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Canada and the United States differ substantially in the structure 
of their health-care systems. In Canada, health care is paid for by 
the provincial governments and is universally provided to all per-
manent residents and citizens. In the United States, health insur-
ance is primarily employer-based for people of working age. The 
US Medicare program provides government-sponsored health 
care to 97% of people aged 65 years and older and a limited group 
of people younger than age 65 years who have long-term disability 
or selected medical conditions (1). The availability of health insur-
ance affects the structure of health-care delivery and decisions that 
physicians and patients make regarding treatment.

The organization of care at the end of life differs between the 
United States and Canada. Medicare coverage includes a hospice 
program for patients who are certified by their physician as being 

terminally ill with a life expectancy of 6 months or less. Under 
Medicare, hospice services are primarily home-based health care 
with the goal of symptom control and psychosocial support to 
dying patients and their families (2). Medicare patients who choose 
to enter hospice must consent to forgo life-prolonging therapy 
such as chemotherapy and hospitalization. For Medicare patients 
not in a hospice program, home health-care services are available. 
In Canada, the types of end-of-life care vary by province (3). 
Ontario, the most populous province, has no hospice program 
comparable to that available through the US Medicare program. 
End-of-life care in Ontario is provided through a range of services 
delivered by physicians and other health personnel. Palliative care 
is delivered in inpatient acute care units and at home through visits 
from physicians, nurses, and home-health aides.

ARTICLE

End-of-Life Care for Lung Cancer Patients in the United States 
and Ontario
Joan L. Warren, Lisa Barbera, Karen E. Bremner, K. Robin Yabroff, Jeffrey S. Hoch, Michael J. Barrett, Jin Luo, Murray D. Krahn

Manuscript received May 20, 2010; revised March 28, 2011; accepted March 30, 2011.

Correspondence to: Joan L. Warren, PhD, Health Services and Economics Branch/Applied Research Program, Division of Cancer Control and Population 
Sciences, National Cancer Institute, Executive Plaza North, Rm 4005, 6130 Executive Blvd, MSC 7344, Bethesda, MD 20892-7344 (e-mail: joan_warren@
nih.gov).

 Background Both the United States and Canada offer government-financed health insurance for the elderly, but few studies 
have compared care at the end of life for cancer patients between the two systems.

 Methods We identified care for non–small cell lung cancer (NSCLC) patients who died of cancer at age 65 years and older 
during 1999–2003. Patients were identified from US Surveillance, Epidemiology, and End Results (SEER)–
Medicare data (N = 13 533) and the Ontario Cancer Registry (N = 8100). Health claims during the last 5 months 
of life identified chemotherapy and emergency room use, hospitalizations, and supportive care. We estimated 
rates per person-months (PM) for short-term survivors (died <6 months after diagnosis) and longer-term survi-
vors (died ≥6 months after diagnosis), adjusting for demographic differences. To test whether monthly rates in 
Ontario were statistically significantly different from the United States, standardized differences were com-
puted, and a 99% confidence interval (CI) was constructed to account for the multiple tests performed. All sta-
tistical tests were two-sided.

 Results Rates of chemotherapy use were statistically significantly higher for SEER–Medicare patients than Ontario patients 
in every month before death (short-term survivors at 5 months before death: SEER–Medicare, 33.2 patients per 
100 PM vs Ontario, 9.5 per 100 PM, rate difference = 23.7 per 100 PM, 99% CI = 18.3 to 29.1 per 100 PM, P < .001; 
longer-term survivors at 5 months before death: SEER–Medicare, 24.4 patients per 100 PM vs Ontario, 14.5 per 
100 PM, rate difference = 9.9 per 100 PM, 99% CI = 7.7 to 12.1 per 100 PM, P <. 001). During the last 30 days of 
life, fewer SEER–Medicare than Ontario patients were hospitalized (short-term survivors, 49.9 vs 78.6 patients per 
100 PM, rate difference = 28.6 per 100 PM, 95% CI = 22.9 to 34.4 per 100 PM, P <. 001; longer-term survivors, 44.1 
vs 67.1 patients per 100 PM, rate difference = 23.0 per 100 PM, 95% CI = 18.5 to 27.5 per 100 PM, P < .001).

 Conclusions NSCLC patients in both Ontario and the United States used extensive end-of-life care. Limited availability of 
hospice care in Ontario and differing attitudes between the United States and Ontario regarding end-of-life care 
may explain the differences in practice patterns.
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Published studies comparing health-care delivery between 
Canada and the United States have reported that in the United 
States, physicians have a more aggressive attitude toward treat-
ment (4) and provide more intensive testing and treatment for 
myocardial infarctions (5) and cancers of the bladder, glottis, pros-
tate, and ovary (6–10). Comparisons of end-of-life care between 
Canada and the United States have not been reported, although 
end-of-life care has received increased attention because of uncer-
tainty related to the appropriate level of treatment. For patients 
diagnosed with advanced cancer, as death approaches, optimal 
health care would shift from life-prolonging therapy to supportive 
care and symptom control. There are also concerns about the 
cost of care for cancer patients at the end of life because cancer 
treatment with curative intent can be costly and may not substan-
tially extend survival. Recent studies of the costs of cancer care in 
the United States and Ontario reported that from the time of a 
cancer diagnosis until death, costs were highest at the end of life 
(11,12).

CONTEXTS AND CAVEATS

Prior knowledge
Government-financed health care covers elderly patients in both 
Canada and the United States, but the organization of care at the 
end of life differs between the two countries.

