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Abstract

Background: Few studies investigated long-term overall survival and causes of death among men and women diagnosed
with most commonly occurring cancers. Methods: We estimated long-term (�30-year) overall and cause-specific cumulative
mortality for men diagnosed with prostate (n¼6873), lung and bronchus (n¼1290), colon and rectum (n¼1418), bladder
(n¼1321), and melanoma (n¼2654) cancer in the Health Professionals Follow-up Study between 1986 and 2012 and women
with breast (n¼18 280), lung and bronchus (n¼3963), colon and rectum (n¼3461), uterine corpus (n¼1641), and thyroid
(n¼1103) cancer in the Nurses’ Health Study between 1976 and 2012 and Nurses’ Health Study II between 1989 and 2013.
Results: We reported overall and cause-specific cumulative mortality of 30 years among men and 35 years among women.
Among male cancer survivors, the 30-year cumulative cancer-specific mortality was 15.4% (95% confidence interval [CI] ¼
14.4% to 16.4%) for prostate, 83.5% (95% CI¼81.2% to 85.5%) for lung and bronchus, 37.0% (95% CI¼34.4% to 39.5%) for colon
and rectum, 22.5% (95% CI¼20.0% to 25.0%) for urinary bladder, and 8.0% (95% CI¼6.9% to 9.1%) for melanoma. Among fe-
male cancer survivors, the 35-year cumulative cancer-specific mortality rate was 20.6% (95% CI¼19.7% to 21.6%) for breast,
83.5% (95% CI¼81.6% to 85.2%) for lung and bronchus, 39.6% (95% CI¼37.5% to 41.6%) for colon and rectum, 16.6% (95%
CI¼14.7% to 18.6%) for uterine corpus, and 3.2% (95% CI¼2.1% to 4.3%) for thyroid. Except for lung cancer, most patients with
common cancer were more likely to die from causes other than primary cancers. We observed 2 basic trends for cumulative
cancer-specific mortality. The first is a sustained but nevertheless excess risk: Prostate or breast cancer-specific cumulative
mortality continued to increase after diagnosis from 5 to 30 years or longer. The second is greatly diminished risk of index
cancer-specific mortality following diagnosis 10 years or longer previously. For example, colorectal cancer–specific mortality
increased by less than 4 percentage points between 10 and 30 or 35 years after diagnosis, and this finding also applied to lung,
bladder, melanoma, uterine corpus, and thyroid cancer. Conclusions: Except for lung cancer, patients diagnosed with common
cancers were more likely to die from causes other than primary cancers. Patients with lung, colorectal, bladder, melanoma,
uterine corpus, or thyroid cancer surviving longer than 10 years after diagnosis are unlikely to die from that disease.

In 2020, an estimated 1 806 590 new cases of cancer were diag-
nosed in the United States (1). The 5 leading cancer types among
men are prostate, lung and bronchus, colon and rectum, urinary

bladder, and melanoma and among women are breast, lung and
bronchus, colon and rectum, uterine corpus, and thyroid (1).
These leading cancers in aggregate account for 56.9% of new
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cases in men and 61.8% in women (1); we designate them as
common cancers in this article. These common cancers have a
profound psychological impact on patients and their families
(2), and they confer a large financial burden on patients and the
health-care system (3-5).

Survival for common cancers except uterine corpus have
markedly increased since 1975, likely because of advances in
early screening and treatment, but the focus in reporting sur-
vival is usually 5-year survival (6-11). Although some studies in-
vestigated long-term (>10-year) overall survival (OS) after
diagnoses of common cancer several decades ago (12-20), few
studies have looked beyond 20 years, particularly in the United
States. In addition, the problem of competing risks arises impor-
tantly in long-term survival studies (21), and it is not well un-
derstood how diseases other than the primary cancer may
contribute to death after cancer diagnosis. In this article, we es-
timated long-term (15-year, 20-year, 25-year, and 30-year [plus
35-year for women]) cumulative OS and causes of death among
men and women diagnosed with common cancers in the
Health Professionals Follow-up Study (HPFS) (22), Nurses’
Health Study (NHS) (23), and NHS II (23).

