symptoms to initial 
healthcare contact is influenced by individual and 
healthcare system factors; the time from initial contact 
to assessment by a treating oncologist or surgeon is 
most likely affected by healthcare system factors; the 
time between that assessment and date of first anti-
cancer treatment most likely reflects disease-related 
factors [30–32].

The interval from onset of the first cancer-specific 
symptom to the day of cancer diagnosis is referred to 
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as the lagtime. Studies in the United States, Canada, 
Scotland, and Mexico have demonstrated that lagtimes 
are longer in adolescents than in children [33–37]. In 
these studies it is unclear whether the longer lagtimes 
experienced by adolescents – in comparison with 
younger children – are related to the types of cancers 
they develop or to other factors related to their age 
[38].

In the United States, health insurance coverage is a 
major determinant of lagtimes in patients 15 to 29 years 
of age [39]. The lagtimes in this age group are corre-
lated more closely with health insurance status than 
race, ethnicity, gender, marital status, religion, urban 
versus rural home residence, or median household 
income of the zipcode of residence [5, 39]. The issue of 
health insurance coverage is likely a greater factor in 
18- to 29-year-olds than in any other age group, since 
this is the age in the United States at which health 
insurance coverage is the lowest. Countries with 
national health insurance are also likely affected by 
this determinant, since health insurance utilization is 
lower in the young adult age range than in younger or 
older persons, despite the universal availability of 
health insurance.

33.6  Place of diagnosis and treatment: 
Pediatric versus adult care Specialists 
and Facilities

A central, complex issue is the choice of the most 
appropriate specialist who will manage care for the 
older adolescent and young adult cancer patient – a 
pediatric oncologist or an adult oncologist (medical, 
radiation, surgical, or gynecologic oncologist). For 
older adolescents, the site of diagnosis and treatment 
may be problematic since, at least in theory, these 
patients could be treated at either a pediatric or adult 
care facility. Leonard and his colleagues in the United 
Kingdom have pointed out that adult oncologists are 
“untutored in arranging ancillary medical, psychologi-
cal, and educational supports that are so important to 
people who are facing dangerous diseases and taxing 
treatment at a vulnerable time in their lives” and 
“unpracticed in managing rare sarcomas.” Simultane-
ously, they have emphasized that pediatric oncologists 

“have little to no experience in epithelial tumors or 
some of the other tumors common in late adolescence” 
[40]. In 1997, the (admittedly biased) American Acad-
emy of Pediatrics issued a consensus statement in 
which it indicated that referral to a board-eligible or 
board-certified pediatric hematologist-oncologist and 
to pediatric subspecialty consultants was the standard 
of care for all pediatric and adolescent cancer patients 
[41]. A wider consensus panel that included adult 
oncologists, the American Federation of Clinical 
Oncologic Societies, also concluded that “payors must 
provide ready access to pediatric oncologists, recog-
nizing that childhood cancers are biologically distinct” 
and that the “likelihood of successful outcome in chil-
dren is enhanced when treatment is provided by pedi-
atric cancer specialists” [42]. However, neither of these 
statements defines an age cutoff in the recommenda-
tions.

Currently, the choice of specialist is made haphaz-
ardly and most often depends upon the decision of the 
referring physician. Younger children obtain care pri-
marily from pediatricians, who refer to pediatric cen-
ters and specialists. Young adult and older adolescent 
patients are seen by a breadth of specialists for their 
presenting symptoms of cancer. These include inter-
nists, family physicians, gynecologists, emergency 
room physicians, dermatologists, gastroenterologists, 
neurologists, and other specialists. These physicians 
may have very different referral patterns [43], and 
when the referral of a young adult or adolescent patient 
is made to an oncologist, it may be to a medical, radia-
tion, surgical, gynecologic, or other oncologic special-
ist.

The switch from predominantly pediatric to adult 
medical management tends to occur not at age 21 years 
or even at age 18 years, as might be expected, but closer 
to age 15 years. The majority of 15- to 19-year-olds 
diagnosed with cancer are treated at adult facilities. A 
cancer registry review in the state of Utah, which has 
only one pediatric oncology treatment facility, revealed 
that only 36% of oncology patients 15 to 19 years of 
age were ever seen at the pediatric hospital [44]. In 
Canada, only 30% of cancer patients in this age group 
are managed at pediatric centers [19]. A study of the 
National Cancer Data Base found that for nearly 20,000 
cases of cancer in adolescents aged 15 to 19 years, only 
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34% were treated at centers that had NCI pediatric 
cooperative group affiliation [45].

