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ABSTRACT

Purpose. To report 5-year relative cancer survival

probabilities conditional on having already survived

>1 years after the initial diagnosis for 11 cancer sites,

diagnosed during 1990 –2001 and followed through

2006.

Methods. Analyses are based on 1,151,496 cancer

cases in population-based cancer registries in the Sur-

veillance, Epidemiology, and End Results Program of

the National Cancer Institute.

Results. The 5-year relative conditional survival prob-

ability tended to improve with each year already sur-

vived. Improvement was greatest for more lethal

cancers (e.g., lung or pancreas) and for cases with a

more advanced stage at diagnosis. The 5-year relative

survival probability conditional on already having sur-

vived 5 years exceeded 90% for locally staged prostate

cancer, melanoma (whites only), breast cancer (females

only), corpus uteri cancer, urinary bladder cancer,

Hodgkin’s lymphoma, rectal cancer, colon cancer,

ovary cancer, and pancreatic cancer. Only lung cancer

did not reach 90%. For these cancer sites combined,

5-year relative survival probability conditional on al-

ready having survived 5 years averaged about 85% for

regionally staged disease, 68% for distant staged dis-

ease, and 87% for unknown staged disease. The 5-year

relative conditional survival probability tended to be

significantly lower among patients diagnosed at older

ages, among males, among nonwhites, and among those

diagnosed during 1990 –1995 compared with later

years.

Conclusion. Conditional survival probability estima-

tion provides further useful prognostic information to

cancer patients, tailored to the time already survived

since diagnosis. The Oncologist 2010;15:873–882

INTRODUCTION

It was estimated that 1,479,350 cases of cancer would be

diagnosed during 2009 [1]. When one of these patients is

diagnosed with cancer, the physician can supply the patient

with data on their prognosis, depending on factors such as

the patient’s age and stage at diagnosis. However, as a can-

cer patient lives beyond the initial date of diagnosis, their

estimated survival period generally improves. Conditional

survival data allow those with cancer to update their prog-

nosis and can help to assess the confidence with which one

can determine that a patient is “cured” of cancer [2].

Most of the previously published studies on the condi-
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tional survival probability of cancer patients have focused

on one or a few cancer sites [3–14]. Some of these studies

have determined that conditional survival rates tend to

equilibrate over time [3, 12, 13], some have identified age

as the most important prognostic factor [7, 10], and a string

of studies has focused on the substantial gains in condi-

tional survival estimates for patients with distant stage can-

cer who survive �1 year [4, 5, 11]. Typically, these studies

have used data from the U.S. Surveillance, Epidemiology,

and End Results (SEER) Program [4–6, 9–15], whereas a

few have used European or Asian data [3, 7, 8].

Each of these studies that estimate the conditional sur-

vival probability for specific cancer sites aids the patient

with updated prognoses as the patient continues to survive.

What they do not allow for, however, is a means to compare

cancers across multiple sites, and in essence, track cancer

survival in general. By providing estimates of conditional

survival for many cancer sites, we can readily see whether a

trend in conditional survival is unique to a single cancer site

or whether it plays across to a region of the body, or to all

cancers. An inquiry into multiple sites can also identify if

certain global trends are found only in men or women, spe-

cific age groups, or patients with a specific stage of cancer.

In order to estimate conditional survival rates, long-

term follow-up is required. Without such, it is difficult to

accurately update 5-year survival likelihoods for the popu-

lation as a whole as these patients continue to live years af-

ter their initial diagnosis. SEER data facilitate the

compiling of extensive conditional survival tables for the

U.S. population. In this paper, we present 5-year relative

conditional survival probabilities for patients diagnosed

with selected types of invasive cancer in 1990–2001, and

followed through 2006 for vital status and cause of death.

The effects of age, sex, race, year of diagnosis, and years

already survived on the relative conditional survival esti-

mates are also assessed.

MATERIALS AND METHODS

Analyses are based on 1,151,496 cancer cases diagnosed

during 1990 –2001 and actively followed through 2006.

