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Changes in five-year survival for people with acute
leukaemia in South Australia, 1980-2016

Kerri Beckmann'

\
The known: Survival for people with acute leukaemia has
improved over the past four decades. Differences in survival gains
by socio-economic status, ethnic background, remoteness, and age
have been reported overseas, but have not been investigated in
detail in Australia.

The new: Survival for people with acute lymphoblastic and acute
myeloid leukaemia improved significantly in South Australia during
1980-2016, with greater gains for younger than older patients.
Socio-economic disadvantage, remoteness, and country of birth
did not influence mortality or improvement in survival.

The implications: More effective therapies are needed acute
kIeukaemia, particularly for people over 50 years of age at diagnosisy

(ALL) or acute myeloid leukaemia (AML) are poorer than

those for people with many other cancers, but they have
continually improved in recent decades for both children'” and
adults."* More intensive chemotherapy for adult patients, stem
cell transplantation, and better supportive care have contributed
to improved survival.”

Outcomes for people with acute lymphoblastic leukaemia

When primary prevention options are limited, as is the case with
leukaemia, changes in survival can indicate whether advances
in clinical and supportive care are being translated into practice
at the population level.® Differences in survival gains can
indicate disparities in access to improved care associated with
remoteness, cultural or language barriers, or socio-economic
circumstances.”

National and regional changes in cancer survival (for all cancers
and for selected solid tumours) suggest that differences linked
with socio-economic status, place of residence, and ethnic
background are increasing in Australia.®'’ Persistent and
possibly increasing differences in the survival of patients with
acute leukaemia have also been reported overseas, particularly in
the United States, """ but not in the United Kingdom.14 Changes
in survival for people with acute leukaemia in Australia have
not been described in detail.

We therefore examined population trends in 5-year survival
rates for people in South Australia diagnosed with acute
leukaemia during 1980-2016. To assess disparities in access to
and provision of care, we focused on changes in disease-specific
mortality in different socio-demographic groups.

Methods

The South Australian Cancer Registry (SACR) supplied de-
identified data for our study. The SACR receives statutory
notifications of all cancer diagnoses in South Australia
(population, 2021: 1.8 million), and captures information on
acute leukaemia diagnoses and incidence and survival data, but
not detailed treatment information.
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Abstract

Objectives: To examine population changes in 5-year survival for
people in South Australia diagnosed with acute leukaemia during
1980-2016, by socio-demographic characteristics.

Design, setting: Retrospective analysis of South Australian Cancer
Registry data for the period 1980-2016.

Participants: All South Australian residents diagnosed with
primary acute lymphoblastic leukaemia (ALL) or acute myeloid
leukaemia (AML) during 1980-2016.

Main outcome measures: 5-year disease-specific survival and
disease-specific mortality.

Results: Crude 5-year disease-specific survival was 58% (95% Cl,
54-61%) for the 1035 people diagnosed with ALL during 1980-2016,
and 18% (95% Cl, 17-20%) for the 2814 people diagnosed with
AML. Survival improved steadily across the study period: from 44%
(95% Cl, 35-52%) for people with ALL diagnosed during 1980-1984
to 69% (95% Cl, 63-75%) for those diagnosed during 2010-2016;
and from 9% (95% Cl, 5-15%) to 23% (95% Cl, 20-26%) for people
diagnosed with AML. Disease-specific mortality increased with age,
but was not influenced by socio-economic status or remoteness of
residence. After adjusting for other factors, rates of change in risk
of leukaemia-related death were greater for younger than older
patients with ALL (for interaction: P= 0.004) or AML (P = 0.005),
but were not significantly influenced by socio-economic status or
remoteness.

Conclusion: Five-year survival for people with acute leukaemia

in South Australia continuously improved during 1980-2016, and

socio-economic status and remoteness did not influence survival.

Itimproved markedly for younger patients (under 50 years of age).

However, survival is still relatively poor, especially for people over
QO years with AML.

Weincluded all primary cases of ALL (International Classification
of Diseases for Oncology [ICD-O-3] codes M9826, M9835-9837,
M9801, M9805, M9820, M9831, M9832, M9833, M9834) and AML
(ICD-0O-3 codes M9840, M9860, M9861, M9866-9874, M9891-9920,
M9930-9931) diagnosed during 1 January 1980 — 31 December
2016, and follow-up data to 31 December 2018. We excluded cases
of acute undifferentiated leukaemia and mixed phenotype acute
leukaemia, myelodysplastic/myeloproliferative neoplasms, and
chronic myelomonocytic leukaemia.

