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Background	 To isolate progress against cancer from changes in competing causes of death, population cancer registries 
have traditionally reported cancer prognosis (net measures). But clinicians and cancer patients generally want 
to understand actual prognosis (crude measures): the chance of surviving, dying from the specific cancer and 
from competing causes of death in a given time period.

Objective	 To compare cancer and actual prognosis in the United States for four leading cancers—lung, breast, prostate, 
and colon—by age, comorbidity, and cancer stage and to provide templates to help patients, clinicians, and 
researchers understand actual prognosis.

Method	 Using population-based registry data from the Surveillance, Epidemiology, and End Results (SEER) Program, 
we calculated cancer prognosis (relative survival) and actual prognosis (five-year overall survival and the 
“crude” probability of dying from cancer and competing causes) for three important prognostic determinants 
(age, comorbidity [Charlson-score from 2012 SEER-Medicare linkage dataset] and cancer stage at diagnosis).

Result	 For younger, healthier, and earlier stage cancer patients, cancer and actual prognosis estimates were quite 
similar. For older and sicker patients, these prognosis estimates differed substantially. For example, the five-
year overall survival for an 85-year-old patient with colorectal cancer is 54% (cancer prognosis) versus 22% 
(actual prognosis)—the difference reflecting the patient’s substantial chance of dying from competing causes. 
The corresponding five-year chances of dying from the patient’s cancer are 46% versus 37%. Although age and 
comorbidity lowered actual prognosis, stage at diagnosis was the most powerful factor: The five-year chance of 
colon cancer death was 10% for localized stage and 83% for distant stage.

Conclusion	 Both cancer and actual prognosis measures are important. Cancer registries should routinely report both cancer 
and actual prognosis to help clinicians and researchers understand the difference between these measures and 
what question they can and cannot answer. We encourage them to use formats like the ones presented in this 
paper to communicate them clearly.
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To isolate progress against cancer from changes in competing 
causes of death, population cancer registries have traditionally 
reported cancer prognosis. In the statistical literature, cancer prog-
nosis measures are called “net” because they cancel out competing 
causes of death. Relative survival, for example, is a net measure—it 
is calculated as the ratio of overall survival for cancer patients to the 
expected survival of a comparable group of cancer-free individuals 
(1,2). Since a cohort of cancer-free individuals is difficult to obtain, 
general population life tables are used instead (3).

Cancer prognosis measures are especially useful for researchers 
and policy makers because they clarify whether increased survival 
among cancer patients reflects improvements in the prevention or 
treatment of cancer versus the prevention or treatment of compet-
ing causes of death such as cardiovascular disease. But clinicians 
and cancer patients generally have a different interest. They want 
to know actual prognosis: what is likely to happen to a person 

diagnosed with cancer. Specifically, what is their chance of dying 
from cancer, dying from other causes, or surviving? 

Actual prognosis—also called “crude” prognosis in the statis-
tical literature—accounts for the fact that, for people diagnosed 
with cancer, two competing causes of death determine survival: 
death from cancer and death from other causes. Survival estimates 
that account for competing risk of death are especially impor-
tant for individual decision making where clinicians and patients 
need to balance the benefits and toxicities of cancer therapy. For 
patients with early stage low-risk cancers found by screening, for 
example, the chance of cancer death may be so low that patients 
might decide potential treatment harms exceed possible benefit. 
Similarly, very old patients with severe comorbidities may not 
be able to experience benefit from cancer treatment because the 
chance of death from competing causes increases substantially 
with advancing age (4–6).
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In this paper, we compare cancer and actual prognosis in the 
United States for four leading cancers: lung, breast, prostate, and 
colon—by age, comorbidity, and cancer stage to highlight the simi-
larities and differences between these measures. To help nontech-
nical audiences (eg, policy makers and patients) understand the 
measures, we will use the terms cancer prognosis and actual progno-
sis instead of the more technical statistical terms net survival and 
crude survival, respectively. And we will provide guidance for how 
to select and interpret the most appropriate measure depending on 
the question of interest. This guidance is timely as cancer registries 
are beginning to present actual prognosis in addition to traditional 
cancer prognosis measures (7).

