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Objective. To investigate age diferences in treatment and survival from acute lymphoblastic (ALL) and acute myeloid leukemia
(AML).Methods. 1053 ALL/566 AML patients diagnosed in 2003–2015 on the New South Wales Cancer Registry were included.
Treatment within 12months from diagnosis was assessed using linked registry, hospital, and health-insurance data. Diferences by
age at diagnosis in treatment and survival were investigated using socio-demographically adjusted regression analyses, with
adolescents and young adults (AYA, 15–24 years) as the reference category. Results. Children were less likely than AYA to start
ALL treatment >3 days from diagnosis (adjusted odds ratio (aOR 0.39, 95% CI 0.27–0.57)) and to have multiple treatment types
(aOR 0.22, 95% CI 0.14–0.34). For AML, aOR of treatment start >3 days was 0.16 (95% CI 0.09–0.29) for children compared with
AYA, with no age diferences in treatment types. Five-year disease-specifc survival for ALL was 84%. Children were less likely
than AYA to die from ALL (adjusted subhazard ratio (aSHR 0.32, 95% CI 0.22–0.50)). For AML, the corresponding survival was
73% without an age diference. Children having multiple treatment types for ALL had an increased risk of mortality at aSHR 2.67
(95% CI 1.53–4.67), but not adults at 1.26 (95%CI 0.67–2.47) (interaction p= 0.017). Time from diagnosis to initial treatment start
and initial treatment type were not associated with mortality outcomes after adjusting for socio-demographic variables. Con-
clusion. Children with ALL had better survival. ALL Mortality were negatively associated with multiple treatment types.

1. Introduction

Acute leukemias are common in children, adolescents,
and young adults, where they are a major source of trauma
for afected families [1]. Tey are broadly categorised as
acute lymphoblastic leukemia (ALL) and acute myeloid
leukemia (AML) [2]. Globally, leukemia constituted the
highest proportion of cancers, and more than one-third

(34%) of all childhood cancer Disability-AdjustedLife-
Years (DALYs) was attributable to leukemia in 2017
[3]. In Australia, ALL and AML accounted for the 5th
leading cancer burden for cancers following melanoma,
gonadal germ cell cancer, Hodgkin lymphoma, and thy-
roid carcinoma accounting for 7.2% of new cases in
2010–2014 for ages 15–24 years [2]. In NSW, the largest
state in Australia, ALL and AML accounted for 30.4% and
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5.8%, respectively, of cancers diagnosed in children in
2003–2015, compared to 4.4 and 3.6%, respectively, in
adolescents and young adults [4].

Te causal attribution of acute leukemia is uncertain, but it
is likely that abnormal genes and immune system responses
play a role. Risk factors associated with leukemia include ge-
netic, infectious, and environmental infuences. Tese include,
for example, family history, having certain genetic disorders
(Down Syndrome), exposure to ionizing radiation, hydro-
carbons and pesticides, alcohol, cigarette smoking, and illicit
drug use [5–7]. In recent decades, substantial increases in 5-
year relative survival have been achieved in young Australians,
both for ALL and AML [2]. In children aged 0–14 years, AML
survival approximately doubled from 39% in 1986–1991 to 77%
in 2010–2015 [8], although it remained substantially lower than
for ALL which ranged from 76% in 1986–1991 to 92% in
2010–2015. Among adolescents and young adults (AYAs) aged
15–24 years, 5-year-relative survival for ALL increased from
33% in 1985–1989 to 79% in 2010–2014, while for AML the
increase was from 33% to 77% [2].

Te increases in survival from acute leukemias in
childhood are mostly attributed to advances in treatment
and diagnostic technology [1, 9]. Acute leukemia treatment
mainly comprises chemotherapy and bone marrow trans-
plantation, sometimes with added radiotherapy [10]. In-
creasingly, more intensive leukemia treatments modelled on
paediatric regimens are administered to AYAs and adults aged
25–39 years [11–13]. In addition, supportive care plays an
important role in preventing and managing symptoms and in
addressing treatment complications. It can include facilitating
access to treatment, knowledge dissemination, and emotional
and health support for families and other carers [14].