Study design
Care at the end of life was compared for non–small cell lung cancer 
patients aged 65 years and older identified from US Surveillance, 
Epidemiology, and End Results (SEER)–Medicare data and the 
Ontario Cancer Registry. Data on chemotherapy, emergency room 
use, hospitalizations, and supportive care were collected from 
health claims for both short-term (<6 months) and longer-term 
survivors (≥6 months).

Contribution
Although hospital and emergency room services were used more 
extensively in Ontario, chemotherapy rates were statistically signif-
icantly higher among SEER–Medicare patients than among Ontario 
patients, for both short- and longer-term survivors. There was 
extensive use of home health and hospice care by SEER–Medicare 
patients, whereas in Ontario, palliative care was more likely to be 
administered in the hospital.

Implications
The lack of a formal hospice program in Ontario during the study 
period may account for some of the differences in hospital and 
emergency room use between the two systems. However, treat-
ment differences may reflect differing attitudes between the United 
States and Ontario regarding end-of-life care.

Limitations
Administrative data on treatment did not include information 
about noncovered services or patients’ treatment choices. Palliative 
care offered to Medicare patients could not be identified because 
there was no billing code for palliative services. Medicare does not 
cover care in long-term care facilities, and nursing home stays are 
not covered in Ontario, so the use of palliative care in hospital and 
nursing home settings between lung cancer patients in the United 
States and Ontario could not be compared.

From the Editors
 

For this study, we compared care at the end of life between the 
United States and Ontario for elderly non–small cell lung cancer 
(NSCLC) patients. We selected patients aged 65 years and older 
to have two similar cohorts with government-sponsored health 
insurance. We chose NSCLC because it is the leading cause of 
cancer deaths in the United States (13) and Ontario (14) and the 
majority of patients diagnosed with NSCLC present with advanced 
disease (15) and die of their cancer.

Methods
Data Sources
Data for this study were obtained from health-care systems in the 
United States and Ontario for the period 1999–2003. We evalu-
ated health care in the United States using the National Cancer 
Institute Surveillance, Epidemiology and End Results (SEER)–
Medicare data, a linkage of patient records from the SEER cancer 
registries with their Medicare enrollment and claims files (1). The 
population-based SEER registries collect demographic and clinical 
information for each patient. The clinical information included 
data for each occurrence of a primary incident cancer, month and 
year of diagnosis, follow-up vital status, and date and cause of 
death for patients who died. The SEER areas included in our study 
represent about 14% of the US population. For persons reported 
to a SEER registry who were aged 65 years or older, 94% have 
been linked to Medicare’s master enrollment file. The Medicare 
data, collected by the Center for Medicare and Medicaid Services 
(CMS), included claims for each beneficiary with fee-for-service 
coverage, with information about all inpatient hospitalizations, 
outpatient and emergency room (ER) visits, physician services, 
hospice, and home health care. All files included specific dates of 
service and codes for specific diagnoses and procedures using 
either International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) codes (16) or Health Care Procedure 
Codes (HCPCS) (17,18). In addition, these data have been linked 
with the Area Resource File (19) by county of residence to deter-
mine the level of urbanicity/rurality of the area where the patient 
resided. Proxy variables for the patient’s median household income 
were estimated from Census data.

The second data source included linked health utilization data 
for Ontario, a Canadian province with 13 million people. Ontario 
data are housed at the Institute for Clinical Evaluative Sciences 
(ICES), Toronto, Canada. ICES maintains linkable health 
records for all Ontario residents, including cancer registry data, 
hospitalization data, physician services, and home care records. 
NSCLC patients were identified from the Ontario Cancer 
Registry. The Ontario Cancer Registry includes date of initial 
cancer diagnosis, site of cancer, age at diagnosis, and date and 
cause of death for patients who died. The frequency of hospital 
admissions, associated procedure and diagnosis codes, inpatient 
palliative care, and in-hospital deaths were determined from the 
Discharge Abstract Database (20), maintained by the Canadian 
Institute for Health Information (CIHI). Information about phy-
sician services, including house calls, nursing home visits,  
palliative care consults, intensive care unit (ICU) use, and chemo-
therapy administration was obtained from the Physician’s Claims 
History Database of the Ontario Health Insurance Plan (OHIP) 
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(21). ER use was available from CIHI National Ambulatory Care 
Reporting System Data (22) only from 2002 onwards. Before 
2002, frequency of ER use was obtained from the Physicians 
Claims History Database of OHIP. We determined if patients had 
received home care using the Ontario Home Care Administrative 
System database (23).

Study Populations
The study included persons diagnosed with pathologically con-
firmed NSCLC who died of any cancer between January 1, 1999, 
and December 31, 2003, the years of data that were available when 
this study was initiated. We included Medicare beneficiaries who 
died at age 65 years and 6 months, or older, to include at least 6 
months of data before death. We initially identified 62 356 lung 
cancer patients in the SEER–Medicare files and 33 510 lung can-
cer patients from the Ontario data. Patients were excluded if they 
had more than one cancer (SEER–Medicare n = 6825 and Ontario 
n = 4183) or died before reaching the age threshold (SEER–
Medicare n = 3571 and Ontario n = 8056). We eliminated lung 
cancer patients who did not have NSCLC (SEER–Medicare n = 11 
351 and Ontario n = 7660). The study was focused on patients with 
advanced disease at the time of diagnosis because their physicians 
are likely to consider them to have short life expectancy. Because 
the Ontario Cancer Registry has limited staging information for 
the period of this study, we used the absence of cancer-directed 
surgery as a proxy for advanced stage at diagnosis. Surgery is usu-
ally performed in patients with early-stage disease but not in 
patients with more advanced disease. Among NSCLC patients in 
the SEER–Medicare data, 86% of staged cancer patients without 
cancer-directed surgery had stage IIIB or IV disease. Therefore, 
we excluded patients who underwent cancer-directed surgery 
within 1 year after lung cancer diagnosis (SEER–Medicare n = 10 
089 and Ontario n = 2092). We also excluded patients who died 
within 30 days of diagnosis (SEER–Medicare n = 7901 and 
Ontario n = 1135) or who had a condition other than the cancers 
listed as the cause of death (SEER–Medicare n = 2744 and 
Ontario n = 908). Patients in the Ontario sample were excluded if 
they died outside of Ontario (n = 63) or had an invalid OHIP 
number (n = 1313). Patients were excluded from the SEER–
Medicare sample if they did not have continuous fee-for-service 
coverage and Part A and B enrollment in Medicare for the entire 
period of the study (n = 6342). The final cohort included 13 533 
patients from the SEER–Medicare data and 8100 patients from 
the Ontario data.

