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Childhood Malignancies research paper

Background and Objectives. Survival after childhood
cancer has shown a steady improvement from  the late
1970s in most developed countries. Since 1967 the
Childhood Cancer Registry of Piedmont has been col-
lecting  cases of malignant tumor, diagnosed in children
aged 0-14 years, living in Piedmont. This work aims to
update survival rates to 31.12.2000. 

Design and Methods. This study includes 2,678 chil-
dren diagnosed between 1970-98. Vital status was
assessed at the Registry Office of the town of residence.
One thousand four-hundred ninety cases were reported to
be alive, 1170 dead and for 18 the status was unknown.
Thirty-three cases registered with a death certificate only
were excluded. Completeness of follow-up was 99.3%.
All tumor types were classified according to the Birch-
Marsden classification. Histologic verification was avail-
able for 94.4% of cases.   

Results. Survival at 5 years increased over the period
1970-98 for all tumor types with a statistically signifi-
cant trend over time (p<0.0001). The 5 year survival rate
for acute lymphoblastic leukemia (ALL) increased steadi-
ly from 24.7% (95%CI 15.0-34.3) to 87.6% (80.9-94.3),
for acute non-lymphoblastic leukemia (ANLL) from 0.0%
to 38.1% (17.3-58.9), and for non-Hodgkin’s lymphomas
from 25.2% (0.6-49.8) to 79.7% (61.9-97.5). Five year
survival rates of children with centralm nervous system
tumors increased from 33.4% in 1970-74 to 78.5% in
1990-94 and decreased in 1995-98 to 70.9%. Age <1
year and >50,000×106 cells/L at diagnosis were nega-
tive prognostic factors for ALL. Age <1 year was a favor-
able prognostic factor for neuroblastoma.

Interpretation and Conclusions. Survival of children
with all types of tumors improved in Piedmont. This
improved survival is comparable to that reported by oth-
er European and North American  population-based can-
cer registries.

Key words: childhood cancer, survival, prognosis,
cancer registries, population-based studies.

Haematologica 2003; 88:974-982
http://www.haematologica.org/2003_09/974.htm

©2003, Ferrata Storti Foundation

Population-based analysis of survival after childhood cancer diagnosed during
1970-1998: a report from the Childhood Cancer Registry of Piedmont, Italy
SILVIA VISCOMI, GUIDO PASTORE, MARIA LUISA MOSSO, BENEDETTO TERRACINI, ENRICO MADON, CORRADO MAGNANI, FRANCO MERLETTI

Survival after a childhood neoplasm has increased
as a consequence of the introduction of both
improved protocols1-2 and more efficient diagnos-

tic procedures.3-4 This increase has been recorded since
the early seventies in most developed countries.5 Posi-
tive trends in prognosis have been observed in both
population-based studies and clinical trials and for
almost all types of tumor.6 However it would be appro-
priate to continue survival studies in order to monitor
the outcome of new treatments and update results in
the cohort of children who first benefited from the new
therapies.7

The aims of this study, based on population data from
the Cancer Childhood Registry of Piedmont (CCRP) in
the period 1970-98, were: to update survival rates as of
31.12.2000, and to investigate survival time trends and
the role of demographic and clinical prognostic factors.
Previous CCRP reports covered children diagnosed up to
1994.8,9

Design and Methods

Since 1967 the CCRP has provided periodic population-
based estimates of incidence of cancer and survival in the
childhood (age 0-14 years) population of Piedmont
Region (North Western Italy) (in 1970-75 data were col-
lected only for children resident in the province of Turin,
which accounts for about half the population of  Pied-
mont). Procedures for data collection, follow-up, classi-
fication and data processing as well as criteria for inclu-
sion in the CCRP database have been reported elsewhere.9
The population decreased over the period considered in
the present report (1970-1998) from approximately
800,000 in 1975-79 to approximately 500,000 in 1995-
98 because of the drop in birth rate.

Cancer site, morphology and behavior were coded
according to International Classification of Disease for
Oncology (ICD-O)10 and tumor types were grouped
according to Birch and Marsden.11 Intracranial neoplasms
of benign and unspecified behavior were included;
angiomas (even if intracranial) and histiocytosis X were
excluded.

The database used for the present analysis was formed
of 2,678 cases diagnosed during the period 01.01.1970-
31.12.1998. The CCRP does in fact include 2,721 incident
cases for this period, but we excluded 33 cases docu-
mented only by a death certificate, 8 second primary
tumors, 1 case with missing follow-up data  and 1 case
of unknown tumor type; all these were excluded from the
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database before survival analyses. Histologic (or
cytologic) verification (HV) was available for 93.4%
of cases, ranging in the major diagnostic groups from
79.5% for tumors of the central nervous system
(CNS) to 99.4% in acute lymphocytic leukemia (ALL)
(Table 1).