Methods
We use population-based Surveillance, Epidemiology, and End 
Results (SEER) data from 18 cancer registries, which represents 
roughly 28% of the total US population. For cancer and actual 
prognosis calculations, we analyzed the cohort of patients diag-
nosed with lung, breast, prostate, and colon cancer during 2000–
2009 followed through December 31, 2010. Only malignant cases 
were included for analyses.

Calculating Cancer Prognosis
The most commonly used cancer prognosis measure is five-year rela-
tive survival: a ratio of overall survival for a cohort of cancer patients to 
expected survival in the general population (2). Because most cancers 
are relatively uncommon, the expected survival in the general popula-
tion approximates a “cancer-free” population. The numerator—over-
all survival (also called observed survival)—is calculated using the 
actuarial method where all deaths are counted as events. The denomi-
nator—expected survival—is calculated from US life tables matched 
on age, sex, race, and year with the cancer cohort. For example, if the 
five-year overall survival was 80% for women diagnosed with malig-
nant breast cancer, and the expected survival was 90% for the age, sex, 
race, and year matched population, then the five-year relative survival 
for women with malignant breast cancer would be 80%/90% = 89%.

Calculating Actual Prognosis
Although previous studies (8,9) used life tables to estimate actual 
prognosis, we could not do so since available US life tables do 
not account for differences in life expectancy from comorbidities. 
Instead, we used cause of death information to estimate the actual 
prognosis. In the absence of comorbidity-adjusted life tables, this 
approach may provide more accurate estimates (10–13).

We used the SEER cause-specific death classification variable 
(10,13) to estimate the probabilities of dying of cancer, dying of 
competing causes, and survival. Cancer registries use cause of death 
from death certificates, which are prone to misclassification errors. 
Also, determining whether a death is due to specific cancer can be 
difficult (eg, is a death from Kaposi sarcoma in an AIDS patient due 
to the cancer or to AIDS?). The “SEER cause-specific death classi-
fication” provides guidance about which deaths should be “attribut-
able” to a specific cancer diagnosis. Because assigning cause of death 
is more difficult for patients with more than one cancer, the variable 
has different rules for assigning deaths for patients with only one 
cancer and those with more than one cancer diagnosis. For patients 
diagnosed with only one cancer, the variable classifies a death as 

due to a specific cancer if the death attributed to the same cancer 
site, to the same general organ system as specified by International 
Classification of Diseases for Oncology, Third Edition (eg, oral cav-
ity and pharynx compared with lip), to all other malignant cancers 
(assuming that metastatic disease has been misclassified), or to AIDS 
with cancer (for selected cancer sites such as Kaposi’s sarcoma or 
non-Hodgkin lymphomas).  For patients diagnosed with more than 
one cancer, the variable classifies a death as due to a specific cancer if 
the death was attributed to the same cancer site as the first diagnosis 
or to the general organ system of the site. Deaths from all other 
malignant cancers are censored because they are presumed to be 
due to the other cancer diagnosis (detailed information about this 
variable can be found Howlader et al. (10) and SEER Cause-specific 
Death Classification Variable Web site (13). 

Statistical Analysis
At any point in time, a cohort of cancer patients can be classified 
into three mutually exclusive groups: 1) patients who died of can-
cer; 2) patients who died of causes other than cancer; and 3) patients 
who are alive. In mathematical terms, let di k  be the number deaths 
in interval i  for cause k. When considering only two causes of death 
let k = 1 be cancer death and k = 2 be death due to other causes. 
At each interval, the conditional probabilities (hazard) of dying of 
cause k given alive at the beginning of the interval are calculated as

q
d

ni k
i k

i

= ,

where ni  is the number of people alive at the beginning of the inter-
val. If the actuarial (life table) method is used, ni  is calculated as the 
number of people alive at the beginning of the interval minus half 
of individuals censored during the interval, that is, lost to follow-
up. Similar to calculation of multiple-decrement life tables, the 
three quantities are calculated at the end of interval i  as:

1.	 The cumulative overall survival S q qi j j
j i

= − −( )
≤

∏ 1 1 2 , represent-

ing the probability of being alive at the end of interval i . Note 
S q q1 11 121= − −  is the probability of surviving interval 1, q11  and 
q12 probabilities of dying of cause 1 and 2, respectively.

