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ABSTRACT
Objective Allogeneic haematopoietic cell transplantation 
(HCT) is a potentially curative treatment for haematologic 
and oncologic diseases. There is a perception that the 
United States of America (USA) offers greater access to 
expensive therapies such as HCT. Alternatively, Canada 
is thought to suffer from protracted wait times, but lower 
spending. Our objective was to compare HCT utilisation 
and short- term outcomes in Ontario (ON), Canada, and 
New York State (NY), USA.
Design, setting and participants We conducted a 
population- based cohort study using administrative health 
data to identify all residents of ON and NY who underwent 
allogeneic HCT between 2012 and 2015.
Primary and secondary outcome measures The 
primary outcome measures were age and sex 
standardised HCT utilisation rates, in- hospital mortality, 
hospital length of stay (LOS) and readmission rates in 
ON and NY. Secondary outcomes included comparing 
ON and NY HCT recipients with respect to demographic 
characteristics and patient wealth (using neighbourhood 
income quintile).
Results We identified 547 HCT procedures in ON and 
1361 HCT procedures performed in NY. HCT recipients in 
ON were younger than NY (mean age 49.0 vs 51.6 years; 
p<0.001) and a lower percentage of ON recipients resided 
in affluent neighbourhoods compared with NY (47.2% vs 
52.6%; p=0.026). Utilisation of HCT was 14.4 per 1 million 
population per year in ON and 26.7 per 1 million per year 
in NY (p<0.001). The magnitude of the ON–NY difference 
in utilisation was larger for older patients. In- hospital 
mortality, LOS and readmission rates were lower in ON 
than NY in both unadjusted and adjusted analyses.
Conclusions We found significantly lower utilisation of 
HCT in ON compared with NY, particularly among older 
patients. Higher in- hospital mortality in NY relative to 
ON requires further study. These differences are thought 
provoking for patients, healthcare providers and policy- 
makers in both jurisdictions.

INTRODUCTION
Allogeneic haematopoietic cell trans-
plantation (HCT) is a potentially curative 

treatment for multiple haematological and 
oncologic diseases including acute leukae-
mias, lymphomas, myelodysplastic syndromes 
(MDS) and other less common condi-
tions.1 2 Clinical practice guidelines for HCT 
in Canada and the USA are quite similar 
and there is no obvious biological reason to 
suspect markedly different underlying differ-
ences in rates of haematologic conditions 
necessitating HCT.

Investigators in both countries commonly 
participate in large clinical trials and regularly 
update guidelines to reflect new evidence.1–5

The number of HCTs being performed 
globally has been increasing for the past 
decade as a consequence of a growing and 
ageing population, expansion of HCT to 
include older patients and new indications 
for HCT to include certain non- malignant 
conditions such as haemoglobinopathies.1 6–9 
Increasing demand for HCT is challenging 
for payers because of the estimated costs of 
US$80 000–US$2 00 000 for the initial trans-
plant and short- term (90 days) follow- up.10–12

Strengths and limitations of this study

 ► Population- based evaluation of all allogeneic hae-
matopoietic cell transplantations (HCTs) performed 
on all adult residents of each jurisdiction using large 
well- studied administrative databases.

 ► Precise estimates of utilisation rates for HCT by age, 
sex and neighbourhood income level in two coun-
tries with differing healthcare systems.

 ► In- hospital outcomes including mortality, length of 
stay and readmissions.

 ► Lack of clinical detail regarding patient comorbidi-
ties and clinical indications for HCT.

 ► Lack of data on post discharge outcomes.
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Despite general agreement on the indications for HCT 
and relatively similar cancer incidence rates across coun-
tries,13–15 there are very few empirical studies comparing 
utilisation of HCT in different countries.16–18 Many of 
these studies are older and few include data from either 
Canada or the USA.

