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Accurate estimates of cancer survival are important for assessing optimal patient care and prognosis. Evaluation
of these estimates via relative survival (a ratio of observed and expected survival rates) requires a population
life table that is matched to the cancer population by age, sex, race and/or ethnicity, socioeconomic status, and
ideally risk factors for the cancer under examination. Because life tables for all subgroups in a study may be
unavailable, we investigated whether cause-specific survival could be used as an alternative for relative

We used data from the Surveillance, Epidemiology, and End Results Program for 2330905 cancer patients from
January 1, 1992, through December 31, 2004. We defined cancer-specific deaths according to the following var-
iables: cause of death, only one tumor or the first of multiple tumors, site of the original cancer diagnosis, and
comorbidities. Estimates of relative survival and cause-specific survival that were derived by use of an actuarial

Among breast cancer patients who were white, black, or of Asian or Pacific Islander descent and who were
older than 65 years, estimates of 5-year relative survival (107.5%, 106.6%, and 103.0%, respectively) were higher
than estimates of 5-year cause-specific survival (98.6%, 95% confidence interval [Cl] = 98.4% to 98.8%; 97.4%,
95% Cl = 96.2% to 98.2%; and 99.2%, 95% Cl = 98.4%, 99.6%, respectively). Relative survival methods likely
underestimated rates for cancers of the oral cavity and pharynx (eg, for white cancer patients aged >65 years,
relative survival = 54.2%, 95% Cl = 53.1% to 55.3%, and cause-specific survival = 60.1%, 95% CI| = 59.1% to
60.9%) and the lung and bronchus (eg, for black cancer patients aged >65 years, relative survival = 10.5%, 95%
Cl = 9.9% to 11.2%, and cause-specific survival = 11.9%, 95% Cl = 11.2 % to 12.6%), largely because of mis-
matches between the population with these diseases and the population used to derive the life table.
Socioeconomic differences between groups with low and high status in relative survival estimates appeared to
be inflated (eg, corpus and uterus socioeconomic status gradient was 13.3% by relative survival methods and
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8.8% by cause-specific survival methods).
Conclusion

Although accuracy of the cause of death on a death certificate can be problematic for cause-specific survival
estimates, cause-specific survival methods may be an alternative to relative survival methods when suitable life
tables are not available.
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Cancer survival estimation is essential for assessing prognosis and
improvements in cancer care (eg, performance of a new cancer drug
and management of patients). Cancer survival can be measured in
several ways depending on the question being examined. Most often,
researchers or patients are interested in net survival, which filters out
the effect of mortality from causes other than the disease in question
(by treating deaths from other causes as censored observations) and
estimates the probability of surviving cancer in the absence of other
causes of death. Net survival provides a useful measure for tracking
survival across time and for comparing populations with different
life expectancies. Two methods are available to calculate net survival:
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cause-specific survival and relative survival (ie, the ratio of observed
survival to the expected survival from a comparable group in the
general population). If reliable information on the cause of death is
available, an analysis of cause-specific survival can be performed by
use of standard survival methods in which deaths attributed to the
disease of interest are treated as events, and deaths from other causes
are treated as censored observations. Analyses of cause-specific sur-
vival are used in clinical trial settings in which reliable information
on the cause of death is available. However, in population-based
cancer registries, cause of death is obtained from death certificates,
which are often inaccurately reported (1). For example, cancer at the
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site of recurrence or metastasis may be reported as the cause of death
instead of cancer at the primary site. Therefore, analysis of cancer
registry data usually relies on relative survival methods that do not
require cause of death information. Relative survival is calculated by
use of life tables and is defined as the ratio of the observed to
expected survival rates (2,3). Observed survival is estimated by use of
the actuarial or Kaplan-Meier method and uses all causes of death as
an event. The expected survival is obtained from national life table
and is compared with the observed survival after matching for age,
sex, year of diagnosis, and race. For example, if the 5-year observed
all-cause survival rate was 80.3% for women diagnosed with malig-
nant breast cancer, and the expected survival rate was 90.3% for a
comparable population with similar characteristics (eg, sex, age, and
race), then the 5-year relative survival rate for breast cancer patients
would be 89.0% (ie, the observed all-cause survival rate divided by
the expected survival rate). The relative survival rate in the example
represents an adjusted survival rate that does not take into account
causes of death other than breast cancer. Additional information
about net, cause-specific, and relative survival can be found at
http://srab.cancer.gov/survival/measures.html.

