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ABSTRACT

Background: The Toronto Paediatric Cancer Stage Guidelines are a compendium of staging systems
developed to facilitate collection of consistent and comparable data on stage at diagnosis for child-
hood cancers by cancer registries.

Material and Methods: This retrospective, observational cohort study investigated changes in stage-
specific incidence and survival for children diagnosed between 2000-2008 compared to 2009-2017
using the population-based Australian Childhood Cancer Registry. Information on mortality for each
patient was available to 31°" December 2020. Shifts in incidence by stage were evaluated using chi-
square tests, and differences in stage-specific five-year observed survival for all causes of death over
time were assessed using flexible parametric models.

Results: Stage was assigned according to the Toronto Guidelines for 96% (n=7944) of the total study
cohort (n=28292). Changes in the distribution of incidence by stage between the two diagnosis peri-
ods were observed for retinoblastoma, with stage O increasing from 26% to 37% of cases (p=0.02),
and hepatoblastoma, with metastatic disease increasing from 22% to 39% of cases (p = 0.04). There
were large gains in stage-specific survival over time for stage IV rhabdomyosarcoma (five-year adjusted
mortality hazard ratio for 2009-2017 compared to 2000-2008 of 0.38, 95% Cl 0.19-0.77; p=0.01),
stage M3 for medulloblastoma (HR = 0.41, 95% Cl 0.21-0.79; p=0.01) and metastatic neuroblastoma
excluding stage MS (HR = 0.61, 95% Cl 0.44-0.84; p < 0.01).

Conclusion: These results indicate that improvements in childhood cancer survival in Australia are
most likely due to refined management rather than changes in stage at diagnosis, particularly for
metastatic solid tumours. Wide international uptake of the Toronto Guidelines will allow comprehen-
sive evaluation of differences in survival between countries.
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Cancers in adults are typically defined in terms of the ana-
tomic site of the primary tumour using the International
Classification of Diseases [4] and are mostly staged using the
Tumour-Node-Metastasis (TNM) system [2,5]. Childhood can-

Background

The stage of cancer describes the extent of the disease at
diagnosis and is a strong indicator of prognosis [1,2].
Population-level data on stage at diagnosis based on inter-

nationally uniform staging systems are essential for epide-
miologic surveillance, interpretation of geographic and
temporal differences in incidence and survival [3], and moni-
toring of cancer control strategies.

cers are different in that they are classified according to the
type of tissue in which the cancer originates [6]. Many child-
hood cancers form in haematopoietic, lymphoid or embry-
onal tissue and consequently, the TNM system is not suitable
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for staging. Furthermore, different staging systems have
been in use for the same type of childhood cancer.
Recognising the need for a uniform approach, the “Toronto
Paediatric Cancer Stage Guidelines” (or Toronto Guidelines)
were published by an international panel of experts [1,7], in
order to standardise the collection of stage at diagnosis for
childhood cancer by population registries. They contain con-
sensus recommendations on staging systems for each of 15
different types of childhood cancer [7].

Survival for many childhood cancers has continued to
increase over recent years [8-10]. It is unclear, however,
whether this progress has been due in part to children being
diagnosed at a lower stage, and/or because of improved
stage-specific survival. In the current study, our aims were to
use a national databank to assess changes in the distribution
of incident cases by stage at diagnosis as well as to examine
variation in stage-specific survival from the year 2000
onwards. The issue of how stage-specific incidence and sur-
vival varies over time for childhood cancer at the population
level has not been assessed in the scientific literature to date.

Material and methods
Australian Childhood Cancer Registry

A retrospective, observational cohort study was conducted
(see Supplementary Table 1 for further details). All de-identi-
fied data used in the study were sourced from the Australian
Childhood Cancer Registry (ACCR). Ethics approval for the
operation of the ACCR is held through the Children’s Health
Queensland Hospital and Health Service Human Research
Ethics Committee (HREC04/QRCH/18).

The study cohort comprised children (ages 0-14) who were
residents of Australia and diagnosed between 2000-2017 with
a type of cancer included in the Toronto Guidelines. The type
of cancer is coded within the ACCR according to the
International Classification of Childhood Cancers, 3rd edition
(ICCC-3) [6]. As specified in the ICCC-3 [6], intracranial and
intraspinal tumours of benign or uncertain behaviour are
included in addition to all malignant neoplasms.

