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The Third National Wilms’ Tumor Study sought to reduce treatment for low-risk patients and find better 
chemotherapy for those at high risk for relapse. Eligible patients (1439) were randomized according to 
stage (I-IV) and histology (favorable [FH] or unfavorable [UH]), and contributed data to survival and 
relapse-free survival (RFS) analyses. Four-year (postnephrectomy) survival percentages and randomized 
treatment regimens for low-risk patients were 96.5% for 607 Stage I/FH patients who received dactinomycin 
(Actinomycin D [AMD], Merck Sharp & Dohme, West Point, PA) and vincristine (VCR) for 10 weeks 
versus 6 months; 92.2% for 278 Stage Il/FH patients; and 86.9% for 275 Stage III/FH patients who 
received AMD + VCR -+ Adriamycin (ADR, Adria Laboratories, Columbus, OH) for 15 months. Stage 
II/FH patients also had either zero or 2000 cGy irradiation (RT) postoperatively and Stage III/FH 
patients either 1000 or 2000 cGy. Four-year survival was 73.0% for 279 high-risk patients (any Stage 
IV, all UH) who received postoperative radiation therapy (RT) and AMD + VCR + ADR k cyclophos- 
phamide (CPM). Statistical analysis of survival and RFS experience shows that the less intensive therapy 
does not worsen results for low-risk patients and CPM does not benefit those at high risk. 
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ILMS’ TUMOR, a renal embryoma, is a common W solid malignant neoplasm of childhood.’ The 
outlook for these children has improved dramatically with 
the advent of multi-modal therapy, and survival rates 
currently are approaching 90%.2-4 There also have been 
major advances made in the understanding of the disease. 
Two neoplasms, previously considered to be variants of 
Wilms’ tumor, have now been identified as being separate 
and distinct entities. One is the so-called clear cell sarcoma, 
termed by Marsden and his co-workers the “bone-metas- 
tasizing renal tumor of c h i l d h ~ o d . ” ~ , ~  The other, the 

rhabdoid tumor, more commonly affects infants.’ The 
outlook has been poor for the children afflicted with either 
of these two renal tumors or with the anaplastic form of 
Wilms’ t u m ~ r . ~ ” ~ ~  These three entities have been grouped 
under the general term, Unfavorable Histology (UH) in 
the National Wilms’ Tumor Study (NWTS).’ By contrast, 
children who develop the renal embryoma without ana- 
plasia have a favorable outlook. This tumor type has been 
called, therefore, Favorable Histology (FH) by the NWTS, 
which has identified other prognostic factors as well.53831031 ’ 
These several elements were used to define a staging sys- 
tem, which is slightly different from the previous NWTS 
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TABLE I .  Comparison of National Wilms' Tumor Study Grouping and Staging Systems 

Group 

I. Tumor limited to kidney and completely resected. 
The surface of the renal capsule is intact. The tumor was not 
ruptured before or during removal. There is no residual 
tumor apparent beyond the margins of resection. 

11. Tumor extends beyond the kidney but is completely resected. 
There is local extension of the tumor; i.e., penetration 
beyond the pseudocapsule into the perirenal soft tissues, or 
periaortic lymph node involvement. The renal vessel outside 
the kidney substance is infiltrated or contains tumor 
thrombus. There is no residual tumor apparent beyond the 
margins of resection. 

111. Residual nonhematogenous tumor confined to abdomen. 
Any one or more of the following occur: 
a. The tumor has ruptured before or during surgery, or a 

b. Implants are found on peritoneal surfaces. 
biopsy has been performed. 

c. Lymph nodes are involved beyond the abdominal 

d. The tumor is not completely resectable because of local 
periaortic chains. 

infiltration into vital structures. 

IV. Hematogenous metastases. 
Deposits beyond GROUP 111; e.g., lung, liver, bone, and 
brain. 

V. Bilateral renal involvement either initially or subsequently. 
Not on study. 

Stage* 

I. Tumor limited to kidney and completely excised. 
The surface of the renal capsule is intact. Tumor was not 
ruptured before or during removal. There is no residual 
tumor apparent beyond the margins of resection. 

11. Tumor extends beyond the kidney but is complete removed. 
There is regional extension of the tumor, i.e., penetration 
through the outer surface of the renal capsule into penrenal 
soft tissues. Vessels outside the kidney substance are 
infiltrated or contain tumor thrombus. The tumor may have 
been biopsied or there has been local spillage of tumor 
confined to the flank. There is no residual tumor apparent 
at or beyond the margins of excision. 

Any one or more of the following occur: 
a. Lymph nodes on biopsy are found to be involved in the 

hilus, the periaortic chains, or beyond. 
b. There has been diffuse peritoneal contamination by 

tumor such as by spillage of tumor beyond the flank 
before or during surgery, or by tumor growth that has 
penetrated through the peritoneal surface. 

c. Implants are found on the peritoneal surfaces. 

d. The tumor extends beyond the surgical margins either 

e. The tumor is not completely resectable because of local 

111. Residual nonhematogenous tumor confined to abdomen 

microscopically or grossly. 

infiltration into vital structures. 

IV. Hematogenous metastases. 
Deposits beyond Stage 111; e.g., lung, liver, bone, and brain. 

V. Bilateral renal involvement at diagnosis. 
An attempt should be made to stage each side according to 
the above criteria on the basis of extent of disease before 
biopsy. 

* Staging, which is on the basis of gross and microscopic tumor dis- 
tribution, is the same for tumors with favorable and with unfavorable 
histologic features. The patient should be characterized, however, by a 
statement of both criteria; e.g., Stage 11, favorable histologic features or 

Stage 111, unfavorable histologic features. 

or those of sarcomatous histology. 
Tumors of unfavorable type are those with focal or diffuse anaplasia, 

grouping method, but is better able to identify risk 
groups." Table 1 shows the two systems, and identifies 
the differences. 