The life status of each registered case was assessed
as of 31.12.2000 at the Registry Offices of the town
of residence: 1,490 cases were reported to be alive
(55.6%), 1,170 dead (43.7%), while status was
unknown for 18 (0.6%). Survival was calculated for
all major types of childhood cancer as well as for
selected minor categories.11 Cumulative survival per-
centages were calculated according to Kaplan and
Meier.12 The statistical significance of the differences
in survival among periods were tested using the log-
rank statistic for homogeneity13 and for temporal
trends.14 p-values were considered statistically sig-
nificant when <0.05. Ninety-five percent confidence
intervals (95%CI) were computed for proportions and
survival rates.13 A minimum of 50 cases for each cat-
egory was the admission criterion for analysis. Details

are given in the Appendix.
A multivariate Cox regression was used to compare

periods of diagnosis and to investigate prognostic
factors.15 The latter analyses were limited to select-
ed tumor categories. The assumption of proportion-
ality of risk of death in covariate strata was verified
by plotting the cumulative hazard function. Hazard
ratios (HR) by period were computed adjusting for
gender and age at diagnosis, using male gender, age
class 0-4 and period 1970-74 as the reference. The
HR can be interpreted as a relative risk. The follow-
ing prognostic factors were included in the multi-
variate analysis: gender, age at diagnosis and white
blood cell count (WBCC). FAB morphological sub-
groups were included for acute non-lymphocytic
leukemia (ANLL) (134 cases) and immunophenotype
was considered for ALL (470 cases), limited to cases
diagnosed after 1980.

Statistical analysis was performed using SAS soft-
ware (Release 6.12, by SAS Institute Inc., Cary, NC,
USA, 1996).

Population-based survival after childhood cancer: report from the Childhood Cancer Registry of Piedmont

Table 1. Childhood Cancer Registry of Piedmont 1970-98– Number of cases (0-14 years) and percentages by period, vital - sta-
tus  and histologic verification.

Period of diagnosis Life Status
Diagnostic groups No. 1970-74 1975-79 1980-84 1985-89 1990-94 1995-98 Dead LFU HV

cases %* % % % % % % % %

Acute lymphocytic leukemia (Ia+Ib) 700 11.0 21.6 19.1 16.1 17.1 15.0 38.0 0.3 99.4

Acute non-lymphocytic leukemia (Ic) 138 8.7 23.9 19.6 16.7 15.2 15.9 71.0 0.0 99.3

Hodgkin’s disease (IIa) 125 14.4 25.6 17.6 14.4 11.2 16.8 16.0 0.8 99.2

Non-Hodgkin’s lymphomas (IIb-IIc-IId) 182 7.1 22.5 19.2 18.7 21.4 11.0 43.4 1.6 98.4

Ependimoma (IIIa) 66 6.1 9.1 24.2 12.1 24.2 24.2 50.0 3.0 98.5

Astrocytoma (IIIb) 222 9.9 18.5 14.4 21.2 19.4 16.7 32.4 0.0 95.9

Medulloblastoma (IIIc) 112 9.8 24.1 21.4 16.1 16.1 12.5 65.2 0.9 98.2

Other gliomas and intracranial/intraspinal 205 11.7 22.0 23.4 19.5 11.7 11.7 47.8 1.0 43.4
neoplasms (IIId+IIIe)

Sympathetic system tumors (IVa-IVb) 202 9.4 19.8 20.3 16.8 18.8 14.9 56.4 1.5 93.6

Retinoblastoma (V) 64 10.9 18.8 15.6 7.8 23.4 23.4 20.3 0.0 87.3

Wilms’ tumor (VIa+VIc) 118 10.2 26.3 21.2 12.7 15.3 14.4 26.3 0.8 89.8

Osteosarcoma (VIIIa) 86 14.0 17.4 19.8 30.2 15.1 3.5 55.8 0.0 98.8

Ewing's sarcoma (VIIIc) 54 5.6 13.0 25.9 22.2 18.5 14.8 51.9 0.0 98.1

Rhabdomyosarcoma (IXa) 85 4.7 21.2 22.4 22.4 18.8 10.6 41.2 2.4 98.8

Fibrosarcoma (IXb-IXc) 70 20.0 20.0 10.0 20.0 20.0 10.0 47.1 0.0 94.3

Other types 249 21.7 21.3 14.5 15.3 14.9 12.4 51.8 0.4 94.4

All tumor types 2678 11.4 21.1 18.9 17.3 17.0 14.2 43.7 0.7 93.4

LFU: lost to follow-up; HV: histologic verification.; *1970-74: limited to residents in the Turin province.
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Results

Survival description and time trends
For all childhood malignancies, survival at 5 years

from diagnosis  increased over the study period with
a clear temporal trend according to periods of diag-
nosis (log-rank test for trend: p <0.0001) (Table 2).