In the end, the healthcare facility decision should be 
based in large part on which setting will provide the 
patient with the best outcome. If these are equivalent, 
“social” or “supportive” factors should next weigh into 
the decision. For some diseases, data support a partic-
ular site or specialist. In North America, a comparison 
of 16- to 21-year-olds with acute lymphoblastic leuke-
mia (ALL) or acute myeloid leukemia (AML) showed 
that the outcome was superior for patients treated on 
cooperative group trials than for those not entered 
[46]. In France, The Netherlands, and North America, 
older adolescents with ALL treated on pediatric clini-
cal trials have fared considerably better than those 
treated on adult leukemia trials [47–49]. In Germany, 
older adolescents with Ewing sarcoma who were 
treated at pediatric cancer centers had a better out-
come than those treated at other centers [50]. In Italy, 
young adults with rhabdomyosarcoma fared better if 
they were treated according to pediatric standards of 
therapy than when treated ad hoc or on an adult sar-
coma regimen [51]. At the University of Texas MD 
Anderson Cancer Center, the results of treatment for 
ALL in adults improved substantively after treatment 
derived from pediatric trials was introduced into the 
institution’s trials [52]. The analysis of data from the 
United States National Cancer Data Base revealed that 
adolescents 15 to 19 years of age with non-Hodgkin 
lymphoma, leukemia, liver cancer, and bone tumors 
had a survival advantage if treated at an NCI pediatric 
group institution [45]. Thus, for these pediatric types 
of cancer, the pediatric specialist/facility is favored.

For other cancers, adult-treating medical/surgical/
radiation oncologists are more appropriate providers. 
Adolescent and young adult patients with melanoma, 
colorectal carcinoma, breast cancer, or epithelial neo-
plasm of the ovary may be better served under the care 
of physicians who are more familiar with these malig-
nancies, such as medical oncologists or gynecologic 
oncologists. Until pediatric oncologists demonstrate 
that they have the expertise to treat these relatively 
nonpediatric cancers, this referral direction should be 
a first consideration.

The alternative is for adult care specialists/facilities 
to adopt a pediatric approach, which may be difficult 

for a variety of historical, sociopolitical, economic, and 
infrastructure reasons. For example, two adult coop-
erative groups in the United States (Cancer and Acute 
Leukemia Group B, and Southwest Oncology Group) 
are starting a trial of a pediatric regimen taken directly 
from the COG, which will treat 15- to 29-year-old 
patients with ALL. Several obstacles have been encoun-
tered in planning this approach, including differences 
in treatment philosophy (e.g., when to resume therapy 
after myelosuppression relative to the platelet and 
absolute phagocyte counts, and when to transfuse 
platelets and red cells), health insurance coverage, 
adherence of patients to treatment schedules and regi-
mens, and the availability of supportive care and allied 
health professionals. Nonetheless, these obstacles are 
expected to be surmounted and the outcomes of young 
adult patients improved in the process.

Determining which specialist/facility is most appro-
priate will certainly vary from cancer to cancer and 
from case to case. Patients at any age who have a “pedi-
atric” tumor, such as rhabdomyosarcoma, Ewing sar-
coma, and osteosarcoma, will probably benefit from 
the expertise of a pediatric oncologist, at least in the 
form of consultation. Children younger than 18 years 
of age – and their parents – may benefit from the social 
and supportive culture of a pediatric hospital regard-
less of the diagnosis. Individuals between the ages of 
16 and 24 years may have varying levels of maturity 
and independence, and the choice of physician and 
setting for their care should be determined individu-
ally. Pediatric oncologists may be less adept at a non-
paternalistic relationship with the patient (and poten-
tially his or her spouse) and less inclined to consider 
issues such as sexuality, body image, fertility, and the 
like. Adult oncologists are more accustomed to dose 
delays and adjustments, and may be less aggressive 
with chemotherapy dosing than the pediatric oncolo-
gist, whose younger patients can tolerate higher doses. 
The ultimate challenge would be to develop centers 
and oncologists devoted solely to the care of this group 
of patients. Such a dedicated program has been cham-
pioned in the United Kingdom, at least for older ado-
lescents. Several unique “teenage cancer units” have 
been established, staffed by physicians and nurses with 
expertise in adolescent and young adult cancer patient 
management [53]. This provides the older adolescent 



challenges and Opportunities – the Way ahead chapter 33 511

with age-specific nursing care, recreation therapy, and 
peer companionship. A similar initiative is underway 
in Perth, Western Australia with a new building of 
 specific facilities for adolescents up to age 19 years 
with cancer and plans for a “virtual” multidisciplinary 
team service to all adolescents regardless of site of care. 
Eventually, there could be a discipline of adolescent 
and young adult oncology with its own training pro-
grams, science, translational research, clinical trials, 
and national and international organizations.