Data held in the ACCR are obtained from a variety of
sources. Every state and territory cancer registry in Australia
provides information on diagnosis, survival and demographic
characteristics to the ACCR on an annual basis for incident
cases of childhood cancer registered within their jurisdiction.
Population coverage of the ACCR is therefore considered
complete given that cancer (excluding keratinocyte skin can-
cers) is a notifiable disease throughout Australia. The vital
status of each patient is updated via regular linkage with the
National Death Index held by the Australian Institute of
Health and Welfare [11], covering all deaths that occur within
Australia.

Clinical information including treatment details and stage
at diagnosis are also collected within the ACCR by two expe-
rienced clinical coders, who examine each patient’s medical
records at the nine specialist, paediatric oncology treating
hospitals in Australia. In particular, the component data items
required for staging were obtained from diagnostic imaging,
cytology, histology and haematology reports, admission
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notes, doctors’ correspondence, physical examination notes
and any other relevant records, depending on the type of
cancer. Extracted information was recorded in a customised
application containing algorithms to automatically assign
stage [12], and then added to the ACCR. Possible reasons for
the stage not being assigned, based on previous feasibility
testing, are documented elsewhere [12].

Toronto Paediatric Cancer Stage Guidelines

Table 1 lists the childhood cancers included in the current
Toronto Guidelines, along with the selected staging system
[7] (see also Supplementary Table 2 for a summary of the
definitions for each staging category by type of cancer). The
Toronto Guidelines involve a two-tiered approach in which
the more detailed Tier 2 stage categories may be collapsed
into broader Tier 1 categories, thus maintaining comparabil-
ity even when some data items are not available [1]. Results
are reported according to Tier 2 here, with the exception of
hepatoblastoma and testicular germ cell tumours, for which
the Tier 1 definitions were used because there were too few
cases to produce meaningful estimates under Tier 2. A man-
ual outlining the process for assigning stages from first prin-
ciples according to the Toronto Guidelines, using component
data items from medical records, is available online [20].

Data analysis

Patients were categorized into two groups based on year of
diagnosis — 2000-2008 and 2009-2017. Differences in the
distribution of incident count over time for key variables of
interest (sex, age group at diagnosis and type of childhood
cancer) were assessed using either chi-squared tests or
Fisher's exact test (if 20% of the expected cell counts
were n <5).

Five-year observed survival by stage at diagnosis and time
period was estimated using the semi-complete cohort
method [21], as some patients diagnosed in recent years did
not have the full five years of follow-up available. Estimates
were calculated when there were at least 20 children diag-
nosed within a particular stage category during each of the
two time periods. Patients diagnosed on the basis of autopsy
or death certificate only were excluded from the survival
analysis. Follow-up commenced from the date of diagnosis
and concluded or was censored at either date of death (any
cause), the end date for which mortality was available (31
December 2020) or five years after diagnosis, whichever
occurred first, allowing a minimum of three years of poten-
tial follow-up for each patient.

Differences in survival by time period were assessed by
fitting a flexible parametric model [22], adjusted for age
group at diagnosis and sex. A separate model was fitted for
each combination of type of cancer and stage. All, or nearly
all, children with Hodgkin lymphoma, retinoblastoma, testicu-
lar germ cell tumours or ovarian germ cell tumours survived
for at least 5years after diagnosis across both time periods,
and so comparisons over time were not warranted or feas-
ible for these cancers. Output from the models was
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Table 1. Summary of the staging systems used in the Toronto Paediatric Cancer Stage Guidelines [1,2].