For both ALL and ANLL, the increase of survival
over periods of diagnosis was highly significant. ALL
survival at 5 years improved between 1970-74 and
1975-79 from 24.7% (95% CI: 15.0-34.3) to 55.6%
(47.7-63.6) and reached 87.6% (80.9-94.3) in 1995-
98 (Table 2, Figure 1A). The probability of death for
children diagnosed in 1995-98 was about one tenth
of that for children diagnosed in 1970-74 (Table 3).
The trend was statistically significant in all age class-
es (p<0.001), except in the age group of 10-14-year
olds in whom the trend was of borderline statistical

significance (p=0.088). ANLL survival at 5 years
increased from 0.0 % in 1970-74 to 38.1% (95% CI:
17.3-58.9) in 1990-94, reaching 63.6% (43.5-83.7)
in 1995-98 (Table 2, Figure 1b).

For Hodgkin’s disease (HD), survival at 10 years was
already high in 1970-1974 (66.7%; 95% CI: 51.5-
92.9) and improved further in 1975-79 (87.5%; 95%
CI: 76.0-99.0), stabilizing thereafter (Table 2, Figure
1c). For non-Hodgkin’s lymphomas (NHL) survival at
5 years rose steadily from 25.2% (95% CI 0.6-49.8)
in 1970-74 to 79.7% (61.9-97.5) in 1995-1998
(Table 2, Figure 1d).

Unlike most other cancer types, CNS tumors did
not show the same constant trend. Survival rates at
5 years improved by approximately 10% in each peri-
od compared to the previous one until 1994 (from
33.4% during 1970-74 to 78.5% in 1990-94), but
decreased to 70.9 % in 1995-98. Nevertheless, the

S. Viscomi et al.

Table 2. Childhood Cancer Registry of Piedmont 1970-1998. Cumulative survival by period of diagnosis and tumor type and
time trend in children aged 0-14.

Period of diagnosis 1970-74 1975-79 1980-84 1985-89 1990-94 1995-98

No. of incident cases 306 566 507 464 456 379 p value

Years from diagnosis 5 10 15 20 25 5 10 15 20 5 10 15 5 10 15 5 10 5b for trend

Diagnostic groupsa

ALL 24.7 18.2 18.2 18.2 18.2 55.6 51.7 49.0 49.0 60.4 56.7 55.2 77.0 75.2 75.2 79.2 77.9 87.6 <0.0001
ANLL 0.0c 0.0c 0.0c 0.0c 0.0c 17.6 17.6 14.7 14.7 28.6 25.0 25.0 39.1 39.1 —d 38.1 —d 63.6 <0.0001

Hodgkin’s disease 72.2 66.7 66.7 66.7 55.6 90.6 87.5 87.5 87.5 90.9 90.9 90.9 83.3 83.3 77.8 86.7 86.7 100.0 0.0460

Non-Hodgkin’s lymphomas 25.2 25.2 25.2 25.2 25.2 46.3 43.9 43.9 41.5 51.4 51.4 51.4 67.3 67.3 67.3 66.7 —d 79.7 0.0001

CNS neoplasms 33.4 31.7 28.4 26.7 25.0 42.0 37.8 35.3 33.6 57.5 53.3 50.8 66.4 61.1 57.8 78.5 75.2 70.9 <0.0001
Ependymoma 33.3 33.3 33.3 33.3 33.3 50.0 16.7 16.7 16.7 43.8 43.8 31.3 50.0 50.0 —d 81.3 66.7 56.3 0.1213
Astrocytoma 40.9 36.4 31.8 31.8 31.8 58.5 56.1 53.7 53.7 78.1 71.9 71.9 74.5 68.1 —d 84.4 84.4 78.4 <0.0001
Medulloblastoma 0.0c 0.0c 0.0c 0.0c 0.0c 22.2 14.8 11.1 11.1 45.8 37.5 33.3 77.8 66.7 —d 55.6 —d 46.9 <0.0001
Other gliomas 41.7 41.7 37.5 33.3 29.2 37.8 37.8 35.6 31.1 54.2 52.1 52.1 55.0 52.5 52.5 83.3 83.3 87.5 <0.0001

Sympathetic system tumors 10.5 10.5 10.5 10.5 10.5 30.0 30.0 30.0 30.0 41.2 38.6 38.6 64.7 55.9 55.9 51.2 51.2 60.8 <0.0001