The National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) Program currently collects cancer inci-
dence and survival information from 17 geographic areas that
encompass nearly 26% of the total US population (4); the SEER
program is considered a benchmark for cancer survival surveillance
in the United States. SEER-reported survival estimates generally
use the relative survival method (2). Expected rates for relative
survival calculation are derived from a life table of the general
population (including white and black individuals and those of
other races). The reliability of relative survival is diminished when
life tables do not represent mortality of all groups in the popula-
tion under study. This lack of representativeness occurs when
other-cause mortality in the cancer patient cohort under study
differs from that of the reference population as a result of various
factors that are associated with other-cause mortality either posi-
tively (eg, use of screening or higher socioeconomic status) or
negatively (eg, lower socioeconomic status or smoking behavior).
The Centers for Disease Control and Prevention’s National
Center for Health Statistics publishes life tables for white persons
and black persons but not for those from other racial groups such
as American Indian or Asian groups. Moreover, a National Center
for Health Statistics study (5) that compared self-reported race or
ethnicity from a survey with race reported on death certificates
found a high degree of race misclassification for minorities. As a
consequence, data in the numerator (total death) and denominator
(total population) offset each other, and so mortality rates were
underestimated for American Indians by 21% and Asian or Pacific
Islanders by 11% (5). This problem with racial misclassification
poses additional challenge for the estimation of life tables for these
special populations. As a result, a relative survival approach carries
a strong potential for biased estimates for minority subgroups.
Cause-specific survival is an alternative approach that has not been
used systematically in population-based registries because of con-
cerns about misclassification of cause of deaths on death certifi-
cates (6) and variations in how specific cause of deaths are
associated with cancer diagnoses under different classification
schemes.
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CONTEXT AND CAVEATS

Prior knowledge

Accurate estimates of cancer survival are important for various
analyses of patient treatment and prognosis. Relative survival (a
ratio of observed and expected survival rates) can provide such
estimates but requires that the population used to generate the
expected survival rates match that of the specific cancer being
studied. Life tables for all subgroups may not be available.

Study design

Estimates from cause-specific survival methods were compared
with those of relative survival methods to determine whether
cause-specific survival could be used when life tables for a specific
subgroup are not available. Data were from the Surveillance,
Epidemiology, and End Results Program.

Contribution

For breast cancer, relative survival estimates were higher than
cause-specific survival estimates. Relative survival methods likely
underestimated rates for few other cancers, largely because of mis-
matches between the population with that cancer and the population
used to derive the life table. However, for most cancers, the relative
survival approach produced accurate estimates that were similar to
the estimates produced by cause-specific survival approach.

Implications

Although cause-specific survival estimates use cause of death from
death certificates, which can be problematic, such methods may be
an alternative to relative survival methods when suitable life tables
are not available.

Limitations
Cause of death information and race or ethnicity from death certif-
icates may not be accurate.

From the Editors

For these reasons, we have developed a new classification vari-
able, the SEER cause-specific death classification variable, to
obtain estimates for cause-specific survival. This variable includes
mainly cancer and some noncancer causes of deaths (eg, AIDS
and/or site-related diseases).

Study Subjects and Methods

Study Populations

We used data from 13 geographic SEER areas that include the
states of Alaska (Alaska Natives), Connecticut, Hawaii, lowa, New
Mexico, and Utah; the metropolitan areas of Atlanta, Detroit,
Seattle—Puget Sound, San Francisco-Oakland, Los Angeles, San
Jose-Monterey, and Rural Georgia. Mortality data were obtained
from the National Center for Health Statistics, which collects data
from all state vital health reporting systems and records detailed
cause of deaths from death certificates (http://www.cdc.gov/nchs/).
Data were included for diagnoses from January 1, 1992, through
December 31, 2004, and for follow-up of patients from January 1,
1992, through December 31, 2005. Total number of study subjects
was 2330905. We excluded cancer patients whose initial diagnosis
was found on the death certificate or at autopsy, patients who were
not under active follow-up or alive with no survival time, and

JNCI | Articles 1585



patients who had no or unknown microscopic confirmation of
their cancer. Patients with unknown or missing cause of death also
were excluded (representing <1% of overall cancer patients)
because it would not be possible to classify such deaths as a death
caused by the cancer (total number of patients who were excluded
were 17396, and the total number of patients included in this study
were 2330905). Cancer site and morphology were coded accord-
ing to the International Classification of Diseases for Oncology, Second
Edition (ICD-0-2) or Third Edition (ICD-0-3), depending on the
year of diagnosis. Age in years when the patient was first diagnosed
with cancer was obtained from the SEER database (7).