Greater attention has also been given to AYA care
through Australian Youth Cancer Services (YCS) since 2010,
with the aim of drawing on paediatric and young adult
clinical services to achieve better integration of AYA cancer
care. Increasingly, AYA care delivery has been supported by
YCS services [15].

Earlier analyses indicated that AYAs and adults aged
25–39 in NSW had a 48% and 71% higher risk of overall
cancer mortality, respectively, when compared with chil-
dren, which was largely contributed by acute leukemias [4].
Age disparity in treatment has not been well defned at
a population level in Australia, nor the extent to which
treatment diferences have contributed to the lower leuke-
mia survival observed with increasing age.

Te purpose of this study was: (1) to examine broad
diferences in acute leukemia (ALL and AML) treatment-
related items among children (0–14 years), AYAs, and adults
(25–39 years); (2) to assess associations of these diferences
with mortality; and (3) to determine the utility of linked data
for pursuing these objectives.

2. Methods

2.1. Data Sources and Participants. Te study population
comprised patients aged 0–39 years diagnosed with ALL
(n� 1053) and AML (n� 566) in 2003–2015 and recorded in
the population-based NSW Cancer Registry.

Cancer Registry data were collected under a mandate
conferred through the NSW Public and the Cancer Institute
(NSW) Act 2003, in accordance with international registry
standards [16, 17]. Te Registry is administered by Cancer
Institute NSW, which is the NSW Government’s agency
responsible for oversighting cancer control in NSW and
providing data support for service planning, funding,
management, and evaluation.

Treatment data were mostly extracted from hospital
inpatient databases and universal health insurance claims
(i.e., claims under the Medicare Benefts Schedule (MBS)
and Pharmaceutical Benefts Scheme (PBS)). Hospital data
items included dates of admission and clinical procedure
codes. Collectively, data from these sources covered most
treatments, with MBS and PBS subsidising privately funded
hospital and community treatments, and costs of drugs
[18, 19].

Linkage was performed by the Centre for Health Record
Linkage for NSW-based datasets using probabilistic
matching and by the Australian Institute of Health and
Welfare for Commonwealth-based data. After linkage,
deidentifed data were stored in the Secure Unifed Research
Environment (SURE) facility, a purpose-built remote access
computing environment [20]. Te number of registered
cases that were linked with cancer treatments is shown in
Supplementary Figure.

2.2. Data Collection and Classifcation. Te NSW Cancer
Registry records the primary cancer site, morphology, di-
agnosis date, residential area (used to derive socio-
demographic characteristics), death date, and cause [21].
Te NSW Registry of Births, Deaths, and Marriages, the
Australian Bureau of Statistics (ABS), and the National
Death Index (NDI) were the sources of death data, both for
cancer and noncancer causes [22].

ALL and AML were classifed using the International
Classifcation of Diseases for Oncology (ICD-O-3), as
employed by the Australian Institute of Health and Welfare
[2]. For example, ALL had histology codes of 9811–9818,
9826, and 9835–9837 [2]. Access to death dates and causes
were available for the period to December 31st, 2015.

Age in years at diagnosis was categorised as children
(0–14 years), AYA (15–24 years), or adult (25–39 years) [23].
Other descriptive variables included sex and diagnostic year,
defned as 2003–2007, 2008–2012, and 2013–2015. Te
residential area was classifed as a major city, inner regional,
outer regional, or remote/very remote area, using the
Australian Standard Geographical Classifcation Re-
moteness Index [24]. Socio-economic status was determined
by place of residence at the census collector district level and
coded using the Socio-Economic Index for Areas (SEIFA),
which classifes areas by Index of Relative Socio-economic
Disadvantage in quintiles [25]. Country of birth was defned
as Australia, other mainly English-speaking countries, or
other mainly non-English-speaking countries, as described
previously [26].