Retinoblastoma 57.1 57.1 57.1 42.9 42.9 83.3 83.3 83.3 83.3 60.0 60.0 60.0 100.0 100.0 100.0 93.3 93.3 83.0 0.0483

Wilms’ tumor 41.7 41.7 41.7 41.7 41.7 64.5 64.5 64.5 64.5 80.0 80.0 80.0 86.7 86.7 86.7 66.7 —d 100.0 0.0026

Osteosarcoma 16.7 16.7 16.7 16.7 16.7 20.0 20.0 20.0 20.0 58.8 58.8 47.1 65.4 61.5 57.7 61.5 —d —d 0.0004

Ewing’s sarcoma 0.0c 0.0c 0.0c 0.0c 0.0c 14.3 14.3 14.3 14.3 50.0 35.7 35.7 50.0 50.0 − 90.0 —d 75.0 0.0011

Rhabdomyosarcoma 25.0 25.0 25.0 25.0 25.0 66.7 50.0 50.0 50.0 73.7 68.4 68.4 68.4 63.2 63.2 62.5 —d 44.4 0.6547

Fibrosarcoma and other 35.7 35.7 35.7 35.7 35.7 50.0 50.0 50.0 —d 57.1 57.1 42.9 53.3 53.3 —d 71.4 —d 85.7 0.0359
soft tissue sarcoma

Other tumor types 31.5 29.6 27.8 24.1 24.1 34.0 32.1 32.1 32.1 30.6 30.6 30.6 68.4 65.8 65.8 70.3 67.6 93.5 <0.0001

All tumor types 29.9 27.3 26.3 25.0 24.0 47.8 44.8 43.4 42.9 56.0 53.0 51.4 68.6 65.5 63.9 72.3 70.0 79.5 <0.0001

ALL: acute lymphocytic leukemia; ANLL: acute non-lymphocytic leukemia; CNS: central nervous system; aincluding tumor types with less than 50 cases; boverall, only 80 of
the cases of this period had 5-year follow up; call died before; dcensored data.
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test for linear trend computed over the entire study
period (1970-98) was statistically significant (p<
0.0001). The 95% CI were 70.6-86.5 for 1990-94 and
60.6-81.2 for 1995-98; the difference between peri-
ods was not statistically significant (Table 2, Fig-
ure1e). The trend by period of diagnosis was statis-
tically significant in all age classes (p<0.01). Relative
to children in age class 1-4 years old, the risk of
death for children aged 5-9 and 10-14 years old was
0.75 (0.57-0.99) and 0.65 (0.48-0.87), respectively.
The log-rank test for trend was significant (p<0.0001)
for all types excluding ependymoma. A decrease in
survival at 5 years for children with medulloblastoma
was observed in periods 1990-94 and 1995-98 com-
pared to the previous period [1985-89: 77.8% (58.6-
97.0); 1990-94: 55.6 (95% CI: 32.6-78.5); 1995-98:
46.3% (95% CI: 19.2-74.6)], although the time trend
improvement remained statistically significant
(p<0.0001) (Table 2). Of the 202 cases of sympathetic
system tumors (SST), 181 were diagnosed as neu-
roblastoma. Survival for SST at 5 years increased from
10.5 % (0.0-24.3) in 1970-74 to 60.8% (42.0-79.5)
in 1995-98 (Table 2, Figure 1F). The trend was sta-
tistically significant in the age class <1 year old
(p<0.01) and 10-14 years old (p=0.025), but not in
the 1-4 year olds (p=0.10).

A linear trend in improvement was present for
retinoblastoma, although fluctuations among periods
were observed. The increasing time trend for survival
from Wilms’ tumors from 1970-74 to 1995-98 was
statistically significant (p=0.003) and 5-year survival
more than doubled. The decrease observed in the
period 1990-94 may be explained as a random fluc-
tuation due to the small number of cases.

Survival of children with  osteosarcoma increased
from 16.7% at 5 years (95% CI: 0.0-37.8) in 1970-
74 to 61.5% (35.1-88.0) in 1990-94 (Table 2). The
log-rank test for differences according to period of
diagnosis was statistically significant (p=0.0004).
Children aged 10-14 years at diagnosis had a HR of
2.90 (1.31-6.40) relative to those aged 0-9 years at
diagnosis. Children with Ewing's sarcoma also
showed a significant increasing trend in survival (p
=0.0011) (Table 3). The survival data of children with
soft tissue sarcomas are presented separately for
rhabdomyosarcomas and the other types. Survival
after rhabdomyosarcoma increased from the period
1970-74 to 1975-79, but no subsequent improve-
ment was observed. In contrast, survival from the
non-rhabdomyosarcomas presented a statistically
significant linear improvement over period of diag-
nosis.