33.7 implications for Other age groups

When the average annual percent change in 5-year 
survival is expressed as a function of specific year of 
age at diagnosis, the age range affected by adverse 
trends can be identified more precisely. Such an analy-
sis suggests that progress versus age over the past quar-
ter century in the United States is linear over the 15- to 
29-year age span, with inflections at age 14 and 31 years 
(Fig. 33.8). This suggests that the factors that account 
for the lack of improvement for the adolescent and 
young adult group relative to children start at age 
15 years, and are increasingly more problematic up to 
age 30 years. Between 31 and 47 years of age, the trend 
is reversed with an analogous, nearly mirror-image 

linear improvement (Fig. 33.8). This observation indi-
cates that the next oldest 15-year age span (30 to 
44 years) should be evaluated in a fashion similar to 
that undertaken for older adolescents and young 
adults. This analysis also suggests that the greatest 
progress in prolonging survival from cancer during 
the past quarter century in the United States has been 
in the 60- to 80-year age group, with a peak improve-
ment at age 70 years (Fig. 33.8).

33.8  international Perspectives  
and global challenge

The Surveillance, Epidemiology, and End Results 
(SEER) data in this monograph are from the United 
States, and most of the conclusions herein are derived 
from these SEER data. Nonetheless, most if not all of 
the observations are applicable to other countries. 
Certainly, there is a worldwide lack of awareness about 
cancer in young adults and older adolescents relative 
to the recognition of cancer in children and older 
adults. In addition, it is safe to claim that the deficits in 
clinical trial participation as well as translational 
research in early adulthood are universal.

The national survival data for Australia show pat-
terns of outcome similar to those observed in the 

Average.annual.percent.change.in.5-year.survival.
for.all.invasive.cancers .US.SEER,.1975–1997

Figure 33.8

Improvement.in.5-year.relative.survival.in.Australia.
and.the.US.as.a.function.of.age.at.diagnosis.of.
invasive.cancer:.1982–1997

Figure 33.9
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United States (Fig. 33.9; Australian data kindly pro-
vided by C. Stevenson, Australian Institute of Health 
and Welfare). During the years 1982–1997, 15- to 29-
year-old Australians with cancer had the least progress 
in survival improvement, in comparison with other 
15-year groups at younger or older ages. This is consis-
tent with, albeit not as dramatic as, the age pattern in 
the United States (Fig. 33.9). That Australians enjoy 
universal health insurance, as do most inhabitants of 
socioeconomically advantaged countries of the world, 
suggests that lack of national health insurance in the 
United States does not alone explain the deficit in 
America. On the other hand, universal health insur-
ance in Australia does not guarantee access to or use of 
healthcare services, and is clearly not universally uti-
lized in the young adult age group. Indeed, longer 
times to a diagnosis of cancer occur in this age group 
in countries with and without national health insur-
ance, as described above, and in a recent comparison 
of circumstances in Canada and the United States [54]. 
Most likely, lack of health insurance and of utilization 
of healthcare services are global problems in young 
adults and older adolescents.

There is an obvious need to address the challenges 
of adolescent and young adult oncology worldwide, 
perhaps in a manner similar to that described for 
 pediatric oncology [55]. This could be an important 
opportunity for the International Society of Pediatric 
Oncology (SIOP) to play a leadership role, as other 

childhood cancer organizations have exercised nation-
ally. Adoption of a proposed system for the classifica-
tion of cancers in the 15- to 29-year age group [56] 
would be a good place to start.

33.9 Future directions and interim Solutions

In North America and Australia, the COG has taken a 
leadership role in meeting the challenges described in 
this chapter. In conjunction with the NCI and NCI-
sponsored adult cooperative groups, four initiatives 
were identified as priorities for development: (1) 
improving access to care through understanding bar-
riers to participation, (2) developing a cancer resource 
network that provides information about clinical trials 
to patients, families, providers, and the public, (3) 
enhancing adolescent treatment adherence (compli-
ance with protocol-prescribed therapy), and (4) 
increasing adolescent and young adult participation in 
sarcoma trials specifically designed for patients in this 
age group. The COG Adolescent and Young Adult 
Committee was formed in 2000 to research the obsta-
cles faced by older adolescents and young adult 
patients, with the disease focus on sarcomas. The 
Southwest Oncology Group (for adult patients) subse-
quently opened the COG trial for metastatic Ewing 
sarcoma, and thereafter hosted the development of an 
intergroup sarcoma committee – the Intergroup Con-

table 33.2 Accruals.to.national.cancer.treatment.trials.during.the.era.of.national.collaboration.to.augment.sarcoma.
clinical.trial.development.and.participation .Clinical.trial.accrual.data.were.taken.from.the.Cancer.Therapy.Evaluation.
Program,.National.Cancer.Institute,.courtesy.of.Michael.Montello.and.Troy.Budd

 age 1998–9 2000–1 2002–3

All.cancer All.ages 48,225 57,033 54,717

<20 9,094 7,791 6,070

20-39 3,488 3,752 3,411

40-59 17,403 22,025 22,556

Sarcomas <40 637 888 929

%.of.all.entries 5 1% 7 7% 9 8%

Other.cancers <40 11,945 10,655 8,552
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sortium Against Sarcoma – with formal representation 
from all the adult cooperative groups as well as the 
National Cancer Institute of Canada.

