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Executive Summary 

Purpose 
Health care reform is widely discussed today, and experts often I 
recommend the health care systems of other countries as models for the 
reform of health care in the United States. However, little is lmown about ’ 
how well foreign systems perform or how their outcomes compare to the 
U.S. outcomes. The purpose of this report is to compare the survival of 

1 

patients from the United States and from the Canadian province of Ontario i 
diagnosed with selected forms of cancer and to consider some of the 1 
factors possibly contributing to the observed results. The work is in 
response to a request from the Ranking Minority Member of the 
Subcommittee on Health of the House Committee on Ways and Means that 
GAO examine outcomes in developed countries for clinical conditions 
affected by %ophistic.ated medical services.” 

Background Comparisons of health care systems have focused on access and cost, and 
little has been done to measure their quality of care. Some global health 
measures have been presented (for example, average life expectancy), but 
they often do not directly reflect patient care. Examining other indicators 
would broaden the basis of comparison. In an effort to do so, GAO 

compared survival for cancer patients in the United States and Ontario. 

Survival, like average life expectancy, is not a pure indicator of quality of 
care. However, because measurement of sulvival begins with a diagnosis, 
it is more directly reflective of patient care than life expectancy, which is 
determined not only by the health care delivery system but also by myriad 
other factors (including population genetics and a nation’s environment). 
The second advantage of measuring survival from apart&&u disease is 
that it is possible to select a disease with particular care requirements. 
Thus, for example, survival from one form of cancer may reflect the use of 
a particular medicine or technology without which survival is less likely 
and may thereby serve as a marker for the use of this treatment Survival 
from specific forms of cancer has not previously been used as a health 
care indicator in international comparisons. 

GAO compared the survival rates of large Samples of patients from the 
United States and Ontario diagnosed with lung cancer, colon cancer, 
Hodgkin’s disease, and breast cancer, over the years 1978-86 and followed 
until the end of 1990. The U.S. and Ontario data were obtained from the 
National Cancer Institute’s SEER program and the Ontario Cancer Registry. 
The U.S. data arguably represent all U.S. patients with the four conditions 
(see appendix I). The Ontario data include records from virtually all 
Ontario’s patients with those conditions. 
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ExecutiveSwxunary 

Results in Brief 
1 

As shown in figure 1, GAO found that the United States and Ontario share 
similar patterns of sumival for four different forms of cancer. lung cancer, 

Figure 1: Cancer Survival in the United States and Ontario 
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colon cancer, Hodgkk’s disease, and breast cancer. Within this set of four 
e 

conditions, a disG.nction can be made, however, between the data pattern 1 
for breast cancer and that for the three other conditions. Breast cancer 1 
patients in the United States experienced a higher level of survival 
consistently throughout the period 197&90 than Ontario’s breast cancer 3 j 
patients. 

In contrast, U.S. patients with each of the three other diseases 
demonstrated a distinct pattern: higher survival rates than their 
counterparts from Ontario in the initial period after detection were 
followed by aloss of advanwe. (The initially superior U.S. survival rate 
was statistically signilicant for ail conditions except Hodgkin’s disease.) 
The result is that after 9 or 10 years, U.S. survival rates, with differences in ; 
general population longevity taken into account, were either 1 
indistinguishable by conventional staktical criteria (in the oases of colon 1 
cancer and Hodgkin’s disease) or lower (in the case of lung cancer) than 1 
the corresponding Ontario rates. I 

principal Findings The observed survival rates of patients from the United States and Ontario ! 
following diagnosis can be seen in figure 1. The U.S. sm%val rate for 1 

breast cancer is consistently higher than the rate of Ontario. Ten years 
after diagnosis, the percentage of U.S. patients surviving is 50.7 and 

1 
f 

Ontario’s percentage is 48.2, a difference of 2.5 percentage points. When 1 
differences between the locations in general population longevity are 
taken into account, the corresponding percentages survitig are 64.7 for 
the United States and 59.9 for Ontario, a difference of almost 5 percentage 

i 

points. Although small, this difference translates into about 4,300 more 
Amerkans alive out of a study population of almost 90,000, or about 45,000 
more alive out of the entire U.S. patient population (see appendix I), than 

I 

would be expected if Ontario’s rate held. 
1 

I 
The U.S. survival rates for colon and lung cancer also start higher than the h 
corresponding rates for Ontario. However, for colon cancer the initial U.S. i 
advantage is erased after 6 years. F’urther, for lung cancer the small in&J 1 
U.S. advantage is lost by 3 years and eventually reversed, so that by 10 
years after diagnosis Ontario’s lung cancer survival rate is higher by 

1 

1.7 percent There are no statkticslly signiscant differences in rates for 1 
Hodms disease. 

Inspection of age-specific survival rates suggests two modifications to the 
overall results: (1) the initial U.S. advantage in colon cancer survival is 

1 

B 
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retained for patients under 60 (who constkrte about 20 percent of all 
colon cancer ptients) and (2) the apparent equality of survival rates for 
patients with Hodgkin’s disease may be aproduct of age distribution 
differences such that, for three of the agespetic groups, Onku.+o’s rate is 
actually slightly higher than the U.S. rate. 

One possible interpretation of these tidings is that quality of care for 
patients with breast cancer is better in the United States than in Ontario 
and that for the three other cancers it is roughly equivalent other 
interpretations involve differences in detection. Detection can influence 
smvival in a number of ways. The earlier most cancers are detected, the 
more effectively they can be treated, thus improving survival. But earlier 
detection can also improve the measured survival time of a patient., 
without any substantive change in treatment or outcome, simply because 
the time between the diagnosis (which occurs earlier than it would have 
under conventional detection prackes) and death has increased. In 
addition, aggressive detection practices can lead to the disproportionate 
inclusion in the records of cases with slowly developing disease that tend 
to have relaGvely long survival times. Until the effect on survival of 
differences in detection practices can be determined, the implicztions of 
these results for assessing quality of care in the two loca$ions are unclear. 

Recommendations This report contains no recommendations. 

Agency Comments The National Cancer Institute was briefed on GAO’S firdings and its 
comments have been incorporated into the report where appropriate. 

Page 5 GAO/pEMD-94-5 Cancer Stu-vkd 



Contents 

Executive Summq 

Chapter I 
Objectives, Scope, Introduction 8 ~1 

IO 1 
and Methodology 

Objectives 
Scope 11 j 
Methodology l2 1 

Chapter 2 1 
Comparative Survival Lung Colon Cancer Cancer 16 19 1 

Hodgkin’s Disease 23 
Breast Cancer 26 : 

Chapter 3 
Conclusions and 
Implications 

Appendixes Appendix I: Data Sources 34 
Appendix II: Statistical Tests 36 
Appendix III: Subsample-Specific Survival Curves 38 : 
Appendix IF Major Contributors to This Report 45 j 

Tables Table 2.1: Distributions of Lung Cancer Patients 
Table 2.2: Observed and Relative Survival Rates of Lung Cancer 

Patients 
Table 2.3: Distributions of Colon Cancer Patients 
Table 2.4: Observed and Relative Survival Rates of Colon Cancer 

Patients 

i 
l8 E 19 

21 1 
22 1 

I 
Table 2.5: Distributions of Hodgkin’s Disease Patients 
Table 2.6: Observed and Relative Survival Rates of Hodgh’s 

