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Abstract
Curative therapy for childhood and adolescent cancer translates to 1 in 640 young adults being a
survivor of cancer. Although acute hepato-biliary toxicity occurs commonly during pediatric
cancer therapy, the impact of antineoplastic therapy on long-term liver health in childhood/
adolescent cancer survivors is unknown. This article reviews the medical literature on late liver
dysfunction following treatment for childhood/adolescent cancer. We also outline the Children’s
Oncology Group (COG) guidelines for screening and follow-up of hepato-biliary sequelae. As the
population of survivors grow and age, vigilance for risks to hepatic health needs to continue based
on specific exposures during curative cancer therapy.
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Introduction
With therapeutic advances 80% of children and adolescent cancer patients are expected to
become long-term survivors. Current projections are that 1 in 640 adults aged 20–39 years in
the US is a childhood cancer survivor.[1] Although antineoplastic therapy is commonly
associated with acute and often reversible hepatotoxicity, there is little follow-up on long
term liver health in survivors of adult or childhood cancer. Acute or sub-acute hepato-biliary
injury is recognized with varying incidence following radiation, multiple chemotherapies, or
hematopoietic stem cell transplantation (HSCT).[2,3] Additionally, hepato-biliary toxicity is
associated with supportive care measures, such as transfusion-acquired hepatitis, transfusion
associated iron overload or cholestatic disease from total parenteral nutrition (TPN). Hepatic
dysfunction following graft-versus-host-disease (GVHD), viral hepatitis, or veno-occlusive
disease [VOD; also termed sinusoidal obstruction syndrome (SOS)] can also contribute to
irreversible hepatic injury.[4] These conditions may predispose to clinically significant liver
disease in aging childhood cancer survivors.

This review aims to familiarize clinicians with the Children’s Oncology Group Long-Term
Follow-Up Guidelines for Survivors of Childhood, Adolescent and Young Adult Cancers
(COG Guidelines), focusing on the exposure-based recommendations for screening liver
health in survivors.[5]

Methods
In 2003, the COG released risk-based, exposure-related guidelines, to direct follow-up care
in patients treated for pediatric malignancies.[5] The COG Guidelines represent
recommendations for screening asymptomatic survivors for late effects as a result of
therapeutic exposures during treatment for pediatric malignancies. The COG Guidelines
(http://www.survivorshipguidelines.org) were developed to facilitate screening toward early
identification of and intervention for cancer-related complications. Outcome specific task
forces were organized to refine these initial guidelines through systematic literature reviews
and to identify and address gaps in research.

In October 2004 the COG Guideline Task Force on Gastrointestinal and Hepatic
Complications performed an extensive review of the English literature, with an update in
2006 and 2008. The search via MEDLINE (National Library of Medicine, Bethesda, MD)
encompassed the years 1975–2008. Key search words comprised “childhood cancer
therapy,” “complications,” “late effects” paired with “hepatotoxicity,“ “hepatic/liver
dysfunction,” “cholelithiasis,” “veno-occlusive disease (VOD),” “hepatoblastoma,”
“hematopoietic stem cell transplantation (HSCT),” “bone marrow transplantation” and
“hepatitis”. The search was broadened with references from bibliographies of selected
articles.

A multidisciplinary panel of survivorship experts scored the guidelines according to a
modified version of the National Comprehensive Cancer Network “Categories of
Consensus” system.[6] Scores reflects the panel’s assessment of the strength of evidence
from the medical literature linking particular adverse outcomes to specific therapeutic
exposures, (Table I). High level evidence was defined as evidence derived from randomized
control trials, high quality case control or cohort studies with sufficient power to prove the
hypothesis. Lower level evidence was defined as that derived from non analytic studies, case
reports, case series and clinical experience. For the purpose of the guidelines, evidence
scored 1or 2 was then coupled with an assessment of the appropriateness of screening
recommendations, based on the expert panel’s collective clinical experience.
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Results
The task force identified 30 citations from MEDLINE pertaining to non-acute hepatic
dysfunction associated with treatment for childhood cancer. These citations included 15
observational studies and 15 non-experimental studies (case reviews and clinical series).
Key findings from the literature review are summarized in the sections that follow.

