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                      Substantial progress has been made since the 1960s in improving 
survival from childhood and adolescent cancer. Overall 5-year 
survival in the 1960s was estimated at 28%, whereas current 5-year 
survival rates approach 80% ( 1 ). Often, 5-year disease-free survival 
is used to denote a cure; however, recurrences more than 5 years 
from diagnosis do occur. In 2008, Mertens et al. ( 2 ) reported on 
very late mortality in 5-year survivors of childhood cancer from 
the Childhood Cancer Survivor Study (CCSS) and found that the 
leading cause of death for 5-year survivors was recurrence or pro-
gression of the original cancer until 20 years from diagnosis. 

 The current literature on late recurrence is mostly limited to 
case reports, case series, and long-term analyses of specifi c cancers 
treated through individual study groups or institutions ( 3  –  28 ). 
Although these reports are limited by sample size and length of 
observation, they have led to some recommendations for routine 
follow-up evaluations and treatment. For example, it is routine to 
continue annual imaging more than 5 years after treatment of bone 
sarcomas for early detection and intervention of late pulmonary 
relapse ( 13 , 29 , 30 ). For other diseases such as acute lymphoblastic 
leukemia and Hodgkin lymphoma, increased patient survival 
beyond 5 years has been accompanied by an increase in late recur-
rences ( 3 , 11 , 26 , 31 ). The timing and probability of “cure” for this 

pediatric population depend on several factors, including cancer 
type and treatment regimen. 

 As more pediatric cancer patients enter long-term follow-up as 
survivors of their cancer, it is important for both patients and phy-
sicians to appreciate the risk of recurrence. Knowledge of a survi-
vor’s risk is particularly important because of the inconsistencies 
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   Background   An increasing percentage of childhood cancer patients are surviving their disease, but there is limited 
research on late recurrence. We sought to estimate late recurrence rates for the most common pediatric 
cancers and to determine risk factors for late recurrence.  

   Methods   The incidence of late recurrences, or first recurrences that occurred more than 5 years after diagnosis, was 
analyzed for the most common pediatric cancers using data from the Childhood Cancer Survivor Study, a 
retrospective cohort of 5-year survivors of childhood and adolescent cancers who were diagnosed between 
1970 and 1986. A total of 12   795 survivors with no history of recurrence within 5 years after their original 
cancer diagnosis were included in the analysis, with a total of 217   127 person-years of follow-up. Cumulative 
incidence of late recurrence at 5, 10, 15, and 20 years after diagnosis was calculated using death as 
a competing risk. Adjusted relative rates of late recurrence were obtained using multivariable Poisson 
regression. All statistical tests were two-sided.  

   Results   Overall, 5-year survivors of pediatric cancers experienced a cumulative incidence of recurrent disease of 
4.4%, 5.6%, and 6.2% at 10, 15, and 20 years, respectively. Cumulative incidence varied by diagnosis: 
Survivors of Ewing sarcoma and astrocytoma had the highest 20-year cumulative incidences at 13.0% 
(95% confidence interval [CI] = 9.4 to 16.5) and 14.4% (95% CI = 12.3 to 16.6), respectively. In multivariable 
analysis, the greatest risk factors for late recurrence included diagnosis, combination treatment with che-
motherapy and radiation, earlier treatment era, and fewer years since diagnosis ( P  < .001 for all).  

   Conclusion   Late recurrence is a risk for some pediatric cancers. By understanding diagnosis-specific risks, patients, 
families, and their medical providers can be better informed of the probability of cure.  
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seen with the length of follow-up and surveillance completed for 
childhood cancer survivors. Although “cure” is diffi cult to defi ne 
in this patient population, many survivors may not have formal 
oncology follow-up once they are considered “cured” by their 
primary oncology physician ( 32 ). Moreover, young adult survivors 
of childhood cancer eventually age-out of pediatric care and have 
uncertain medical follow-up into adulthood. 

 The CCSS is the largest cohort of adult survivors of childhood 
cancer under direct surveillance in the United States and is 
uniquely able to assess the outcome of late recurrence across diag-
noses ( 33 ). The primary objectives of this analysis were to assess 
the risk of relapse 5 years or more after original diagnosis and to 
determine patient and cancer characteristics that affect risk of late 
relapse. Understanding diagnosis-specifi c risks of recurrence can 
aid the formulation of evidence-based recommendations for long-
term disease surveillance and help inform patients and families of 
the probability of a late relapse. 

  Patients and Methods 
  Study Population and Design 

 The CCSS cohort characteristics and study design have been pre-
viously described in detail ( 34 ). In brief, CCSS is a retrospective 
cohort of 14   359 five-year survivors of childhood cancer who were 
younger than 21 years at diagnosis and diagnosed between 1970 

and 1986 at participating institutions (see  Appendix 1 ). The fol-
lowing types of cancer are included in the cohort: leukemia, central 
nervous system (CNS) tumors, Hodgkin lymphoma, non-Hodgkin 
lymphoma, malignant kidney tumors, neuroblastoma, soft tissue 
sarcoma, or bone tumors. These diagnoses represent 80% of cancer 
cases in this age group ( 33 ). 

