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Research

The reasons for this difference are complex
and include a lack of specialist care guide-
lines, differences in cancer biology, differ-
ences in chemotherapy pharmacokinetics,
and a relative lack of clinical trials relevant
to these older age groups.7-9
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ABSTRACT

Objectives:  To examine 5-year survival from haematological malignancies in children, 
adolescents and young adults in Australia and determine if there has been any 
improvement in survival for the older age groups compared with children (the age-

d “survival gap”).
gn, setting and participants:  Population-based study of all Australian children 
 0–14 years), adolescents (15–19 years) and young adults (20–29 years) diagnosed 

acute lymphoblastic leukaemia (ALL), acute myeloid leukaemia (AML), Hodgkin 
homa (HL) and non-Hodgkin lymphoma (NHL) between 1982 and 2004, with follow-
 2006.
 outcome measures:  5-year survival from ALL, AML, HL and NHL analysed for 

four periods of diagnosis (1982–1989, 1990–1994, 1995–1999 and 2000–2004).
Results:  During 1982–2004, 13 015 people aged � 29 years were diagnosed with 
primary leukaemia or lymphoma in Australia. For those with ALL, 5-year survival for 
adolescents improved from 40% (1982–1989) to 74% (2000–2004); the improvement for 
young adults was smaller (31% to 47%), and both these groups still had lower survival 
than children, whose 5-year survival improved from 74% to 88%. There was a larger 
narrowing of the gap for AML: for cases diagnosed in 2000–2004, 5-year survival was 
similar for young adults (63%), adolescents (74%) and children (69%). For lymphoma 
cases diagnosed in 2000–2004, 5-year survival in all age groups was greater than 95% for 
HL and greater than 81% for NHL, although children fared better than adolescents and 
young adults.
Conclusions:  These Australian population-based data confirm an improvement in 
survival from haematological malignancies across all three age groups, but an age-
related survival gap remains for adolescents and young adults compared with children, 
especially for young adults with ALL. Greater participation of adolescents and young 
adults in clinical trials and more detailed data collection are needed to provide evidence 
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about optimal treatment regimens in these age groups.
he
me
maT
 re has been considerable improve-

nt in survival from haematological
lignancies in children over the

past three decades,1,2 but slower improve-
ment for adolescents and young adults.3-6

Our aim was to determine whether there
has been any improvement in this “survival
gap” for haematological malignancies in
adolescents and young adults compared
with children in Australia. We used a popu-
lation-based, national dataset to determine
and compare trends for 5-year survival from
the main haematological malignancies in
these age groups.

METHODS
The Australian Cancer Database (ACD),
held by the Australian Institute of Health
and Welfare’s National Cancer Statistics
Clearing House, contains cancer incidence
and mortality data for all invasive cancers
(excluding non-melanoma skin cancer)
diagnosed in Australia from 1982 onwards.
The ACD data are routinely compiled from
cancer data from individual Australian state
and territory registries, which collect infor-
mation on patient demographics, primary
tumour site and tumour morphology from
hospital, pathology, radiotherapy and physi-
cians’ records. Vital status is determined
through linkages to state or territory regis-
tries of births, deaths and marriages, and to
the National Death Index. Malignancies in
the ACD are classified according to the
International classification of diseases for oncol-
ogy, third edition (ICD-O-3).

We divided these data into four groups:
acute lymphoblastic leukaemia (ALL),
acute myeloid leukaemia (AML), Hodgkin
lymphoma (HL) and non-Hodgkin lym-
phoma (NHL). Leukaemias and lymph-
omas were defined on the basis of the
International classification of childhood can-
cer, third edition (ICCC-3),10 with some
modifications for ALL and NHL to allow

comparison with other Australian data.
Myelodysplastic and myeloproliferative
disorders, lymphoreticular neoplasms and
leukaemias other than ALL and AML were
excluded.

Data were analysed according to the three
age groups of children (0–14 years), adoles-
cents (15–19 years) and young adults (20–
29 years); and four periods of diagnosis
(1982–1989, 1990–1994, 1995–1999 and
2000–2004). Follow-up data for vital status
were available up to 31 December 2006.
Five-year overall survival for each period of
diagnosis was calculated for each age group
and type of malignancy using Kaplan–Meier
estimates. All analyses were conducted in
Stata, version 10.1 SE (StataCorp, College
Station, Tex, USA).

As the ACD data were routine, aggre-
gated, de-identified incidence and survival
data with no possibility of re-identification,
ethics approval was not required.