ICCC-3 Diagnostic group/subgroup Staging system Tier used®
Acute lymphoblastic leukaemia Children’s Oncology Group (COG) [13] Tier 2
Hodgkin lymphoma Ann Arbor [14] Tier 2
Non-Hodgkin lymphoma*“ St Jude/Murphy [15] Tier 2
Astrocytoma Metastatic involvement Tier 2
Ependymoma M staging system [16] Tier 2
Medulloblastoma M staging system [16] Tier 2
Neuroblastoma International Neuroblastoma Risk Group Staging System Tier 2

(INRGSS) [17]
Retinoblastoma International Retinoblastoma Staging System (IRSS) [18] Tier 2
Renal tumours (except renal cell carcinomas) Children’s Oncology Group/National Wilms Tumour Study Group Tier 2

(NWTSG) protocol'® or International Society of Paediatric

Oncology (SIOP) protocol®
Hepatoblastoma Metastatic involvement Tier 1
Malignant bone tumours Metastatic involvement Tier 2
Rhabdomyosarcoma Modified TNM [5] Tier 2
Non-rhabdomyosarcoma soft tissue sarcoma Modified TNM [5] Tier 2
Testicular germ cell tumours TNM [5] Tier 1
Ovarian germ cell tumours International Federation of Gynecology and Obstetrics (FIGO) [19] Tier 2

(a) Classified according to the International Classification of Childhood Cancers, version 3 (ICCC-3) [6]. (b) Cases were staged using Tier 2
of the Toronto Paediatric Cancer Stage Guideline, unless otherwise specified (hepatoblastoma and testicular germ cell tumours). [1,7]. (c)

Including Burkitt lymphoma.

expressed in terms of the mortality hazard ratio (HR) within
five years of diagnosis, using the earlier period (2000-2008)
as the baseline. In addition, the absolute difference in sur-
vival from 2000-2008 to 2009-2017 was calculated from the
models, with positive values reflecting an improvement in
survival over time.

All analyses were conducted using Stata/SE version 17.0
for Windows (StataCorp LLC, College Station, TX). Confidence
intervals for the survival estimates for each time period and
corresponding HRs and differences in survival over time were
calculated at the 95% level.

Results
Study cohort

The study cohort comprised a total of 8242 children aged
under 15 years at diagnosis with one of the cancers included
in the Toronto Guidelines, including 3619 (44%) who were
diagnosed with cancer between 2000-2008 and 4623 (56%)
diagnosed with cancer between 2009-2017 - see Table 2.
Almost all diagnoses in this cohort were based on cytological
or histological examination of the tumour (n=7899 of
8242, 96%).

Overall, a small majority were boys (n=4571, 55%) and
half of the cases were diagnosed within the 0-4 age group
(h=4125, 50%). Acute lymphoblastic leukaemia was the
most common type of cancer, accounting for just over one-
third of cases (n=2851, 35%) followed by astrocytoma
(h=1175, 14%) and neuroblastoma (n =703, 9%). There was
no evidence of any differences in the distribution of cases by
sex (p=0.90), age group (p=0.62) or type of cancer
(p =0.73) when stratified by period of diagnosis.

Incident distribution of stage at diagnosis

Stage was assigned using the Toronto Guidelines for 96% of
the overall study cohort (n=7944 of 8242), ranging from

Table 2. Study cohort by selected characteristics and period of diagnosis,
Australia, 2000-2017.

2000-2008 2009-2017
Characteristic n Col % n Col %
Sex (p=10.90)
Boys 2,010 555 2,561 554
Girls 1,609 445 2,062 446
Age group at diagnosis (p=0.62)
0-4years 1,826 50.5 2,299 497
5-9years 956 26.4 1,266 274
10-14 years 837 231 1,058 229
Type of cancer” (p=0.73)
Acute lymphoblastic leukaemia 1,242 343 1,609 348
Hodgkin lymphoma 176 4.9 209 45
Non-Hodgkin lymphoma® 249 69 300 6.5
Ependymoma 71 2.0 118 2.6
Astrocytoma 538 149 637 138
Medulloblastoma 147 41 191 4.1
Neuroblastoma 312 86 391 8.5
Retinoblastoma 135 37 162 35
Renal tumours® 218 6.0 294 64
Hepatoblastoma 58 1.6 86 1.9
Malignant bone tumours 180 5.0 220 438
Rhabdomyosarcoma 142 39 185 4.0
Non-rhabdomyosarcoma soft tissue sarcoma 94 2.6 148 3.2
Testicular germ cell tumours 26 0.7 30 0.6
Ovarian germ cell tumours 31 0.9 43 0.9

(@) Classified according to the International Classification of Childhood
Cancers, version 3 (ICCC-3). (b) Including Burkitt lymphoma. (c) Excluding renal
cell carcinomas.