Treatment-related items include the date of initial
treatment start following diagnosis, initial treatment type,
and treatment occurring within 12months from diagnosis.
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While the principal treatment was chemotherapy, bone
marrow transplantation (BMT) including allogeneic and
autologous types, and radiotherapy including total body,
cranial radiation, or both were also provided. Initial treat-
ment start was categorised as “within 3 days” vs “>3 days,”
consistent with our previous research [4] and Cancer
Council optimal care guidance [27]. Treatment type was
grouped as “chemotherapy only vs multiple treatment types
defned as chemotherapy plus other treatment(s).” Te 12-
month window was used to assess postdiagnostic treatment
to align with our previous AYA study [4], other Australian
cancer registry studies, and USA CDC Comparative Efec-
tiveness data [28].

Data sources include (a) for systemic therapy-
inpatient + PBS +MBS, (b) for BMT—inpatient, and (c)
for radiotherapy—inpatient +MBS. Codes for these treat-
ments were those specifed in the 10th Revision of the
Australian Classifcation of Health Interventions (ACHI)
and the MBS and PBS coding systems [18, 19, 29].

2.3. Statistical Analysis. Sociodemographic and treatment
items were compared by age for ALL and AML separately
using the Pearson chi-square test, substituting Fisher’s exact
test for small numbers [30]. Adjusted odds ratios with 95%
confdence intervals (aOR, 95% CI) for treatment items were
derived using multivariate logistic regression, adjusting for
sex, diagnostic period, country of birth, residential re-
moteness, and SEIFA status [30], with the AYA age group as
the reference category.

Kaplan–Meier disease-specifcproduct-limit estimates
(survival) were calculated in days for ALL and AML. Ad-
justed subhazard ratios with 95% CIs (aSHRs, 95% CIs) for
death from leukemia were calculated by treatment items,
adjusting for age, sex, and sociodemographic characteristics,
using multivariate competing risk regression with other
causes of death interpreted as the competing events [31].

In addition, sensitivity analysis was conducted by ex-
cluding those residing in border health districts in NSW
(Northern NSW, Albury, Far West, Murrumbidgee, and
Southern NSW) who might seek treatment in adjoining
states that were outside the scope of NSW data collection.
Country of birth was classifed using the Human Devel-
opment Index (developing vs developed country to compare
with our past research using the Australian Bureau of
Statistics classifcation [4].

STATA release 16 was used for all analyses [32].

3. Results

3.1. Patient Characteristics. Table 1 summarizes the age
diferences in patient characteristics by ALL and AML
separately.

Of the 1053 people diagnosed with ALL in 2003–2015:
761 (72%) were aged 0–14 years at diagnosis; 162 (15%) were
aged 15–24 years; 130 (12%) were aged 25–39 years. A total
of 611 (58%) were males; 920 (87%) were born in Australia;

790 (75%) lived in major cities, and 267 (25%) were di-
agnosed in 2013–2015. By the end of 2015, 159 (15%) had
died of ALL.

Among people diagnosed with ALL, characteristics and
outcomes varied as follows by age category: sex (p � 0.036),
with the proportion of males highest for AYAs (67%) and
lowest for children (56%); country of birth (p< 0.001), with
the proportion for Australian-born highest for children
(93%) and lowest for older adults (65%) (p< 0.001); for
survival outcome, with the proportion alive at the end of
2015 highest for children (88%) and lowest for adults (61%)
(p< 0.001). Tere was no diference by age category in
residential remoteness, SEIFA quintile, or diagnosis period
(p≥ 0.359).

Of the 566 people diagnosed with AML in 2003–2015:
149 (26%) were children; 129 (23%) were AYAs; 288 (51%)
were adults; 317 (56%) were males; 430 (76%) were Aus-
tralian born, and 438 (77%) lived in major cities. By the end
of 2015, 153 (27%) had died of AML.

Among people diagnosed with AML, the only country
of birth varied by age category (p< 0.001), with Australian-
born being most common for children (93%) and least
common for adults (64%). No age diferences were evident
for sex, residential remoteness, SEIFA quintile, or di-
agnosis period (p≥ 0.535). Also, vital status did not vary by
age (p � 0.520).

3.2. Treatment Related Items. Table 2 summarizes the age
diferences in treatment items (time to initial treatment start
and treatment type) by ALL and AML separately.

