
Secondary Malignant Neoplasms following Wilms Tumor: An
International Collaborative Study

Norman E. Breslow1,2, Jane M. Lange1, Debra L. Friedman3, Daniel M. Green4, Mike M.
Hawkins5, Michael F. G. Murphy6, Joseph P. Neglia7, Jorgen H. Olsen8, Susan M.
Peterson2, Charles A. Stiller6, and Leslie L. Robison4

1 Department of Biostatistics, University of Washington, Seattle, Washington, USA
2 Department of Biostatistics, Fred Hutchinson Cancer Research Center, Seattle, Washington,
USA
3 Department of Pediatrics, Vanderbilt University School of Medicine, Nashville, Tennessee, USA
4 Department of Epidemiology and Cancer Control, St. Jude Children’s Research Hospital,
Memphis, Tennessee, USA
5 Centre for Childhood Cancer Survivor Studies, Department of Public Health and Epidemiology,
The University of Birmingham, Edgbaston, Birmingham, UK
6 Childhood Cancer Research Group, Department of Pediatrics, The University of Oxford, Oxford,
UK
7 Department of Pediatrics, University of Minnesota Medical School, Minneapolis, Minnesota,
USA
8 Institute of Cancer Epidemiology, Danish Cancer Society, Copenhagen, Denmark

Abstract
A combined cohort of 8,884 North American, 2,893 British and 1,574 Nordic subjects with Wilms
tumor (WT) diagnosed before 15 years of age during 1960–2004 was established to determine the
risk of secondary malignant neoplasms (SMN). After 169,641 person-years (PY) of observation
through 2005, 174 solid tumors (exclusive of basal cell carcinomas) and 28 leukemias were
ascertained in 195 subjects. Median survival time following a solid SMN diagnosis 5 years or
more from WT was 11 years; it was 10 months for all leukemia. Age-specific incidence of
secondary solid tumors increased from approximately 1 case per 1,000 PY at age 15 to 5 cases per
1,000 PY at age 40. The cumulative incidence of solid tumors at age 40 for subjects who survived
free of SMNs to age 15 was 6.7%. Leukemia risk, by contrast, was highest during the first 5 years
following WT diagnosis. Standardized incidence ratios (SIRs) for solid tumors and leukemias
were 5.1 and 5.0, respectively. Results for solid tumors for the 3 geographic areas were
remarkably consistent; statistical tests for differences in incidence rates and SIRs were all
negative. Age-specific incidence rates and SIRs for solid tumors were lower for patients whose
WT was diagnosed after 1980, though the trends with decade of diagnosis were not statistically
significant. Incidence rates and SIRs for leukemia were highest among those diagnosed after 1990
(p-trend =0.003). These trends may reflect the decreasing use of radiation therapy and increasing
intensity of chemotherapy in modern protocols for treatment of WT.
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Introduction
Wilms tumor (WT) is an embryonal tumor of the kidney that affects approximately one
child in every 10,000 before the age of 15 years in Europe and North America.(1) During
the 20th century, with the development first of curative radiation therapy techniques and then
of effective chemotherapy regimens, WT case fatality rates declined from 90% to 10%.(2)
The increasing numbers of survivors of WT and other childhood cancers, however, have
substantial risk of developing adverse medical conditions related to treatment of their
disease.(3) One of the most serious late consequences of treatment for cancer is
development of a secondary malignant neoplasm (SMN). Recent studies in North America
(4;5), Britain (6) and Scandinavia (7) have demonstrated a heightened occurrence of SMNs
among WT survivors in comparison with the general population.

The goal of the present study was to combine the resources used in these prior
investigations, extending patient populations and follow-up periods where possible, to
obtain more precise estimates of second cancer risks in WT survivors. We sought to
characterize the patterns of second cancer in terms of tumor type, time since WT diagnosis
and age at SMN diagnosis; to compare incidence rates of SMN among the different
geographic areas; and to investigate changes in the nature of SMN risk over calendar time.
Two of the earlier studies (5;6) involved survivor cohorts and thus excluded SMNs
diagnosed within 5 years of the WT. Our goal was to provide a more complete description of
SMN risk by inclusion of all WT patients. Since uniform treatment data were not available
from all sources, no attempt was made in this descriptive study to characterize SMN risk
according to actual treatments received.