Hepato-Biliary Injury Associated with Cancer Therapy
Acute hepatotoxicity related to antineoplastic therapy has varying pathophysiology
including cholestasis, hepatocellular necrosis, ductal injury, steatosis, and veno-occlusion.
[7–11] Histological findings include periportal and concentric fibrosis and injury to
sinusoidal endothelial cells.[2,3,7] Chronic or delayed liver injury following childhood
cancer is from hepatic fibrosis in response to inflammation from chronic viral hepatitis,
drug-induced injury or fatty infiltration. Progressive fibrosis leads to risk for cirrhosis, portal
hypertension and hepatocellular carcinoma.[12–14] Chronic GVHD involving the liver after
HSCT is associated with hepatocellular necroinflammatory changes, paucity of interlobular
bile ducts, and intrahepatic cholestasis.[15]

Clinical Manifestations of Late Hepato-Biliary Toxicity
Liver injury related to treatment for childhood cancer can be indolent and develop without a
history of prior acute toxicity; however data is not available correlating the incidence of
chronic liver disease to acute hepatotoxicity. Asymptomatic elevations of serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) are nonspecific indicators of
acute injury during therapy, and hence nonspecific to delayed injury in survivors. With
chronic GVHD, serum alkaline phosphatase and bilirubin levels may also be elevated.

In contrast to the acute presentation of hepatic VOD/SOS, late sequelae are characterized by
painless hepatomegaly, esophageal or gastric varices, or splenomegaly with
thrombocytopenia. [12,16] If decompensated cirrhosis develops, constitutional complaints
and clinical signs and symptoms are similar to that in the general population.

Late Hepatic Sequelae of Chemotherapy
In contrast to the knowledge about acute and sub acute hepatic effects, limited data are
available regarding chronic persistent or latent hepatic dysfunction from chemotherapy
administered in childhood. The latency period for manifestation of liver dysfunction is
unknown and therefore challenging to establish links between hepato-biliary events in
adulthood and prior cancer history. The agents with established acute and emerging chronic
hepatotoxic potential include antimetabolite agents like 6-mercaptopurine, 6-thioguanine,
methotrexate, and rarely dactinomycin (Table II).

Thiopurines—The antimetabolites, 6-thioguanine and 6-mercaptopurine have established
associations with subacute hepatocellular and cholestatic disease.[2] One underlying genetic
risk for acute toxicity in patients is thiopurine S-methyltransferase (TPMT) deficiency. The
rare, but severe acute toxicity of these antimetabolites, and 6-thiguanine specifically is the
occurrence of VOD/SOS.[16,17] Although the majority of children with this complication of
thiopurine associated VOD recover, a subset of patients have progressive fibrosis leading to
portal hypertension.[12,16,18] Late liver dysfunction manifests as persistent hepatomegaly,
splenomegaly, and thrombocytopenia.[12,19] Chronic viral hepatitis, TPMT homozygosity
and hemosiderosis are proposed contributors to chronic fibrosis in these survivors.

Methotrexate—Acute and subacute methotrexate-induced hepatic injury is characterized
by transient elevations of serum transaminases or alkaline phosphatase; biochemical changes
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do not consistently correlate with severity of hepatic injury.[19] The risk of fibrosis or
cirrhosis after daily oral methotrexate is more than two-fold greater than intermittent
parenteral administration in some childhood leukemia treatment protocols.[20] More
contemporary studies evaluating hepatic histology in children treated with methotrexate
demonstrated mild structural changes and low incidence of portal fibrosis.[19,21] These
findings suggest that methotrexate-induced fibrosis regresses or stabilizes after
discontinuation and rarely produces end-stage liver disease in the absence of other
antimetabolite therapy, or co-morbidities.[19] Interestingly there have been no reports of
delayed hepatotoxicity in osteosarcoma survivors who receive shorter duration, high dose
methotrexate despite elevated transaminases levels during therapy.

Notably, in survivors of leukemia with viral hepatitis who received high dose, parenteral or
oral methotrexate regimens, there is growing evidence that the risk for progressive hepatic
dysfunction persists into adulthood.[13,22] Hepatic radiation may contribute added risk for
progression of late methotrexate hepatic sequelae.

