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A B S T R A C T

Purpose
Conditional survival (CS) estimates provide important prognostic information for clinicians and
patients who have survived a period after diagnosis. In this study we performed a contemporary
evaluation of conditional survival among colon cancer patients and created a browser-based tool
for real-time determination of conditional survival expectancies.

Patients and Methods
Patients with colon adenocarcinoma diagnosed between 1988 and 2000 were identified from the
Surveillance Epidemiology End Results (SEER) registry. Conditional survival estimates were
calculated by using the multiplicative law of probability after adjustment for age; sex; ethnicity;
grade; and American Joint Commission on Cancer, sixth edition stage. A browser-based calculator
was constructed.

Results
A total of 83,419 patients were analyzed. As the time alive after initial treatment increased from
0 to 5 years, significant improvements in CS were observed for patients in all stages except stage
I, which was associated with good CS even at diagnosis and which reflected the high likelihood of
cure. Notably, adjusted 5-year CS rates improved from 42% to 80% for stage IIIC cancers and
from 5% to 48% for stage IV cancers during the first 5 years. Differences in cancer-related CS at
diagnosis were identified on the basis of age, ethnicity, and grade, but these differences
decreased over time. A browser-based CS calculator was implemented by using the multivariate
survival model (concordance index, 0.81).

Conclusion
For patients with colon cancer who survive over time, 5-year, cancer-specific CS improved
dramatically, and the greatest improvements were among patients with poorer initial prognoses.
These prognostic data are critical to inform patients for non–treatment-related life decisions and to
inform treating physicians for planning of follow-up and surveillance strategies.

J Clin Oncol 27:5938-5943. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Colon cancer affects approximately 107,000 new pa-
tients each year, and colorectal cancer is the second
leading cause of cancer death.1 Survival probability
among patients with colon cancer is dependent on
the stage of disease at the time of diagnosis. Overall
5-year survival rates usually are assessed at the time
of diagnosis and range from 95% for stage I cancers
to 11% for stage IV cancers. However, it is not as
widely appreciated that, for patients who survive for
a duration after the diagnosis, survival probabilities
change over time. This information is important to
patients who must make important life decisions
and in whom uncertainty about the future remains
an important factor affecting subsequent quality of
life. In turn, this information will benefit health pro-
viders as they counsel their patients and tailor sub-

sequent surveillance and management strategies.2

Conditional survival is defined as the survival prob-
ability that is calculated after a given length of sur-
vival and includes only individuals who have
survived to a predefined time of interest.

Calculation of conditional survival requires
long-term follow-up, as the probabilities are based
on expected survival after a defined period of time.
However, conditional survival may be a more ac-
curate measure of survival probability among sur-
viving cancer patients, especially when the initial
prognosis is poor, such as with advanced stage colo-
rectal cancer.

Large, population-based tumor registries are
ideally suited for such an analysis; thus, several
authors have reported studies on conditional sur-
vival for various disease sites, including breast,
CNS, lung, and other gastrointestinal cancers.3-7
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However, prior reports in colon cancer have utilized data from an
older cohort of patients from an era before the recommendation of
adjuvant chemotherapy for stage III cancers and before the develop-
ment of modern, systemically active agents for stage IV cancers.6 The
analyses have performed univariate comparisons of risk categories
without adjustments for covariate effects. Additionally, prior studies
have reported conditional survival estimates that were based on
American Joint Commission on Cancer (AJCC), third edition, staging
systems; these have limited applicability today, when the AJCC, sixth
edition, cancer staging system is the standard.

The purpose of this study was to perform a contemporary eval-
uation of the risk-adjusted conditional survival of patients with colon
cancer by using the population-based, SEER (Surveillance, Epidemi-
ology, and End Results) registry data set.

PATIENTS AND METHODS

Data Source and Occurrence Identification

Data from the SEER17 program of the National Cancer Institute (re-
leased in 2008) were utilized.8 SEER collects cancer incidence and survival data
from 18 regional, population-based registries that cover approximately 26% of
the US population. During the study inclusion period (through 2000), SEER
captured incident occurrences in approximately 14% of the US population.
The SEER registry routinely collects data on patient demographics, primary
tumor site, tumor morphology, disease stage at diagnosis (per the AJCC since
1988), first course of treatment, and patient follow-up for vital status. SEER
does not collect data on chemotherapy; therefore, these data were not evalu-
ated in this study.