Disease Patients 
Table 2.7: Distributions of Breast Cancer Patients 
Table 2.8: Observed and Relative Survival Rates of Breast Cancer 

Patients 
Table 3.1: Summary of Findings 

Figures - Figure 1: Cancer Survival in the United States and Ontario 
Figure 2.1: Lung Cancer Survival United-States and Ontario 

Page 6 GAOfPEMD-94-5 Cancer Survival 2 
g 



Figure 2.2: Colon Cancer Survivak United States and Ontario 
Figure 2.3: Hodgkin’s Disease Survival: United States and Ontio 
Figure 2.4: Breast Cancer Sum&k United States and Ontatio 
Figure IlI.1: Colon Cancer Survival, Patients Younger than 50: 

United States and Ontario 
Figure III.2 Colon Cancer Survkal, Patients 50-59: United States 

andOntario 
F’igure III.3: Hodgkin’s Disease Survival, P&en& 15-24: United 

States and Ontario 
figure IlI.4: Hodgkin’s Disease Survival, Patients 25-39: United 

Statesand Chtario 
Figure III.5 Hodgkin’s Disease Survival, Ptients 40-W United 

States and Ontario 
Figure III.6: Hodgkin’s Disease Survival, Patients Older Than 54: 

United States and Ontario 

20 
24 
27 
39 

40 

41 

42 

43 

44 

DC0 

GAO 

NC3 
SEER 

Death certificate only 
- General Accounting Office 

National Cancer Institute 
Surveillance, Epidemiology, and End Results 

Page 7 GAOIPEMD-94-5 cancer survival 

Abbreviations 



Chapter 1 

Objectives, Scope, and Methodology 

Introduction the United States is ‘How good is the quality of US. health care compared 1 
to that of other developed countries. ?* Those who oppose changes in our ; 
health service delivery systems, such as changes to lower their sizable I 
costs or to increase the proportion of the populat;ion covered by (1 
insurance, may do so in the name of retaining the high quality of health 
care services. But how high is that quality compared to that delivered by 1 
other nations’ health care systems? 

To the extent that our quality is superior, caution is required to ensure that 
changes do not lead to a de&k in the level already attained. To the extent 

1 

that quality is virtually equal with that of other comparably advanced 
; 
1 / 

countries, questions of cost-effectiveness would then arise in view of the I 
relatively higher percentage of our gross domestic product that we spend 1 
on health care1 To the extent that our quality is infetior, further study of I 
the discrepancy in health care quality would be needed to find ways of i 
improving. 

Quality of health care is a complex concept, requiring consideration of the 
inputs to a system (patient mix, physician supply, equipment, and so 

1 
i 

forth), the actual process of care (mainly diagnostic and therapeutic I 

procedures), and patient outcomes for a complete assessment This report 
provides a comparative perspective on one component of quality of 
care-namely, outcome. The perspective is attained by measuring a 
specific outcome: paiient survival. In response to the request that we 
=examine the differences in . . . outcomes across developed countries” and, 
more speciiically, “focus on a number of clinical conditions where the 
effect of varying levels of sophisticated medical services may have 
implications for different clinical outcomes,” we have compared the 
survival rates of U.S. patients having specific forms of cancer with the 
corresponding rates for the province of Ontario in Canada, a country 
whose health care system is often contrasted with health care delivery in 
the United States. Our study is descriptive, focusing on the proportions of 
patients from the United States and Ontario with each form of cancer who 
remain alive at various times after their diagnoses. 

This approach to measuring quality of car-looking at the outcomes for 
patients with spectic clinical conditions-is similar to the more common 
approach of e xamining relatively global health care indicators such as 
infant mortality and average life expectancy. Both approaches attempt to 

IG. J. Schieber, J.-P. Poullier, and L M. Greenwald, “U.S. Health Expenditure Performance: An 
Lnternationai Ca rnpison and Data Update,” Health Care Fhanbng Review, 13 (Summer 1992’), 1-15. 
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chapter 1 
Objectives, Scope, and Methodilogy 

. 

reach conclusions about he&h care on the basis of one or more specifx 
indicators. It is clear that no single indicator or 23rnal.I set of indicators can 
sufficiently represent all health care outcomes to validly accomplish this, 
but expanding the indicators used to measure outcomes by adding a new 
one not previous1y used for this pqose is surely a step in the right 
direction. Therefore, although we have no basis for genera&zing from 
cancer to all diseases, we do use a new indicator and approach, and these 
enable us to broaden our knowledge of differences in health care quality. 

As an outcome measure, cancer survivaI has two advantages over the 
more global indicators (for example, life expectancy and infant mortality). 
One, it is less affected by circumstances beyond the control of the health 
care system as that system is usually understood Global indicators are 
determined by conditions that include other factors as well as health care. 
The effects of these other factors may be di.fhcuIt to control in interpreting 
differences between locations. That is, gIobal indicators generally reflect 
both the health care that patients may or may not receive and the 
occurrences of disease, developmental abnormality, and i.6&$ that make 
health care necessary. These occurrences depend upon circumstances that 
may be Iittie affected by health care, such as socioeconomic status, he&h 
habits, genetic make-up, environmental exposures, and violence. In 
contrast, survival starts with diagnosed patients and is less affected by the 
determinants of disease. 

A second advantage of measuring sut-vivzd from a particular condition is 
that it makes it possible to assess diseases with particular care 
requirements. This is desirable if, as in the case of this report, we seek 
outcomes that may be related to sophisticated medical services. Because 
the treatment of cancer often requires sophisticated medical services, 
differences between locations in their use of such services should be 
reflected in cancer survival. 

Many outcomes, including survival from a particular form of cancer, are 
often not comprehensive indicators of the quality of medical care provided 
to patients. Indeed, while survival Tom any potentially fatal disease is an 
important outcome, it is only one of many possibie outcomes, including 
the patient’s ability to work or otherwise function, freedom from pain, and 
positive mood or morale, and a number of outcomes may be relevant 
indicators for patients with a given disease. In measuring sunival, we are 
measuring one outcome in order to learn something about the quality of 
care provided to patients. 
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In addition, other differences between health care systems, besides the 
quality of care patients receive, may influence survival For example, cases 
from one location may generally be detected earlier in the disease process 
than are cases from another because of differences in how screening 
procedures are organized and publicized. As a result, patients in the 
location with earlier detection may have longer survival times, on the 
average, than those in the other location even without differences in the 
quality of care provided by the two health systems. This is not, however, a 
real difference in how long patients live after their disease begins but 
instead a difference in how early in the process the diagnosis is made, 
known as “lead time” or “lead time biasV2 

Thus, to draw conclusions about how care affects even a single health 
outcome requires more information than is often available. In the case of 
cancer survival, differences between hea&h systems along dimensions 
other than medical care, including characteristics of the patients involved 
and, as in the example, screening practices, should be taken into account. 
When this is not possible, dmte conclusions about the effects of care on 
survival cannot be drawn In the case of the present study, although the 
survival data from the United States and Ontario are generally comparable, 
we do not have information on the extent of disease for Ontario’s 
population and, therefore, cannot be certain if any differences in survival 
are the result of differences in the care patients receive, in the tendency to 
detect cancer earlier or more aggressively, or in some combination of 
these factors. Nevertheless, comparing the United States and Ontario with 
respect to patient survival from forms of cancer should provide an initial 
picture of the sizes and directions of any differences that more complete 
data w-ill be needed to interpret and, thereby, stimulate further 
investigation. 