Material and methods
The study comprised 3 cohorts of patients under the age of 15 years who were diagnosed
with WT in 1960 or later.

North American cohort
The National Wilms Tumor Study (NWTS) conducted 5 clinical trials of children with renal
tumors diagnosed between October, 1969 and April, 2002 in the United States and Canada.
(8–12) The registering institution submitted clinical records for at least 5 years after
diagnosis and follow-up was maintained indefinitely thereafter through attempted annual
contact with the institution, the family or the adult patient as part of the NWTS Late Effects
Study.(13) SMNs ascertained through this process were confirmed by pathology report. Loss
to follow-up was estimated at approximately 1% per year, depending on ethnicity.(14)
Consent from a parent or guardian for participation in the NWTS clinical trials was obtained
by the patient’s institution on enrollment in the study; continuing consent for participation in
the Late Effects Study was obtained directly from adult survivors at age 18. The Late Effects
protocol was approved by the Institutional Review Board of the Fred Hutchinson Cancer
Research Center.

The Childhood Cancer Survivor Study (CCSS) was a collaborative project among 26
institutions in the United States and Canada, some of which also contributed to the NWTS.
(15) The CCSS cohort comprised 5-year survivors of childhood cancer diagnosed between
1970 and 1986. SMNs were ascertained initially by patient or family self-report in a baseline
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or follow-up questionnaire. They were confirmed by pathology or, when such reports could
not be obtained, by CCSS investigators using other data sources.(5) Of 1,182 CCSS patients
who met eligibility criteria for the present study, 756 were also NWTS participants. The
Institutional Review Boards of all participating CCSS institutions reviewed and approved
the CCSS protocol. The North American cohort consisted of participants in either study who
met eligibility criteria, with the 426 participants from CCSS but not NWTS entered into
SMN analyses 5 years after WT diagnosis.

British cohort
The British cohort comprised children ascertained by the population-based National
Registry of Childhood Tumours (NRCT) as having been diagnosed in England, Scotland or
Wales with childhood cancer between 1962 and 2002 inclusive.(16) Most subjects who were
diagnosed before 1992 and who survived 5 or more years from diagnosis were also included
in the British Childhood Cancer Survivor Study (BCCSS).(17) The BCCSS also included
patients diagnosed during 1940–1961, before the NRCT was considered to be population-
based. Information on their experience of SMNs has been reported recently, and these
patients are not considered here.(6) SMNs were initially identified by linkage to reports of
cancer diagnoses in the population-based National Health Service Central Registers, by
BCCSS questionnaire, by linkage to routine notifications to the NRCT of cancers diagnosed
in childhood, or by direct notification to the BCCSS, and were confirmed by pathology
report. The NRCT and BCCSS each obtained permission to conduct the study from the UK
Patient Information Advisory Group and the Office of National Statistics.

Nordic cohort
The Nordic cohort consisted of children ascertained by one of 5 national, population based
cancer registries as having been diagnosed with a childhood renal tumor before the end of
2002 (Norway), 2003 (Denmark, Iceland, Sweden) or 2004 (Finland). Although these
registries started operation at various times between 1943 and 1958, only children diagnosed
in 1960 or later were considered here in view of the very substantial mortality experienced
before then. SMNs were ascertained by record linkage to the national cancer registries using
personal identification numbers. The study was approved by the Data Protection Agency, a
governmental institution, of each Nordic country.

Histologic subtype
During the 1970’s two rare histologic variants, clear cell sarcoma and rhabdoid tumor of
kidney, were discovered to have distinct clinical features and therapeutic response profiles
and are no longer considered to be WT per se.(18) Patients known to have either variant
were excluded. Excluded patients in Britain comprised 2% of the total for those diagnosed
prior to 1982, during which period diagnosis of histologic subtype was incomplete, and 6%
thereafter. The corresponding percentages for North America, where histologic diagnoses
were applied restrospectively, were 5% for both periods. No patients were excluded from the
Nordic cohort since histologic subtype was not recorded.