Race information on newly diagnosed cancer patients was
derived for white persons, black persons, American Indians or
Alaska Natives, and Asians or Pacific Islanders. Survival rates for
the seven main Asian or Pacific Islander groups are presented in
this report, including Asian Indian or Pakistani, Chinese, Filipino,
Korean, Japanese, Vietnamese, and Hawaiian persons (8). In addi-
tion, the other Asian group included individuals of Laotian,
Hmong, Kampuchean, Thai, and Asian, not otherwise specified,
descent. Similarly, the other Pacific Islander group included indi-
viduals of Micronesian, Chamorran, Guamanian, Tahitian,
Samoan, Tongan, Melanesian, Fiji Islander, New Guinean, and
Pacific Islander, not otherwise specified, descent.

The SEER historic staging scheme provided information for in
situ and invasive cancers, with the invasive cancers being divided
into the following four stage categories: localized to the primary
tumor site, tumor with regional spread or metastases to regional
lymph node, tumor with distant metastases, or unknown stage.

Poverty data (obtained from 2000 census data) that were col-
lected at the census-tract level was used as a surrogate for socioeco-
nomic disparity. Cut points that were based on empiric research
and policy relevance (9,10) were used to create the tertile
distribution for poverty level (ie, <10% for high socioeconomic
status, 10%-19.99% for medium socioeconomic status, and >20%
for low socioeconomic status). Areas with a poverty level of 20%
or higher were considered to be severely disadvantaged. Tract-
level information from 2000 census data was not used before 1996
for this study, and missing data at the tract level ranged from 2.0%
to 0.6% during the study period. Estimates of relative survival and
cause-specific survival were computed (as described below) for all
three socioeconomic status categories.

SEER Cause-Specific Death Classification Variable
The SEER cause-specific death classification variable is defined by
taking into account cause of death in conjunction with sequence of
tumor occurrence (ie, only one tumor or the first of multiple
tumors), site of the original cancer diagnosis, and comorbidities
(eg, AIDS and/or site-related diseases), with the aim of capturing
deaths that were related to the specific cancer but were not coded
as such to provide guidance as to which deaths should be “attrib-
utable” to a specific cancer diagnosis. To determine the optimal
classification, cause-specific survival estimates for different poten-
tial classification schemes were compared with relative survival
estimates in situations with accurate life tables for cancer cohorts
in this study.

The ICD, Tenth Edition (ICD-10) was used to code cause of
deaths beginning on January 1, 1999; the ICD, Ninth Edition (ICD-9)
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was used from January 1, 1979, through December 31, 1998; and
ICD, Eighth Edition (ICD-8) was used from January 1, 1975,
through December 31, 1978. Previous studies (6,11) have shown
that the accuracy of reported underlying cause of death varies sub-
stantially, depending on the site of initial diagnosis. Also, comor-
bidities may add ambiguity to the cause of death. For example,
certain cancer types—such as Kaposi sarcoma and non-Hodgkin
lymphoma, and less frequently cancers of the lung, mouth, cervix,
and digestive system—are more likely to occur in people who are
infected with HIV. Thus, AIDS (codes B210-B219) and HIV
deaths (codes B20 and B22-B24), as well as deaths related to dis-
eases of the specific site, are considered in the SEER cause-specific
death classification variable. Because there is more ambiguity in
the cause of death for patients diagnosed with more than one can-
cer, the SEER cause-specific death classification variable uses two
different schemas as described below, depending on whether the
index tumor is an individual’s first and only tumor or the first of
multiple tumors. Note that SEER multiple primary tumors are
defined as the diagnosis of two or more independent reportable
neoplasms in an individual (as opposed to multiple concurrent
tumors or a sequence of recurrence events).

Cancer Patients Diagnosed With One and Only One Cancer. For
this group of patients, a death was classified as being related to the
specific cancer if it was a cancer death attributed to the same can-
cer site, a cancer death from within the general organ system as
specified by ICD-0-3 (eg, oral cavity and pharynx compared with
lip), a cancer death from all other malignant cancers, or a death
from AIDS with cancer. The rationale for including all malignant
cancers was that among patients diagnosed with only one cancer,
cause of death that was coded to another cancer site likely was a
misclassification (eg, death from metastatic disease). Also, for some
cancer sites, deaths coded as HIV related and deaths attributed to
noncancer diseases that were related to the site of first cancer diag-
nosis (eg, death from liver cirrhosis for patient diagnosed with
primary liver cancer) were contributing causes to the SEER cause-
specific death classification variable.