Population-based survival after childhood cancer: report from the Childhood Cancer Registry of Piedmont

Table 3. Childhood Cancer Registry of Piedmont 1970-98. Hazard ratios (HR) of death  and 95% Confidence Intervals (95% CI)
by tumour types and period of diagnosis, adjusted for gender and age at diagnosis (3 classes: 0-4, 5-9, 10-14). Reference peri-
od: 1970-74.

Period of diagnosis 1975-79 1980-84 1985-89 1990-94 1995-98

Diagnostic groups HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI
ALL (Ia+Ib) (a) 0.42 0.30-0.59 0.34 0.24-0.49 0.16 0.10-0.26 0.16 0.10-0.25 0.10 0.05-0.18
ANLL (Ic) 0.58 0.29-1-15 0.33 0.16-0.69 0.29 0.13-0.62 0.31 0.14-0.69 0.15 0.06-0.38
Hodgkin’s disease (IIa)(b) 0.44 0.12-1.58 0.33 0.07-1.62 0.97 0.26-3.64 0.36 0.04-3.17 0.00 0.00-.
NHL (IIb+IIc+IId) 0.50 0.23-1.10 0.39 0.17-0.89 0.24 0.10-0.58 0.21 0.09-0.51 0.15 0.05-0.49

CNS neoplasms (IIIa-IIIe) 0.85 0.59-1.22 0.52 0.35-0.77 0.40 0.26-0.61 0.22 0.13-0.36 0.29 0.18-0.48
Ependymoma (IIIa) 1.12 0.21-6.12 0.67 0.14-3.30 0.54 0.09-3.14 0.35 0.06-1.98 0.50 0.09-2.75
Astrocytoma (IIIb) 0.59 0.29-1.19 0.27 0.12-0.64 0.35 0.17-0.72 0.12 0.04-0.33 0.25 0.10-0.61
Medulloblastoma (IIIc) 0.43 0.20-0.93 0.21 0.09-0.47 0.08 0.03-0.29 0.14 0.05-0.35 0.20 0.08-0.52
Other gliomas (IIId-e) 1.04 0.57-1.89 0.67 0.36-1.26 0.63 0.32-1.22 0.21 0.07-0.64 0.14 0.04-0.50

Sympathetic system tumors 0.52 0.28-0.96 0.40 0.21-0.75 0.24 0.12-0.49 0.26 0.13-0.52 0.26 0.12-0.56
(IVa-b) (a)

Retinoblastoma (V) 0.19 0.03-1.08 0.66 0.15-2.82 0.00 0.00-. 0.09 0.01-0.81 0.19 0.03-1.08

Wilms’ tumor (VIa+VIc) 0.55 0.20-1.47 0.27 0.08-0.88 0.17 0.03-0.87 0.40 0.12-1.37 0.00 0.00-.

Osteosarcoma (VIIIa) 0.71 0.31-1.65 0.17 0.06-0.46 0.18 0.07-0.44 0.16 0.05-0.50 0.12 0.01-0.99

Ewing’s sarcoma (VIIIc) 1.35 0.27-6.88 0.47 0.11-2.01 0.43 0.09-1.94 0.12 0.02-0.80 0.25 0.04-1.62

Rhabdomyosarcoma (IXa) 0.37 0.09-1.48 0.20 0.05-0.89 0.25 0.06-1.00 0.29 0.07-1.23 0.46 0.10-2.19

Fibrosarcoma and 0.44 0.14-1.36 0.57 0.17-1.98 0.48 0.16-1.45 0.32 0.10-1.03 0.11 0.01-0.94
other soft tissue sarcoma (IXb-c)

All tumor types 0.61 0.52-0.72 0.48 0.40-0.57 0.32 0.26-0.39 0.26 0.21-0.32 0.18 0.14-0.24

ALL: acute lymphocytic leukemia; ANLL: acute non-lymphocytic leukemia; NHL: Non-Hodgkin’s lymphomas; CNS: central nervous system;  a: the models for acute lymphatic
leukemia and sympathetic system tumors include period, gender and age in four classes (0, 1-4, 5-9, 10-14); b: the model for Hodgkin’s disease includes period, gender and
age in two classes (0-9, 10-14). 
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Prognostic factors
The role of prognostic factors was examined in

more detail for ALL, ANLL and SST. Regarding ALL
(Table 4), the risk of death (hazard ratios - HR) for
children aged < 1 year and for females were, respec-

tively, 2.75 (1.43-5.28) and 0.85 (0.66-1.08) relative,
respectively, to the 1-4-year old age class and to
males. For children diagnosed during 1980-98, age
less than 1 year or over 10 years and WBCC  > 50
×109 cells/L at diagnosis were negative prognostic