Objectives This study was designed to compare locations with respect to health 
outcomes reflecting the use of sophisticated medical services. Its 
objectives are to (1) compare the survival experience of patients from the 
United States and Ontario diagnosed with selected forms of cancer and 
(2) clarify the meaning of this comparison by examinin g the roles of 
general population longevity, age, sex, and year of diagnosis. 

?See, for example, Extramural Committee to Assess Measures of F’rogres Against Cancer, 
‘Measurement of Progress Against Cancer,” Journal of the National Cancer Institute, 82 (1990), 82535. 
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Objectives, Scope, and Methodology 

Scope 

Conditions The four clinical conditions selected for study-lung cancer, colon cancer, 
Hodgkin’s disease, and cancer of the female breast-are all forms of 
cancer. We chose to study cancer because it is a common and formidable 
disease and because some of its forms can be treated successfully by 
complex medical services. 

The four forms of cancer represent a range of situations witi respect to 
the proportion of patients surviving the disease. During the years relevant 
to this study, 197846, curative treatment for lung cancer was relatively 
ineffective. Most patients died within a few years of diagnosis. During the 
same period, treatment for colon cancer was fairly effective, and almost 
60 percent of the colon cancer patients survived their disease for at least 5 
years. 

Treatment for Hodgkin’s disease during the period was even more 
effective; over 70 percent of the U.S. patients survived it for at least 5 
years. Finally, breast cancer presents a more complex picture. As in the 
case of Hodgkin’s disease, over 70 percent of the breast cancer patients 
survived for more than 5 years, but there was considerable variation over 
the period in the type of treatment used for these patients. It is not clear 
how much of a difference this made for outcomes, nor is it clear how 
much documented differences in screening practices madem 

Locations As indicated in the introduction to this chapter, Canada’s health care 
system has been pointed to as a model for health care in the United States, 
and it is therefore of particular interest to compare outcomes4 We used 
U.S. data from the National Cancer Institute’s (NcI’s) Surveillance, 
Epidemiology, and End Results (SEER) program, which collects data about 
essentially all cancer patients among residenti of five entire states and 
four large metropolitan areas, representing almost 10 percent of the U.S. 
population. For Canada, we used data from the Ontario Cancer Registry, 
operated by the Ontario Cancer Treatment and Research Foundation. The 

?For the effect of treatment differences, see U.S. General Amounting Office, Breast Cancer Patients’ 
Survival, GAO!PEMD-%9 (%&i@an, D-C.: Febmaty 19S9), and for the effect of smxning 
(mammography) diEerences, see S. J. Katz, E. B. LKson, and J. P. L&&o, ‘Trends in the Utilimtion 
of Mammogmphy in Wshington State and British Cohuqbia- Relation to Stage of Diiosis and 
Mortal&v,” Medical Care, 30 (1992), 320-8. 

%?ee, for example, D. LJ. Himmekteii et al, *A National Health F’rogmn for the United States: A 
Physicians’ prOpost.&” New EngIand Journal of Medicine, 320 ( 19S9), 102-8. 
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registry covers essentially all cancer patients residing in Ontario, and 
Ontario contains one third of all Canadians. (F’or more details on SEER and 
the Ontario Cancer Regisiq, see appendix I.) 

The SEER regions are separate parts of the United States that collectively 
represent the general population with respect to selected demographic 
factors5 Ontario’s he&h care system is similar to that in the other 
Canadian provinces in that it is a single payer system that provides care 
that is comprehensive, publicly funded, and privately delivered to all 
residents. 

Years To consider only patients whose cancer experience began relatively 
recently and who have also had an opportunity to survive for at least 
several years after diagnosis, we restricted the analysis to those diagnosed 
over the years 1978436. Patient vital status (%live~ or ydead3 was 
monitored until the end of 199Ck6 

Methodology 

Data We obtained data Tom SEER by directly accessing tapes available at the 
Ntional Institutes of Health. We obtained comparable data on a computer 
diskette from the Ontario Cancer Registry. We obtained each patient’s 
dates of birth, diagnosis, and, if deceased, death. All patients not larown to 
have died by December 31,1990, were recorded as alive on that date. 

We excluded patients for whom medical treatment for cancer was unlikely 
to have occurred: patients for whom the reporting source was a death 
certificate (or autopsy report) only (DCO) and patients with tumors not 
specikally cmed as malignant Further, we included only patients for 
whom the cancer was the patient’s first. Finally, we excluded patients who 
were younger than 15 at the time of diagnosis because in On-0 these are 
handled by a special peditic registry and may not be fully documented iu 
the general regisQy. 

5National Cancer Instime, Cancer statistics Review 197&19S9 (B&k&a, Md: 1992), p. L 1. 

@This monitoring was passive, relying only on the repistsys obtaining notXxa.tion of the patient’s death 
Because Ontario does not actively follow up patients, we did not make use of SEER’s methods of 
active follow-up. 
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To checkthe comparability of the data, we compared the United States 
and Ontario with respect to (1) the tendency for cases of each disease to 
reach the registry as ncos and therefore be eliminated from the study and 
(2) the distribution of subtypes (defined by the speci6ic kinds of cells 
involved in each case) within each disease. The data from each location 
were similar in terms of both the percentage of DCO cases and the 
distribution of subtypes within each of the four cancers. Data on the 
extent of disease were not available from Ontario and thus cannot be 
compared or otherwise taken into account 

Outcome Measures For each of the four cancers, we compared the observed survival rate of 
U.S. patients with that of the patients from Ontario. The smvival “rate” is 
the proportion of all patients still alive at a given point in time after 
diagnosis. For example, if 10,000 patients are diagnosed with a disease, 
and 9,000 of them are still alive 1 year later, then the observed I-year 
survival rate for that disease is 9,000 over 10,000, or 0.90. This tie reflects 
the cumulative tendency for patients to die over the interval between 
diagnosis and that point in time. If the survival rate from one location is 
consistently higher than that i?om another location, it means that patients 
from the location with the lower survival rate were dying faster than 
patients from the other location. If the gap between the rates gets smaller, 
disappears, or is reversed, it means that patients from the location with the 
initially higher survival rate were subsequently dying faster than the 
patients from the location with the initially lower survival rate. 

Combining data from all patients diagnosed in 1978-86, we investigated 
monthly survival rates during a follow-up period whose length varied 
depending on date of diagnosis. It ranged from 4 years for patients 
diagnosed in the last month of 1986 who were then followed until the end 
of 1990 to 13 years for patients diagnosed in the first month of 1978 who 
were also followed until the end of 1990, 

D 

Analysis The life table method used to analyze the survival data is a way of 
computing survival rates that takes into account the differing periods of 
times patients are under observation. It has the advantages of (1) using all 
available survival information and (2) generating survival rates at all 
intervals (for example, months) from date of diagnosis. It combines the 
data from all patients, regardless of date of diagnosis, and (in our study) 
uses their survival times until death or December 31,1990, along with viti 
status at that point in time as its basic data Its use depends upon the 
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assumption that the survival experience of patients living after 1990 but 
followed for less than 13 years is similar to that of patients who were 
followed up for longer periods of time. 