RESULTS
During the years 1982–2004, 13 015 people
aged up to 29 years were diagnosed with
primary leukaemia or lymphoma in Aus-
tralia. We excluded from our analysis 44
people whose malignancy was reported to
the ACD only on a death certificate, and one
person for whom the follow-up time was
unavailable. Also excluded were 621 people
(4.8%) diagnosed with a leukaemia other
than ALL or AML, 256 (2.0%) with a myelo-
dysplastic or myeloproliferative disorder,
and 178 (1.4%) with a lymphoreticular neo-
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plasm. This left a dataset with records for
11 915 patients: 5355 children, 1970 ado-
lescents and 4590 young adults. More than
half (57.8%) were male (Box 1).

Incidence rates of ALL were higher among
children (63.7%) than adolescents (22.9%)
or young adults (8.9%). Proportions with
AML were similar across the three age
groups (children, 12.7%; adolescents,

13.6%; young adults, 14.0%). Both types of
lymphoma were proportionately more com-
mon in adolescents and young adults than
children (NHL: children, 14.8%; adoles-
cents, 22.5%; young adults, 31.7%; and HL:
children, 8.8%; adolescents, 41.0%; young
adults, 45.4%).

Of the 11 915 patients, 8516 (71.5%)
were still alive on the census date (31

December 2006). Median follow-up time for
the surviving patients was 11 years (range,
2–25 years).

Considerable improvements in survival
were seen for leukaemia and lymphoma in
all age groups, particularly since 1995 (Box
2, Box 3). The most marked improvement
was for adolescent ALL (73.6% in 2000–
2004 v 39.6% in 1982–1989), such that the
arithmetic difference in 5-year survival com-
pared with children reduced from 34.1% to
13.9%. Although there was also an improve-
ment in survival for young adults with ALL,
a large difference in survival compared with
children (about 40%) remained for this age
group.

Historically, survival from AML (in all age
groups) has been lower than survival from
ALL, but 5-year survival for adolescents
diagnosed in 2000–2004 was similar for
AML and ALL. For young adults diagnosed
in 2000–2004, 5-year survival was better for
AML (62.5%) than for ALL (47.1%). In
children, despite marked improvements in
survival from AML (69.2% in 2000–2004 v
38.9% in 1982–1989), it remained consid-
erably lower than survival from ALL (87.5%
in 2000–2004).

Survival from lymphoma was generally
better than survival from leukaemia. Sur-
vival from HL was remarkably good, with
more than 94% of patients diagnosed with
HL from 1995 onwards surviving 5 years.
Survival from NHL improved considerably
in all age groups from 1982–1989 to 2000–
2004, but remained significantly poorer
than survival from HL (Box 2).

Although international comparisons are
hindered by differences in diagnostic cri-
teria, time periods and analysis methods, the
available data show that survival in Australia
is currently at least as good as in Europe and
the United States (Box 4).11-13

DISCUSSION

These population-based data confirm an
improvement in survival from haematologi-
cal malignancies across all three age groups
of children, adolescents and young adults in
Australia. However, a survival gap remains
for the older age groups compared with
children, especially for young adults with
ALL.

The large differences persisting for ALL
may be due to inherent differences in its
biology in young adults compared with
children, but it is also possible that the gap
might be narrowed through alternative
models of care or improved treatment regi-

1 Number of new cases of haematological malignancies, by period of diagnosis, 
Australia 

Age (years)

Period of diagnosis
Sex ratio 

(male : female)1982–1989 1990–1994 1995–1999 2000–2004 Total

Acute lymphoblastic leukaemia

0–14 1065 735 752 860 3412 1.24

15–19 139 108 109 96 452 2.12

20–29 126 100 93 92 411 1.72

Acute myeloid leukaemia

0–14 216 154 137 173 680 1.19

15–19 85 60 60 62 267 1.02

20–29 187 135 163 158 643 0.98

Non-Hodgkin lymphoma 

0–14 251 176 184 182 793 2.51

15–19 122 88 113 120 443 1.95

20–29 382 340 360 371 1453 1.75

Hodgkin lymphoma 

0–14 128 107 109 126 470 2.11

15–19 237 178 188 205 808 1.00

20–29 649 425 487 522 2083 1.11

2 Percentage of patients (95% CI) with 5-year survival from haematological 
malignancies, by period of diagnosis, Australia

Age (years) 1982–1989 1990–1994 1995–1999 2000–2004

Acute lymphoblastic leukaemia

0–14 73.7 (71.0–76.3) 75.7 (72.4–78.6) 82.9 (80.0–85.4) 87.5 (84.8–89.7)