The third NWTS (NWTS-3) considered the foregoing 
factors, and built on the results of the first two clinical 
trials. These had shown that postoperative irradiation need 
not be given to Stage I/FH children who receive dacti- 
nomycin (AMD) plus vincristine (VCR) in the postop- 
erative period.*s3 Retrospective reviews of the first and 
second study had raised questions regarding the need for 
postoperative irradiation for Stage II/FH patients.I2 They 
previously had received varying doses adjusted according 
to the age at d iagn~s is .~ . '~  Similar questions were raised 
for Stage III/FH children. NWTS-2 had also demonstrated 
that Adriamycin (ADR, Adria Laboratories, Columbus, 
OH) improved the relapse-free survival rate for children 
with Wilms' tumor.3 ADR is a known cardiotoxin, how- 
ever, and there was concern that the drug might cause 
heart problems in long-term survivors. The focus of the 
third study, therefore, was placed on determining whether 

less aggressive therapies would not worsen the good results 
in children at relatively low risk. Those at high risk, by 
contrast, needed more effective therapy, the early and late 
sequelae of such being a secondary consideration. In- 
cluded in the high-risk category were children with overt 
metastases at diagnosis, regardless of the histology and all 
children with UH tumors, regardless of the stage. These 
considerations were the basis for the design of the third 
NWTS, which is shown schematically in Figure 1. 

Materials and Methods 

The procedures and methods used in NWTS-3 followed 
those of the first and second The opening date 
of the trial was May 1979 and it closed in May 1985, 
except for the Stage I/FH group, which was closed in No- 
vember 1985. In that interval, a total of 2496 patients 
was registered, of whom 1489 were randomized according 
to the schema shown in Figure 1; 525 patients were as- 
signed to the "followed" category, which has been defined 
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FIG. 1. See reference 3 for the de- 
tails concerning the RT used for 
Stage IV FH and all UH patients. (S: 
Surgery; RT: radiation therapy; 
AMD: dactinomycin; VCR: vincris- 
tine; ADR: Adriamycin [doxorubi- 
cin, Adria Laboratories, Columbus, 
OH]: CPM: cyclophosphamide). 

NATIONAL WILMS’ TUMOR S T U D Y - 3  

FAVORABLE HISTOLOGY 
A M 0  t VCR for 10 weeks 

A M D t V C R  for 6 months 
STAGE I lony age)----- S -  No RT 

---#y-- 

VCRtADR for 15 months 

Intensive A M D t V C R  for 15 monthr 

STAGE1 (ony ape+--- S 

2000rod 

for I5 months 

STAGE IXI (any age- S 

Intensive A M D t V C R  for 15 month3 

2 0 0 0 r o d  

UNFAVORABLE HISTOLOGY, AND A L L  STAGE Ip 

A M D t V C R t A D R  for 15 months 
All UH,any stoge 

All stoge lY, FH t U H  IJ1 AMD+VCR+ADR+CPM for 15 months 

* Al l  FH Stoqe IZL receive 2000 rod flonk RT and RT to other sites 0s  in N W T S - 2  

All UH,oll stages receive oqe-odjusted flonk RTand to other sites 0s in NWTS-2 

el~ewhere.~,~ In brief, these were children who for various 
reasons were not randomized, but nonetheless were 
treated with an NWTS-3 regimen appropriate for their 
stage and histology. Data from the followed group were 
not used in any of the analyses reported here; however, 
such data are included in other NWTS-based studies; e.g., 
those concerning progno~is .~ .~  

An additional 308 children ineligible for randomization 
were nonetheless “on study,” participating in the following 
substudies: bilateral tumors or Stage V, 162 patients; tu- 
mors considered inoperable at diagnosis, 133 children; 
and age over the limit of 16 years at the time of diagnosis, 
13 patients. The latter patients are also excluded from 
further analysis here. 

This left 174 patients who were not on study. There 
were various social, medical, and other reasons for these 
exclusions, similar to those recorded in NWTS-I and 
NWTS-2. Among these reasons were erroneous diagnosis, 

34; presence of benign cystic lesions, two; and presence 
of nephroblastomatosis, five. The other 27 children had 
malignant renal and extrarenal tumors: 12 neuroblasto- 
mas, five renal cell carcinomas, two neurogenic tumors 
of other types, two hepatoblastomas, two sarcomas (not 
otherwise specified), and (one each) adenocarcinoma 
(possibly of adrenal origin), hemangiopericytoma, non- 
Hodglun’s lymphoma, and primitive extrarenal malignant 
neoplasm. 

The 525 followed patients were compared with the 1489 
randomized children, and no major differences in age, 
sex, or race were detected. However, the randomized chil- 
dren had a slightly higher incidence of Stage I and FH 
tumors (43% and 89%, respectively) than did the followeds 
(35% and 8596, respectively). 

Flow sheets giving clinical, chemotherapeutic, and other 
treatment information, along with narrative reports, check 
lists, and treatment records providing pathology, surgery, 
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and radiation therapy data were reviewed by the NWTS 
Data and Statistical Center and by the relevant NWTS 
specialty subcommittees. Twenty-four of the 1489 ran- 
domized patients were excluded from further considera- 
tion because they were found retrospectively not to have 
been eligible for randomization. Four were treated pre- 
operatively, two had horseshoe kidneys, one had an ex- 
trarenal Wilms’ tumor, and 17 were diagnosed as having 
Stage IV disease on the basis of CT scan findings only. 
An additional 26 children who had no follow-up data of 
any kind were excluded from the survival and relapse- 
free survival analyses. 