2.	 The cumulative probability of dying of cancer at interval i , 
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j i
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3.	 The cumulative probability of dying of other causes at interval i ,  
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The cumulative probabilities of dying are also referred as cumula-
tive incidence function of cause k.

Other Prognostic Determinants
Age at Diagnosis.  Age at diagnosis was ascertained across SEER 
registries using standardized coding rules based on hospital medi-
cal records and pathology reports. For our analysis, we stratified 
age into six mutually exclusive groups (20–44, 45–54, 55–64, 65–74, 
75–84, and 85+). 

Stage at Diagnosis.   Summary staging is the most basic way 
of categorizing how far a cancer has spread from its origin. It 
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is the most precise clinical and pathological documentation of 
the extent of disease from the medical record. There are four 
categories of disease spread: localized to the primary tumor site 
(localized); tumor with regional spread or metastasis to regional 
lymph nodes (regional); tumor with distant metastasis (dis-
tant); and tumors with unknown stage (14). For our analyses, 
we excluded patients with unknown stage and used Summary 
Staging 2000.

Comorbidity Status.  Comorbidities were defined as the presence 
of any of 16 comorbid conditions in the Charlson index in the year 
before diagnosis. These conditions include acute myocardial infarc-
tion, AIDS, cerebrovascular disease, chronic renal failure, conges-
tive heart failure, chronic obstructive pulmonary disease, dementia, 
diabetes, moderate/severe liver dysfunction, history of myocardial 
infarction, paralysis, rheumatologic disease, ulcer disease, cirrhosis 
and/or chronic hepatitis, and vascular disease.

To ensure that comorbid conditions in the year before diagno-
sis could be identified, only patients diagnosed at age 66 or older 
were included because their data were available in the 2012 SEER-
Medicare linkage dataset. This cohort consisted of Medicare ben-
eficiaries 66 years of age or older residing in the SEER catchment 
areas who had received a cancer diagnosis between 1992 and 2009 
and were followed until December 31, 2009. We used ICD-9-CM 
and Current Procedural Terminology (CPT) codes recorded in 
Medicare claims according to algorithm developed by Klabunde 
et al. (15,16). 

Comorbidities were summarized into a single score. To estimate 
scores, a Cox proportional hazard model (the dependent variable 

in the model was time from diagnosis to death due to noncancer 
causes and censoring events included loss to follow-up or end of 
study, or cancer death) was used with comorbidity as covariates to 
estimate weights and estimate comorbidity score (17) while con-
trolling for factors such as age, sex, and race. To illustrate the effect 
of comorbidities on actual prognosis measures, we focused on 
two groups: patients with no comorbidities (score = 0) and severe 
comorbidities (score > 639).

The cut point (score > 639)  for classifying scores into severe 
group was based on weights ranking as well as clinical judgments 
based on each comorbidity conditions. Cho et al. (4) article con-
tains detail description on the comorbidity variable. Severe comor-
bidity refers to severe illnesses that frequently lead to organ failure 
or systemic dysfunction and always require adjusting cancer treat-
ment. The severe comorbidity group included individuals with 
chronic obstructive pulmonary disease, liver dysfunction, chronic 
renal failure, dementia, and congestive heart failure. Most indi-
viduals with more than one comorbid condition fell into the severe 
comorbidity group.

All analyses were performed in SEER*Stat software (18). All 
probabilities were calculated 5 year from cancer diagnosis.

Results
Cancer Versus Actual Prognosis
Figure 1 shows the probabilities of dying from cancer and survival 
when competing causes of death are not considered (cancer prog-
nosis, ie, “net”) and when they are (actual prognosis, ie, “crude”). 

Figure 1.  Comparison of cancer prognosis and actual prognosis measures for male and female colorectal cancer patients diagnosed with regional stage. 
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For younger and healthier patients, cancer and actual prognosis 
estimates were quite similar because competing causes of death 
are rare. For older and sicker patients, these prognosis estimates 
differed substantially. For example, the five-year survival for an 
85-year-old colorectal cancer patient is 54% (cancer prognosis) ver-
sus 22% (actual prognosis)—the difference reflecting the patient’s 
substantial chance of dying from competing causes. The corre-
sponding five-year chances of dying from the patient’s cancer are 
46% versus 37%.

