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ABSTRACT

Background Neuroblastoma, the most common
extracranial solid tumor that occurs in early child-
hood, can be identified in the preclinical stages by
the detection of catecholamines in the urine. Howev-
er, it is unknown whether routine screening for neu-
roblastoma reduces mortality due to this disease.

Methods Through their parents, we offered screen-
ing for neuroblastoma at three weeks and six months
of age to all 476,654 children born in the province of
Quebec, Canada, during a five-year period (May 1,
1989, through April 30, 1994). The participation rate
was 92 percent. The rate of death due to neuroblas-
toma was determined and compared with the rates
in several unscreened control populations born dur-
ing the same period.

Results Among children younger than eight years
of age in the Quebec cohort, there were 22 deaths due
to neuroblastoma; the cumulative (+=SE) mortality
rate due to neuroblastoma was 4.78+1.14 per 100,000
children over a period of nine years. The standard-
ized incidence ratios for death due to neuroblastoma
for the Quebec cohort were 1.11 (95 percent confidence
interval, 0.64 to 1.92) as compared with a control group
in Ontario, Canada; 0.90 (95 percent confidence inter-
val, 0.48 to 1.70) as compared with a control group in
Minnesota; 1.40 (95 percent confidence interval, 0.81
to 2.41) as compared with a control group in Florida;
and 0.96 (95 percent confidence interval, 0.56 to 1.66)
as compared with a control group in the Greater Del-
aware Valley. The standardized mortality ratio for the
Quebec cohort as compared with the rest of Canada
was 1.39 (95 percent confidence interval, 0.85 to 2.30);
the odds ratio for the comparison with a cohort born
in Quebec before the screening program began was
0.98 (95 percent confidence interval, 0.54 to 1.77).

Conclusions Screening infants for neuroblastoma
does not appear to reduce mortality due to this dis-
ease. (N Engl J Med 2002;346:1041-6.)

Copyright © 2002 Massachusetts Medical Society.

EUROBLASTOMA, the most common

extracranial solid tumor in children un-

der the age of five years, affects 1 in 7000

children.! Forty percent of cases are di-
agnosed in children younger than one year of age.
These young children have an extremely favorable
prognosis even if they present with metastatic disease.
This observation has led to consideration of screening
infants with the use of specific catecholamine markers
that may be measured easily in urine in order to de-
tect the disease in preclinical stages.*> However, it is
not known whether this approach can reduce mor-
tality from neuroblastoma.6”

We designed the Quebec Neuroblastoma Screen-
ing Project to determine whether the detection of
preclinical neuroblastoma in a large, geographically
defined population of infants could lead to lower
mortality from this disease than that found in several
large population-based control groups who were not
offered screening.8* We have previously shown that
screening for neuroblastoma results in the detection
of twice as many cases of the disease as would be ex-
pected without decreasing the incidence of advanced-
stage disease among older children.10

METHODS

The Screened Quebec Cohort

A description of the design of this study was published previ-
ously.®10 We selected the province of Quebec, Canada, for the
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study because it was the only place in North America with an ex-
tensive preexisting infrastructure for collecting the urine of infants
on filter papers.!! Through their parents, all children born in the
province during a five-year period (May 1, 1989, to April 30, 1994)
were offered free screening for neuroblastoma by measurement of
urinary homovanillic acid and vanillylmandelic acid (metabolites
of catecholamines)!? at three weeks and six months of age. The
three-week examination took place at the same time as an existing
screening for inborn errors of metabolism, whereas the six-month
screening required a new test. Information regarding the study was
distributed to parents at the time of a child’s birth. Parents were
asked to send urine-saturated filter papers to the screening center
at both study time points, although they could choose not to do
so. Return of the filter papers to the screening center was consid-
ered to indicate consent to participate. Written informed consent
for evaluation for possible neuroblastoma was obtained from par-
ents of all children whose screening tests were positive.