Evidence for improvement in the accruals to NCI-
sponsored national sarcoma treatment trials is shown 
in Table 33.2. The proportion of American sarcoma 
patients younger than age 40 years entered onto the 
trials has nearly doubled – from 5.1% to 9.8% – during 
the past 5 years. In contrast, and as a control for this 
observation, the other cancers that occur in this age 
group (and that have not yet been addressed) showed 
a decline in patient accrual.

Another initiative in the United States is the forma-
tion of a consortium of all the organizations devoted to 

assisting adolescents and young adults with cancer. 
Known as the LiveStrong Young Adult Alliance, this 
organization is dedicated to improving survival rates 
and the quality of life of young adults living with can-
cer by promoting relevant research and the delivery of 
patient care, generating awareness of the issue, being a 
voice for young adults with cancer, and advancing 
helpful community-based programs and services (see 
Resources). The Alliance will bring together for the 
first time key voices in the cancer community to 
improve results for young adults.

In parallel, the United States NCI initiated a Prog-
ress Review Group (PRG) to evaluate the national sta-
tus of young adult cancer outcomes and needs. This 

table 33.3 Practical.suggestions.to.enhance.early.detection.of.cancer.and.clinical.trial.participation.in.older.adoles-
cents.and.young.adults

•.Appreciate.that.cancer.occurs.in.one.in.every.200.older.adolescents.and.young.adults.and.that.everyone.is.at.risk 

•.Be.aware.that.young.adults.often.deny.symptoms,.are.too.embarrassed.to.report.them,.or.attribute.them.to.
psychosomatic.manifestations 

•.Encourage.and.assist.young.adults.to.seek.care.at.a.comprehensive.healthcare.center 

•.Realize.that.young.adults.are.least.likely.to.have.adequate.health.insurance,.and.that.they.should.not.allow.
themselves.to.“age.out”.of.insurance 

•.Know.that.there.are.very.few.known.causes.of.cancer.during.early.adulthood,.and.that.“it.just.happens”,.regardless.
of.the.health.of.the.person 

•.Convey.that.what.is.done.at.the.time.of.the.cancer.diagnosis.is.important.and.that.the.best.outcome.is.determined.
by.the.initial.evaluation.and.therapy .Optimal.cancer.management.means.doing.it.right.from.the.start!

•.Once.diagnosed.with.cancer,.suggest.that.young.adults.ask.about.clinical.trials .If.none.is.available.on.site,.help.
them.find.centers.that.participate.in.clinical.trials.suitable.for.their.age 

•.Once.enrolled.on.a.clinical.trial,.the.adolescent.and.young.adult.cancer.patient.needs.understanding.and.support.
in.order.to.best.adhere.to.the.trial’s.requisites 

table 33.4 Recommendation.of.the.Adolescent.and.Young.Adult.Oncology.Progress.Review.Group

•.Identify.the.characteristics.that.distinguish.the.unique.cancer.burden.in.the.AYAO.patient 

•.Provide.education,.training.and.communication.to.improve.awareness,.prevention,.access.and.quality.cancer.care.
for.AYAs 

•.Create.the.tools.to.study.the.AYA.cancer.problem 

•.Ensure.excellence.in.service.delivery.across.the.cancer.controll.continuum.(i .e .prevention,.screening,.diagnosis,.
treatment,.survivorship,.and.end.of.life)  

•.Strengthen.and.promote.advocacy.and.support.of.the.AYA.cancer.patient 
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PRG assessed the deficits and scientific issues described 
in this chapter and addressed others identified by a 
panel of experts in a 1-year-long process. Specific rec-
ommendations for national implementation were pre-
sented in late 2006 [57] (Table 33.4). Meanwhile, sev-
eral practical suggestions should facilitate early 
detection of cancer in adolescents and young adults 
and promote referral to a cancer center where clinical 
trials are a priority (Table 33.3).

In the United Kingdom, initiatives to address the 
issue of management of adolescents with cancer 
include national guidelines from the National Institute 
for Health and Clinical Excellence, which mandates 
the care for all patients under 19 years of age with can-
cer to be provided in age-appropriate facilities [58]. In 
Australia, following a National Senate Inquiry into 
cancer services and treatment options, specific national 
recommendations for the management of cancers in 
the adolescent age groups have been made [59].