S. Viscomi et al.

Figure 1. Childhood Cancer Registry of Piedmont, 1970-98. Cumulative survival by selected sites and period of diagnosis.
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factors with respect to the 1-4-year olds and those
with a lower WBCC. Period of diagnosis remained
the most important predictor of survival. The
immunophenotype did not contribute significantly
to the fit of the model and was not included in the
final one. Multivariate analysis for factors predicting
survival in ANLL included period of diagnosis, age,
WBCC and morphologic subtype. The analysis
showed a lower HR (corresponding to a better prog-
nosis) for cases diagnosed after 1980 and a higher HR
for children with a WBCC > than 50 ×109 cells/L at
diagnosis (the reference was the period from 1970-
74 and a lower WBCC). Age class and morphologic
subtype did not contribute to the model fit. Howev-
er, children with M3, M4, M5 and not otherwise spec-
ified ANLL had a higher risk of death (although this
was not statistically significant) than children with
M1-M2 ANLL (Table 5). The role of gender was oppo-
site for HD and NHL: girls with HD had a 2.88 (1.02-
8.16) times higher risk of death than males,  where-
as if they had NHL, their risk of death was 0.52 (0.29-
0.96) that of their male counterparts. Regarding SST,
multivariate survival analysis,  including period of
diagnosis, gender and age group, showed a statisti-
cally significant decrease in risk of death for the peri-
od of diagnosis (from 0.53 in 1975-79 to 0.26 in
1995-98 compared to 1970-74) and a poor outcome

for older children: relative to children aged 1-4 years
old, the risk of death was 0.42 (0.24-0.72) for chil-
dren diagnosed before the first year of age and 2.41
for children aged 5 and older. The trend in decreased
risk of death over time was statistically significant
(p<0.001) in all age classes. 

Females affected by osteosarcoma had a lower sur-
vival rate and their risk of death relative to that of
males was 2.00 (95% CI 1.08-3.70) while for Ewing’s
sarcoma neither gender nor age at diagnosis result-
ed to be significant prognostic factors.

Discussion

The analysis of the CCRP survival data confirmed
the positive trend for almost all types of tumors,
already shown in other developed countries from
both hospital and population-based studies.16-30 The
improved survival in Piedmont was particularly evi-
dent in the 1970s and continued constantly up to
1998. The largest survival improvements were
observed in the categories that previously had a poor
prognosis, such as ANLL or Ewing’s sarcoma. There
was little room for further improvement in some
types of cancer (e.g. HD, retinoblastoma) that already
had high survival rates. The significant improvement
in outcome for children with ALL may be due to bet-
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Table 4. Multivariate survival analyses of ALL cases diag-
nosed in 1980-98 in Piedmont. The Hazard Ratio (HR) of
death and the corresponding 95% confidence interval (95%
CI) were computed according to the Cox model including:
period of diagnosis, gender, age at diagnosis and white
blood cell (WBC) count. 

N. of cases HR 95% CI

Period of diagnosis
1980-84 134 1* −
1985-89 111 0.43 0.27-0.68
1990-94 120 0.44 0.28-0.70
1995-98 105 0.26 0.14-0.48

Gender
Male 255 1* −
Female 215  0.80 0.56-1.15

Age at diagnosis
<1 year 13 2.41 1.02-5.69
1-4 years 231 1* −
5-9 years 146 1.40 0.92-2.14
10-14 years 80 1.85 1.16-2.95

WBC count at diagnosis
≤999 ×106 cells/L 225 1* −
10,000-49,999 ×106 cells/L 152 1.43 0.93-2.19
≥50,000 ×106 cells/L 89 2.62 1.67-4.09
Missing 4 2.37 0.56-10.14

*Reference category. Subjects with missing value were retained and included as
separate levels in the model.

Table 5. Multivariate survival analyses of 134 ANLL cases
diagnosed in 1970-98 in Piedmont. The Hazard Ratio (HR)
of death and the corresponding 95% confidence interval
(95% CI) were computed according to the Cox model includ-
ing period of diagnosis, age at diagnosis, white blood cell
(WBC) count and cytological type. 