Registry patients eligible for this cohort included those with adenocarci-
noma of the colon (ICD-O-3 codes 8000, 8010, 8020-1, 8040, 8141, 8143-4,
8147, 8121-1, 8220-1, 8260-3, 8440, 8480-1, 8490, 8560, and 8570-4) who were
diagnosed from January 1988 through December 2000. The study dates were
chosen because 1988 was the first year SEER coded data elements necessary for
restaging by using the AJCC, sixth edition, and 2000 was the last year of
diagnosis that had at least 5 years of actual follow-up. On the basis of these data
elements, the AJCC, sixth edition, stage assignment was determined for each
occurrence. The landmark trials that established fluorouracil-based adjuvant
chemotherapy as the treatment standard for patients with node-positive colon
cancer were reported during the early part of the study period.10,11

Exclusion criteria included age younger than 18 years or older than 90
years, in situ disease, and lack of histology or overall survival information.
Occurrences also were excluded if the cancer-reporting source was a nursing
home, hospice, autopsy, or death certificate; if the incident diagnosis of
colon cancer was not the first and only occurrence of malignant disease; if
tumor grade was unknown; if survival time was less than 1 month; or if
incomplete data regarding tumor and nodal stage precluded AJCC, sixth
edition, stage assignment.

Statistical Analysis

Survival outcomes for all patients in the study cohort were determined by
using SEER data through December 2005. The SEER registry also codes cause
of death; therefore, cancer-specific survival was evaluated. Occurrences were
censored if death was a result of something other than colorectal cancer or if
the patient was alive at follow-up.

Cumulative diseases-specific survival (DSS) probabilities were estimated
by employing the Kaplan-Meier method. Relative survival also was deter-
mined as an alternative approach to DSS. The multiplicative law of probability
was used to calculate the conditional survival estimates among patients with a
minimum of 5 years of actual follow-up, as previously described.7 Conditional
survival represents the probability that a patient with cancer will survive an
additional number of years (x), given that the patient has already survived a
given number of years (y). For example, to compute the x-year conditional
survival for patients who have survived y years, the (x � y) –year disease-
specific survival is divided by the y-year disease-specific survival.

To evaluate the simultaneous effect of multiple variables on survival,
multivariate Cox regression analysis was performed by using the Breslow
method for ties. Covariates adjusted in the prediction model were based on
clinically relevant factors, including age (� 50, 50 to 59, 60 to 69, 70 to 79, or
� 80 years); sex (male or female); ethnicity (white, black or other); tumor
grade (well differentiated, moderately differentiated, poorly differentiated,
or undifferentiated); and AJCC, sixth edition. We also tested the additional
inclusion of the following variables on the improvement of model prediction:
SEER region, year of diagnosis, marital status, and tumor location. The pro-
portional hazards assumption was verified graphically on the basis of Schoen-
feld residuals.12

Adjusted survival functions stratified by age, sex, ethnicity, tumor grade,
and stage were reported at years 1 through 10, and this formed the basis for
adjusted conditional survival. For example, conditional survival probabilities
stratified by sex were calculated on the basis of the adjusted survival function
for men and women and were controlled for the influence from other covari-
ates in the final model. We compared the rate of change in conditional survival
over time by using linear regression.

By using the final model, a browser-based application was developed to
predict individualized disease-specific survival and conditional survival.
Model performance was internally validated by both discrimination and cali-
bration.13 Discrimination was evaluated by using the Harrell concordance
index, which quantifies the ability of the model to predict who will experience
the event first among a pair of randomly selected patients in the study co-
hort.14,15 A concordance index of 0.5 represents random chance, whereas a
concordance index of 1.0 represents a perfect prediction model. We evaluated
the calibration graphically and by using bootstrapping with 200 resamples and
at least 10,000 patients per interval, in which patients were grouped by model-
predicted, 5-year DSS and then were plotted against the actual 5-year DSS.