Dactinomycin—Dactinomycin is associated with acute, dose related, reversible VOD/SOS
in children treated for Wilms tumor and rhabdomyosarcoma.[23,24] Despite the acute
hepatic dysfunction in the non-irradiated patients, overall survival exceeded 80% in the
National Wilms Tumor Study. The prevalence of chronic hepatopathy with follow-up is
unknown.

Hepatic Sequelae after Radiation
Radiation induced liver disease (RILD) typically presents in the first 12 weeks after
completion of radiation and resembles VOD/SOS resulting from endothelial cell injury.[25]
Pediatric hepatic radiation dose limits have not been characterized, but in adults, where the
whole liver has tolerance up to 30–35 Gy with conventional fractionation, the prevalence of
radiation liver disease varies from 6–66% based on the volume of liver involved and on
hepatic reserve.[25,26] Smaller volumes of liver may be safely irradiated to higher doses,
while accounting for the radio-sensitizing effects of chemotherapy. RILD has been studied
in children with Wilms tumor, neuroblastoma, and hepatoblastoma.[27–30] The risk of
injury increases with radiation dose, hepatic volume, younger age at treatment, prior partial
hepatectomy, and concomitant use of radiomimetic chemotherapy like dactinomycin and
doxorubicin.[27,29]

Persistent radiation hepatopathy after contemporary treatment is uncommon in long term
survivors without predisposing conditions, such as viral hepatitis or iron overload.[31]
Survivors who received radiation doses of ≥ 40 Gy to at least one third of liver volume,
doses of ≥ 30 Gy to whole abdomen, or an upper abdominal field involving the entire liver
are at highest risk for hepatic dysfunction. The evidence for a clear association of secondary
hepatic malignancies within the radiation field is limited. [32–34] Contemporary three-
dimensional planning permits more accurate delivery of high-dose radiation to tumors while
sparing normal liver. Long-term outcome of liver function following contemporary
technology are not yet available.

Hepatic Sequelae of HSCT
Liver disease in long-term survivors treated with HSCT in childhood may result from
chronic GVHD, chronic viral infection, VOD/SOS, or nodular regenerative hyperplasia.
[35,36] Chronic GVHD is the leading cause of non-relapse mortality 2 years post HSCT,
and approximately 80% of individuals with chronic GVHD have liver involvement.[37]
Chronic GVHD manifests as cholestasis with elevated bilirubin and alkaline phosphatase,
but may also present as acute hepatitis alone. Immunosuppressive agents, antibiotics,

Castellino et al. Page 4

Pediatr Blood Cancer. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



antifungal and antiviral drugs, sedatives, anti-emetics, antipyretics, and parenteral nutrition
may exacerbate chronic GVHD associated hepatotoxicity.[15]

Liver dysfunction with cirrhosis due to chronic viral hepatitis represents an important late
complication of HSCT.[4,36,38] Chronic liver disease may predispose to early mortality in
long-term survivors after HSCT.[4,38,39]

The risk of developing VOD/SOS ranges from 1 to 54% with HSCT with high mortality
rates.[40] Cyclophosphamide and busulfan conditioning and total body irradiation regimens
are associated with the highest incidence of fatal VOD. Due to the high mortality rate of
VOD/SOS, there are no studies evaluating long term hepato-biliary health in HSCT
survivors of this condition.

Siderosis is found in approximately 90% of long term survivors of HSCT.[41] Iron overload
results from multiple red cell transfusions and dyserythropoiesis leading to increased iron
transport through the intestine. Iron overload may exacerbate the course of viral hepatitis.

Transfusion-Acquired Hepatitis
Infectious hepatitis has been a major contributor to liver morbidity and mortality following
childhood cancer, especially in survivors transfused prior to effective screening measures for
hepatitis B (HBV) and C (HCV).[13,36,42,43] Based on the implementation of effective
screening of blood products in the U.S., survivors at highest risk are those exposed to blood/
serum products prior to 1972 for HBV and prior to 1993 for HCV (Table III).