We sought to compare utilisation and short- term 
outcomes for HCT in Ontario (ON), Canada, and New 
York State (NY), USA. We were motivated by several 
factors, including widespread public concerns that 
erupted in ON in 2015 that HCT capacity was insufficient 
and that patients were suffering harm,19 20 but limited 
data characterising a shortfall in capacity.18 21 22 Moreover, 
Canada–USA comparison not only affords the opportu-
nity to compare HCT in two countries with many similar-
ities (a common border, close geopolitical relationships, 
racially diverse populations), but also striking differences 
in terms of culture, financing and delivery of healthcare 
services.23

Our a priori hypothesis was that ON would have lower 
per capita utilisation of HCT than NY and that HCT 
utilisation would be higher in both jurisdictions among 
residents from wealthier neighbourhoods. As prior 
Canada–USA comparison studies have demonstrated 
longer hospital length of stay (LOS) but lower read-
mission rates in Canada as compared with the USA,24 25 
we also hypothesised in the present study that patients 
receiving HCT in ON would have a longer LOS, but lower 
readmission rates and similar short- term mortality.

METHODS
Data
We used population level administrative health data from 
ON and NY to identify all adults (age ≥18 years) who 
underwent inpatient allogeneic HCT between 2012 and 
2015. Our primary data source for ON was the 2012–2015 
Canadian Institute for Health Information Discharge 
Abstract Database (DAD), which has been extensively 
used for similar research studies. These administrative 
records provide information on all hospitalisations paid 
for by the Ontario Health Insurance Plan (OHIP); OHIP 
provides health insurance to all legal residents of ON 
(~99% of the population), which covers virtually 100% 
of inpatient hospitalisations.26 27 Though there have been 
some limited case series reporting outpatient HCT, these 
have generally described single- centre experiences, and 
the vast majority of HCT in both countries are performed 
in the inpatient setting.28–30 ON’s DAD provides informa-
tion regarding patient demographics (age, sex), primary 
and secondary diagnoses coded using International 
Classification of Diseases Version 10 (ICD-10) diagnosis 
codes, procedures captured using Canadian Classification 
of Health Interventions (CCI) codes, discharge dispo-
sition (eg, died in hospital, home, transfer to another 
acute care hospital), a unique patient identifier (used 
to track patients over time) and unique hospital iden-
tifiers. Comorbid conditions present during the index 

hospitalisation were identified using the Quan ICD-10 
adaptation of the Elixhauser comorbidity coding scheme, 
which maps ICD-10 coded comorbidities to ICD-9.31

Our primary data source for NY was the 2012–2015 State 
Inpatient Database (SID), which has been used exten-
sively in prior research.24 32 The SID contains administra-
tive data for all patients admitted to acute care hospitals, 
with the exception of a small number of military veterans 
hospitals and psychiatric hospitals none of which perform 
HCT.33 Data elements for each admission include 
patient demographics, primary and secondary diagnosis 
and procedures (coded using International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification 
(ICD-9- CM codes)), discharge disposition, patient identi-
fier and hospital identifier. Comorbid conditions present 
at the time of the index hospital stay were captured using 
algorithms developed by Elixhauser et al,34 which has 
been used extensively in prior research studies.35

Estimates of the NY population were obtained from the 
US Census Data; estimates of the ON population were 
obtained from the analogous Canadian Census Data. We 
linked the NY data to the American Hospital Association 
annual survey to ascertain information regarding hospital 
teaching status and bed size. We linked the ON DAD to 
the OHIP Registered Persons Database for mortality infor-
mation, and to information from the Ontario Ministry of 
Health and Long- Term Care for hospital characteristics. 
Multiple ON datasets were linked using unique encoded 
identifiers and analysed at ICES.

Cohort generation
We identified adults aged >18 years who underwent allo-
geneic HCT between 1 January 2012 and 30 September 
2015 using CCI codes in ON and ICD-9- CM codes for 
NY that have been used in prior HCT research (online 
supplemental table 1).6 36–38 We excluded patients with 
missing age or sex, age >105 years at the time of their 
HCT, patients who underwent their HCT in 2011 but 
were subsequently discharged in 2012 and patients whose 
index hospital stay was implausibly short (≤1 day) because 
this would be incompatible with receiving an HCT. We 
excluded patients who died on the day of index proce-
dure or prior to the index procedure. We excluded 
patients who had received HCT in the 2 years prior to 
study initiation (1 January 2010 to 31 December 2011) 
because the index procedure in such patients could repre-
sent a complication of an earlier HCT. We also limited 
our cohort to patients for whom HCT was listed in the 
primary procedure field in NY (or first procedure field 
in ON) to avoid counting readmissions or patients with a 
prior HCT as de novo procedures. We excluded patients 
who underwent a second hospitalisation for HCT within 
<180 days of the first HCT, as the second hospitalisation 
could represent a complication of the earlier procedure.