Although all patients in our sample were considered to have 
been diagnosed with advanced disease, the time between diagno-
sis and death varied, with approximately half of SEER–Medicare 
and Ontario patients dying within 6 months following diagnosis. 
For patients who died within 6 months of diagnosis, care cap-
tured in our analysis may be a mixture of primary treatment for 
a newly diagnosed cancer and care at the end of life. For patients 
who lived more than 6 months, care at the end of life would be 
less likely to include peri-diagnostic services. Therefore, we 
reported patterns of care separately for patients who were short-
term survivors (survived <180 days following diagnosis) and 
those who were longer-term survivors (patients who survived 
≥180 days).

Identification of Specific Types of Health Care
Health care received by NSCLC patients was identified by review-
ing all records for each patient on or before the date of death ret-
rospectively up to 5 months before death or the day of diagnosis, 
whichever came first. We examined trends in use of acute and 
supportive care in the last 5 months of life and also examined in 
more detail the use of hospital and ER services in the last 30 days 
of life, including ICU admissions and in-hospital deaths.

Acute care included chemotherapy, ER visits, and inpatient 
hospitalizations. Chemotherapy was identified from any inpatient 
or outpatient claim for administration of an intravenous chemo-
therapeutic agent. Chemotherapy use was counted for every 
month for which a claim was found. Hospitalizations were assigned 
to the month in which the first day of hospital admission 
occurred.

The measures of supportive care were not directly comparable 
between the United States and Ontario, reflecting differences in 
the organization of health care. There is no formal program of 
palliative care covered by Medicare. In the United States, sup-
portive care was measured through home health care and hospice 
use. Most hospice care provided to Medicare beneficiaries is 
home-based and includes home health services and physician visits. 
SEER–Medicare patients were considered to have received hos-
pice or home health care if there was any Medicare claim for either 
service during each month. Home health claims and hospice claims 
were mutually exclusive, and patients could have either service or 
both within each month. Supportive care in Ontario included all 
home care services, house calls by physicians, and palliative care 
consultations in the outpatient setting. Home care was identified 
from claims in the Ontario Home Care Administrative System 
database. Codes on physician claims were used to identify palliative 
care services from physicians and house calls, excluding those for 
pronouncement of death. We created mutually exclusive cate-
gories to identify Ontario patients who received one or more pal-
liative care services (palliative care consultation, physician house 
call, or home care services) during each month. For Ontario 
patients, admissions for inpatient palliative care were included in 
the estimates of hospitalization rates because these admissions 
capture patients in need of care for which there was no home-
based alternative.

Rates of Health Care by Month During the Last 5 Months 
of Life
We calculated monthly rates of patients being treated, defined as 
30-day intervals up to 5 months before death. We stratified 
patients into short-term survivors and longer-term survivors based 
on the length of time from diagnosis to death. To accurately cal-
culate monthly rates of service use for the patients surviving less 
than 180 days, we estimated services per person-day. Within each 
30-day interval before death, we computed the number of days that 
each patient was alive and diagnosed with lung cancer. Person-days 
were summed during the 30-day interval and for all patients and 
used as the denominator, person-months (PM). The numerator 
was the number of patients who used a service in the same period. 
The result of the numerator to denominator ratio was the rate of 
patients with the service per PM. Rates are reported as numbers of 
patients treated per 100 PM. When calculating the rate of ER 
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visits, hospitalizations, and home health care, we modified the de-
nominators to exclude those patients who were already in-hospital, 
because they would not be at risk for any of these events. We also 
modified denominators for Ontario to exclude the days that 
patients were hospitalized from estimates of home care or pallia-
tive care received at home or in the outpatient setting. These ap-
proaches to calculating person-days denominators also helped to 
ensure that potential differences in hospitalization rates between 
SEER–Medicare and Ontario did not affect comparisons of rates 
for ER and home health-care use.

For the monthly rates of patients receiving health care, we only 
reported health care received during the last 5 months of life. By 
definition, all of the short-term survivors who had any observation 
time in the sixth month before death were diagnosed during that 
30-day period. Few short-term survivors contributed the full 30 
days of observation to this 30-day period. Thus the PM denomi-
nator in the sixth month before death was incomplete for short-
term survivors. As a result, during the sixth month before death, 
rates of patients with service use per 100 PM were not an appro-
priate measure when so few short-term survivors were observed for 
a full 30 days.