Study Design 

Patients were stratified according to broad histologic 
type and stage. The study question for Stage I/FH patients 
dealt with the number of chemotherapy courses and total 
treatment time needed for this low-risk group of children. 
Both chemotherapy and radiation therapy issues were ad- 
dressed for Stage II/FH and III/FH children through the 
use of a factorial design. The drugs, their doses, and the 
timing for all stages and histologies are shown in Figure 
2. Radiation therapy (RT) questions were also asked of 
Stage II/FH patients who were randomized to receive ei- 
ther no postoperative RT or 2000 cGy, and in Stage III/ 
FH children who were given either 1000 or 2000 cGy. 
Daily fractions of 180 cGy were recommended and 200 
cGy permitted except when large fields (e.g., whole ab- 
domen) were encompassed. Then, 150 cGy/d was used. 
The total dose adjustments needed for differing daily frac- 
tions were made according to the TDF method of Orton 
and Ellis, as approved by the Radiation Oncology Com- 
mittee Chairmen.13 Supplemental doses of up to 1000 
cGy were permitted to regions of gross residual disease in 
Stage 111. The tumor bed of high-risk patients, defined as 
FH children with Stage IV disease, and all with UH tu- 
mors, was irradiated according to an age-modulated dose 
scheme. Children up to 12 months of age were given 1200 
cGy to 1800 cGy; doses for older children by age were 
180 1 cGy to 2400 cGy, 240 1 cGy to 3000 cGy, 300 1 cGy 
to 3500 cGy, and 350 1 cGy to 4000 cGy for those 13 to 
18, 19 to 30, 31 to 40, and 41 and over months of age, 
respectively. Stage IV patients with one or more overt 
lung metastases were to be given 1200 cGy ( 1 50 cGy/day 
X 8) to both lungs and the mediastinum. Other areas of 
involvement were to be treated with doses of up to 3000 
cGy except for the liver. Doses of 2000 cGy were permitted 
to the whole liver for FH patients, with supplementary 
doses to large residual masses permitted up to a total of 
3000 cGy. For the UH children, the liver could be given 
3000 cGy with up to 1000 cGy supplements to areas of 
bulky hepatic metastases. 

For all patients, surgery was to be accomplished through 
a transabdominal incision, and the opposite kidney was 

to be mobilized from its bed and all surfaces inspected 
for evidence of a synchronous contralateral Wilms’ tumor. 
All suspicious lymph nodes were to be sampled, but rou- 
tine retroperitoneal node dissections were not part of the 
study protocol. 

Quality Assurance 

Pathology: Microscopy slides, pathology reports, and 
NWTS pathology forms were reviewed by the NWTS Pa- 
thology Center for confirmation of histologic diagnosis 
and staging. Written reports of the central review were 
sent to the cooperating pathologists, and reasons for dis- 
crepancies were reconciled. 

Chemotherapy: Deviations from the timing and dosage 
specifications were identified by the NWTS Data and Sta- 
tistical Center. These records were then reviewed by 
members of the NWTS Committee to establish whether 
there were cogent medical reasons for the changes. No 
patients, however, were excluded from outcome analyses 
for these reasons. 

Radiation therapy (RT): The Radiologic Physics Cen- 
ter (RPC) in Houston, Texas monitored the physics as- 
pects of radiation therapy facilities of enrolled institutions, 
as it has since the inception of the NWTS. Machine cal- 
ibrations, dose rates, and similar physics and technical 
specifications were checked by the RPC. The rare devia- 
tions from standards were corrected for all therapy units 
used for the irradiation of NWTS patients. The Quality 
Assurance Review Center (QARC) in Providence, Rhode 
Island, collected and analyzed the records of irradiated 
patients. Deviations from protocol specifications were 
tabulated and sent to the Radiation Therapy Committee 
of the NWTS. That committee also reviewed all the RT 
records, correlating the fields and doses used with imaging 
studies, operative and pathology reports, and other data 
to determine whether protocol stringencies had been met. 
Technical and dosimetric protocol deviations that might 
have affected the adequacy of treatment were defined as 
follows: 

1. Delays in starting RT of more than 10 days after 
nephrectomy, 

2. Doses below the protocol stipulated levels by more 
than 25%, 

3. Fields that failed to include all the tissues at risk (as 
defined by the protocol) on review of the relevant diag- 
nostic imaging studies and field placement films. 

Surgery: The NWTS Surgical Committee reviewed all 
operative and pathology reports and special NWTS forms 
to establish whether the Study’s surgical guidelines had 
been followed. 

Written reports of major discrepancies in the chemo- 
therapy, radiation therapy, or surgery used were sent to 
the relevant cooperating speciaiists. 

Statistical methods: The statistical methods used for 
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FIG. 2. Dactinomycin (15 mcg/kg/ 
d [IV]), vincristine (V) (1.5 mg/m2/ 
wk [IV]), Adriamycin (doxorubicin, 
Adria Laboratories, Columbus, OH) 
(20 mg/m2/d [IV]), and cyclophos- 
phamide (10 mg/kg/d [IV]). Regi- 
men K is like Regimen L for the first 
3 months. Dactinomycin is given on 
weeks 13, 22, 31, 40, 49, and 58. V 
is given in courses of six weekly doses 
starting on weeks 15, 24, 33,42, 5 I ,  
and 60. Regimen D D  dactinomycin 
courses are given postoperatively and 
at I3,26, 39, 52, and 65 weeks; V is 
given weekly for 10 weeks starting 
on day 7 and on days I and 5 of each 
subsequent dactinomycin course. 
Regimen J is like Regimen DD ex- 
cept that V also is given on days 1 
and 8 of each Adriamycin course. 
The latter is given for three daily 
doses at 6, 19,32,45, and 58 weeks. 
Cyclophosphamide is given for three 
daily doses during each Adriamycin 
and each dactinomycin course ex- 
cept the postoperative dactinomycin 
course. 

NATIONAL WILMS' TUMOR STUDY - 3 CHEMOTHERAPY REGIMENS 

F '0 ACTlNOMIClN 

VlNCRlSTlNE V V V V V V V  V V V V NO FURTHER R n  - 
WEEKS 0 2 4 6 8 10 

* 54 { ICT lNOHYClN '0 '0 '[ 
" V 

VINCRISTINE V V V V V V V V V V  V " 

. 3 4  I( 34 n 3 4  .36 . 3 4  

0 AORIIHYCIN 

analyses were the same as those employed in reports of 
NWTS- 1 and NWTS-2. Product limit estimates were cal- 
culated for survival and relapse-free survival curves by 
histology (FH vs. UH), stage, and treatment regimen as 
recorded at the time of rand~mization.'~ These were ex- 
amined especially at 2 and 4 years after nephrectomy. 
Patients who died of toxicity or other causes without prior 
relapse, and those few Stage I11 and IV patients who had 
persistence of initial disease at last contact or death, were 
counted as failures in the relapse-free survival analyses. 
Comparison of survival curves among regimens was ac- 

complished by an extension of the log-rank test that ac- 
commodates several treatment groups and stratified sam- 
ple~.' ', '~ An analysis of the factorial design involving che- 
motherapy (with or without ADR) and radiation (1000 
cGy vs. 2000 cGy) for Stage 111 patients was carried out 
using the Cox proportional hazards regression model. " 
Patients were first analyzed as originally randomized, 
without exclusion for protocol violations, as is consistent 
with good statistical practice. l 5  However, subset analyses 
were also performed that excluded those who were later 
found to have switched back and forth between FH and 
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TABLE 2. Sex and Age Distributions and Protocol Compliance: Patients Randomized by Histologic Type, Stage, and Regimen 