First Cancer for Patients With More Than One Cancer
Diagnosis. For individuals who had more than one cancer, cause-
specific survival was calculated only for the first cancer diagnosed.
The contributing causes of deaths to the SEER cause-specific
death classification variable were a cancer death that was attributed
to the particular cancer (same site as the first diagnosis), a cancer
death that was attributed to the general organ system of the study
site, or a cancer death that was attributed to multiple cancers with
unknown primary. Deaths from cancer at a selected site that were
coded as being attributed to AIDS and cancer, to HIV-related causes,
or to noncancer diseases that were related to the site of first can-
cer diagnosis were also classified as deaths related to the first
cancer. Deaths from all other malignant cancers were not classified
as cancer deaths and, therefore, were considered to be censored
events in cause-specific survival calculations. The rationale for this
exclusion was that if a patient was diagnosed with colorectal cancer
with a subsequent diagnosis of breast cancer and then died of the
latter diagnosis, it was likely that the death was attributed correctly
to breast cancer. A detailed description of the ICD codes used to
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define the SEER cause-specific death classification variable can be
found on the SEER Web site (http://seer.cancer.gov/causespecific/
index.html). Detailed ICD-10 codes for selected cancers in this
study are in Appendix Tables 1 and 2. The SEER cause-specific
death classification variable is now available in SEER*Stat, version
6.4.4, software (12) and can be used to generate cause-specific
survival estimates.

Statistical Analysis

Relative survival was calculated by actuarial method as the ratio of
observed all-cause survival to expected survival (2). Expected sur-
vival rates were calculated by use of 1990 and 2000 US decennial
life tables that were matched on age, sex, year of diagnosis, and
race (white, black, and other). Because life tables are not available
for more specific races (eg, American Indians or Alaska Natives
and Asian American persons), the life table for other races was used
to generate relative survival estimates for these race groups. This
practice generally is not advised but was used in this study for
comparison.

Cause-specific survival was calculated by use of the actuarial
method and used the SEER cause-specific death classification var-
iable as the endpoint. Deaths that were attributed to the cancer
according to the defined SEER cause-specific death classification
variable were treated as deaths (Appendix Tables 1 and 2), and
other deaths were considered censoring events. Survival times
were measured in months and were censored at the date of a
patient being lost to follow-up, the date of death from causes not
considered as deaths due to the cancer, or on December 31, 2005,
whichever occurred first. Standard errors were generated by use of
Greenwood’s formula (13). The 95% confidence intervals (CIs) for
the survivorship function were produced with a formula that was
based on log-log transformation (14).

It should be noted that the cause-specific survival estimate that
treated deaths from other causes as a censoring event was a valid
estimate. Because the analyses did not provide evidence to the
contrary, we propose that this assumption was reasonable but
acknowledge that it remains unverified.

Results

A total of 2330905 individuals were diagnosed with an in situ or
malignant cancer in the 13 SEER areas from January 1, 1992,
through December 31, 2004. We determined the contributions of
different causes of deaths by use of the SEER cause-specific death
classification variable for selected cancer sites among people with
only one cancer diagnosis (Table 1) or more than one cancer diag-
nosis (Table 2). It should be noted that more than 90% of cancer
patients in the SEER database had only one tumor. The denomi-
nator of the SEER cause-specific death classification variable is the
number of deaths from all causes (including cancer and noncancer
deaths), and the numerator is the underlying number of “attribut-
able” causes of deaths. For example, for patients diagnosed with
one and only one cancer at a major site (including breast, prostate,
and colorectal cancers), underlying causes of death were usually
attributed to the same site (56.38% breast, 34.66% prostate, and
64.66% colorectal cancer). However, for smaller subsites such as
lip, hypopharynx, and rectum, numerous deaths would have been
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misattributed if the only cause of death contributing to the SEER
cause-specific death classification variable was death from that
particular primary cancer. For these sites, a large proportion of
deaths were assigned to cancers of the general organ system. For
example, for people diagnosed with only rectum cancer, 38.6% of
deaths were attributed to sites within the colorectal system. The
causes of death from AIDS and cancer or from HIV alone contrib-
uted fewer than 1% of total deaths for most sites, except for Kaposi
sarcoma, for which approximately 74% of the deaths were attrib-
uted to these causes. In general, site-specific diseases contributed a
negligible amount to the cancer-attributable deaths (0.00%—
1.22%). A smaller percentage of the deaths among those with
more than one primary cancer than among those with one primary
tumor contributed to the SEER cause-specific death classification
variable, as expected because multiple primary cancer patients have
more competing “other-cause” death.