Actual Prognosis for Four Major Cancers
Figures 2–5 illustrate the chance of surviving, dying from the spe-
cific cancer and from competing causes of death in the 5  years 
after diagnosis for breast, prostate, colorectal, and lung cancers. 
These chances are stratified by comorbidity (none and severe), 
age, and stage (localized, regional, and distant). Tables 1 and 2 
present the corresponding figure numbers with 95% confidence 
intervals. 

Effect of Age 
The effect of increasing age is similar across the four cancers. For 
localized and regional stage disease, older ages had lower survival 
largely from increasing competing causes of death. For example, 
survival probability went from being 95% for 20–44-year-old 

localized breast cancer patient to 49% for 85+-year-old women, 
due to increasing competing causes of death in the older age group 
( Table 1).

For distant stage, age had much less of an effect—the vast 
majority died from their cancer: for example, the chance of dying 
from distant lung cancer ranged from 86% to 90% depending on 
age at diagnosis.

Effect of Comorbidity
Comorbidity also had a similar effect across the four cancers. 
For localized and regional stage disease, increased comorbid-
ity had lower survival largely from increasing competing causes 
of death. However, for distant stage, comorbidity had much 
less of an effect—the vast majority died from their cancer: for 
example, colorectal cancer death ranged 82%–89% depending 
on comorbidity condition (see Supplementary Table 1, available 
online).

Finally, we noticed comorbidity effected both cancer and 
competing causes of deaths, but the effect was greater for com-
peting causes. For example, for 66–74-year-old prostate cancer 
patient diagnosed with localized disease, probability of death 
from cancer changed little (2%-4%); whereas, probability of 
competing cause death changed more drastically (7%–24%) 

Figure 2.  Actual prognosis—Five-year chance of surviving, dying from breast cancer, or dying from competing causes by age, stage, and comorbidity.
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due to comorbidity (see  Table 2). For more cancer sites see 
Supplementary Table 1. ).

Effect of Stage
Although age and comorbidity lowered actual prognosis, stage at 
diagnosis was the most powerful factor. For example, a 55-year-old 
woman’s probability of dying from breast cancer was 3% for local-
ized stage, 14% for regional stage, and 71% for distant stage; for 
lung cancer, the corresponding probabilities are 28% for localized, 
62% for regional, and 90% for distant.

Within each stage, the chance of dying from cancer did not 
vary much by age; for example, a 20-year- and 74-year-old man 
diagnosed with regional disease experienced a small chance of 
dying from prostate; however, 85+-year-old man diagnosed with 
the same disease had a 39% probability of competing causes of 
death.

Discussion
Traditional cancer prognosis statistics (eg, five-year relative sur-
vival) are useful for tracking progress against cancer over time 
because they isolate the effect of cancer on survival by removing 
the effects of competing causes. Competing causes of death provide 

fundamental context for prognosis for cancer patients. The patients 
need actual prognosis measures to understand what their chance of 
dying from the cancer and from competing causes after a period 
of time.

Estimates of prognosis presented here make it fairly easy to 
understand that cancer is biggest concern for healthy, young, and 
distant disease patients. For example, 20-year-old woman diag-
nosed with localized breast cancer has a 5% chance of dying in 
the next 5 years; however, most of the risk comes from dying from 
breast cancer (4%) rather than competing causes (1%). For older 
patients diagnosed with early stage disease, competing causes of 
death pose a much greater threat. For example, a 75-year-old 
woman diagnosed with localized breast cancer has a 24% chance 
of dying in the next 5 years: most of the risk arises from competing 
causes (18%) rather than breast cancer (6%). Similar pattern was 
observed for prostate cancer patients in our study as well as other 
studies (19,20).