3.2.1. Time to Initial Treatment Start and Initial Treatment
Type. Of the 1053 ALL and 566 AML cases recorded on the
NSW Cancer Registry, 1031 and 505 had linked treatment
records.

For people with ALL, the median interval from di-
agnosis to treatment start was less than one day for chil-
dren, 12.5 days for AYAs, and 12.0 days for adults. Te
corresponding proportions starting treatment within
3 days of diagnosis were 63%, 40%, and 30%, respectively,
(p< 0.001). Of the 152 AYA patients with ALL, 31 were
treated at a paediatric centre and started initial treatment
within a median of 3 days (IQR 0–15 days) while the
remaining 121 patients did so within a median of 16 days
(IQR 0–39 days; p< 0.001).

For the 505 people with AML, the median time from
diagnosis to treatment start was less than one day for
children, 39 days for AYAs, and 43 days for ages adults, and
the corresponding percentages starting treatment within
3 days was 64%, 23%, and 19%, respectively, (p< 0.001). Of
the 115 AYA patients with AML, 12 were treated at a pae-
diatric centre, starting their treatment with a median of
2.5 days (IQR 0–35.5 days) from diagnosis, with the
remaining 103 patients treated at adult centres having
a longer median time to treatment start of 41 days (IQR
8–111 days; p< 0.001).
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For all ages combined, the odds of a later treatment start
(>3 days) were higher for ALL cases residing in outer re-
gional and remote areas compared with those living in major
cities (aOR 2.26, 95% CI 1.31–3.19). No corresponding
diference by remoteness was observed for AML.

Patients diagnosed in the most recent period were more
likely to start initial treatment later (>3 days), with the aOR
(95% CI) of diagnosis in 2013–2015 being 2.77 (1.97–3.89)
for ALL and 2.77 (1.57–4.87) for AML compared with
2003–2007.

Results for time to treatment start were not found to
difer in sensitivity analyses when excluding cases (73 ALL
and 48 AML) residing in local health districts adjacent to the
NSW border (Northern NSW, Albury, Far West, Mur-
rumbidgee, and Southern NSW).

Among people with ALL, all children (100%) had
chemotherapy initially, higher than the proportions for
AYAs (99%) and adults (98%) (p= 0.001); while for AML
cases, all children (100%) had chemotherapy initially,
compared with lower proportions for AYAs and adults
(both 91%; p= 0.007).

3.2.2. Treatment within 12Months following Diagnosis. A
total of 1023/1031 (99.2%) people with ALL and 485/505
(96.0%) people with AML had documented evidence of
having received antileukemia therapy within 12months
following diagnosis.

Among people with ALL, the proportion having treat-
ment within 12months in children (99%) was signifcantly
higher than for AYAs (93%) and adults (95%) (p< 0.001);
Regarding the treatment types used for ALL, 90% of children
had chemotherapy exclusively, which was higher than for
AYAs (67%) and adults (50%). For AYAs, 23% had che-
motherapy plus radiotherapy, while for adults, the third
most common anticancer treatment was chemotherapy plus
BMT (11%). Treatment type within 12months from di-
agnosis for ALL did not difer by sex, country of birth,
residential remoteness, socioeconomic status, or diagnosis
period.

Among people with AML, the proportion having
treatment within 12 months was 92% for children, which
was higher than for AYAs (86%) and adults (82%) (p
= 0.024). Te proportion of patients in the diferent age
groups undergoing therapy was similar across the treatment
groupings, with chemotherapy (alone) being the most
common treatment (68% in children, 60% in AYAs, and 61%
in adults), followed by chemotherapy combined with BMT
for all age groups (26% in children, 22% in 15–24 years, and
22% for adults).

3.2.3. Assessment of Age Disparity in Treatment Items.
Te unadjusted and adjusted ORs (95% CI) of treatment
items with age are summarized in Table 3.