Analysis of SMN occurrence
SMNs identified by various coding schemes in different countries were re-classified using
ICD-O site and morphology codes.(19) After exclusion of non-melanotic skin cancers, all
basal cell carcinomas, they were divided into two major types: leukemias and solid tumors.
Benign brain tumors and myelodysplastic syndrome (MDS) were included with the
malignant solid tumors and leukemias, respectively, depending on local practice as reflected
in official statistics for each region. Secondary malignancies of each type were also
classified according to whether they were the first such tumor diagnosed following WT, the
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second or the third. Cancers diagnosed within 1 month of the WT diagnosis were reported
but were not treated as SMNs in the statistical analyses.

Participants entered follow-up 1 month after WT diagnosis (5 years for CCSS) and were
withdrawn at the earliest of death, loss-to-follow-up or study closing at the end of 2004
(Britain) or 2005 (NWTS/CCSS, Nordic). Leukemias and solid second tumors were
evaluated separately using statistical methods appropriate for the analysis of recurrent
events.(20) The risk of a secondary malignant tumor was expressed in three ways: (i)
incidence rate as a function both of time since WT diagnosis and of attained age; (21) (ii)
cumulative incidence to age 40 for those who survived to age 15, treating death as a
competing risk; (22) and (iii) standardized incidence ratio (SIR), the ratio of the number of
cases observed to the number expected based on population rates specific for age and
calendar period.(23) Subjects were considered at risk from time of study entry until death or
withdrawal from observation. Consequently, although SMNs occurring prior to 5 years in
the CCSS cohort and after loss-to-follow-up in the NWTS and CCSS cohorts were not
ascertained, incidence rates and ratios would be unbiased so long as patients who developed
an SMN were neither more nor less likely to be lost than others. All secondary occurrences
of tumors of each type were counted in incidence rates and SIRs, but only the first such
occurrence was used in calculation of cumulative incidence. Incidence rates (hazards) were
estimated as (Epachenikov kernel) weighted averages of jumps in the cumulative hazard
within 5 or 10 year intervals (bandwidths) of each time point.(24;25) Differences in
incidence among subgroups were evaluated using log rank, likelihood ratio and non-
proportionality tests based on the Cox model.(26;27) Mortality risks were based on the
Kaplan-Meier estimate and mortality risk ratios following SMN diagnoses on the Cox model
with a time-dependent covariate.(28) Calculations were performed using the survival and
cmprsk packages in R (http://www.r-project.org/).

Population based cancer incidence rates were supplied by the Nordic registries and BCCSS
based on data from their national statistics offices. SEER incidence data were used as the
standard for North American.(29) The standard rates were extrapolated backwards and
forwards in time to cover calendar years of follow-up not available from official statistics.
SIRs were estimated and differences in SIRs were evaluated by Poisson regression using the
Epi package in R.(23)

Results
The 3 cohorts comprised 13,351 subjects followed for a median of 11.6 years (Table 1).
Ages at WT diagnosis and median follow-up times were comparable among the 3, but larger
fractions of the British and Nordic cohorts were followed for longer periods in view of their
earlier start dates. All but 2 of the 45 SMNs in Britain were ascertained through the routine
record systems. Three malignant neoplasms were identified within 1 month of WT
diagnosis: a ganglioneuroblastoma and a hepatoblastoma, each in patients with the
Beckwith-Wiedemann syndrome (BWS), and an osteogenic sarcoma. These were not
considered in the statistical analyses.

Solid tumors
A total of 174 solid tumors was identified in 169 patients (Tables 1 and 2). Three patients
developed two secondary solid tumors: histiocytoma (age 19) followed by malignant
melanoma (29); histiocytoma (22) followed shortly by hepatocellular carcinoma (22); and
osteosarcoma (11) followed by thyroid cancer (15). The single patient with 3 secondary
solid tumors developed a malignant peripheral nerve sheath tumor, a renal cell carcinoma
and a papillary bladder carcinoma, all at ages 20–21.
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Nine of the 174 solid tumors were lymphomas, 2 of Hodgkin and 1 of Burkitt type, of which
6 were assigned to lymph nodes as primary site and the others to liver, tonsils and
mediastinum. The most common primary sites were digestive organs (including 8
hepatocellular carcinomas), breast, thyroid (15 of the 18 listed as “thyroid and other
endocrine”), bone (11 osteosarcomas, 4 chondrosarcomas and 3 Ewing sarcomas) and CNS.
Five of the 6 oral tumors were in the parotid gland. Four of the 10 urinary tract tumors were
renal cell carcinomas that occurred in the remaining kidney at ages 7, 20, 22 and 26 years.
There were clear differences in the times of occurrence of SMNs of different types, with
CNS tumors tending to occur soon after WT diagnosis, for example, while breast cancers
developed many years later. Three benign brain tumors reported by the Nordic registries to
their official statistics bureaus were included, but those found among North American
survivors were excluded in accordance with official practice.(29)