Statistical analyses
First, we compared demographics, comorbidities and the 
percentage of patients who resided in higher and lower 
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income neighbourhoods among patients in ON and NY 
using simple bivariate measures. In each jurisdiction, we 
used each patient’s zip code or postal code of residence 
to link them to their corresponding neighbourhood- level 
census data. Patients were then stratified into income 
quintiles (quintile 1=lowest income, quintile 5=highest 
income) and subsequently grouped into low (quintiles 
1–2), intermediate (quintile 3) and high (quintile 4–5) 
groups. We compared the percentage of HCT recipients 
residing in low, intermediate and high income neighbour-
hoods in ON and NY. We performed an exploratory anal-
ysis assessing for common HCT indications using ICD-10 
and ICD-9 for ON and NY based on coding schemes used 
in prior studies10 39–44 (see online supplemental table 1). 
As each patient record contains fields for multiple diag-
noses, we selected the first relevant indication code that 
appeared, allowing for only a single indication for each 
patient.

Second, we compared the percentage of all acute care 
hospitals in ON and NY that performed HCT and mean/
median annual hospital HCT volumes. We also compared 
ON and NY hospitals with respect to bed size and teaching 
status (teaching vs not).

Third we compared per capita utilisation of HCT 
(procedures per 1 000 000 population per year) for adults 
in ON and NY. The numerator for these calculations was 
the total number of allo- HCTs performed in each juris-
diction while the denominator was the number of adults 
age >18 years in each jurisdiction derived from census 
data. We calculated age and sex standardised utilisation 
rates using a direct standardisation approach.45

Fourth, we compared unadjusted outcomes in ON and 
NY including hospital LOS, in- hospital mortality and 
hospital readmission within 30 and 180 days of discharge 
among those who survived to discharge. We conducted 
stratified analyses comparing demographics and in- hos-
pital mortality among HCT recipients in ON and NY who 
were older and younger than 60 years of age. Finally, we 
used generalised estimating equations to compare risk- 
standardised outcomes in ON and NY using two sequen-
tial models: Model 1 adjusted for only patient age and sex; 
Model 2 for Model 1 factors plus hospital HCT volume 
and LOS.

Our study protocol and analyses were prespecified 
(online supplemental appendix 1) and registered with 
Open Science prior to the initiation of any statistical anal-
ysis (https:// osf. io/ m8jqf/). All analyses were performed 
using either SAS (Version 9.4, Cary, North Carolina) or R 
statistical software packages.

Patient and public involvement
It was not appropriate or possible to involve patients or 
the public in the design, or conduct, or reporting, or 
dissemination plans of our research. However, our study 
was motivated by both public and government concerns 
about whether ON was providing adequate numbers of 
HCT.19–22 Our results will be disseminated to the ON 

government and the public in accordance with the ICES 
policies.

RESULTS
Our cohort consisted of 547 HCT procedures in ON 
performed on 545 individual patients and 1361 proce-
dures performed on 1333 individual patients in NY 
between 2012 and 2015 (online supplemental figure1 
A,B). The mean age of patients who received HCT in ON 
was significantly younger than NY (49.0 vs 51.6; p<0.001) 
while the percentage of HCT recipients who were women 
was similar between jurisdictions (table 1). There were 
significant differences between jurisdictions in the indi-
cation for HCT (table 1). For example, acute myeloid 
leukaemia (AML) was listed as the primary diagnosis in 
ON and NY for 41.8% and 22.2% of HCTs, respectively, 
(p<0.001), while MDS was the primary diagnosis for 9.9% 
in ON and 11.8% in NY (p=0.28) (table 1). A higher 
percentage of HCT recipients in NY resided in affluent 
neighbourhoods (quintiles 4 or 5) compared with ON 
(52.6% in NY vs 47.2% in ON; p=0.04) (table 1). A smaller 
percentage of ON patients underwent 2 or more HCTs 
relative to NY (p=0.02).