 CCSS data include self-report questionnaires and medical 
record abstraction from the treating institution as previously 
described ( 34 ). Primary diagnosis and detailed treatment data (in-
cluding chemotherapy, radiation therapy, and surgeries) with ini-
tiation and end dates were abstracted from the medical records of 
the treating institution using a standard medical record abstraction 
form. Study questionnaires and medical record abstraction forms 
can be found at   www . stjude . org / ccss  . Recruitment of eligible sub-
jects by participating institutions began in August 1994 according 
to a uniform CCSS protocol. The protocol and contact documents 
were reviewed and approved by the institutional review board at 
each institution. Written informed consent was received from all 
participants 18 years or older and from a parent or guardian of 
participants younger than 18 years.  

  Late Recurrence 

 The study population for this analysis consisted of all 12   795 CCSS 
participants who had not experienced a recurrence of their original 
disease within the first 5 years following diagnosis ( Figure 1 ). 
Subjects with an early recurrence (n = 1564) were excluded from 
this analysis because our focus was on late recurrences only. A late 
recurrence was defined as a relapse of the primary cancer that oc-
curred beyond the 5-year anniversary of the original cancer diagno-
sis. Late recurrences were determined through self-report, medical 
record – based treatment data and/or mortality data. Self-reported 
recurrences occurring before December 31, 2002, were determined 
from three CCSS surveys administered before 2005 (Baseline; 
Follow-up 2000, and Follow-up 2003). Participants were asked to 
report the occurrence and date of any relapse or new cancer since 
their original diagnosis or since the completion of their previous 
CCSS questionnaire. All positive responses were independently 
reviewed by a single pediatric oncologist, and any reported out-
comes that were suggestive of a new cancer were confirmed by 
pathology report. Only relapses of the primary cancer and not sec-
ond malignant neoplasms were considered for this analysis.     

 Cancer treatments 5 years or more after the original diagnosis 
for all eligible study subjects, regardless of whether they had self-
reported a late recurrence, were reviewed by one of the study in-
vestigators (K. Wasilewski-Masker). Medical record data reported 
by the CCSS institution were analyzed for greater than 6-month 
gaps in treatment or reinitiation of therapy that was consistent 
with the treatment of recurrent cancer. Surgeries that occurred 
5 or more years after diagnosis were also counted, along with che-
motherapy or radiation, as validation of recurrence status. Mortality 
status was obtained as previously reported by notifi cation from a 
family member or by a listing in the National Death Index up until 
December 31, 2002 ( 35 ). In brief, if the subject had survived 
5 years but subsequently died, a family member, usually a parent, 
was asked for information that included whether the death was 
because of the original cancer. Information from the original cancer 
diagnosis, death certifi cate, and from the parent’s interview was 

  CONTEXT AND CAVEATS 

  Prior knowledge 

 Pediatric patients are increasingly surviving cancer, but more infor-
mation was needed about incidence and risk factors for late 
recurrence.  

  Study design 

 Using data from the Childhood Cancer Study for 12   795 five-year 
survivors of the most common pediatric cancers, cumulative inci-
dence of late recurrence at 5, 10, 15, and 20 years after diagnosis 
was calculated using death as a competing risk.  

  Contribution 

 Overall, 4.4% of pediatric cancers recurred by 10 years and 6.2% by 
20 years after diagnosis. However, both Ewing sarcoma and astro-
cytoma recurred in more than 13% of cancer survivors. Earlier 
treatment era and combination treatment with radiation and che-
motherapy were associated with increased risk of late recurrence.  

  Implications 

 These data help identify which cancer survivors are at greatest risk 
for recurrence and hence should be followed up more closely. They 
also help identify which treatment modalities are associated with 
greater long-term risk.  

  Limitations 

 The database used lacked subgroup data regarding disease stage, 
histology, treatment details, and sites of recurrence, all of which 
could have been useful for making more specific conclusions and 
recommendations. Also, for many, cancers recurrence rates are 
likely to have diminished as treatments improved over time; how-
ever, treatment era was not taken into account in this study. 

  From the Editors    
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  Figure 1  .    Categorization of recurrence 
status in the Childhood Cancer Survivor 
Study (CCSS) .     

reviewed to categorize whether the cause of death was recurrent or 
progressive disease. Patients were categorized as having had “no 
recurrence” when neither they nor their families reported a recur-
rence, and we had no other evidence of recurrence from treatment 
data or a death certifi cate.  

  Statistical Analysis 

 Descriptive data that included sex, race and/or ethnicity, primary 
diagnosis, treatment before recurrence, vital status, age at diagno-
sis, age at last follow-up, and years of follow-up since entry into 
the cohort were summarized for the 806 subjects with a late recur-
rence and compared with data for the 11   989 subjects with no 
recurrence. 