Health Care Received in the Last 30 Days of Life
Assessment of ER use during the last 30 days of life included the 
percent of all patients with any ER visit, the rate of ER use 
(number of patients with ER visits per 100 PM, excluding days 
when patients were in-hospital), the mean number of ER visits per 
patient, and the percent of ER visits that resulted in an inpatient 
hospitalization. Hospital use during the last 30 days of life was 
measured by estimating the percent of all patients who were hos-
pitalized, the rate of hospitalization (number of patients with hos-
pital admissions per 100 PM, excluding days when patients were 
already in hospital), the mean number of hospitalizations per 
patient, and the percent of patients who died in hospital. We also 
assessed utilization among only the patients who were hospitalized, 
which included estimates of the mean length of stay per hospitali-
zation, the percent of hospitalized patients who were treated in an 
ICU, the mean length of ICU stay for patients admitted to an 
ICU, and the percent of hospitalized patients dying in hospital.

Statistical Analysis
We compared demographic characteristics of NSCLC patients 
between the SEER–Medicare and Ontario data with x2 statistics. 
Median household income was measured for the Census tract of 
residence. Because of variation in income levels in the SEER areas 
within the United States and Ontario, income quintiles were cal-
culated within each SEER registry and within each Census 
Metropolitan Area in Ontario. We reported the number of 
patients in each income quintile within each area. Income amounts 
were not compared between the United States and Ontario; there-
fore no adjustment for differing standards of living was required.

To account for any demographic differences between the 
SEER–Medicare and Ontario populations, all rates of service use, 
percentages, and means were adjusted to the US cohort based on 
age (65–69, 70–79, or ≥80 years), sex, income quintile (two highest 
quintiles or other), and urbanicity (big metropolitan, metropolitan, 
or other). The adjustment was calculated as a weighted average of 

the crude rates, percentages, or means for each subgroup, where 
the weights were the proportions of persons in the corresponding 
subgroups of the US cohort. Given the large sample sizes, standard 
errors and 95% confidence intervals (CI) for proportions and 
means related to patient demographic characteristics (Table 1), 
and use of ER and hospital services in the last 30 days of life (Table 2) 
were calculated assuming normal distributions. For Ontario 
patients, monthly estimates of rates of service use for each of the 
last 5 months of life were adjusted to the US population. To test 
whether monthly rates in Ontario were statistically significantly 
different from the United States, standardized differences were 
computed, and a 99% confidence interval was constructed to ac-
count for the multiple tests performed (Figures 1 and 2). Inclusion 
of zero in the 99% confidence interval for the rate differences was 
taken as evidence that there was no difference between the Ontario 
and US rates. When the 99% confidence interval did not include 
zero, we rejected the hypothesis of the same rate for Ontario and 
the US.

Results
NSCLC patients in the SEER–Medicare data were statistically 
significantly older, more likely to be women, and to reside in large 
metropolitan areas compared with Ontario patients (Table 1). 
This was true for both short-term and longer-term survivors. 
Approximately 40% of the longer-term survivors died between 6 
and 12 months after diagnosis.

Rates of Health Care During the Last 5 Months of Life
In each of the 5 months before death, chemotherapy rates were 
statistically significantly higher among SEER–Medicare patients 
than the adjusted rates among Ontario patients, for both short- 
and longer-term survivors (Figure 1). At 5 months before death, 
among short-term survivors the chemotherapy rate was 33.2 
patients per 100 PM for SEER–Medicare vs 9.5 patients per 100 
PM for Ontario (rate difference = 23.7 per 100 PM, 99% CI = 18.3 
to 29.1 per 100 PM, P < .001) For longer-term survivors, in the 
fifth month before death, the rate of patients using chemotherapy 
was 24.4 patients per 100 PM for SEER–Medicare, contrasted 
with 14.5 patients per 100 PM for Ontario (rate difference = 9.9 
per 100 PM, 99% CI = 7.7 to 12.1 per 100 PM, P < .001). By the 
last month of life, chemotherapy rates for all groups had declined, 
although rates were statistically significantly higher for SEER–
Medicare patients than Ontario patients (short-term survivors rate 
per 100 PM: 14.8 for SEER–Medicare vs 9.0 Ontario, rate differ-
ence = 5.8 per 100 PM, 99% CI = 4.0 to 7.7 per 100 PM,  
P < .001 longer-term survivors rate per 100 PM: 10.2 for SEER–
Medicare vs 6.4 Ontario, rate difference = 3.8 per 100 PM, 99% 
CI = 2.4 to 5.2 per 100 PM, P < .001).

Use of ER services for SEER–Medicare and Ontario rose ap-
preciably as the time of death approached (Figure 2, A). For SEER
–Medicare longer-term survivors, the number of patients per 100 
PM with an ER visit increased from 11.8 at 5 months before death 
to 40.1 in the last month of life, whereas for Ontario longer-term 
survivors, the adjusted rates were 12.8 and 58.9 patients per 100 
PM (5 month difference in ER use between SEER–Medicare and 
Ontario rate = 1.0 per 100 PM, 99% CI = –.8 to 2.8 per 100 PM, 
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P = .15; 1 month difference between SEER–Medicare and Ontario 
rate = 18.8 per 100 PM, 99% CI = 14.5 to 23.1 per 100 PM, P < 
.001). Short-term survivors had a different pattern of ER use. At 5 
months before death the adjusted rate was 24.0 patients per 100 
PM with an ER visit for SEER–Medicare and 41.5 patients per 100 
PM for Ontario (rate difference = 17.4 per 100 PM, 99% CI = 7.4 
to 27.5 per 100 PM, P < .001) For both groups, these rates declined 
in the fourth month before death before increasing steadily. By the 
last month of life, the number of patients per 100 PM with an ER 
visit was 43.9 for SEER–Medicare patients and 67.2 for Ontario 
patients (rate difference = 23.3 per 100 PM, 99% CI = 17.9 to 28.6 
per 100 PM, P < .001).