A total of 476,654 children were born in the province of Que-
bec during the study period (49 percent were female; 83 percent
were white, 1 percent Native Canadian, 1 percent Asian, 1 percent
black, 0.4 percent Hispanic, and 14 percent other or unknown).
Parents of 425,838 children (89 percent) voluntarily agreed to par-
ticipation in the three-week screening, and parents of 350,150 chil-
dren (73 percent) voluntarily agreed to participation in the six-
month screening; overall compliance was 92 percent (3 percent of
the parents participated in the six-month but not the three-week
screening). If two consecutive samples from filter papers tested
positive on gas chromatography—mass spectrometry for homova-
nillic acid, vanillylmandelic acid, or both, the child was referred
to one of four centers in Quebec for uniform neuroblastoma eval-
uation, staging, treatment, and follow-up, as well as for uniform
collection of biologic specimens for testing for various prognostic
factors.!? Filter-paper specimens from all the children who were
screened were frozen with appropriate control specimens with
known amounts of catecholamine metabolites for retrospective
analysis. The screening urine sample was reanalyzed for any child
who was given a diagnosis of neuroblastoma but whose disease
had not been detected by the original screening. The study was
approved by institutional review boards that had been sanctioned
by the U.S. National Institutes of Health.

Control Groups and Ascertainment of Cases
of Neuroblastoma and Associated Deaths

Children born during the study period in several geographic
areas in which screening was not offered were followed by project
investigators in the same manner as those in Quebec to whom
screening was offered. The control areas included the province of
Ontario, Canada; the states of Minnesota and Florida; and the
Greater Delaware Valley, a 31-county area that has one of the
largest pediatric cancer registries in the world.! Investigators used
locally available mechanisms, including provincewide or statewide
tumor registries, to identify cases of neuroblastoma and deaths from
neuroblastoma. Assistance was provided by the Children’s Cancer
Group and the Pediatric Oncology Group, which collectively treat
95 percent of all cases of childhood cancer in North America,!s
including cases from all the study and control areas.

Concurrently, cases of neuroblastoma and deaths from neuro-
blastoma in Quebec, Ontario, and the rest of Canada were tracked
independently by Statistics Canada, a Canadian federal agency
that manages statistical information, with the use of provincial
cancer registries for cases and the Canadian Vital Statistics Data
Base for deaths.16 All death certificates for children who had died by
December 31, 1998, after a diagnosis of a solid tumor and who
had been born during the five-year study period were examined;
further information was obtained when the diagnosis of neuro-
blastoma was considered questionable by the investigator from
Statistics Canada. Separate mortality analyses were then performed
with the use of these independently collected data. Investigators

at Statistics Canada had identified every death from neuroblastoma
in Quebec that had been found by the project investigators. Sim-
ilarly, project investigators in Quebec had identified every death
noted in the Canadian Vital Statistics Data Base, with one excep-
tion: the death of a newborn with the diagnosis of neuroblastoma
whose disease was never brought to the attention of clinicians. Thus,
it is presumed that the ascertainment of cases was complete. Final-
ly, Statistics Canada used identical ascertainment procedures to
collect data on deaths from neuroblastoma in historical cohorts
to be used as standards for comparison.

Movement into and out of Quebec during the study period
was also carefully tracked. Three children who were born in Que-
bec subsequently received a diagnosis of neuroblastoma while they
were residing in other geographic areas, having moved from Que-
bec before the diagnosis; neuroblastoma was detected by screen-
ing in two of these children, who are still alive, and the third was
never screened and subsequently died. In addition, two children
were given a diagnosis of neuroblastoma while residing in Quebec
but had been born elsewhere: as of this writing, both of these chil-
dren remain alive. On the basis of previous census data, project in-
vestigators had prospectively estimated that the same number of
children with neuroblastoma would move into and out of Que-
bec.10 For all analyses, we included in the group of children with
neuroblastoma in the study cohort and each of the control co-
horts all children with neuroblastoma born during the five-year
study period who lived in the cohort’s geographic area when the
disease was diagnosed, irrespective of their place of birth.

Statistical Analysis

For each control group, we obtained the number of deaths from
neuroblastoma and the number of person-years at risk according
to the year of age. The expected number of deaths among children
in each one-year age range in the Quebec cohort was calculated as
the number of deaths among children in that age range in the par-
ticular control cohort times the ratio of person-years at risk in the
screened cohort to person-years at risk in the control cohort. The
overall expected number of deaths was calculated as the sum of
the age-range—specific values. The standardized mortality ratio was
calculated as the ratio of the number of deaths observed in the
screened Quebec cohort to the expected number of deaths calcu-
lated on the basis of the rate in the control cohort. A minor vari-
ation of the methods of Breslow and Day!” was used in which the
statistical variation in the expected number of deaths was taken
into account. In most studies analyzing population-based mortal-
ity, the control groups are much larger than the case groups, and
therefore the statistical variation in the expected number of deaths
can be ignored as insubstantial. In our study, as in most population-
based studies involving childhood cancer, such variation cannot be
ignored, because of the infrequency of the condition under study.

