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A 14-year retrospective analysis of indication and outcomes of autologous 

haematopoietic cell transplantation in regional Queensland - a single centre experience.  

ABSTRACT  

Background: The Townsville Hospital is a tertiary hospital in North Queensland with one of 

the largest regional transplant centres in Australia, performing primarily autologous 

haematopoietic stem cell transplants (HSCT) for various haematological malignancies.  

Aims: This single centre, retrospective, observational study aims to describe the activity and 

outcomes of autologous HSCTs at The Townsville Hospital between 2003 to 2017, to verify 

safety standards. 

Methods: Patient level data was collected including demographics, frequency and indication 

for transplant, conditioning, current clinical status, and cause of death. Key outcomes 

included overall survival, non-relapse mortality (NRM), incidence of therapy related 

neoplasm and causes of death. Progression free survival (PFS) in the multiple myeloma 

(MM) subgroup was also assessed.  

Results: There were 319 autologous HSCTs in 286 patients, with a median age of 58 years 

(range 14-71years). 62% of patients were male. Indications for transplantation were: MM 

53.7%, Non-Hodgkin lymphoma (NHL) 29.4%, Hodgkin Lymphoma (HL) 5.0%, and other, 

11.9%. Causes of death were: disease progression/relapse (65.2%), second malignancy 

(17.0%), infection (9.8%) and other (8.0%). NRM was 1.2% (95% CI 0.4-3.0) and 3.2% (1.7-

5.7) at 100 days and 1 year respectively post HSCT. Overall survival at two years was 81.0% 

(73.8-86.4) for MM, and 69.6% (58.8-78.1) for NHL. The median PFS in the MM cohort was 

3.3 years.  

Conclusion: The Townsville Hospital transplant centre provides an important transplant  
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service in regional Queensland, with outcomes comparable to national data. We reported a 

relatively high rate of second malignancy as a cause of death. 
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INTRODUCTION  

Autologous haematopoietic stem cell transplantation (HSCT) is a therapy used routinely 

around the world, improving the survival of people with life-threatening haematological and 

non-haematological conditions.1 Their ongoing role in an era of novel therapies has been 

verified in recent literature.2  Multiple myeloma (MM) is the most common indication for 

autologous HSCT.3 Transplant eligible patients typically undergo induction therapy followed 

by stem cell collection and then high dose myeloablative therapy (HDT) and HSCT. Some 

individuals with high risk MM may receive an additional cycle of HDT with a second 

“tandem” HSCT, typically occurring within three months. Salvage HDT and HSCT is also 

considered in cases of MM relapse after previous HSCT. Mature lymphoproliferative 

disorders, including diffuse large B-cell lymphoma (DLBCL), follicular lymphoma (FL) and 

Hodgkin Lymphoma (HL) are considered for HSCT at the time of relapse. The exceptions to 

this include select patients with mantle cell lymphoma (MCL), Peripheral T-cell Lymphoma 

(PTCL) and primary CNS lymphoma (PCNSL), where upfront HSCT may be performed.4-6 

 

There are several large registries that collect and report data on transplantation activity, 

including The Center for International Blood and Marrow Transplant Research (CIBMTR),1 

in the United States, and the Australasian Bone Marrow Transplant Recipient Registry 

(ABMTRR),7 in Australia and New Zealand. They have demonstrated that transplantation 

activity continues to increase, which may be due to the upper age that people are considered 

eligible for transplantation having increased.  There has been an improvement in autologous 

transplant outcomes over time, with improved overall survival and lower incidence of 

transplant related mortality (TRM) in patients who received transplants between 2005-2013 

compared to 1992-2004.7  
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Townsville has a population of 200,000 people and is located 1500km north of the 

Queensland state capital, Brisbane. The Townsville Hospital is one of the largest regional 

transplant centres in Australia and the only transplant centre in North Queensland, serving 

public and private patients. Our catchment area extends to over 700,000 people in regional, 

rural and remote locations, including Aboriginal and Torres Strait Islander communities. 

There is limited data about transplant outcomes in centres outside of metropolitan cities, 

including transplant activity in North Queensland. There is an established disparity in health 

outcomes between patients living in rural and remote areas compared to urban locations in 

Australia. However, the applicability of this to transplant patients is uncertain with 

conflicting evidence regarding relationship between geographical location and outcome.8-10 

Furthermore, there is a well-documented gap between Aboriginal and Torres Strait Islander 

and non-Indigenous health outcomes. 7.9% of people living in Townsville identify as being 

Aboriginal or Torres Strait Islander, compared to 4.6% in Queensland as a whole.11  

 

The Townsville Hospital transplant centre aims to optimise care for haematology patients 

living in rural and remote areas by increasing accessibility and acceptability of treatment. 

