
Thomas Jefferson University Thomas Jefferson University 

Jefferson Digital Commons Jefferson Digital Commons 

Kimmel Cancer Center Faculty Papers Kimmel Cancer Center 

7-12-2023 

Relative Burden of Cancer and Noncancer Mortality Among Long-Relative Burden of Cancer and Noncancer Mortality Among Long-

Term Survivors of Breast, Prostate, and Colorectal Cancer in the Term Survivors of Breast, Prostate, and Colorectal Cancer in the 

US US 

Madhav Kc 

Jane Fan 

Terry Hyslop 
Thomas Jefferson University, Theresa.Hyslop@jefferson.edu 

Sirad Hassan 

Michael Cecchini 

See next page for additional authors 

Follow this and additional works at: https://jdc.jefferson.edu/kimmelccfp 

 Part of the Medical Biomathematics and Biometrics Commons, and the Oncology Commons 

Let us know how access to this document benefits you 

Recommended Citation Recommended Citation 
Kc, Madhav; Fan, Jane; Hyslop, Terry; Hassan, Sirad; Cecchini, Michael; Wang, Shi-Yi; Silber, Andrea; 
Leapman, Michael S.; Leeds, Ira; Wheeler, Stephanie B.; Spees, Lisa P.; Gross, Cary P.; Lustberg, Maryam; 
Greenup, Rachel A.; Justice, Amy C.; Oeffinger, Kevin C.; and Dinan, Michaela A., "Relative Burden of 
Cancer and Noncancer Mortality Among Long-Term Survivors of Breast, Prostate, and Colorectal Cancer 
in the US" (2023). Kimmel Cancer Center Faculty Papers. Paper 106. 
https://jdc.jefferson.edu/kimmelccfp/106 

This Article is brought to you for free and open access by the Jefferson Digital Commons. The Jefferson Digital 
Commons is a service of Thomas Jefferson University's Center for Teaching and Learning (CTL). The Commons is 
a showcase for Jefferson books and journals, peer-reviewed scholarly publications, unique historical collections 
from the University archives, and teaching tools. The Jefferson Digital Commons allows researchers and interested 
readers anywhere in the world to learn about and keep up to date with Jefferson scholarship. This article has been 
accepted for inclusion in Kimmel Cancer Center Faculty Papers by an authorized administrator of the Jefferson 
Digital Commons. For more information, please contact: JeffersonDigitalCommons@jefferson.edu. 

https://jdc.jefferson.edu/
https://jdc.jefferson.edu/kimmelccfp
https://jdc.jefferson.edu/kimmelcc
https://jdc.jefferson.edu/kimmelccfp?utm_source=jdc.jefferson.edu%2Fkimmelccfp%2F106&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/667?utm_source=jdc.jefferson.edu%2Fkimmelccfp%2F106&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/694?utm_source=jdc.jefferson.edu%2Fkimmelccfp%2F106&utm_medium=PDF&utm_campaign=PDFCoverPages
https://library.jefferson.edu/forms/jdc/index.cfm
http://www.jefferson.edu/university/teaching-learning.html/


Authors Authors 
Madhav Kc, Jane Fan, Terry Hyslop, Sirad Hassan, Michael Cecchini, Shi-Yi Wang, Andrea Silber, Michael 
S. Leapman, Ira Leeds, Stephanie B. Wheeler, Lisa P. Spees, Cary P. Gross, Maryam Lustberg, Rachel A. 
Greenup, Amy C. Justice, Kevin C. Oeffinger, and Michaela A. Dinan 

This article is available at Jefferson Digital Commons: https://jdc.jefferson.edu/kimmelccfp/106 

https://jdc.jefferson.edu/kimmelccfp/106


Original Investigation | Oncology

Relative Burden of Cancer and Noncancer Mortality Among Long-Term Survivors
of Breast, Prostate, and Colorectal Cancer in the US
Madhav KC, MPH, PhD; Jane Fan, BA; Terry Hyslop, PhD; Sirad Hassan, MS; Michael Cecchini, MD; Shi-Yi Wang, MD, PhD; Andrea Silber, MD;
Michael S. Leapman, MD, MHS; Ira Leeds, MD, MBA, ScM; Stephanie B. Wheeler, MPH, PhD; Lisa P. Spees, PhD; Cary P. Gross, MD;
Maryam Lustberg, MD, MPH; Rachel A. Greenup, MD, MPH; Amy C. Justice, MD, PhD; Kevin C. Oeffinger, MD; Michaela A. Dinan, PhD

Abstract

IMPORTANCE Improvements in cancer outcomes have led to a need to better understand long-
term oncologic and nononcologic outcomes and quantify cancer-specific vs noncancer-specific
mortality risks among long-term survivors.