HBV is characterized by a more aggressive acute clinical course and a lower rate of chronic
infection. In contrast, acute infection with HCV is often mild or asymptomatic, but the rate
of chronic infection approximates 80%.[44] Survivors with chronic hepatitis may experience
significant morbidity and mortality related to cirrhosis and hepatocellular carcinoma.[43]

The prevalence of transfusion related HCV infection (positive EIA or PCR) has ranged from
5% to 50% depending on the geographic location of the cancer center.[13,42,43,45–47]
Chronic infection is common, evidenced by PCR detection of viral RNA ranging from 70%
to 100%.[13,45–47] Most patients are asymptomatic, with elevated ALT values in 29% to
79%. Chronically infected survivors develop progressive fibrosis and cirrhosis at rates
similar to adult HCV cohorts, or hemophiliacs co-infected with human immunodeficiency
virus (HIV) and HBV.[13] Co-infection with HBV and HCV might accelerate disease
progression as does concomitant immunosuppression or HSCT associated hepatotoxicity.
[14,43] Hepatocellular carcinoma is largely associated with chronic HBV and HCV
infection.[14,48]

Other Late Hepato-Biliary Complications
Less commonly reported hepato-biliary complications include cholelithiasis, focal nodular
hyperplasia (FNH), nodular regenerative hyperplasia (NRH), and microvesicular fatty
change. In a large cohort of childhood patients with cancer, Mahmoud et al. reported a
higher risk of biliary calculi in compared to rates observed in the general population.[49]
The cumulative risk of cholelithiasis was 0.42% at 10 years and 1.03% at 18 years after
diagnosis. Treatment factors associated with cholelithiasis included: ileal conduit (RR 61.6;
27.9–135.9), parenteral nutrition (RR 23.0; 9.8–54.1), abdominal surgery (RR 15.1; 7.1–
32.2), and abdominal radiation (RR 7.4; 3.2–17.0). HSCT has also has been associated with
cholelithiasis. [50]

FNH is often an incidental finding on imaging in childhood cancer survivors, with no
specific therapeutic association. [51–54] The pathogenesis of FNH albeit poorly understood,
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is thought to be a reaction to a localized vascular anomaly. Others have speculated that FNH
results from thrombosis, intimal hyperplasia, high sinusoidal pressures, or increased flow.
[53,55] High doses of alkylating agents, history of VOD/SOS, or hepatic radiation may
produce vascular injury and subsequent localized circulatory disturbances.[52] The FNH
lesion is characterized with specificity by MRI, and is associated with infrequent
complications and the absence of malignant transformation.

NRH is a rare condition characterized by the development of multiple monoacinar
regenerative hepatic nodules and mild fibrosis. The pathogenesis is not well established, but
may represent a non-specific tissue adaptation to heterogeneous hepatic blood flow.[56]
NRH has rarely been observed in survivors of childhood cancer treated with chemotherapy,
with or without liver radiotherapy.[18,51,57] Biopsy may be necessary to distinguish NRH
from a second malignancy.

In a cohort who recently completed intensified therapy for acute lymphoblastic leukemia,
histological evidence of fatty infiltration was noted in 93% and siderosis in up to 70% of
patients.[58] Fibrosis developed in 11% and was associated with higher serum LDL-
cholesterol. Prospective studies are needed to define whether acute post-therapy fatty liver
change contributes to the development of steatohepatitis or the metabolic syndrome in this
population.

Discussion
The growing population of childhood cancer survivors will transition from pediatric
oncology to primary medical care at varying intervals after completing therapy. For each
potential late treatment complication, the COG Guidelines outline host co-morbidities,
treatment factors and health behaviors that may heighten the risk for toxicity in association
with the predisposing antineoplastic therapy. Because the literature addressing the risks and
benefits of screening asymptomatic childhood cancer survivors is limited, the current
guidelines provide conservative screening recommendations derived from the consensus of a
multi-disciplinary panel of late effects experts. Thus, the guidelines address the Institute of
Medicine’s call to develop health screening recommendations appropriate to the unique
vulnerabilities of childhood cancer survivors.[1]

