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Abstract
Background & Aims—Children who receive cancer therapy experience numerous acute
gastrointestinal (GI) toxicities. However, the long-term GI consequences have not been
extensively studied. We evaluated the incidence of adverse long-term GI outcomes and identified
treatment-related risk factors.

Methods—Upper GI, hepatic, and lower GI adverse outcomes were assessed in cases randomly
selected from participants in the Childhood Cancer Survivor Study, a study of 14,358 survivors of
childhood cancer who were diagnosed between 1970 and 1986; data were compared with those
from siblings. The median age at cancer diagnosis was 6.8 years (0–21.0 years), the median age at
outcome assessment was 23.2 years (5.6–48.9 years) for survivors and 26.6 years (1.8–56.2 years)
for siblings. Rates of self-reported, late complications of the GI tract (occurred 5 or more years
after cancer diagnosis) were determined and associated with patient characteristics and cancer
treatments, adjusting for age, sex, and race; data were compared with those from siblings.

Results—Compared with siblings, survivors had increased risk for late-onset complications of
the upper GI tract (relative risk [RR]=1.8; 95% confidence interval [CI], 1.6–2.0), liver (RR=2.1;
95% CI, 1.8–2.5), and lower GI tract (RR=1.9; 1.7–2.2). The RR for requiring colostomy,
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ileostomy, or liver biopsy, or for developing liver cirrhosis were 5.6 (95% CI, 2.4–13.1), 24.1
(95% CI, 7.5–77.8), and 8.9 (95% CI, 2.0–40.0), respectively. Older age at diagnosis, intensified
therapy, abdominal radiation, and abdominal surgery increased the risk of certain GI
complications.

Conclusions—Individuals who received therapy for cancer during childhood have an increased
risk of developing GI complications later in life.
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Introduction
While various disease-specific combinations of chemotherapy, radiation, and surgery have
dramatically improved survival, these treatment modalities have the potential to cause
significant gastrointestinal (GI) complications. 1–3 Abdominal radiation often results in
several acute toxicities, including enteritis and abnormal motility of the intestinal tract.
Chemotherapy is associated with many acute GI toxicities, including nausea, vomiting,
diarrhea, constipation, and increased susceptibility to gastrointestinal infections. Intra-
abdominal surgery and subsequent GI complications are also contributors to GI toxicity of
cancer therapy. However, there is a paucity of data regarding the long-term GI
complications in childhood cancer survivors.

The Childhood Cancer Survivor Study (CCSS) is a large cohort study of over 14,000
survivors of childhood cancer that offers a unique opportunity to study GI late-effects. The
goals of this analysis were to describe the incidence of self-reported adverse GI conditions
occurring at least five years after diagnosis and to evaluate the effect of different treatment-
associated factors on the risk of developing these GI events.

Patients and Methods
Inclusion Criteria

The CCSS is a retrospective cohort of survivors of childhood leukemias, brain tumors,
lymphomas, Wilms’ tumor, neuroblastoma, sarcomas, and bone tumors diagnosed between
1970 and 1986 at one of 26 collaborating institutions in the US and Canada (Supplement
1).4 Eligibility for the CCSS includes age less than 21 years at diagnosis and survival of at
least 5 years from diagnosis, independent of disease status.

Approval for the study was obtained from the human subjects committee at each
collaborating institution. Consent was obtained from patients (or their proxy) to participate
in the study and to release information from their medical records.

Collaborating institutions identified 20,691 5-year survivors who met eligibility criteria. Of
these, 14,358 completed a questionnaire or telephone interview, 3,204 declined to
participate, 3,058 were lost to follow-up, 6 are currently being recruited having been
recently located, and 65 patients were unable to participate due to a language barrier. We
previously compared demographic and cancer-related characteristics among participants,
non-participants and those lost to follow-up, and found that these 3 groups were similar.5, 6

A group of 5,857 closest-aged siblings of randomly-selected CCSS survivor participants
were invited to participate in the survey. Of these, 4,023 siblings completed the survey and
serve as the comparison group in this analysis. Siblings were not matched to cases. We did
account for potential within-family correlation in the analysis.
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Data Collection
At the time of enrollment, a comprehensive “baseline questionnaire” was completed by the
participant (if age ≥18 years) or his/her parent (if age <18 years). Surveys were distributed
by mail or administered by phone using trained interviewers. Survey questions regarding
various GI conditions began with the phrase, “have you ever been told by a doctor or other
health care professional that you have or have had. . . ?” If a participant gave a “yes”
response to a specific GI condition, they were then asked the age of first diagnosis of the GI
condition.