We plotted 5-year relative survival vs cause-specific survival
estimates for 100 cancer sites in Figure 1. Overall, there was very
good agreement between the relative survival and cause-specific
survival estimates, with a larger variability for people diagnosed at
age 65 years or older (for the full dataset, see http://seer.cancer
.gov/causespecific/index.html). Next, we compared survival esti-
mates from relative and cause-specific approaches for several can-
cer sites (Table 3). Among people diagnosed with any cancer at age
65 years or older, the relative survival approach yielded higher
estimates for cancers at all sites combined (relative survival = 61.4%
and cause-specific survival = 59.7%), for melanoma of the skin
(relative survival = 96.2% and cause-specific survival = 89.4%), for
breast cancer (relative survival = 91.7% and cause-specific survival =
86.9%), for cancers of the corpus uterus and not otherwise speci-
fied (relative survival = 79.0% and cause-specific survival = 75.8%),
and for prostate cancer (relative survival = 97.9% and cause-specific
survival = 89.4%). The relative survival approach compared with
the cause-specific survival approach yielded lower estimates for
cancer of the oral cavity and pharynx (relative survival = 52.8% and
cause-specific survival = 58.4%), for cancer of the cervix uteri (rel-
ative survival = 52.6% and cause-specific survival = 56.5%), and for
myeloma (relative survival = 26.1% and cause-specific survival =
29.9%). Similar patterns were found when 10-year relative and
cause-specific survival rates were compared (data not shown).

In some instances, relative survival that was based on US life
tables may not accurately estimate the probability of cancer-
specific survival (Tables 4 and 5). Among white patients who were
aged 65 years or older at diagnosis of in situ breast cancer, the
5-year relative survival was 107.5% (Table 4), a value that was
greater than 100% survival, whereas the 5-year cause-specific sur-
vival for this group was 98.6% (95% CI = 98.4% to 98.8%). It
should be noted that when relative survival is 100% or higher, a
confidence interval cannot be calculated. Similar overestimates
with the relative survival approach compared with the cause-
specific survival approach were observed among black persons
(106.6% vs 97.4%, 95% CI = 96.2% to 98.2%, respectively) and
among persons of Asian or Pacific Islander descent (103% vs 99%,
95% CI = 98.4% to 99.6%, respectively). We attributed these
overestimates to the problem that mortality from other causes
among patients with in situ breast cancer was not represented well
in the life table used. Patients diagnosed with early-stage breast
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Figure 1. Five-year cause-specific survival vs relative survival for 100
cancer sites by age at diagnosis. A) Age at diagnosis of 50-64 years. B)
Age at diagnosis of 65 years or older. The data source was 13 registries
from the Surveillance, Epidemiology, and End Results Program. Patient
diagnosed between 1992 and 2004 and followed through 2005. Red
dots = cancer sites for which the difference between cause-specific
survival and relative survival is greater than 3 percentage points and
the 95% confidence intervals do not overlap; black dots = cancer sites
for which the difference between cause-specific survival and relative
survival is less than 3 percentage points and the 95% confidence inter-
vals overlap.

cancer through a screening examination tend to be healthier and
have a longer life expectancy than the general population because
of the “healthy screener effect” (15,16). Therefore, relative survival
estimates that are calculated by use of a population life table that
underestimates the cohort’s expected survival are biased and over-
estimated survival. A similar argument could be applied to relative
survival estimates for patients diagnosed with early-stage prostate
cancer, a diagnosis often made by prostate-specific antigen
screening (17,18).

Expected survival rates for cancers of the lung and bronchus
and cancers of the oral cavity and pharynx that are based on life