In ON, 2.4% of acute hospitals performed HCT as 
compared with 5.4% in NY (p=0.16), which represents 3.7 
and 7.8 hospitals performing HCT per 10 million popu-
lation, respectively. Mean annual hospital HCT volumes 
were similar in ON and NY (38.8 vs 32.4; p=0.10) (table 2).

The overall utilisation of HCT was significantly lower in 
ON than NY (14.4 vs 26.7 HCTs per million adult popula-
tion per year [p<0.001]) (table 3). The ON–NY difference 
in utilisation was relatively small among younger adults 
(eg, 4.9 fewer HCTs per million in ON as compared with 
NY among adults age <50 years), but increased progres-
sively with increasing age (figure 1 and table 3).

Unadjusted LOS was shorter in ON than NY (33.6 vs 
36.3 days; p=0.01) and in- hospital mortality was lower in 
ON compared with NY (3.7% vs 6.4%; p=0.02) (table 4). 
When stratified by age, younger HCT recipients (age <60) 
had similar in- hospital mortality in ON and NY (4.6% vs 
6.7%; p=0.17), whereas older recipients (age >60) had 
lower in- hospital mortality in ON compared with NY 
(1.3% vs 5.9%; p=0.02). The significantly lower in- hospital 
mortality in ON compared with NY persisted in analyses 
adjusting for age, sex, LOS and hospital volume (online 
supplemental table 2).

Unadjusted rates of hospital readmission within 30 
and 180 days of hospital discharge were both significantly 
lower in ON compared with NY (table 4). In adjusted 
analyses, compared with patients in NY, patients in ON 
had significantly lower LOS and lower 30- day readmission 
rates (online supplemental table 2).

A secondary analysis compared demographics between 
HCT recipients stratified by age (<60 compared with >60 
years) (online supplemental table 3). The differences in 
comorbidities between ON and NY were similar to the 
non- stratified analysis, with most comorbidities, such as, 
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congestive heart failure and hypertension present less 
often in ON than in NY. Differences between indications 
were also similar, with AML being a more common indi-
cation in ON compared with NY, and unspecified indica-
tion more common in NY in both age groups. A higher 
percentage of the age >60 years HCT recipients in NY 
resided in the highest income quintiles compared with 
ON, whereas there was no significant differences between 
ON and NY with respect to HCT recipient income quin-
tile in the age <60 years group.

DISCUSSION
In an analysis of administrative data from ON, Canada, 
and NY, USA, we found significant differences in utilisa-
tion and outcomes of HCT. While overall per capita utili-
sation of HCT was approximately 60% higher in NY than 
in ON, utilisation was 200% higher in NY among adults 
age >60 years of age. Unexpectedly, we observed signifi-
cantly lower in- hospital mortality in ON that persisted 
even after adjustment for differences in age. In aggregate, 
our study provides compelling evidence of the impor-
tance of cross- border comparative studies and provides 
important lessons for healthcare providers and policy- 
makers in both jurisdictions.

Several of our findings warrant elaboration. First, our 
finding of significantly lower utilisation of HCT in ON 
compared with NY adds important data to the conten-
tious debate over access to HCT in ON.19–22 In 2015, 
there was widespread media coverage in ON suggesting 
that HCT capacity was insufficient after several tragic 
deaths of Canadian patients with haematologic condi-
tions. In response, the ON government made substantial 
investment to expand capacity, including funding a new 
HCT centre.6 21 22 We found virtually no existing empirical 
data describing HCT utilisation in ON or how utilisation 
rates in ON compare with other countries. Without such 
information, policy- makers in ON (or any other jurisdic-
tion) lack empirical data to guide crucial decisions about 
whether access to HCT is adequate.