Hospitalization rates increased for all patients shortly before 
death (Figure 2, B). For short-term survivors, Ontario rates of hos-
pitalization were statistically significantly higher than SEER–
Medicare rates in all months. In the fifth month before death, the 
adjusted rate of patients with a hospital admission was 30.5 patients 
per 100 PM for SEER–Medicare and 53.6 patients for Ontario (rate 
difference = 23.1 per 100 PM, 99% CI = 13.1 to 34.5 per 100 PM, 
P < .001). By the last month of life, the adjusted hospital admission 
rates for short-term survivors (Table 2, Figure 2, B) were 49.9 
patients per 100 PM for SEER–Medicare and 78.6 per 100 PM for 
Ontario (rate difference = 28.6 per 100 PM, 99% CI = 22.9 to 34.4 
per 100 PM, P < .001). For longer-term survivors, the number of 
patients with a hospital admission increased markedly in the last 
month of life (Table 2, Figure 2, B) with a rate of 44.1 patients per 

100 PM for SEER–Medicare and 67.1 per 100 PM for Ontario (rate 
difference = 23.0 per 100 PM, 99% CI = 18.5 to 27.5, P < .001).

There was extensive use of home health and hospice care in the 
SEER–Medicare patients (Figure 3). Use of hospice increased 
steadily as death neared and was equivalent between short- and 
longer-term survivors in all months, except for the last month of 
life where the rate was 57.4 patients per 100 PM for short-term 
survivors and 66.8 per 100 PM for longer-term survivors. Fifty-
eight percent (n = 7883) of patients received hospice services 
during the last 6 months of life; 17% (n = 665) of patients admitted 
to hospice in the last month of life (n = 3997) had a length of stay 
less than 3 days. Twelve percent (n = 949) of hospice patients were 
in a nursing home for at least 1 day during the last 30 days of life 
(data not shown).

Among Ontario patients, use of outpatient supportive care 
during the last 5 months of life was comparable between short- and 
longer-term survivors (Figure 4). The rate of persons receiving 
community-based supportive care rose from 40 patients per 100 
PM at 5 months before death to more than 88 patients per 100 PM 
in the last month of life. By the last month of life, most patients 
were receiving more than one type of supportive care, including 
physician house calls, outpatient palliative care, and home care.

Acute Care in the Last 30 Days of Life
During the last 30 days of life, the percentage of SEER–Medicare 
patients with an ER visit was about 12% lower, on average, than 

Table 1. Characteristics of patients diagnosed with late stage non–small cell lung cancer who died of cancer at age 65 or older, 
1999–2003*

Characteristic

Survived <6 mo Survived ≥6 mo following diagnosis

SEER–Medicare,  
No. (%)† Ontario No. (%)‡ P

SEER–Medicare  
No. (%)§ Ontario No. (%)|| P

Age at death, y   <.001   <.001
 65–69 1118 (17.8) 919 (25.2)  1423 (19.6) 1136 (25.5)
 70–79 3181 (50.7) 2007 (55.0)  3677 (50.7) 2399 (53.9)
 ≥80 1978 (31.5) 726 (19.9)  2156 (29.7) 913 (20.5)
Sex   <.001   <.001
 Men 3501 (55.8) 2207 (60.4)  3871 (53.4) 2631 (59.2)
 Women 2776 (44.2) 1445 (39.6)  3385 (46.7) 1817 (40.9)
Urban/rural residence at time of diagnosis   <.001   <.001
 Big metro 3770 (60.1) 1634 (44.7)  4330 (59.7) 1865 (41.9)
 Metro 1558 (24.8) 1376 (37.7)  1825 (25.2) 1567 (35.2)
 Others 949 (15.1) 642 (17.6)  1101 (15.2) 1016 (22.8)
Median census tract household income relative  
  to national/provincial income quintiles

  <.001   <.001

 High income (top 2 quintiles) 2246 (35.8) 1247 (34.2)  2466 (34.0) 1390 (31.3)
 Low income 4031 (64.2) 2405 (65.9)  4790 (66.0) 3058 (68.8)
Time from diagnosis to death, mo <.001   <.001
 <6 6277 (100.0) 3652 (100.0)  0 (0.0) 0 (0.0)
 6 to <12 0 (0.0) 0 (0.0)  2778 (38.3) 1783 (40.1)
 12 to <18 0 (0.0) 0 (0.0)  1791 (24.7) 890 (20.0)
 18 to <24 0 (0.0) 0 (0.0)  898 (12.4) 470 (10.6)
 24 to <36 0 (0.0) 0 (0.0)  934 (12.9) 442 (9.9)
 ≥36 0 (0.0) 0 (0.0)  855 (11.8) 863 (19.4)

* P values were calculated by the two-sided x2 test. SEER = Surveillance, Epidemiology, and End Results database.

† N = 6277.

‡ N = 3652.