Data were collected from medical records at hospitals and

other facilities by population-based cancer registries in the

SEER Program of the National Cancer Institute [16]. The

SEER Program was established in response to the National

Cancer Act of 1971 that mandated public health surveil-

lance of cancer in the U.S. for use in the prevention, diag-

nosis, and treatment of cancer. The SEER Program began

collecting data on cancer cases on January 1, 1973, and its

current areas of inclusion cover 26% of the U.S. population

(23% of African Americans, 40% of Hispanics, 42% of

American Indians and Alaska Natives, and 59% of the

Asian/Pacific Islander population) [17, 18].

The tumor registries participating in the SEER Program

routinely abstract the records of all cancer patients in hos-

pitals, clinics, nursing homes, and other health service units

that provide diagnostic or treatment services; from private

pathology laboratories and radiotherapy units; and from

death certificates. Data collected by the tumor registries in-

clude patient demographics, tumor characteristics, mor-

phology, diagnostic information, extent of disease, first

course of treatment, and active patient follow-up of vital

status including cause of death. Cancers are coded accord-

ing to the International Classification of Disease for Oncol-

ogy Second Edition [19]. The current study uses the SEER

historic stage classification.

Survival probabilities were calculated using the SEER

Survival System (SEER*Stat) [20]. Observed survival es-

timates (proportion of cancer patients surviving for a spec-

ified time period) were calculated by the life table method.

Relative survival probability estimates were then obtained

by adjusting the observed survival for expected mortality

[21]. Relative survival probability estimates compare sur-

vival in the patient cohort with the expected survival of the

general population having the same characteristics as the

patient population with respect to age, sex, race, and calen-

dar period. They provide a net survival measure represent-

ing cancer survival in the absence of other causes of death.

The use of relative survival circumvents the problem asso-

ciated with tumor registries of inaccurate or unavailable

death certificates and the uncertainty about cause of death

[21–24]. Therefore, with relative survival, cause of death is

not required and the relative survival probability measure

indicates the excess mortality experienced by cancer pa-

tients; that is, the excess in death is directly or indirectly

caused by their cancer. Relative survival probabilities are

larger than observed survival rates because they estimate

only the effect of the cancer. However, relative survival

probability estimates for lung cancer underestimate the ef-

fect of lung cancer alone because there is a higher percent-

age of smokers among lung cancer patients than in the

general population, and smokers tend to be at a higher

risk for other chronic diseases such as heart disease and

stroke.

Eleven major cancer types were considered in this

study: prostate, melanoma (whites only), breast (females

only), corpus uteri, urinary bladder, Hodgkin’s lymphoma,

rectum, colon, ovary, lung, and pancreas. Standard case se-

lection criteria employed by the SEER Program were used.

Specifically, cases were selected if they were actively fol-

lowed and had malignant behavior and a known age. Cases
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were excluded if they were a second or later primary. Death

certificate only and autopsy only cases were also excluded.

Relative conditional survival estimates were derived

from the cumulative relative survival estimates. For exam-

ple, the 5-year relative survival probability conditional on

having already survived 1 year after diagnosis was obtained

by dividing the cumulative relative survival estimate

through 6 years by the 1-year cumulative relative survival

estimate; the 5-year relative survival probability condi-

tional on having already survived 2 years after diagnosis

was calculated by dividing the cumulative relative survival

estimate through 7 years by the 2-year cumulative relative

survival estimate; and so on.

Trends in 5-year relative survival estimates conditional

on already having survived 0–5 years from diagnosis were

modeled using regression modeling [25]. The model re-

gressed stage- and site-specific relative conditional survival

estimates on age, sex, and race, year of diagnosis, as well as

on linear and quadratic time variables reflecting years al-

ready having survived since diagnosis. The quadratic term

was selected because of the tendency for the trends to in-

crease at a decreasing rate. Tests of significance were based

on two-sided hypotheses at the 0.05 level. Analyses were

performed using Statistical Analysis System software, Ver-

sion 9.2 (SAS Institute Inc., Cary, NC).