We extracted information on date of diagnosis (year and month),
age at diagnosis, sex, date and cause of death (ICD-10 cancer
codes or other record), country of birth (Australia, other English-
speaking country, non-English-speaking country, missing),
residential postcode-based socio-economic status (Index of
Relative Socio-Economic Advantage and Disadvantage'” for
2011; by quintile), and remoteness of residence (Accessibility
Remoteness Index of Australia Standard Classification'® for 2006;
metropolitan, inner regional, and outer regional/remote areas).
Cause and date of death information was collected by the SACR
from state deaths records, the National Death Index (Australian
Institute of Health and Welfare), and interstate deaths registries.
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Statistical analysis

We analysed data in Stata 15.1. Case survival rates were calculated,
with 31 December 2018 as the censoring date. We estimated
Kaplan—-Meier product-limit disease-specific survival, treating
deaths from other causes as censored observations. Previous
analyses based on relative survival or disease-specific survival
rates have yielded similar estimates for South Australia, and
disease-specific survival is consequently regarded as an acceptable
proxy for relative survival rates at the population level."”

We assessed the influence of socio-demographic and histological
factors on disease-specific mortality in multivariate Cox
proportional hazards regression analyses, using the same censoring
criteria as for the Kaplan-Meier analyses. Models were adjusted for
all covariates (age, sex, diagnosis period, country of birth, socio-
economic status, remoteness, and histological type [ALL, AML]
when applicable). Assumptions underlying the analysis, including
proportionality and absence of collinearity, were satisfied.

To assess differences in the rate of change in disease-specific
mortality by socio-demographic characteristic, further Cox
regression models included interaction terms for diagnosis
period (5-year categories) and age group (under 15, 15-29, 30-49,
50-69, 70 or more years, when numbers for the category were
adequate); diagnosis period and remoteness; and diagnosis
period and socio-economic status (quintiles). The statistical
significance of interactions was assessed in likelihood ratio tests
of nested Cox proportional hazards models with and without
interaction terms. Rates of change in disease-specific mortality
by socio-demographic group are presented as hazard ratios (HRs)
with 95% confidence intervals (Cls) for 5-year period increments
(continuous variable), derived from stratified models.

The Australian Institute of Health and Welfare supplied national
crude 5-year disease-specific survival data (estimated with the
cohort method) for people with AML or ALL, by age group,
socio-economic status quintile, and remoteness of residence. As
the data were provided in separate tables, multivariable analyses
could not be undertaken. To assess changes in the provision
of stem cell transplantation, we also obtained numbers of
procedures undertaken at the Royal Adelaide Hospital (the only
centre offering transplantation to adults in South Australia)
since 1 January 1980, by age group.

Ethics approval

Our study was approved by the Human Research Ethics
Committee of the South Australian Department of Health and
Wellbeing (HREC/20/SAH/13).

Results

Our analyses included data for 1035 people diagnosed with ALL
and 2814 diagnosed with AML. Most patients with ALL were
under 30 years of age (562 of 1035, 54%), while most people with
AML were at least 60 years old (2007 of 2814, 71%) (Box 1).

Acute lymphoblastic leukaemia

Overall 5-year disease-specific survival for people with ALL
diagnosed during 19802016 was 58% (95% CI, 54—61%); disease-
specific survival at 20 years was 52% (95% CI, 49-55%). Five-
year survival increased from 44% (95% CI, 35-52%) for people
diagnosed during 1980-1984 to 69% (95% CI, 63-75%) for those
diagnosed during 2010-2016. It was highest for people diagnosed
before the age of 15 years (82%; 95% ClI, 78-86%) and declined with

age of diagnosis, to 12% (95% CI, 6-19%) for those diagnosed aged
80 years or more. Socio-economic status and remoteness did not
influence survival. Five-year survival was higher for people born
in Australia than for those born overseas (Box 1); this reflects the
difference in distribution of ages at diagnosis between patients
born in Australia or overseas (data not shown). Five-year survival
improved most markedly among patients aged 30-69 years, and
remained poor for those aged 70 years or more (Box 2, A).