It is important to ensure that outcomes at our centre are satisfactory and comparable to 

national data. The purpose of this report is therefore to describe autologous stem cell 

transplant activity and outcomes at The Townsville Hospital over a 14-year period, and to 

compare this to national outcomes.  
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METHODS 

Study design and setting 

This was a single centre, retrospective, observational study performed at The Townsville 

Hospital, Queensland, to describe the activity and outcomes of HSCT. Ethics approval was 

obtained from the Human Research Ethics Committee, Townsville Hospital and Health 

Service (HREC/17/QTHS/174). 

 

Study participants  

Patients of all ages who received autologous HSCT for any indication between August 2003 

and August 2017 were included. They were identified from The Townsville Hospital 

transplant database, where data is collected pre-transplantation, and at 100-day, 6 month and 

1-year post-transplantation, and annually until death.   

 

Variables and data collection 

Patient medical records were individually reviewed between December 2017 and January 

2018 at The Townsville Hospital. Data collected included demographics, date of transplant, 

indication for transplantation, conditioning regimen, date of first relapse or death, cause of 

death, presence of therapy related myeloid neoplasm, and current clinical status. Postcode 

data was used to extrapolate patients’ distance from Townsville hospital using Google Maps, 

reporting the most direct, shortest distance. The Modified Monash model for classification of 

rurality12 by postcodes was also used to classify patients as living in a major city (level one), 

inner or outer regional (level two to five) and remote or very remote (level six and seven).  

 



   

 

6 

Conditioning regimens were categorised as melphalan 200mg/m2 (mel-200), melphalan 140 

mg/m2 (mel-140), BEAM (BCNU, etoposide, cytarabine, melphalan), rituximab-BEAM (R-

BEAM), busulfan/cyclophosphamide (Bu/Cy) and other. Prophylactic antimicrobials in the 

local protocol included valaciclovir, fluconazole and trimethoprim/sulfamethoxazole.  

Causes of death were categorised as disease progression or relapse, second malignancy, 

infection and other. Second malignancies included any new solid organ malignancy or 

haematological malignancy of a different cell line to the transplant indication (including 

therapy related acute myeloid leukaemia (t-AML) and therapy related myelodysplastic 

syndrome (t-MDS)).  The International Myeloma Working Group (IMWG) standard response 

criteria was used to define the current status of surviving myeloma patients.13 Discrimination 

between complete remission and a stringent complete remission was not made.  

 

Outcomes  

Overall survival was calculated from time of first transplant to death from any cause. 

Progression-free survival (PFS) was calculated for MM patients, from date of first transplant 

to relapse, death from any cause or last date of follow up. Non-relapse mortality (NRM) was 

defined as death from any cause other than disease relapse, persistence or progression of the 

original disease. Cumulative incidence of NRM was reported at 100 days and 1-year post 

HSCT to allow local comparison with ABMTRR data.7 Although the terms NRM and TRM 

are often analogous, we chose to report NRM due to the potential ambiguity associated with 

the term TRM.14 

 

Statistical analysis 

Data was analysed using Statistical Software SPSS 25. Categorical data was presented in 

absolute numbers and percentages. Kaplan Meier methodology was used to construct survival 
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curves to estimate overall survival and PFS with 95% confidence intervals (CI).  NRM was 

calculated using a cumulative incidence method, treating disease progression or relapse as 

competing risks. The log-rank test was used to determine if there was a statistically 

significant difference in overall survival by age at HSCT (<60 and  ≥60 years), time-frame of 

HSCT (2003 to 2010 compared to 2011 to 2017), gender, and level of rurality (comparing 

city, regional and rural). A p value of <0.05 was considered statistically significant. 

 

  



   

 

8 

RESULTS 

Demographics  

Table 1 summarises demographic data.  The median age at transplant was 58 years (range 14-

71), which did not vary significantly over time (p=0.58) (Figure 1a). 62% of patients were 

male, with no significant difference in overall survival based on gender (p=0.06). Ten 

patients (3%) identified as being Aboriginal or Torres Strait Islander. Patients lived a median 

distance from Townsville hospital of 258km (range 1-890km). 84% lived in inner or outer 

regional areas, 14% lived in remote or very remote areas and 2% were recorded as living in a 

city. There was no significant difference in overall survival (p=0.09) based on level of 

rurality. Median follow-up time was 3 years.  