15–19 39.6 (31.4–47.6) 38.0 (28.9–47.0) 57.8 (48.0–66.4) 73.6 (62.5–81.8)

20–29 31.0 (23.1–39.1) 42.0 (32.3–51.4) 41.9 (31.8–51.7) 47.1 (34.5–58.6)

Acute myeloid leukaemia

0–14 38.9 (32.4–45.3) 49.4 (41.2–57.0) 51.8 (43.2–59.8) 69.2 (61.6–75.7)

15–19 29.4 (20.2–39.3) 36.7 (24.7–48.7) 53.3 (40.0–65.0) 74.2 (61.3–83.3)

20–29 27.3 (21.1–33.8) 41.5 (33.1–49.6) 49.1 (41.2–56.5) 62.5 (54.1–69.8)

Non-Hodgkin lymphoma 

0–14 70.5 (64.5–75.7) 75.6 (68.5–81.3) 83.2 (76.9–87.8) 88.7 (82.6–92.7)

15–19 63.1 (53.9–71.0) 71.6 (60.9–79.8) 75.2 (66.2–82.2) 83.3 (75.3–88.9)

20–29 64.4 (59.4–69.0) 63.2 (57.9–68.1) 68.9 (63.8–73.4) 81.1 (76.6–84.8)

Hodgkin lymphoma 

0–14 91.4 (85.0–95.2) 95.3 (89.1–98.0) 94.5 (88.2–97.5) 99.2 (94.1–99.9)

15–19 88.2 (83.4–91.7) 94.4 (89.8–96.9) 94.7 (90.3–97.1) 97.5 (94.0–98.9)

20–29 86.6 (83.7–89.0) 92.7 (89.8–94.8) 95.9 (93.7–97.3) 95.1 (92.5–96.8)
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mens. In childhood ALL, the Berlin–Frank-
furt–Münster (BFM) approach, which
involves intensive induction and intensifica-

tion chemotherapy associated with signifi-
cant and often prolonged myelosuppression,
has been adopted by most American, Euro-

pean and Australian paediatric cooperative
groups, with excellent results.14 In many
adult centres, alternative strategies have
been applied for young adults and adoles-
cents with ALL. Less complex, lower-mor-
bidity induction regimens, often focusing on
the role of allogeneic or autologous
haematopoietic stem cell transplantation
(HSCT), have been used. As overall out-
comes remained poor, many patients were
regarded as having sufficiently high risk of
relapse to warrant HSCT in first remission.
It is unclear to what extent allogeneic trans-
plantation would improve outcomes in
young adults after a BFM-style induction
and consolidation treatment.14

A recent US retrospective study compared
outcomes in 16–20-year-old patients with
ALL who were treated on either the Chil-
dren’s Cancer Group (CCG) protocol or the
adult Cancer and Leukemia Group B
(CALGB) protocol between 1988 and 2001.
The complete remission rates were identical
for both regimens, but the survival outcome
was significantly poorer for the CALGB pro-
tocol than the CCG protocol (7-year event-
free survival, 34% v 63%).14 An Intergroup
trial involving adolescents and young adults
with ALL currently underway in the US will

3 Kaplan–Meier estimates of survival probability for patients with haematological malignancies, by age, Australia, 1990–
1994 and 2000–2004
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4 Recent estimated percentages (95% CI) of 5-year survival for adolescents and 
young adults versus children in Australia, Europe and the United States

Age (years)

Region (period of diagnosis)

Australia (2000–2004) Europe11 (2000–2002) US12,13 (1999–2005)*

Acute lymphoblastic leukaemia

0–14 87.5 (84.8–89.7) 85.4 (83.7–87.1) 87.1†

15–24 66.5 (57.0–74.4) 49.5 (42.5–56.5) 54.3 (47.0–61.6)

Acute myeloid leukaemia

0–14 69.2 (61.6–75.7) 66.8 (61.8–71.9) 60.9†

15–24 67.5 (58.8–74.8) 59.1 (50.3–67.9) 47.2 (39.6–54.8)

Non-Hodgkin lymphoma 

0–14 88.7 (82.6–92.7) 82.3 (78.2–86.5) 84.5†

15–24 81.6 (76.5–85.8) 74.4 (69.2–79.5) 78.4 (74.3–82.5)

Hodgkin lymphoma 

0–14 99.2 (94.1–99.9) 95.2 (93.0–97.5) 94.0†

15–24 97.1 (94.8–98.4) 93.1 (91.4–94.9) 94.8 (93.0–96.6)