We implemented the life tile method by using the life table procedures of 
the commonly used SPSS software package.’ The main tool employed for 
examining the data was the survival curve that plots the observed survival 
rate as a function of time from diagnosis. For each condition, patient 
survival in the United States was compared with patient survival in 
Ontario by describing the two survival curves over the range of follow-up 
periods from 3 to 156 months after diagnosis. 

For conditions in which at least 50 percent of the patients died during the 
follow-up period, it was also possible to compute each location’s median 
stuvival time. This staGstic cannot capture the details of an entire survival 
curve, but for diseases fiorn which most patients die, it provides a 
summary measure of the Gme from diagnosis to death. 

It is conventional in quantitar&e research to ask if differences between 
groups (in this case, between patients treated in the United States and 
those treated in Ontario) are “real” in the sense of being valid (here, 
reflecting differences in health care delivery) and reliable (in this context, 
not owing to chance). FMiability is assessed by determinmg whether a 
difference is known precisely enough so that its me value is unlikely to be 
zero-that it is “~cally significant.” A problem arises in judging the 
importance of the differences observed between locations because the 
statistical significance of a difference is not the same as its clinical or 
public health signiCcance. We have condzd stat&&l tests of 
differences and rely on the tests to decide the statistical significance of the 
differences (see appendix II). However, whether a difference is 
statistically signi6cant or not depends on, among other things, how many 
separate measurements are involved. Because of the large numbers of 
patients included in most of the comparisons made in this report, some 
small differences between smxival rates turned out to be statistically 
significant Statistically signnicant differences in survival rates may 
represent a small proportion of the patients initially diagnosed and 
therefore be judged by some to be of minor clinical or public health 
importance. 

The survival rates considered so far are “observed” survival rates. Another 
problem, one of validity, arises when comparing observed survival rates 

7SPSS, hc, SPSS for Windows Advanced Staiistics, Release 5.0 {Chicago: 1992). 
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because some deaths do not result from the condition being studied It is 
possible, for example, that differences between different locations result, 
wholly or in part, from differences in general population longevity rather 
than ftom circumstances specifically related to the condition itself. The 
sohtion we adopted presents relative survival rates as well as the 
observed survival rates. The relative survival rate for a period is the ratio 
of the observed survival rate to the proportion of survivors expected in a 
similar group Tom the general population. I.&e differences between the 
observed rates, differences between the relative rates can be tested for 
s-d significance (see appendix Ifj’. Relative survival rates indicate 
what the survival experience of the two populations would be if patients 
died only of cancer and are therefore presented in most displays of cancer 
Sunival. 

FInaIy, to deal with another potential problem concerning the validity of 
the Endings, we compared subgroup-specific survival curves according to 
sex, age, or year of diagnosis whenever there was a sta&tically signikant 
difference between the United States and Ontario w&h respect to the 
distributions of one of these variables. In this way, we determined whether 
any observed survival rate differences between the entire patient groups 
were greatly affected by differences in the distributions of patients among 
different subgroups. When subgroup differences do not determine the 
overall pattern, the likelihood increases that it is determined by 
differences in health care systems 
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Chapter 2 

Comparative Survival 

Q 

In this chapter, we compare the survival experience of patients from the 
United States and Ontario with the four forms of cancer under study. l?or 
each condition, we note its frequency of occurrence and typicaI rate of 
survivaL Then, we present some basic demographic characteristics of the 
populations. Next, we describe the observed and relative survival rates of 
both locations throughout the survival interval. Finally, we report on 
subgroup-spetic survival curves whenever it is possible that a difference 
in the distributions of a demographic variable contributes to the 
comparison of the 0veralI survival cuz7res. 

Lung Cancer 
v 

About 145,000 cases of lung cancer are diagnosed in the United States 
every yeaq in Canada, the number of new cases is about 15,000 per year1 

1 

Survival is not very high, with a relative rate of about 13 percent at 5 years. 1 
1 

Figure 2.1 presents, for both loca.Gons, the observed survival rates. We see 1 
U.S. superiority over the fhst year, foIlowed by a period of about 3 years ’ 
during which the curves are virtually indistinguishable but are crossing 
over one another, as evidenced by Ontario’s superiority after about 5 
years. The logrank test for equality of the curves rejects the possibility that 1 
there is a significant difference between the locations. This lack of 
difference is also evident in the median survival tunes: 7.0 months for both 
the U.S. patienta and Ontario’s patients. 

i 
, 

‘Cancer incidence varies over time The yearly U.S. incidence numbem presented for this and other 
forms of cancer are based on the incidence counts for 1@%?9 provided in table A-l of B. A Miller et 
al (eds), Ckn~er Statistics Review 1972-1989 (Washington, D.C.: National Cancer Wtute, 1992). The 
Corresponding Camdan numbers are based on the incidence counts for 1984-88 pro&J& in appendix 
A, table 1, of P. R Band et al, The Maldng of the Canadian Cancer Regi&ry Cancer Incidence in 
Canada and Its Regions, 1969 to 1988 (Ottawa Stat&i= Canada, 1993). 
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Figure 2.1: Lung Cancer Survival: United States and Ontario 
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Table 2.1 presents distributions by age, sex, and year of diagnosis for the 
U.S. and Ontario data Statistical tests re+ealed several signiscant 
associations between location and each of these variables. Although the 
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difference is small, Ontario’s patients are more likely than U.S. patients to 
be in the younger age groups. Also, the proportion of male cases is greater 
in Ontario than in the United States. F’inally, Ontario’s patients are more 
likely than U.S. patients to be diagnosed in the more recent years 
(1984-86). It should be noted that the progressive increase in the 
proportion of cases over the years for almost all combir&ons of location 
and condition is to be expected on the basis of general population growth 
and does not necessarily mean that the incidence of any of the forms of 
cancer is increasing in either location. 

Table Zt: Distributions of Lung 
Cancer Patient@ U.S. Ontario 

Age 
Under 55 15.9% 16.4% 
55-64 31.1 31.9 
65-74 33.9 33.3 
75 and over 19.1 18.5 

Male 
Year of diagnosis 

197580 
1981-83 

68.5 72.9 

30.4 28.8 
33.7 33.6 

1984-86 36.0 37.6 
aNumbers of patients: United States. 94,9X?; Ontario, 33,569 

Table 2.2 presents observed and relative survival rates and their standard 
errors for selected foIlow-up intervals Corn 1 year to 10 years. For both 
observed and relative rates, U.S. survival is slightly, but signikantly, 
higher than Ontario’s survival early in the follow-up period. The U.S. 
relative survival rate exceeds Ontario’s by 0.016 at 1 year. It is signifkantly 
lower later in the period, by 0.017 at 10 years. Despite the small di&rence 
in rates, this latter figure represents about 1,600 additional U.S. lung 
cancer patients in the SEER regions alone, out of the 94,992 diagnosed 
dUriTlg 1978-86, who would have been alive 10 years after diagnosis if 
Ontario’s survid experience had applied 
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Table 22: Obsewed and Relative Survival Rates of lung Cancer Patients 
l-year 3-yeiW Spar 1 D-year 

Location ObStYVed Relative Observed Relative ObserVtZd Relative obsem?d Relative 
u S.” 0.376 0.384 0.160 0.173 0.115 0.133 0.066 0.094 
Ontariob 0.361 0.368 0.160 0.173 0.121 0.139 0.080 0.111 

&All U.S. standard errors are .OOl , except for those of both observed and relative survival at 1 
year, which are 002. 

bAll Ontario standard errors are .002. except for those of both observed and relative survival at 1 
year, which are .003. 