Change 
% Age distribution (mo) 

Histologic 7n Histologic 
type* Stage* Regimen? No. Female 0-11 12-23 24-47 4 8 t  Stage type 

Favorable I L  313 49 23 24 30 23 1 2 
EE 308 52 22 27 24 27 7 5 

Favorable II DD 70 54 9 20 38 33 10 3 
DD2 71 55 11  15 31 37 7 1 
K 68 50 9 22 28 41 7 1 
K2 71 62 17 10 43 30 8 4 

Favorable 111 DDI 69 54 2 14 41 43 3 1 
DD2 66 45 5 18 39 38 6 2 
KI 73 52 4 17 26 53 5 1 
K2 12 57 6 12 29 53 I I 

Favorable IV DD-RT 65 52 0 3 35 62 0 0 
J 56 55 0 5 41 54 0 2 

Unfavorable All DD-RT 84 54 14 13 36 37 4 19 
J 79 51 13 15 44 28 8 13 

Total 1465 52 14 19 32 35 6 5 

90 Protocol 
90 Switch$ deviations 
regimen (chemotherapy) 

13 5 
12 5 

13 7 
14 9 
10 8 
13 5 

3 3 
6 3 

10 4 
8 3 

2 10 
0 2 

13 5 
1 1  9 

10 5 

* Histologic type and stage as reported by registering institution at 

t Randomized regimen assigned by NWTS. 
time of  randomization. 

UH, from one stage to another, or from one treatment 
regimen to another. 

Results 

Table 2 shows the 1465 eligible patients randomized 
to each regimen together with their age and sex distri- 
butions. It also summarizes the degree of protocol com- 
pliance. Randomization generally took place within the 
first few days after nephrectomy and later changes in stag- 
ing or histology necessitating a switch from the originally 
assigned regimen affected approximately 10% of the study 
population. A few other switches occurred that were due 
to physician or parental refusal to accept the assigned reg- 
imen. Of 149 tumors found by the NWTS Pathology 
Center to show UH, 39 (26%) were termed FH by the 
institutional pathologists (Table 3). Conversely, of 1248 
tumors termed FH by the Pathology Center, 48 (3.8%) 
were designated as UH by institutional pathologists. Most 

t. Changes in stage, histologic type. and randomized regimen as reported 
by registering institution. 

of these changes were accepted by the institutions, and 
switches to more appropriate regimens were made. 

Most of the RT deviations relate to delays in starting 
therapy of more than 10 days after nephrectomy, a factor 
shown in NWTS reports to be associated with a worse 

Twelve percent (72/593) of cases reviewed 
had the technical and dose deviations described above 
that, in the judgement of the NWTS RT Committee, may 
have affected adequacy of treatment. The protocol per- 
mitted that supplementary doses of 500 cGy to 1000 cGy 
be given to areas of bulk disease. No Stage II/FH children 
received supplemental doses, whereas six Stage III/FH did 
so (2%).19 Comparisons between the randomized doses 
are therefore valid. 

Chemotherapy protocol compliance by stage and drug 
regimen is shown in Table 2. One or more courses of 
chemotherapy were considered inadequate in not more 
than 10% of patients entered on any study arm. These 
were defined as courses during which less than 50% of the 

TABLE 3. Central Pathology Histologic Type by That Reported at Diagnosis 

Central pathology 
- 

Favorable Anaplastic Clear cell Rhabdoid 
Histologic histologic type (diffuse/focal) sarcoma sarcoma Unknown 

type reported histologic Total 
at diagnosis No. Percent No. Percent No. Percent No. Percent type no. no. 

Favorable* I200 96.9 24 1.9 12 1 .0 3 0.2 62 1301 
Unfavorable* 48 30.4 31 23.4 44 21.8 29 18.4 4 162 

Total 1248 89.3 61 4.4 56 4.0 32 2.3 66 1463* 

* One patient was classified as having mesoblastic nephroma and one as having “other sarcoma” on central pathology review. 
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TABLE 4. Relapse-Free Survival and Survival Results for All Patients as Originally Randomized 

Histologic 
type* Stage* 

Favorable 

Favorable 

Favorable 

Favorable 

Unfavorable 

Unfavorable 

All Datients 

I 

I1 

111 

IV 

I-Ill 

IV 

% Relapse- 
Relapses$ free$ Deaths % Alive$ 

No. Mean follow-up 
Regimen* evalt OBS EXP 2Yrs  4 Y r s  OBS EXP 2Yrs 4Yrs (yr) 

L 306 
EE 30 I 

D D  70 
DD2 71 
K 67 
K2 70 

D D  I 68 
DD2 66 
KI 71 
K2 70 

DD-RT 64 
J 56 

DD-RT 69 
J 61 

DD-RT 12 
J 17 

32 27.1 
23 27.9 
( P  = 0.19) 

a 7.9 
9 8.0 
8 7.4 
6 7.8 

( P  = 0.89) 

13 14.7 
9 14.1 

20 14.3 
16 14.8 
( P  = 0.22) 

18 15.8 
12 14.1 
( P  = 0.43) 

22 22.6 
21 20.4 
( P  = 0.86) 

5 5.7 
a 7.3 

( P  = 0.70) 

1439 230 - 

90.9 
92.3 

91.2 
88.5 
89.2 
92.5 

83.7 
85.9 
71.4 
78.3 

71.9 
80.0 

68.7 
70.6 

58.3 
52.9 

85.0 

89.011 
91.8 

87.9 
86.9 
87.4 
90. I 

82.07 
85.9 
71.4 
76.8 

71.9 
77.9 

67. I 
62.4 

58.3 
52.9 

1 3  9.8 
7 10.2 

( P  = 0.15) 

4 5.0 
7 5.0 
5 4.9 
4 5.2 

( P  = 0.73) 

7 8.8 
a 8.1 

10 8.9 
10 9.2 
( P  = 0.90) 