OBJECTIVE To assess absolute and relative cancer-specific vs noncancer-specific mortality rates
among long-term survivors of cancer, as well as associated risk factors.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included 627 702 patients in the Surveil-
lance, Epidemiology, and End Results cancer registry with breast, prostate, or colorectal cancer who
received a diagnosis between January 1, 2003, and December 31, 2014, who received definitive treat-
ment for localized disease and who were alive 5 years after their initial diagnosis (ie, long-term survivors
of cancer). Statistical analysis was conducted from November 2022 to January 2023.

MAIN OUTCOMES AND MEASURES Survival time ratios (TRs) were calculated using accelerated
failure time models, and the primary outcome of interest examined was death from index cancer vs
alternative (nonindex cancer) mortality across breast, prostate, colon, and rectal cancer cohorts.
Secondary outcomes included subgroup mortality in cancer-specific risk groups, categorized based
on prognostic factors, and proportion of deaths due to cancer-specific vs noncancer-specific causes.
Independent variables included age, sex, race and ethnicity, income, residence, stage, grade,
estrogen receptor status, progesterone receptor status, prostate-specific antigen level, and Gleason
score. Follow-up ended in 2019.

RESULTS The study included 627 702 patients (mean [SD] age, 61.1 [12.3] years; 434 848 women
[69.3%]): 364 230 with breast cancer, 118 839 with prostate cancer, and 144 633 with colorectal
cancer who survived 5 years or more from an initial diagnosis of early-stage cancer. Factors
associated with shorter median cancer-specific survival included stage III disease for breast cancer
(TR, 0.54; 95% CI, 0.53-0.55) and colorectal cancer (colon: TR, 0.60; 95% CI, 0.58-0.62; rectal: TR,
0.71; 95% CI, 0.69-0.74), as well as a Gleason score of 8 or higher for prostate cancer (TR, 0.61; 95%
CI, 0.58-0.63). For all cancer cohorts, patients at low risk had at least a 3-fold higher noncancer-
specific mortality compared with cancer-specific mortality at 10 years of diagnosis. Patients at high
risk had a higher cumulative incidence of cancer-specific mortality than noncancer-specific mortality
in all cancer cohorts except prostate.

CONCLUSIONS AND RELEVANCE This study is the first to date to examine competing oncologic
and nononcologic risks focusing on long-term adult survivors of cancer. Knowledge of the relative
risks facing long-term survivors may help provide pragmatic guidance to patients and clinicians
regarding the importance of ongoing primary and oncologic-focused care.

JAMA Network Open. 2023;6(7):e2323115. doi:10.1001/jamanetworkopen.2023.23115

Key Points
Question What is the relative burden of

oncologic and nononcologic mortality

among long-term survivors of cancer in

the US?

Findings In this cohort study of

627 702 patients surviving 5 years or

more from an initial diagnosis of early-

stage breast, prostate, or colorectal

cancer, the risk of dying from the index

cancer varied widely relative to

noncancer-specific causes of death.

Patients with low oncologic risk at the

time of diagnosis had at least 3-fold

higher risk of noncancer death

compared with death from the

index cancer.

Meaning This study suggests that risk-

stratified care may help quantify the

relative importance of oncologic and

primary care surveillance for long-term

survivors of cancer.
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Introduction

Due to improvements in early detection, treatment, and oncologic outcomes, many survivors of
cancer are now living longer and are thus more likely to experience or die from conditions other than
their original cancer,1-4 with two-thirds of all patients with cancer now living 5 years or more after
diagnosis.5 Risk-stratified models of care have emerged as a critical strategy that could be used to
appropriately allocate care intensity between the oncologist and primary care physician (PCP)6-10

and has been highlighted by the American Cancer Society, the American Society of Clinical Oncology,
and the National Cancer Institute as an area of priority research.1,6,11 These models emphasize
coordination between oncologists and PCPs while accommodating the unique oncologic and
nononcologic health needs of survivors of cancer12-14 and have the potential to dramatically reduce
large-scale inefficiencies in care while improving the quality of care.15 Population-level studies have
considered competing risks of cancer vs noncancer mortality in breast, prostate, and colorectal
cancers16-20 and have helped provide insights into the relative association of each with mortality, but
they have not focused on long-term (�5 years) survivors of definitively treated disease.21-24 Long-
term survivors should be studied to help inform the management of patients under surveillance by
their oncologist who reach the 5-year mark and require pragmatic risk assessment in the
upcoming years.