RESULTS

The distribution of site-specific cancer cases is presented

according to selected variables in Table 1. The stage of dis-

ease at diagnosis varied considerably by cancer site, with

prostate cancer, melanoma skin cancer, female breast can-

cer, corpus uterine cancer, and urinary bladder cancer cases

showing the best stage at diagnosis, rectal and colon cancer

cases showing a moderate stage at diagnosis, and ovarian

cancer, lung cancer, and pancreatic cancer cases showing

the worst stage at diagnosis. The majority of cancers of the

prostate, urinary bladder, rectum, colon, lung, and pancreas

were diagnosed at age �65 years. Besides those cancers

unique to either men or women, males were more likely to

be diagnosed with cancers involving melanoma of the skin,

Table 1. Distribution of cases for selected cancer sites according to selected variables

Variable
Prostatea

%
Melanoma
%

Breast
(female)
%

Corpus
uterib

%

Urinary
bladder
%

Hodgkin’s
lymphomac

%
Rectum
%

Colon
%

Ovary
%

Lung
%

Pancreas
%

n 204,472 62,733 274,317 51,551 71,892 12,558 37,523 138,111 30,180 231,105 40,253

Age

�65 yrs 33 68 58 51 32 87 42 30 53 36 32

�65 yrs 67 32 42 49 68 13 58 70 47 64 68

Sex

Male 100 55 75 55 57 48 57 48

Female 45 100 100 25 45 43 52 100 43 52

Race

White 80 95 84 86 91 86 82 83 86 83 82

Black 13 0 9 7 5 9 8 10 7 11 11

Other 5 1 7 7 4 4 10 7 7 6 7

Unknown 2 4 0 0 0 1 0 0 0 0 0

Stage at diagnosis

Local 90 81 61 71 74 46 36 20 16 7

Regional 11 30 15 19 32 38 6 26 24

Distant 5 3 6 9 3 14 21 67 49 51

Unknown 5 5 3 5 4 100 8 5 7 9 18

Year of diagnosis

1990–1992 0 15 16 17 17 19 17 18 18 18 17

1993–1995 10 20 21 22 22 22 20 22 22 22 21

1996–1998 32 23 23 23 22 22 23 22 22 22 23

1999–2001 58 42 40 38 39 37 40 38 38 38 39

aLocally and regionally staged disease are combined under local and only available from 1995 onward.
bIncludes uterus, not otherwise specified.
cHistoric stage was not available for Hodgkin’s lymphoma.
Source: Surveillance, Epidemiology, and End Results Program, 1990–2001 diagnosed cases with follow-up through 2006
(http://www.seer.cancer.gov).
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the urinary bladder, the rectum, and the lung. The distribu-

tion of cancer involving blacks varied by cancer site, being

the highest for malignancies involving the prostate, lung, or

pancreas and lowest for malignancies involving the ovaries,

the urinary bladder, or melanoma. In general, the number of

blacks in the distribution increased with later and unknown

stage at diagnosis (data not shown).

The 5-year relative survival probability estimates at di-

agnosis and conditional on having already survived 1–5

years after diagnosis are presented in Table 2.

Generally, the 5-year relative survival probabilities

tended to increase when conditional on more years already

survived, albeit at a decreasing rate. The improvement in

5-year relative survival probability when conditional on

more years already survived was greatest for later staged

disease and for the more lethal types of cancer (i.e., lung

and pancreatic cancers). The 5-year relative conditional

survival probability only remained level for early-stage

prostate cancer and colon cancer and was only 100% when

conditional on having already survived 5 years among pros-

tate cancer patients.

