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I. Study Purpose and Objectives 

1. To determine the incidence of life-threatening medical conditions in survivors of Wilms tumor; specifically a) congestive heart failure; b) second malignant neoplasms (SMNs); c) renal failure; and d) chronic restrictive pulmonary disease. To relate the risks of these events to the type and amount of radiation and chemotherapy received, to disease factors and to host factors. To compare the incidence of SMNs to that expected from national rates.

2. To determine mortality rates in former Wilms tumor patients, and to compare these with age, calendar period and sex-specific national population rates.

3. To determine the risks of serious pregnancy complications and adverse reproductive events in survivors of Wilms tumor, and to correlate their occurrence with the type and amount of radiation and chemotherapy.  To compare birth rates with those from national statistics.

4. To determine the frequency of Wilms tumor and other cancers in the children and other family members of Wilms tumor patients.  Specifically, a) to estimate the risk of Wilms tumor in siblings and offspring; and b) to identify familial cancer syndromes that may involve Wilms tumor patients.

5. To extend the current Late Effects Study to include patients treated on the latest therapeutic protocol of the National Wilms Tumor Study Group (NWTS-5, accrual 1995-2002) and to enroll patient offspring as study participants. 

6. To serve as a case-finding resource, identifying the most informative subgroups of Wilms tumor patients for use by epidemiologists studying risk factors and by molecular biologists studying mutations in identified or prospective Wilms tumor genes including genes for familial Wilms tumor.

II. Study Progress to Date: 

The study is closed to accrual for patients who were originally participants in one of the clinical studies NWTS 1-4.
Table 1:  Disposition of Study Patients Initially Registered on NWTS 1-4

	Study disposition
	No.
	%

	In current follow-up (follow-up received in the last two years)
	2,190
	37

	Contact made – forms not returned within the last two years
	1,386
	23

	In tracking by DSC 
	404
	7

	Institution Lost to follow-up, not released to DSC for direct follow-up
	324
	5

	Lost to follow-up, released to DSC for direct follow-up
	555
	9

	Deceased
	505
	8

	Discontinued (mostly at patient/family request)
	299
	5

	Non-participating Institution
	323
	6

	Total (NWTS 1-4 patients, survived 2+ years from diagnosis)
	5,986
	100


The study is open to accrual for patients from NWTS-5:
Table 2:  Status of Protocol at Institutions for Registration of NWTS-5 Patients

	Protocol Status at Institution
	No. institutions
	No. patients eligible
	No. patients registered

	Approved
	117
	1,775
	831

	Pending
	2
	51
	0

	Declined / Expired
	89
	703
	150

	Total
	208
	2,529
	981


Table 3:  Distribution of NWTS 1-5 Registrants by Gender and Ethnicity

	Gender
	American
Indian or
Native
Alaskan
	Asian
	Black or
African
American
	Native
Hawaiian or
Other
Pacific
Islander
	White
	Hispanic
	Other or
Unknown
	Total

	Female
	22
	47
	635
	3
	2,634
	323
	11
	3,675

	Male
	16
	36
	531
	6
	2,471
	250
	10
	3,320

	Total
	38
	83
	1,166
	9
	5,105
	573
	21
	6,995


Target accrual for patients on NWTS-5 is 2,077, approximately the number of patients known to have survived two years from institutions that had submitted the protocol to their IRB at the time accrual began.  Accrual started in February, 2002 and is anticipated to last through 2011 due to patients delaying returning to their institutions and having the appropriate consent forms signed.
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The study was recently opened to enrollment of patient offspring. 
Table 4:  Numbers of Enrolled NWTS Offspring (N) and Person-Years of Follow-Up (Py)
	