 

Transplant activity 

There were 319 HSCTs in 286 patients. All transplants were performed in an inpatient 

setting, with a median of 21 transplants being performed per year (Figure 1b). Table 1 shows 

indications for HSCT. MM was the most frequent indication accounting for 53.7% (n=171) 

of transplants, NHL 29.4% (n=94), HL 5.0% (n=16) and other 11.9% (n=38). Within the 

NHL group, DLBCL accounted for 11.0% (n=35), MCL 3.1% (n=10), FL 7.8% (n=25), 

PCNSL 0.3% (n=1), T-cell lymphoma 5.3% (n=17) and other NHL 1.9% (n=6). Other 

indications included germ cell tumours 26.4% (n=10), amyloidosis and AML 23.7% each 

(n=9), medulloblastoma 13.1% (n=5), chronic myeloid leukaemia 5.3% (n=2), acute 

promyelocytic leukaemia, POEMS syndrome and rheumatoid arthritis 2.6% each (n=1).  

Twenty-four patients received two transplants, three patients received three transplants and 

one patient received four transplants (for medulloblastoma).  
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Conditioning included Mel-200 55% (n=174), Mel-140 2% (n=7), BEAM or R-BEAM 32% 

(n=103), Bu/Cy 4% (n=13) and other 7% (n=22). Fifteen patients (5.2%) were lost to follow-

up.  Within the MM cohort, current clinical status included 21.2% of patients in complete 

remission (n=31), 11.6% in partial remission (n=17), 8.2% very good partial remission 

(n=12), 11.0% had relapse or progressive disease (n=16), 0.7% stable disease (n=1) and 

41.8% of patients had died (n=61). 5.5% (n=8) were lost to follow-up.  

 

NRM, overall survival, PFS, and therapy related neoplasms 

NRM at 100 days and one-year post HSCT was 1.2% (95% CI 0.4-3.0) and 3.2% (1.7-5.7%) 

respectively. There was no significant difference in NRM at 100 days or one-year post HSCT 

across the 2003-2010 and 2011-2017 timeframes (p=0.78). The one to five-year overall 

survival probabilities post HSCT are shown in Table 2. The two-year overall survival for the 

overall cohort was 77.5% (72.2-81.9%), 81.0% (73.8-86.4%) for MM, 69.6% (58.8-78.1%) 

for NHL, 78.8% (47.3-92.7%) for HL and 78.2% (61.0-88.5%) for other indications (Table 

2). Patients <60 years (162 patients) had a significantly longer overall survival (p=0.028) 

compared to those ≥60 years (122 patients) in the overall cohort (Figure 2b). There was a 

significant improvement in overall survival (p=0.0001) for patients transplanted between 

2011 to 2017, compared to 2003 to 2010 (Figure 2c). The median PFS in the MM cohort was 

3.3 years (Figure 3). Eleven patients developed therapy related myeloid neoplasms (8, t-MDS 

and 3, t-AML) post-HSCT. Nine of these cases had BEAM conditioning (8, NHL and 1, HL) 

and two cases had Mel-200 conditioning (for MM). 

 

Causes of death 

At time of analysis 112 people had died (39.2%). Causes of death were disease 

progression/relapse (n=73, 65.2%), second malignancy (n=19, 17.0%), infection (n=11, 
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9.8%)  and other (n=9, 8.0%). Other causes of death included cardiovascular disease (n=3), 

neurodegenerative disease (n=2), unknown (died overseas with no recent records), bowel 

obstruction, inflammatory lung disease, and graft versus host disease post allogenic HSCT 

for relapsed myeloma (n=1). Second malignancies as a cause of death included 9 solid 

cancers; colon cancer (n=2), lung cancer (n=2), melanoma (2), gastric cancer, pancreatic 

cancer, and metastatic mucinous adenocarcinoma of unknown origin (n=1); and 10 therapy 

related malignancies (7, t-MDS and 3, t-AML). In these patients the median time from first 

transplant to diagnosis of a second cancer was 2 years and 4 months (2 years and 8 months 

for haematological cancers, 2 years and 4 months for solid cancers). Second malignancy was 

responsible for 6.1% and 20.0% in the first and second year post-transplant respectively.  