88% for those with non-rhabdomyosarcoma soft tissue sar-
coma (n=213 of 242) and 90% for rhabdomyosarcoma
(n=295 of 327) to over 99% for astrocytoma (n=1172 of
1175) and hepatoblastoma (n=143 of 144). The total per-
centage of patients that had stage assigned remained similar
by diagnosis period (96% in 2000-2008 (n=3472 of 3619)
and 97% in 2009-2017 (n = 4472 of 4623), p =0.06).

The majority of children (n=6612 of 7944, 83%) for
whom the stage was assigned were diagnosed with localised
or regional cancers (noting that the definition of “regional” is
cancer-specific and does not apply to all malignancies, but
generally indicates spread to nearby lymph nodes and/or
organs - refer to Table 1 and Supplementary Table 2 for
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Figure 1. Incident distribution of stage at diagnosis by type of childhood cancer and period of diagnosis, Australia, 2000-2017%?<¢. CNS: central nervous system;
Local: localised; Met: metastatic; RCC: renal cell carcinoma; STS: soft tissue sarcoma. Staging categories: Ependymoma and medulloblastoma (MO - no visible meta-
stases on imaging and no tumour cells in the CSF; M1 - tumour cells in the cerebrospinal fluid; M2 - visible metastases in brain; M3 - visible metastases in spine;
M4 - metastasis outside of CNS); Neuroblastoma (L1 - localised; L2 - locoregional; MS - metastases confined to skin, liver, and/or bone marrow for children younger
than 18 months old at diagnosis); Renal tumours (y — denotes patients treated on the SIOP protocol); X — stage not assigned. (a). Type of cancer classified according
to the International Classification of Childhood Cancers, version 3 (ICCC-3). (b). Cases were staged using the Toronto Paediatric Cancer Stage Guidelines. (c). P-val-
ues are for comparison of the stage distribution between the two diagnosis periods and were calculated after excluding cases with unknown stages at diagnosis.
(d). Bars relating to cell counts of 5 or fewer patients are shown as missing to protect confidentiality.

further details). Almost all children with retinoblastoma localised/regional disease (n=2913 of 3472), compared to
(n =292 of 293, 99%) or astrocytoma (n=1146 of 1172, 98%) 83% in 2009-2017 (n=3699 of 4472; p=0.16). Further ana-
had localised/regional disease at diagnosis. In contrast, 58% lysis by type of cancer and Tier 2 stage (Figure 1) revealed a
of cases of neuroblastoma (n =398 of 685) were metastatic significant shift in stage at diagnosis over time for children
at diagnosis (including stage “MS”). with retinoblastoma, with the proportion of patients diag-

The broad distribution of stages across all cancers was nosed at stage 0 increasing from 26% (n=35 of 135)
equivalent in both periods, with 84% of children for whom between 2000-2008 to 37% (n=60 of 162) between 2009-
stage was assigned in 2000-2008 reported as having 2017 and a corresponding decrease from 71% (n=96) to
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Table 3. Five-year observed survival by stage at diagnosis, type of childhood cancer and period of diagnosis, Australia, 2000-2017°.

2000-2008 2009-2017 Five-year
adjusted
Five-year Five-year mortality hazard

Stage at observed survival observed survival ratio’
Type of cancer®<d diagnosis® n (95% Cl) n (95% Cl) (95% Cl) p-value
Acute lymphoblastic CNS1 1,087 91.0 (89.1-92.5) 1,399 95.1 (93.8-96.1) 0.54 (0.40-0.74) <0.01
leukaemia CNS2 65 86.2 (75.1-92.5) 100 87.0 (78.7-92.2) 0.90 (0.38-2.12) 0.81