These analytic techniques were applied to three sets of data. The
first set included data on the Quebec cohort born between May 1,
1989, and April 30, 1994, and on the four control cohorts, with
end points ascertained by the project investigators. For the analy-
ses involving this data set, follow-up continued until eight years
of age or until April 30, 2000, whichever was carlier. The second
set included data obtained from Statistics Canada for children born
during the same period in Quebec and in the rest of Canada. For
the analyses involving this data set, follow-up continued until eight
years of age or until December 31, 1998, whichever was earlier.
The third set included the data, obtained from Statistics Canada,
for the original Quebec cohort and for two earlier birth cohorts
(one from Quebec and the other from Canada as a whole) born
between May 1, 1984, and April 30, 1989 (the five years before the
cohort that was offered screening); the retrospective data included
cases diagnosed and deaths that occurred through eight years of
age or through December 31, 1993, whichever was earlier.

Although the follow-up rate was high (over 95 percent at five
years), some children with neuroblastoma were lost to follow-up.
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In our analysis, we censored the data at the time of the last con-
tact. Since children with neuroblastoma have a higher risk of dying
from neuroblastoma than the general population, we performed a
detailed simulation, with a method similar to the stochastic curtail-
ment used in clinical trials, to assess the potential effect of the
missing information. Using the available outcome data, we statis-
tically simulated the remaining follow-up — to eight years of age
or April 30, 2000, whichever was carlier — of children with neu-
roblastoma whose data had been censored. The mean simulated
standard mortality ratios and 95 percent confidence limits for the
comparisons with all four control groups were within 2 percent
of those estimated in the original analysis, and the standard devi-
ations differed by less than 2.5 percent. We estimate that follow-up
of the Quebec cohort was 99.7 percent complete with respect to
mortality from neuroblastoma by eight years of age or April 30,
2000, whichever was earlier; the corresponding estimates for the
control cohorts were 98.2 percent in Ontario, 99.9 percent in Min-
nesota, 98.6 percent in Florida, and 98.3 percent in the Greater
Delaware Valley. We conclude that losses to follow-up did not ma-
terially affect the results. A technical description of the sensitivity
analysis is available as Supplementary Appendix 1 with the full text
of this article at http://www.nejm.org.

RESULTS
Deaths in the Quebec Cohort

During follow-up of 72 to 132 months, through
April 30, 2000, there were 22 deaths from neuro-
blastoma identified in the Quebec cohort. Three
children with stage 4S disease that was diagnosed
before the three-week screening died. Two of these
children died from rapidly expanding metastases in
the liver and respiratory compromise (one child died
9 days after diagnosis, and the other died 1 month
after diagnosis); the third child had a tumor with un-
favorable biologic features, including an amplified
MYCN oncogene, and died 7.5 months after diagnosis.
Of the remaining 19 children who died from neuro-
blastoma, all but 1 had been screened, with negative
results. For all 18 missed cases, the original filter pa-
pers, which had been frozen and stored, were reana-
lyzed. Only one tested positive for catecholamines in
a dilute sample, indicating that neuroblastoma could
have been detected by screening. In the other 17 cas-
es, normal catecholamine results were confirmed. Tis-
sue from 17 of the 21 patients whose tumors were
evaluated had at least one unfavorable prognostic fea-
ture (e.g., amplified MYCN oncogene expression,
pseudodiploid or tetraploid DNA content, or unfa-
vorable histologic features) (Table 1).

Outcome of Cases Detected by Screening

Overall, there were 43 cases of neuroblastoma in
Quebec that were diagnosed by screening.!0 In con-
trast to the tumors that were missed by screening,
almost all the tumors that were detected by screen-
ing had favorable biologic features; for example, none
of the 43 had an amplified MYCN oncogene. All 43
children remain alive as of this writing. However, in
one child with stage 2B neuroblastoma that was de-
tected by the screening at six months and who was

TABLE 1. CHARACTERISTICS OF NEUROBLASTOMA
IN THE 22 CHILDREN WHO DIED OF THE DISEASE
IN THE QUEBEC COHORT.