N. of cases HR 95% CI

Period of diagnosis
1970-74 12 1* −
1975-79 33 0.56 0.26-1.20
1980-84 26 0.25 0.10-0.58
1985-89 21 0.19 0.08-0.49
1990-94 20 0.27 0.11-0.68
1995-98 22 0.10 0.04-0.30

Age at diagnosis
0-4 years 45 1* −
5-9 years 45 0.81 0.47-1.43
10-14 years 44 1.20 0.68-2.11

WBC count at diagnosis
≤9999 ×106 cells/L 56 1* −
10000-49999 ×106 cells/L 35 1.45 0.82-2.57
≥50000  ×106 cells/L 23 1.89 1.00-3.61
Missing 20 1.47 0.75-2.87

Cytological typea

Acute non-lymphocytic leukemia M1-M2 58 1* −
Acute non-lymphocytic leukemia M3 23 1.99 0.97-4.06
Acute non-lymphocytic leukemia M4 16 1.29 0.67-2.48
Acute non-lymphocytic leukemia M5 22 1.97 0.95-4.07
Acute non-lymphocytic leukemia 15 2.11 0.99-4.52
unknown FAB

*Reference category. aThe analysis is limited to ANLL with FAB types M1-M5 or
FAB type unknown. Three M6-M7 cases and 1 case of hybrid leukemia were
excluded.



980 haematologica/journal of hematology vol. 88(09):september 2003

ter diagnostic techniques and more precise risk-tai-
lored therapeutic approaches. Most of the prognos-
tic data are contained in four characteristics at diag-
nosis: age, gender, WBCC and cytogenetics. The val-
ue of these factors has been demonstrated by a vari-
ety of clinical studies and  are the basis for the cur-
rent classification of childhood ALL.4,31,32 Among fac-
tors known to predict a better outcome, we con-
firmed the role of a WBCC < 50×109 cells/L and age
at diagnosis being 1-9 years,31 while the role of
immunophenotype as an independent prognostic
factor is unclear.32 The poorer prognosis for T-cell ALL
might be explained by the link with other unfavor-
able risk factors such as high WBCC and age over 10
years.33 New therapeutic strategies for such patients
with ALL are needed. We also confirmed that sur-
vival is higher among females (although our results
were not statistically significant). However, a recent
large population-based study in Europe showed that
gender accounts for only a small difference in sur-
vival.18 The CCRP did not collect information on oth-
er prognostic factors such as cytogenetics,34 leukemia
cell burden and response to treatment4 and socio-
economic status.35 The outcome of childhood ANLL
diagnosed during the early 1970s in developed coun-
tries was disappointing: less than 10% survived for
at least 5 years, although an increase was recorded
from the late 70s.  In the 1980s and 1990s the out-
look improved and higher 5-year survival rates were
observed, presumably due to more effective
chemotherapy, better supportive therapies as well as
to bone marrow transplantation. Diagnostic tech-
niques also improved in the study  period: cytoge-
netic and monoclonal antibodies became useful tools
in recognizing ANLL subtypes as well as hybrid or bi-
phenotypic leukemias. Classification based on these
techniques, in addition to morphology, may reveal
subgroups of children with good prognosis. Howev-
er, as yet, few prognostic factors have been consis-
tently identified in ANLL.19,36 Prognostic factors may
also depend on treatment and its intensity and may
change as new protocols are introduced. The effect
of WBCC on survival is well known and was statisti-
cally significant in our data. Age, gender and FAB
classification were not related to prognosis of ANLL
in this study. The FAB subgroup registered by the
CCRP personnel were as reported in the clinical
records, but inter-observer variation is well docu-
mented.36 Children with M3 have been reported to
have a good long-term survival but their prognosis is
poor  when they present disseminated intravascular
coagulopathy at diagnosis.19

In affluent, Western countries HD is an example of
childhood cancer which can be cured in over 90% of
cases with a reasonable burden of sequelae. Litera-
ture data on survival differences according to gen-
der in HD are not consistent.17,20

The differential diagnosis between NHL and ALL is
not always precise, therefore new treatment pro-

grams are obtained as modifications of the protocols
for high risk ALL. The survival rates for NHL diag-
nosed during the  period 1995-98 increased with a
time trend resembling that observed for ALL. As for
ALL, the prognosis of children with NHL has improved
in recent periods due to a better understanding of the
natural history and heterogeneity of the type of can-
cer and to refinement of treatment plans. Our data-
base showed that females fared better than males,
but this observation is not consistent with literature
data.20

Survival for children with all CNS tumors except
ependymoma showed a highly significant improve-
ment over the periods of diagnosis, but this picture
is marred by the decrease in 1995-98. Over the entire
1970-1998 period we observed a statistically signif-
icant linear improvement for children with medul-
loblastoma, but survival for cases diagnosed after
1990 was lower than that for cases diagnosed in
1985-89. Possible causes for this inverse trend
include different case-mixes according to prognos-
tic factors or biological features (i.e. age/extent of
disease at diagnosis) or changes in clinical approach
(i.e. protocol, surgical removal and radiotherapy tech-
niques) with unexpected results. No information on
these aspects was available in the data of CCRP and
an ad hoc study is in progress to investigate their
role. Random variation cannot be excluded as sur-
vival in Piedmont in the 1980s was much higher than
in other countries (see below).