CNS3 22 72.7 (49.1-86.7) 33 84.9 (67.4-93.4) 0.59 (0.17-2.02) 0.40
Non-Hodgkin lymphoma I/ 73 93.2 (84.3-97.1) 67 98.5 (89.9-99.8) 0.21 (0.03-1.83) 0.16
(including 1l] 120 88.3 (81.1-92.9) 160 88.7 (82.6-92.7) 0.99 (0.49-1.99) 0.98
Burkitt lymphoma) [\ 44 86.4 (72.1-93.6) 69 84.1 (73.1-90.8) 1.34 (0.49-3.70) 0.56
Ependymoma MO 61 70.5 (57.3-80.3) 101 78.8 (69.3-85.6) 0.68 (0.36-1.28) 0.23
Astrocytoma Localised 526 80.8 (77.2-83.9) 618 87.6 (84.7-90.0) 0.60 (0.45-0.81) <0.01
Medulloblastoma Mo 97 70.1 (59.9-78.2) 128 79.4 (71.3-85.5) 0.68 (0.40-1.16) 0.16

M3 29 31.0 (15.6-47.9) 46 60.9 (45.3-73.3) 0.41 (0.21-0.79) 0.01
Neuroblastoma L1 72 94.4 (85.9-97.9) 98 98.0 (92.1-99.5) 0.35 (0.06-1.95) 0.23

L2 42 90.5 (76.6-96.3) 75 91.5 (82.0-96.1) 0.87 (0.24-3.07) 0.82

MS 28 96.4 (77.2-99.5) 26 80.8 (59.8-91.5) 6.02 (0.70-51.7) 0.10

Metastatic 159 46.2 (38.3-53.7) 185 61.6 (54.1-68.2) 0.61 (0.44-0.84) <0.01
Renal tumours Iyl 62 93.6 (83.7-97.5) 74 97.3 (89.6-99.3) 0.45 (0.08-2.46) 0.36
(excluding RCC) l/yll 47 93.6 (81.5-97.9) 63 96.8 (87.9-99.2) 0.65 (0.10-4.24) 0.65

Nizyl 64 89.1 (78.4-94.6) 98 99.0 (93.0-99.9) 0.10 (0.01-0.87) 0.04

1\ 36 80.6 (63.5-90.2) 50 86.0 (72.9-93.1) 0.70 (0.24-2.09) 0.53
Hepatoblastoma Localised 43 83.3 (68.2-91.7) 52 92.3 (80.8-97.0) 0.40 (0.11-1.47) 0.17
Malignant bone tumours Localised 128 88.3 (81.3-92.8) 154 84.0 (77.0-89.0) 1.34 (0.70-2.56) 0.38

Metastatic 46 47.8 (32.9-61.3) 64 61.9 (48.6-72.6) 0.73 (0.41-1.31) 0.29
Rhabdomyosarcoma | 44 81.8 (66.9-90.5) 60 90.0 (79.1-95.4) 0.52 (0.18-1.50) 0.22

1] 42 76.2 (60.3-86.4) 45 84.4 (70.1-92.3) 0.72 (0.27-1.90) 0.51

1\ 28 28.6 (13.5-45.6) 38 62.5 (45.0-75.9) 0.38 (0.19-0.77) 0.01
Non-rhabdomyosarcoma | 49 83.7 (70.0-91.5) 66 90.9 (80.8-95.8) 0.50 (0.17-1.47) 0.21

soft tissue sarcoma

CNS: central nervous system; RCC: renal cell carcinoma.

(a) Survival was followed up to 31 December 2020. (b) Type of cancer classified according to the International Classification of Childhood Cancers, version 3
(ICCC-3). () Includes combinations of type of cancer and stage category at diagnosis where there were a minimum of 20 cases for each period. (d) Comparisons
over time were not included for Hodgkin lymphoma, retinoblastoma, testicular germ cell tumours or ovarian germ cell tumors as all, or nearly all, of these chil-
dren survived for at least 5years after diagnosis irrespective of time period. (e) The stage was defined by the Toronto Paediatric Cancer Stage Guidelines — see
Supplementary Table 2 for definitions. (f) Mortality hazard ratio adjusted for age group at diagnosis and sex, using 2000-2008 as the reference group.

58% (n=94) for stage | (p =0.02). Among children with hep-
atoblastoma, there was an increase over time in the percent-
age diagnosed with metastatic disease, from 22% (n=13 of
58) between 2000-2008 to 38% (n=33 of 86) between
2009-2017 (p =0.04).