Compared with AYAs, children with ALL and AML had
a 61% (aOR 0.39, 95% CI 0.27–0.57) and 84% (aOR 0.16, 95%
CI 0.09–0.29) lower odds of starting treatment later re-
spectively (>3 days following diagnosis). Times to treatment
start for adults did not difer from the corresponding times
for AYAs (Table 3), after adjusting for sex, country of birth,

residential remoteness, socioeconomic status, and diagnosis
period.

Compared to AYAs, children had 83% lower odds of not
recording treatment for ALL (aOR 0.17, 95% CI 0.07–0.42)
in the 12months from diagnosis, while the corresponding
adjusted OR (95% CI) of not recording treatment for AML
in children was not statistically signifcant at 0.53
(0.24–1.16).

Compared to AYAs, the adjusted odds ratio (95% CI) for
having combined modality treatment for ALL was 0.22
(0.14–0.34) for children and 2.21 (1.34–3.68) for adults.

3.3. 5-Year Survival and Mortality. On 31st Dec. 2015, 868
(82.4%) people with ALL and 400 (70.7%) with AML were
still alive. Te proportion surviving for ALL and AML in
children was 88.3% and 75.3%, respectively, which was
signifcantly higher than for other age groups.

Te overall 5-year leukemia-specifc survival after di-
agnosis was 83.7% for ALL and 72.9% for AML. For ALL, it
was 89.2% for children, 72.2% for AYAs, and 65.0% for
adults, whereas the corresponding leukemia-specifc sur-
vivals for AML were 78.8%, 71.4%, and 70.4%. Compared
with AYAs, children were 66% less likely to die from ALL
(aSHR 0.34, 95% CI 0.23–0.50), whereas the risk of ALL
mortality for adults did not difer signifcantly from that for
AYAs (aSHR 1.23, 95% CI 0.79–1.91). Tere was no age
disparity observed in AML mortality risk.

Mortality risk for either ALL or AML did not difer by
sex, country of birth, residential remoteness, or diagnosis
period, except for a lower mortality risk for ALL patients
from the least socioeconomically disadvantaged compared
with the most disadvantaged cases (aSHR 0.56, 95% CI
0.32–0.98).

Te temporal trend of 5-yearcancer-specifc survival for
ALL or AML by age groups followed diferent patterns. Te
linear trends in survival in children and adults were stable
while marked increases occurred for AYAs. Meanwhile, the
5-year survival in children was consistently higher than for
AYAs and adults (Figure 1). For example, the 5-year survival
from ALL in children increased slightly from 88% for cases
diagnosed in 2003–2007 to 91% for those diagnosed in
2008–2010, while for AYAs, it increased more sharply from
72% to 83%, and for adults, from 65% to 69%. Te 5-year
survival from AML in children remained unchanged at
approximately 80% for all cases diagnosed during
2003–2010, while for AYAs, it increased from 60% for cases
diagnosed in 2003–2007 to 79% in 2008–2010. For adults,
survival was unchanged: 71% for diagnoses in 2003–2007
and 70% for diagnoses in 2008–2010.

3.4. Association between Leukemia Treatment and the Risk of
Mortality in 0–39 Years. Table 4 showed the 5-year overall
survival of patients with ALL and AML and its associations
with treatment items including time to initial treatment,
initial treatment with chemotherapy, treatment status, and
treatment types in the 12months after diagnosis.

People with ALL starting treatment within 3 days fol-
lowing diagnosis had a 5-year survival of 85.6%, which was
marginally higher than the 82.0% for those starting beyond
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3 days. For AML, the 5-year survival was 77.7% and 74.4%,
respectively. Te start of initial treatment was not associated
with survival from ALL and AML, after adjusted for age, sex,
country of birth, residential remoteness, SEIFA, and di-
agnosis period. However, initial combined modality plus
treatment was associated with higher AML mortality, with
the aSHR (95% CI) being 2.34 (1.27–4.32).

Te risk of ALL or AML mortality was more than
doubled in patients lacking recorded treatment within
12months after diagnosis (aSHR 2.48, 95% CI 1.01–6.10 for
ALL and aSHR 2.85, 95% CI 1.80–4.54 for AML).