§ N = 7256.

|| N = 4448.
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for Ontario patients, for both short- and longer-term survivors 
(Table 2). Hospital admissions during the last 30 days of life were 
frequent for SEER–Medicare and Ontario patients, although the 
percentage of patients with a hospital admission in the last 30 days 
was statistically significantly lower among SEER–Medicare 
patients than for patients in Ontario (short-term survivors: SEER–
Medicare, 43.5%, 95% CI = 40.7% to 46.3%; Ontario, 59.3%, 
95% CI = 56.6% to 62.1%, Pdifference < .001; longer-term survivors: 
SEER–Medicare, 39.5%, 95% CI = 37.4% to 41.6%; Ontario, 
54.6%, 95% CI = 52.5% to 56.6%, Pdifference < .001, Table 2). 
Among hospitalized patients, more SEER–Medicare than Ontario 
patients were treated in an ICU (short-term survivors: SEER–
Medicare, 15.6%, 95% CI = 13.6% to 17.7%; Ontario, 7.1%, 95% 
CI = 5.8% to 8.4%, Pdifference < .001; longer-term survivors: SEER–
Medicare, 14.7%, 95% CI = 13.0% to 16.3%; Ontario, 5.8%, 95% 
CI = 4.7% to 6.9%, Pdifference < .001, Table 2). More than 60% (n = 
2613) of hospitalized patients in Ontario received inpatient pallia-
tive care during the last month of life (data not shown). SEER–
Medicare patients were much less likely to die in-hospital compared 
with Ontario patients (short-term survivors: SEER–Medicare, 
20.4% (n = 1262), 95% CI = 18.7% to 22.1%; Ontario, 48.5% 
(n=1586), 95% CI = 45.9% to 51.0%, Pdifference < .001; longer-term 
survivors: SEER–Medicare, 19.0% (n = 1367), 95% CI = 17.4% to 
20.5%; Ontario, 44.3% (n = 1866), 95% CI = 42.1% to 46.6%, 
Pdifference < .001, Table 2). Among patients hospitalized in the last 30 
days, 46.4% (n = 1262) of SEER–Medicare short-term survivors 
died in hospital, compared with 81.3% (n = 1586.) of Ontario 
short-term survivors. Similar percentages were found for longer-

term survivors, 47.7% (n = 1367) for SEER–Medicare patients vs 
80.6% (n = 1866) for Ontario patients.

Discussion
In this study, we compared care at the end of life for elderly 
NSCLC patients who died of cancer in the United States and 
Ontario. Both groups used health-care services extensively in the 
last 5 months of life, particularly during the last month of life. 
These findings are consistent with earlier studies that have 
reported high levels of health-care use by cancer patients at the 
end of life (11,24,25).

Chemotherapy was given to statistically significantly more 
SEER–Medicare patients than Ontario patients, with the differ-
ences greatest among short-term survivors. The lower rate of 
chemotherapy use among Ontario patients may reflect differences 
between Ontario and the United States in patients’ or physicians’ 
perceptions regarding the benefit of chemotherapy for elderly 
patients with advanced lung cancer. The US physicians in our 
study may have been more willing to administer chemotherapy in 
response to professional societies’ recommendations in the mid-
1990s that chemotherapy may benefit a select number of NSCLC 
patients with advanced disease (26,27). In addition, oncologists 
paid by Medicare can profit from the administration of specific 
chemotherapy agents whereas oncologists in Ontario do not have 
a financial incentive to prescribe chemotherapy.

During the last month of life, SEER–Medicare patients had 
statistically significantly lower rates of hospitalization than Ontario 

Table 2. Emergency room and inpatient services during the last 30 days of life among non–small cell lung cancer patients who died of 
cancer at age 65 and older, 1999–2003*

Services

Survived <6 mo following diagnosis Survived ≥6 mo following diagnosis

SEER–Medicare Ontario

P

SEER–Medicare Ontario

PEstimate (95% CI) Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

ER use
 % of patients with any ER visit† 38.3 (36.2 to 40.4) 50.9 (48.5 to 53.3) <.001 35.9 (34.3 to 37.6) 47.9 (45.7 to 50.1) <.001
 Rate of ER admissions‡ 43.9 (42.6 to 45.2) 67.3 (66.7 to 70.4) <.001 40.1 (38.9 to 41.3) 58.9 (57.9 to 61.2) <.001
 Mean ER visits per patient among  
  those with any ER visit

1.34 (1.29 to 1.39) 1.34 (1.30 to 1.38) .959 1.31 (1.28 to 1.34) 1.29 (1.26 to 1.32) .033

 % of ER visits that resulted in hospitalization 69.4 (66.2 to 72.6) 64.0 (61.2 to 66.7) .011 69.3 (66.6 to 71.9) 66.4 (64.6 to 68.1) .066
Inpatient utilization and events, all patients
 % of patients with hospital admissions† 43.5 (40.7 to 46.3) 59.3 (56.6 to 62.1) <.001 39.5 (37.4 to 41.6) 54.6 (52.5 to 56.6) <.001
 Rate of hospital admissions§ 49.9 (48.5 to 51.2) 78.6 (78.0 to 81.7) <.001 44.1 (42.9 to 45.3) 67.1 (67.0 to 70.3) <.001
 % of patients dying in hospital 20.4 (18.7 to 22.1) 48.5 (45.9. to 51.0) <.001 19.0 (17.4 to 20.5) 44.3 (42.1 to 46.6) <.001
Inpatient utilization and events, hospitalized patients only
 Mean hospitalizations per person 1.20 (1.17 to 1.23) 1.17 (1.14 to 1.19) .081 1.18 (1.16 to 1.19) 1.14 (1.12 to 1.16) .013
 Mean length of stay/hospitalization, days 6.50 (6.23 to 6.75) 8.26 (7.83 to 8.68) <.001 6.22 (5.96 to 6.47) 8.18 (7.9 to 8.5) <.001
 % hospitalized patients treated in the ICU 15.6 (13.6 to 17.7) 7.1 (5.8 to 8.4) <.001 14.7 (13.0 to 16.3) 5.8 (4.7 to 6.9) <.001
 Mean length of ICU stay in days per patient  
  admitted to ICU