* Estimates from the US are for 1999–2005 for age 0–14 years and 2001–2005 for age 15–24 years. US estimates 
are relative survival estimates, which take into account competing causes of death. However, the number of 
non-cancer deaths among children, adolescents and young adults diagnosed with cancer is small, so that it is 
valid to compare relative survival estimates from the US with standard Kaplan–Meier estimates from Australia 
and Europe. † Confidence interval not reported.  ◆
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include prospective evaluation of biological
prognostic factors and treatment adherence
by both patients and physicians.6

The improved 5-year survival for our
adolescent ALL cohort in Australia (from
40% to 74%) may be due to either the
adaptation of paediatric protocols or the use
of elective allogeneic transplantation. There
is anecdotal evidence that a number of
paediatric centres treat adolescents up to the
age of 17 years, and some adult centres have
already adopted a BFM approach for young
adults. The improvement in 5-year survival
for young adults with ALL (from 31% to
47%) seems likely to be associated with
improved outcomes of allogeneic HSCT, as
there have been few changes in chemother-
apy treatment approach for this group.
Potential significant late sequelae related to
the use of total body radiation and acute or
chronic graft-versus-host disease encour-
aged paediatricians to move away from allo-
geneic HSCT for treating ALL, and it is
essential that the role of this high-morbidity
procedure is clearly defined in the context of
optimal chemotherapy.15-18

The improvement in 5-year survival for
children with AML (from 39% to 69%)
occurred during a period when the use of
allogeneic HSCT improved results in some
subgroups, but the improvement is likely to
be due to application of higher-dose induc-
tion and consolidation regimens. A similar
improvement was seen in adolescents and,
to a slightly lesser extent, in young adults.
The lack of difference in outcome across the
age groups reflects a recent general consen-
sus in treatment approach across the age
range and perhaps less biological hetero-
geneity of AML.

Improvement in 5-year survival for chil-
dren with lymphoma was mirrored by a
similar improvement in both the other age
groups, ranging from 17% to 20% for NHL.
Of the four haematological malignancies
considered, NHL has the greatest hetero-
geneity of pathological subtypes. In chil-
dren, the most common condition is Burkitt
lymphoma (40%), followed by lymphoblas-
tic lymphoma (30%), large B-cell lymphoma
(20%) and anaplastic large cell lymphoma
(10%). In adolescents, large B-cell lym-
phoma and mediastinal large B-cell lym-
phoma are more common; and in young
adults, diffuse large B-cell, low-grade follic-
ular lymphoma, marginal zone B-cell lym-
phoma, and peripheral T-cell lymphoma
become more prominent.18-20 However, out-
come in relation to pathological subtype of
NHL was not available in this dataset.

It is now generally accepted that a paedi-
atric approach should be applied to adoles-
cents and young adults with Burkitt
lymphoma or B-cell leukaemia.21 The role of
the monoclonal antibody rituximab in treat-
ing high-grade B-cell lymphoma in children
remains unclear. In adults with large B-cell
lymphoma, the use of higher-dose intensive
chemotherapy combined with rituximab
now achieves excellent results.22 Treatment
for the rarer anaplastic large-cell lymphoma
and precursor lymphoblastic lymphoma are
less standardised, and published series have
had small patient numbers.23,24

In treating HL, there has been a move
away from multiple alkylating-agent regi-
mens combined with involved- or extended-
field radiotherapy. In children and young
adults, very high cure rates are achieved
with hybrid regimens combining sterilising
and non-sterilising drugs and involved-field
radiation.25 The introduction of positron
emission tomography imaging allowed
increased confidence to omit radiation
where complete remission has been
achieved. There are few studies focused on
outcomes in adolescents and young adults,
but a slightly poorer survival than in chil-
dren has been suggested.26

Interpretation of the data in our study is
limited by the restricted nature of the infor-
mation that could be obtained from this
population-based (rather than centre-based)
source. We did not have access to many
important demographic or clinical details,
including socioeconomic status, treatment
type and compliance, comorbidities, tox-
icity, treatment centre and biological sub-
type. However, the strength of our study
comes from the unselected nature and large
size of the sample.

In conclusion, although these population-
based Australian data confirm a clear
improvement in survival from haematologi-
cal malignancies in young people, a survival
gap remains for adolescents and young
adults compared with children. Greater par-
ticipation of adolescents and young adults in
clinical trials is needed to provide evidence
about optimal regimens in these age groups.
Formal evaluation of the effect of any
changes in health care delivery (such as the
adoption of centralised care) on survival in
these age groups is also required.
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