33.10 conclusions

Adolescent and young adult oncology patients belong 
to a distinct age group and, like pediatric, adult, and 
geriatric patients, have unique medical and psychoso-
cial needs. Challenges in treating the 15- to 29-year 
age group include understanding the complex psycho-
social environment of this age group, particularly dur-
ing diagnosis and treatment, managing chronic and 
delayed adverse sequelae, overcoming a lack of prog-
ress in prolonging survival, improving the quality of 
survival, and addressing the economic costs associated 
with diagnosis, treatment, and long-term follow-up. 
The single greatest current challenge in young adults 
and older adolescents with cancer is to overcome the 
lack of progress in their survival improvement, a defi-
cit that has spanned nearly a quarter of a century.

There are multiple reasons for the lack of progress. 
These may be categorized into personal/patient (older 
adolescents and young adults), family/community 
(family members, colleagues/friends, educators, 
employers, politicians, legislators, knowledge work-
ers), health professional (physicians, nurses, allied 
health professionals), and societal/cultural (healthcare 
system) factors. The features common to these factors 

are lack of awareness, inadequate health insurance 
coverage, lack of clinical trial participation, and a defi-
cit in translational research of the cancers in older ado-
lescents and young adults.

Solutions to the survival deficit include raising 
awareness about the problem, improving healthcare 
access and insurance, enhancing understanding of the 
biology of cancers that occur in this age group, devel-
oping national and international organizations to 
address the deficits, and ultimately, creating a formal 
discipline of adolescent/young adult oncology.

In particular, resources should be devoted to edu-
cating the public, health professionals, insurers, and 
legislators about cancer during this phase of life and 
about the special needs of these patients. Specific atten-
tion should be paid to the longer delays in diagnosis 
that occur in older adolescents and young adults rela-
tive to younger patients. These are correlated with the 
quality of health insurance coverage.

Also of special importance is the facility where 
diagnosis and treatment take place; for several of the 
pediatric type of malignancies (ALL, AML, Ewing sar-
coma, rhabdomyosarcoma), there is evidence that the 
therapeutic approach taken by pediatric oncologists 
has led to better survival rates than those applied by 
medical oncologists and hematologists.

Meanwhile, older adolescents and young adults 
with cancer should become aware of cancer as a pos-
sible illness within their age group, be encouraged to 
report symptoms without delay, to seek care at a com-
prehensive healthcare center, to not “age out” of insur-
ance, to understand that what is done at the time of 
diagnosis is most important, and to ask about and find 
clinical trials for their age.

Surviving adolescence and young adulthood is dif-
ficult enough when all is well and health is robust. 
Cancer makes this phase of life extraordinarily more 
challenging and demanding. Medical professionals 
should pay special attention to the unique transitions 
faced by these patients; at diagnosis, through the pro-
cess of informed consent, at initiation of therapy, dur-
ing school and employment reentrance, at completion 
of therapy, during posttreatment follow-up, and when 
switching from pediatric to adult care. Ideally, special-
ized adolescent and young adult cancer units should 
be developed with the anticipation that centralization 
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of care and availability of age-targeted clinical trials 
will lead to improved treatment, survival, and quality 
of life.

Cancer during adolescence and early adult life is an 
underestimated challenge that merits specific 
resources, solutions, and a national focus. Future 
research should elucidate why survival outcomes for 
this group have lagged behind those of others and 
identify the efforts – including better clinical trial 
accrual – that might remedy the disparity. Finally, 
more scholarly and focused attention on the unique 
psychosocial needs of this population will improve the 
quality of their cancer care and of their survival. At the 
very least, those at the interface deserve the same 
attention and progress that has been achieved for 
younger and older persons.
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national cancer institute information  
http://www.cancer.gov/

The National Cancer Institute (NCI) is a component 
of the National Institutes of Health (NIH), one of 
eight agencies that compose the Public Health Ser-
vice (PHS) in the Department of Health and Human 
Services (DHHS). The NCI is the Federal Govern-
ment’s principal agency for cancer research and train-
ing and coordinates the National Cancer Program, 
which conducts and supports research, training, 
health information dissemination, and other pro-
grams with respect to the cause, diagnosis, preven-
tion, and treatment of cancer, rehabilitation from 
cancer, and the continuing care of cancer patients 
and the families of cancer patients.
The NCI’s Web site provides accurate, up-to-date 
information on many types of cancer, information on 
clinical trials, resources for people dealing with cancer, 
and information for researchers and health profession-
als. Many of the NCI’s cancer information resources 
are accessible through the cancer information page on 
http://www.cancer.gov/. The NCI’s Web site has many 
resources available in Spanish
NCI publications on adolescent and young adult 
 cancer:
 Childhood Cancers Homepage http://www.cancer.

gov/cancerinformation/cancertype/cildhood/
 This contains a collection of information sheets 
about types of childhood cancer, cancer screening 
and detection, treatment, clinical trials, and cancer 
literature.