 

DISCUSSION  

In the fourteen-year study period, 319 autologous stem cell transplants were performed in a 

cohort of 286 patients at Townsville Hospital. This represents 9.5% of total autologous 

transplants performed in Queensland and 2.2% of those performed in Australia over this 

timeframe (ABMTRR, personal communication, February 2019). The annual number of 

transplants have been consistent at our centre, with a median of 21 transplants per year, 

except for 2008 when only 5 transplants were performed. There was no significant change in 

median age over time, and only 10 patients aged over 70 years received transplants. This 

differs from the national trend, where the median age of transplant has increased over time.6 

The reasoning behind this discrepancy is unclear. Hypotheses include that elderly patients 

seen at our centre were not eligible for transplantation, elderly patients living regionally and 

remotely who may be eligible for transplantation are not referred due to delay in diagnosis, 

later presentation, or patient and clinician preference.  
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Patients travelled a median of 258km to receive treatment, with some patients from remote 

communities travelling as far as 890km. Fourteen percent of patients lived in remote or very 

remote areas and 84% lived in inner or outer regional areas. There was no significant 

difference in overall survival based on rurality (p=0.09). This is consistent with a previous 

publication that found equivalent survival for urban and rural residents of New South Wales 

undergoing HSCT for MM.8 At our centre, all patients living greater than 50km from 

Townsville hospital are accommodated at the Leukaemia Foundation units on-site. The 

treatment protocol for patients in this study were the same regardless of urban or regional 

status. They are admitted as inpatients two days prior to HSCT and subsequently discharged 

from hospital, either to their home (if local) or on-site accommodation (if regional), after 

meeting discharge criteria. Regional patients are discharged to their referring Hospital and 

Health Service at approximately day 30 post-HSCT and followed up in the outpatient clinics 

or via telehealth.  A patient travel subsidy is provided to cover costs of travel for patients and 

their families. We aim to minimise financial, psychosocial and emotional barriers to 

treatment imposed by living in regional areas. We are currently implementing a new delayed 

admission model of care to further increase access and minimise disruption to our patients’ 

lives.  

 

Ten patients who received HSCT identified as being Aboriginal or Torres Strait Islander. 

Seven of these patients had died at time of analysis, five from relapsed disease and two from 

other causes. There is a lack of comprehensive national data about cancer incidence and 

mortality for Aboriginal and Torres Strait Islander people.15 The available data suggests that 

they have a similar incidence of lymphohaematopoietic cancers to non-Indigenous 

Australians. However, while mortality rates for NHL in non-Indigenous people have 

significantly reduced over time, the mortality rate for Indigenous Australians has not 
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changed.16 Our small sample size makes it difficult to draw conclusions about the survival 

experience of Aboriginal or Torres Strait Islander patients who receive HSCTs. As more 

HSCTs are performed we will aim to provide more robust data regarding the indications and 

outcomes of transplant, alongside ongoing effort to provide culturally safe treatment.   

 

NRM at 100 days and one-year post HSCT was 1.2% (0.4-3.0%) and 3.2% (1.7-5.7%) 

respectively. A recent ABMTRR report published an annual TRM ranging between 2.3% to 

4.4%, with little variation over the study period of 2005 to 2013.7 They calculated TRM using 

a similar cumulative incidence method, treating progressive disease related deaths as 

competing risks, so this is comparable to our NRM estimates. Our overall survival 

probabilities were also similar to national registry data (reported by ABMTRR in Australia 

and CIBMTR in the United States). For MM, we reported an overall survival probability of 

81.0% and 59.9% at two and five years respectively. This was similar to that reported by 

ABMTRR- 85.4% and 55.3% at two and five years respectively.7 CIBMTR reported an 

unadjusted three-year overall survival of 77% after first autologous HCT for MM,1 similar to 

the three-year overall survival of 72.8% in our cohort. For NHL we reported an overall 

survival probability of 69.6% and 60.4% at two and five years, comparable to 70.5% and 

54.7% reported by ABMTRR.7 

 

We found a significant improvement in overall survival over time (p=0.0001), when 

comparing timeframes of 2003 to 2010 and 2010 to 2017. This is likely secondary to 

advances in induction and salvage therapies and supportive care. We found no significant 

difference in survival outcome based on gender (p=0.06). Patients aged below 60 years in our 

cohort had a longer overall survival than patients aged ≥ 60 years. Existing literature suggests 

that physiological rather than chronological age should guide eligibility for transplant in both 



   

 

13 

MM and lymphoma.17,18  However, significantly worse survival outcomes in patients with B-

cell NHL aged over 65 years compared to those less than 65 have also been reported, largely 

due to a higher incidence of relapse.19 

 

The leading cause of death was disease progression or relapse at 65.2%, consistent with 

national trends.7 We reported a relatively high rate of second malignancy as a cause of death 

(17.0%) with a median time to diagnosis of 2 years and 4 months post HSCT in those who 

died. CIBMTR reported second malignancies representing 2% of deaths after autologous 

HSCT in 2015-2016 at three year follow up,20 and 1% of deaths in 100-day mortality in the 

2015 report.1ABMTRR reported new malignancies being responsible for 1% of deaths in the 

first-year post transplant and 3% of deaths in the second year post transplant from 2011-

2015.21 This compares to second malignancies being responsible for 6.1% of deaths in first-

year post HSCT and 20.0% of deaths in second-year post HSCT in our study.  