VARIABLE CHILDREN WITH VARIABLE
no./no. evaluated (%)

Stage of tumor

4S 3/22 (14)
4 17/22 (77)
3 2/22(9)
Elevated urinary catecholamines 16/22 (73)
Unfavorable biologic characteristics
Unfavorable DNA ploidy* 12/21 (57)
Amplified MYCN oncogene 11/19 (58)
Unfavorable histologic findingst 11/11 (100)
At least one of the above 17/21 (81)

*Values include children with tumors with pseudodiploid
or tetradiploid DNA content.

tHistologic analysis, by the method of Shimada et al., was
performed only on the tumors of 11 children in whom the di-
agnosis of neuroblastoma was made on the basis of a biopsy of
the primary tumor or a removed tumor. No histologic analysis
was possible in the cases of the 10 children in whom the diag-
nosis was made on the basis of the examination of the bone
marrow and the measurement of urinary catecholamines.

treated with doxorubicin and cyclophosphamide, a
secondary leukemia with an abnormality in chromo-
some 11q23 subsequently developed; that child un-
derwent bone marrow transplantation and is alive but
has severe graft-versus-host disease. An additional child
whose disease was detected by screening is in a per-
sistent vegetative state as a result of complications of
surgery for severe gastrointestinal obstruction and
necrosis. The gastrointestinal problems were attrib-
uted to adhesions that resulted from the surgery to
remove the neuroblastoma seven years earlier.

Mortality from Neuroblastoma in the Screened Quebec
Cohort

The 22 deaths among children younger than eight
years of age in Quebec represented a cumulative
(=SE) mortality of 4.78+1.14 per 100,000 children
over a nine-year period (Fig. 1). There were similar re-
sults in Ontario, Minnesota, Florida, and the Greater
Delaware Valley. The risk of mortality due to neuro-
blastoma for children in Quebec up to eight years of
age was not significantly lower than the risk in these
control groups (Table 2).

Similarly, standard mortality ratios by December
31,1998, were determined with the use of data col-
lected by Statistics Canada, through the comparison
of the rate in the screened Quebec cohort with the
historical standards — rates during the previous five
years in Quebec and in all of Canada — as well as
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Figure 1. Cumulative Mortality Due to Neuroblastoma among Children Younger Than Eight Years of Age.

The I bars represent the SE.

TABLE 2. RATE OF DEATH DUE TO NEUROBLASTOMA
BY EIGHT YEARS OF AGE IN THE SCREENED QUEBEC
COHORT, AS COMPARED WITH THE RATES
IN FOUR UNSCREENED COHORTS.*

No. oF DEATHS STANDARDIZED

EXPECTED IN QUEBEC MoRTALITY RATIO

ON THE BASIS OF THE FOR QUEBEC
CoNTROL COHORT CoNTROL COHORT (95% ClI)
Ontario 19.8 1.11 (0.64-1.92)
Minnesota 244 0.90 (0.48-1.70)
Florida 15.7 1.40 (0.81-2.41)
Greater Delaware 22.8 0.96 (0.56-1.66)

Valley

*There were 22 deaths due to neuroblastoma in the screened
Quebec cohort. Data were collected by the project investigators
through April 30, 2000. CI denotes confidence interval.

with the concurrent rate in the rest of Canada (ex-
cluding Quebec) (Table 3). When the screened co-
hort was compared with the historical control co-
horts, no reduction in mortality due to neuroblastoma
was found. The standardized mortality ratio for Que-
bec as compared with the concurrent cohort in the
rest of Canada was 1.39 (95 percent confidence in-
terval, 0.85 to 2.30).

1044 - N Engl ] Med, Vol. 346, No. 14 -

TABLE 3. RATE OF DEATH DUE TO NEUROBLASTOMA
BY EIGHT YEARS OF AGE IN THE SCREENED QUEBEC
COHORT, AS COMPARED WITH THE RATES
IN UNSCREENED CANADIAN COHORTS.*

No. oF DEATHS STANDARDIZED
EXPECTED IN QUEBEC  IMORTALITY RATIO
ON THE BAsIS OF THE FOR QUEBEC
ConTROL COHORT ConTROL COHORT (95% ClI)

Historical cohorts

Quebec 225 0.98 (0.54-1.77)
Canada 21.2 1.04 (0.64-1.69)
Concurrent cohort
Canada excluding 15.8 1.39 (0.85-2.30)
Quebec

*There were 22 deaths from neuroblastoma in the screened
cohort. Data for the screened and concurrent cohorts were
collected through December 31, 1998. Data for the historical
cohorts are for children born between May 1, 1984, and April
30, 1989, with follow-up through 1993. All data were collect-
ed by Statistics Canada. CI denotes confidence interval.