The overall average incidence of solid tumors was 1 SMN per thousand survivors per year
(174 tumors observed during 169,641 person-years of follow-up). Time (Figure 1, p=0.67)
and age (not shown, p=0.70) specific incidence patterns were consistent among the 3
cohorts. Incidence increased rapidly with time since WT diagnosis (Figure 2) and attained
age (not shown), from approximately 1 solid tumor per 1,000 survivors per year at 10 years
from diagnosis or age 15 to 5–6 solid tumors per 1,000 person-years at 35 years past
diagnosis or age 40. Incidence rates for more recent calendar periods of WT diagnosis
declined, but the trend was not statistically significant when evaluated using either time
since diagnosis (Figure 3, p-trend=.10) or age (not shown, p-trend=0.29). Age-specific SMN
rates were higher (rate ratio = 1.47, 95% confidence interval (CI) 1.07–2.02, p = 0.03) for
survivors whose WT was diagnosed after age 5 compared to those diagnosed earlier. Among
WT patients who survived to age 15 with no SMN, the cumulative incidence of a solid SMN
by age 40 was 6.7%, and this varied little with cohort (Table 3).

The SIR for solid tumors, equal to 174/33.9=5.1 overall, was quite consistent when
examined by gender and cohort (Table 4). There was some suggestion that the SIRs first
increased and then decreased with decade of WT diagnosis, attained age and time since
diagnosis; however, none of the univariate tests for trend or heterogeneity was statistically
significant. The SIR for children age 5 or older at diagnosis was 49% higher than for those
diagnosed earlier (p=0.01). In a multiple regression analysis with grouped linear terms for
the ordered factors and indicator terms for the other factors shown in Table 4, there was an
average decline of 18% (95% CI -4%–35%) in the adjusted SIR for solid tumors with each
decade of WT diagnosis after 1960–69, but this too lacked statistical significance (p=0.11).

From the total observed and expected numbers of cases and PY of follow-up, one may
calculate the absolute excess risk of a solid tumor as (174-33.9)/169,641=8.3 additional
tumors per 10,000 survivors per year. The excess risk may be similarly calculated for each
of the patient/time subgroups shown in Table 4 using the observed, expected and PY data
reported therein.

The occurrence of a solid SMN dramatically affected survival prospects. Age-specific
mortality rates increased 15-fold (95% CI 11–21) following such an occurrence.
Considering the 9,486 subjects who survived 5 years beyond their WT diagnosis without an
SMN, 62 deaths were recorded among the 155 who developed a solid tumor thereafter.
Median time to death from the (first) solid SMN diagnosis was 11 years.

Leukemias
Twenty-seven patients developed a total of 28 leukemias (Tables 1 and 2). One child
diagnosed with WT during the first year of life was found to have neurofibromatosis at age
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17 months, developed acute lymphoblastic leukemia at age 6 and had both acute myeloid
leukemia and a primitive neuroectodermal (PNET) brain tumor at age 8.

No leukemia was ascertained in the Nordic cohort. There was some evidence for a
difference in incidence between the three cohorts using the likelihood ratio test (p=0.02),
with fewer leukemias diagnosed later in time since WT diagnosis in Britain than in North
America (not shown). Pooling data for all cohorts, the highest leukemia incidence was
observed shortly after WT diagnosis (Figure 2) and, consequently, at younger ages (not
shown). Figure 2 demonstrates the sharp contrast between leukemias and solid tumors both
in terms of overall incidence (the leukemia rates are shown per 10,000 person-years, the
solid tumor rates per 1,000) and the time/age incidence patterns. By 5 years from diagnosis
leukemia incidence was already sharply declining, with a few cases subsequently observed
around 20 years from diagnosis. Leukemia incidence was roughly four fold higher for WT
patients diagnosed in 1990–2003 compared with those diagnosed in previous decades (p-
trend=0.003).