Stage-specific survival

Only 8 children in the total study cohort of 8242 (0.1%) were
excluded from the survival analysis due to being diagnosed
with cancer via autopsy or death certificate only. A total of
1268 deaths (15%) were recorded within five years of diag-
nosis, although this percentage varied significantly by diag-
nostic period, n=714 of 3615 (20%) for 2000-2008
compared to n=554 of 4619 (12%) for 2009-2017
(p <0.001). All of the remaining patients diagnosed between
2000-2008 (n=2901 of 2901, 100%) were followed-up for
the full five years compared to 78% (n=3157 of 4065)
among those diagnosed between 2009-2017.

Significant improvements in five-year stage-specific sur-
vival for children diagnosed during the more recent period
was recorded for several types of cancer (Table 3 and Figure
2). The greatest increases were observed for advanced solid
cancers that had low rates of survival in the earlier period,
namely stage IV rhabdomyosarcoma (HR = 0.38, 95% ClI
0.19-0.77; p=0.01), metastases to the spine (stage M3) for
medulloblastoma (HR = 0.41, 95% Cl 0.21-0.79; p=0.01) and

metastatic neuroblastoma excluding stage MS (HR = 0.61,
95% Cl 0.44-0.84; p<0.01). Smaller, but still significant,
improvements in five-year survival occurred for children with
stage CNS1 acute lymphoblastic leukaemia (HR = 0.54, 95%
Cl 0.40-0.74; p < 0.01) and localised astrocytoma (HR = 0.60,
95% Cl 0.45-0.81; p <0.01). There was also evidence of an
increase in survival among children with stage llI/ylll renal
tumours (89% to 99%; HR = 0.10, 95% Cl 0.01-0.87;
p=0.04).

The risk of mortality within five years of diagnosis was esti-
mated to be half or less for patients diagnosed between 2009-
2017 compared to 2000-2008 for stage I/l non-Hodgkin
lymphoma, stage L1 neuroblastoma, stage I/yl renal tumours,
localised hepatoblastoma, stage | rhabdomyosarcoma and stage
I non-rhabdomyosarcoma soft tissue sarcoma, but none of
these differences reached statistical significance. Conversely, sur-
vival was estimated to be somewhat lower in the latter period
for stage MS neuroblastoma (96% compared to 81%), although
the difference was not statistically significant (p =0.10).

Discussion

This study constitutes the first report of changes over time in
stage-specific incidence and survival for various childhood
cancers at a population level. We found that the stage distri-
bution had remained stable for most types of childhood can-
cer in Australia over the last two decades, apart from
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Figure 2. Differences in adjusted survival curves from 2000-2008 to 2009-2017 for selected combinations of childhood cancer type and stage at diagnosis,
Australia.®®< ALL: acute lymphoblastic leukaemia; CNS: central nervous system. Staging categories: Acute lymphoblastic leukaemia (CNS1 - No dlinical signs of cen-
tral nervous system involvement and no blasts in the cerebrospinal fluid); Medulloblastoma (M3 - visible metastases in spine); Neuroblastoma (excludes stage MS -
metastases confined to skin, liver, and/or bone marrow for children younger than 18 months old at diagnosis); Renal tumours (y — denotes patients treated on the
SIOP protocol). (a) Survival was followed to 31 December 2020. Shaded areas denote the 95% confidence interval for the difference in survival. Positive values indi-
cate survival has improved between the two diagnostic time periods. (b) Type of cancer classified according to the International Classification of Childhood
Cancers, version 3 (ICCC-3). (c). The stage was defined by the Toronto Paediatric Cancer Stage Guidelines. d. Excludes renal cell carcinomas.

retinoblastoma and hepatoblastoma. Another key finding
was that significant improvements in stage-specific survival
at five years from diagnosis were observed among children
diagnosed more recently. A better outcome was particularly
evident for patients with advanced solid cancers (medullo-
blastoma, neuroblastoma and rhabdomyosarcoma) that had
previously been associated with a poor prognosis.