As such, there is a critical need to provide quantitative risk estimates of oncologic and
nononcologic outcomes among long-term survivors of cancer in representative US cohorts. Given
that breast, prostate, and colorectal cancers account for half of all diagnoses for survivors of cancer,
individuals with these cancers provide the ideal study population for survivorship risk stratification
research.25,26 The ability to directly inform survivorship care is hampered in that these studies (1)
often included patients who did not undergo curative treatment and/or had metastatic disease, (2)
were not focused on long-term survivors (ie, those surviving at �5 years from diagnosis), (3) did not
attempt to differentiate factors associated with cancer-specific vs noncancer-specific mortality, and
(4) did not define cancer-specific vs noncancer-specific events from an optimal surveillance
perspective. As such, relevant empirical data are lacking to inform long-term survivors of these
common cancers of their relative risk of cancer-specific vs noncancer-specific mortality, which could
be used to help inform models of survivorship care that are tailored to patients’ unique risk profiles.

In this study, our objective was to assess the absolute and relative risks of cancer-specific vs
noncancer-specific mortality among long-term (�5 years) survivors of breast, prostate, colon, and
rectal cancers within the US, to ultimately promote risk assessments to inform the implementation of
risk-stratified survivorship pathways.

Methods

Data Source
We used data from the most recent data set (2021) of the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) program.27 The SEER program collects population-based
cancer incidence and survival data across 18 registries in the US covering approximately 48.0% of the
US population. The Yale institutional review board approved this study as exempt because SEER-
Medicare data were deidentified, and informed consent was not required. This study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Study Population
Patients who received a diagnosis of breast, prostate, or colorectal cancer from January 1, 2003,
through December 31, 2014, with documented receipt of definitive treatment and who had survived
at least 5 years from diagnosis were included. Definitive treatment was defined by site-directed
surgery and, among patients with prostate cancer, also included radiotherapy. Patients with stage IV
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disease and those diagnosed at autopsy or on a death certificate were excluded. In addition, patients
with missing information on demographic characteristics, clinical factors, or duration of follow-up
were excluded (Figure 1; eMethods in Supplement 1).

Measures
Study Outcomes
The outcomes of interest were cancer-specific mortality and noncancer-specific mortality. The
outcomes were defined based on SEER cause-of-death classification variables.28 Mortality due to the
primary cancer was classified as cancer-specific mortality. Mortality due to causes other than the
primary cancer was classified as noncancer-specific mortality. Hence, for a patient whose index
cancer was breast cancer, a death from any other cancer, as well as any noncancer condition, would
be classified as noncancer-specific. The clinical motivation for the study was to prioritize the need for
cancer-specific vs noncancer-specific (eg, primary care, cardiology, and pulmonology) clinician
surveillance at 5 years after the diagnosis of a definitively treated, early-stage cancer. Although the
5-year benchmark is somewhat debatable, it remains a practical window after which nononcologic
follow-up is considered for many cancers. For example, the National Institutes of Health have used a
5-year horizon in multiple requests for applications to investigate long-term survivors of cancer.29

Cancer-specific events were defined as death from the incident cancer, which would presumably be
most effectively detected and/or managed by a patient’s initial oncologist.

Independent Variables
Demographic Factors | All demographic and clinical factors were collected at the time of diagnosis,
including patients’ age, sex (colorectal cancer only), race and ethnicity (Hispanic, Non-Hispanic

Figure 1. Flowchart of Inclusion and Exclusion Criteria

1 470 571 Patients with only 1 primary cancer

1 313 935 Patients with stage I, II, and III diseases only

1 110 037 Patients with definitive treatment

927 108 Patients who survived at least 5 y
from their initial diagnosis date

627 702 Patients with complete information:
final analytical sample

1 459 984 Patients not diagnosed at autopsy or
on a death certificate

146 049 Excluded patients with stage IV disease

203 898 Excluded patients with
no definitive treatment

182 929 Excluded patients who died within 5 y
of initial diagnosis and treatment

299 406 Excluded patients with missing
information

10 587 Excluded patients diagnosed at
autopsy or on a death certificate

219 234 Excluded secondary cancers

1 689 805 Patients with breast, prostate, or
colorectal cancer diagnosed between
2003 and 2014 in SEER program