Actual prognosis measures have been unavailable for older 
patients and those with multiple comorbidities because population-
based registries do not routinely report comorbidity conditions 
on cancer patients and clinical trials generally under-represent 
or exclude these patients. But this trend is changing. The SEER 
program recently developed nomograms for prostate, colorectal, 
breast, and head and neck cancer as part of a Web-based Cancer 

Figure  3.  Actual prognosis—Five-year chance of surviving, dying from prostate cancer, or dying from competing causes by age, stage, and 
comorbidity.

http://jncimonographs.oxfordjournals.org/lookup/suppl/doi:10.1093/jncimonographs/lgu022/-/DC1
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Figure 4.  Actual prognosis—Five-year chance of females surviving, dying from colorectal cancer, or dying from competing causes by age, stage, 
and comorbidity.

Figure 5.  Actual prognosis—Five-year chance of females surviving, dying from lung cancer, or dying from competing causes by age, stage, and 
comorbidity.
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Table 1:  Actual prognosis measures for patients with top 4 cancer diagnosis by stage and age: five-year probability of overall survival, 
dying of cancer, and dying of competing causes*

Summary 
stage 2000

Age at 
diagnosis, y N

Survival Cancer death Other-cause death

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Female breast
  Localized 20–44 31 076 95% 94%–95% 4% 4%–5% 1% 1%–1%

45–54 62 232 95% 95%–96% 3% 3%–3% 1% 1%–1%
55–64 68 071 94% 94%–94% 3% 3%–3% 3% 3%–3%
65–74 57 805 89% 89%–90% 3% 3%–4% 7% 7%–7%
75–84 42 128 76% 76%–77% 6% 6%–6% 18% 17%–18%
85+ 12 345 49% 47%–50% 11% 11%–12% 40% 39%–41%

  Regional 20–44 26 521 83% 82%–83% 16% 16%–17% 1% 1%–1%
45–54 39 759 85% 84%–85% 14% 13%–14% 2% 2%–2%
55–64 35 178 82% 82%–83% 14% 14%–15% 3% 3%–4%
65–74 24 044 76% 76%–77% 15% 15%–16% 8% 8%–9%
75–84 16 706 60% 59%–60% 22% 21%–22% 19% 18%–20%
85+ 5452 30% 28%–31% 31% 30%–33% 39% 38%–41%

  Distant 20–44 2681 31% 29%–34% 66% 64%–68% 2% 2%–3%
45–54 4630 28% 26%–29% 69% 68%–71% 3% 2%–3%
55–64 5563 24% 23%–26% 71% 70%–73% 5% 4%–5%
65–74 4504 20% 18%–21% 72% 71%–74% 8% 7%–9%
75–84 3747 12% 11%–13% 76% 74%–77% 12% 11%–13%
85+ 1563 6% 5%–8% 78% 76%–80% 16% 14%–18%

Prostate
  Localized 20–44 2514 98% 98%–99% 1% 0%–1% 1% 0%–1%

45–54 37692 97% 97%–97% 1% 1%–1% 2% 2%–2%
55–64 124 644 95% 94%–95% 1% 1%–1% 4% 4%–4%
65–74 154 212 88% 88%–89% 2% 2%–2% 9% 9%–9%
75–84 81 942 74% 73%–74% 5% 5%–6% 21% 21%–21%
85+ 12 311 42% 42%–43% 13% 13%–14% 44% 43%–45%

  Regional 20–44 543 94% 92%–96% 5% 3%–7% 1% 0%–2%
45–54 8923 95% 95%–96% 3% 2%–3% 2% 2%–2%
55–64 25 476 94% 93%–94% 3% 3%–3% 3% 3%–4%
65–74 20 102 89% 88%–89% 5% 4%–5% 7% 6%–7%
75–84 3954 66% 65%–68% 15% 14%–16% 18% 17%–20%
85+ 765 28% 24%–31% 33% 30%–37% 39% 35%–43%

  Distant 20–44 147 29% 18%–36% 71% 59%–76% 3% 1%–6%
45–54 1382 29% 26%–32% 65% 62%–68% 6% 5%–8%
55–64 4337 29% 28%–31% 62% 61%–64% 8% 7%–9%
65–74 5896 29% 27%–30% 58% 57%–60% 13% 12%–14%
75–84 6412 17% 16%–18% 63% 62%–65% 19% 18%–20%
85+ 3011 8% 7%–9% 67% 66%–69% 25% 23%–26%