Statistical analyses were performed with Stata MP, version 10.0 (release
2007; Stata, College Station, TX). Rates of change for conditional survival were
examined by using Prism, version 5.02 (GraphPad Software, La Jolla, CA). R
(http://www.r-project.org/) with the Design module was used to generate
bootstrap-corrected concordance indices and calibration plots. Because the
study used preexisting data with no personal identifiers, this study was exempt
from review by our institutional review board.

RESULTS

A total of 176,331 patients were diagnosed with colon cancer between
1988 and 2000. After stepwise case exclusion (Appendix Table A1,
online only), a total of 83,419 patients remained for analysis. Patients
were categorized into age less than 50 years (n � 6,886), 50 to 59 years
(n � 10,952), 60 to 69 years (n � 19,963), 70 to 79 years (n � 27,254),
and � 80 years (n � 18,364). The baseline patient and tumor charac-
teristics are listed in Table 1. The median age of the cohort was 71
years, (interquartile range, 61 to 79 years). The Kaplan-Meier unad-
justed, 10-year, DSS probabilities for patients diagnosed with colon
cancer stratified by AJCC, sixth edition, stage are shown in Figure 1.
Follow-up after cancer diagnosis for the entire cohort was at least 5
years or until death with a median follow-up of 87 months (interquar-
tile range, 63 to 127 months) for the entire cohort.

The final model used for the adjusted analyses is shown in Table
1. The bootstrap-corrected concordance index was 0.816. The addi-
tional inclusion of variables (ie, SEER region, year of diagnosis, marital
status, and tumor location) did not improve the model performance
or prediction accuracy. Therefore, the most parsimonious model was
utilized for subsequent analyses and browser-based conditional sur-
vival calculator development. The calibration curve indicated good
agreement between the predicted and observed outcomes of the final
model, as shown in Figure 2.

Conditional Survival in Colon Cancer
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The 5-year, crude and adjusted, disease-specific conditional sur-
vival probabilities stratified by stage at diagnosis for patients who
survived up to 10 years—given that patients have already survived 1 to
5 years—are shown in Figure 3. Significant differences existed by stage
at diagnosis. Although the initial survival probabilities were poorest
for patients with more advanced stages of disease, these patients expe-

rienced the greatest improvement in conditional survival as time
elapsed from diagnosis (P� slope, trend � .0001). By the fifth year after
diagnosis, the adjusted, 5-year, conditional survival probability was
� 80% for all disease stages except for stage IV. These conditional
survival estimates continued to improve through the eighth year and,
in fact, were not greater than 90% until years 6 and 8 for stages IIIB and

Table 1. Demographic and Clinical Characteristics of Patients Diagnosed With Colon Cancer From 1988 to 2000

Characteristic

Patients (N � 83,419) Final Model Analysis
Likelihood Ratio

�2 Statistic�No. % Adjusted HR 95% CI

Age at diagnosis, years 1,240.68
� 50† 6,886 8 1
50-59 10,952 13 1.14 1.08 to 1.19
60-69 19,963 24 1.28 1.23 to 1.34
70-79 27,254 33 1.49 1.42 to 1.55
� 80 18,364 22 1.96 1.87 to 2.05

Sex 36.72
Male† 38,874 47 1
Female 44,545 53 0.93 0.91 to 0.95

Ethnicity 129.16
White† 69,046 83 1
Black 7,936 9 1.18 1.13 to 1.22
Other 6,437 8 0.87 0.83 to 0.91

Tumor stage 39,100.38
I† 12,890 16 1
IIA 24,070 29 2.48 2.30 to 2.67
IIB 5,169 6 5.13 4.72 to 5.58
IIIA 1,824 2 2.76 2.42 to 3.14
IIIB 14,176 17 6.74 6.27 to 7.25
IIIC 7,793 9 12.84 11.93 to 13.83
IV 17,497 21 43.65 40.69 to 46.82

Tumor grade 684.27
Well differentiated† 7,492 9 1
Moderately differentiated 5,668 68 1.11 1.06 to 1.16
Poorly differentiated and undifferentiated 19,239 23 1.52 1.45 to 1.60

Abbreviation: HR, hazard ratio.
�All P � .01.
†Reference group.
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Fig 1. Unadjusted American Joint Commission on Cancer disease-specific
survival for patients with colon cancer who were diagnosed between 1988
and 2000.
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IIIC, respectively. At 8 years, the adjusted, 5-year, conditional survival
probability was 72% for stage IV disease (data not shown).