Acute myeloid leukaemia

Overall 5-year disease-specific survival for people with AML
diagnosed during 1980-2016 was 18% (95% CI, 17-20%); disease-
specific survival at 20 years was 15% (95% CI, 13-16%). Five-year
disease-specific survival increased from 9% (95% CI, 5-15%) for
people diagnosed during 1980-1984 to 23% (95% CI, 20-26%)
for those diagnosed during 2010-2016. It was highest for people
diagnosed before the age of 15 years (53%; 95% CI, 40-64%) and
declined with age, to 4% (95% CI, 2-6%) for those diagnosed
aged 80 years or more. Socio-economic status and remoteness
did not influence survival, and the influence of country of birth
was small (Box 1). Five-year survival improved most markedly
among patients aged 30-69 years, and did not change for those
aged 70 years or more (Box 2, B).

Acute leukaemia: national data

Analysis of national data indicated that improvement in 5-year
survival for people with ALL or AML was greatest for those
aged 30-39 years (Supporting Information, figure 1). In contrast
to our findings for South Australia, lower socio-economic status
was associated with poorer survival, as was regional residence
for people with AML (Supporting Information, table 1).

Multivariable analyses

Type of leukaemia, age at diagnosis, and diagnosis period
influenced the risk of death from acute leukaemia in South
Australia. After adjusting for differences in other covariates,
disease-specific mortality was greater for people with AML than
for those with ALL (HR, 1.42; 95% CI, 1.27-1.59). Risk of death
increased with age both for people with ALL (7079 years v 0-14
years: HR, 11.1; 95% CI, 8.15-15.2) and those with AML (HR, 4.72;
95%Cl, 3.33-6.69). The risk was lower for people diagnosed during
2010-2016 than for those diagnosed during 1980-1984 (ALL: HR,
0.35; 95% CI, 0.25-0.48; AML: HR, 0.53; 95% CI, 0.45-0.64); the
largest declines in risk were between 1995-1999 and 2000-2004.
After adjusting for age and other factors, socio-economic status,
remoteness, and country of birth did not significantly influence
risk of death (Box 3). Multivariable analyses of all-cause mortality
yielded similar results (Supporting Information, table 2).

Disease-specific mortality for people with acute leukaemia
declined in all socio-demographic groups between 1980-1984
and 2010-2016. Significant improvements were noted for all
age groups, but were generally larger for younger age groups.
The influence of neither socio-economic status nor remoteness
of residence on change in disease-specific mortality were
statistically significant (Box 4).

Stem cell transplantation

A total of 108 adults with ALL and 299 with AML received
allogeneic stem cell transplants in South Australia during 1980—
2018. The annual number of transplantations has increased since
the 1990s, particularly among people with acute leukaemia aged
50 years or more (Supporting Information, figure 2).
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1 Demographic characteristics and crude 5-year disease-specific survival for people with acute lymphoblastic leukaemia or acute
myeloid leukaemia, South Australia, 1980-2016