The relative survival and 5-year relative conditional sur-

vival probabilities are presented graphically in Figures 1

(local stage), 2 (regional stage), 3 (distant stage), and 4 (un-

known stage). Site- and stage-specific trends in relative

conditional survival probabilities tended to significantly in-

Table 2. Five-year relative survival probability conditional on (0–5) years already survived (YAS) for selected cancer sites
by tumor stage

YAS
Prostatea

%

Melanoma
(whites)
%

Breast
(female)
%

Corpus
uterib

%

Urinary
bladder
%

Hodgkin’s
lymphomac

%
Rectum
%

Colon
%

Ovary
%

Lung
%

Pancreas
%

Local

0 (diagnosis) 100.0 97.6 97.7 95.9 92.7 84.0 86.6 91.4 92.7 49.0 18.8

1 100.0 97.2 97.0 96.3 92.9 89.8 88.2 94.6 93.7 57.7 44.1

2 100.0 97.2 96.3 97.2 93.0 91.9 89.0 94.4 94.3 65.9 66.4

3 100.0 97.7 96.3 97.5 93.5 93.4 90.5 94.4 94.9 71.2 82.9

4 100.0 98.3 96.3 98.1 93.6 94.5 91.7 94.7 95.3 74.6 88.3

5 100.0 98.8 96.3 98.0 94.1 95.2 93.4 95.1 94.9 76.9 90.4

Regional

0 (diagnosis) 62.8 81.5 66.2 47.0 59.1 68.9 67.6 19.5 7.6

1 64.5 79.9 73.7 61.5 61.7 74.4 74.6 30.9 18.5

2 72.1 80.9 81.7 74.3 66.7 79.3 79.1 46.0 37.7

3 79.0 82.6 87.6 82.2 73.0 83.5 83.3 56.2 55.9

4 83.8 84.1 90.9 86.0 78.9 87.8 86.5 62.6 70.5

5 86.9 85.3 93.2 86.8 82.4 90.7 89.1 66.2 77.6

Distant

0 (diagnosis) 33.1 14.7 25.3 25.0 6.5 7.8 9.9 29.3 2.5 1.7

1 37.3 35.6 32.4 42.3 22.1 14.1 20.9 37.2 10.7 13.8

2 43.9 55.5 39.1 57.5 45.2 23.9 35.4 44.2 25.7 33.3

3 48.5 66.8 45.5 70.2 56.0 37.8 51.6 52.6 40.5 40.7

4 52.8 77.5 52.0 80.8 68.0 51.0 65.0 60.3 51.6 52.4

5 55.9 80.3 56.9 86.0 69.2 65.4 78.8 69.3 56.0 58.8

Unknown stage

0 (diagnosis) 82.0 79.6 61.3 57.9 62.0 44.3 33.7 28.8 9.0 4.6

1 85.2 85.0 68.0 74.2 80.2 60.7 59.5 51.9 19.5 21.2

2 85.7 89.4 71.1 85.4 86.0 69.8 74.0 63.9 32.0 44.1

3 86.9 91.4 75.4 93.1 88.8 78.1 82.7 71.6 45.1 64.1

4 87.7 93.8 77.5 96.0 90.3 86.3 88.7 78.1 55.0 77.4

5 89.4 94.7 79.6 98.3 91.5 90.7 92.9 85.1 61.1 82.6

aLocally and regionally staged disease are combined under local and only available from 1995 onward.
bIncludes uterus, not otherwise specified.
cHistoric stage was not available for Hodgkin’s lymphoma.
Source: Surveillance, Epidemiology, and End Results Program, 1990–2001 diagnosed cases with follow-up through 2006
(http://www.seer.cancer.gov).
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crease and, for some cancer sites, at a decreasing rate. How-

ever, trends were insignificant for early-stage prostate

cancer and for locally staged colon cancer. For locally

staged breast cancer, the trend decreased. After adjusting

for age, sex, race, and year of diagnosis using regression

modeling, positive trends in locally staged urinary bladder

cancer and ovarian cancer became insignificant, the trend in

Figure 1. Relative survival and 5-year relative survival prob-
abilities conditional on years already survived after diagnosis:
locally staged disease at diagnosis.

Figure 2. Relative survival and 5-year relative survival prob-
abilities conditional on years already survived after diagnosis:
regionally staged disease at diagnosis.

Figure 3. Relative survival and 5-year relative survival prob-
abilities conditional on years already survived after diagnosis:
distant staged disease at diagnosis.