Among those having treatment within 12months,
combined modality treatment was associated with a higher
risk of mortality of 69% (aSHR 1.69, 95% CI 1.13–2.53) for
ALL and 111% (aSHR 2.11, 95% CI 1.45–3.07) for AML,
comparing with chemotherapy only.

Te association of treatment with ALL mortality difered
by age group. Specifcally, having combined modality
treatment was associated with increased mortality in chil-
dren (aSHR 2.67, 95% CI 1.53–4.67), but not for AYAs
(aSHR 1.26, 95% CI 0.67–2.47) nor adults (aSHR 1.26, 95%
CI 0.60–2.67; interaction p= 0.017) (Supplementary Table).

4. Discussion

We used linked population-wide cancer registry and health-
services data to investigate treatment and survival for people
with ALL and AML in NSW for ages 0–14, 15–24, and
25–39 years in 2003–2015.

Te present data show that overall, the 5-year disease-
specifc survival for ALL increased from 83% for 2003–2007
diagnoses to 88% for 2008–2012, and correspondingly from
71% to 74% for AML in people aged 0–39 years. For AYAs,
the survival increased more steeply from 72% to 83% for
ALL and 60% to 79% for AML. Te survival experienced by
AYAs was comparable to that indicated by Australian na-
tional relative survival estimates of 79% for ALL and 77% for
AML in 2010–2014 [2]. Tese are high survival fgures by
world standards [33], with the AML survival being higher
than for the USA (56%) in 2003–2010 [34] and the UK for
2006 (53%) [35].

Despite survival gains, the data indicated that AYA and
adults had a higher mortality risk than children.Te upward
gradient in risk of mortality with increasing age appeared to
be the most pronounced for ALL. Te lack of recorded

2003 2004 2005 2006 2007 2008 2009 2010 2011
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2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

AML
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Figure 1: Temporal trend of 5-yearcancer-specifc survival (%) for ALL and AML in 2003–2015 in NSW. ____ children ages 0–14; . . .. . .

AYAs ages 15–24; - - - older adults ages 25–39; X axis: diagnosis year; Y axis: probability of 5-year cancer specifc survival.

8 European Journal of Cancer Care



Ta
bl

e
4:

5-
ye
ar

su
rv
iv
al

(%
)
an
d
th
e
re
la
tiv

e
ri
sk

of
m
or
ta
lit
y
(S
H
R
(9
5%

C
I)
)
as
so
ci
at
ed

w
ith

tr
ea
tm

en
ti
n
pa
tie
nt
s
ag
ed

0–
39

ye
ar
s
w
ith

ac
ut
e
le
uk

em
ia

in
N
SW

,2
00
3–

20
15
.

A
LL

A
M
L

5-
ye
ar

su
rv
iv
al
a

U
na
dj
us
te
d
SH

Rb
A
dj
us
te
d
SH

Rb
5-
ye
ar

su
rv
iv
al
a

U
na
dj
us
te
d
SH

Rb
A
dj
us
te
d
SH

Rb

In
iti
al

tr
ea
tm

en
ts

ta
rt

fo
llo

w
in
g
di
ag
no

sis
W
ith

in
3
da
ys

85
.6

1.
00

1.
00

77
.7

1.
00

1.
00

>3
da
ys

82
.0

1.
40

(1
.0
1–

1.
93
)

0.
92

(0
.6
5–
1.
31
)

74
.4

1.
15

(0
.7
8–
1.
68
)

1.
14

(0
.7
6–
1.
74
)

In
iti
al

tr
ea
tm

en
tt
yp
e

C
he
m
ot
he
ra
py

on
ly

84
.2

1.
00

1.
00

77
.0

1.
00

1.
00

C
he
m
ot
he
ra
py

+
ot
he
r
tr
ea
ts

75
.0

1.
61

(0
.1
8–
14
.1
0)

0.
58

(0
.0
6–

5.
49
)

54
.3

2.
10

(1
.1
8–

3.
73
)

2.
34

(1
.2
7–

4.
32
)

H
av
in
g
tr
ea
tm

en
tw

ith
in

12
m
on

th
s
af
te
r
di
ag
no

sis
Ye

s
84
.3

1.
00

1.
00

76
.0

1.
00

1.
00

N
o

62
.1

3.
20

(1
.5
2–

6.
73
)