Results of the SIR analyses were similar (Table 4) though the differences between cohorts
now were not statistically significant. Relative leukemia risk increased during later decades
of WT diagnoses, reaching 9.9 times background for patients diagnosed after 1990 (p=0.003
for trend). Leukemia risk decreased to levels closer to background (SIR close to 1) with time
since WT diagnosis and with attained age, but both observed and expected numbers were
small and there was substantial statistical uncertainty. Gender, age at WT diagnosis and
cohort had no detectable effect on the SIR. Eighteen deaths were recorded among patients
who developed leukemia; the median time to death was approximately 10 months from
diagnosis of the (first) leukemia.

The higher incidence of leukemia observed during the most recent decade and in North
America was partly due to inclusion of MDS among the leukemias (Table 2). This inclusion
was based on re-classification of MDS as malignant in ICD-O-3, a change adopted officially
by SEER in 2001. MDS cases diagnosed as early as 1994 appeared in the SEER database
and were thus used to determine expected numbers. MDS did not occur in British and was
not reported for Nordic WT survivors. When the five cases of MDS were removed from the
leukemia diagnoses, the SIR for WT patients diagnosed during 1990–2003 declined to 7.0
and the SIR for North America to 4.9. The tests for an increase in incidence with decade of
diagnosis, however, remained statistically significant (p=.03 when based on the Cox model
and p=0.04 when based on the SIR).

Discussion
This is the largest study to date of SMNs following a diagnosis of WT, with a combined
cohort of 13,351 subjects in whom 174 solid tumors and 28 leukemias were observed.
Results for solid tumors were remarkably consistent among the 3 cohorts, with age/time-
specific and cumulative incidence curves nearly super-imposable. Such consistency
increases confidence in the validity of the results and in the comparisons made for other
factors such as gender and age that use pooled data. Results for leukemia were less
consistent, with no cases observed for the Nordic cohort and differences apparent between
the North American and British cohorts in timing of the diagnoses. There were many fewer
leukemias, however, and statistical tests were largely inconclusive. Consequently, factors
such as differences in WT treatment protocols must compete with chance as a possible
explanation for the findings

There was a marked difference between solid tumors and leukemias in the age-time
incidence patterns. For solid tumors the risk sharply increased with age and time since WT
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diagnosis, but decreased with calendar period of WT diagnosis. For leukemias the risk was
highest during the few years immediately following the WT diagnosis and in patients whose
WT was diagnosed during the most recent calendar period. This latter finding was largely
based on results from North America and is subject to substantial statistical uncertainty.
Nonetheless, the contrasting incidence patterns suggest that different mechanisms are likely
at work in causing the excess secondary tumors of each type.

Besides having received intensive radiation and chemotherapy, WT survivors have
heightened risk for secondary tumors by virtue of the same genetic factors that predisposed
them to WT. Such factors are multiple and complex, however, and not easily amenable to
quantitative study.(30;31) In the absence of routinely collected tissue samples for
genotyping large numbers of patients, evidence for a specific genetic role may be largely
anecdotal.(32) The 2 NWTS patients in whom another neoplasm was diagnosed at the same
time as WT both had BWS. The NWTS patient with neurofibromatosis who developed WT,
then two leukemias and a PNET brain tumor was reported previously, though the brain
tumor was earlier stated to be a medulloblastoma.(33) One British patient with AML had the
WT-aniridia syndrome and harbored a separate WT1 mutation in the leukemia.(34) Many
more of the patients with SMN included in this series would be found to have interesting
clinico-pathologic and genetic features were detailed histories and biological material
available for them.

This study identified four cases of renal cell carcinoma diagnosed at ages 7–26 years in WT
survivors, of which 2 were previously reported by BCCSS (6) and 2 were newly identified
by NWTS, 1 in a patient with 2 other solid SMNs. Based on 3 cases in 30,483 PY of
observation (Table 4), the observed incidence for the age decade 20–29 was approximately 1
case per 10,000 PY. Since population rates of all kidney cancer for both the US and UK are
approximately 0.4 cases per 100,000 PY during this age interval
(http://seer.cancer.gov/canques/incidence.html,
http://www.statistics.gov.uk/downloads/theme_health/Mb1_31/Mb1_31.pdf), WT survivors
indeed seem at increased risk of developing renal cell carcinoma in the remaining kidney.
Recent case reports of such occurrences in adult survivors have led to calls for nephron
sparing surgery in primary treatment protocols.(35;36) While one can anticipate that
additional cases will occur as the study cohorts age, it is also important to recognize that the
absolute risk observed so far is not great.