Acute lymphoblastic leukaemia Acute myeloid leukaemia
Characteristic Number 5-year survival (95% Cl) P* Number 5-year survival (95% Cl) P*
All patients 1035 58% (54-61%) 2814 18% (17-20%)
Age group (years) <0.001 <0.001
0-14 450 (43%) 82% (78-86%) 75 (3%) 53% (40-64%)
15-29 112 (11%) 60% (50-68%) 120 (4%) 50% (41-59%)
30-39 52 (5%) 40% (26-53%) 15 (4%) 44% (35-53%)
40-49 54 (5%) 51% (36-63%) 181 (6%) 38% (30-45%)
50-59 73 (7%) 45% (32-57%) 316 (11%) 31% (26-36%)
60-69 99 (10%) 35% (25-45%) 565 (20%) 15% (11-36%)
70-79 102 (10%) 21% (14-30%) 795 (28%) 7% (5-10%)
80 or more 93 (9%) 12% (6-19%) 647 (23%) 4% (2-6%)
Sex 0.23 0.85
Male 578 (56%) 58% (54-61%) 1625 (58%) 18% (16-20%)
Female 457 (44%) 58% (54-61%) 189 (462%) 19% (16-21%)
Diagnosis period <0.001 <0.001
1980-1984 121 (12%) 44% (35-52%) 213 (8%) 9% (5-15%)
1985-1989 14 (11%) 55% (45-64%) 264 (9%) 9% (5-13%)
1990-1994 112 (11%) 56% (47-65%) 314 (11%) 14% (10-18%)
1995-1999 126 (12%) 48% (39-57%) 393 (14%) 16% (12-20%)
2000-2004 156 (15%) 58% (49-65%) 472 (17%) 20% (16-24%)
2005-2009 137 (13%) 63% (52-70%) 376 (13%) 22% (18-27%)
2010-2014 184 (18%) 69% (63—75%)* 522 (18%) 23% (20—26%)T
2015-2016 85 (8%) — 260 (9%) —
Country of birth <0.001 <0.001
Australia 815 (79%) 61% (57-64%) 1912 (68%) 18% (16-20%)
Other English-speaking country 79 (8%) 30% (19-40%) 406 (14%) 16% (12-20%)
Non-English-speaking country 95 (9%) 35% (25-45%) 456 (16%) 14% (11-18%)
Missing data 46 (4%) — 40 (1%) —
Socio-economic status* 014 017
Quintile 1 (most disadvantaged) 230 (22%) 62% (55-69%) 558 (20%) 18% (15-22%)
Quintile 2 195 (19%) 54% (46-61%) 560 (20%) 18% (15-21%)
Quintile 3 203 (20%) 56% (49-63%) 596 (21%) 18% (15-22%)
Quintile 4 172 (17%) 53% (45-60%) 557 (20%) 17% (14-20%)
Quintile 5 (least disadvantaged) 231(22%) 61% (54-67%) 536 (19%) 19% (16-23%)
Remoteness of residence 0.79 012
Metropolitan 848 (82%) 58% (55-62%) 2292 (81%) 17% (15-19%)
Inner regional 99 (10%) 53% (52-71%) 257 (9%) 21% (16-27%)
Outer regional/remote 88 (8%) 55% (43-64%) 265 (9%) 21% (17-27%)

CI = confidence interval. * Kaplan-Meier analysis (log-rank test). T Five-year survival for 2010-2016 reported. ¥ Index of Relative Socio-Economic Advantage and Disadvantage for 2011.> &
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Discussion gains were greater (in both absolute and relative terms) for
people with ALL than for those with AML, and for younger
We found that survival for people in South Australia with people. Neither survival nor improvement in survival
acute leukaemia has continually improved over the past four were influenced by socio-economic status or remoteness of
decades, with the largest gains in the early 2000s. Survival residence.




diagnostic period and age group

A. Acute lymphoblastic leukaemia

2 Kaplan-Meier survival curves for people with acute lymphoblastic (A) or acute myeloid leukaemia (B), South Australia, 1980-2016, by
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Several factors may have contributed to sustained improve-
ments in survival. For ALL, intensive chemotherapy protocols
changed little during the study period, but have been extended
to older patients as management of toxicity and support
services for infection and graft versus host disease improved.
Tyrosine kinase inhibitors have been available since 2000 for
Philadelphia chromosome-positive patients.” Allogeneic stem
cell transplantation has been possible since 1980, but the numbers
of transplants remained small before gradually increasing from
2000. Newer treatments, such as blinatumomab and chimeric
antigen receptor T (CAR-T) cell therapies, were introduced too
recently to have affected survival during the study period.

For people with AML, the major change to treatment protocols
has been the introduction of high dose cytarabine therapy and
the addition of all-frans retinoic acid (tretinoin) and arsenic
trioxide for treating some forms.” Supportive measures for
managing fungal infections, febrile neutropenia, and graft
versus host disease have improved.””’ The use of allogeneic
stem cell transplantation has increased since the early 2000s, and
at the Royal Adelaide Hospital eligibility was extended from 65
to 70 years of age in 2010. These factors may have contributed to
improved survival since 2000.

Despite overall improvements, disease-specific survival of older
patients with acute leukaemia remains disappointingly low,
particularly for people with AML, as also reported overseas.'
Further research, including clinical trials of new therapies
tolerated by older patients, is vital to improving outcomes.