We compared the age-, sex-, and year of diagnosis-specik survival curves 
for the groups listed in table 2.1. The pattern seen in figure 2.1 is seen for 
each group: initial U.S. superiority followed by Ontario’s eventual 
superiority. Thus, the crossover pattern does not depend on the 
distributions of age, sex, or year of diagnosis. 

In summary, observed lung cancer survival rates in the United States and 
Ontario are very similar throughout the follow-up period, with the U.S. 
rate slightly higher withjn the first year or two after diagnosis, a crossing 
over of the rates at around 3 years, by which time most of the patients 
have died, and a slightly higher survival rate for Ontario thereafter. When 
differences between the localions in overall life expectancy are taken into 
account, the relative survkl rate difference at 1 year, in favor of the 
United States, and the corresponding rate difference at 10 years, in favor 
of Ontario, are both about 1.7 percentage points. The basic crossover 
pattern is also observed for all subgroups. 

Colon Cancer About 95,000 cases of colon cancer are diagnosed in the United Stakes 
every year, about 9,700 in Canada Relative smvival is between 50 and 
60 percent at 5 years. 

Figure 2.2 presents colon cancer survival rates for the United States and 
Ontario. It is clear that patients are more likely to survive colon cancer 
than lung cancer. The U.S. rate is higher than Ontario’s unti about 6 years 
(72 months), when the survh~al curves cross, after which the rate for 
Ontario is higher. The logrank test for overall equality of the survival 
curves reveals no simcant difference. The median smvival time for U.S. 
colon cancer patients is 43.0 months, while for Ontario’s patients it is 40.0 
months, a difference of 3 months. 
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Figure 2.2: Colon Cancer SurvivaI: United States and Ontario 
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Table 2.3 presents U.S. and Ontario distzibutions of age, sex, and year of 
diagnosis. For colon cancer, the U.S. ptients are sigkficantly more likely 
to fall in the older age groups than are the patients from Ontario. There is 
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little difference between locations in sex distribution. As with lung cancer, 
a significant difference in year of diagnosis was observed, such that 
relatively fewer of Ontario’s pakients were diagnosed early (1978-80) and 
relatively more were diagnosed late (1984-86). 

Tattie 23: Distributions of Colon 
Cancer PatientsP 

Age 
Under 50 
50-59 

U.S. Ontario 

6.0% 7.1% 
13.6 16.0 

60-69 26.9 27.9 
70-79 31.3 30.2 
80 and over 22.3 18.8 

Male 

Year of diagnosis 
1978-80 
1981-83 

47.4 47.8 

30.8 28.8 
33.3 33.6 

1984-86 35.9 37.6 

aNumbers of patients: United States, 62.850; Ontario. 24.364. 

Table 2.4 presents selected observed and retive colon cancer survival 
rates for the two locations, The superiority of Ontario’s observed survival 
rate afkr the crossover seen in figure 2.2 is only 0.011 at 9 years after 
diagnosis, but it is stat&icaUy sign&ant, just as is the larger difference 
(0.021) in favor of the United States at 1 year. The relative rates 
demonstrate a somewhat different pattern: initial U.S. superiority (a 
difference of 0.025 at 1 year) followed by eventual equality of rates (a 
common relative sufvival rate of about 0.51 at 9 years). The tiny relative 
survival rate difference at 9 years in favor of the United States is not 
sWcally significant. The size of the difference between the observed 
rates in favor of Ontario increases as the follow-up interval lengthens, as 
can been seen in figure 2.2, reaching about OJ4 at 13 years. Although 
relaGve survival rates were not computed for interv& beyond 9 years, and 
although the difference in relative rates is likely to be smaller than the 
observed rate difference, it is possible tha.t the Ontario relative survival 
rate begins to si@cantiy exceed the U.S. rate at some interval beyond 9 
years. 
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TaMe 24: Observed and Relative Survival Rates of Colon Cancer Patients 
l-year 3-year 5-year %YM 

Observed Relative Observed Relative OkWed Relative observed Relative 
U.S.” 
Ontariob 

0.734 
0.713 

0.756 0.537 0.603 0.443 0.547 0.328 0.514 
0.731 0.521 0.582 0.431 0.527 0.339 0.511 

BAlt U.S. standard errors are .002, except for that of the relative sur.&al rate at 9 years, which is 
.003. 

bAll Ontario standard errors are ,003, except for those of the relative sunrival rates at 3 and 5 
years, which are .004, and at 9 years, which is ,005. 

Because relative rates, unlike observed rates, take into account 
differences between loaons in general population longevity, we infer 
from this analysis that the survival rate from colon cancer in the United 
States and Ontario is essentially the same 9 years after diagnosis. 

We compared the age-specific survival curves of the age groups listed in 
table 2.3. For each of the three older age groups, the survival curves of the 
two locations cross, showing initial U.S. superiority followed by Ontario’s 
eventual superiority. This pattern was not observed for patients in the two 
younger age groups. That is, for patients under 60 years of age, the U.S. 
survival rate was greater over the entire follow-up period (see figures III 1 
and III.2 in appendix IQ. This exception, however, concerned only about 
20 percent of the colon cancer patients. For the majority of patients, the 
crossover pattern was observed when age-specific groups were examined. 
Thus, the crossover characteristic of the overall survival curve was not an 
artifact of cWferences between locations in their age distributions. 

For colon cancer, we did not take sex differences into account because 
the association between sex and l-on was not statktically signifkant. 

We examined the survival curves of the year of diagnosis subgroups listed 
in table 2.3. For all three subgroups, crossover occurred, as it did for the 
overall curve, at about 6 years after diagnosis. 

lit summary, observed colon cancer survival rates in the United States and 
Ontario are very similar throughout the follow-up period. As with lung 
cancer, we observed a pattern of initial U.S. superiority followed by 
crossover and Ontario’s subsequent superiority. For colon cancer, 
however, crossover does not occur until about 6 years after diagnosis. The 
crossover pattern is also observed for most survival curves by age and 
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year of diagnosis, but the survival rate superiority observed for the United 
States is maintained throughout the follow-up period for patients under 60 
years of age at diagnosis. The relative survkal rate difference at 1 year, in 
favor of the United States, is 2.5 percentage points, and at 9 years there is 
no statistically significant difference in relative rates between locaGons. 

Hodgkin’s Disease Hodgkin’s disease is a variety of Yymphoma” About 7,300 cases of 
Hodgkin’s disease are diagnosed in the United States every year, and Iess 
than 1,000 in Canada making it a much less common disease than either 
lung cancer or colon cancer. Relative survival is between 70 and 
80 percent after 5 years. 