The prognosis of SST depends on age, extent of
disease at diagnosis, and genetic factors, such as
expression of the N-Myc gene, while gender is not
related to survival.23,37-38 SST clinically diagnosed in
infants show more favorable characteristics and even
spontaneous regression. Age less than 1 year at diag-
nosis is confirmed to be a good prognostic factor.
Moreover, infants with pre-clinical SST detected by
abdominal ultrasonography during pregnancy or
after birth during detection programs of renal or hip
congenital abnormalities, might have better survival
due the earlier diagnosis (lead time bias).39 To date,
there are no markers capable of recognizing sponta-
neously regressing SST. Health systems that provide
regular infant examinations would lead to the detec-
tion of cases in an early/localized stage: a large num-
ber of these good prognosis, incidental cases might
artificially increase survival rates.40 Spix et al. demon-
strated an association between incidence rates and
survival in Europe.22 Children older than 1 year at
diagnosis have a poor prognosis, particularly if they
have metastatic disease: so far, aggressive treatment
has not improved outcome. Staging procedures,
treatment regimens and quality of total care for chil-
dren with metastatic disease may explain survival
differences observed among developed countries.17,22

The role of screening appears to be limited.41,42

The CCRP survival data can be compared with
European,5,18-27,43 USA7 and Italian survival rates,27
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although the last largely mirror those of the CCRP.
Substantially similar results have been found for all
tumors, ALL, ANLL, NHL, osteosarcoma and rhab-
domyosarcoma. The survival rates of patients with
CNS tumors, SST and Ewing’s sarcoma tend to be
higher in Piedmont than in other developed coun-
tries. The 5-year survival for children with CNS
tumors in Piedmont in 1990-94 was high (78 %) in
comparison to that in other developed countries in
the same period (64% ITACARE, 61 % EUROCARE,
65% USA). The survival rates for HD, medulloblas-
toma, fibrosarcoma and Wilms’ tumors seem to be
lower. Survival rates for HD in developed countries
exceeded 90% in the last decade of the 20th centu-
ry, whereas they were 83% and 87% (1990-94 and
1995-98) in Piedmont. The decrease in 5-year sur-
vival observed in Piedmont in 1990-98 for medul-
loblastoma is difficult to compare with internation-
al rates, both because of the scarcity of data avail-
able for this time period and because the decrease
must be put in the context of a highly significant
improvement from 1970 to 1990 when CCRP sur-
vival rates were higher than those in other countries.
Two-thirds of the data analyzed in the EUROCARE
Study for Italy were from the CCRP, therefore the
two observations were not independent.21

Non-biological features associated with better
prognosis included: treatment plan directed by a ter-
tiary care unit, size of place of treatment and entry
in a large trial,44-45 while the role of socio-economic
status or parental education was limited.35 Being
treated in specialized Centers and according to clin-
ical trials was a well recognized determinant of long-
term survival during the decade 1970-1980; there-
after the role of these factors decreased as a result
of the use of more standardized treatment in all cen-
ters.33,36 The only exception to this is CNS tumors.46

The outcome advantage related to being registered
in a trial was still increasing, at least for ALL and
ANLL and for selected tumor types, in the 1970s and
in 1980s.33,36,45 Since 1970, children resident in our
region have mostly been treated in specialized Cen-
ters according to well-defined clinical protocols:46

this fact hampers survival analysis by entry into a
protocol. In conclusion, we confirm the positive trend
in survival after childhood cancer in recent years  and
we emphasize the role of childhood cancer registra-
tion as an important method to monitor survival
rates in the population.

Appendix
Some minor categories were grouped together:

acute lymphocytic leukemia (minor category 01A);
with other lymphocytic leukemias (01B); non-Hodgk-
in’s lymphomas (02B) with Burkitt’s lymphoma (02C);
and unspecified lymphomas (02D) other gliomas
(03D) with other and unspecified central nervous sys-
tem tumors (03E); neuroblastoma (04A) with other
tumors of the sympathetic system (04B); Wilms’

tumors (06A) with unspecified renal tumors (06C);
and fibrosarcoma (09B) with other and unspecified
sarcomas (09C). Renal carcinoma (06B), chondrosar-
coma (08B), gonadal tumors (10B) with gonadal car-
cinoma (10C), other and unspecified gonadal tumor
(10D), other and unspecified tumor were not includ-
ed in the analyses. The other minor categories not
mentioned in the paper were also excluded.
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