1590 Articles | JNCI

tables derived from general population data are too high because
of the underlying risk factors of smoking and/or alcohol use.
Smoking is a major risk factor for lung and oral cancers, as well as
other diseases (eg, heart disease), and so a cohort of lung cancer
patients will contain a much higher proportion of smokers than the
general population. Life expectancy for this cohort would be lower
than for the general population. Relative survival estimates for
lung and oral cancers that were calculated from US life tables were
clearly underestimated, as shown in Table 4 for patients of all races
(eg, for white cancer patients aged >65 years, relative survival =
54.2%, 95% CI = 53.1% to 55.3%, and cause-specific survival =
60.1%, 95% CI =59.1% to 60.9%) and the lung and bronchus (eg,
for black cancer patients aged >65 years, relative survival = 10.5%,
95% CI = 9.9% to 11.2%, and cause-specific survival = 11.9%,
95% CI = 11.2 % to 12.6%). Relative survival estimates for
American Indians/Alaska Natives (Table 4) were lower than cause-
specific survival estimates for all sites, with the exception estimates
for breast and prostate cancers. The expected rates that were used
to calculate relative survival rates for American Indians/Alaska
Natives in Table 4 were estimated with US life tables for races
other than white and black (ie, other race). American Indians have
a much lower life expectancy than most race groups (19).
Therefore, expected survival rates that are generated with the
other race category may be too optimistic, resulting in an underes-
timate of survival. The biggest discrepancy between relative sur-
vival and cause-specific survival estimates for American Indians/
Alaska Natives was observed among older patients with localized
colon and rectum cancer (relative survival = 71.7%, 95% CI =
61.5% to 79.6%; and cause-specific survival = 79.7%, 95% CI =
72.1% to 85.3%). The survival percentages for distant stage of
disease across these races for lung cancer, for example, showed
little deviation, presumably because survival was so poor for distant
disease that other causes did not play a major role in mortality.
Socioeconomic variation in survival for selected cancer cohorts
by the relative survival and cause-specific survival methods is
shown in Table 5. Because socioeconomic status-based life tables
are not available, life tables that are based on the general US popu-
lation will give an expected survival rate that is likely too optimistic
for low socioeconomic status areas and too pessimistic for high
socioeconomic status areas, causing bias in opposite directions. For
example, the 5-year survival rate for all sites combined was 72.0%
(95% CI = 71.88% to 72.15%) by the relative survival approach
and 69.9% (95% CI = 69.86% to 70.08%) by the cause-specific
survival approach in high socioeconomic status areas (ie, areas with
<10% poverty) because the expected survival rate in areas of high
socioeconomic status was underestimated, resulting in an overesti-
mation of the relative survival rate. Similarly, the expected survival
rate of patients with low socioeconomic status may be overesti-
mated by use of a general population life table, resulting in an
underestimation of the relative survival rate in areas of low socio-
economic status (ie, for all sites combined, relative survival = 57.3%
(95% CI = 56.96% to 57.55%; and cause-specific survival = 59.1%,
95% CI = 58.84% to 59.35%). This systematic underestimation of
cancer survival for low socioeconomic status groups and overestima-
tion of cancer survival for high socioeconomic status groups exagger-
ates the socioeconomic status gradient; for example, corpus and uterus
cancer disparity measure was 13.3% by relative survival and 8.8% by
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Table 5. Five-year relative survival (RS) and cause-specific survival (CSS) rates by socioeconomic status (SES) status for selected cancer

cohorts. Surveillance, Epidemiology, and End Results, 1996-2004*

Poverty level and cancer analyzed

RS, % (95% CI) CSS, % (95% CI)

All sites combined

High SES (poverty <10%)

Medium SES (poverty 10%-19.99%)

Low SES (poverty >20%)
Difference between high and low SES statust
Digestive system

High SES (poverty <10%)

Medium SES (poverty 10%-19.99%)

Low SES (poverty >20%)
Difference between high and low SES statust
Female breast

High SES (poverty <10%)

Medium SES (poverty 10%-19.99%)

Low SES (poverty >20%)
Difference between high and low SES statust
Corpus and uterus, not otherwise specified

High SES (poverty<10%)

Medium SES (10%-19.99%)

Low SES (poverty >20%)
Difference between high and low SES statust
Lymphoma

High SES (poverty <10%)

Medium SES (poverty 10%-19.99%)

Low SES (poverty >20%)
Difference between high and low SES statust

72.02 (71.88 to 72.15)
64.05 (63.82 to 64.28)
57.26 (56.96 to 57.55)
14.76

69.97 (69.86 to 70.08)
64.00 (63.81 to 64.19)
59.10 (568.84 to 59.35)
10.87

50.11 (49.76 to 50.46)
44.45 (43.92 to 44.98)
37.68 (37.05 to 38.32)
12.43

49.22 (48.92,49.51)
45.13 (44.67 to 45.58)
40.27 (39.69 to 40.85)
8.95

93.5 (93.27 t0 93.72) 90.98 (90.81 to 91.14)
89.48 (89.03 to 89.91) 88.00 (87.67 to 88.33)
83.1 (82.42 to 83.75) 83.38 (82.85 to 83.89)
10.4 7.6

86.54 (85.66 to 87.19)
81.61 (80.38 to 82.78)
73.22 (71.46 to 74.88)
13.32

84.14 (83.62 to 84.65)
81.29 (80.33 to 82.20)
75.25 (73.81 to 76.62)
8.89

70.66 (70.02 to 71.28)
64.00 (62.94 to 65.04)
57.71 (66.32 to 59.07)
12.95

69.00 (68.48 to 69.52)
64.64 (63.75 to 65.51)
60.07 (68.83 to 61.28)
8.93

* The b-year RS and CSS rates were calculated by use of diagnosis years 1996-2004 with follow-up through 2005. Poverty was used as a surrogate for SES for

selected cancer cohorts.