 

It is unclear why second malignancy represented a comparatively high proportion of cause of 

death in our cohort, acknowledging that 10 of 19 patients died of therapy-related neoplasms, 

which are well described complications of transplantation. There may be differences in our 

population of the prevalence of cancer risk factors including lifestyle factors such as smoking 

and sun exposure, or differences in participation and accessibility to second cancer screening 

programs.22 

 

The limitations of this study include its retrospective nature and lack of data within disease 

subgroups, with corresponding wide confidence intervals. It was not powered to make 

statistical comparisons so caution must be taken when interpreting log-rank tests. The 

survival analyses were univariate and unadjusted for covariates associated with survival.  
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CONCLUSION 

The Townsville Hospital offers a safe autologous HSCT program to patients living in 

regional and remote Australia. Over the past 14 years we have maintained low NRM, 

comparable to national data. We report a relatively high percentage of second malignancies 

as a cause of death, which requires further attention.  
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Table 1. Demographic data of autologous haematopoietic stem cell transplant (HSCT) 
recipients and frequency of HSCT 
 
 Total cohort 

(n=286) 

MM 

(n=146) 

NHL 

(n=94) 

HL 

(n=16) 

Other  

(n=30) 

Number of 

HSCTs  

319 171 (53.7%) 94 (29.4%) 16 (5.0%) 38 (11.9%) 

Median age at 

HSCT in years 

(range) 

58 (14-71) 60 (40-71) 56 (19-71) 39 (19-68) 34 (14-67) 

Male sex – (%) 62 63 61 53 74 

MM, multiple myeloma; NHL, Non-Hodgkin Lymphoma; HL, Hodgkin Lymphoma; HSCT, 
autologous haematopoietic stem cell transplant. 
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Table 2. One to five-year overall survival probabilities in percentages for major 
indications of autologous haematopoietic stem cell transplant (HSCT)  
 
 Year post 

transplant 
Overall cohort MM NHL HL Other 

1 87.7 (83.5-90.9) 92.6 (87.3-95.7) 79.5(69.8-86.4) 86.7 (56.4-96.5) 81.2 (64.5-90.6) 

2 77.5 (72.2-81.9) 81.0 (73.8-86.4) 69.6(58.8-78.1) 78.8 (47.3-92.7) 78.2 (61.0-88.5) 

3 70.7 (64.9-75.7) 72.8(64.8-79.3) 64.1(52.8-73.3) 78.8 (47.3-92.7) 72.2 (54.3-84.0) 

4 65.7(59.3- 71.1) 64.5(55.9-71.9) 62.4 (50.9- 71.9) 78.8 (47.3-92.7) 68.9 (54.3-84.0) 

5 61.8 (55.4-67.5) 59.9 (50.9-67.7) 60.4(48.6-70.3) 78.8 (47.3-92.7) 65.6 (47.2-78.9) 

 
Data are percentages and 95% confidence intervals; MM, multiple myeloma; NHL, Non-
Hodgkin Lymphoma; HL, Hodgkin Lymphoma; HSCT, autologous haematopoietic stem cell 
transplant.  
  



   

 

18 

 
FIGURE LEGENDS 
 
Figure 1. (A) Median age at transplant over time. (B) Number of autologous haematopoietic 

stem cell transplants (HSCT) over time. HSCT, autologous haematopoietic stem cell 

transplant. Note: 2003 omitted given only one transplant performed from August to 

December 2003.  

 

Figure 2. (A) Overall survival according to major indications for transplant. (B) Overall 

survival according to age <60 and ≥60 years for overall cohort. (C) Overall survival 

according to time frame of autologous haematopoietic stem cell transplant (2003-2010 

compared to 2011-2017). MM, Multiple myeloma, NHL, Non-Hodgkin lymphoma, HL, 

Hodgkin Lymphoma. HSCT, autologous haematopoietic stem cell transplant.  

 

Figure 3. Progression Free Survival of the Multiple Myeloma Cohort. PFS, progression free 

survival.  
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