	Observed follow-up through July, 2010
	

	
	Age of offspring
	

	Year of
	0-4
	5-9
	10+
	

	Birth
	n
	PY
	n
	PY
	n
	PY
	Total

	1984-89
	20
	97.1
	18
	88
	17
	190.1
	375.2

	1990-94
	85
	396.3
	74
	361.1
	71
	471.2
	1,228.5

	1995-99
	214
	967.7
	186
	857.7
	146
	382.4
	2,207.8

	2000-04
	387
	1,732.6
	292
	780.2
	21
	13.2
	2,526

	2005-09
	334
	981.2
	35
	22.3
	
	
	1,003.5

	2010
	115
	102.7
	0
	0
	0
	0
	102.7

	Total
	1,155
	4,277.6
	605
	2,109.3
	255
	1,056.9
	7,443.7


Table 5:  Summary of Pregnancy/Offspring Ascertained with Medical Records
	Number of  reported

Pregnancies
	Gestation less than 20 Weeks not a Live Birth
	In Progress or unknown duration and outcome
	Gestation greater than 19 Weeks or Live Birth
	Questionnaires Requested
	Questionnaires Returned
	Releases Signed
	Mother's Records Requested
	Mother's Records Received
	Mother's Records Reviewed
	Child's Records Requested
	Child's Records Received
	Child's Records Reviewed

	2,797
	419
	163
	2,215
	2,311
	1,470
	1,292
	1,260
	1,167
	1,060
	1,248
	1,156
	1,052


IIA. Study Chair Commentary on Study Conduct and Progress

The study has progressed well to date but would benefit from improved rates of follow-up. For patients registered on NWTS - 1, - 2, - 3, and - 4, passive refusals (contact made – forms not returned) accounted for 23% of eligible subjects and failure of the original treating institution to permit the DSC to initiate direct follow-up of eligible subjects accounted for 11% of eligible subjects. Sixteen percent have been lost to follow-up and another 5% have requested discontinuation of follow-up. Thus a minimum of 40% of the original cohort are unavailable for participation. Less than 60% the anticipated follow-up for the most recent calendar period (2005-9) has actually been observed (Table 7). 

The DSC has established an online version of the Annual Status Report Form through the website of the survey research firm Survey Monkey, which is now linked to the NWTS website. This is intended in part to return to active follow-up some of those now classed as passive refusal by offering them another avenue of communication with project personnel. 
Accrual of surviving subjects from NWTS - 5 continues. Eighty-nine institutions have refused to participate in this protocol or have allowed their IRB approvals to lapse, accounting for 26% of eligible patients. The protocol has only recently been submitted to the institutional IRBs of an additional 2 institutions.  The DSC sent a mailing to PIs from all institutions with a request that they forward a letter to their patients informing them about the NWTS Late Effects Study and urging them to contact the DSC for information about how they may participate. 

The latest analyses of second malignant neoplasms (SMNs), congestive heart failure, renal failure and pregnancy outcome were published in 2010, 2004, 2005 and 2010 respectively. Results of the first NWTS study of pulmonary complications in survivors were presented at the 9th International Conference (2006) on Long-Term Complications of Treatment of  Children and Adolescents for Cancer and a manuscript is in preparation. Data have been received from the Childhood Cancer Survivor Study, the British Childhood Cancer Survivor Study and a consortium of Nordic cancer registries for an international collaborative study regarding the incidence of and risk factors for SMNs in Wilms tumor survivors. A manuscript was recently published in the International Journal of Cancer. A self-administered questionnaire to be used in a study of breast feeding among female Wilms tumor survivors has been developed and a protocol written for this research project that will evaluate the effect of whole lung irradiation on the ability to successfully breast feed. Maternal and infant medical records continue to be reviewed for a planned updated analysis of pregnancy outcome. Medical records continue to be reviewed for a planned updated analysis of risk factors for congestive heart failure. An update of risk factors for pregnancy complications has been completed and was recently published in the Journal of Clinical Oncology. A new finding is the increased risk of hypertension complicating pregnancy with increasing dose of abdominal irradiation.  