Nearly all Australian children with retinoblastoma in our
study were diagnosed at an early stage irrespective of their
period of diagnosis. The increased percentage of children
with retinoblastoma being diagnosed as stage 0 (where the
tumour is confined to the globe and enucleation is not per-
formed) [18] rather than stage 1 (enucleation with negative
margins) [18] between 2009-2017 compared to 2000-2008 is
likely to be explained by a change in practice towards eye—
conserving treatment. Developments in chemotherapy
agents and delivery, in conjunction with focal therapy, have
resulted in more retinoblastoma patients avoiding the need
for enucleation [23,24]. Other middle to high-income coun-
tries have recorded a similar trend towards lower enucleation
rates for retinoblastoma over recent years [25-27]. Data from
the United States (2000-2014) [25] and the United Kingdom
(2006-2014) [26] show that 29% and 40% of retinoblastoma
patients were not enucleated, respectively, broadly consistent
with the Australian result of 26% between 2000-2008 and
37% between 2009-2017. This contrasts sharply with the
situation in low-income regions of the world, such as sub-
Saharan Africa and parts of Asia, where it is far more com-
mon for children with retinoblastoma to present with either
regional or metastatic disease [28,29].

Conversely, an apparent increase in metastatic disease at
diagnosis was observed among hepatoblastoma patients.
This result may be explained by advances in the resolution

of contrast-enhanced computed tomography, which allow
better detection of pulmonary metastases [30]. Similar
changes in the distribution of stage might have been
expected for other solid tumours if progress in imaging was
the main reason for the increase in the percentage of chil-
dren diagnosed with metastatic hepatoblastoma, although
this was not the case. It may be that the effect of refine-
ments in computed tomography on stage is more obvious in
hepatoblastoma than for other solid tumours, given the
dominance of pulmonary metastases among hepatoblastoma
patients with stage IV disease at diagnosis [31].

Increases in survival for metastatic childhood solid tumours
are likely to be multifactorial and require further scrutiny. There
was close agreement between our estimate of 46% five-year
survival for metastatic neuroblastoma patients (excluding stage
“MS”) diagnosed between 2000-2008 and the results for Stage
IV patients aged 18 months or older and diagnosed between
2005-2010 in Germany (45% - clinical trial NB2004) [32].
Patients with stage M neuroblastoma in the United States diag-
nosed between 2007-2017 had five-year overall survival of
59% [33], also consistent with the result of 62% in Australia
between 2009-2017. Gradual improvements in overall survival
for patients with high-risk neuroblastoma have been seen fol-
lowing intensification of therapy and the introduction of anti-
GD2 immunotherapy [34,35]. Advances in supportive care, par-
ticularly for patients with metastatic neuroblastoma undergoing
tandem stem-cell transplant, are also a likely contributor [36].

Punyko et al. [37] reported five-year survival of 31%
among patients from the United States with metastatic
rhabdomyosarcoma who were aged 0-19years old and diag-
nosed between 1973-2000, in line with our estimate of 29%
from the earlier time period. Two clinical trial studies have
shown only modest improvement in overall survival for
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childhood rhabdomyosarcoma patients with metastatic dis-
ease in recent years. The first involved the addition of main-
tenance chemotherapy consisting of vinorelbine and
cyclophosphamide, first published by the European Paediatric
Soft Tissue Sarcoma Study Group RMS 2005 trial [38]. The
second study, from the Children’s Oncology Group (COG
ARST0431) [39], showed that multi-agent, dose-compressed
chemotherapy produced an increase in event-free survival but
only for patients with no more than one risk factor. A better
understanding of how the improvement in overall survival
observed here for stage IV rhabdomyosarcoma relates to
these clinical trial findings would ideally require more in-depth
investigation of underlying risk factors such as age, histology,
site of the original tumour, sites of metastases, and total
metastatic sites [40], although the small number of cases avail-
able makes any stratification of the survival estimates prob-
lematic. Our results may instead reflect the ability of current
treatments to temporarily control tumour spread and keep
patients alive for longer, rather than demonstrating an
improvement in cure rate, as no new regimens have been
introduced between the two study periods and intensification
of therapy has not significantly impacted the stubbornly low
long-term event-free survival rates for most patients present-
ing with metastatic rhabdomyosarcoma.