Methods

Study Population and Design

HPFS, a prospective study established in 1986, enrolled 51 529 male
health professionals aged 40 to 75 years. NHS, established in 1976,
enrolled 121 700 female nurses aged 30 to 55 years, and NHS II en-
rolled 116 430 female nurses aged 25 to 42 years in 1989. NHS and
NHS II were combined into 1 cohort for this analysis. Baseline and
follow-up questionnaires were sent every 2 years to collect medi-
cal, lifestyle, and family history information; follow-up rates
exceeded 90% in all 3 cohorts (23,24). The follow-up for diagnoses
of common cancers was through 2012 for HPFS and NHS and 2013
for NHS II. The end of follow-up for death was set as 2018 for HPFS,
2016 for NHS, and 2017 for NHS II. For each patient with cancer,
age at diagnosis was ascertained and categorized into 5-year inter-
vals. The study protocol was approved by the institutional review
boards of Yale University, the Brigham and Women’s Hospital,
Harvard T.H. Chan School of Public Health, and those of participat-
ing registries, as required.

Cancer Diagnosis

In every questionnaire, participants were asked if cancers had
been diagnosed and, if yes, the diagnosis dates were registered.
Permission was obtained to collect medical records and pathol-
ogy reports. Physicians reviewed all medical records and pathol-
ogy reports to confirm the cancer diagnoses. Regional tumor
registries are regularly searched to confirm additional cancer di-
agnoses if participants were known to die from cancer but their
medical records were inaccessible. We often learn of incident
cancers from the families and the death follow-up process (see
below).

Ascertainment of Deaths and Causes of Deaths

We used reports of the participants’ families, state vital statistics
records, the National Death Index, and the US Postal Service sys-
tem to identify deaths and achieved 98% ascertainment by apply-
ing these methods (25). Once a death was reported, we attempted
to contact the next of kin or other contact person, if necessary, to

ascertain the cause of death and secure permission to obtain medi-
cal records. Following the International Classification of Diseases,
Eighth Revision and Ninth Revision (26), all information was reviewed
by physicians to determine the primary cause of death.

Statistical Analysis

We used the Kaplan-Meier method to calculate cumulative all-
cause mortality at 5, 10, 15, 20, 25, and 30 years (27).
Additionally, we calculated 35-year cumulative mortality for
women. Based on the method of Fine and Gray (28,29) for com-
peting risks, we estimated cumulative cancer-specific mortality
as the subdistribution cumulative mortality that quantifies the
risk of death from a primary cancer in the presence of other dis-
eases as competing events. This method hybridizes the ideas of
traditional approach (the Kaplan-Meier method) and competing
causal pathways and provides an estimate of risk of dying from
primary cancer if all other causes were to be removed. If the ab-
solute increase of cancer-specific cumulative mortality was less
than 5 percentage points from 10 to 30 or 35 years after diagno-
sis, patients were considered unlikely to die from this type of
cancer. All-cause and cancer-specific cumulative mortality for
this analysis, strictly speaking, are not rates but probabilities (%)
of death from any cause or the index cancer. Survival was calcu-
lated as 1 minus cumulative mortality.

To increase the generalizability of our survival estimates to
the US White general population, we used the indirect stan-
dardization method to calculate standardized incidence ratios
and standardized mortality ratios for common cancers (30),
where the incidence and mortality rates (per 100 000 person-
years) of the reference population were obtained from the
National Cancer Institute Surveillance, Epidemiology, and End
Results Program (SEER), 2012 to 2016 (30-32). We also applied
the Ederer II method to calculate relative survival of primary
cancers (33,34), defined as the ratio of the observed survival of
cancer patients to the expected survival of a comparable US
White general-population sample matched on age, sex, race,
and calendar year from all causes, including from the primary
cancer (33,35). This quantity provides information about the ex-
tent to which cancer survivor differs appreciably from OS in the
White general population: Relative survival greater than 100.0%
indicates that OS of cancer patients was higher than the White
general population. Expected survival was calculated from the
National Center for Health Statistics life tables (36).