13 10.7 
7 9.3 

( P  = 0.29) 

20 19.6 
17 17.4 
( P  = 0.88) 

5 5.7 
8 7.3 

( P  = 0.69) 

83.3 145 - 

97.2 
98.6 

97.0 
91.2 
96.8 
97.0 

90.9 

87.0 
89.9 

89.0 

87.3 
90.8 

76.9 
81.1 

58.3 
52.3 

92.4 

95.6# 3.7 
97.4 3.9 

93.6 4. I 
89.6 4.0 
91.1 4.0 
94.9** 4.4 

90.9tt 4.2 
86.7 3.6 
85.2 3.9 
85.1 4.3 

78.4 4.1 
86.6 4.1 

68.3 3.6 
68.4 3.5 

58.3 2.9 
52.3 2.4 

89. I 3.9 

OBS: number observed in each regimen. 
E X P  number expected assuming no difference between regimens. 
* As reported by institution at time of randomization; regimen as 

t A few randomized patients were not evaluated for outcome because 

$ Relapses and (toxic) deaths counted as failures. 

assigned by DSC. 

they lacked follow-up data of any kind. 

dose for one or more drugs was delivered without medical 
basis for the dose reduction or omission. With the excep- 
tion of Stage I/FH patients, there were no essential dif- 
ferences in the outcomes reported below when patients 
with major chemotherapy or RT deviations were excluded 
from the analyses. 

The differences in the total numbers of patients re- 
corded in Table 2 versus Table 4 are due to the exclusions 
mentioned in Table 4. With the exception of the minor 
change in Stage III /FTl  children, there were no appreciable 
changes in the results shown in Table 4 in  any of the other 
study anns after exclusions for changes in histology, stage, 
or regimen. 

The results of the comparative trials can be summarized 
as follows: 

Low-Risk Patients 

Four-year survival and RFS percentages for patients 
with nonmetastatic, favorable histology tumors by Stage 
were, respectively, Stage I (n = 607): 96.5% and 90.4%; 
Stage I1 (n = 278): 92.2% and 88.0%; and Stage 111 (n 
= 275): 73.0% and 68.1%. The less aggressive therapies 
were not demonstrably worse than their more intense 

9 Actuarial projections based on product limit method. 
)I One additional relapse at 1833 days on study. 
11 One relapse at 1497 days on study. 
# Two additional deaths at 1918 and 2063 days on study. 
** One death 2333 days on study. 
tt One death at I597 days on study. 

counterparts for children in any of these groups. Sup- 
porting data follow. 

Stage I/FH 

There are no statistically significant differences in the 
relapse-free survival or survival rates when patients ran- 
domized to receive AMD plus VCR for 6 months are 
compared with those randomized to receive these same 
agents for 10 weeks (Table 4). When patients who were 
later found to be Stage 11, 111, I V ,  or UH or who did not 
adhere to the assigned regimen were excluded, survival 
( P  = 0.05) but not relapse-free survival ( P  = 0.14) ap- 
peared to be marginally better for those treated for 6 
months. 

Stage I I  and III/FH 

Results according to the factorial design are shown in 
Table 4. 

Chemotherapy: When the aggregated results for Stages 
I1 and I11 are considered, there is no difference in outcome 
for those given AMD and VCR k ADR. This also holds 
true for Stage I1 considered separately. The ratio of relapse 
estimated under the proportional hazards model for Stage 
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TABLE 5. Initial Sites of Relapse or Other Cause of Failure for All Patients as Originally Randomized 

Histologic Original Lung Other distant Contralateral Persistent Other Total Total 
type* Stage* Regimen bed? Abdomen$ only4 sites11 kidney4 disease7 failures# failures patients 

Favorable I L  2 4 17 3 3 0 3 32 306 
EE 1 I 16 2 2 0 1 23 30 1 

Favorable I1 DD 2 
DD2 1 
K 2 
K2 0 

Favorable 111 DDI 1 
DD2 0 
KI 3 
K2 0 

Favorable IV DD-RT 0 
J 0 

Unfavorable All DD-RT 2 

2 
4 
3 
4 

9 
5 
9 
8 

9 
7 

1 1  
5 

109 

I 
0 
I 
0 

0 
1 
2 
4 

0 
0 
2 
9 

25 

0 
0 
0 
0 

1 
0 
I 
0 

0 
I 
0 
0 

8 

0 
0 
0 
0 

0 
0 
0 
0 

4 
1 
I 
6 

18 

2 
1 
0 
0 

0 
2 
0 
1 

2 
3 
2 
4 

21 

8 70 
9 71 
8 61 
6 70 

13 68 
9 66 

20 71 
16 70 

18 64 
12 56 
27 69 
29 61 

230 1439 

5 
3 

3 
0 
3 
3 

33 

J L 

I6 Total 

* As reported by institution at time of randomization-regimen as 

t Other abdominal and distant sites also may be involved. 
$ Excludes original tumor bed; includes liver: distant sites also may 

lj As only site of relapse. 
11 Primarily bone or brain. 
7 Initial disease persisted to death/last observation. 
# Deaths due to toxicity or other causes-no clinical evidence of dis- 

assigned by DSC. 

be involved. ease/prior relapse. 

I I I f F H  children receiving two versus three drugs was 1.6 
(95% confidence bound 0.9, 2.8, P = 0.07); this ratio 
achieved borderline statistical significance ( P  = 0.04) in 
the subset analysis. Fewer intra-abdominal relapses (ex- 
cluding the opposite kidney) occur among Stage 111 pa- 
tients receiving ADR versus those not receiving ADR, 
four of 134 versus 1 1 of 14 1, although this difference is 

not statistically significant. More than half the intra-ab- 
dominal relapses for Stage III/FH patients occurred 
among those given regimen K 1 (1000 cGy radiation with- 
out ADR) (Table 5). 

Radiotherapy: Relapse-free survival and survival rates 
are not significantly different among Stage 11 patients re- 
ceiving no radiation compared with those given 2000 cGy, 

TABLE 6. Relapse-Free Survival and Survival by Histologic Subtype and Actual Treatment Regimen 

Relapses 70 Relapse-free Deaths 70 Alive 
No. 