Female colorectal
  Localized 20–44 2744 95% 94%–96% 4% 3%–5% 1% 1%–2%

45–54 7569 93% 92%–94% 5% 4%–5% 2% 2%–3%
55–64 10 351 89% 89%–90% 6% 5%–6% 5% 5%–6%
65–74 13 922 81% 81%–82% 8% 8%–9% 11% 10%–11%
75–84 15 996 66% 65%–66% 13% 12%–13% 22% 21%–22%
85+ 7483 38% 37%–39% 24% 23%–25% 38% 37%–39%

  Regional 20–44 3152 77% 75%–78% 22% 20%–24% 1% 1%–2%
45–54 6844 77% 76%–78% 21% 20%–22% 2% 2%–3%
55–64 9761 71% 70%–72% 24% 23%–25% 4% 4%–5%
65–74 12 798 64% 63%–65% 27% 26%–28% 9% 9%–10%
75–84 15 432 48% 47%–49% 34% 33%–35% 18% 17%–18%
85+ 7409 28% 27%–29% 42% 41%–43% 30% 29%–31%

  Distant 20–44 2135 21% 19%–23% 77% 75%–79% 2% 1%–2%
45–54 4177 17% 16%–18% 80% 79%–82% 3% 2%–3%
55–64 5704 14% 13%–15% 82% 81%–83% 4% 3%–4%
65–74 6448 12% 11%–13% 83% 82%–84% 6% 5%–6%
75–84 7168 6% 5%–6% 86% 85%–87% 8% 8%–9%
85+ 3682 3% 2%–3% 86% 85%–87% 11% 10%–12%

(Table continues)
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Summary 
stage 2000

Age at 
diagnosis, y N

Survival Cancer death Other-cause death

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Female lung and  
bronchus

  Localized 20–44 756 82% 79%–85% 15% 12%–18% 3% 2%–5%
45–54 2444 74% 72%–76% 22% 20%–24% 4% 4%–5%
55–64 6039 63% 62%–65% 28% 26%–29% 9% 8%–10%
65–74 9908 52% 51%–53% 35% 34%–36% 13% 12%–14%
75–84 8396 36% 35%–37% 45% 44%–47% 19% 18%–20%
85+ 1908 13% 11%–15% 60% 58%–63% 27% 24%–29%

  Regional 20–44 912 42% 38%–45% 55% 51%–58% 3% 2%–5%
45–54 4062 35% 34%–37% 60% 58%–61% 5% 4%–6%
55–64 8757 31% 30%–32% 62% 61%–63% 7% 6%–7%
65–74 12 725 24% 23%–25% 65% 65%–66% 10% 10%–11%
75–84 9947 16% 15%–16% 71% 70%–72% 13% 12%–14%
85+ 2075 7% 5%–8% 74% 72%–76% 19% 17%–21%

  Distant 20–44 2681 8% 7%–9% 89% 87%–90% 3% 2%–4%
45–54 10 421 7% 6%–7% 90% 89%–91% 3% 3%–4%
55–64 21 059 5% 5%–5% 90% 90%–91% 4% 4%–5%
65–74 28 486 4% 4%–4% 90% 89%–90% 6% 6%–7%
75–84 24 917 2% 2%–3% 89% 89%–89% 9% 8%–9%
85+ 7482 1% 1%–1% 86% 85%–86% 14% 13%–14%

*	 We utilized Surveillance, Epidemiology, and End Results-18 registries; diagnosis year includes 2000–2009 and patients were followed until December 31, 2010. 
CI = confidence interval.

Table 1 (Continued). 