 NCI Research on Childhood Cancers http://cis.nci.
nih.gov/fact/6_40.htm. General facts about child-
hood cancer and research endeavors.

 Young People with Cancer: A Handbook for Par-
ents http://www.cancer.gov/cancertopics/young-

people. This is an overview of childhood cancer di-
agnosis, treatment, topics of concern, and 
additional information for parents.

 Care for Children and Adolescents with Cancer: 
Questions and Answers http://cis.nci.nih.gov/fact/1_
21.htm. A fact sheet detailing questions and answers 
about childhood cancer, childhood cancer centers, 
and research about treatment for childhood cancers.

Seer: Surveillance, epidemiology,  
and end results http://seer.cancer.gov/

The Surveillance, Epidemiology, and End Results 
(SEER) Program of the National Cancer Institute is an 
authoritative source of information on cancer inci-
dence and survival in the United States. The SEER Pro-
gram currently collects and publishes cancer incidence 
and survival data from 14 population-based cancer 
registries and 3 supplemental registries covering 
approximately 26% of the United States population. 
Information on more than 3 million in situ and inva-
sive cancer cases is included in the SEER database, and 
approximately 170,000 new cases are added each year 
within the SEER coverage areas. The SEER Registries 
routinely collect data on patient demographics, pri-
mary tumor site, morphology, stage at diagnosis, first 
course of treatment, and follow-up for vital status. The 
SEER Program is the only comprehensive source of 
population-based information in the United States 
that includes stage of cancer at the time of diagnosis 
and survival rates within each stage. The mortality data 
reported by SEER are provided by the National Center 
for Health Statistics.
The Cancer Statistics Branch (CSB) manages SEER 
program, and conducts research and developmental 
activities related to the surveillance of cancer patterns 
in the United States and monitors progress against 
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cancer. This monograph and other SEER publications/
monographs can be viewed at http://seer.cancer.gov/ 
under Publications.
 Cancer Epidemiology in Older Adolescents and 

Young Adults 15 to 29 Years of Age, including SEER 
Incidence and Survival, 1975–2000. Bleyer A, 
O’Leary M, Barr R, Ries LAG (eds): National Can-
cer Institute, NIH Pub. No. 06-5767, Bethesda MD, 
June 2006; also available at www.seer.cancer.gov/
publications/aya.

PdQ (Physician data Query)

http://seer.cancer.gov/cancer_information/doc.aspx? 
viewid=9D617786-179B-4DB7-8664-885DD33 
E7D51. NCI’s comprehensive cancer database includes 
summaries on cancer treatment, screening, preven-
tion, genetics, and supportive care, and information 
on ongoing clinical trials. Some PDQ information is 
available in Spanish.

nci cancer Facts  
http://cis.nci.gov/fact/index.htm

A collection of fact sheets that address a variety of 
 cancer topics. Fact sheets are frequently updated and 
revised in accordance with the latest cancer research.

What you need to Know about

http://www.cancer.gov/cancer_information/doc.aspx? 
viewid=920AFA90-5547-4739-8D2D89968F77A87D
A publication series that provides information on 
many types of cancer. Each publication includes infor-
mation about symptoms, diagnosis, treatment, emo-
tional issues, and questions to ask your doctor.

international resources  
http://cis.nci.nih.gov/resources/ 
internatinonal.htm

A list of cancer resources that may be particularly help-
ful to information seekers living outside the United 
States.

national institutes of Health resources  
http://cis.nci.nih.gov/resources/nci.htm

A compendium of cancer-related information available 
from other NIH institutes, offices, and online resources.

Medlineplus  
http://www.nlm.nih.gov/medlineplus/

The National Library of Medicine’s MEDLINEplus 
Web site includes links to health topics, drug informa-
tion, a medical encyclopedia, a medical dictionary, 
health news, directories of doctors, dentists, and hos-
pitals, and other resources and health organizations, 
including MEDLINE/PubMed. MEDLINE/PubMed is 
the National Library of Medicine’s database of refer-
ences to more than 14 million articles published in 
4,800 biomedical journals.

The National Cancer Institute’s Cancer 
 Information Service (CIS) 

provides the latest and most accurate cancer 
information to patients, their families, the public, and 
health professionals. The CIS is a free public service of 
the NCI, and serves those in the United States, Puerto 
Rico, the United States Virgin Islands, and the Pacific 
Islands. The CIS provides personalized, confidential 
responses to specific questions about cancer.
 By telephone: United States residents may call the 

CIS toll free at 1-800-4-CANCER (1-800-422-
6237). CIS information specialists answer calls 
Monday through Friday from 9:00 a.m. to 4:30 p.m. 
(caller’s local time), in English or Spanish. Callers 
with TTY equipment may call 1-800-332-8615. 
Callers also have the option of listening to recorded 
information about cancer 24 h a day, 7 days a week.