Figure 4. Relative survival and 5-year relative survival prob-
abilities conditional on years already survived after diagnosis:
unstaged disease at diagnosis.
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locally staged colon cancer became significantly positive,

and the trend in regionally staged female breast cancer be-

came significantly negative.

The 5-year relative conditional survival probabilities

were modeled according to age, sex, race, year of diagnosis,

and years survived after diagnosis (0–5), for each of the

cancer sites and tumor stage classifications (Table 3). For

models involving female breast cancer, Hodgkin’s lym-

phoma, colon cancer, lung cancer, and pancreatic cancer, a

significant quadratic term was added. The 5-year relative

conditional survival probability tended to be significantly

lower among patients diagnosed at older ages, among

males, among nonwhites, and among those diagnosed dur-

ing 1990–1995 compared with later years. For patients with

locally staged disease at diagnosis, exceptions included a

better relative conditional survival probability for older

aged female breast cancer patients and for whites diagnosed

with melanoma. For urinary bladder cancer, females had a

slightly poorer relative conditional survival probability,

and for pancreatic cancer the relative conditional survival

probability was best in the years 1990–1992. For patients

with distant staged disease, older age was positively asso-

ciated with a better 5-year relative conditional survival

probability only among prostate cancer patients; other

races, compared with whites, had significantly better 5-year

relative conditional survival probabilities among patients

with cancers of the prostate, colon, ovaries, or lungs; and

the 5-year relative conditional survival probability signifi-

cantly decreased with later year of diagnosis for cases with

prostate cancer or corpus uterine cancer.

DISCUSSION

This study presents 5-year relative conditional survival

probability estimates for 11 major cancer sites. The results

may serve as a more comprehensive guide for both patients

and physicians who are seeking to update a cancer progno-

sis. For all of the locally staged cancers considered except

lung cancer, the 5-year relative survival probability condi-

tional on already having survived 5 years exceeded 90%,

thus nearing the survival of the general population. For all

cancer sites combined, the 5-year relative survival proba-

bility conditional on already having survived 5 years aver-

aged about 85% for regionally staged disease, 68% for

distant staged disease, and 87% for unknown staged dis-

ease. Therefore, the 5-year relative survival probability es-

timates conditional on having already survived 5 years did

not reach the survival of the general population, although

they came closest among those diagnosed with locally

staged disease. The only exception is among prostate can-

cer patients, for whom the 5-year relative survival probabil-

ity for locally/regionally staged cases remains at about

100% through 10 years of follow-up.

The results also show that the 5-year relative conditional

survival probability tended to be significantly lower among

patients diagnosed at older ages, among males, among non-

whites, and among those diagnosed during 1990 –1995

compared with later years. After adjusting for these factors,

the 5-year relative conditional survival probability contin-

ued to significantly improve for patients who had already

survived 1–5 years after diagnosis for most cancer sites,

particularly in the later stage categories. In addition, the sig-

nificant decrease persisted in the adjusted model in the

5-year relative conditional survival trend for locally staged

breast cancer patients.

In a recent study, Janssen-Heijnen and colleagues pre-

sented conditional survival probabilities for patients with

multiple cancer sites, based on data from the Netherlands

[15]. For colon, rectal, and lung cancer, our results are

nearly identical to theirs. However, the relative conditional

survival rates are approximately 10% higher using SEER

data for female breast cancer, prostate cancer, and mela-

noma in males. The difference in survival estimates for

melanoma may be because our study looked at melanomas

among whites only, but for the other cancer sites, possible

explanations for the discrepancy may be better access to

treatment for these cancers or just a difference that arises as

a result of time trends (the Janssen-Heijnen et al. [15] data

set runs for 1980–2004, whereas our data set runs for 1995–

2004, followed through to 2006 for vital status and cause of

death).

Janssen-Heijnen and colleagues also provide 5-year rel-

ative survival probabilities conditional on having survived

1, 2, and 3 years after diagnosis for female breast cancer and

colon cancer patients. The current results for colon cancer

are similar for early-stage but lower for later-stage disease.