Three types of GI outcomes were considered: (1) upper GI complications, (2) liver
conditions, and (3) lower GI complications. Upper GI complications included: ulcer,
esophageal disease, frequent indigestion or heartburn, nausea/vomiting, or other upper GI
trouble. Liver conditions included: gallstone or other gall bladder issues, liver cirrhosis,
jaundice, liver biopsy, or other liver trouble. Lower GI complications included intestinal
polyps or diverticular disease, colitis, frequent constipation, chronic diarrhea, fisutula or
stricture, colostomy or ileostomy, or other lower intestinal trouble. A response indicating a
problem to any component of an aggregated variable was considered a “yes” for that GI
outcome.

Cancer treatment information was abstracted from medical records at the participating
institutions. Information on cancer therapy included in this analysis is that of the initial
therapy and treatment for any relapse within 5 years of diagnosis. Data regarding exposure
to 42 chemotherapeutic agents (either yes or no) were abstracted and cumulative doses were
calculated for selected agents. The total exposure to alkylating agents (carmustine, busulfan,
lomustine, chlorambucil, cyclophosphamide, ifosfamide, melphalan, nitrogen mustards,
procarbazine, and thiotepa) was measured by calculating an alkylating agent score. The total
dose in milligrams per square meter was calculated for each subject. The distribution of the
doses received by all subjects in the CCSS cohort was determined for each alkylating agent,
and an overall alkylating agent score of 0, 1, 2, or 3 was assigned.7 Surgeries performed for
cancer treatment, site of tumor(s), and fields of radiation therapy were recorded. Abdominal
surgeries included those considered intra-abdominal by ICD-9 codes reported on the medical
records abstraction form. Survivors treated with abdominal radiation or total body
irradiation (TBI) were identified after central review at the Radiation Physics Center at MD
Anderson Cancer Center. The baseline questionnaire and medical-record abstraction form
are available at http://ccss.stjude.org.

Statistical Analysis
Demographics and treatment characteristics of the 5-year childhood cancer survivors were
tabulated. Incidence rates of each GI outcome following the 5-year survival were estimated
by dividing the observed count of the GI outcome (only first events were counted for the
composite-event outcomes) by the person years at risk for the first occurrence of the GI
outcome. Subjects were followed from the 5th anniversary of the original diagnosis and
censored at the time of the survey completion, or at death, which ever occurred first. Starting
at five years, cumulative incidence was calculated individually for upper GI complications,
liver conditions, lower GI complications, or at least one GI condition/complication,
including those which occurred within the first 5 years from the diagnosis as prevalent cases.
An adjusted rate ratio (RR) for developing each late GI event (at least 5 years after
diagnosis), comparing survivors to siblings, was estimated by Poisson regression, adjusting
for age at the time of the study, gender, and race. Potential within-family correlation was
accounted for by the Generalized Estimating Equation.8
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Unadjusted and adjusted Poisson regression analysis was performed for each late-onset GI
outcome to evaluate effect of various factors including age at diagnosis, therapy factors,
relapse within 5 years of the original cancer, and TBI. The factors included in the
multivariable models were selected by the backward selection among a pre-specified set of
factors that included age at diagnosis, abdominal radiation, alkylating agents score,
vincristine exposure (yes/no), anthracycline dose, abdominal surgery, recurrence, and TBI.
We checked a-priori hypothesized two-way interactions between TBI, abdominal surgery,
abdominal radiation, alkylating agent score, and anthracycline exposure: no interaction was
statistically significant. All treatment exposures within five years from original diagnosis of
cancer were included. Because 19% and 16% of dates of reported GI events were missing
among survivors and siblings, respectively, multiple imputations under the assumption of
“missing at random” 9 were used to impute age at first occurrence of a GI outcome if a “yes”
response was recorded without an age at first diagnosis.10 We used multiple-imputation
methodology for event-time imputations using the method of Taylor et al. 11 with slight
modifications. This imputation was repeated ten times creating ten complete datasets
without missing values of age. Each analysis was conducted ten times using the ten datasets
and the results were summarized by standard method for combining multiple-imputation
analyses.12

Results
Study population characteristics

General demographic information for patients and siblings, in addition to basic treatment
information for patients, is shown in Table 1. The median age at diagnosis of initial cancer
was 6.8 years (0–21.0). The median age at outcome assessment was 23.2 years (5.6–48.9)
for survivors and 26.6 years (1.8–56.2) for siblings. The median follow-up time from cancer
diagnosis to death or survey was 14.8 years (range = 5.0 – 31.1 years). In general, survivors
were slightly younger, more likely to be male, and more often reported being non-Caucasian
than siblings .