III. Toxicity:  Not relevant to this study

IV. Currency of follow-up: 
Table 6:  NWTS 1-5 Patients Alive at Last Contact and Not Discontinued
	Year of Diagnosis 
	Years since last follow-up
	Total

	
	0-1
	2-4
	5-9
	10-14
	15+
	

	1969-1974
	182
	67
	52
	20
	52
	373

	1975-1979
	286
	106
	79
	50
	115
	636

	1980-1984
	560
	214
	136
	117
	165
	1,192

	1985-1989
	555
	263
	234
	158
	169
	1,379

	1990-1994
	589
	339
	317
	199
	107
	1,551

	1995-1999
	312
	179
	133
	33
	0
	657

	2000-2002
	204
	109
	57
	0
	0
	370

	Total
	2,688
	1,277
	1,008
	577
	608
	6,158


Table 7:  Potential and Observed Person-Years of Follow-Up by Calendar Period of Follow-up
	
	No.
	Calendar period 
	
	

	
	Pts.
	1969-79
	1980-84
	1985-89
	1990-94
	1995-99
	2000-04
	2005-09
	2010
	Total

	Total Potential†
	9,559
	6,881
	11,946
	19,248
	26,412
	32,182
	37,281
	33,349
	6,347
	173,646

	Total Observed*
	9,559
	7,203
	12,423
	19,997
	27,303
	32,029
	33,583
	22,079
	2,049
	156,666


† Assuming 1% per year loss-to-follow-up rate among surviving patients
*All surviving participants from NWTS1-4 who have not asked to be discontinued from the study continue on the Late Effects Study because the protocols for these studies explicitly included a late effects component. All NWTS-5 participants are considered “on-study” until five years has elapsed from their Wilms tumor diagnosis. Thereafter, only those consented NWTS-5 participants from institutions whose IRBs have approved the protocol continue to be followed.
V. History of Study Amendments: 

AMENDMENT 5, Approved by CTEP 3/22/2004:  The protocol was amended in order to provide instructions regarding the consent and enrollment of NWTS-5 (protocol 4941/9440) patients onto the NWTS Late Effects Protocol.  

AMENDMENT 6, Approved by CTEP 6/18/2004:  The protocol was amended in order to revise the model consents.  The consents were updated to incorporate a detailed question and answer document that provides patients and families with a comprehensive explanation of what participation in the study includes.

VI. Recent Findings (published since 2005):

This study is currently in its 20th year of operation following NCI R01 grant funding which extends through November, 2011. Major findings as summarized in the 2011 competing renewal application and developed since then are as follows:
Overall mortality (2, 5) 
  Evaluation of 8 year follow-up data for patients with Stage I-IV favorable histology Wilms tumor demonstrated that flank irradiation did not improve survival in spite of its clear efficacy in preventing local recurrence.(2). This apparent paradox reinforces the importance of evaluating entire treatment policies with regard to long term outcomes.

Late mortality (5, 9, 12) The first systematic study of long term mortality started with an evaluation of the NWTS ascertainment system by linkage of records for patients from U.S. institutions with the National Death Index (NDI) (5). Records of patients with vital status unknown as of Jan 1, 2000 were submitted to the NDI in April, 2003.  Matches were established for 709 of 789 patients known to have died during 1979-2001 (sensitivity 89.9%) but none of 1052 patients known by NWTS to be alive in 2002 (specificity 100%).  Factors independently associated with decreased sensitivity were not having a social security number known to the NWTS (sensitivity 87.8%), Hispanic ethnicity (76.4%) and foreign birth (56.5%).   Percentages of patients lost to follow-up after ten years were 9.5 for Caucasian, non-Hispanic, 22.4 for African-American, 25.9 for Hispanic and 35.5 for foreign born.  For 2351 patients with 2002 vital status unknown and 13,166 person years of missing observation between date last seen and 2002,  only 18 deaths were ascertained by NDI whereas 79.3 were expected based on NWTS mortality data.  Since the same selection factors were likely associated with NDI failure to match decedents and loss to follow-up by NWTS,  use of the NDI search to fill in missing follow-up data appears unwarranted.  
An analysis of cause-specific mortality and comparison with U.S. population rates has been completed and was published in the Journal of Clinical Oncology. (9) Standardized mortality ratios (SMR) decreased markedly during the first ten years of follow-up but remained elevated at levels 4-5 times background even 20 years from diagnosis. The improvement in treatment outcomes is clearly reflected in 5 year survival rates by calendar period of diagnosis; there is also some evidence for a reduction in mortality due to late effects of treatment, based on relatively small numbers of events. Causes of death are not well represented on death certificates; in particular, late deaths due to WT are often wrongly identified as due to SMNs.
A recent update on the survival experience of patients from NWTS-5 with very low risk Wilms tumor showed no difference in 5-year survival outcomes for those treated with surgery alone vs. surgery plus chemotherapy, although there were large differences in the 5-year event free survival (EFS) outcomes. (12)