 Cumulative incidence of the fi rst late recurrence was estimated 
by taking death as a competing risk and censoring at either the 
completion date for the last questionnaire or December 31, 2002, 
whichever was earlier ( 36 ). Multivariable Poisson regression was 
used to estimate the effects of multiple factors on the rate of late 
recurrence, and specifi cally focused on effects of primary diagnosis 
groups, using log person-years as an offset ( 37 ). The proportional-
ity assumption of hazard functions was assessed graphically. 
Adjustment variables for the multivariate model included sex, race 
(non-Hispanic white, non-Hispanic black, Hispanic, and other), 
treatment modalities (chemotherapy and radiation, chemotherapy 
only, radiation only, and no chemotherapy or radiation), age at 
diagnosis (0 – 4, 5 – 9, 10 – 14, and 15 – 20 years), treatment era (1970 –
 1972, 1973 – 1975, 1976 – 1978, 1979 – 1981, 1982 – 1984, and 1985 –
 1986), and years since diagnosis (5 – 9, 10 – 14, 15 – 19, 20 – 24, and 
 ≥ 25). Person-years at risk for late recurrence started at the 5-year 
anniversary from the original cancer diagnosis and ended at the 
earliest of late recurrence, death, December 31, 2002, or date of 
completion of the last questionnaire. All treatment exposures within 
the fi rst 5 years from the original diagnosis were considered. 

 Statistical analyses were conducted using SAS Version 9.1 and 
R Version 2.5.1. All statistical inferences were two-sided.   

  Results 
 The study population included a total of 217   127 person-years at 
risk for late recurrence beginning at cohort entry ( Table 1 ). The 
median age of the 12   795 eligible subjects was 8.3 years (range 0 – 20 
years) at original diagnosis and 26 years (range 5.9 – 53.8 years) at 
follow-up, with a maximum of 34.6 years (median 21.6 years) of 
follow-up from initial diagnosis. Among the 12   795 subjects eli-

gible for this analysis, 806 experienced a late recurrence ( ≥ 5 years 
from diagnosis). The majority of late recurrences (69.1%) oc-
curred from 5 to 10 years after diagnosis, but late recurrences 
ranged from 5 to 29.0 years after the original diagnosis. At 
follow-up, 92.9% of the childhood cancer survivors with no recur-
rence were alive compared with 49.1% of those who had had a late 
recurrence.     

  Cumulative Incidence 

 Estimates of cumulative incidence of late recurrence were 4.4% at 
10 years, 5.6% at 15 years, and 6.2% at 20 years for all childhood 
cancer survivors, regardless of cancer type. A slightly higher cumu-
lative incidence of late recurrences was seen in male survivors 
compared with female survivors and in all other racial and/or eth-
nic groups compared with blacks ( Table 2 ). Subjects with Ewing 
sarcoma (13.0% at 20 years, 95% confidence interval [CI] = 9.4% 
to 16.5%) and astrocytoma (14.4% at 20 years, 95% CI = 12.3% 
to 16.6%) were at highest risk for late recurrence ( Table 2  and 
 Figure 2 ). Survivors of kidney tumors were at the lowest risk for 
recurrence of a childhood cancer (0.9% at 20 years, 95% CI = 
0.4% to 1.5%;  Table 2  and  Figure 2 ).         

 Cumulative incidence of late recurrence among childhood can-
cer survivors who had already experienced recurrence-free survival 
for 5, 10, 15, or 20 years from original diagnosis progressively 
declined in all diagnostic groups over time ( Figure 3 ). However, 
survivors of CNS malignancies remained at a relatively high risk of 
recurrence even after 15 – 20 years of recurrence-free survival. For 
Hodgkin lymphoma, soft tissue sarcoma, and Ewing sarcoma 
patients who had survived without recurrence for 10 years, there 
was a greater than 3% incidence of subsequent recurrence. For 
most pediatric cancers, relapse after 15 years of recurrence-free 
survival is rare.      

  Multivariable Analysis 

 Multivariable Poisson regression analysis that included diagnosis 
group, sex, race and/or ethnicity, treatment modality, age at diag-
nosis, treatment era, and years since diagnosis as covariates was 
used to determine independent risk factors for late recurrence 
( Table 3 ). The greatest risk factors for late recurrence included a 
diagnosis of Ewing sarcoma or a CNS tumor, combination treat-
ment with chemotherapy and radiation, earlier treatment era, and 
fewer years since diagnosis ( P  < .001 for all). Survivors of Ewing 
sarcoma (adjusted rate ratio [RR] = 1.7, 95% CI = 1.2 to 2.4) 
and CNS tumors (astrocytomas: RR = 4.5, 95% CI = 3.4 to 5.9; 

Total CCSS Cohort
(N = 14,359)

Recurrence Within First 5 years
(N = 1564)

Eligible Study Population 
(N = 12,795)

Late Recurrence
(N = 806)

Self-Report Only
(N = 124)

Medical Record Only
(N = 119)

Self-Report + Medical Record 
(N = 563)

No Late Recurrence
(N = 11,989)
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medulloblastoma or primitive neuroectodermal tumors: RR = 2.4, 
95% CI = 1.6 to 3.5; other CNS tumors: RR = 2.3, 95% CI = 1.4 
to 3.7) were at a higher risk for late recurrence than childhood 
acute lymphoblastic leukemia survivors. Survivors of kidney 
tumors (Wilms) and non-Hodgkin lymphoma were at statistically 
significant lower risk (RR = 0.2, 95% CI = 0.1 to 0.3 and RR = 0.3, 
95% CI = 0.2 to 0.5, respectively) compared with survivors of acute 
lymphoblastic leukemia. Males had a 1.2-fold (95% CI = 1.0 to 1.4) 
higher relative risk compared with females for the recurrence of 
childhood cancers overall. Risk of late recurrence was somewhat 
higher in those who were diagnosed at older ages as compared with 
those who were diagnosed when younger. As expected, the risk of 
late recurrence decreased with increasing time since diagnosis and 
later treatment era.         