 Online: CIS information specialists also offer online 
assistance in English Monday through Friday from 
9:00 a.m. to 11:00 p.m. Eastern Time through the 
LiveHelp link at http://www.cancer.gov on the 
 Internet.
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Information about Clinical Trials  
http://clinicaltrials.gov/ClinicalTrials.gov 

provides regularly updated information about feder-
ally and privately supported clinical research in human 
volunteers. This site includes information about a tri-
al’s purpose, who may participate, locations, and phone 
numbers for more details.

Office of Cancer Survivorship  
http://cancercontrol.cancer.gov/ocs/

The mission of NCI’s Office of Cancer Survivorship 
(OCS) is to enhance the quality and length of survival 
of all persons diagnosed with cancer and to minimize 
or stabilize adverse effects experienced during cancer 
survivorship.
 Develops an agenda for the continuous acquisition 

of knowledge concerning the problems and chal-
lenges facing cancer survivors and their families.

 Supports studies to increase the length of survival 
for cancer patients and improve the quality of sur-
vival of all individuals diagnosed with cancer and 
their families, including those that involve preven-
tion of subsequent disease and disability.

 Promotes the dissemination of information to pro-
fessionals who treat cancer patients and to the pub-
lic concerning the problems and needs of cancer 
survivors and their families.

living Beyond cancer: Finding a new Balance 
http://deainfo.nci.nih.gov/ad�iSOry/pcp/
pcp03-04rpt/Survivorship.pdf

This report of the President’s Cancer Panel, a Presiden-
tial advisory committee charged with overseeing the 
development and execution of the National Cancer Pro-
gram, is the first to take a life span approach to describ-
ing cancer survivorship issues, focusing particularly on 
the posttreatment period. In addition to identifying 
issues common to people regardless of their age at diag-
nosis, it enumerates challenges specific to those diag-
nosed as children (ages 0 to 14 years), adolescents and 
young adults (ages 15 to 29 years), adults (30 to 59 years 
of age), and older adults (ages 60 years and older). The 
findings and 17 recommendations are drawn from testi-

mony received at 5 meetings conducted between May 
2003 and January 2004, as well as additional data gath-
ering. The nearly 200 meeting participants included 
survivors, caregivers, healthcare providers, advocates, 
and others who candidly described their experiences of 
life after cancer and the issues of providing care and 
support. Testimony was provided both in formal hear-
ings and at evening Town Hall meetings.

li�eStrOng young adult alliance  
www.livestrong.org/youngadult

The mission of the LIVESTRONG Young Adult Alli-
ance is to improve survival rates and quality of life for 
young adults living with cancer by promoting relevant 
research and the delivery of patient care, generating 
awareness of the issue, being a voice for young adults 
with cancer, and advancing helpful community-based 
programs and services.

Fertile Hope  
www.fertilehope.org

Fertile Hope is a national nonprofit organization dedi-
cated to providing reproductive information, support, 
and hope to cancer patients whose medical treatments 
present the risk of infertility.

People living With cancer  
www.peoplelivingwithcance.org

People Living With Cancer, the patient information 
website of the American Society of Clinical Oncology 
(ASCO), is designed to help patients and families make 
informed healthcare decisions. The site has specific 
sections for adolescents and for young adults, and pro-
vides information on more than 85 types of cancer, 
clinical trials, coping, side effects, a “Find an Oncolo-
gist” database, message boards, patient support orga-
nizations, and more.

Planet cancer  
www.planetcancer.org

Planet Cancer is a nonprofit organization that supports 
young adults with cancer in the 18- to 30-year age 
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range. Planet Cancer’s dynamic online community 
uses humor, current news, and interactive forums to 
help young adults create a network of peer support, as 
they communicate with other survivors worldwide 
about issues they face and how to cope with the dis-
ease. Planet Cancer also hosts several face-to-face 
retreats throughout the year, forming strong friend-
ship bonds among young adult cancer patients and 
survivors.

Ulman cancer Fund for young adults  
http://www.ulmanfund/index.asp

The Mission of The Ulman Cancer Fund for Young 
Adults is to provide support programs, education, and 
resources – free of charge – to benefit young adults, 
their families, and friends who are affected by cancer, 
and to promote awareness and prevention of cancer.

young Survival coalition  
www.youngsurvival.org/

The Young Survival Coalition (YSC) is the only inter-
national, nonprofit network of breast cancer survivors 
and supporters dedicated to the concerns and issues 
that are unique to young women and breast cancer. 
Through action, advocacy, and awareness, the YSC 
seeks to educate the medical, research, and legislative 
communities and to persuade them to address breast 
cancer in women aged 40 years and under. The YSC 
also serves as a point of contact for young women liv-
ing with breast cancer.