In understanding our study, it is important to review 
the existing research on HCT utilisation. Gratwohl et al 
used 2006 data from centres participating in the World-
wide Network for Bone Marrow Transplant to study util-
isation of both autologous and allogeneic HCT across 
71 countries.18 They found a lower utilisation rate in 
Canada (reported as between 5 and 30 HCTs per million 
population per year) compared with the USA (>30 per 
million per year) but their study lacked the granularity 
of our analysis, and included both allogeneic and autol-
ogous HCT. Our study adds significantly to the existing 
literature on HCT utilisation differences18 46–48 by fully 
capturing all allogeneic HCTs performed on adult resi-
dents of each jurisdiction over our study period, thus 
providing accurate measures of the true number of HCTs 

Table 1 Characteristics of patients who underwent 
allogeneic haematopoietic cell transplantation in Ontario and 
New York in 2012–2015

Ontario
(N=545)

New York
(N=1333) P value

Age, mean(SD) 49.0 (13.7) 51.6 (14.1) <0.001

Age, <50, number (%) 241 (44.2) 489 (36.7) 0.002

Age, 50–59, number (%) 159 (29.2) 376 (28.2) 0.67

Age, 60–69, number (%) 136 (25.0) 400 (30.0) 0.03

Age, ≥70, number (%) 9 (1.7) 68 (5.10) 0.001

Female, N (%) 239 (43.9) 581 (43.6) 0.92

Comorbid conditions

  Congestive heart 
failure

11 (2.0) 91 (6.8) <0.001

  Depression 33 (6.1) 185 (13.9) <0.001

  Hypertension with 
complications

0 (0.0) 445 (33.4) <0.001

  Diabetes without 
complications

56 (10.3) 110 (8.3) 0.16

  Chronic obstructive 
pulmonary disease

19 (3.5) 108 (8.1) <0.001

  Renal failure 11 (2.0) 47 (3.5) 0.09

Indications

  AML 228 (41.8) 296 (22.2) <0.001

  MDS 54 (9.9) 157 (11.8) 0.28

  ALL 59 (10.8) 113 (8.5) 0.11

  CML 29 (5.3) 51 (3.8) 0.15

  CLL 24 (4.4) 34 (2.6) 0.04

  Non- Hodgkin’s 
lymphoma

9 (1.7) 87 (6.5) <0.001

  Multiple myeloma 10 (1.8) 34 (2.6) 0.35

  Unspecified/other 132 (24.3) 718 (53.9) <0.001

Neighbourhood income*

  Income quintiles 1–2 184 (33.8) 421 (31.7) 0.36

  Income quintile 3 104 (19.1) 209 (15.7) 0.07

  Income quintile 4–5 257 (47.2) 699 (52.6) 0.04

*Quintile 1=lowest income neighborhood; Quintile 5=highest 
income neighborhood.
ALL, acute lymphocytic leukaemia; AML, acute myeloid 
leukaemia; CLL, chroniclymphocytic leukaemia; CML, chronic 
myeloid leukaemia; MDS, myelodysplastic syndrome.

Table 2 Characteristics of hospitals that performed HCT in 
Ontario and New York

Ontario
(N=165)

New York
(N=224) P value

Hospitals performing 
procedure, number (%)

4 (2.4) 12 (5.4) 0.16

Annual procedural 
volume, mean (SD)

38.8 (41.1) 32.4 (32.9) 0.10

Annual procedural 
volume, median (IQR)

27 (15–63) 22.9 (8.9–49.6) N/A

Bed number, mean (SD) 600 (240) 1244.8 (759.1) <0.001

Major teaching, number 
(%)

4 (100) 8 (100) 1
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performed. Our study provides convincing evidence 
that HCT utilisation is lower in ON than in NY. While it 
might be tempting to jump to the conclusion that our 
study provides evidence that HCT utilisation is too high 
in NY or too low in ON, we would argue against hasty 
assumptions. In particular, we lack detailed clinical data 
that would allow us to ascertain the ‘appropriateness’ of 
HCT at the individual patient level.