To generalize our findings in cumulative cancer-specific mor-
tality to the US White general population, we applied the method
of Fine and Gray to the SEER 18 Regs Research Database,
November 2018 Submission (1975-2016) (28,29,37). In addition, we
compared important diet and lifestyle characteristics between our
cohorts and US White general population (38,39).

Point estimates were presented with 95% CIs. Analyses were
performed using SAS statistical software, version 9.4 for UNIX
(SAS Institute Inc), and R, version 3.6.0 for UNIX (R Foundation
for Statistical Computing).

Results

Patient Characteristics

Age at diagnosis and death among men and women diagnosed
with common cancers are presented in Tables 1 and 2. Among
men, we confirmed 6873 cases of prostate cancer (median age at
diagnosis¼ 70.3 years), 1290 cases of lung and bronchus cancer
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(median age at diagnosis¼ 74.2 years), 1418 cases of colorectal can-
cer (median age at diagnosis¼ 71.7 years), 1321 cases of urinary
bladder cancer (median age at diagnosis¼ 73.9 years), and 2654
cases of melanoma (median age at diagnosis¼ 70.9 years). Among
women, we confirmed 18 280 cases of breast cancer (median age at
diagnosis¼ 59.3 years), 3963 cases of lung and bronchus cancer

(median age at diagnosis¼ 69.2 years), 3461 cases of colorectal can-
cer (median age at diagnosis¼ 65.9 years), 1641 cases of uterine
corpus cancer (median age at diagnosis¼ 62.8 years), and 1103
cases of thyroid cancer (median age at diagnosis¼ 53.4 years).

All-Cause and Cancer-Specific Cumulative Mortality

All-cause and cancer-specific cumulative mortality among men
and women diagnosed with common cancers is presented in
Table 3.

Among men and women, all-cause cumulative mortality of
common cancers over the 30 or 35 years since diagnosis in-
creased with increasing years from cancer diagnosis (Figures 1
and 2). For lung cancer, among men, the all-cause cumulative
mortality increased rapidly within 5 and 10 years after cancer
diagnosis to 84.8%, (95% CI¼ 82.7% to 86.6%) and 91.7% (95%
CI¼ 90.1% to 93.1%); among women, it increased to 77.7% (95%
CI¼ 76.4% to 78.9%) and 85.7% (95% CI¼ 84.5% to 86.8%).
Regarding lung cancer–specific cumulative mortality, of men,
although 83.5% (95% CI¼ 81.2% to 85.5%) died from lung can-
cer by 30 years, 78.1% (95% CI¼ 75.8% to 80.3%) died from lung
cancer within the first 5 years, and 81.4% (95% CI¼ 79.1% to
83.4%) died within 10 years. Among women, although 83.5%
(95% CI¼ 81.6% to 85.2%) died from lung cancer by 35 years,
74.5% (95% CI¼ 73.1% to 75.8%) died from lung cancer within
the first 5 years, and 79.0% (95% CI¼ 77.6% to 80.2%) died
within 10 years.

Table 1. Age at diagnosis and death among men (1986-2018) diagnosed with common cancersa

Characteristics

Men

Prostate Lung and bronchus Colon and rectum Urinary bladder Melanoma
(n¼ 6873) (n¼1290) (n¼1418) (n¼ 1321) (n¼ 2654)

Age at diagnosis, median (IQR), y 70.3 (65.1-75.3) 74.2 (67.4-80.1) 71.7 (65.0-77.9) 73.9 (67.0-80.0) 70.9 (63.6-77.8)
Age at diagnosis, No. (%)

40-44 y — 1 (0.1) 3 (0.2) 2 (0.2) 22 (0.8)
45-49 y 19 (0.3) 7 (0.5) 24 (1.7) 11 (0.8) 60 (2.3)
50-54 y 109 (1.6) 24 (1.9) 53 (3.7) 23 (1.7) 124 (4.7)
55-59 y 463 (6.7) 74 (5.7) 86 (6.1) 63 (4.8) 214 (8.1)
60-64 y 1064 (15.5) 121 (9.4) 181 (12.8) 138 (10.4) 343 (12.9)
65-69 y 1714 (24.9) 206 (16.0) 271 (19.1) 210 (15.9) 466 (17.6)
70-74 y 1682 (24.5) 251 (19.5) 291 (20.5) 283 (21.4) 499 (18.8)
75-79 y 1203 (17.5) 273 (21.2) 248 (17.5) 255 (19.3) 437 (16.5)
�80 y 619 (9.0) 333 (25.8) 261 (18.4) 336 (25.4) 489 (18.4)