Most (62.4%) survivors were less than 10 years of age at cancer diagnosis. Almost all
survivors (91.7%) were alive at the time of interview. Primary diagnostic groups included:
leukemia/lymphoma (54.6%), bone or soft-tissue sarcoma (16%), brain tumor (13.1%),
kidney tumor (8.7%), and neuroblastoma(6.6%).

Of the three main modalities of therapy relevant to this analysis (i.e., chemotherapy,
abdominal radiation, and abdominal surgery), 49.4% of the patients were treated with a
single modality, 23.2% with 2 modalities, 15.0% with 3.modalities, and 12.4% received
none. The majority of patients (80.5%) were treated with chemotherapy. Among patients
who received chemotherapy, 89.2% received vincristine, 52.3% received alkylating agents,
and 44.0% were treated with anthracyclines. Abdominal radiation was utilized in 30.1%.
Only 1.5% underwent TBI.

The overall cumulative incidence of any GI condition was 37.6% at 20 years from the
childhood cancer diagnosis (Figure 1). Upper GI complications were most common with a
cumulative incidence of 25.8% at 20 years, followed by lower GI complications (15.5%% at
20 years), and liver conditions (9.4% at 20 years).

Upper GI Complications
A total of 3,811 upper GI complications were reported (Table 2) by 2,884 patients. Of the
upper GI complications, 2,642 complications (69.3%) developed late (at least 5 years after
diagnosis). Late onset of frequent heartburn and indigestion were more frequent (11.2 per
1,000 person-years) than that of other upper GI complications (3.0 per 1,000 person-year).
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Relative to siblings, survivors were at elevated risk for all late onset upper GI complication
categories with rate ratios ranging from 1.5 for ulcers to 3.3 for frequent nausea and
vomiting. Among the 2,884 patients who reported any upper GI complication, only 24.7%
reported 2 or more upper GI complications.

Poisson regression analysis (Tables 3 and 4) revealed several factors that influenced risk of
upper GI complications after 5 years from cancer diagnosis. Patients who were treated with
abdominal radiation and anthracyclines were at higher risk for upper GI complications.
Survivors who were older at cancer diagnosis had higher risk of upper GI complications
compared to children treated under 3 years of age, adjusting for abdominal radiation and
anthracyclines.

Liver Conditions
Overall 1,358 liver conditions were reported (Table 2) by 1,117 patients. Of these liver
conditions, 647 complications (47.6%) developed late (more than 5 years after diagnosis).
Late gallbladder disease occurred at the highest rate (1.9 per 1,000 person years) and liver
cirrhosis had the lowest rate (0.2 per 1,000 person years). Relative to siblings, patients were
at elevated risk for gallbladder disease (RR=2.0; 95% CI 1.6–2.6), liver cirrhosis (RR=8.9,;
95%CI 2.0–40.0) and liver biopsy (RR=24.1,; 95 CI 7.5–77.8). Also, 15.2% patients of the
1,117 who had a liver complication reported 2 or more liver conditions. Older age at
diagnosis, increasing alkylating agent exposure, anthracycline use, abdominal surgery, and
TBI were all independent risk factors for liver conditions (Table 4).

Lower GI Complications
A total of 2,333 lower GI complications (Table 2) were reported by 1,823 patients. More
than half (53.4%) of the lower GI complications were a late onset problem. Among lower GI
complaint (Table 2), late onset of frequent constipation was the most common (2.9 per 1,000
person-years). Relative to siblings, survivors were at elevated risk for all late onset lower GI
complication categories except for colitis and fistulas/strictures. Survivors were at increased
risk for developing any late lower GI complications when compared to siblings (RR=1.9;
95% CI 1.7–2.2). Older age at diagnosis, abdominal radiation, and high dose alkylating
agents were treatment-associated factors that increased the risk of lower GI complications
(Table 4).

Multiple GI Conditions
To assess whether findings were driven by a smaller group of survivors with multiple
abnormalities or a larger group with only one abnormality, we evaluated how many
survivors reported 2 or more GI issues. The majority (61.9%) reported only one problem in
the 3 GI categories. The relative risk of reporting any GI complication was 1.7 and the
relative risk of reporting 2 or more GI complications was similar at 1.6. There was a
substantially higher risk of reporting 2 or more liver problems compared to sibling controls
(RR 12.2; 4.8–30.7).