Histologic type* Stage? Regiment eval. OBS EXP 2 Yrs 4 Yrs OBS EXP 2 Yrs 4 Yrs 

Anaplastic I DD-RT 
J 

10 
5 

2 1.3 
0 0.7 
( P  = 0.30) 

13 9.0 
2 6.0 
( P  = 0.03) 

15 10.3 
2 6.7 
(P = 0.02) 

7 8.0 
9 8.0 
( P  = 0.63) 

10 9.7 
13 13.3 
( P  = 0.91) 

32 28.0 
24 28.0 

( P  = 0.28) 

80.0 
IOO.0 

80.0 
100.0 

2 1.3 
0 0.7 
( P  = 0.28) 

12 8.4 
2 5.6 
( P  = 0.05) 

14 9.1 
2 6.3 
( P  = 0.03) 

6 5.4 
5 5.6 
( P  = 0.70) 

9 9.4 
13 12.6 
( P  = 0.85) 

29 24.5 
20 24.5 

( P  = 0.19) 

77.8 17.8 
100.0 100.0 

Anaplastic 11-IV DD-RT 
J 

21 
12 

36.7 
82.5 

36.7 
82.5 

43.6 37.4 
81.8 81.8 

Anaplastic All DD-RT 
(adjusted for stage) J 

31 
17 

Clear cell sarcoma All DD-RT 
J 

25 
25 

75.3 
73.9 

70.6 
60.3 

81.8 74.8 
95.7 76.1 

Rhabdoid sarcoma All DD-RT 
J 

13 
18 

23. I 
26.7 

23.1 
26.7 

33.8 25.4 
25.9 25.9 

Totals% DD-RT 
J 

69 
60 

OBS: number observed in each regimen. 
EXP: number expected assuming no difference between regimens. 
* According to central pathology. 

t Final stage and regimen reported by the institution (may differ from 

$ Adjusted for stage and histologic type. 
that reported at randomization). 
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TABLE 7. Relapse-Free Survival and Survival for NWTS-3 Randomized Anaplastic Wilms’ Tumor 
by Treatment Regimen and Histologic Subtype* 

Relapses % Relapse-free Deaths 90 Alive 
Histologic No. 
subtype Regimen eval. OBS EXP 2 Yrs 4 Yrs OBS EXP 2 Yrs 4 Yrs 

Focal DD-RT 12 4 2.0 64.3 64.3 
J I 1  0 2.0 100.0 100.0 

( P  = 0.30) 

Diffuse DD-RT 19 11 9.9 41.4 41.4 
J 6 2 3.1 100.0 100.0 

( P  = 0.48) 
( P  = 0.09) 

~~ ~ 

4 2.0 72.9 62.5 
0 2.0 100.0 100.0 

10 9.1 44.0 44.0 
2 2.9 66.7 66.7 

( P  = 0.05) 

( P  = 0.54) 
(P=0 .11)  

OBS: number observed in each regimen. 
EXP: number expected assuming no difference between regimew 

nor among Stage 111 patients receiving 1000 cGy com- 
pared with those given 2000 cGy. The intra-abdominal 
relapse rates for these patients are reviewed immediately 
above. 

High-Risk Patients 

Four-year survival and RFS percentages for 279 patients 
with metastases at diagnosis or tumors of unfavorable his- 
tology were 73.0% and 68.1%. The addition of cyclo- 
phosphamide (CPM) to AMD + VCR + ADR did not 
produce a better result (Table 4). 

Stage IV/FH (Table 4) 

The results in these patients are remarkably good for 
both regimens. More than 70% are long-term relapse-free 
survivors. 

UH, All Stages 

A separate analysis was conducted for UH patients ac- 
cording to the histologic subtype as determined by the 
NWTS pathologist (Tables 6 and 7). In addition to patients 
correctly randomized as UH at the start of the study, this 
analysis used patients originally randomized as FH who 
were eventually found to be UH and treated accordingly. 
This was done to bolster the numbers in the rather small 
subgroups having a specific unfavorable histology. 

The outlook for children with rhabdoid tumors is ex- 
tremely poor whether or not CPM is used with the other 
three drugs, whereas it is remarkably good for the clear 
cell sarcoma patients regardless of whether three or four 
drugs are used (Table 6) .  It also is good for patients with 
Stage I anaplastic tumors and for the small number of 
patients with Stages I1 through IV anaplastic tumors who 
received CPM. Combining log-rank scores for all ana- 
plastic tumors, there were two relapses observed versus 
6.7 expected (XI2 = 5.4, P = 0.02) for patients receiving 
four drugs and two deaths observed versus 6.3 expected 
(X: = 4.8, P = 0.03). However, there is evidence that 
tumors with diffuse anaplasia have a worse outcome than 

* Test adjusted for histologic subtype. 

those with focal anaplasia; when an adjustment is made 
considering that fewer patients with diffuse anaplasia were 
randomized to receive CPM, the apparent advantage of 
this agent is reduced to a level that is not statistically sig- 
nificant (Table 7). Detailed pathologic analysis of these 
patients has been completed and published separately.” 

Toxicity 

Episodes of severe toxicity were encountered mos+’y 
during the period after the initial or second course of 
treatment in patients receiving both RT and chemother- 
apy (Table 8). 

Toxicity definitions were as follows: 
Hematologic: Toxicity was defined as mild, moderate, 

and severe. Table 8 records only episodes of severe toxicity 
using these criteria: hemoglobin less than 8 gm/dL, total 
white blood cell count less than I ,000/mcL, and platelet 
count less than 50,00O/mcL. 

Pulmonary: All pulmonary and pleural complications 
recorded on the data flow sheets were monitored. A wide 
variety were encountered, including pleural effusions, 
pneumonias, and interstitial pneumonitides. These were 
reviewed by members of the NWTS Committee (NWTSC) 
and probable causes assigned, e.g., whether or not the 
complications were related to whole or partial lung irra- 
diation. 

A detailed report of the pneumonopathies encountered 
among randomized and followed patients has been pub- 
lished elsewhere.” That review shows that 18 of 153 (12%) 
Stage IV patients receiving bilateral pulmonary irradiation 
developed clinical and roentgen lung signs. Three patients 
with identified P. carinii infection survived; 1 I of the re- 
maining I5 with “interstitial pneumonitis” died. 