2.
48

(1
.0
1–

6.
10
)

53
.9

2.
53

(1
.6
8–

3.
82
)

2.
85

(1
.8
0–

4.
54
)

Tr
ea
tm

en
tt
yp
e
w
ith

in
12

m
on

th
s
fo
llo

w
in
g
di
ag
no

sis
C
he
m
ot
he
ra
py

on
ly

87
.5

1.
00

1.
00

82
.0

1.
00

1.
00

C
he
m
ot
he
ra
py

+
ot
he
r
tr
ea
ts

71
.0

2.
58

(1
.8
4–

3.
59
)

1.
69

(1
.1
3–

2.
53
)

66
.2

2.
05

(1
.4
2–

2.
96
)

2.
11
(1
.4
5–

3.
07
)

a %
of

5-
ye
ar

le
uk

em
ia
su
rv
iv
al
fr
om

K
ap
la
n-
M
ei
er

pr
od

uc
t-
lim

it
di
se
as
e-
sp
ec
if
c
es
tim

at
es
;d

at
e
of

ce
ns
or
in
g
of

liv
e
ca
se
s
-
D
ec

31
,2

01
5.

b S
ub

-h
az
ar
d
ra
tio

(S
H
R)

fo
r
le
uk

em
ia
m
or
ta
lit
y
fr
om

co
m
pe
tin

g
ri
sk

re
gr
es
sio

n
an
al
ys
is
us
in
g
de
at
h
of

ot
he
r
ca
us
es

ot
he
r
th
an

le
uk

em
ia
as

co
m
pe
tin

g
ri
sk
;a
dj
us
te
d
SH

R
fr
om

m
ul
tiv

ar
ia
te

co
m
pe
tin

g
ri
sk

re
gr
es
sio

n
ad
ju
st
ed

fo
r
ag
e,
se
x,
co
un

tr
y
of

bi
rt
h,

re
sid

en
tia

lr
em

ot
en
es
s,

SE
IF
A

qu
in
til
e,
di
ag
no

sis
pe
ri
od

.A
bb

re
vi
at
io
n:

A
LL

-a
cu
te

ly
m
ph

oi
d
le
uk

em
ia
;A

M
L-
ac
ut
e
m
ye
lo
id

le
uk

em
ia
.A

LL
an
d
A
M
L
ba
se
d
on

SE
ER

A
YA

sit
e
re
co
de

em
pl
oy
ed

in
A
us
tr
al
ia
.

European Journal of Cancer Care 9



treatment and use of combined treatmentmodalities in these
two age groups were associated with poorer outcomes. We
found that having multiple treatment types was associated
with a higher mortality for both ALL and AML, especially for
children with ALL. Further research is needed to determine
the most efective chemotherapy protocols for treating
leukemias with diferent cytogenic characteristics and bio-
markers. Also, there is substantial ongoing research
worldwide to identify risk groups more accurately in leu-
kemia based on recently developed molecular and genomic
analyses [36] with appropriate tailored therapy as well as
a degree of personalized medicine [37].

It has been reported that treatment for AYA patients
with childhood ALL protocols rather than adult-derived
regimens was associated with better outcomes [38]. We
lacked the range of data in this study to fully investigate this
aspect. Our data did confrm, however, that AYAs treated in
a paediatric cancer centre tended to have an earlier treat-
ment start than those treated in adult centres, which is
consistent with the fndings reported by the Australian
Youth Cancer Service [15].

Te delay in starting leukemia treatment in AYA and
adults could be multifactorial: including the unavailability of
data of the frst therapy given as an inpatient at the time of
diagnosis, commencing with radiotherapy, seeking MDT
consultation and direction, delays due to the presence of
other disease complications, or logistical issues; in addition,
potentially data on treatments with new therapies in am-
bulatory settings may not have been recorded in our data
sources if they were yet to be listed for health-insurance
rebate. Despite these speculations, we did not fnd the initial
treatment start was associated with the risk of mortality.