417 450 Colorectal cancer

638 048 Breast cancer
634 307 Prostate cancer

SEER indicates Surveillance, Epidemiology, and
End Results.
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American Indian or Alaska Native, Non-Hispanic Asian or Pacific Islander, Non-Hispanic Black, and
Non-Hispanic White), year of diagnosis, median household income (county level), and area of
residency (metropolitan vs nonmetropolitan) and were included in the analysis. Race and ethnicity
were classified by the SEER program. The SEER program determines race and ethnicity through
medical record abstraction or by using a computer algorithm that searches surnames of the reported
cases to determine Hispanic origin. Although certain cancer characteristics do vary across racial and
ethnic groups, race and ethnicity were included in the study not as a biological construct, but as a
proxy for structural racism. Age at diagnosis was categorized into 5 categories: younger than 50
years, 50 to 54 years, 55 to 59 years, 60 to 64 years, 65 years or older. All patients lived at least 5
years after diagnosis. Therefore, patients aged 65 years or older at the time of diagnosis were 70
years or older at their entry into the study.

Tumor- and Treatment-Related Factors | Tumor-related factors at the time of diagnosis included
stage, grade, nodal status, hormone receptor (estrogen and progesterone) status (breast cancer
only), laterality (breast cancer only), prostate-specific antigen (PSA) level (prostate cancer only), and
Gleason score (prostate cancer only). We used American Joint Committee on Cancer staging
reported in SEER for cancer stage. Grade IV disease was infrequently reported and therefore grouped
with grade III. Prostate-specific antigen level was categorized as low (<10 ng/mL), intermediate
(10-20 ng/mL), or high (>20 ng/mL) (to convert to micrograms per liter, multiply by 1.0). Gleason
score was also categorized as low (�6), intermediate (7), or high (�8). Treatment-related factors
included chemotherapy and radiotherapy.

Statistical Analysis
Statistical analysis was conducted from November 2022 to January 2023. A least absolute shrinkage
and selection operator (LASSO) was used to select the factors associated with cancer-specific and
noncancer-specific mortality separately. Variables with a regression coefficient equal to zero after the
shrinking process were excluded from the model, and variables with nonzero coefficients were
included in survival analysis (eTable 3 in Supplement 1). Models estimating cancer-specific and
noncancer-specific mortality for each cancer site were created. Due to differences in the
epidemiology and treatment of rectal cancers, independent models for colon and rectal cancers
were built.

Because the proportional hazards assumption was not satisfied for several covariates, we used
accelerated failure time (AFT) models, which do not rely on the proportional hazards
assumption.30-32 Parameter estimates from AFT models were converted to time ratio (TR) estimates
to interpret the effect of a covariate on the time scale. A TR greater than 1 indicates that the covariate
is associated with accelerated survival time (ie, longer median survival), whereas a TR less than 1
indicates that the covariate is associated with decelerated survival time (ie, shorter median survival).

Based on established risk factors of cancer-specific mortality, patients with cancer were
grouped into 3 risk groups of oncologic mortality: low risk, intermediate risk, or high risk.33-37 For
patients with breast cancer, risk groups were categorized as (1) low risk (�65 years and stage I), (2)
high risk (<65 years and stages II-III), or (3) intermediate risk (everyone else). Patients with prostate
cancer were classified as (1) low risk (�65 years and Gleason score of 6), (2) high risk (<65 years and
Gleason score >6), or (3) intermediate risk (everyone else). Patients with colorectal cancer were
classified as (1) low risk (�65 years and stage I), (2) high risk (<65 years and stages II-III), or (3)
intermediate risk (everyone else).

