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Childhood Cancer Survival: A Risk Factor for GI Disease
See “Survivors of childhood cancer have in-
creased risk of gastrointestinal complications
later in life,” by Goldsby R, Chen Y, Raber S,
et al, on page 1464.

Each year, 12,500 children and adolescents are diag-
nosed with cancer in the United States.1 Significant

biomedical advances over the past several decades have
dren.1 The large number of childhood cancer survivors
reaching adulthood has made study of late effects essen-
tial to understand the breadth of medical and psycho-
logical complications these patients may face. The Child-
hood Cancer Survivor Study (CCSS) is among the first
large cohorts of childhood cancer survivors.2– 4 It is a
multicenter, retrospective, cohort study with longitudi-
nal follow-up of cancer survivors diagnosed between
1970 and 1986. Recruitment began in 1992 and �14,000

patients completed a baseline questionnaire and gave
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consent to obtain medical records. This cohort represents
about 70% of the eligible population. Follow-up ques-
tionnaires were administered in 2000, 2003, 2005, and
2007. More than 8900 patients completed the question-
naire each year. In addition, data on almost 4000 siblings
were collected. The existing database provides a unique
resource for researchers interested in the outcome of
childhood cancer survivors.

Despite the robustness of the data collected, the data-
base has limitations that must be acknowledged when
interpreting studies derived from the data. Because the
database relies on self-report questionnaires to elicit in-
formation about physical complaints and psychological
issues, the impact of bias in reporting outcomes or symp-
toms is an important concern for investigators using the
database for research. Many of the children were quite
young when they were diagnosed and treated for cancer,
and they may not remember details about the diagnosis
or treatment. The same may be true for older children as
well, because their parents were still the primary medical
decision makers and may not have shared everything
with their child. Consequently, survivors may have sig-
nificant knowledge deficits about basic aspects of their
diagnosis and treatment.

To circumvent recall bias for important details of care,
the design of the CCSS required abstraction of some
details from the medical records of the participants.2

Because therapeutic exposures are critical to attribution
of late outcomes, the exposure to chemotherapeutic
agents, radiation, and surgery were obtained from med-
ical records rather than patient recall. For chemothera-
peutic agents, the participants were queried about 42
commonly prescribed chemotherapeutic agents. For 22
agents, the quantitative dose was abstracted and cumu-
lative dose was calculated as a measure of exposure for
common drugs. For surgery, each procedure requiring
general anesthesia, except those for placement of vascular
access devices, was abstracted and the date, name of the
procedure and International Classification of Disease
code entered in the database. For radiation, details about
the dose, body region treated, field size, and dates of
treatment were entered. Some specific studies on radia-
tion exposure have required additional record review to
acquire the details of radiation exposure and these were
provided.

Validation of outcomes is a major concern of the
CCSS. Because of the large number of participants and
multiple potential outcomes, validation through medical
record review is prohibitively labor intensive and expen-
sive. The study group decided to validate the outcomes
that were considered major endpoints, namely, mortality,
subsequent neoplasms, adverse pregnancy outcomes, and
adverse cardiopulmonary outcomes. Validation of mor-

tality, subsequent neoplasms, and adverse pregnancy out- h
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comes demonstrated that self-reporting of these out-
comes was reliable. Validation of cardiopulmonary
outcomes proved problematic because medical record
review and telephone interviews failed to confirm a diag-
nosis of congestive heart failure in many subjects who
reported the complication and a significant fraction of
patients who reported the outcome had died before the
time of validation. Validation of other outcomes has not
been performed.