4.58 (4.09 to 5.06) 3.85 (3.08 to 4.62) .100 4.64 (4.12 to 5.16) 4.10 (3.46 to 4.74) .182

 % hospitalized patients dying in hospital 46.4 (43.9 to 48.8) 81.3 (79.2 to 83.4) <.001 47.7 (45.2 to 50.1) 80.6 (78.6 to 82.6) <.001

* Adjusted for age (65–69, 70–79, ≥80 years), sex, income (2 highest quintiles, other), and urbanicity (big metropolitan, metropolitan, other). The P values for the 
rates in Table 2 were calculated by creating 95% confidence intervals for the difference between the two standardized rates. The P value reported is such that 
the (12P)% confidence interval just includes zero. The other P values in Table 2 were calculated using a two-sample t test of the weighted data. All statistical 
tests were two-sided. CI = confidence interval; ER = emergency room; ICU = intensive care unit; PM = person-months; SEER = Surveillance, Epidemiology, and 
End Results database .

† Excludes patients who were hospitalized for the entire 30-day period.

‡ No. of patients with ER visits/100 PM. Excludes patients on days that they were in hospital.

§ No. of patients with hospital admission/100 PM. Excludes patients on days that they were in hospital.
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patients. This difference may be attributable to no formal hospice 
program being available to Ontario patients. More than 58% of 
SEER–Medicare patients were in hospice during their last month 
of life. Medicare pays hospices a daily-capitated payment to cover 
all care related to the patient’s terminal illness and will only pro-
vide additional reimbursement for inpatient hospitalizations if the 
patient’s acuity of care exceeds what can be provided in another 
setting or for short-term respite care (28). Because hospices are 
financially responsible for all other hospital care, they have a strong 
incentive to keep patients out of ERs and limit hospital use. A pre-
vious study of SEER–Medicare colorectal and lung cancer patients 
reported that only 4% of patients had a hospitalization following 
enrollment in hospice (2). We observed that SEER–Medicare 
patients who were admitted to hospital had ICU admission rates 
more than double those of Ontario patients. These patients were 
likely not in hospice because hospice programs would make efforts 
to avoid expensive ICU services for their patients.

Although there is no formal hospice program in Ontario, we 
found extensive use of palliative care, especially in the last 30 days 
when the number of patients per 100 PM receiving community 
supportive services exceeded 85. Despite the high use of community 
palliative services, 55% of Ontario patients had a hospital admission 
during the last month of life. It appears that most Ontario patients 
who were hospitalized in the last 30 days of life were admitted for 
supportive care. More than half of all Ontario patients died in hos-
pital, 2.5-fold more than observed among SEER–Medicare patients. 
A study that evaluated the use of hospital care at the end of life for 
lung cancer patients in Ontario reported that 90% of Ontario lung 
cancer decedents who were hospitalized in the 2 weeks before death 
had a “do not resuscitate” order on their chart (15).

The disparity in the number of in-hospital deaths between 
Ontario and the SEER–Medicare patients may reflect differences 

in health systems or patient preference regarding care at the end of 
life. Data from surveys of terminal cancer patients in Canada dem-
onstrate that up to 80% of respondents would prefer to die at 
home (29), a perspective shared by their families. However, 
moving care for dying patients to the home setting can be de-
manding for family members in terms of physical needs and loss of 
time from work. Surveys of patients and community-based pallia-
tive care providers in Ontario have found that dying patients have 
experienced unmet needs and challenges in coordinating palliative 
care (30,31). In 2005, the Ontario Ministry of Health established 
networks to improve the coordination of end-of-life care and shift 
palliative care from the hospital to home. The impact of the initia-
tive is still being assessed, although it appears that the number of 
in-hospital deaths and ER visits in Ontario has not changed fol-
lowing implementation of these new programs (32).

The type and patterns of health-care use also varied for short- 
and longer-term survivors. In both SEER–Medicare and Ontario 
cohorts, rates of patients with ER visits and hospitalizations were 
statistically significantly higher for short-term survivors than for 
longer-term survivors, perhaps reflecting a blend of health care for 
a newly diagnosed lung cancer and services related to the end of 
life for these recently diagnosed patients. The higher rates of ER 
visits and hospitalizations observed across all months for Ontario 
short-term survivors relative to Medicare short-term survivors 
may reflect differences in the two groups in terms of the time it 
takes to access the needed care. This explanation is supported by 
the fact that rates of ER visits and hospitalizations were similar for 
Ontario and SEER–Medicare longer-term survivors in months 
3–5 before death. Longer-term survivors may have had time to 
organize support services, arrange for experienced caregivers, and 
be referred to palliative care. A recent study that examined the 
reasons that terminal cancer patients in Ontario went to the ER 
concluded that many of the visits may have been avoided with 
comprehensive and coordinated palliative care and better symptom 
control at home (33).

The differences we observed in patterns of health-care use 
between elderly lung cancer patients in the United States and 
Ontario are likely to extend to the total costs of care. Because of 
many differences in coverage policies, payment of physicians, and 
submission of claims, comparing costs of care is exceedingly complex 
and was not included in our analysis. Despite these challenges, efforts 
to systematically measure comparable costs of end-of-life care in 
these two health-care systems are needed to provide a better under-
standing of the complete burden of the different structures of care.