�ital Options international  
www.vitaloptions.org

Vital Options is a communications support and advo-
cacy organization whose mission is to facilitate a global 
cancer dialogue through communications technology.

teens living with cancer  
www.teenslivingwithcancer.org

The original internet resource for 13-to 18-year-olds 
with cancer, their friends, and families.

group loop  
www.grouploop.org

Online discussion boards with moderators; only can-
cer patients are eligible to participate.

teen impact  
www.teenimpactprogram.com

Children’s Hospital of Los Angeles site that has some 
general resources for teens.

realtime cancer  
www.realtimecancer.org

Based in eastern Canada but with worldwide applica-
tion, this site offer personal insights by young adults 
with cancer.

leukemia and lymphoma Society  
www.leukemia.org

The Leukemia and Lymphoma Society is the world’s 
largest voluntary health organization dedicated to fund-
ing blood cancer research, education, and patient ser-
vices. The Society’s mission: Cure leukemia, lymphoma, 
Hodgkin lymphoma, and myeloma, and improve the 
quality of life of patients and their families.

national comprehensive cancer network 
(nccn) www.nccn.org

An alliance of 19 of the world’s leading cancer centers, 
is an authoritative source of information to help 
patients and health professionals make informed deci-
sions about cancer care. Through the collective exper-
tise of its member institutions, the NCCN develops, 
updates, and disseminates a complete library of clini-
cal practice guidelines. These guidelines are the stan-
dard for clinical policy in oncology.

look good – Feel Better  
www.lookgoodfeelbetter.org

A free, nonmedical, national public service program to 
help women offset appearance-related changes from 
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cancer treatment. There is also a special program called 
2bMe for teenagers.

cancercare  
www.cancercare.org

A nonprofit organization that provides free profes-
sional counseling and educational programs for young 
adults with cancer and their loved ones.

Health insurance

www.tonikplans.com. 
BlueCross & Aetna plans for young adults 
in California and Colorado
www.aflac.com/us/en/individuals/cancer.aspx. 
Cancer insurance for young adults with cancer.

information about Specific cancers  
(see also www.cancer.gov)

Sarcoma

The	Kristin	Ann	Carr	Sarcoma	Fund		
www.sarcoma.com
Liddy	Shriver	Sarcoma	Initiative		
www.liddyshriversarcomainitiative.com

Breast Cancer

Young	Survival	Coalition	www.youngsurvival.org
See additional information above
Living	With	It	www.livingwithit.org
Another resource for breast cancer support

Cervical Cancer

Papsmear	www.papsmear.org

Colon Cancer

Rolling	to	Recovery	www.rollingtorecovery.com

Ovarian Cancer

www.gildasclub.org

Many local Gilda’s Clubs offer a group called “Living 
with cancer in your 20s & 30s.”

Educational-Recreational Events/Camps

Camp	 Make-A-Dream	 www.campdream.org. Hosts 
young adults at Camp Make-A-Dream in Gold Creek, 
Montana for weeklong retreats
First	 Descents	 www.firstdescents.com.	 Free, seven-
day kayak camp in Colorado for young adults with 
cancer.
Tip-of-Toes	 www.tip-of-toes.org.	 Expeditions in 
Canada and points north for teens and young adults 
with cancer
Teenage	Cancer	Trust	www.teencancer.org	 Interna-
tional conferences on cancer and the adolescent held 
every even year in England

Survivorship guidelines 
http://www.survivorshpguidelines.org. 

The Children’s Oncology Group has posted guidelines 
for long-term follow-up of pediatric cancer that may 
help the adolescent and young adult with cancer, 
including following topics:
Introduction to Long-Term Follow-Up
Emotional Issues
Finding Appropriate Healthcare after Cancer
Health Promotion via Diet and Physical Activity
Educational Issues
Female Health Issues
Male Health Issues
Hearing Problems
Dental Health
Pulmonary Health
Bleomycin Alert
Kidney Health
Liver Health and Hepatitis
Bone Health
Avascular Necrosis
Skin Health
Splenic Precautions
Heart Problems
Eye Problems 
Peripheral Neuropathy
Raynaud’s Phenomenon
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Hypopituitarism
Growth Hormone Deficiency
Hyperprolactinemia
Thyroid Problems
Central Adrenal Insufficiency
Precocious Puberty
Limb Salvage after Bone Cancer
Scoliosis and Kyphosis
Breast Cancer 
Reducing the Risk of Second Cancers

Steps for living  
www.StepsForliving.org

Information about events and resources for survivors 
of cancer.
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