Despite the limitations of self-reported data, the utili-
zation of the data in the CCSS has been robust. Since its
inception, �160 studies based on the data from the
CCSS have been published. The studies have focused on
various topics. One third or more have examined the rate
of subsequent neoplasms, reoccurrences of the original
tumor, or occurrence of a new cancer. Many others have
focused on issues affecting psychological and health-
related quality of life. Even with widespread use of the
database, the report by Goldsby et al5 in this issue of

ASTROENTEROLOGY is the first to focus on gastrointesti-
al (GI) complications in survivors of childhood cancer.
The investigation of late GI complications in this pa-

ient population is particularly pertinent given the acute
ffects of cancer therapy on the GI tract. Radiation of the
bdomen can cause mucosal inflammation and dysmo-
ility. Surgery can result in anastomotic strictures or
owel obstruction from adhesions. Chemotherapy has a
road range of acute GI toxicities. Nausea and vomiting
re common. Mucositis and GI infections can be recur-
ent and cause cumulative damage to the intestinal mu-
osa including the esophagus. Liver dysfunction occurs
s a direct toxicity of chemotherapeutic agents or of
nfection. Varied pathophysiology is found including
holestasis, hepatocellular necrosis, steatosis, and veno-
cclusion.6,7 Severe pancreatitis is a common complica-
ion of some widely used agents.

In their study, Goldsby et al5 analyzed data from the
nitial questionnaire for the types and incidence of GI
omplaints. The survey included questions about upper
I complications, liver conditions and lower GI compli-

ations. Of the 14,358 childhood cancer survivors and
899 sibling controls who completed the survey, GI com-
lications were reported by 5824 survivors. The majority
f patients reported the onset of GI symptoms �5 years
fter diagnosis. About 40% reported �2 GI complica-
ions. The overall relative risk of a survivor reporting a
omplication was 1.7 for a single complication and 1.6
or reporting �2 complications. Interestingly, the relative
isk of reporting �2 liver problems was 12.2.

The relative risk for upper or lower GI disease ranged
rom 0.9 to 5.6 compared with siblings. The greatest risk
as for colostomy or ileostomy surgery. Unfortunately,

he data set does not provide a clear explanation for the

igher incidence of this outcome. Overall multivariable
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Poisson regression analysis indicates that older age at
diagnosis, high doses of alkylating agents, and abdomi-
nal radiation were associated with greater risk of having
any lower GI complication. The risk for ostomy surgery
was not analyzed separately. The obvious speculation is
that survivors would be at higher risk for obstruction
from adhesions or strictures. The data argue against that
conclusion because the survivors did not have a greater
relative risk of surgery for adhesions and strictures com-
pared with siblings. Even though survivors are likely to
reliably report the presence of an ostomy, they may not
know or remember the indication for surgery.

The other lower GI complication that stands out is the
increased risk for diarrhea. Because of the repeated insult
to the intestinal mucosa, the increased presence of diar-
rhea in this population is plausible. Still, there are diffi-
culties in interpreting this complaint. The original ques-
tionnaire simply asks for a “yes” or “no” answer to the
question “Do you have chronic diarrhea?” No definition
of chronic diarrhea is given. It is left to the individual to
determine whether their bowel pattern qualifies as
chronic diarrhea. Additionally, the nature and associated
symptoms of the diarrhea are not known. That informa-
tion is critical to understanding why survivors may have
more complaints of diarrhea. Damage to the intestinal
tract during treatment may lead to scaring or fibrosis of
intestinal tissue. There is also the intriguing possibility
that treatment-related gut injury may alter neural path-
ways in the brain– gut access or result in imprinting of
sensory regions of the brain, making survivors more
susceptible to irritable bowel syndrome.

The questions asked about upper GI disease make it
difficult to interpret other than that survivors are more at
risk for upper GI complaints than the controls. The
questions about esophageal disease, indigestion or heart-
burn, and other upper GI troubles have potential for
overlap and may represent an increased risk for gastro-
esophageal reflux disease and little else. Information
about esophageal strictures or other esophageal or gastric
disease is not available. The same can be said about
nausea and vomiting, although they may occur in the
absence of esophageal or gastric disease. Interestingly, the
relative risk for nausea and vomiting was higher than
other categories, suggesting that they may occur in the
absence of identifiable pathology. As with the lower GI
complaints, the mechanism for the increased risk of
upper GI complaints is not clear. An interesting possibil-
ity is one that cannot be addressed in this cohort. They
were all diagnosed and treated before the availability of
effective anti-emetics like ondansetron. In the era when
these patients were treated nausea and vomiting were a
prominent side effect of treatment and treatments had
limited effectiveness. By contrast, patients treated in the

era of ondansetron are likely to tolerate treatment with
little to no nausea or vomiting. It will be of great interest
to know whether survivors from more recent eras report
an increased incidence of upper GI problems.