The cumulative incidence function curves of cancer-specific and noncancer-specific mortality
by risk groups were generated for all cancer sites. Statistical analyses were conducted using SAS,
version 9.4 (SAS Institute Inc), Stata, version 17 (StataCorp LP), and R, version 4.0.4 (R Group for
Statistical Computing). All P values were from 2-sided tests and results were deemed statistically
significant at P < .05. The package grpreg was used to perform LASSO regularization in R.
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Results

Cohort Characteristics
We identified 627 702 patients (mean [SD] age, 61.1 [12.3] years; 434 848 women [69.3%]): 364 230
with breast cancer, 118 839 with prostate cancer, 104 488 with colon cancer, and 40 145 patients
with rectal cancer with stage I, II, or III disease diagnosed between 2003 and 2014 and treated with
definitive intent surgery and/or radiotherapy.

A total of 123 701 patients with breast cancer (34.0%), 57 958 patients with prostate cancer
(48.8%), 56 839 patients with colon cancer (54.4%), and 15 464 patients with rectal cancer (38.5%)
were aged 65 years or older (Table 1). A total of 446 058 patients (71.1%) across all cancer cohorts
were non-Hispanic White. Tumor stage at diagnosis varied substantially by cancer site.
Approximately 10% of patients with breast cancer (35 560 [9.8%]) and 16 030 patients with
prostate cancer (13.5%) received a diagnosis of stage III disease, whereas 31 399 patients with colon
cancer (30.0%) and 13 593 patients with rectal cancer (33.8%) received a diagnosis of stage
III disease.

Among patients with breast cancer, 301 897 (82.9%) were estrogen receptor (ER) positive and
264 768 (72.7%) were progesterone receptor positive (Table 1). A total of 7541 patients with prostate
cancer (6.3%) had a PSA level higher than 20 ng/mL, and 17 977 (15.1%) had a Gleason score of 8
or higher.

Noncancer-Related Causes of Death
Across all cancer cohorts, most patients died of noncancer-related causes. Heart disease was the
leading cause of noncancer-specific deaths, followed by Alzheimer disease, chronic obstructive
pulmonary disease (COPD), and cerebrovascular disease (eTable 1 in Supplement 1). Heart disease
accounted for more than one-fourth of all noncancer-related deaths.

In the breast cancer cohort, two-thirds of patients died of causes other than their primary
cancer, of which 24.0% (9210 of 38 348) were associated with heart disease (eTable 1 in
Supplement 1). After heart disease, Alzheimer disease (7.1% [2727 of 38 348]), cerebrovascular
diseases (6.6% [2522 of 38 348]), and COPD (6.5% [2474 of 38 348]) were also the common causes
of noncancer-specific deaths among patients with breast cancer. In the prostate cancer cohort,
77.9% of total deaths (7179 of 9220) were noncancer specific; heart disease (24.5% [1758 of 7179])
was the most common cause of noncancer-related deaths, followed by COPD (6.1% [441 of 7179]),
cerebrovascular diseases (4.8% [343 of 7179]), and Alzheimer disease (3.5% [249 of 7179]).

Among patients with colorectal cancer, more than two-thirds died of noncancer-related causes,
of which almost one-third were associated with heart disease (eTable 1 in Supplement 1). The other
common causes of noncancer-specific deaths included COPD, cerebrovascular diseases, and
Alzheimer disease.

Factors Associated With Cancer-Specific and Noncancer-Specific Mortality
Patients with stage III breast cancer had a 46% reduction in median survival time for breast cancer–
specific mortality than those with stage I disease (TR, 0.54; 95% CI, 0.53-0.55). Likewise, patients
with grade III breast cancer had a 24% reduction in median survival time for breast cancer–specific
mortality than those with grade I disease (TR, 0.76; 95% CI, 0.75-0.78) (Figure 2). Patients with
stage III breast cancer had a 19% (TR, 0.81; 95% CI, 0.79-0.82) reduction in median survival time for
noncancer-specific mortality, and those with grade III breast cancer had a 2% (TR, 0.98; 95% CI,
0.97-0.99) reduction in median survival time for noncancer-specific mortality (eFigure 1 in
Supplement 1).