 Multivariable Poisson regression using all variables in  Table 3  
except diagnosis was next used to assess the effect of treatment on 
late recurrence in each of the diagnosis groups. Treatment effect 
was statistically signifi cant for only astrocytomas and Hodgkin 
lymphoma with cumulative incidence of late recurrence greatest 
for patients who were treated with chemotherapy only for both 
diagnoses ( Figure 4 ). The interaction between treatment and era 
was tested and was not signifi cant ( P  = .24 for astrocytomas and 
 P  = .27 for Hodgkin lymphoma), thus treatment effect did not 
differ by treatment era.       

  Discussion 
 Five-year disease-free survival is often interpreted to mean “cure.” 
However, this study of 5-year disease-free survivors of the most 
common forms of childhood cancer diagnosed between 1970 and 
1986 demonstrated a 6.2% cumulative incidence for a recurrence 
from 5 to 20 years after the primary diagnosis. Although the ma-
jority of recurrences occurred 5 – 10 years after diagnosis, late re-
currences occurred up to 29 years after diagnosis. Survivors of 
Ewing sarcoma and astrocytoma were at highest risk of a late 
recurrence, whereas survivors of kidney tumors were at lowest risk. 

 The CCSS cohort provides a unique opportunity to study out-
comes, including late recurrence, among long-term survivors of 
childhood cancer. The large number of adult survivors of child-
hood cancer who are under direct and active surveillance in CCSS, 
coupled with the extended length of follow-up, provides one of the 
largest and most comprehensively characterized cohorts available 
for the study of late recurrence rates. Determination of the rates 
and patterns of late recurrences for specifi c types of childhood 
cancer is important to provide guidance to patients, who need to 
know the probability of recurrence after having survived recur-
rence-free for their particular diagnosis, and to providers to help 
inform recommendations on long-term disease surveillance. 

 It has been suggested that “cure” be defi ned as the point at 
which the chance of mortality from the original cancer is equal to 
that of death from any cause in the general population ( 32 ). 
Although one can question the basis for this proposed defi nition, 
the fact that recurrence confers subsequent increased risk for early 
death is well documented and supported by this study. Recurrence 
or progression of the primary cancer was the most common cause 
of mortality among childhood cancer survivors from 5 to 20 years 
after diagnosis in an earlier analysis of late mortality in the CCSS 
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cohort ( 2 ). Both in our analysis of late recurrence and in the pre-
vious analysis of late mortality, survivors of brain tumors and 
Ewing sarcoma were at highest risk and survivors of renal tumors 
were at lowest risk ( 2 ). Additionally, at the time of follow-up, only 
49.1% of those with a late recurrence were alive compared with 
92.9% of survivors with no recurrence. 

 Families and providers often want to know when the risk for 
recurrences becomes so low that they may consider using the term 
“cured.” Although these data demonstrate that most disease-free 
survivors will be “cured” 5 years from diagnosis, there remain 
survivors among all diagnoses at risk for late recurrence. It is likely 
impossible to say when an individual survivor is “cured.” What can 
be confi rmed by this analysis are those at higher and lower risk for 
a late recurrence, which can help direct surveillance practices. 

 Although surveillance neuroimaging is often used to detect re-
currence of brain tumors, the optimal length and cost-effectiveness 
of such surveillance are not known ( 39 ). Our analysis confi rms a 
risk of recurrence of pediatric cancers up to 25 years after the 
original diagnosis, which may help to validate long-term surveil-
lance practices. For example, because it is well appreciated that late 

recurrence can occur among Ewing sarcoma survivors 
( 9 , 12 , 16 , 24 , 40  –  42 ), the European Society of Medical Oncology 
currently recommends that survivors be followed annually with 
radiographic scans between 5 and 10 years after treatment ( 30 ). 
The approximately 9.4% rate that we observed for a fi rst recur-
rence of Ewing sarcoma between 5 and 10 years after the primary 
diagnosis validates European Society of Medical Oncology recom-
mendations. Extended follow-up (range 5 – 35 years) in our study 
indicates that although the cumulative incidence of a late recur-
rence among Ewing sarcoma survivors increases to approximately 
13% at 20 years, recurrence among those patients who have sur-
vived at least 15 years is low. Therefore, it may be advisable to 
extend surveillance for Ewing sarcoma survivors to 15 years. 
Conversely, our fi ndings confi rm that long-term radiological 
follow-up for recurrence of Wilms tumor is not justifi ed ( 43 ). In 
this era of increasing health-care costs, it is important to determine 
which survivors are at low risk of late recurrence, for whom long-
term surveillance is not warranted. 