This was also observed for female breast cancer. Because of

the differing staging criteria and years of diagnosis used in

the studies, it is difficult to determine the cause of this dis-

crepancy. It is possible that shorter wait times for oncolog-

ical specialists in the U.S. allow for greater detection of

cancer among patients who were not aware of their cancer

until they were terminally ill, which in turn decreases the

survival estimates of the later-stage population.

Another study reported conditional relative survival

rates for eight cancer sites (colon, rectum, corpus uteri and

uterus, female breast, lung, ovary, prostate, and urinary

bladder) by sex based on SEER data for 1990–1999 [18].

Our updated results show similar patterns for each of the

cancer sites, with the exception that the 5-year relative sur-

vival and conditional survival estimates for ovarian cancer

patients are lower in the current study. This difference may
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Table 3. Five-year relative survival probability conditional on (0–5) years already survived (YAS) for selected cancer sites
according to age, sex, and year of diagnosis by tumor stage

Variable
Prostatea

%
Melanoma
(whites) %

Breast
(female)
%

Corpus
uterib

%

Urinary
bladder
%

Hodgkin’s
lymphomac

%
Rectum
%

Colon
%

Ovary
%

Lung
%

Pancreas
%

Local

Unadjusted model

Intercept 100.0 97.5 97.7 96.0 92.6 84.6 86.6 94.3 92.7 48.9 18.0

YAS �0.3 �0.8 0.5 0.3 4.7 1.3 1.2 10.2 30.9

YAS2 0.1 0.1 �0.5 �0.1 �0.9 �3.3

Adjusted model

Intercept 99.7 95.8 95.7 96.6 95.9 84.6 88.1 92.3 92.9 52.4 33.9

YAS �0.4 0.7 4.0 0.8 1.7 8.9 23.5

YAS2 0.1 �0.5 �0.2 �0.8 �2.4

Age

�65 yrs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

�65 yrs 0.0 0.5 2.8 �0.4 �5.7 �23.7 �4.5 �1.2 �0.6 �11.7 �14.2

Sex

Male 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Female 1.3 �0.3 3.1 1.3 0.2 6.7 10.1

Race

White 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Black �0.3 �4.8 �9.0 �5.5 �5.3 �5.4 �4.5 �2.3 �6.1 �3.4

Other �2.0 �1.1 �2.2 �2.7 �4.4 �1.0 �4.3 �2.5 1.2 �10.3

Year of diagnosis

1990–1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1993–1995 0.0 �0.7 0.2 �0.4 0.6 �0.3 �2.7 0.3 �0.8 0.9 �18.4

1996–1998 0.4 0.9 1.5 �0.3 0.4 2.2 1.1 1.1 0.3 0.6 �9.2

1999–2001 0.5 2.1 1.9 0.3 0.5 1.8 1.9 1.8 0.8 1.2 �14.3

Regional

Unadjusted model

Intercept 61.6 80.0 65.8 46.7 57.8 68.9 67.9 18.3 7.2

YAS 5.3 1.0 9.5 17.3 5.0 5.8 6.6 16.3 15.0

YAS2
�0.8 �1.9 �0.3 �0.5 �1.3

Adjusted model

Intercept 56.1 78.5 73.4 51.1 54.5 66.8 68.7 21.5 7.4

Year 4.7 �0.9 8.2 16.9 3.4 5.6 6.1 15.8 15.9

Year2 0.4 �0.6 1.9 0.4 �0.2 �1.4

Age

�65 yrs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

�65 yrs �2.8 �1.6 �9.9 �4.7 �2.9 0.0 �11.5 �9.1 �1.3

Sex

Male 0.0 0.0 0.0 0.0 0.0 0.0

Female 5.6 2.4 2.2 3.3 2.7 0.4

Race

White 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Black �10.3 �18.9 �9.8 �8.9 �6.5 �6.4 �3.6 �4.8

Other �1.5 �4.1 �0.7 �5.2 �1.9 1.0 0.3 �0.5

Year of diagnosis

1990–1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1993–1995 3.1 1.1 �3.6 �2.0 4.0 1.7 3.3 1.4 �1.4