To evaluate the individual contribution of the different patient
and tumor characteristics on conditional survival outcomes, pa-
tients were separately stratified by age at diagnosis, sex, tumor
grade, and ethnicity after analysis was adjusted for the other covari-
ates. Age at diagnosis, ethnicity, tumor grade, and sex all were signifi-
cant multivariate determinants of 5-year survival expectancy at
diagnosis (Table 1). However age, ethnicity, and tumor grade—but
not sex—determined changes in conditional survival over time. The
absolute difference in adjusted, 5-year, conditional survival expect-
ancy between patients younger than 50 years and patients age 80 years
or older decreased from 17% at the time of diagnosis to 5% by the fifth
year after diagnosis (P� slope � .01; Fig 4). Black patients were noted to
have the poorest 5-year conditional survival probabilities at diagnosis
(64% v 68% for white patients, v 72% for other ethnicities, and v
� 90% for Asian patients). By year 5, this gap reduced to 2% when
compared with white patients (P� slope � .04) and 3% when compared

with others (P� slope � .01). Similarly, the difference in adjusted,
5-year, conditional survival between well-differentiated and poorly
differentiated or undifferentiated tumors decreased from 14% at di-
agnosis to 5% at year 5 (P� slope� .0001; Fig 4), but no difference was
observed between well-differentiated and moderately differentiated
tumors (P� slope � .27). Sex was not a significant determinant of
changes in conditional survival over time (P� slope � .50).

The browser-based conditional survival calculator has been imple-
mented and is available at www3.mdanderson.org/coloncalculator.

DISCUSSION

In this study of 83,419 patients diagnosed with colon cancer between
1988 and 2000, a strong relationship between colon cancer–related
survival probability and the time elapsed since diagnosis was identi-
fied. Thus, conditional survival estimates provide a much more useful
and clinically reliable estimate of survival probability for patients who
have survived a period of time after diagnosis of colon cancer than do
initial survival estimates. This is especially true for those patients with
more advanced stages of cancers whose initial survival probabilities
were low.

Stage at diagnosis is the strongest single predictor of initial sur-
vival estimates among patients with colon cancer and varies widely,
ranging from 7% for stage IV cancers to 95% for stage I cancers.
However, over time, the crude conditional survival estimates improve
markedly; by year 5 after diagnosis, the 5-year conditional survival
probability is 72% for stage IV disease. This study confirms the find-
ings of previous studies, which have shown the greatest improvements
in conditional survival in patients who had initially the poorest prog-
nosis. In fact, conditional survival estimates for advanced stages (ie,
IIIB, IIIC, and IV) continue to improve through year 8 and do not level
off until beyond year 5, which indicates that the underlying hazard
continues to change beyond the standard 5-year period of follow-up.

Factors other than stage, including age, sex, ethnicity, and tumor
grade, also were evaluated after adjustment for the covariates. Each of
these factors has been observed previously to be a potentially impor-
tant determinant of outcome in colon cancer.16-18 Of these factors and
after adjustment, all but sex were significant determinants of initial
prognosis; however, over time, each of the factors had decreasing
influences. These trends are similar to those seen with other disease
sites. Notably, with respect to ethnic survival disparities, this study
shows that the differences decrease over time, which suggests that
addressing treatment disparities at diagnosis may have a great impact
on equalizing long-term survival outcomes.

A unique feature of this analysis is the use of multivariate mod-
eling to adjust for covariate influences on conditional survival esti-
mates not previously done for colon cancer cancer.6 Particularly for
the more advanced stages at diagnosis, and compared with the unad-
justed analyses, adjustment resulted in smaller improvements in con-
ditional survival probabilities over time but more accurate modeling
of the true observed outcomes, as shown in the calibration curve. To
evaluate the potential effect of cause-of-death coding error within
SEER, we confirmed the findings of this study by evaluating relative
conditional survival; we identified no difference in the overall results.
Identical trends in the relative conditional survival probabilities over
time were observed (data not shown). We have, however, reported the
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DSS, because it provides the ability to determine actual point estimates
of survival for individual patients; these estimates, for most patients
and clinicians, are easier to interpret when compared with a survival
probability relative to the general population.