Figure 2.3 shows the survival rate curves for the United States and 
Ontario. Differences were very small, although, as with lung cancer and 
colon cancer, there was a tendency for U.S. survival to be greater over the 
first few years after diagnosis and for Ontario’s survival to be greater 
thereafter. For Hodgkin’s disease, too, the logrank test does not indicate a 
signi6cant difference between the locations. Moreover, because more than 
half the patients are still alive at the end of the 13 years, median survival 
time cannot be computed for either lo&on. 
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Figure 2.3: Hodgkin’s Disease Survival: United States and Ontario 
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Table 2.5 presents the distzibutions of age, sex, and year of diagnosis for 
the United States and Ontario. Ontario’s patients were sigrificantly more 
likely to be in the older age groups. The differences between locations in 
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the sex and year of diagnosis distributions were not .statkhcally 

Tabke 25: Distributions of Hodgkin’s 
Disease Patientsa U.S. Ontario 

4x 
27.9% 24.6% 
34.8 33.1 

55 and over 
13.1 15.5 
24.2 26.8 

Male 

Year tidiagnosis 
56.4 58.2 

197880 31.2 30.8 
19ma3 34.5 34.2 
l-6 34.3 34.9 

‘Numtws of patients: United States. 5,248; Ontario, 2.101. 

Comidering the observed and relative survival rates at selected follow-up 
in- (table 2.6) does not change the picture very much. There was 
litie m no difference between rates at any interval, and the differences are 
notsUistically significant. At IO years after diagnosis, the relative survival 
rates uf both 1ocaGons were 0.68. 

Table 26: Observed and Relative Survival Ratesd Hodgkin’s Disease Patients 
l-year 3-pElr S-year 1 O-year 

Observed Relative Chimed Relative Observed Relative Observed Relative 
u.s.a 0.882 Cl.884 0.776 0.795 0.717 0.748 0.614 0.676 
Ontariob 0.875 0.876 0.771 0.792 0.716 0.749 0.618 0.684 

‘The US standard errors for both observed and relative rates are .004 at 1 year amI 006 at 3 
and 5 PS; at 10 years, the standard errors are ,008 for both the observed and relative rates. 

‘The skmfard errors are .007, .DO9, and .DiO for both the observed and relative Ontario rates at 
1, 3. &5 years, respectively; at 10 years, they are .012 for the observed rate and .014 for the 
reiative*. 

It is possible that the apparent equality in survival is affected by the age 
diffenace. To see if the tendency of Ontario’s patients to be in the older 
age ms does Sect the comparison, we compared age-spetic sunival 
curve&r the age groups listed in table 26 (see figures IIWIlL6 in 
appf3mEx III). Ontario’s sunival rate was at least slightly higher than the 
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U.S. rate over all or most of the follow-up period in each of the four 
age-specific comparisons, but in no case was this difference stalkticalky 
significant according to the logrank test only one of the age-specifk 
comparisons, that for the oidest age group, had a pattern somewhat 
similar to the crossover of the 0veralI curve. 

These results suggest that survival from Boclgkms disease is greater for 
Ontario’s patients when age distribution differences between the locations 
are taken into account It is possible that the relative youth of the U.S. 
patient population prevents a smaIl overall survival difference in favor of 
Ontario from being demonstrated 

We did not exarnin e sex or year of diagnosis differences because of the 
,sirniIarity of both the sex and year of diagnosis distributions in the two 
locations. The associattons between location and each of these two 
variables are not statisGca.lly significant 

In summary, observed Hodgkin’s disease survival rates in the United 
States and Ontario are very similar throughout the follow-up period. 
Differences between locations in relative survival tend to be less than 
1 percentage point, and none of those tested are statistically signikant 
Nevertheless, a pattern of initial U.S. superiority foIlowed by crossover at 
about 5 years and subsequent Ontario superiority, not unlike that seen for 
lung and colon cancers, can be discerned in the overall curve. In the case 
of Hodgkin’s disease, however, this pattern may be misleading. When 
age-specific curves are inspected, greater consistency is observed. For 
three of these, consistently or almost consistently higher rates for 
Ontario’s patients are observed, and for the fourth, the oldest group, the 
crossover pattern is observed. 

Breast Cancer About 150,000 cases of breast cancer are diagnosed in the United States 
every year, and about 12,000 oases in Canada Relative survival is between 
70 and 80 percent at 5 years. 

Figure 2.4 indicates a greater survival rate for the United States than for 
Ontario consistently throughout the follow-up period. The logrank test 
confirms the t3tabtical si~cance of U.S. superiority in overall survival. 
The median survival times are 123.0 months for the United States and 
112.0 for Ontario, a difference of almost a year. 
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Figure 2.4: Breast Cancer Suwival: United States and Ontario 
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Table 2.7 presents distributions of age and year of diagnosis for the U.S. 
and Ontario data The age distributions differ signilkantly, with the U.S. 
women falling more often in the older age groups. There is also a 
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signiscant but very small difference with respect to year of diagnosis. 
Unlike U.S. patients with the other cancers, the U.S. patients with breast 
cancer are somewhat more heavily concentrated in the late group than are 
the comparable patients from Ontario. This fmding is consistent with the 
increased use of mammographic screening in the United States over recent 
years. 

Table 27: Distributions of Breast 
Cancer Patientsl 

Age 
Under 50 

50-59 

U.S. Ontario 

23.2% 24.8% 
21.7 23.6 

60-69 25.2 23.8 
70-79 19.0 17.6 
80 and over 10.9 10.3 

Year of diagnosis 

1978-80 29.2 29.7 
1981-83 32.7 33.1 
1984-86 38.1 37.2 

BNumbers of patients: United States, 88.908; Ontario, 31,846. 

Inspecting relative survival rates for the breast cancer patients does not 
change the picture of consistent US. superiority. As indicated in table ‘2.8, 
the difference in relative sulTrival increases throughout the follow-up 
period. By 10 years, the relative survival rate difference is 0.048 in favor of 
the U.S. patients. This represents about 4,300 U.S. patients from the study 
poption of 88,908 who survived for at least 10 years but who would not 
have stived that long if Ontario’s su.Mval experience had applied. 

Table 28: Observed and Relative Sunrival Rates of Breast Cancer Patients 
1 -year 3-year 5-pW 1 O-year 

Observed Relative Observed Relative ObS?Wed Relative Observed Relative 
LJZ3.a 0.934 0.944 0.795 0.840 0.687 0.758 0.507 0.647 
Ontariob 0.925 0.933 0.777 0.816 0.660 0.722 0.482 0.599 

W.S. standard errors for both observed and relative l- and 3-year rates are .O!Jl : standard errors 
are .002 for both s-year rates and the observed lo-year rate and DO3 for the relative IO-year rate. 

bOntario standard errors for both observed and relative J- and 3-year rates are .002; standard 
errors are .003 for both 5year rates and the observed IO-year rate and ,004 for the relative 
IO-year rate. 
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We compared age-specific survival rates for the age groups listedin table 
2.7. lit all cases, U.S survival was higher, although for the $0 and over age 
group the two surs5val curves become coincident beyond 100 months, a 
time by which they are at least 88 and probably about as likely to die as 
comparable women without breast cancer. 

Groups detied by year of diagnosis were examined separately. For ah 
three groups, the U.S. rate was consistently higher, as it was for the overall 
curve. 