In the prostate cancer cohort, patients with a PSA level higher than 20 ng/mL had a 22%
reduction in median survival time for prostate cancer–specific mortality (TR, 0.78; 95% CI,
0.76-0.81), and those with a Gleason score of 8 or higher had almost a 40% reduction in median
survival time for prostate cancer–specific mortality (TR, 0.61; 95% CI, 0.58-0.63) (Figure 2). Patients
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Table 1. Patients’ Demographic and Clinical Characteristics

Characteristic

Patients, No. (%)

Breast cancer
cohort
(n = 364 230)

Prostate cancer
cohort
(n = 118 839)

Colon cancer
cohort
(n = 104 488)

Rectal cancer
cohort
(n = 40 145)

Age, mean (SD), y 58.9 (12.8) 63.9 (8.0) 65.2 (13.1) 60.7 (12.3)

Age at diagnosis, y

<50 92 634 (25.4) 4230 (3.6) 11 812 (11.3) 7035 (17.5)

50-54 48 570 (13.3) 10 660 (9.0) 10 521 (10.1) 6005 (15.0)

55-59 49 461 (13.6) 19 551 (16.5) 11 929 (11.4) 5889 (14.7)

60-64 49 864 (13.7) 26 440 (22.3) 13 387 (12.8) 5752 (14.3)

≥65 123 701 (34.0) 57 958(48.8) 56 839 (54.4) 15 464 (38.5)

Sex

Female 364 230 (100.0) 0 53 490 (51.2) 17 128 (42.7)

Male 0 118 839 (100.0) 50 998 (48.8) 23 017 (57.3)

Race and ethnicity

Hispanic 37 805 (10.4) 11 238 (9.5) 10 685 (10.2) 4472 (11.1)

Non-Hispanic American
Indian or Alaska Native

1561 (0.4) 365 (0.3) 466 (0.5) 216 (0.5)

Non-Hispanic Asian or
Pacific Islander

31 676 (8.7) 6052 (5.1) 8883 (8.5) 4108 (10.2)

Non-Hispanic Black 32 439 (8.9) 17 513 (14.7) 11 202 (10.7) 2963 (7.4)

Non-Hispanic White 260 749 (71.6) 83 671 (70.4) 73 252 (70.1) 28 386 (70.7)

Income, $

<40 000 11 101 (3.1) 5426 (4.6) 4296 (4.1) 1670 (4.2)

40 000-54 999 59 766 (16.4) 23 878 (20.1) 19 897 (19.1) 7522 (18.7)

55 000-69 999 138 761 (38.1) 47 100 (39.6) 40 038 (38.3) 15 202 (37.9)

≥70 000 154 602 (42.4) 42 435(35.7) 40 257 (38.5) 15 751 (39.2)

Residence

Metropolitan 38 371 (10.5) 13 653 (11.5) 14 291 (13.7) 5480 (13.7)

Nonmetropolitan 325 859 (89.5) 105 186 (88.5) 90 197 (86.3) 34 665 (86.3)

Stage

I 197 245 (54.2) 20 294 (17.1) 33 715 (32.3) 15 723 (39.2)

II 131 425 (36.0) 82 515 (69.4) 39 374 (37.7) 10 829 (27.0)

III 35 560 (9.8) 16 030 (13.5) 31 399 (30.0) 13 593 (33.8)

Grade

I 86 628 (23.8) NA 12 339 (11.8) 11.8 (12.0)

II 160 200 (44.0) NA 75 292 (72.1) 30 588 (76.2)

III 117 402 (32.2) NA 16 857 (16.1) 4736 (11.8)

ER status

Negative 62 333 (17.1) NA NA NA

Positive 301 897 (82.9) NA NA NA

PR Status

Negative 99 462 (27.3) NA NA NA

Positive 264 768 (72.7) NA NA NA

PSA, ng/mL

<10 NA 93 608 (78.8) NA NA

10-20 NA 17 690 (14.9) NA NA

>20 NA 7541 (6.3) NA NA

Gleason score

≤6 NA 48 065 (40.5) NA NA

7 NA 52 797 (44.4) NA NA

≥8 NA 17 977 (15.1) NA NA

Abbreviations: ER, estrogen receptor; NA, not
applicable; PR, progesterone receptor; PSA, prostate-
specific antigen.