Studies of conditional survival may provide valuable information
to patients and their treating physicians and may serve a meaningful
role in cancer survivorship research. There are a number of issues in
cancer survivorship that are related to the expectation of future sur-
vival, including fear of recurrence, which can be the single largest
concern among patients surviving from cancer and among their
caregivers.19-22 Particularly among patients with advanced stage dis-
ease, an understanding of the degree of improvements in conditional
survival over time may have an impact on reducing the level of anxiety
and its effects on quality of life. Furthermore, the time point in years
after diagnosis in which the conditional survival expectancy reaches a
plateau may be considered the duration of time necessary to observe
patients to establish cure. This has been shown to vary for different
primary disease sites and has been advocated as a potentially impor-
tant end point in clinical trials design.4,23 For colon cancer, the plateau
occurs earlier for early-stage disease but occurs late for advanced

disease. A 90% threshold may be appropriate for stage III colon can-
cers, for which this conditional survival expectancy is observed at 3, 6,
and 8 years for stage IIIA, IIIB, and IIIC disease, respectively. After 8
years, the adjusted, 5-year, conditional survival was still less than 75%
among patients with stage IV cancers. Thus, these findings would
suggest that the standard 5-year period of follow-up may be longer
than necessary for patients with earlier-stage cancers (eg, stages I, IIA,
IIIA) and may be insufficient for patients with more advanced-stage
disease (eg, stages IIIC, IV). Thus, use of conditional survival data to
inform surveillance guidelines may have significant impacts on health
care utilization costs. These findings also add to a recent report of
pooled data from 18 randomized trials of adjuvant fluorouracil ther-
apy in high-risk, stages II and III colon cancer (ie, Adjuvant Colon
Cancer End Points group), which identified recurrence rates less than
1.5% at 5 years and less than 0.5% by 8 years. On the basis of these
findings, the authors proposed that adjuvant trials for colon cancer do
not require continued follow-up for recurrence beyond 5 years.24

However, this study suggests that patients with colon cancer are a
heterogeneous group in whom the risk for disease-related death differs
by cancer substage.
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By utilizing the SEER data–based model developed in this study,
we constructed a novel, Web site–based, conditional survival calcula-
tor to yield a point estimate of the conditional DSS probability ad-
justed for age, sex, ethnicity, grade, and stage at a given time after
diagnosis. This tool may be accessed by a personal computer or by
Web site–enabled cellular phone, which permits clinicians to use it in
real time to better inform patients of their prognoses over time from
diagnoses and to be able to quantify the survival expectancies. It can be
modified easily to reflect temporally related changes in survival out-
comes among the population of patients with colon cancer. However,
there are limitations associated with the model that should be consid-
ered for any individual patient. The study entry period was before the
modern expansion of chemotherapeutic agents for both adjuvant and
palliative treatment of colon cancer and of indications for surgical
resection of metastatic disease.25 Therefore, the model potentially
underestimates survival probabilities related to improved cure rates
from modern treatments. However, as the follow-up period was
through 2005, a number of patients did benefit from the modern
therapies. Additional improvements in model performance may be
possible with the addition of collaborative staging elements, such as
serum carcinoembryonic antigen levels, or with chemotherapy data
by using SEER-Medicare–linked data, as we have planned. In the
future, we also will test our model performance in external validation
by using institutional databases that provide a better reflection of the
incorporation of multidisciplinary treatment strategies, including sys-
temic agents and surgery for metastasis.

In summary, we report on covariate-adjusted conditional sur-
vival outcomes among patients with colon cancer by utilizing data

from the SEER registry, and we have created a unique, internet-based
electronic tool that can be used in real time to inform patients who
have survived some time from their original diagnoses. Calculation of
conditional survival may direct health care providers to an individu-
alized surveillance period and thereby may result in cost efficacy.
Furthermore, we show that improvements in conditional survival
probabilities continue for a number of years after initial treatment and
that the duration of time during which these improvements occur is
stage dependent. This information is important for patients and their
healthcare providers, who must make important life decisions and
grapple with important issues, such as disease recurrence, and who
must make decisions regarding duration and intensity of follow-up
after initial cancer therapy.
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