Our study had several important strengths. The population-
based data used in the analysis included large numbers of NSCLC 
patients with government-funded health care. We were able to 
evaluate the trajectory of care that NSCLC patients received 
across multiple care settings (home, ER, and hospital) during the 
last 5 months of life. The comprehensiveness of these data pro-
vided a detailed picture of much of the care given at the end of life. 
The NSCLC patients in our analysis had very high rates of hospi-
talization and poor survival following diagnosis. By using person-
day estimates, we limited the analysis to only those patients who 
were “at risk” of receiving that type of care. This approach resulted 
in a more accurate estimate of the rate of service use than if we had 
included all patients. Finally, we limited our analysis to specific 

Figure 1. Adjusted rates of use of chemotherapy (number of patients 
per 100 person-months) in the last 5 months of life of non–small cell 
lung cancer patients who died of cancer at age 65 years and older, 
1999–2003. Monthly rates are adjusted for age group (65–69, 70–79,and 
≥80 years), sex, income (two highest quintiles, other), and urbanicity 
(big metropolitan, metropolitan, other). Standardized monthly rates 
were compared using 99% confidence intervals. P values for differences 
in all rates for SEER–Medicare patients vs Ontario patients surviving 
less than 6 months and 6 months or more were less than .001. The P 
values for the monthly rates were calculated by creating confidence 
intervals for the difference between the two standardized rates. The P 
value reported is such that the (12P)% confidence interval just includes 
zero. All statistical tests were two-sided. SEER = Surveillance, 
Epidemiology, and End Results database.
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types of health care that were comparable between the SEER–
Medicare and Ontario data.

Our study also had several limitations. We used administrative 
data to capture patients’ treatment. Administrative data do not 
include information about noncovered services or patients’ treat-
ment choices. We could not identify palliative care offered to 
Medicare patients because there was no billing code to identify 
palliative services. There were challenges to identifying end-of-life 
care provided to patients in nursing homes. We could capture care 
for Medicare patients who are in skilled nursing facilities, but these 
facilities are limited to patients who require skilled services such as 
intravenous medications or physical therapy. Medicare does not 
cover care in long-term care facilities, and as a result, patients re-
ceiving supportive services in long-term care facilities were not 
included. In Ontario, nursing home stays are not covered by OHIP 
and there are no bills from these facilities. As a result of these lim-
itations in the data, it is not possible to compare the use of pallia-
tive care in hospital and nursing home settings between lung 
cancer patients in the United States and Ontario.

We used a retrospective approach, identifying patients who 
died and evaluating their care in the last 5 months before death. 

Figure 2. Adjusted rates of emergency room 
(ER) and hospital use in the last 5 months of life 
for non–small cell lung cancer patients who 
died of cancer at age 65 years and older, 1999–
2003. A) Rates of ER admissions (No. of patients 
admitted per 100 person-months [PM]). B) 
Rates of inpatient hospital admissions (No. of 
patients admitted per 100 PM). Monthly rates 
were adjusted for age (65–69, 70–79, and ≥80 
years), sex, income (two highest quintiles, 
other), and urbanicity (big metropolitan, metro-
politan, other). Standardized monthly rates 
were compared using 99% confidence inter-
vals. For ER visits, P values for differences in all 
rates for SEER–Medicare patients vs Ontario 
patients surviving less than 6 months were less 
than .001. For patients surviving 6 or more 
months, P values were .152 at 5 months before 
death, .003 for 4 months before death, and less 
than.001 for 3–1 month(s) before death. For 
hospital admissions, P values for differences in 
all rates for SEER–Medicare patients vs Ontario 
patients surviving less than 6 months were less 
than .001. For patients surviving 6 or more 
months, P values were .222 at 4 months before 
death, .366 for 3 months before death, and less 
than.001 for months 5, 2, and 1 before death. 
The P values for the monthly rates were calcu-
lated by creating confidence intervals for the 
difference between the two standardized rates. 
The P value reported is such that the (12P) % 
confidence interval just includes zero. All statis-
tical tests were two-sided. SEER = Surveillance, 
Epidemiology, and End Results database.

Figure 3. Rates of use (No. of patients per 100 person-months) of hos-
pice and home health during the last 6 months of life among 
Surveillance, Epidemiology, and End Results–Medicare patients who 
died of non–small cell lung cancer by length of survival, 1999–2003.
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The retrospective approach to evaluating care at the end of life has 
been debated because it may capture patients who do not appear to 
their physicians to be likely to die in the immediate future, and 
these patients may have received care that was different from 
patients who are clearly in the last months of life (34). Others have 
suggested that end-of-life studies based on prospective cohorts are 
also limited because it is difficult to identify with certainty which 
patients are dying (35). To reduce the likelihood that patients in 
our study included those not dying of cancer, we restricted our 
samples to patients with advanced disease at diagnosis who had 
cancer reported as the cause of death.

In conclusion, we compared health care during the last 5 
months of life between Ontario and the United States for elderly 
patients with advanced NSCLC. In both countries, patients used a 
large amount of health-care resources. Our study revealed marked 
differences in the patterns of service delivery at the end of life in 
Ontario and the United States, likely reflecting differences 
between their health systems in the organization of end-of-life 
care. Our findings related to the use of chemotherapy and the ICU 
support commonly held perceptions that patients in the United 
States tend to receive more intensive health-care services than in 
Canada. However, we found that use of hospital and ER services 
were statistically significantly higher in Ontario. The findings 
from this study will inform health planners and policy makers in 
each country regarding current patterns of end-of-life care, and 
where there may be opportunities for changing practice patterns or 
programs. This information will help enlighten the current public 
debate regarding the intensity and benefit of health care for treat-
ments of patients at the end of life.
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