Table 2.   Actual prognosis measure for patients diagnosed with prostate cancer by comorbidity, stage, and age: five-year probability of 
overall survival, dying of cancer, and dying of competing causes*

Summary stage 2000 Age at diagnosis Comorbidity N

Survival Cancer death Other-cause death

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Localized 66–74 No comorbidity 56,500 91% 91%–91% 2% 2%–2% 7% 6%–7%
Severe comorbidity 13,650 72% 71%–73% 4% 3%–4% 24% 24%–25%

75–84 No comorbidity 32,355 80% 80%–80% 5% 5%–5% 15% 15%–15%
Severe comorbidity 12,915 56% 55%–57% 6% 6%–7% 38% 37%–39%

85+ No comorbidity 4,434 49% 47%–50% 14% 13%–15% 37% 36%–39%
Severe comorbidity 2,798 28% 26%–30% 12% 11%–14% 60% 58%–62%

Regional 66–74 No comorbidity 7,641 90% 89%–91% 5% 4%–5% 5% 5%–6%
Severe comorbidity 1,091 75% 72%–78% 6% 4%–8% 19% 16%–22%

75–84 No comorbidity 1,742 72% 70%–74% 14% 12%–16% 14% 12%–16%
Severe comorbidity 490 46% 41%–51% 18% 14%–22% 36% 31%–41%

85+ No comorbidity 255 38% 31%–45% 31% 25%–37% 31% 25%–38%
Severe comorbidity 180 14% 8%–20% 35% 28%–42% 51% 43%–59%

Distant 66–74 No comorbidity 2,080 29% 27%–31% 59% 57%–61% 12% 10%–13%
Severe comorbidity 616 18% 15%–21% 57% 53%–61% 25% 22%–29%

75–84 No comorbidity 2,334 20% 19%–22% 65% 63%–67% 14% 13%–16%
Severe comorbidity 1,120 8% 6%–10% 61% 58%–64% 31% 28%–33%

85+ No comorbidity 955 9% 7%–11% 69% 66%–72% 22% 19%–24%
Severe comorbidity 688 4% 3%–6% 63% 59%–67% 33% 29%–36%

* We utilized Surveillance, Epidemiology, and End Results (SEER)-18 registries; diagnosis year includes 2000–2009 and patients were followed until December 31, 
2010. CI = confidence interval.

Survival Calculator SEER*CSC, formerly known as CSQS, which 
will include actual prognosis for a broad array of patients (21) (22).

Our results presented here have several limitations. Actual prog-
nosis calculation based on cause of death may be fraught with inac-
curacies due to misclassification error of cause of death from the 

death certificates (23,24). We estimated actual prognosis using US 
life tables, but found that this approach did not accurately estimate 
the probability of cancer-specific deaths in some subgroups (eg, 
screen-detected cancers such as breast or prostate, cancer patients 
with serve comorbidity conditions). In addition, we were able 
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to calculate effect of comorbidity only available for 65 and older 
patients. Lastly, we were not able to include prognostic estimates by 
other important factors (eg, cancer subtypes, grade, or treatment).

Finally, although actual prognosis measures may be most relevant 
to patients, it is not known whether or how patients would use this 
information. The SEER*CSC (21, 22) are being tested in clinical set-
tings, to understand the usability of actual prognosis measures for 
both patients and clinicians. More information regarding the results 
of the feasibility test usability of actual prognosis measures using 
SEER*CSC tool maybe found in articles by Rabin et  al. (25) and 
Feuer et al. (22) in this monograph.  It is also important to note that 
the SEER*CSC tool is much more personalized to the individual (eg, 
individual age, American Joint Committee on Cancer (AJCC) sub-
stage, specific levels of comorbidity) than the estimates presented in 
this paper. There are also other tools besides SEER*CSC that present 
actual prognosis (26,27) for cancer patients. 

Finally, both cancer and actual prognosis measures are 
important. We provided a format that can serve as a template 
for summarizing both measures according to very specific age 
and health status categories and that can be easily used in the 
routine reporting of such statistics (1).  Cancer prognosis mea-
sures can uniquely answer questions for policy makers and 
researchers about cancer survival across different countries or 
across time (11,12) because these measures control for differ-
ence in competing causes (although these comparisons need to 
be interpreted cautiously when early detection [eg, screening] 
differs across place or time). On the other hand, actual prog-
nosis measures can help clinicians and patients approach treat-
ment decisions because they reflect clinical reality: patients can 
die from cancer or competing causes, and competing causes 
increase with age and comorbidity.

Cancer registries should routinely report both cancer and actual 
prognosis to help clinicians and researchers understand the dif-
ference between these measures and what question they can and 
cannot answer. We encourage them to use formats like the ones 
presented in this paper to communicate them clearly.
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