Total deaths, No. (%) 3991 (58.1) 1244 (96.4) 1132 (79.8) 906 (68.6) 1516 (57.1)
Deaths from the primary cancer,

No. (%)
883 (12.8) 1067 (82.7) 516 (36.4) 279 (21.1) 197 (7.4)

aIQR¼ interquartile range.

Table 2. Age at diagnosis and death among women (1976-2017) diagnosed with common cancersa

Characteristics

Women

Breast Lung and bronchus Colon and rectum Uterine corpus Thyroid
(n¼ 18 280) (n¼3963) (n¼ 3461) (n¼ 1641) (n¼ 1103)

Age at diagnosis, median (IQR), y 59.3 (51.2-67.8) 69.2 (61.8-75.4) 65.9 (57.7-73.6) 62.8 (56.2-69.8) 53.4 (46.1-61.7)
Age at diagnosis, No. (%)

25-29 y 8 (0.0) — — — 5 (0.5)
30-34 y 82 (0.4) 2 (0.1) 5 (0.1) 3 (0.2) 23 (2.1)
35-39 y 410 (2.2) 12 (0.3) 33 (1.0) 8 (0.5) 81 (7.3)
40-44 y 1198 (6.6) 52 (1.3) 69 (2.0) 31 (1.9) 133 (12.1)
45-49 y 2224 (12.2) 105 (2.6) 181 (5.2) 96 (5.9) 167 (15.1)
50-54 y 2749 (15.0) 238 (6.0) 342 (9.9) 214 (13.0) 212 (19.2)
55-59 y 2860 (15.6) 397 (10.0) 460 (13.3) 291 (17.7) 166 (15.0)
60-64 y 2771 (15.2) 557 (14.1) 540 (15.6) 327 (19.9) 109 (9.9)
65-69 y 2405 (13.2) 742 (18.7) 547 (15.8) 270 (16.5) 93 (8.4)
70-74 y 1775 (9.7) 798 (20.1) 561 (16.2) 215 (13.1) 58 (5.3)
75-79 y 1198 (6.6) 634 (16.0) 414 (12.0) 123 (7.5) 40 (3.6)
�80 y 600 (3.3) 426 (10.7) 309 (8.9) 63 (3.8) 16 (1.5)

Total deaths, No. (%) 6431 (35.2) 3534 (89.2) 2101 (60.7) 752 (45.8) 170 (15.4)
Deaths from the primary cancer,

No. (%)
2777 (15.2) 3158 (79.7) 1277 (36.9) 258 (15.7) 32 (2.9)

aIQR¼ interquartile range.
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Of patients with prostate cancer, the cancer-specific cumu-
lative morality increased to 15.4% (95% CI¼ 14.4% to 16.4%) over
30 years (Figure 3); among female patients with breast cancer,
such cumulative mortality increased to 20.6% (95% CI¼ 19.7% to
21.6%) over 35 years (Figure 4). The primary cancers (prostate or
breast cancer), however, contributed much less to overall mor-
tality in these patients compared with other diseases. For lung,
colorectal, urinary bladder, melanoma, uterine corpus, and thy-
roid cancer, most deaths from the primary cancer occurred
within 10 years following diagnosis, such that the cancer-
specific cumulative mortality from these primary cancers in-
creased minimally after 10 years while the cumulative mortality
from other causes increased progressively. The top 3 noncancer
causes of death are presented in Supplementary Tables 1 and 2
(available online); cardiovascular disease was the most com-
mon contributor to noncancer causes of death.