In summary, observed breast cancer survival rates in the United States 
exceeded those in Ontario throughout the follow-up period. The difference 
between locations in relative survival was 4.8 percentage points at 10 
years. A consistent observed survival difference in favor of the United 
States was charactmc of patients in all age groups except for those 80 
and older. 
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The data in chapter 2 show that the United States and Ontario share 
similar patterns of survival for four different forms of cancer: lung cancer, 
colon cancer, Hodgkin’s disease, and breast cancer. Over a lO-year period 
(g-year for colon cancer) throughout which we tested for differences, the 
largest observed difference between locations was 2.5 percent When 
differences in life expectancy were taken into account survival 
dilkences changed little; the largest relative survival rate difference was 
4.8 percent For each of the four conditions, this overall similarity in levels 
of survival persisted when differences between U.S. and Ontario 
distributions of age, sex, and year of diagnosis were taken into account 
However, although the percentage differences were small, some were 
statktically signiiicant, and the number of patients represented by these 
differences can be substantial. For example, the 1.7-percent difference in 
lung cancer (relative) survival at 10 years after diagnosis corresponds to 
about 1,600 additional U.S. patients in the SEER regions alone who would 
have been alive 10 years after diagnosis if Ontario’s survival (and general 
mortality) experience had applied to those diagnosed over the years 
1978-86. 

Beyond the general similarity in survival rates between the ~ocakions, a 
distinction can be made between the data pattern for breast cancer and for 
the three other conditions. Breast cancer patient-s in the United States 
experienced a consistently higher level of survival than Ontario’s breast 
cancer patients throughout the follow-up period In contrast, U.S. patients 
with each of the three other diseases demonstrated initially higher survival 
rates than their counterparts from Ontario (up to 1 or more years after 
diagnosis) followed by a loss of advantage occurring somewhere between 
1 and 6 years. The result was that by 9 or 10 years, U.S. relative survival 
rates were either the same as (colon cancer, Hodgkin’s disease) or lower 
than (lung cancer) the corresponding Ontario rates. 

All the differences mentioned are statistically significant except in the case 
of Hodgkin’s disease. Inspection of agespecific survival curves generally 
supports the consistent superiority of the U.S. breast cancer survival rate. 
With lung cancer, the agespec*c skn-vival curves manifest the crossover 
pattern seen for the entire lung cancer populations. That is, they start with 
a higher U.S. rate and end in superiority for Ontario. 

For the two other diseases, age-specific curves present a somewhat more 
complicated picture than do the overall curves. Age-specik curves for the 
colon cancer patients suggest that the initial U.S. advantage in colon 
cancer survival is not lost entirely for patients younger than 60 (that is, no 
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crossover or even merging for patients in this age group). Agespecific 
curves for the Hodgkin’s disease patients suggest that the apparent 
equality of tival rates for patients with Hodgkin’s disease may result 
from differences in the ages of U.S. and Ontario patients. That is, for any 
age-sped& group, Ontario’s survival is higher than the U.S. rate at both 5 
and 10 years after diagnosis. These findings are summarized in table 3.1. 

Table 3.1: Summary of Findings 

Condition 
Lung cancer 

Colon cancer 

Agespecific survival 
Overall survivai curves, cuwe~ results of 
results of statistical tests inspection 
U.S. initially higher: Ontarjo Crossover for each group 
eventually higher 
U.S. initially higher; eventual Crossover for age groups 
equality in relative survival 60 and over, but U.S. 

advantage maintained for 
patients under 60 years 

Hodgkin’s disease No significant differences 

Breast cancer U.S. consistently higher 

Ontario advantage for each 
age group by 5 years 
U.S. consistently higher, 
except for long-term 
survival of oldest patients 

It is not clear how to interpret the SignScant differences (those for lung, 
colon, and breast cancers) between the two locations. Whether consistent 
throughout the follow-up period (breast cancer) or not (lung and colon 
cancers), they could have resulted from differences in diagnostic practices 
(including screening programs, relevant for colon and breast cancers), 
therapeutic practices, or both. In the absence of comparable information 
from both locations on the extent of disease at diagnosis, we cannot 
distinguish between longer smvival as a result of more effective treatment 
and longer survival as a result of earlier or more aggressive diagnosis. 

Nevertheless, we have systematically compared selected citncer survival 
rates in the United States and Ontario for the first time. This is relevant to 
the discussion of quality of care and may be relevant to discussions of 
health care cost and coverage as well. Ideally, information on survival 
would be integrated with information on other patient outcomes (for 
example, disability), information on the processes of care (for example, 
promptness of treatment following diagnosis), info~ation on system 
inputs (for example, extent of disease at initial patient presentation), and 
information on costs and coverage in order to fully understand the 
stx-engths and wealmesses of each location’s approach to care. The present 
work is a first step in an ongoing research process. 
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Moreover, outcomes, whether for cancer or for other conditions, are 
always impotit to consider when examining he&h care. Our study has 
shown that&is possible to make interna.Gonal comparisons of survival. 
Comparisons between groups within the United States, using only SEER 
program data, may be even easier to conduct. The availability of analytic 
methods for surviWl data makes a detailed comparison of data from 
different systems feasible. F?nally, for many potentially fatal medical 
conditions, it is plausible that su.WxA reflects quality of care. Compared 
to traditional measures, such as average life expectancy, the likely 
interpretations of differences in disease fllrvival are relatively few, and it 
is therefore possible to learn something about quality from stud&s of 
Sunrival. 
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Data Sources 

Data on the suL7ival of cancer patients is most readily obtained from 
cancer registries. To compare countries or other geographic locations with 
respect to the survivnl of their cancer patients, it is necessary that the 
survival data be population-based. This means that a vigorous attempt is 
made to ensure that all incident (newly found) cases occurring witbin the 
region are registered The population-based registries used in this study 
are described in this appendix 

SEER The SEER program was begun by NCI in 1973. It includes a number of 
population-based registries. Of these, we used the ones upon which NCI has 
based its reports of incidence and survival data Hawaii, Seattle-Puget 
Sound, San Francisco-Oakland, Utah, New Mexico, Iowa, Metropolitan 
Detroit, Connecticut, and Metropolitan Atlanta The combination of these 
nine registries, which covers about 9.5 percent of the U.S. population (over 
20 million), is believed by SEEZ to be “reasonably representative” of that 
population with respect to selected demographic and epidemiologic 
factors, although there are limitions to this representivenessl 

SEER attempts a complete ascertainment of cases of almost all forms of 
cancer, including the four of interest here, for residents of its area 
Through contractors, it registers the cases on the basis of hospital records 
(including those outside its coverage area), death certificates (including 
those outside the coverage area), private laboratories, and other units 
providing diagnostic services. Extensive information is collected for each 
case, including date of diagnosis, and basic demographics, such as sex and 
date of birth, of interest here. SEER’S contractors actkely follow up living 
cases and in the course of this activity obtain notification of patient deaths 
from a variety of sources, including the hospital in which the patient was 
treated, National Death Index, the Health Care Financing Administration, 
and voter regkfration rolls. Although methods differ across registries, 
there is considerable incentive for contractors to find out about all case 
deaths, in state and out, in order to avoid fume attempts to contact 
deceased cases. 