Earlier studies have demonstrated a specific role for treatment factors, particularly radiation.
The recent report from the BCCSS cohort, which overlaps to a large extent the British
cohort included here, noted that 35 of 39 solid tumors of the thorax, abdomen or pelvis
developed within irradiated fields.(6) Previous analyses of the NWTS cohort demonstrated a
clear dose-response gradient in the SIR for SMNs, both solid tumors and leukemia, with
abdominal irradiation.(4) Many other investigators have similarly demonstrated a
relationship between irradiation of childhood cancer patients and secondary cancers of bone,
bone marrow, breast, thyroid and other sites.(37–40) Standard treatment protocols for WT
during the 1960s involved large (40 Gy) doses of radiation to the renal fossa for all patients.
By the 1990s, due in part to increasing concern about SMNs, radiation therapy (RT) was
limited to “high risk” patients and starting doses were typically only 10 Gy. Thus the
observed decrease in time-specific (Figure 3) and age-specific (not shown) incidence rates
and SIRs (Table 4) for solid tumors in the later decades, albeit not statistically significant,
may well reflect changes in treatment protocols. Similarly, the fact that WT patients
diagnosed at older ages tend to have higher stage disease and receive RT may explain the
higher SIRs observed for them (Table 4).(41,42)
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By contrast with solid tumors, incidence rates and SIRs for secondary leukemias were
substantially higher for WT patients diagnosed during 1990–2003 compared with earlier
decades. This finding persists even if one eliminates MDS from consideration as an SMN. It
most likely reflects intensification of chemotherapy over time, particularly the greater use of
doxorubicin in primary treatment protocols and of epipodophyllotoxins for treatment of
relapse. Doxorubicin may act as a potentiator of RT in causing secondary AML among WT
patients.(43;44) Epipodophyllotoxins have been linked to secondary AML among childhood
cancer patients more generally.(5;45;46) As observed here, the occurrence of such
secondary leukemia often proves rapidly fatal.

No attempt was made to directly evaluate treatment factors in this study because uniform
treatment data were not available for the various cohorts. In Europe, most children with WT
are treated using the protocols of the International Society of Paediatric Oncology (SIOP)
whereas in North America most are treated using the protocols of the NWTS Group, which
has been superseded by the Renal Tumor Committee of the Children’s Oncology Group
(COG). Prior to 1991 these protocols were quite similar. The primary difference today in
treatment strategy has to do with the timing of nephrectomy. The SIOP protocols
recommend administration of a short period of pre-nephrectomy combination chemotherapy.
The NWTS/COG protocols are based on surgical and pathological staging determined at the
time of nephrectomy and prior to administration of any chemotherapy. Current treatment
regimens for patients treated by SIOP include cumulative anthracycline doses of 250 mg/m2

for stage II and III patients with low or intermediate risk histology and 300 mg/m2 for all
patients with high risk histology. Patients with low or intermediate risk histology and stage
II N1 or stage III disease receive 15 Gy of abdominal irradiation. Those with high risk
histology receive 30 Gy of abdominal irradiation.(47) The treatment regimens recommended
by COG include a cumulative dose of 150 mg/m2 of anthracycline and 10.8 Gy abdominal
irradiation for all patients with stage III/favorable histology disease unless they have loss of
heterozygosity for both 16q and 1p. This subset of patients receives treatment with 195 mg/
m2 of anthracycline and 10.8 Gy of abdominal irradiation (J. Dome, personal
communication, October, 2009)

A comparison of exposures to radiation therapy and anthracyclines, using the treatment
regimens of NWTS – 4 (11) and SIOP – 9 (48) and based on the stage distributions in
NWTS – 3 (10) and SIOP – 6 (49), demonstrates that approximately 50% more European
than North American patients with non-mestastatic WT of non-anaplastic histology will be
treated with an anthracycline (SIOP-6: 45.5%, 201/442; NWTS-3: 29.3%, 449/1528),
whereas approximately 50% more North American than European patients will be treated
with abdominal irradiation (SIOP: 18.0%, 80/442; NWTS: 29.3%, 449/1528).(50)
Consequently, although no such differences were evident in the present study, patients with
unilateral Wilms tumor treated using NWTS regimens eventually may have a greater risk of
radiation related second malignant tumors whereas those treated using SIOP regimens may
have a greater risk of topoisomerase II inhibitor related leukemias.