Second malignant neoplasms (14) Data on 2893 British patients with WT diagnosed during 1962-2002, of whom 68 with secondary cancers, were received from the UK childhood cancer registry for incorporation into the database for an international collaborative study on SMNs in survivors of Wilms tumor.  These data were combined with those from the NWTS and the Childhood Cancer Survivor Study (n=8,884, 140 SMNs),  and a consortium of Nordic cancer registries (n=1,574, 30 SMNs). The estimated cumulative risk of a solid tumor at age 40 among those who survived to age 15 without a SMN was 6.7%, and this was remarkably consistent among the North American, British and Nordic populations. Age specific incidence of secondary solid tumors increased from about 1 case per 1,000 person years (PY) at age 15 to 5 cases per 1,000 PY at age 40. Standardized incidence ratios (SIR) for both solid tumors and leukemias were 5.1 and 5.0. For solid tumors, there is no sign that the SIR is declining with age or years since the Wilms tumor diagnosis. These results were published in the International Journal of Cancer (14).
End Stage Renal Disease (1, 7, 16) A major contribution from earlier studies was the discovery that patients with the Wilms tumor, aniridia, genitor-urinary anomaly, mental retardation (WAGR) syndrome were at high risk of renal failure progressing to end stage renal disease many years following their Wilms tumor diagnosis. A subsequent investigation involved linkage of records for 5,910 patients to the database of the United States Renal Data System (USRDS). Of the 115 cases of end stage renal disease (ESRD) identified, 9% were ascertained by NWTS along, 11% by USRDS alone and 80% by both systems. The cumulative incidence of ESRD for patients who did not have DDS, WAGR or male GU anomalies was 0.6% at 20 years from diagnosis of unilateral Wilms tumor and 12% following diagnosis of bilateral disease. Most of the ESRD among the latter patients occurred during the first five years and was due to bilateral nephrectomy. Patients who had manifestations of WT1 alterations, however, had much higher rates of ESRD (1). This study provided some reassurance regarding the NWTS system for ascertainment of major medical conditions during long term follow-up.