Second, our study should be considered in the 
context of the economic implications of expanding 
HCT utilisation in ON or reducing utilisation in NY, 
recognising that we lack the nuanced data to deter-
mine precisely what the ideal utilisation rate might 
be. It should be noted that healthcare spending is far 

lower in Canada than in the USA (11.5% vs 17.6% of 
gross domestic product in 2015).49 50 The cost of HCT 
has been estimated at US$80 000–US$200 000 during 
the 90 days post transplant period.10 11 If ON were to 
increase HCT utilisation to the NY rate (eg, from 14 
per million to 26 per million), this would translate into 
an additional 105 HCTs annually at a cost of approx-
imately US$10 500 000. Alternatively, if NY were to 
reduce the yearly HCT rate by 25% from 26 per million 
to 20 per million per year, this would translate into 90 
fewer HCTs per year in NY and a US$13 500 000 reduc-
tion in spending. Again, it is important to stress that we 
lack clear data on what the correct utilisation rate might 
be, but considering the cost implications is instructive.

Table 3 Per capita Haematopoietic cell transplantation counts and utilisation in Ontario and New York (procedures per 1 000 
000 adult population per year)

Ontario New York Utilisation* P value

Procedures Population Procedures Population Ontario New York

Total 547 10 859 071 1361 15 053 173 14.4 26.7 <0.001

Age stratified

  <50 years 242 5 998 021 500 8 711 634 11.5 16.4 <0.001

  50–59 years 159 2 010 129 385 2 657 336 22.6 41.5 <0.001

  60–69 years 137 1 447 587 407 1 839 471 27.0 63.8 <0.001

  ≥70 years 9 1 403 334 69 1 844 732 1.8 11.1 <0.001

*Utilisation for New York directly standardised to match the age and sex of the Ontario population.

Figure 1 Haematopoietic cell transplantation (HCT) utilisation in Ontario and New York. Utilisation rates in Ontario and New 
York reported as procedures per 1 000 000 adult population per year, stratified by HCT recipient age. Utilisation for New York 
directly standardised to match the age and sex of the Ontario population.
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Third, our finding that the higher HCT utilisation 
in NY relative to ON was relatively modest in younger 
adults (eg, 20% higher at age <50), but increased 
progressively with advancing age (100% higher at age 
50–59, 650% higher at age >70) is noteworthy. The 
American Society for Blood and Marrow Transplanta-
tion 2015 HCT guidelines specifically say that ‘age by 
itself should not be a contraindication to transplan-
tation in patients who may benefit from this proce-
dure’.1 Other agencies such as Cancer Care Ontario 
(CCO) and the European Society for Bone Marrow 
Transplantation are also non- specific, pointing out 
that global health and frailty are more important 
considerations than chronologic age.2 51

Our finding of significantly higher in- hospital mortality in 
NY compared with ON, largely driven by significantly higher 
mortality for patients of age >60 years in NY relative to ON 
warrants careful thought. The higher mortality observed 
in NY persisted in analyses that adjusted for age, sex and 
hospital volume adding robustness to our analyses. Given 
the implausibly large differences in comorbidity between our 
ON and NY HCT recipients and our lack of detailed clinical 
information required to calculate the Haematopoietic Cell 
Transplant- specific Comorbidity Index, we are unable to 
adjust for comorbid illness.52 Nevertheless, the higher short- 
term mortality we observed in NY clearly warrants further 
study and verification.

A number of other findings warrant brief mention. We 
observed differences in the primary indication identified for 
HCT with ON having a higher proportion of patients with 
AML, and NY a higher proportion of patients with unspec-
ified indications. There are small but significant differences 

in HCT guidelines, with The American Society of Bone and 
Marrow Transplantation listing HCT as standard of care for 
haemoglobinopathies, myeloproliferative neoplasms, and 
immunodeficiency syndromes while CCO remarks that due 
to limited evidence, they are unable to provide guidance for 
these conditions.1 2 However, we would urge readers to inter-
pret the incidence of indications for HCT in our study with 
caution, serving more as an exploratory analysis requiring 
further study. The administrative databases used lacked gran-
ular detail regarding indications for HCT; and furthermore, 
the reliability of ICD codes for some commonly transplanted 
conditions have not been thoroughly studied in the literature.