SI conversion factor: To convert PSA to micrograms per
liter, multiply by 1.0.
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with a PSA level higher than 20 ng/mL had an 11% (TR, 0.89; 95% CI, 0.88-0.91) reduction in median
survival time for nonprostate cancer–specific mortality, and those with a Gleason score of 8 or higher
had a 13% (TR, 0.87; 95% CI, 0.85-0.88) reduction in median survival time for nonprostate cancer–
specific mortality (eFigure 1 in Supplement 1). Patients with stage III colon cancer, compared with
stage I, had a 40% (TR, 0.60; 95% CI, 0.58-0.62) reduction in median survival time for colon cancer–
specific mortality and an 8% (TR, 0.92; 95% CI, 0.91-0.93) reduction in median survival time for

Figure 2. Survival Time Ratio (TR) of Cancer-Specific Mortality in Breast, Prostate, Colon, and Rectal Cancer Cohorts
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noncolon cancer–specific mortality (Figure 2; eFigure 1 in Supplement 1). Compared with stage I rectal
cancer, patients with stage III disease had a 29% reduction in median survival time for rectal cancer–
specific mortality (TR, 0.71; 95% CI, 0.69-0.74) (Figure 2).

Cancer-Specific vs Noncancer-Specific Cumulative Mortality by Risk Group
Based on established risk factors of cancer-specific mortality, which were also confirmed by our
analysis, patients were categorized into 3 risk groups. After 10 years of cancer diagnosis, there was a
substantially different risk of cancer-specific vs noncancer-specific mortality between the low-risk
and high-risk groups (Figure 3; eFigure 2 in Supplement 1). For patients with breast cancer in the
low-risk group, defined as those 65 years or older and with stage I disease, the cumulative incidence
of nonbreast cancer–specific mortality was almost 7 times higher than the cumulative incidence of
breast cancer–specific mortality (Table 2). However, patients in the high-risk group, defined as those

Figure 3. Cumulative Mortality for Patients With Breast, Prostate, and Colon Cancer by Risk Groups
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younger than 65 years and with stage II to III disease, had almost 2.5 times higher breast cancer–
specific mortality than nonbreast cancer–specific mortality.

Among patients with prostate cancer, the low-risk group had an almost 9 times higher
cumulative incidence of nonprostate cancer–specific mortality compared with the cumulative
incidence of prostate–specific mortality (Table 2). The cumulative incidence of nonprostate cancer–
specific mortality was also 1.8 times higher than the cumulative incidence of prostate cancer–specific
mortality among those in the low-risk group, defined as those 65 years or older and with a Gleason
score of 6 or lower. The cumulative incidence of noncancer-specific mortality among the low-risk
colon and rectal cancer cohorts was 7 times and 3 times higher than cancer-specific mortality,
respectively.

Discussion

Estimating the relative risk of cancer-specific vs noncancer-specific mortality among long-term
survivors of cancer is a critical first step in the development of risk-stratified models of care. Although
many studies have previously examined competing oncologic vs nononcologic risks of common
cancers,16-24,29,38 to our knowledge, this study is the first to focus on long-term (�5 years) survivors.
We found that the risk of oncologic and nononcologic mortality among long-term survivors of cancer
varied widely by risk group. Ten years after cancer diagnosis, the noncancer-specific mortality was
substantially higher than the cancer-specific mortality among patients with low oncologic risk, as
assessed using standard prognosticating markers including stage or Gleason score. Conversely,
cancer-specific mortality was high among those with adverse prognostic factors for their cancer (ie,
high oncologic risk), except patients with prostate cancer. By quantifying the relative long-term risks
of oncologic vs nononcologic mortality among these patients, we hope to help patients and clinicians
place the relative importance of oncologic and nononcologic care into perspective. Although defining
risk-stratified management is beyond the scope of this study, our findings suggest that patient
groups with relatively high risks of nononcologic mortality, such as those 65 years or older with
lower-stage disease, may particularly benefit from higher-intensity primary care surveillance. Given
that the benefit associated with preventive care takes years to manifest, increased intensity of

Table 2. Cumulative Incidence of Noncancer- and Cancer-Specific Mortality After 10 Years of Initial Diagnosis

Cancer type and
risk group Criteria

Cumulative
incidence of
noncancer-
specific
mortality (%)

Cumulative
incidence of
cancer-specific
mortality (%) P value

Cumulative
mortality ratio
(noncancer-
vs cancer-specific
mortality)

Breast cancer

Low ≥65 y and Stage I 20.9 3.2 <.001 6.7

Intermediate Everyone else 8.5 4.2 <.001 2.0

High <65 y and Stages II-III 6.0 8.1 <.001 0.4

Prostate cancer

Low ≥65 y and Gleason score
≤6

14.2 1.7 <.001 8.6

Intermediate Everyone else 11.9 3.2 <.001 3.7

High <65 y and Gleason score
>6

6.0 3.4 <.001 1.8

Colon cancer

Low ≥65 y and Stage I 30.6 4.4 <.001 7.0

Intermediate Everyone else 23.5 8.0 <.001 3.0

High <65 y and Stages II-III 5.9 9.3 <.001 0.6

Rectal cancer

Low ≥65 y and Stage I 26.5 8.5 <.001 3.1

Intermediate Everyone else 15.4 10.2 <.001 1.5

High <65 y and Stages II-III 5.6 13.5 <.001 0.4
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primary care may be most effective if initiated shortly after diagnosis, which could take place
concurrently with oncologic management.