Our findings that remoteness, country of birth, and socio-
economic status did not influence survival suggests that access

to and quality of care for acute leukaemia is reasonably equitable
in South Australia. This contrasts with differences in outcomes
linked with socio-economic status that we identified in national
Australian survival data, and with reports from some overseas
studies (predominantly from the US) that survival is poorer for
people living in socio-economic disadvantage'>”' and patients
from minority groups;”'! one US study found that the differences
had, in fact, growrl.4 However, similar disparities were not
found in one UK study.22 In Australia, socio-economic status
and region are reported to influence survival of people with any
cancer and of those with various non-haematological cancers,
r1ationally,23’24 and in Victoria?>?® and New South Wales.'” The
Victorian study, which combined all leukaemia types, found
that mortality was higher among patients from the most socially
disadvantaged than for those from the least disadvantaged
areas,” but found no difference in mortality for metropolitan
and non-metropolitan residents.”® Widening socio-economic
and regional disparities in survival for New South Wales people
with cancer (all types) or several solid tumour types have been
reported,’ but the study did not separately assess survival for
people with haematological cancers.

As effective preventive and early detection measures for
acute leukaemia are not available, any disparities in outcomes
probably reflect health system factors, including differences
in access to and quality of care.’ In South Australia, central
haematology services are provided in a few tertiary centres
in Adelaide, and transplantation is available only at the
Royal Adelaide Hospital and (for children) at the Women’s
and Children’s Hospital, supported by the Cellular Therapies
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3 Relative risk of death from acute leukaemia: multivariable Cox proportional hazard regression models, with mutual adjustment for
all covariates

Hazard ratio (95% confidence interval)

Diagnosis period

1980-1984

1985-1989

1990-1994

1995-1999

2000-2004

2005-2009

2010-2016
Country of birth

Australia

Other English-speaking country

Non-English-speaking country
Socio-economic status*

Quintile 1 (most disadvantaged)

Quintile 2

Quintile 3

Quintile 4

Quintile 5 (least disadvantaged)
Remoteness of residence

Metropolitan

Inner regional

Outer regional/remote

1
112 (0.78-1.60)
0.77 (0.54-110)
0.88 (0.63-1.25)
0.48 (0.34-0.67)
0.41(0.27-0.60)
0.35(0.25-0.48)

1
1.03 (0.75-1.40)
1.21(0.90-1.64)

1
1.49 (110-2.02)
1.24 (0.92-1.68)
126 (0.92-1.71)
1.24(0.90-174)

1
1.04 (0.74-1.47)
0.98 (0.69-1.39)

1
0.85 (0.69-1.05)
0.87 (0.71-1.06)
0.83(0.68-1.01)
0.64(0.53-0.77)
0.71(0.58-0.86)
0.53 (0.45-0.64)

1
1.00 (0.88-113)
0.98 (0.87-1.10)

1
0.95 (0.83-1.09)
0.95 (0.82-1.09)
0.98 (0.85-112)
0.91(0.79-1.06)

1
0.89 (0.75-1.05)
0.89 (0.76-1.04)

Characteristic Acute lymphoblastic leukaemia Acute myeloid leukaemia All acute leukaemia
Age group (years)
0-14 1 1 1
15-29 2.41(1.71-3.40) 1.07 (0.70-1.63) 2.01(1.55-2.60)
30-39 3.64 (2.40-5.53) 1.35 (0.89-2.04) 2.66 (2.02-3.49)
40-49 3.90 (2.51-6.09) 1,60 (1.09-2.36) 2.97 (2.31-3.82)
50-59 4.38 (2.97-6.47) 1.95 (1.36-2.80) 3.57 (2.84-4.48)
60-69 717 (5.02-10.2) 3.03 (213-4.31) 5.53 (4.47-6.84)
70-79 111 (815-15.2) 472 (3.33-6.69) 8.69 (711-10.7)
80 or more 21.2 (151-30.0) 6.79 (4.78-9.64) 12.8 (10.4-15.9)
Sex
Male 1 1 1
Female 112 (0.92-1.35) 1,05 (0.96-114) 1.05 (0.97-1.13)

1
0.88 (0.74-1.05)
0.83(0.70-0.98)
0.81(0.69-0.96)
0.59 (0.51-0.70)
0.63 (0.53-0.75)
0.49 (0.42-0.57)