Te reasons patients were not reported to have been
treated within 12months with chemotherapy could be 1.
Treatment data not linked (e.g., 5% of cancer cases in the
NSW cancer registry are not linked with NSW hospital
inpatient data, as seen in this cohort (supplementary fgure),
potentially refecting patient mobility; and 2. Patients re-
siding in local health districts that border other states or
territories could have their treatment provided in other
states, where data retrieval would require the establishment
of national big data infrastructure. Te impact on outcomes
of possible treatment interstate for people who live in local
health districts that border other states or territories has
been tested in the sensitivity analyses, which show no impact
on outcome; it is possible, however, that some patients may
seek medical treatment in birth countries or others due to
cultural issues.

It is reassuring that survival did not difer by sex, country
of birth, residential remoteness, or diagnosis period.
However, initial treatment start was observed to be later for
ALL patients residing in outer regional and remote areas,
and for cases diagnosed in the most recent diagnostic period
of 2013–2015. Tese observations warrant follow-up in-
vestigation, including a review of referral practices, to better
understand these diferences.

Tis study extends our earlier AYA research by in-
vestigating age diferences in acute ALL and AML survival
and treatment, using linked Registry and health-service data

in NSW [4]. We have explored the extent to which age
disparities in leukemia survival were related to treatment
start times, initial treatments, and treatments in the
12months following diagnosis.

Te relatively long study period enabled the exploration
of survival trends among age groups. Te study population
was large enough to compare the age diferences separately
by acute leukemia types and provided a whole-of-population
view, which could not have been achieved without data
linkage. We conducted sensitivity analyses by excluding
people residing close to NSW borders whose data may have
been missed through treatment in other jurisdictions. We
also explored diferences in outcomes by the country of birth
classifed using the Human Development Index (developing
vs developed country).

Study limitations include the use of data routinely
collected for other reasons that were not designed to address
study aims and included gaps in biomarkers. While data
linkage had the advantage of population-wide coverage and
was technically straightforward, there were uncertainties in
the reliability of exact dates of diagnosis and treatment starts.
Nonetheless, equivalent coding procedures were followed by
the Registry, irrespective of sociodemographic characteristic
and cancer type. We, therefore, consider that relative dif-
ferences in measures of times and other characteristics were
likely to be reliable.

Another limitation was the lack of clinical detail for
diagnostic and prognostic characteristics and staging, which
are important for treatment planning (e.g., results of lumbar
punctures and imaging, presence of cytogenic and bio-
markers at diagnosis, and performance status). Te bi-
ological variations among AYA with ALL are important
considerations when developing optimal therapy to improve
survival [39].

Also, treatment details available to us were limited to
broad categorisations. Chemotherapy, surgery, and other
treatment were often broadly classifed; also, generic codes
often complicated the distinction of cancer therapies as such
from supportive care [18, 29]. Treatment provided interstate,
overseas, or in trials that were not recorded in these routine
data sources was missing which weakened the database.

Death outcomes were censored on December 31st, 2015,
which limited followup duration for the more recently di-
agnosed cases for survival estimates. Te lack of population-
based data on family history, disease progress, patient-
reported outcomes, psychosocial support, and fertility pres-
ervation was a limitation as these data are needed at the
population level to better inform models of service delivery.
Although some loss of accuracy may be anticipated with
routinely collected data, we found data linkage to be tech-
nically straightforward and to facilitate “big picture” research
that complements focused studies and trials and facilitates
evidence-basedhealth-service administration.

5. Conclusions

Leukemia survival for ages 0–39 years increased during the
2003–2015 diagnostic period. AYAs and older adults had
a higher risk of leukemia death than children, with this
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diference being more pronounced for ALL than AML.
Compared to AYAs, children were more likely to start
treatment within three days following diagnosis and to be
treated exclusively with chemotherapy. Having multiple
treatment types was associated with a higher risk of mor-
tality, which may refect recourse to the use of broader
treatment approaches for more severe diseases. Further
investigation is also needed into more specifc treatment
regimens by leukemia subtype to explore age disparities
more fully in treatment and survival outcomes.
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