 Our analysis was limited by the lack of subgroup data needed 
to make more specifi c recommendations with regard to risk and 

 Table 2  .    Cumulative incidence of late recurrence in the Childhood Cancer Survivor Study at 10, 15, and 20 years after diagnosis, with 
death as a competing risk *   

  Characteristic

Cumulative incidence (95% CI)

 P   10 y 15 y 20 y  

  All patients 4.4 (4.0 to 4.7) 5.6 (5.2 to 6.0) 6.2 (5.8 to 6.6)  
 Sex     
     Male 4.7 (4.2 to 5.2) 6.0 (5.4 to 6.6) 6.6 (6.0 to 7.2) .037 
     Female 4.0 (3.5 to 4.5) 5.2 (4.6 to 5.8) 5.7 (5.1 to 6.3)  
 Race and/or ethnicity     
     White, non-Hispanic 4.4 (4.0 to 4.8) 5.7 (5.3 to 6.2) 6.2 (5.8 to 6.7) .33 
     Black, non-Hispanic 2.3 (1.2 to 3.5) 3.3 (1.9 to 4.7) 4.6 (2.9 to 6.4)  
     Hispanic 4.6 (2.9 to 6.3) 5.7 (3.8 to 7.5) 6.8 (4.7 to 8.8)  
     Other 4.8 (3.4 to 6.3) 6.2 (4.6 to 7.8) 6.5 (4.8 to 8.2)  
 Diagnosis group     
     Acute lymphoblastic leukemia 5.3 (4.5 to 6.0) 6.1 (5.3 to 6.9) 6.4 (5.6 to 7.2) <.001 
     Acute myeloid leukemia 3.8 (1.7 to 6.0) 5.5 (2.9 to 8.0) 6.2 (3.5 to 8.9)  
     Other leukemia 8.2 (5.0 to 11.5) 9.4 (5.9 to 12.8) 9.4 (5.9 to 12.8)  
     Astrocytomas 8.5 (6.8 to 10.1) 12.1 (10.1 to 14.0) 14.4 (12.3 to 16.6)  
     Medulloblastoma, PNET 7.5 (4.7 to 10.3) 9.0 (6.0 to 12.0) 9.3 (6.2 to 12.3)  
     Other CNS tumors 3.9 (1.6 to 6.2) 6.9 (3.9 to 9.9) 8.0 (4.7 to 11.4)  
     Hodgkin lymphoma 4.3 (3.4 to 5.3) 5.7 (4.6 to 6.7) 6.6 (5.4 to 7.8)  
     Non-Hodgkin lymphoma 1.5 (0.7 to 2.2) 2.1 (1.2 to 3.0) 2.4 (1.5 to 3.4)  
     Kidney tumors 0.6 (0.2 to 1.0) 0.8 (0.3 to 1.4) 0.9 (0.4 to 1.5)  
     Neuroblastoma 1.6 (0.7 to 2.4) 2.4 (1.4 to 3.4) 2.6 (1.6 to 3.7)  
     Soft tissue sarcoma 3.8 (2.7 to 4.9) 5.6 (4.3 to 6.9) 5.9 (4.6 to 7.3)  
     Ewing sarcoma 9.4 (6.3 to 12.4) 12.3 (8.9 to 15.8) 13.0 (9.4 to 16.5)  
     Osteosarcoma 3.0 (1.6 to 4.4) 3.5 (2.1 to 5.0) 3.8 (2.2 to 5.3)  
     Other bone tumors 6.4 (0.0 to 13.4) 6.4 (0.0 to 13.4) 6.4 (0.0 to 13.4)  
 Treatment     
     Chemotherapy + radiation 5.4 (4.8 to 5.9) 6.5 (5.9 to 7.2) 7.1 (6.4 to 7.7) <.001 
     Chemotherapy only 3.9 (3.2 to 4.6) 5.0 (4.2 to 5.8) 5.2 (4.4 to 6.0)  
     Radiation only 2.6 (1.8 to 3.5) 4.5 (3.4 to 5.5) 5.5 (4.3 to 6.7)  
     No chemotherapy or radiation 3.6 (2.4 to 4.8) 5.6 (4.1 to 7.1) 6.2 (4.6 to 7.8)  
 Age at diagnosis, y     
     0 – 4 3.9 (3.4 to 4.4) 5.0 (4.4 to 5.6) 5.3 (4.7 to 5.9) <.001 
     5 – 9 4.3 (3.5 to 5.0) 5.5 (4.7 to 6.4) 6.1 (5.2 to 7.0)  
     10 – 14 4.2 (3.5 to 5.0) 5.7 (4.8 to 6.6) 6.6 (5.6 to 7.6)  
     15 – 20 5.7 (4.7 to 6.7) 7.1 (6.1 to 8.2) 7.8 (6.6 to 8.9)   

  *   CI = confidence interval; CNS = central nervous system; PNET = primitive neuroectodermal tumor. Cumulative incidence curves were compared using the 
method proposed by Gray ( 38 ).   
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  Figure 2  .    Cumulative incidence of fi rst late 
recurrence by diagnosis using death as a 
competing risk. CNS = central nervous 
system. Soft tissue sarcoma includes rhab-
domyosarcoma and other (soft tissue sar-
coma). Leukemia includes acute 
lymphoblastic leukemia, acute myeloid leu-
kemia, and other leukemias. CNS tumors 
include astrocytoma, medulloblastoma or 
primitive neuroectodermal tumor, and 
other CNS tumors. Kidney (Wilms) includes 
all kidney tumors.     

surveillance. The medical record abstraction data for the CCSS do 
not contain detailed information, such as disease stage, histology, 
or biology. Subgroups of pediatric cancers that differ based on 
these features may also differ with respect to risk of late recur-
rence. For example, although late recurrence was rare for neuro-
blastoma and non-Hodgkin lymphoma, caution should be taken in 
making generalized recommendations based on these low recur-
rence rates, given the heterogeneity of these diagnoses. 