The greatest relative risks for survivors compared with
controls were for liver cirrhosis and liver biopsy. Older
age, total body irradiation (mostly patients undergoing
bone marrow transplant), alkylating agents, anthracy-
cline, and abdominal surgery were all independent risk
factors for liver and gallbladder disease. Missing from the
database is information about viral hepatitis in this pop-
ulation, in particular hepatitis C. The cohort dates to a
time when hepatitis C was acquired from blood transfu-
sions much more frequently than currently happens.
Other infectious complications during treatment may
well increase the incidence of liver disease in this cohort
compared with patients treated more recently.

The high incidence of liver biopsy in this population
seems surprising at first, but a closer examination of the
data suggests a possible explanation. The survivors re-
ported 170 liver biopsies. The data in the paper do not
make it possible to know if the number represents single
individuals or if some fraction reported �1 biopsy. Still,
the number is close to the number who had total body
irradiation, namely 184, and presumably had a bone
marrow transplant. Bone marrow transplantation is not a
reported treatment in the manuscript, although the in-
formation was collected in the questionnaire. Liver dys-
function is an important late complication of bone mar-
row transplantation. Chronic graft-versus-host disease
(GVHD) is a major etiology for liver disease because up to
80% of patients with GVHD have liver involvement. In
addition, veno-occlusive disease and infectious hepatitis
contribute to the burden of chronic liver disease in these
patients. One can speculate that most of the liver biopsies
occurred in patients with a history of bone marrow trans-
plantation. The follow-up of this observation with addi-
tional detail will be enlightening and add important
information for physicians following these patients.

Finally, although the CCSS data clearly provide a pow-
erful source of information about late effects for survi-
vors of pediatric cancer from the perspective of a large,
diverse database, we offer 1 additional lens through
which to view these data (Table 1). Certainly, the inci-
dence and risk of late GI toxicities in childhood cancer
survivors is increased compared with siblings; however, as
noted in Table 1, the actual risk of any survivor experi-
encing these problems remains modest. The CCSS sibling
data clearly show that the incidence of this group of GI
toxicities is very low, and that the statistically significant
relative risk still translates to a low incidence for the
group of survivors. It is important to avoid a potential
framing bias when discussing possible side effects with

newly diagnosed patients and their families, and to use
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discretion when these patients are seen for long-term
follow-up care.8 Risk is elevated; incidence remains low.

The article by Goldsby et al5 in this issue of GASTRO-
ENTEROLOGY is an important first step in defining the
ypes of GI complications present in childhood cancer
urvivors. A better understanding of these outcomes is

ore than academic interest. The knowledge will im-
rove care of a large patient population. In the United
tates, about 1 in 640 adults aged 20 –29 years are child-
ood cancer survivors. Gastroenterologists are likely to
ee these patients in their practice. Finally, more detailed
nowledge about the pathophysiology of the GI diseases

n childhood cancer survivors has the potential to ad-
ance understanding about the effect of prior experience
n brain– gut interactions and the biology of the gut
esponse to injury.

MARK E. LOWE
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Children’s Hospital of Pittsburgh of UPMC
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(N � 3899)

Overall survivors (%)
(N � 14,358)

Overall siblings (%)
(N � 3899)
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3.6
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12.7
0.5
2.7

1.82 1.33
2.2
0.06
4.0
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0.3

2.3 1.61
0.5
1.3
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2.3
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