A French group (Am J Kid Dis 49:793-800, 2007) was motivated by NWTS results to examine the histology of non-tumor kidney samples from WAGR syndrome patients at the time of initial surgery. They found a bimodal distribution of glomerular diameters in seven such patients and substantially smaller average diameters in comparison with non-WAGR WT patients, suggesting a specific defect of WT1 function in development of the ESRD. 
Our latest study of risk factors for ESRD focused on patients who did not have WT1 associated congenital anomalies (16). Cases of ESRD were separated according to whether they were the result of progressive, bilateral Wilms tumor (PBWT) requiring surgical removal of all renal tissue or whether the ESRD was due to other factors collectively termed chronic renal failure (CRF).  The risk of ESRD due to PBWT was largely over by 3 years from diagnosis of bilateral WT, whereas the risk of ESRD-CRF continued to rise even 25 years from WT diagnosis. The study showed striking associations, with relative risks up to tenfold, between ESRD-CRF occurrence and the clinicopathologic factors of early age at onset, stromal predominant histology and the presence of intralobar nephrogenic rests, the same factors thought to be associated with a WT1 etiology for the Wilms tumor itself (3). It also demonstrated that the risk of ESRD-PBWT was over 4 times higher for those whose bilateral disease developed after the initial diagnosis of Wilms tumor than for those who had bilateral disease at onset. This study was recently published as a Special Article in the Journal of Urology (16).
In a study of 28 NWTS patients who received treatment after renal failure (7), there was no evidence for increased toxicity due to vincristine or doxorubicin but some increase in neutropenia from dactinomycin. The overall survival of 39% (64% for those in initial treatment at time of renal failure) suggested that cure is not precluded in such patients. Work is in progress, with a manuscript nearly ready for submission, on a systematic study of the clinical course of patients who develop ESRD after Wilms tumor. There were major differences between ESRD-PBWT vs. ESRD-CRF as regards age at onset (younger for PBWT), cause of death (mainly progressive WT for patients with PBWT, ESRD for those with ESRD due to CRF), congenital anomalies (over half of ESRD-CRF patients had WAGR or Deny-Drash syndrome or associated GU anomaly, vs. 15% for ESRD-PBWT) and patterns of treatment. Nearly half of ESRD-PBWT had died by 5 years since ESRD onset and barely 50% survived long enough to receive a renal transplant. By contrast, 79% of ESRD-CRF patients received a transplant within 5 years. Median time to initial transplant for non-Hispanic white patients was 1.5 years from ESRD onset, vs. 3.1 years for minorities. Part of the higher mortality and graft failure rates observed for minority patients was explained by this treatment difference. For patients whose ESRD occurred within 2 years of ending chemotherapy for WT, we were unable to detect a disadvantage in terms of survival or graft failure outcomes for those whose transplants were received soon after chemotherapy had ended, but available patient numbers were very small.
Pulmonary Complications (4) Review of medical records of 6579 patients treated on NWTS 1-4 identified 67 cases of pulmonary fibrosis or restrictive lung disease. Patients were grouped into four cohorts for analysis: 1 (n=3222) no radiation (RT) for initial treatment; 2 (n=2546) RT for initial treatment not including the lungs; 3 (n=811) RT to the lungs for initial treatment; and 4 (n=453) patients initially in cohorts 1 or 2 who were moved to cohort 4 at the time they received RT to the lungs for relapse. Preliminary analysis showed a cumulative incidence of pulmonary complication at 15 years from start of treatment in each cohort was 0.1% for cohort 1, 0.3% for 2, 4.4% for 3 and 5.3% for 4. A nested case-control study demonstrated a dose-response gradient in cumulative pulmonary complication incidence associated with increasing amounts of RT to both whole lungs in cohorts 3 and 4, and a relative risk of 2 for treatment with cyclophosphamide in addition to lung RT. A systematic review of pulmonary complications has been completed and work is in progress on imputing missing RT doses  prior to completing a manuscript for this study.
Portal Hypertension (13)  Nineteen of 5,195 patients from studies NWTS-1-4 were identified who developed portal hypertension. The cumulative risk at 6 years post Wilms tumor diagnosis was 0.7% for those with right sided tumors and 0.1% for those with left sided tumors.  Based on analysis of results from a nested case-control study, there was a strong association between higher doses of radiation therapy to the liver (>15 Gy) and the development of portal hypertension. These results were published in the International Journal of Radiation Oncology, Biology and Physics. (13)
Pregnancy Outcomes (15) The most recent analysis of pregnancy outcomes involved over 1,000 pregnancies with duration of 20 weeks or longer, including 955 liveborn singletons for whom 700 sets of maternal and offspring medical records were reviewed. This study identified an increased risk of hypertension complicating pregnancy, and confirmed the previous findings of an increased risk of early or threatened labor and malposition of the fetus with increasing abdominal irradiation to the mother. However, by contrast with the earlier study, no statistically significant trend in the number of congenital anomalies with radiation dose was observed in the offspring of female patients. These data were recently published in the Journal of Clinical Oncology (15).
Epidemiologic evidence for genetic heterogeneity (3, 11)  Study of the associations between age-at-onset distributions, birth weight, tumor centricity, characteristic congenital anomalies and syndromes, precursor lesions and other clinicopathologic features led NWTS investigators early on to the conclusion that Wilms tumor arose from a variety of pathogenetic mechanisms.   These observations were confirmed in the laboratory by the finding that WT1 mutations accounted for only a small fraction of Wilms tumors  and that imprinting at the putative WT2 locus likely involved a larger fraction. Phenotypic evidence for genetic heterogeneity was provided by the striking association of tumors arising in association with the precursor lesions perlilobar nephrogenic rests (PLNR) and intralobar nephrogenic rests ILNR with ages at diagnosis and bilateral or unilateral, multicentric disease (3).  The slight excess of females in the NWTS population, their greater mean ages at diagnosis and the apparent biomodality in their age distribution were explained in part by the relative excess in females compared with males of PLNR vs ILNR associated tumors.  In a more direct examination of genetic heterogeneity, gene expression profiles were used to cluster patients with very low risk Wilms tumor. The two identified clusters were distinguished by histology (differentiated epithelial vs mixed), nephrogenic rests (few identified vs. intralobal) and relapse risk. (11).
The NWTS as a case finding resource (6, 8, 10) The NWTS continues to collaborate with other investigators conducting a variety of studies of Wilms tumor including epidemiological studies. One important collaboration is a case-control study based on telephone interview of NWTS cases and controls matched for age and geographic region. One report from this study failed to confirm earlier reports of an increased risk for Wilms tumor among children exposed to household pesticides, either in utero or through early childhood. (6)  Another noted an increase in risk of Wilms tumors occurring in association with perilobar nephrogenic rests (PLNR) for children with high birth weight. (8)  This report failed to confirm several associations with obstetric factors reported from earlier, smaller studies. In the most recent report, no consistent association was observed between risk of Wilms tumor in the offspring and maternal exposure to medical radiation. (10) 
Newsletter The tenth edition of the study newsletter, Late Breaking News, was prepared as part of DSC staff service of providing information and referrals to participant families. The newsletter was published online (http://www.nwtsg.org/newsletter/newsletter.html) and mailed to study participants. 