1t Confidence interval was not constructed for survival difference.

cause-specific survival. Cause-specific survival provided more accurate
estimates across the socioeconomic status gradient by addressing dif-
fering rates of mortality as a result of other causes of death.

Cause-specific survival, which allows flexibility and the use of
different endpoints, can provide insight into unique mortality pat-
terns experienced by a cancer cohort. For example, when 5-year
survival rates for patients diagnosed with non-Hodgkin lymphoma
were examined by age at diagnosis, estimates of relative survival and
of cause-specific survival differed substantially (Figure 2). When
different endpoint definitions were used for the cause-specific sur-
vival measures including all malignant cancer deaths, non—-Hodgkin
lymphoma deaths, and cancer and AIDS deaths, the effect was par-
ticularly evident for patients aged 20-49 years. Because AIDS-
associated non-Hodgkin lymphoma accounted for more than 50%
of non-Hodgkin lymphoma-associated deaths among patients aged
30-40 years (data not shown), accounting for AIDS yielded dramat-
ically different results for young adult patients. The cause-specific
survival estimate was 78% (95% CI = 75.9% to 79.9%) for the
endpoint non-Hodgkin lymphoma alone, compared with 57%
(95% CI = 55.1% to 59.2%) for the endpoint all cancers and AIDS
with cancer. These effects also were evident though less pro-
nounced for other young and middle-aged adults. Relative survival
and cause-specific survival estimates were similar when AIDS with
cancer deaths were included as endpoints.

The cause-specific survival approach uses the same definition
across all different race groups, which allows the generation of sur-
vival estimates for racial subgroups and assessment of survivorship

jnci.oxfordjournals.org

experiences among these populations (20,21). We present (Figure
3) the most recent 5-year cause-specific survival rates for four major
cancer sites (ie, breast, prostate, colon and rectum, and lung) among
the following population groups: white, black, Native American,

100%

80%

60%

40%

Suvival Probability, %

20%

05-09 -
15-19 -
25-29 -
35-39 -
4549 -
55-59 -
65-69
75-79
85+ -

Age at Diagnosis (y)

Figure 2. Five-year non-Hodgkin lymphoma cancer survival by age at
diagnosis, 1992-2004. Red line = relative survival; blue line = cause-specific
survival with non-Hodgkin lymphoma deaths; green line = cause-specific
survival with cancer and AIDS death; brown line = cause-specific survival
with all malignant cancer deaths.
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Figure 3. Five-year cause-specific survival probabilities for selected cancer sites by race and ethnicity. Data source is Surveillance, Epidemiology,
and End Results (SEER-13, 1992-2004). A) Female breast cancer. B) Prostate cancer. C) Colon and rectum cancer (men and women). D) Lung and
bronchus (men and women). Note that the y-axis in panel D is different from those in panels A, B, or C. Means (dots) and 95% confidence intervals

(error bars) of the estimates are shown.

detailed Asian subcategories (eg, Japanese, Korean, Filipino, and
Chinese) and major groups of Pacific Islanders such as Native
Hawaiian. Cause-specific survival rates varied the most among
patients with colon and rectum cancer (from 55%, 95% CI=55.2%
to 55.8%, among black persons to 75%, 95% CI = 69.3% to 79.9%,
among Asian Indians or Pakistanis) and the least among prostate
cancer patients (from 87%, 95% CI = 84.8% to 89.5% among
Native Americans to 94%, 95% CI = 92.9% to 94.5%, among
Japanese), for which survival rates generally were good. Japanese
women had superior survival from breast cancer (92%, 95% CI =
91.4% to 92.9%), followed by Chinese women (90%, 95% CI =
88.6% to 90.6%) and Korean women (89%, 95% CI = 87.3% to
91.3%). We observed a survival pattern among racial groups in
which Asian subgroups experienced the best survival rates, followed
by white patients and black patients; Native American patients had
the poorest survival rates. The numbers of patients in subgroups
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such as other Asian or other Pacific Islanders were too small to
provide reliable survival rates.

Discussion

We have developed a classification variable for cause of death as-
sociations with specific cancer diagnoses that appears to take into
account likely misclassification of cause of death while not overly
expanding the causes of death that are associated with each cancer
diagnosis. For most of cancer sites, estimates obtained from rela-
tive and cause-specific approaches were similar (Table 3) because
life tables were fairly representative of other-cause mortality for
most cohorts in this analysis. However, in several situations, one
approach provided more reliable results than the other.