DISCUSSION

The concept of lowering mortality by the detection
of preclinical neuroblastoma is an appealing one. In
pioneering work, Japanese investigators demonstrated
that neuroblastoma could be detected by screening
for urinary catecholamines at six months of age and
offered evidence of improvement in the survival of
children with neuroblastoma.*5 However, several
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methodologic limitations in these and other related
studies precluded definitive conclusions. None of the
early studies used population-based approaches for
screening for neuroblastoma, and none used concur-
rent control groups.** Subsequent studies performed
in relatively small populations found no diminution in
the incidence of late-stage disease, the incidence of
disease with unfavorable biologic features, or mortal-
ity.18-21 Once quantitative methods for measuring me-
tabolites of catecholamine had been implemented,
the rate of diagnosis of neuroblastoma increased in
Japan22; if cases with good prognoses were preferen-
tially detected, survival might appear to be improved,
even if the number of deaths was unchanged.

The purpose of our study was to test the hypoth-
esis that screening infants for neuroblastoma could
reduce mortality due to this disease. The most sen-
sitive and specific methods for measuring catechola-
mine metabolites were implemented, with screening
offered at two distinct times.® Reanalyses of all filter
papers from 18 children in Quebec with negative
screening tests who later received a diagnosis of neu-
roblastoma confirmed that all but one case would
not have been detected by measurement of catechol-
amine metabolites at six months of age or younger.

A randomized, controlled trial is considered by
some to be the ideal approach to evaluating screen-
ing for neuroblastoma.??* We postulated, however, that
the introduction of a new screening program and the
associated publicity might have a “halo effect” be-
yond the screened group!®-24; it would thus be diffi-
cult in a randomized trial to maintain an appropriate
control group that was unaffected by the interven-
tion.* We instead conducted a prospective popula-
tion-based study, comparing a screened population
in Quebec with concurrent control populations in
several geographic areas in North America. The ob-
servation that mortality from neuroblastoma in all
our control areas, as well as in Quebec in the years
before the screening program, was similar to that in
the screened cohort?1¢ confirmed that there is little
difference in the outcome of neuroblastoma through-
out North America. Because neuroblastoma occurs
almost exclusively in the first several years of life, we
were able to identify virtually all cases of neuroblasto-
ma and associated deaths. Such complete ascertain-
ment cannot be achieved without much longer fol-
low-up in most studies of cancer in adults.

The mortality due to neuroblastoma documented in
Quebec was no lower, and was indeed somewhat high-
er, than that in the collective control groups. Given
the small number of deaths caused by this relatively
rare condition, the confidence intervals around the
estimated risk of death are relatively wide, and a small
improvement in mortality cannot be ruled out. Even
if there were a small improvement, however, the mas-

sive cost that would be involved in building an infra-
structure to collect urine from children throughout
North America? could not be justified for such a
small gain. It is more likely that screening has no ef-
fect on mortality due to neuroblastoma. This study
did not evaluate whether screening for neuroblastoma
at a later age — i.e., at 12 months or older — might
be more effective.26

Our study has additional implications. Our results
add further weight to a large body of evidence sug-
gesting that neuroblastoma represents at least two
distinct clinical and biologic entities.?#28 Disease with
a favorable prognosis is detectable by screening but
is associated with a very high rate of spontancous re-
gression or maturation of neuroblastomas into be-
nign ganglioneuromas. Preliminary biologic results
from our study and others suggest that very few cases
of neuroblastoma that are detected by screening have
unfavorable biologic features.!320 Thus, there is a pos-
sibility of causing harm by treating cases detected by
screening that would otherwise have a benign course.
On the other hand, disease with an unfavorable prog-
nosis is rarely detectable by screening and appears
not to be affected by this public health intervention.

Our study may have practical implications for the
care of infants with clinically detected neuroblasto-
ma. Yamamoto and colleagues have now defined cri-
teria according to which neuroblastomas detected by
screening may simply undergo observation without
incurring any untoward risks.2 These criteria in-
clude the identification of small masses on radiogra-
phy, with no invasion of the intraspinal canal or infil-
tration around the great vessels; relatively moderate
catecholamine secretion; and parental consent. We
hypothesize that a substantial portion of infants in
whom neuroblastoma is diagnosed clinically at less
than six months of age can also be observed for po-
tential regression of the tumor rather than undergo
major surgery. In countries such as Japan where
screening for neuroblastoma is mandatory, this pol-
icy should be reconsidered. A study is needed to de-
termine whether such an approach will help lower
morbidity in infants with this disease. Screening in-
fants for neuroblastoma does not appear to reduce
population-based mortality.
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