A study of medulloblastoma patients in Canada aged 0-17
at diagnosis between 1990-2009 showed a five-year survival
rate of 60% for stage M3 [41], double the estimate of 31%
between 2000-2008 in Australia. Clinical trials conducted
over the past three decades by the Children’s Oncology
Group (POG 9031 [42] and COG ACNSO0332 [43]) and St Jude
Children’s Research Hospital (SJMB-96 [44] and SJMB-03 [45]),
corresponding to the most common treatment approaches
for medulloblastoma in Australia, have consistently reported
five-year overall survival between 69% to 75% for patients
with high-risk medulloblastoma (which includes a large pro-
portion of patients with metastatic disease). These results are
again somewhat higher than the estimate of 61% for medul-
loblastoma stage M3 between 2009-2017 in Australia,
although not quite comparing like with like. It seems pos-
sible that the large change in survival we observed for
patients with stage M3 medulloblastoma over the study
interval was, at least in part, due to a correction to an
unusually low estimate in the earlier period (based on only
29 children) rather than a real increase.

The five-year observed survival estimate of 99% for stage
l/ylll renal tumours among children diagnosed between
2009-2017 is unusually high. The assignment of stage and
mortality status of each patient within that group was
rechecked and confirmed to be correct. In the absence of
any plausible explanation, this result may represent a statis-
tical anomaly.

A main strength of the current study was the population-
level coverage of all cases of childhood cancer diagnosed
throughout Australia over almost two decades. All information
used to assign stage was collected by the same two experi-
enced clinical coders who adhered to the published protocol
[20], allowing a high level of consistency. There are also several
limitations to consider. The groupings by year of diagnosis

were governed by the fact that 18years of cases were avail-
able, so the time period was divided evenly in half, rather than
the periods being determined by any clinical factors, such as a
change in treatment protocols. Future studies which tailor the
diagnostic time periods to match changes in clinical practice
by type of cancer and stage may be more informative.
Stratification by type of cancer, stage and diagnostic period
resulted in relatively small cell sizes which limit the precision
of the corresponding survival estimates and reduce the statis-
tical power to determine differences. The large number of
comparisons made between time periods for both incidence
and survival by type of cancer and stage at diagnosis raises
the possibility of some spurious findings being deemed statis-
tically significant at the 95% level of confidence. In addition, it
is possible that some of the variation in stage-specific survival
between the two diagnostic periods may be due to changes
in the distribution of other prognostic factors not considered
in the analysis (such as genetic risk factors). Deaths that occur
outside Australia are not captured in the National Death Index,
and therefore any patients who die overseas within five years
of diagnosis are incorrectly assumed to be alive. However, the
small proportion of such cases is likely to be similar in each
time period, and as such, is expected to have minimal effect
on assessing changes in survival over time.

In conclusion, our results show that the distribution of
stage at diagnosis has changed very little over time for chil-
dren with cancer in Australia, with the exception of retino-
blastoma and hepatoblastoma. Improvements in overall
survival for many types of childhood cancer over the last
two decades [8] are therefore unlikely to be explained by a
shift from more advanced to less advanced disease at diag-
nosis; rather, the observed increases are at a stage-specific
level and reflect the implementation of more effective thera-
pies developed through large clinical trials. It should be
noted, however, that some of these novel therapies prolong
survival rather than curing patients. Therefore, it may be
beneficial to consider longer-term stage-specific survival (at
least 10years from diagnosis) in future studies as the data
become available. Although we have primarily focussed on
Tier 2 of the Toronto Guidelines in this study, which charac-
teristically offer greater granularity when interpreting the
results, it is expected that Tier 1 staging would also allow for
effective measurement of shifts in stage-specific incidence
and survival in settings where collection of Tier 2 data is not
practical. The rarity of childhood cancer also underlines the
importance of pooling data across countries when conduct-
ing studies of childhood cancer epidemiology. As more regis-
tries around the world incorporate the collection of stage for
childhood cancer using the Toronto Guidelines [46], research-
ers will be able to make better-informed international com-
parisons of stage-specific survival, which in turn may help to
highlight where the greatest gains in survival have been, and
may be, achieved.
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