Cardiac and hepatic: Any changes in laboratory or 
clinical base lines noted on the data flow-sheets (e.g., onset 
of arrhythmias, hepatic enlargement) were reviewed by a 
member of the NWTSC and the probable cause, i.e., 
whether or not the change was related to treatment, as- 
signed. The severity of the complication was not assessed 
hence, the numbers shown in Table 8 are records of any 
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TABLE 8. Toxicities Observed in NWTS-3 Patients as Originally Randomized, Excluding Those Who Changed 
Stage, Histologic Type, or Regimen 

o/o Severe Mean nadir of leukocyte 
hematologic toxicity count (X 100) 

% Toxicity (any course) 
Histologic Initial 6-wk Initial 6-wk 

type Stage Regimen course course course course Lung Cardiac Liver 

Favorable I L 
EE 

Favorable 11 DD 
DD2 
K 
K2 

Favorable 111 DD 1 
DD2 
K 
K2 

Favorable IV DD-RT 
J 

Unfavorable All DD-RT 
J 

5 
5 

4 
13 
2 

15 

17 
33 
17 
22 

27 
26 

11  
24 

7 
6 

9 
34 

6 
30 

32 
36 
30 
44 

40 
64 

36 
53 

6.2 t 2.6 
6.1 * 2.6 

6.1 f 2.4 
3.2 f 1.7 
6.3 t 2.5 
3.5 2 2.0 

3.4 f 2.1 
2.4 f 1.4 
2.9 f 1.6 
2.9 f 1.6 

2.1 f 1.3 
2.6 2 1.9 

3.2 * 1.9 
3.0 t 2.5 

5.4 f 2.2 
5.1 _t 2.2 

4.0 +- 2.2 
2.3 f 1.7 
5.4 ? 2.7 
2.9 f 1.3 

2.4 f 1.5 
1.5 f 1.0 
2.8 f 1.4 
2.3 f 1.0 

1.8 f 1.3 
1.2 f 1.1 

2.0 f 1.5 
1.4 f 1.4 

1 
4 

3 
8 
5 

11  

14 
5 
7 

12 

11 
15 

3 
20 

1 
1 

7 
13 
2 
4 

9 
5 
2 
2 

1 1  
8 

13 
8 

2 
3 

3 
9 
4 
9 

8 
9 

13 
14 

11  
19 

16 
8 

toxicity so judged. More episodes of transient cardiotox- 
icity were reported for patients receiving the Adriamycin- 
containing regimens DD and J than for those patients 
receiving regimens (L, EE, and K) that did not contain 
that drug. 

Table 9 shows the deaths attributed to toxicity and in- 
fections in randomized patients properly receiving the as- 
signed regimens who were free of tumor at the time. There 
was a 1% mortality rate. Toxicity and infections account 
for 15% of the deaths among NWTS children. The rate 
is essentially the same if calculated according to the orig- 

inal randomization (21/145; 14%). Deaths in the Tumor/ 
Toxicity columns were caused by more intensive salvage 
treatments, and cannot be properly ascribed to the original 
therapy regimens. 

Sites of Relapse 
The most common cause of treatment failure in both 

FH and UH patients was the development of pulmonary 
metastases (Table 5). Of 19 1 patients who relapsed after 
a complete remission, 109 had metastases to the lungs 
alone. Metastases to other sites, or persistent disease, were 

TABLE 9. Causes of Death in Patients as Originally Randomized, Excluding Those Who Changed Stage, Histologic Type, or Regimen 

Histologic Tumor # / Toxicity/ Total Total 
type* Stage* Regimen* Tumor? toxicity infection Other4 deaths patients 

Favorable I L 7 1 1 2 11 264 
EE 3 0 1 0 4 26 1 

Favorable I1 DD 1 0 2 0 3 60 
DD2 5 0 I 0 6 60 
K 4 0 0 0 4 60 
K2 3 0 0 0 3 60 

Favorable 111 DD 1 6 0 0 0 6 66 
DD2 4 0 3 0 7 61 
KI  8 0 0 0 8 64 
K2 7 1 1 0 9 64 

Favorable IV DD-RT 9 1 3 0 13 64 
J 4 0 3 0 7 56 

Unfavorable All DD-RT 20 1 1 1 23 67 
J 19 0 3 1 23 69 

1276 - Total 100 4 19 4 127 

* As reported by institution at time of randomization-regimen as 

t Tumor = progressive disease. 

$ Died of toxicity (tumor present). 
5 Died of causes unrelated to disease or treatment. assigned by DSC. 
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much less common; only eight developed metachronous 
involvement of the opposite kidney. 

Discussion 

The third National Wilms’ Tumor Study (NWTS) used 
information from the earlier NWTS clinical trials, and 
was designed to achieve two objectives: (1) to test whether 
reduction of therapy to reduce the frequency of late com- 
plications in low-risk patients could be achieved without 
jeopardizing the good results recorded to date after more 
aggressive therapies; and (2) to determine whether the in- 
tensification of treatment for high-risk children would 
improve outcomes. 

In general, the less intensive regimens produced com- 
parably good results for children with Stages I, 11,111, and 
IV tumors of favorable histology. For children at high 
risk, the addition of cyclophosphamide to dactinomycin 
(AMD), vincristine (VCR), and Adriamycin (ADR) did 
not improve the 2-year relapse-free survival rate or the 2- 
year survival rate. Subset analyses were conducted to de- 
tect possible variations from these broad conclusions. 
They were required to design the fourth National Wilms’ 
Tumor Study (NWTS-4), which was, as were its precur- 
sors, built on the data produced from the foregoing studies. 
Several interpretations of the NWTS-3 data were needed 
to design the NWTS-4. The first of these dealt with the 
outcome for Stage I/FH children. There were no statis- 
tically significant differences at 2 years in the relapse-free 
survival or the death rates of patients originally random- 
ized to the 10-week and 6-month AMD plus VCR arms. 
Subset analyses, correcting for certain aberrations as de- 
scribed above, resulted in statistically significantly better 
survival for patients treated initially with 6 months rather 
than 10 weeks of chemotherapy, although the relapse-free 
survival rates were not different between the two samples. 
Clearly, survival is a reflection of the success of salvage 
treatments as well as the initial treatment given. None- 
theless, a conservative stance was adopted, and 6 months 
of AMD plus VCR is used as the standard in NWTS-4, 
although the evidence favoring 6 months is not compel- 
ling. 