The factors associated with mortality among long-term survivors varied depending on patients’
age, tumor biology, and stage at diagnosis. Patients with low oncologic risk—defined as those aged
65 years or older, with a low tumor stage, and with a low Gleason score (for prostate cancer)—had
substantially higher mortality associated with causes other than their initial cancer. Heart disease,
Alzheimer disease, COPD, cerebrovascular disease, and lung disease were the dominant causes of
death among patients with low oncologic risk across all cancer sites. In the low oncologic risk group,
the ratio of cumulative mortality of noncancer-specific vs cancer-specific causes of death between 5
and 10 years after diagnosis was highest in the prostate cancer cohort (9-fold) followed by the colon
(7-fold), breast (7-fold), and rectal (3-fold) cancer cohorts.

Previous studies have suggested that high-risk biology and stage at diagnosis increase the risk
of cancer-related mortality among young women with breast cancer.20,33,36,37,39-42 For example, a
recent study using SEER data found a greater risk of breast cancer–specific mortality among younger
women with more advanced and aggressive disease than older women with hormone receptor–
positive and low-grade breast cancer, but that age was not independently associated with an
increased risk of mortality for other tumor subtypes.43 However, such studies were not restricted to
long-term survivors. In our cohort of long-term survivors, we found that older age (ie, �60 years)
was associated with poor cancer-specific survival. This finding is consistent with longer-term studies
of breast cancer, which have reported an increased risk of cancer-specific mortality among older
women compared with younger women.44-47 Our study used 5 years as the definition of long-term
survivors. Other definitions of survivorship windows have been reported,48 and one could consider
using different definitions for different cancers based on differences in the natural history of different
cancers. We chose this milestone because it represents a highly pragmatic time point at which many
survivors of cancer and their managing clinicians reexamine plans for cancer surveillance and general
health maintenance. In support of the 5-year milestone, the longest running study of long-term
survivors of cancer, to our knowledge, the Childhood Cancer Survivor Study, is limited entirely to
patients who have survived 5 years from their cancer diagnosis.49-52 Last, although not the focus of
this study, there can be a difference in risk profiles of patients before vs after 5 years from diagnosis.
For example, we found that patients with ER-negative tumors were associated with higher cancer-
specific mortality during the initial 5 years after diagnosis but with lower risk of cancer-specific
mortality after 5 years, presumably because most ER-negative recurrences take place within 5 years.

Limitations
There are several limitations to this study. First, validation of the models was performed through
internal data validation only. Second, there were only a few clinical- and treatment-related factors in
the SEER database. We included information about cancer stage and treatment at the time of
diagnosis; however, we did not have information on the entire course of treatment, disease
recurrence, or progression, which are crucial in estimating mortality for populations with cancer.
Most important, data on patient comorbidities were not available, and therefore comorbidities could
not be examined in our study. Variations in treatment and access to care can be significantly
associated with cancer outcomes, particularly in racial and ethnic minority groups that often
experience disparities in accessing quality health care services (eTable 2 in Supplement 1). Structural
racism is likely associated with the disparities in treatment based on race and ethnicity, resulting in
limited availability of specialized cancer treatments and support for these groups. However, this
study could not assess treatment patterns or access to care due to data limitations.

Conclusions

In obtaining cancer vs noncancer risk assessments, this cohort study stratified patients with cancer
into 3 risk groups (low, intermediate, and high) of mortality based on cancer-specific prognostic
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factors that are associated with mortality. We found that the risk of cancer-specific vs noncancer-
specific mortality varied substantially by cancer risk group, further informing the need for a
personalized, risk-stratified approach to care that would eliminate unnecessary extended oncologic
follow-up by optimizing the coordination between treating oncologists and PCPs. Future studies
should include more follow-up information regarding treatment and disease recurrence.
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