Discussion
As more children diagnosed with cancer are surviving long-term, it is increasingly important
to recognize the long-term consequence of their cancer and its therapy. This analysis
demonstrates that survivors of childhood cancer have a higher incidence of self-reported GI
complaints compared with their siblings. Risks for colostomy/ileostomy, cirrhosis or liver
biopsy were highest. Older age at diagnosis, exposure to abdominal radiation, and certain
chemotherapy treatments increase that risk.
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Over 40% of childhood cancer survivors reported a late GI complication by 20 years after
cancer therapy. Studies of adult onset cancer survivors support that late GI complications are
relatively common. This is particularly true in patients with abdominal or pelvic carcinomas
treated with radiation. These GI conditions can have a significant impact on quality of
life.13–15 Up to 50% of adult onset cancer patients treated with pelvic radiation report that
quality of life is impacted by GI symptoms. Information regarding late GI consequences in
childhood cancer is limited. In a study of females treated for pelvic rhabdomyosarcoma, 41
GI late-effects were identified in 18 of 26 patients studied.16 Intestinal complications
included strictures, gastritis, incontinence, enteritis, perforation, constipation, and liver
conditions. Thus, the CCSS data and other data indicate that late GI complications are a
relatively common, and perhaps under-investigated, problem.

The probability of experiencing a late GI consequence was greater in survivors compared to
siblings in 16 out the 17 categories evaluated. Cancer therapy has well known acute GI
toxicities, including nausea, vomiting, esophagitis, mucositis, enteritis, diarrhea, and liver
dysfunction. The survivor’s prior experience may increase their sensitivity to GI related
symptoms, but cancer treatments may cause direct damage to the GI organ system. Late GI
toxicity may result from repeated injury and scarring of the tissue from chemotherapy or
gastrointestinal infections related to chemotherapy-related myelosuppression. Blood
products needed during therapy increase the risk of hepatitis.17, 18 Radiation can cause
vascular injury and result in intestinal ischemia and/or fibrosis.19, 20 The incidence of
intestinal fibrosis is dose dependent, 5% at 40Gy and up to 40% at 60Gy.20 Radiation can
also damage abdominal blood vessels and cause clinically significant vascular compromise
including impaired growth and stenosis of the abdominal aorta.21 Radiation can also cause
long-standing liver damage that is dose and volume dependent.22 Thus, it is not surprising
that survivors of childhood cancer have long-term GI complications.

Some of the factors that influenced risk for late GI toxicity were expected and others were
not. As expected, exposure to abdominal radiation increased the risk of upper and lower GI
complications. However, abdominal radiation did not increase the risk of liver
complications. This may reflect the fact that most patients needing abdominal radiation (i.e,
neuroblastoma, Wilms tumor) may have had the liver spared from direct and/or high doses
of radiation. The liver seems to tolerate relatively smaller doses (<20 Gy) to larger areas of
the liver or higher doses to smaller areas of the liver. 23 Patients undergoing BMT with TBI
did have a high rate of liver conditions. This may reflect the overall intensity of the therapy
and associated increased risk of VOD, infectious complications (including viral hepatitis),
and/or GVHD.

Chemotherapy, like radiation, causes toxicity in organs with rapid cell turnover. Alkylators
are mutagenic and may cause long-term genetic changes in tissues of organs like the
gastrointestinal tract.24 Anthracyclines have a well known association with early and late
cardiac damage.25 They also cause significant acute GI toxicities.26 Therefore, it is
understandable why alkylators and anthracyclines influenced the risk of late hepatic and
lower GI consequences. Consistent with this finding, concurrent chemotherapy in adult
patients with cervical carcinoma have a higher risk of bowel damage and late GI toxicity.27

Abdominal surgery may predispose survivors to the development of adhesions and late GI
complications. Based on anecdotal long-term reports, small bowel obstruction can be a late
sequlae of abdominal surgery.23 However, on multivariate analysis in this study, abdominal
surgery was only associated with late hepatic consequences.

The association between older age at diagnosis and increased risk of developing late GI
complications was unanticipated. The increasing incidence with increasing age may reflect
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less resiliency of the GI tissue with age. Alternatively, older patients develop different
cancers (e.g., Hodgkin disease, bone sarcoma) that may employ treatments with greater
potential for GI toxicity or a greater tendency to use radiation in older children.