 In addition, the medical record abstraction that we used was 
limited to dates of recurrences and did not include detailed data, 
such as sites of recurrence. The relatively low late recurrence rate 

that we observed among osteosarcoma survivors, with few recur-
rences reported beyond 10 years, was unexpected. Previously 
published reports have led to recommendations for prolonged 
screening up to 10 years after completion of therapy for pulmonary 
relapse in survivors of osteosarcoma ( 6 , 13 , 29 , 44 ). Within the 
CCSS cohort, late pulmonary relapse could have been underesti-
mated if it was not self-reported and was treated with surgery alone. 

 Our study could be limited by reliance on self-reported and avail-
able medical record information, which could result in underascer-
tainment of late recurrences overall. Medical records may be 
incomplete if treatment for a late recurrence occurred at another 

 Figure 3  .    Conditional cumulative recurrence 
curves, conditioned on recurrence-free sur-
vival at 5, 10, 15, and 20 years since the 
original diagnosis, taking death as a com-
peting risk.  x -axis = years from diagnosis   . 
 y -axis = cumulative incidence (%). CNS = 
central nervous system. Soft tissue sarcoma 
includes rhabdomyosarcoma and other (soft 
tissue sarcoma). Leukemia includes acute 
lymphoblastic leukemia, acute myeloid leu-
kemia, and other leukemias. CNS tumors 
include astrocytoma, medulloblastoma or 
primitive neuroectodermal tumor, and other 
CNS tumors. Kidney (Wilms) includes all kid-
ney tumors.    
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 Table 3  .    Rate ratios for risk factors for late recurrence, using Poisson regression *   

  Variable

Unadjusted Adjusted 

 RR (95% CI)  P RR (95% CI)  P   

  Sex 
     Male 1.2 (1.0 to 1.4) .018 1.2 (1.0 to 1.4) .021 
     Female (referent) 1.0  1.0  
 Race 
     Black, non-Hispanic 0.8 (0.5 to 1.1) .20 0.9 (0.6 to 1.5) .77 
     Hispanic 1.1 (0.8 to 1.5) .49 1.2 (0.9 to 1.7) .28 
     Other 1.1 (0.8 to 1.4) .52 1.0 (0.8 to 1.4) .87 
     White, non-Hispanic (referent) 1.0  1.0  
 Diagnosis group 
     Acute myeloid leukemia 1.0 (0.6 to 1.6) .96 0.9 (0.5 to 1.5) .63 
     Other leukemia 1.5 (1.0 to 2.3) .035 1.4 (0.9 to 2.1) .15 
     Astrocytomas 2.4 (2.0 to 3.0) <.001 4.5 (3.4 to 5.9) <.001 
     Medulloblastoma, PNET 1.6 (1.1 to 2.3) .014 2.4 (1.6 to 3.5) <.001 
     Other CNS tumors 1.4 (0.9 to 2.2) .10 2.3 (1.4 to 3.7) .001 
     Hodgkin lymphoma 1.0 (0.8 to 1.2) .73 1.0 (0.7 to 1.3) .93 
     Non-Hodgkin lymphoma 0.4 (0.2 to 0.6) <.001 0.3 (0.2 to 0.5) <.001 
     Kidney tumors 0.1 (0.1 to 0.2) <.001 0.2 (0.1 to 0.3) <.001 
     Neuroblastoma 0.4 (0.3 to 0.6) <.001 0.5 (0.3 to 0.8) .003 
     Soft tissue sarcoma 0.9 (0.7 to 1.2) .45 0.9 (0.7 to 1.2) .63 
     Ewing sarcoma 2.1 (1.5 to 2.8) <.001 1.7 (1.2 to 2.4) .003 
     Osteosarcoma 0.6 (0.4 to 0.9) .016 0.5 (0.3 to 0.8) .008 
     Other bone tumors 0.9 (0.3 to 2.8) .84 1.1 (0.3 to 4.4) .93 
     Acute lymphoblastic leukemia (referent) 1.0  1.0  
 Treatment 
     Chemotherapy + radiation 1.1 (0.8 to 1.5) .49 2.6 (1.9 to 3.7) <.001 
     Chemotherapy only 0.9 (0.6 to 1.2) .37 2.6 (1.8 to 3.8) <.001 
     Radiation only 0.8 (0.6 to 1.2) .33 0.9 (0.6 to 1.3) .57 
     No chemotherapy or radiation (referent) 1.0  1.0  
 Age at diagnosis, y 
     0 – 4 (referent) 1.0  1.0  
     5 – 9 1.1 (0.9 to 1.4) .19 1.0 (0.8 to 1.2) .87 
     10 – 14 1.2 (1.0 to1.5) .024 1.0 (0.8 to 1.3) .77 
     15 – 20 1.5 (1.2 to 1.8) <.001 1.5 (1.2 to1.9) .001 
 Years since diagnosis 
     5 – 9 (referent) 1.0  1.0  
     10 – 14 0.3 (0.3 to 0.4) <.001 0.3 (0.3 to 0.4) <.001 
     15 – 19 0.1 (0.1 to 0.2) <.001 0.1 (0.1 to 0.2) <.001 
     20 – 24 0.1 (0.1 to 0.2) <.001 0.1 (0.1 to 0.2) <.001 
      ≥ 25 0.1 (0.0 to 0.1) <.001 0.0 (0.0 to 0.1) <.001 
 Year of diagnosis 
     70 – 72 0.9 (0.7 to 1.2) .62 2.1 (1.6 to 2.8) <.001 
     73 – 75 0.9 (0.7 to 1.1) .24 1.6 (1.2 to 2.1) <.001 
     76 – 78 0.7 (0.6 to 0.9) .014 1.3 (1.0 to 1.7) .07 
     79 – 81 0.8 (0.6 to 1.0) .031 1.2 (0.9 to 1.6) .19 
     82 – 84 0.9 (0.7 to 1.2) .51 1.2 (0.9 to 1.5) .20 
     85 – 86 (referent) 1.0  1.0   