Ontario Cancer 
Registry 

We selected the Ontario Cancer Registry, operated by the Ontario Cancer 
Treatment and Research Foundation, for study because it covers a 
relatively large population (over 8 million), has population-based data 
since 1964, and has an estimated completeness of registrauon of 

‘C. M Frey et al, ‘Representativeness of the Surveillance, Epidemiobgy, and End Results Program 
Data: Recent Trends in Cancer Mati@ F&I&S: Journal of the National Cancer Institute, &?A1 (D92), 
87277. 
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95 percent.2 Its inform&on on cancer cases derives fkom routiely 
recorded hospital discharges, vohmtarily submitted reports of hospital 
pa$hologkts, reports from specialized cancer trealment centers, and all 
provincial death records, including those of residents dying in other 
Canadian provinces. Although the registry does not actively follow up 
patients, its system for linldng patient records with death ceticates for 
all provinces of Canadais quite sophisticated and leads to its conclusion 
that it is “truly popultion-based” with regard to mortality as well as 
cancer incidence. 

%  C. Robles et al., “An Appkation of Capture-Recapture Methods to the Estimation of Cumpleteness 
of Cancer Reg&mtioq” Journal of ChidEpidemiology, 41:5 (1988), 495-501. 
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Statistical.Tests 

Tests of Statistical 
Si@cmce -~ 

One of the statistical tests employed is the logrank test, comparing the 
overall survival experience of the two lotions for each form of cancer 
(at the .95 level of confidence). This statisk assesses the tendency for the 
sulvival rate of one of the groups being compared to be higher across all 
follow-up intervals, with each interval weighted equally. Because of this 
weighting, the logrank test tends to be equally sensitive to differences 
occurring throughout the follow-up period 1 

Because the logrank test for the overall survival curve does not include 
inform&on about differences between survival rates at particular 
follow-up intervals or their statistical signikance, we used a second kind 
of statistical test #at deals with this issue dire&y. It involves the 
comparison of specific survival rates, using standard errors computed by 
Greenwood’s formula* A common z-test was employed to test the 
statiskcal significance (at the .95 level of confidence) of the difference 
between the U.S. and Ontario rates at selected follow-up intervals. 

We compared survival rate estimates at the follow-up intervals 1,3,5, and 
10 years (9 for colon cancer) afkr diagno~is.~ We did this to be able to 
detect sign&ant differences charactwistic of portions of the follow-up 
interval that might not be consistently observed throughout the interval. 
We selected the values to define a wide range of well-spaced intervals but 
stopped at 10 years to ensure that at least four yearly cohorts would 
contribute to each rate. me four cohorts from 1978 to 1981 contributed to 
the N-year survival rates.) 

Relative Survival Relative survival for a pexiod is the ratio of the proportion of survivors 
over the period in the patient group (observed survival rate) to the 
proportion of survivors expected in a similar group without the disease (or 
in a similar group a negligible fraction of which has the disease). For 
example, ifthe observed lO-year survival rate of 60-year-old female 
bladder cancer patients front the United States diagnosed in 1974 is 0.60, 
and if the proportion of all U.S. women 60 years old in 1974 who live at 
least 10 more years is 0.80, then the relative survival rate of the ptients is 

‘IL E ‘h-one and J. Ware, “On Distribution-Eke Tests for ?Zquali~- of Survival Distributions,” 
Biomem 64 (19n), M-60. 

‘J. D. Kalbffeisch and R L Prentice, The Stat&M Analysii of Failure Time Data (New York Whey, 
MO), p. M-6. 

3Nineyear tier than N-year survival was emmined for colon cancer because the abailable geneml 
population life tables make it possible to compute Syear but not I@yrsr survival for the two 
populations of espe&Uy old patients. 
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StatisticalTests 

0.60 divided by 0.80, or 0.75. General population mortality tends to be 
somewhat lower in Ontario than in the United States for people at most 
ages before 80. It is unlikely that differences in general population 
mortality are large enough to affect differences between the locations in 
the observed survival rates of cancer patients at shorter follow-up periods. 
It is possible, however, that in a comparison of the longer survival periods, 
during which the effects of the general population mortality differences 
for each year accumulate, the difference between locations in general 
mortality could have an effect on the difference between observed survivsl 
rates. We used the simpie approximate method of calculating expected 
survival rates and their standard errors fkom U.S. and Ontario general 
population life tables for the petiod of interest4 

Demographic 
Comparisons 

We tested differences between locations in the demographic variables age, 
sex, and cohort for staktical significance using a cl-i-square test for 
association (at the .95 level of coniidence). 

Qn rehtive survinl rates, see F. Ederer et aL, “The Relative Survival Rate: A Statktical Methodology,” 
National Cancer institute Monograph, 6 (1961), IOL21. See also National C-enter for Health Stat&h, 
Vii Stat&& of the United States, 1983, voL 2, Mortality, Part A (Washington, DC.: Public Health 
Service, 1986); National Cwter for Health Statistics, Vital Stat&tie of the United States, 19&S, ~012, 
Mortality, Part A (Washington, D.C.: Public Health Service, 1991); Statistics Canada, Life Tables, 
Canada and F’rovInces, 198&1982 (Ottawa, Canada- 1984); and Stat&tics Canada, Life Tables, Canada 
and Provinces, 19851987 (Ottawq Canada 1989). 
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Appendix III 

Subsample-Specific Survival Curves 

Most of the subsample-specific survival curves examined, presenting data 
for a particular age group, sex or range of years of diagnosis, are similar in 
general appearance (we are not considering stAstic.al signiscance in this 
appendix) to the overall survival curves for the same disease. For 
example, all age-, sex-, and year of diagnosis-specific curves describing the 
survival experience of lung cancer patients from the United States and 
Ontario manifest the crossover pattern wherein initial U.S. superiority is 
followed by eventual Ontario superiority. 

The most important exceptions occur for colon cancer and Hodgkin’s 
disease. The overalI colon cancer curve and most of the 
subsample-speciflc curves examined show a pattern somewhat similar to 
that observed for lung cancer: initial US. superiority is followed by its 
loss, either crossover or a merging of the curves. For the two youngest age 
groups, however, U.S. superiority is never lost With Hodgkin’s disease, the 
overall curve shows little difference between locations, with a suggetion 
of crossover Tom initial U.S. to eventual Ontario superiority, but three of 
the four age-specific survival curves show consistent or nearly consistent 
Ontario superiority. These exceptions are presented in this appendix 
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Snbsalnple-s~c S~vat.l chums 

=igure Ml: Colon Cancer Sunrival, Patients Younger Than 50: United States and Ontario 
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Figure 111.2: Colon Cancer Survival, Patients 50-59: United States and Ontario 

0.6 

- Survivat Rate 

\ 

0 12 24 36 46 60 72 64 96 to6 120 132 144 156 

Monlhs 

- . _ . _ _ _ Ontario Patients (n=3,896) 

U.S. Patients (n=8,543) 

Page 40 GAO/PElKD-945 Cancer Stu-vi~ 1 



Appendix III 
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Figure 111.3: Hodgkin’s Disease Survival, Patients 15-24: United States and Ontario 
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Figure 111.4: Hodgkin’s Disease Survival, Patients 25-39: United States and Ontario 
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igure 111.5: Hodgkin’s Disease Survival, Patients 40-54: United States and Ontario 
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j 

Figure 111.6: Hodgkin’s Disease Survival, Patients Older Than 54: United States and Ontario 
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