1996–1998 4.5 4.3 �1.0 �2.3 6.3 2.3 3.7 1.1 1.5

1999–2001 5.1 7.2 �0.7 �2.3 8.2 2.1 3.6 1.5 �2.3

(continued)
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Table 3. (Continued)

Variable
Prostatea

%
Melanoma
(whites) %

Breast
(female)
%

Corpus
uterib

%

Urinary
bladder
%

Hodgkin’s
lymphomac

%
Rectum
%

Colon
%

Ovary
%

Lung
%

Pancreas
%

Distant

Unadjusted model

Intercept 33.5 14.3 25.2 24.7 4.6 7.1 8.4 29.0 2.2 4.3

YAS 4.7 24.6 7.4 19.4 23.6 7.0 14.1 7.9 11.6 11.7

YAS2
�2.3 �0.2 �1.4 �2.1 1.0

Adjusted model

Intercept 31.1 20.1 27.1 41.1 0.3 7.1 7.5 33.8 4.7 0.0

YAS 5.5 21.7 6.1 16.0 21.1 6.3 12.7 5.5 13.6 15.6

YAS2
�1.9 �1.0 �2.0 0.8 0.4 �0.7 �1.3

Age

�65 yrs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

�65 yrs 5.1 �7.3 �7.0 �15.7 �3.4 �1.4 0.7 �11.6 �6.0 �2.8

Sex

Male 0.0 0.0 0.0 0.0 0.0 0.0

Female �6.0 8.0 3.9 4.2 �0.5 1.3

Race

White 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Black �0.9 �5.8 �16.6 �0.2 �6.1 �4.2 �3.9 �1.0 0.7

Other 8.1 �1.3 �4.3 �4.9 �2.2 5.7 4.7 7.2 3.4

Year of diagnosis

1990–1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1993–1995 0.0 �2.9 �0.1 �1.9 �1.4 1.8 �1.9 �0.2 �0.5 1.3

1996–1998 �2.0 2.1 2.5 �6.6 13.0 2.1 0.2 0.8 �1.4 10.5

1999–2001 �4.9 �1.1 3.0 �10.1 3.1 �2.0 0.0 1.5 �1.0 0.0

Unknown stage

Unadjusted model

Intercept 82.9 79.8 61.7 58.4 64.2 45.2 35.4 30.9 9.8 7.7

YAS 1.3 5.7 6.0 17.1 14.3 14.7 23.9 19.7 10.9 16.5

YAS2
�0.5 �0.5 �1.8 �1.8 �1.1 �2.5 �1.8

Adjusted model

Intercept 90.1 78.8 65.8 64.7 72.4 43.0 53.6 62.0 21.5 30.2

YAS 1.6 4.4 4.6 14.1 12.5 12.6 19.3 12.7 15.8 14.9

YAS2
�1.3 �1.6 �0.8 �2.0 �1.2 �1.4

Age

�65 yrs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

�65 yrs �7.8 �5.7 �9.8 �17.0 �10.0 �10.4 �11.3 �29.2 �9.1 �18.1

Sex

Male 0.0 0.0 0.0 0.0 0.0 0.0

Female 4.2 �4.7 3.7 �3.4 2.7 �4.4

Race

White 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Black �8.0 �9.7 �14.3 �17.7 �4.9 �16.7 �14.1 �3.6 �16.4

Other �8.9 �7.6 �3.5 �8.7 �3.7 �10.0 �10.9 0.3 5.1

Year of diagnosis

1990–1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1993–1995 0.0 2.2 2.3 2.5 �1.4 �0.1 �5.8 �11.5 1.4 �5.2

1996–1998 0.9 1.3 1.6 0.5 4.5 10.0 �6.1 �20.5 1.1 �7.2

1999–2001 �3.6 �0.6 �2.5 0.6 �3.4 8.5 �10.1 �16.1 1.5 �13.4

aLocally and regionally staged disease are combined under local and only available from 1995 onward. Hence, the time period
1993–1995 represents just 1995 data.
bIncludes uterus, not otherwise specified.
cHistoric stage was not available for Hodgkin’s lymphoma.
Source: Surveillance, Epidemiology, and End Results Program, 1990–2001 diagnosed cases with follow-up through 2006
(http://www.seer.cancer.gov).
Estimates for each model were simultaneously calculated, adjusted for the other variables in the model.
Values in bold are statistically significant, p � .05.
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be partly because the earlier study involved nine SEER ar-

eas in their survival analysis, whereas the current study in-

cludes 17 SEER areas.