In conclusion, this study has confirmed the serious risk of SMN in patients treated for WT in
Europe and North America. While indications are that the risk of secondary solid tumors
may have started to moderate somewhat with decreasing use of RT, the even more
devastating risk of secondary leukemia seems to be on the rise. The leukemia risk is largely
concentrated during the first 5 years or so following the WT diagnosis, however, and is not
nearly as great in absolute terms. While SIRs for solid SMNs decline slightly following a
peak at 10–19 years from WT diagnosis (Table 4), they nonetheless remain near 5 and are
not trending sharply downwards. This means that as much as 80% of the total incidence of
solid tumors, shown in Figure 2 by time since WT diagnosis, represents excess incidence
associated with WT or its treatment. As the cohorts are followed into middle age and
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beyond, therefore, the excess cancer burden borne by WT survivors may become even more
serious as the risk multipliers act on increasing background rates. Designing better studies to
identify those at highest risk by virtue of genetic susceptibility is a high priority for future
research efforts. (32)
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BCCSS British Childhood Cancer Survivor Study
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CNS central nervous system
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COG Children’s Oncology Group

MDS myelodysplastic syndrome

NWTS National Wilms Tumor Study
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PY person-years

RT radiation therapy
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Figure 1.
Incidence of solid tumors by time since WT diagnosis and cohort, calculated as weighted
averages of jumps in cumulative hazards using 5 year bandwidths around each time point.
Results for North America were truncated at 30 years due to limited follow-up thereafter.
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Figure 2.
Incidence of solid tumors (panel a, per 1,000 person-years) and leukemia (panel b, per
10,000 person-years) by time since WT diagnosis, calculated using 5 year bandwidths.
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Figure 3.
Incidence of solid tumors by time since WT diagnosis and decade of WT diagnosis,
calculated using 5 and 10 year (for 1960–69) bandwidths and truncated at 10 year intervals
depending on decade of diagnosis.
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Table 1

Description of the Cohorts

Cohort N. America Britain Nordic Combined

Number of WT patients 8,884 2,893 1,574 13,351

Years of WT diagnoses 1969–2002 1962–2002 1960–2004 1960–2004

Mean age at WT diagnosis ± standard deviation (yrs) 3.7 +/− 2.6 3.5 +/− 2.6 3.6 +/− 2.7 3.6 +/− 2.6

Median follow-up (yrs) (25th – 75th percentile) 12.1 (5.3, 19.1) 9.2 (1.5, 22.0) 10.7 (1.6, 23.2) 11.6 (4.2, 19.9)

No. of second (third) [fourth] solid tumors 99 (4) [1] 41 (0) [0] 29 (0) [0] 169 (4) [1]

No. of second (third) leukemias 23 (1) 4 (0) 0 (0) 27 (1)*

*
The patient with 2 leukemias also had 1 solid tumor, so the total number of patients with a SMN of either type was 195.
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Table 3

Cumulative incidence of solid SMN by attained age for WT patients who survived to age 15 years without
SMN, by cohort (in percent ± standard error)

Attained age (yrs.) N. America Britain Nordic Combined

20 0.46 +/− 0.11 0.28 +/− 0.16 0.63 +/− 0.32 0.44 +/− 0.09

25 1.24 +/− 0.21 1.24 +/− 0.36 1.41 +/− 0.50 1.26 +/− 0.17

30 2.34 +/− 0.35 2.43 +/− 0.55 2.49 +/− 0.73 2.39 +/− 0.27

35 4.81 +/− 0.74 3.99 +/− 0.84 3.68 +/− 1.00 4.31 +/− 0.48

40 5.78 +/− 1.01 6.57 +/− 1.34 7.53 +/− 1.96 6.74 +/− 0.83
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