  *   CI = confidence interval; CNS = central nervous system; PNET = primitive neuroectodermal tumor.   

institution. Also, self-reported data are not infallible: Although the 
majority of childhood cancer survivors have general knowledge 
about their cancer diagnosis and treatment, they lack specifi c knowl-
edge (45), which could particularly affect the retrospective collection 
of information on recurrence status and dates. Because the CCSS 
has a rigorous process for validation of second malignant neoplasms 
(46), it is less likely that overreporting could occur due to misclassi-
fi cation of a second malignant neoplasm as recurrent cancer. 

 Also, it is important to interpret results from the CCSS cohort 
with the understanding that survivors were diagnosed between 
1970 and 1986. Though long-term follow-up is needed to establish 
late recurrence rates, survival and treatment approaches are con-

tinually changing for more recently diagnosed patients. For ex-
ample, in the treatment era of this report (ie, among those patients 
diagnosed between 1970 and 1986), only a small proportion of 
children survived high-risk neuroblastoma ( 47 , 48 ). Thus, the ma-
jority of neuroblastoma survivors in this cohort likely had low- or 
intermediate-risk disease. As treatment has intensifi ed for high-
risk neuroblastoma and other childhood cancers with a poor prog-
nosis, late recurrence will likely be increasing as greater disease 
control is achieved in the nearer term ( 15 , 49 , 50 ). However, with 
improved survival and implementation of more effi cacious treat-
ment regimens for pediatric cancers on the whole, the risk of late 
recurrence may be reduced overall ( 33 , 47 ). 
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  Figure 4  .    Treatment    effect on conditional cumula-
tive recurrence for astrocytomas (A) and Hodgkin 
lymphoma (B), conditioned on recurrence-free 
survival of 5, 10, 15, and 20 years since the orig-
inal diagnosis, taking death as a competing risk. 
Treatment effect is statistically signifi cant for 
astrocytomas and Hodgkin disease only. Other 
diagnosis groups are not shown.  x -axis = years 
from diagnosis.  y -axis = cumulative incidence (%)   .     
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 Lastly, late, as opposed to early, recurrence rates may be higher for 
survivors in the cohort that was treated in the era before magnetic 
resonance imaging and in some cases the era before computed tomog-
raphy, for whom detection may have been delayed compared with 
more recently diagnosed patients. For example, the incidence of brain 
tumors has increased over the past 30 years, but this is likely because 
of improved imaging techniques ( 51 ). Diagnosis of recurrences of 
CNS tumors and other malignancies that rely on magnetic resonance 
imaging    for optimal imaging is likely to be similarly improved. 

 Results from the CCSS cohort, while historical, are helpful to serve 
as a basis for discussions with patients and their parents on the diagno-
sis-specifi c risk of late recurrence. Although they are not common, late 
recurrences do occur in childhood cancer. For certain diagnoses such 
as Ewing sarcoma and CNS tumors, patients remain at substantial 
clinical risk for recurrence beyond 10 years from diagnosis. Because 
the risk for a late recurrence extends into young adulthood for many 
survivors, it is essential to maintain insurance coverage and to transi-

tion care to adult providers when appropriate for continued follow-up. 
Future research is needed to determine the risk of recurrence in sub-
groups of survivors and the cost-effectiveness of long-term disease 
surveillance in at-risk patient groups because these factors need to be 
considered in long-term follow-up and transitional care plans.      

 Appendix 1 
 The Childhood Cancer Survivor Study (CCSS) is a collaborative multi-institu-
tional project, funded as a resource by the National Cancer Institute, of individ-
uals who survived 5 or more years after diagnosis of childhood cancer. 