Results in the various treatment arms for Stages II/FH 
and III/FH children were very similar. Therefore, Regi- 
men K without irradiation was selected as the standard 
arm for NWTS-4 Stage II/FH patients. This was because 
neither postoperative radiation therapy nor the addition 
of ADR was found to yield better results, and because a 
higher percentage of patients receiving ADR developed 
cardiotoxic episodes. This selection was done because of 
concern regarding the possible late deleterious conse- 
quences of ADR when given to young children, and the 
known untoward effects of flank irradiation. 

The 2-year relapse-free survival percentages for Stage 
III/FH children were not as good as those for their Stage 

II/FH counterparts (79.7% vs. 90.4%). The relapse-free 
survival and the death rates were similar whether the Stage 
111 patients were given 1000 cGy or 2000 cGy postoper- 
atively, or whether they were treated with two versus three 
drugs. However, here the trend was for a better result with 
Regimen DD (AMD+VCR+ADR) rather than with 
Regimen K (AMD+VCR), and there were fewer abdom- 
inal relapses (four) in Regimen DD treated children than 
in those receiving Regimen K (1 1) (Tables 4 and 5). Al- 
though none of these differences were statistically signif- 
icant, the NWTS Committee believes that the risk to ben- 
efit ratio favors the use of Regimen DD despite the car- 
diotoxicity of ADR because DD has better outcome data 
and appears to cover the lower dose of irradiation: 1000 
cGy rather than 2000 cGy. This decision was made for 
the following reasons: (1)  the selected regimen was asso- 
ciated with fewer abdominal relapses; (2) the lower radia- 
tion dose should be expected to produce less musculo- 
skeletal growth disturbance; and (3) no increases in cardiac 
problems have yet been recorded in NWTS patients sur- 
viving 5 or more years.22 

Stage IV/FH children treated with Regimen DD and 
pulmonary radiation (1 200 cGy) have excellent survival; 
therefore, this was chosen as the standard regimen for 
NWTS-4. The good results are believed to be the result 
of combined chemo-radiotherapy judging from the less 
satisfactory survival experience when chemotherapy with 
or without surgery but without RT was used in a large 
scale clinical trial.23 Nonetheless, the frequency of pul- 
monary complications makes prompt diagnosis of possible 
infections mandatory, so that appropriate treatment can 
be given, especially for P. curinii.” 

Children with anaplastic tumors are generally at high 
risk, with the exception of those with Stage I tumors.24 
This latter group appears to fare as well as their FH coun- 
terparts and requires only dactinomycin plus vincristine 
without postoperative RT. Children in this group are en- 
tered in NWTS-4 together with Stage I/FH patients. Those 
with Stages 11,111, and IV anaplastic tumors perhaps ben- 
efit from the addition of cyclophosphamide (CPM) to the 
other three drugs, unlike the other tumors of unfavorable 
histology. In the absence of drugs shown to produce better 
results for this histologic type, NWTS-3 randomization 
for patients with Stage 11, 111, or IV anaplastic tumors is 
being continued in NWTS-4 to confirm or deny the value 
of added CPM. 

Children with rhabdoid tumors have a poor outlook, 
and the therapies employed in the NWTS to date have 
not improved that outcome. By contrast, the addition of 
ADR appears to have markedly increased the 2-year re- 
lapse-free survival and 2-year survival rates of those with 
clear cell sarcomas (CCS).25 Indeed, their 2-year prognosis 
after three-drug treatment appears to be similar to that of 
their FH counterparts receiving two or three drugs. Two 
year relapse-free survival and survival percentages for the 
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26 CCS patients in NWTS-1 and NWTS-2 were 30.8% 
and 6 1.5%, respectively; those values were 68.9% and 
90.3% for 55 NWTS-3 children with CCS. However, the 
4-year survival percentage for NWTS-3 patients was 
72.6%. Six of eight children who died after the 2nd year 
had progressive disease. Of the two remaining, one died 
of infection and one of other causes. The CCS, therefore, 
seems to be controlled in some for many months after 
relapse, but eventually proves to be lethal. 

The CCS results recorded in NWTS-3 again demon- 
strate the way in which prognostic factors change accord- 
ing to the success of treatment.26 It also has become evi- 
dent that CCS patients tend to develop brain metastases 
as well as bone lesions.24 This is perhaps a reflection both 
of the longer survival time and the opportunity for small, 
occult brain metastases to become manifest. 

The shifting risk patterns that have become evident 
during the almost 20 years of the NWTS exemplify the 
need for constant surveillance so that treatment can be 
made as specific as possible for each child according to 
well-defined risks. 

The overall relapse-free survival and 2-year survival re- 
sults estimated at 2 years for NWTS-2, with all 524 ran- 
domized children considered, were 8 1.5% and 88.6%, re- 
spectively; those rates for their 1439 NWTS-3 counterparts 
were 85.0% and 92.4%, respectively. Thus, for many of 
the patients, the excellent outlook for children with Wilms’ 
tumor has been sustained despite the decrease in the in- 
tensity of therapy. Conversely, more intensive treatment 
has improved results for some of the high-risk subsets, 
notably for children with FH Stages 111 and IV tumors, 
and for those with clear cell sarcomas of any stage. 

Reduction of therapy leads to a better quality of life 
for the many children who now survive Wilms’ tumor. 
A parallel NWTS study shows that there were 66 musculo- 
skeletal abnormalities recorded among 86 irradiated Stage 
I NWTS-1 children who survived 5 or more years, and 
seven among their 93 nonirradiated cohorts.22 Most 
NWTS-3 patients received no postoperative RT, and an 
even higher percentage will be spared in NWTS-4, whereas 
those given RT will receive much more modest doses than 
were used in the past. In addition, most patients in NWTS- 
4 also will not be given the potential cardiotoxin ADR. 

Despite the failure to improve the outlook for the small 
group of patients with rhabdoid tumors, and the residual 
ambiguity concerning the children with more advanced 
anaplastic tumors, the objectives of the study are largely 
being achieved. 
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