1
1.02 (0.91-115)
1.01(0.90-112)

1
1.02 (0.90-1116)
0.99 (0.87-113)
1.02 (0.90-116)

0.96 (0.84-1.09)

1
0.91(0.77-1.06)
0.91(0.79-1.05)

Cl = confidence interval. * Index of Relative Socio-Economic Advantage and Disadvantage for 2011.”° &

Laboratory of SA Pathology. In most other Australian states, [ jmitations

several regional centres provide care for patients with acute

leukaemia. The centralised, single pathway of care in South We had no data about the treatment of individual patients, so
Australia may be one explanation for the comparative equity ~ We cannot attribute improved survival to specific changes in
of survival. In addition, several charities offer subsidised treatment. Changes to histological classification and improved
accommodation and transport services for rural patients diagnostic methods during the study period are unlikely to
with leukaemia in South Australia, perhaps mitigating the have contributed significantly to improving survival for people

logistical and financial burdens of travelling to Adelaide for with acute leukaemia. Subgroup analyses may have been
treatment. limited by small numbers and consequently low statistical
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A. Acute lymphoblastic leukaemia

Characteristic

4 Change per 5-year diagnosis period in risk of leukaemia-related death for people diagnosed with acute lymphoblastic (A) or acute
myeloid leukaemia (B), South Australia, 1980-2016, by socio-demographic characteristic*

Hazard ratio (95% Cl) P (interaction)

Overall
Age (years)
<15 years
15-29 years
30-49 years
50 or more
Remoteness of residence
Metropolitan
Inner regional
Rural/remote
Socio-economic statust
Quintile 5
Quintile 4
Quintile 3
Quintile 2
Quintile 1

2]
L —
——
——
-
e
——
——
——
——
——
——
——
0.5 1

Hazard ratio

B. Acute myeloid leukaemia

Characteristic

0.85 (0.81-0.89)
0.004
0.68 (0.61-0.76)
0.79 (0.68-0.94)
0.69 (0.59-0.82)
0.84 (0.79-0.90)
053
0.85 (0.81-0.90)
0.82 (0.70-0.96)
0.77 (0.65-0.90)
040
075 (0.67-0.84)
0.85 (0.77-0.95)
0.87 (0.78-0.97)
0.82 (0.75-0.91)
0.76 (0.69-0.85)

Hazard ratio (95% CI) P (interaction)

Hazard ratio

Overall o™
Age (years)
<15 years ——
15-29 years ——
30-49 years ——
50 or more -
Remoteness of residence
Metropolitan gl
Inner regional ——
Rural/remote T
Socio-economic statust
Quintile 5 ——
Quintile 4 i
Quintile 3 ——
Quintile 2 i
Quintile 1 i
1
0.5 1

0.91(0.89-093)

0.005
0.82(0.75-0.93)
0.83(0.76—-0.91)
0.90 (0.86-0.94)
0.94 (0.91-0.97)

0.20
0.91(0.89-0.93)
092 (0.85-0.99)
097 (0.91-1.05)

021
091(0.87-0.96)
090 (0.86-0.94)
0.90 (0.86-0.94)
0.92 (0.87-0.96)
0.94 (0.90-0.99)

Cl = confidence interval. * Adjusted for age group, socio-economic status (quintiles), remoteness, and country of birth. Interaction (characteristic * diagnosis period) P values were derived
from likelihood ratio tests of nested Cox proportional hazards models with and without interaction terms. T Index of Relative Socio-Economic Advantage and Disadvantage for 2011.> #

power; using broad categories for remoteness of residence may
have missed differences in outcomes for patients from remote
locations. Area-based measures of socio-economic status
may be imprecise compared with individual-based measures
of deprivation. Conversely, population-wide coverage and
continued follow-up of vital status in multiple data sources
allowed us to assess improvements and differences in outcomes
for people with acute leukaemia across South Australia, but
our findings may not be generalisable to the rest of Australia.

Conclusion

Five-year survival for people with ALL and AML in South
Australia continuously improved between 1980-1984 and

2010-2016, and socio-economic status and remoteness did not
influence outcomes. However, survival is still relatively poor
compared with many other cancer types, particularly for older
people with acute leukaemia, and new therapies may be required
to further improve survival.
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