With regard to survivors exposed to potentially hepatotoxic therapy in childhood, the
recommendations are for screening evaluation of ALT, AST, and bilirubin at baseline entry
into long-term follow-up. Serum ferritin is an additional recommendation at baseline for
survivors of HSCT (Table II). Childhood cancer exposures may be an emerging contributor
to the 3 to 5% of the population with asymptomatic persistent non-virus non-alcohol related
aminotransferase elevation.[59] The COG guidelines provide recommendation for additional
evaluation in the setting of positive screening for those who received antimetabolites,
abdominal irradiation or HSCT. Since a high proportion of at-risk survivors and their non-
oncology providers are unaware of transfusion exposure status,[60] the COG Guidelines
recommend that all patients treated prior to 1972 should have screening for hepatitis B and
all patients treated prior to 1993 should have screening with a serum hepatitis C antibody
test. These dates will vary for patients who received transfusions at non-U.S. institutions.
Further testing for the hepatitis C virus should be given to antibody negative patients with
abnormal serum transaminases, hyperbilirubinemia, or those who may have a false negative
antibody test because of persistent immunosuppression (Table III). Testing for viral hepatitis
is warranted as effective antiviral regimens are increasingly available.

Health literacy to minimize further hepatic injury is important toward health maintenance in
childhood cancer survivors with a history of exposure to hepatotoxic therapy. Health
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education toward this goal include avoidance of obesity, viral hepatitis risk prevention, and
careful attention of health providers to survivors’ prescription and non-prescription drug use,
and herbal and supplement use (http://www.hepfi.org/living/liv_caring.html).[61–64]
Standard behavioral recommendations include abstinence from alcohol use and
immunization against hepatitis A and B if immunity is not established. Although studies
specifically evaluating recommendations to promote liver health in childhood cancer
survivors have not been conducted, a conservative approach adopting recommendations
from other specialties modified for survivors is appropriate. Practitioners can access patient
materials on liver health by visiting the “Health Links” at
http://www.survivorshipguidelines.org/.

In conclusion, delayed hepato-biliary sequelae are currently reported with low incidence,
despite the frequency of acute hepatotoxicity observed during childhood cancer treatment.
Survivors of leukemia and HSCT have the highest rates of risk for late hepatic dysfunction.
As liver disease can be indolent, risk-based health screening and proactive intervention
against long-term adverse effects provide an opportunity to reduce cancer related morbidity
and improve quality of life in the growing population of adults surviving childhood cancer.
The unknown interaction between therapies delivered during childhood with health
behaviors and co-morbidities of usual aging need to be considered in continued follow-up of
this population. Given the sparse literature on late hepatobiliary effects, further research is
needed to identify the true incidence and the ensuing natural history of latent liver
dysfunction in childhood cancer survivors of contemporary therapy, including those who
have sustained large liver resection or liver transplant for childhood cancers.
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Table I

Consensus scoring categories for screening and risk based recommendations in the COG Long-term follow-up
guidelines

Score Consensus statement

1 There is uniform consensus of the panel that there is high level evidence linking the late effect with the therapeutic exposure;
screening recommendation is appropriate based on collective clinical experience of panel members

2A There is uniform consensus of the panel that there is lower level evidence linking the late effect with the therapeutic exposure;
screening recommendation is appropriate based on collective clinical experience of panel members

2B There is non uniform consensus of the panel that there is lower-level evidence linking the late effect with the therapeutic exposure;
screening recommendation is appropriate based on collective clinical experience of panel members

3 There is major disagreement that the recommendation is appropriate

COG: Children’s Oncology Group.
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Table III

Monitoring liver health for transfusion-associated morbidity following cancer therapy for childhood and
adolescent cancers

Cancer Treatment Period Potential Late Effect Additional Risk Factors Recommended Screening Evidence Score

Diagnosis prior to1972* Chronic hepatitis B
infection

• Residence in hyper-
endemic area

• High risk health
behavior(s): IV
drug use;
unprotected sex;
multiple partners;
high-risk sexual
behavior; sexually
transmitted disease;
tattoos; body
piercing

• Hepatitis B
surface antigen
(HBsAg)§

• Hepatitis B core
antibody (anti
HBc or HBcAb)

1

Diagnosis prior to 1993* Chronic hepatitis C
infection

• Hepatitis C
antibody

• Hepatitis C PCR
(once in patients
with positive
hepatitis C
antibody)

1

*
Dates may differ in non U.S. treatment locations;

§
Screen once following end of all cancer treatment or upon entry in long-term followup unless ongoing risk factors;

#
Guideline recommendations scored “Category 1” reflecting uniform consensus of high level evidence among panel of late effects experts (see

Table I);

**
COG Health Link: http://www.survivorshipguidelines.org/pdf/Hepatitis.pdf
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