Our finding that a similar percentage of hospitals in ON 
and NY offered HCT with similar mean volumes was unex-
pected as we hypothesised a smaller percentage of ON hospi-
tals would perform HCT but with higher volumes. However, 
the lower median volume in NY does suggest a larger propor-
tion of low- volume HCT centres in NY. The number of HCTs 
we identified in ON correlate well with numbers reported by 
CCO, while the numbers from NY correlate reasonably well 
with numbers reported by the Center for International Blood 
and Marrow Transplant Research, adding rigour to our find-
ings.6 53

Our study has several limitations. Our analysis is limited to 
administrative data from one Canadian province and one US 
state, which may impact generalisability of our results to the 
national level. Second, we lacked detailed clinical data with 
respect to patient comorbidities and indications for HCT and 
were limited to the detail included in our administrative data. 
The prevalence of common comorbidities such as hyperten-
sion in ON appears to be quite low relative to NY, which is 
almost certainly an artefact of differences coding practices 
rather than a true reflection of the burden of comorbidi-
ties in the population. This precludes us from comparing 
ON and NY HCT recipients with respect to comorbidities, 
which would be important in interpreting the differences in 
outcomes we observed. Indications for HCT were inferred 
based on ICD codes in administrative databases. However 
this analysis should be considered exploratory and inter-
preted with caution; 24.3% of ON patients and 53.9% of NY 
patients did not have any common indication coded for HCT, 
which makes it difficult to draw conclusions around whether 
differences in indications impact HCT practice in the two 
jurisdictions. Future studies comparing indications for HCT 
between the two regions are warranted. Third, though our 
study demonstrates a significant difference in HCT utilisation 
between ON and NY, we are unable to definitively comment 
on overuse and/or underuse in each jurisdiction. Fourth, 
while our study provides important data on utilisation in ON 
and NY both overall and stratified by age, we did not examine 
whether access to HCT is distributed equitably across other 
important variables such as socioeconomic status, race/
ethnicity, or geography (rural/urban); it would be inter-
esting to know whether Canada’s universal health insurance 
coverage might mitigate some of the socioeconomic differ-
ences recently reported by Paulson et al.54 Fourth, While HCT 
in both jurisdictions is virtually exclusively performed in the 
inpatient setting, it is possible that some components of the 

Table 4 Unadjusted outcomes for recipients of 
Haematopoietic cell transplantation in Ontario and New York

Ontario
(N=547)

New York
(N=1361) P value

Length of stay, mean (SD) 32.6 (17.9) 36.3 (23.4) <0.001

Discharge disposition

  Died in- hospital, number 
(%)

17 (3.1) 87 (6.4) 0.01

  Home, number (%) 486 (88.8) 1231 (90.4)* 0.29

  Transfer to another 
acute care hospital, 
number (%)

33 (6.0) 2 (0.1) <0.001

  Post acute care, (%) 11 (2.0) 40 (2.9) 0.26

Readmission

  30- day hospital 
readmission, number 
(%)

140 (26.4) 393 (30.8) 0.06

  180- day hospital 
readmission, number 
(%)

303 (57.2) 784 (61.5) 0.08

  Number of readmissions 
per patient at 180 days, 
mean (SD)

1.8 (1.2) 1.4 (1.7) <0.001

*1 patient in New York was discharged to ‘other’ location.
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HCT could be performed in the outpatient setting. Our reli-
ance on inpatient data prevents us from exploring this issue. 
Lastly, with the administrative databases used in this study, 
we are limited to in- hospital mortality as an outcome and are 
unable to comment on deaths that occurred after discharge 
or longer term outcomes. Similarly, we were unable to accu-
rately assess cause of death using the data we had available. 
Further studies comparing longer- term survival post HCT 
and cause of death in ON and NY are needed.

In conclusion, we found that ON has significantly lower 
utilisation of HCT compared with NY, particularly at older 
age. We also observed significantly higher mortality in NY 
that did not appear to be explained by differences in age. 
Overall our results provide much needed information on 
HCT utilisation and outcomes that should be considered by 
healthcare providers and policy- makers in both jurisdictions.
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