We found that the cause-specific survival approach for report-
ing survival was sometimes advantageous. For heavily screened
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populations, different socioeconomic strata, populations with
strong risk factors for cancer and other diseases, and minority
racial subgroups, cause-specific survival rates are likely to provide
more accurate survival estimates than relative survival rates
because currently available life tables do not take these factors into
account. Relative survival methods lack the flexibility to address
potential sources of bias if the associated factors are not accounted
for in life tables. Thus, cause-specific survival estimates may be
considered as an option to relative survival estimates in such
circumstances.

Relative survival methods have many strengths, including
independence from potential miscoding of the underlying cause
of death. Coding practices vary substantially among countries
(22,23), making the cause-specific survival approach inappro-
priate for international comparisons. In addition, for cause-
specific survival methods to provide reliable survival estimates
across racial or ethnic groups, cause of death assignments must
be uniform across the groups studied. Bias may occur when
comparing cause-specific survival rates across diverse groups if
various racial or ethnic groups have different rates of follow-up
(24,25). Further studies are needed to explore this issue in
depth.

This study had several limitations. There may be possible
over- or underattribution of cancer as a cause of death when
relying on death certificates and the omission of deaths from
noncancer causes that are a consequence of treatment, either
acutely or from late effects (26,27). Although these deaths are
not cancer deaths in a biological sense, they nonetheless
reflect the consequences of cancer. A future validation study
that tracks down and verifies all medical information for a
small subset of deaths could shed some light on this issue. For
these reasons, relative survival is the measure of choice for
reporting survival rates when international comparisons are
made (28).

Problems with the use of relative survival methods, however,
are particularly evident when generating survival statistics for mi-
nority groups. For example, among Native Americans, relative
survival prognosis estimates that are based on life tables for “other
race” are likely to be misleadingly grim. Attempts to establish life
tables for Native Americans have met with limited success because
race information on the death certificates has a high rate of inac-
curacy (5) and because of the small population size and disperse
location of this minority group.

In summary, we have developed a classification scheme that
associates cause of death information with cancer diagnoses that
appears to be consistent with relative survival statistics in most
situations and provides particularly useful estimates of survival
when life tables do not reflect mortality patterns accurately in
the cancer population. Relative survival methods have the
advantage of being independent of the accuracy of the reported
cause of death, although they are limited by the availability of
appropriate life tables. Conversely, cause-specific survival
methods have the advantage of being independent of the exis-
tence of appropriate life tables but are limited by cause of death
accuracy. Use of these two approaches, each in appropriate
circumstances, should enable production of more informative
survival statistics.
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Appendix Table 1. Codes for Surveillance, Epidemiology, and End Results cause-specific death variable for selected cohorts of patients with one and only one tumor (sequence 00)*

Cause of death

Cancer of same

AIDS and

Primary

disease

-specific

Site
N610-N649

Any other cancert
C000-C444, C446-C499, C510-D049,

Cancer of same body system

C445, D225, D485

diagnosis site
Cb0, D05, D24, D486

HIV alone

cancer
B210-B219 N/A

diagnosis

Breast

D060-D224, D226-D239, D250-D484,

D487-D489
C000-C599, C640-D074, D076-D290,

N400-N509

C60, C62, C63

C6é1, D075, D291, D40

B210-B219 N/A

Prostate

D292-D399, D410-D489
C000-C169, C220-C259, C270-C784,

K200-K319, K350-K389,

C17, C21, C26, D371-D373,

C18, C19, C20, C785,

B210-B219 N/A

Colon and

K510-K579, K620-K639,
K650-K669, K920-K929
K200-K319, K350-K389,

C786-D009, D013-D119, D130-D370,

D380-D489
C000-C169, C220-C259, C270-C784,

D376-D379

D010-D012, D12,

D374-D375
C18, D010, D120-D126,

rectum

C17, C19-C21, C26, C785,

B210-B219 N/A

Colon

K510-K579, K620-K639,
K650-K669, K920-K929
K200-K319, K350-K389,

C786-D009, D013-D119, D130-D370,

D380-D489
C000-C169, C220-C259, C270-C784,

D011-D012, D127-D129,
D371-373, D375-D379

D374

K510-K579, K620-K639,
K650-K669, K920-K929

N/A

C781-D021, D023-D142, D145-D149,

C786-D009, D013-D119, D130-D370,
D160-D379, D390-D489

D380-D489
C000-C319, C350-C389, C400-C779,
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