The large size of the CCSS cohort and the high participation rates are strengths of our study.
Several limitations should also be discussed. The first limitation relates to the self-reported
nature of the data and the potential for under- or over-reporting outcomes. While CCSS
investigators have had excellent success in validating selected outcomes, such as second
malignancies, our success in obtaining complete medical records on a high proportion of
survivors for validation of other major outcomes has been limited.28 Previous reports have
demonstrated that survivors of stem cell transplantation have the ability to recall many
medical outcomes with a relatively good level of sensitivity and specificity 29. Additionally,
using siblings as a control could introduce bias. Siblings might be predicted to have more GI
complaints than the general populations; if so this would make the results somewhat
conservative. Another limitation of this study is that some reported late-effects could be
related to recurrence or progression of their cancer. Patients who were alive, but had active
disease at 5-years after diagnosis, were included. However, when we added an indicator
variable of recurrence to the multivariable model, we found that there were no significant
differences in the three outcomes’ rates by recurrence (data not shown). Although this was
likely a small number of patients, the methods of data capture do not allow separate analysis
of disease state at time of entry. Lastly, it is not possible to distinguish between the direct
effects of the cancer treatment and indirect effects (such as hepatitis C infection from
transfusion on the liver).

In conclusion, survivors are at elevated risk for ongoing GI complications after therapy. As
these GI complications may impact quality of life, health care providers should be aware of
potential GI problems in this population as they evaluate acute complaints and plan ongoing
follow-up care. Longitudinal follow-up survivors of childhood cancer will help determine
the effects of aging on GI symptoms and disease. In addition, the risks of late GI
complications may change, as therapy for childhood and adolescent cancer continues to
evolve, and will require studies of more recently treated patients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cumulative incidence of GI conditions (Any = red, 2 or more = black) among 5 year
survivors, with cumulative incidence [%] on the vertical axis and years since diagnosis on
the horizontal axis.
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Table 1

Characteristics of Childhood Cancer Survivors and the Sibling Comparison Group

Characteristics Survivors
(N=14358)
No. (%)

Siblings
(N=3899)
No. (%)

Age at interview (years)

<20 5237 (36.5%) 1092 (27.1%)

20–29 5885 (41.0%) 1418 (35.2%)

30–39 2904 (20.2%) 1170 (29.1%)

40+ 332 (2.3%) 343 (8.5%)

Sex

Male 7713 (53.7%) 1937 (48.1%)

Female 6645 (46.3%) 2086 (51.9%)

Race/Ethnicity

White, NH* 11943 (83.1%) 3509 (87.2%)

Black, NH 713 (5.0%) 113 (2.8%)

Hispanic/Latino 715 (5.0%) 148 (3.7%)

Other 987 (6.9%) 253 (6.3%)

Vital status at time of interview

Alive 13173 (91.7%)

Dead 1185 (8.3%)

Age at diagnosis (years)

<3 3346 (23.3%)

3–9 5610 (39.1%)

10+ 5402 (37.6%)

Diagnosis

Acute Lymphoblastic Leukemia 4329 (30.2%)

Acute Myelogenous Leukemia 356 (2.5%)

Other Leukemia 145 (1.0%)

Astrocytoma 1182 (8.2%)

Medulloblastoma/PNET 381 (2.7%)

Other CNS Tumor 314 (2.2%)

Hodgkin’s Disease 1927 (13.4%)

Non-Hodgkin’s Lymphoma 1080 (7.5%)

Kidney Tumor 1256 (8.7%)

Neuroblastoma 954 (6.6%)

Soft Tissue Sarcoma 1246 (8.7%)

Ewing Sarcoma 403 (2.8%)

Osteosarcoma 733 (5.1%)

Other Bone Tumor 52 (0.4%)

Recurrent Disease

   yes 1563 (10.9%)

   no 12795 (89.1%)
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Characteristics Survivors
(N=14358)
No. (%)

Siblings
(N=3899)
No. (%)

Total Body Irradiation*

   yes 184 (1.5%)

   no 12375 (98.5%)

Abdominal Primary Tumor

   yes 1747 (12.2%)

   no 12611 (87.8%)

Abdominal Radiation *

   yes 3786 (30.1%)

   no 8773 (69.9%)

Chemotherapy*

   yes 10119 (80.5%)

   no 2455 (19.5%)

Alkylating Agents Score*

   None (AA Score=0) 5814 (52.4%)

   Low dose (AA Score=1) 2509 (22.6%)

   Medium dose (AA Score=2) 1657 (14.9%)

   High dose (AA Score=3) 1125 (10.1%)

Vincristine*

   yes 9026 (71.8%)

   no 3548 (28.2%)

Anthracycline*

   None 7595 (63.1%)

   ≤100 480 (4.0%)

   101–200 951 (7.9%)

   201–300 913 (7.6%)

   >300 2106 (17.5%)

Abdominal Surgery*

   yes 3802 (30.3%)

   no 8754 (69.7%)

*
Note: some variables had missing values (such as race and treatment data), the numbers and percentages are based on available data only
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