 CCSS is a retrospectively ascertained cohort of 20   346 childhood cancer 
survivors diagnosed before age 21 between 1970 and 1986 and approximately 
4000 siblings of survivors, who serve as a control group. The cohort was assem-
bled through the efforts of 26 participating clinical research centers in the 
United States and Canada. The study is currently funded by a U24 resource 
grant (National    Cancer Institute U24 CA55727) awarded to St Jude Children’s 
Research Hospital. Currently, we are in the process of expanding the cohort to 
include an additional 14   000 childhood cancer survivors diagnosed before age 21 
between 1987 and 1999. For information on how to access and use the CCSS 
resource, visit   www . stjude . org / ccss         

  CCSS Institutions and Investigators     

  St Jude Children’s Research Hospital, Memphis, TN Leslie L. Robison, PhD *   †  , Melissa Hudson, MD  †    ‡  , Greg 
 Armstrong, MD, MSCE  †  , Daniel M. Green, MD  †   

 Children’s Healthcare of Atlanta/Emory University, Atlanta, GA Lillian Meacham, MD  ‡  , Ann Mertens, PhD  †   
 Children’s Hospitals and Clinics of Minnesota Minneapolis, St Paul, MN Joanna Perkins, MD, MS  ‡   
 Children’s Hospital and Medical Center, Seattle, WA Douglas Hawkins, MD  ‡  , Eric Chow, MD, MPH  †   
 Children’s Hospital, Denver, CO Brian Greffe, MD  ‡   
 Children’s Hospital Los Angeles, CA Kathy Ruccione, RN, MPH  ‡   
 Children’s Hospital, Oklahoma City, OK John Mulvihill, MD  †    ‡   
 Children’s Hospital of Orange County, Orange, CA Leonard Sender, MD  ‡   
 Children’s Hospital of Philadelphia, Philadelphia, PA Jill Ginsberg, MD  ‡  , Anna Meadows, MD  †   
 Children’s Hospital of Pittsburgh, Pittsburgh, PA Jean Tersak, MD  ‡   
 Children’s National Medical Center, Washington, DC Gregory Reaman, MD  ‡  , Roger Packer, MD  †   
 Cincinnati Children’s Hospital Medical Center, Cincinnati, OH Stella Davies, MD, PhD  †    ‡   
 City of Hope Medical Center, Los Angeles, CA Smita Bhatia, MD  †    ‡   
 Cook Children’s Medical Center, Ft Worth, TX Paul Bowman, MD, MPH  ‡   
 Dana-Farber Cancer Institute/Children’s Hospital, Boston, MA Lisa Diller, MD  †    ‡   
 Fred Hutchinson Cancer Research Center, Seattle, WA Wendy Leisenring, ScD  †    ‡   
 Hospital for Sick Children, Toronto, ON Mark Greenberg, MBChB  ‡  , Paul C. Nathan, MD  †    ‡   
 International Epidemiology Institute, Rockville, MD John Boice, ScD  †    ‡   
 Mayo Clinic, Rochester, MN Vilmarie Rodriguez, MD  ‡   
 Memorial Sloan-Kettering Cancer Center, New York, NY Charles Sklar, MD  †    ‡  , Kevin Oeffinger, MD  †   
 Miller Children’s Hospital, Long Beach, CA Jerry Finklestein, MD  ‡   
 National Cancer Institute, Bethesda, MD Roy Wu, PhD  †  , Nita Seibel, MD  †  , Preetha Rajaraman, PhD  †   
 Nationwide Children’s Hospital, Columbus, OH Amanda Termuhlen, MD  ‡  , Sue Hammond, MD  †   
 Northwestern University, Chicago, IL Kimberley Dilley, MD, MPH  ‡   
 Riley Hospital for Children, Indianapolis, IN Terry A. Vik, MD  ‡   
 Roswell Park Cancer Institute, Buffalo, NY Martin Brecher, MD  ‡   
 St Louis Children’s Hospital, St Louis, MO Robert Hayashi, MD  ‡   
 Stanford University School of Medicine, Stanford, CA Neyssa Marina, MD  ‡  , Sarah S. Donaldson, MD  †   
 Texas Children’s Hospital, Houston, TX Zoann Dreyer, MD  ‡   
 University of Alabama, Birmingham, AL Kimberly Whelan, MD, MSPH  ‡   
 University of Alberta, Edmonton, AB Yutaka Yasui, PhD  †    ‡   
 University of California-Los Angeles, CA Jacqueline Casillas, MD, MSHS  ‡  , Lonnie Zeltzer, MD  †   
 University of California-San Francisco, CA Robert Goldsby, MD  ‡   
 University of Chicago, Chicago, IL Tara Henderson, MD, MPH  ‡   
 University of Michigan, Ann Arbor, MI Raymond Hutchinson, MD  ‡   
 University of Minnesota, Minneapolis, MN Joseph Neglia, MD, MPH  †    ‡   
 University of Southern California, Los Angeles, CA Dennis Deapen, DrPH  †    ‡   
 UT-Southwestern Medical Center, Dallas, TX Daniel Bowers, MD  ‡   
 U.T.M.D. Anderson Cancer Center, Houston, TX Louise Strong, MD  †    ‡  , Marilyn Stovall, MPH, PhD  †    

  *   Project Principal Investigator (U24 CA55727).  

   †    Member CCSS Steering Committee.  

   ‡    Institutional Principal Investigator.   
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