VII. Study Conclusions: 

· The major medical endpoints (second malignancy, congestive heart failure, pulmonary restrictive complications, renal failure) that are the focus of this study are uncommon events, even for Wilms tumor survivors.  Most patients treated on modern protocols can look forward to a relatively normal life following cure. The increased frequency of these events among patients who received (large doses of) radiation therapy and/or doxorubicin as part of their primary therapy justifies continuing efforts to identify subgroups of “high risk” patients, so that others may be spared such therapy. 

· Patients whose Wilms tumor occurs as a result of a germline WT1 mutation or deletion, particularly those with the DDS and WAGR congenital malformation syndromes or incomplete forms of these, have a higher risk of renal failure leading to end stage renal disease.. 

· Former Wilms tumor patients are generally quite capable of becoming parents of normal children. Female survivors who received (larger doses of) abdominal radiation therapy experience a somewhat higher incidence of pregnancy complications and low birth weight deliveries. 

· The incidence of familial Wilms tumor is low. Survivors may be counseled that the risk of Wilms tumor in offspring is low. 

· Wilms tumor is heterogeneous as a pathogenetic entity. Molecular studies are needed to help discriminate subtypes that cannot now be identified on the basis of precursor lesions.

VIII. Summary – Recommendations and Future Plans:

Institutions that have not already done so are urged to have the study protocol NWTS 4941L approved by their IRB so that they may register patients from NWTS-5 on study. Those that already have IRB approval are urged to complete the registration process.  Patients from NWTS-5 and earlier studies who have failed to return to their institutions may be “released” into direct follow-up by the NWTS Data and Statistical Center (DSC). Institutions are urged to contact the DSC to make these arrangements. Offspring of survivors will continue to be enrolled as study subjects upon consent of their parents. 
Plans for the coming year include submission of a revised version of the grant application that hopefully will permit extension of the study until 2016. We plan manuscripts on pulmonary complications as related to the dose of abdominal and lung irradiation, on the clinical course of patients following diagnosis of ESRD, on the incidence of SMNs in related to RT doses and chemotherapy and on familial Wilms tumor. 
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