A finding of note is that the 5-year relative survival es-

timates decrease with older age for each of the cancer sites,

except for distant staged prostate cancer and locally staged

female breast cancer. A recent study by Lin et al. [25] cor-

roborates our findings regarding prostate cancer in young

men, demonstrating that men diagnosed with advanced

prostate cancer at age of 35–44 have a poor prognosis when

compared with older men. Studies also confirm the finding

that young women tend to have poorer survival with breast

cancer. In regard to both prostate and breast cancer, the ex-

act mechanisms leading to the poorer prognoses are un-

known, although a likely explanation is the lack of

competing morbidities among younger patients [26–29].

The results advocate the potential benefits of early

screening and diagnosis of cancer. For example, the 5-year

relative survival rates at diagnosis for the locally, region-

ally, and distantly staged cases of colon cancer are 91%,

69%, and 10%, respectively. Even after surviving for 5

years from the initial time of diagnosis, a substantial gap

still exists in the 5-year relative survival probability for pa-

tients with colon cancer (95%, 91%, and 79%, respec-

tively). Possible explanations for the continued gap include

recurrence of cancer at the same site and the introduction of

cancer into new sites as later-stage cancer metastasizes.

Note that even the 5-year relative survival probability con-

ditional on having already survived 5 years among locally

staged patients remained 5% below the survival probability

for the general population.

Relative conditional survival improves the most over

time for those with the poorest initial prognosis. This may

be because as time passes, there is a natural selection effect

on the initial population. In other words, the patients at

greatest risk die early on, and as time progresses, we are left

with a healthier population of patients.

In general, relative conditional survival can be useful at

both the individual patient level and at the aggregate level.

For example, an individual patient being seen in follow-up

a few years after diagnosis can receive an updated progno-

sis. This conditional survival information could also be

used to assist clinicians in determining how prognosis re-

lated to each cancer site changes over time. Conditional sur-

vival could also be used when designing clinical trials, to

determine the appropriate length of follow-up needed before

drawing conclusions. In evaluating new treatments, these data

assist researchers and clinicians in establishing benchmarks of

the natural trends of cancer survivorship against which the ef-

ficacy of new treatments can be measured.

CONCLUSION

Cancer surveillance statistics provide a foundation for mea-

suring a patient’s likely prognosis. Long-term SEER data

provide the means to calculate both long-term survival es-

timates and also long-term relative conditional survival es-

timates. Relative survival provides a net survival measure

representing cancer survival in the absence of other causes

of death. Conditional survival provides further useful prog-

nostic information, tailored to the time a person has already

survived with the cancer. The 5-year relative conditional

survival probability tended to improve with each year al-

ready survived, even after adjusting for age at diagnosis,

sex, race, and year of diagnosis. An exception involves a

significant decrease in the 5-year relative conditional sur-

vival trend for locally staged female breast cancer patients.

Improvement in the relative survival probability condi-

tional on more years already survived was greatest for the

more lethal cancers and for cases with a more advanced

stage at diagnosis. The 5-year relative survival probability

estimates conditional on having already survived 5 years

did not reach the survival rate of the general population, al-

though they came closest among those diagnosed with lo-

cally staged disease, then regionally staged, and then

distantly staged disease. An exception involves prostate

cancer, for which the 5-year relative survival probability for

locally/regionally staged cases remained at 100%. The

5-year relative conditional survival probability was gener-

ally significantly lower among patients diagnosed at older

ages, among males, among nonwhites, and among those di-

agnosed during 1990 –1995 compared with later years.

These results may serve as a more comprehensive guide for

both patients and physicians who are seeking to update a

cancer prognosis.
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