Although year 10 is a commonly used clinical landmark for
cancer progression, this empirically selected point may not match
the year estimated to correspond to the change in the slope of the
cancer-specific mortality curves. Thus, for lung, colorectal, urinary
bladder, melanoma, uterine corpus, and thyroid cancer, we fur-
ther quantified inflection points and compared slopes of inflection
points and year 10 (Supplementary Table 3, available online) (40-
43). For these cancers, the slope after year 10 was smaller than the
slope before year 10. Although the cancer-specific mortality risk
continued to increase after 10 years, the magnitude of this in-
crease greatly diminished. These findings supported year 10 as a
clinical landmark that could be useful for clinicians and patients
managing postdiagnostic survival expectations.

Standardized Incidence Ratio, Standardized Mortality
Ratio, and Relative Survival

Compared with cancer incidence rates of the White general
population, the incidence rates of HPFS were 1) higher for pros-
tate and melanoma, 2) somewhat lower but similar for colon
and rectum, and 3) lower for lung and bronchus and urinary
bladder. This trend also applies to the findings of mortality
rates, but the mortality rate of melanoma in HPFS was similar
to that of the White general population (Supplementary Table 4,
available online). For women in NHS and NHS II, the incidence
rates were 1) somewhat higher for breast; 2) somewhat lower
but similar for colon and rectum; and 3) lower for lung and bron-
chus, uterine corpus, and thyroid, while mortality rates were 1)
somewhat higher but similar for breast, colon, and rectum; 2)
somewhat lower but similar for uterine corpus and thyroid; and
3) lower for lung and bronchus (Supplementary Table 5, avail-
able online).

The relative survival results are presented in Supplementary
Figures 1 and 2 and Supplementary Tables 6 and 7 (available on-
line). Among men, after cancer diagnosis of prostate, urinary
bladder, and melanoma, relative survival increased away from
more than 100.0% as time from diagnosis increased. The rela-
tive survival of lung cancer decreased to 15.5% within the first
10 years and remained around 11.0% after that. For colorectal
cancer, it decreased to 81.8% within the first 10 years and in-
creased after that. Among women, after cancer diagnosis of
breast, uterine corpus, and thyroid, relative survival increased
and hovered around 100.0%. The relative survival for lung can-
cer decreased to 19.3% within the first 10 years; after that, it

Table 3. All-cause and cancer-specific cumulative mortality of men (1986-2018) and women (1976-2017) diagnosed with common cancers

Cumulative mortality

Cumulative mortality, % (95% CI)

5-y 10-y 15-y 20-y 25-y 30-y 35-y

All causea

Men
Prostate 11.9 (11.2-12.7) 28.4 (27.3-29.5) 46.5 (45.2-47.7) 63.8 (62.3-65.1) 81.0 (79.4-82.6) 91.4 (88.6-93.6) —
Lung and bronchus 84.8 (82.7-86.6) 91.7 (90.1-93.1) 95.9 (94.5-96.9) 97.3 (96.1-98.2) 98.4 (97.2-99.1) 98.4 (97.2-99.1) —
Colon and rectum 39.4 (36.8-41.9) 56.2 (53.5-58.7) 67.6 (65.0-70.0) 78.2 (75.7-80.5) 86.9 (84.4-88.9) 93.2 (90.3-95.3) —
Urinary bladder 28.4 (25.9-30.8) 47.7 (44.9-50.3) 64.9 (61.9-67.7) 75.6 (72.6-78.3) 83.9 (80.7-86.6) 90.1 (85.8-93.1) —
Melanoma 15.6 (14.2-17.0) 33.5 (31.7-35.4) 48.9 (46.7-50.9) 61.6 (59.3-63.8) 71.5 (68.9-73.8) 81.2 (78.2-83.8) —

Women
Breast 10.7 (10.2-11.1) 20.2 (19.6-20.8) 29.5 (28.8-30.2) 38.9 (38.0-39.7) 48.6 (47.5-49.7) 58.9 (57.5-60.3) 68.9 (67.0-70.6)
Lung and bronchus 77.7 (76.4-78.9) 85.7 (84.5-86.8) 90.9 (89.8-91.9) 93.6 (92.5-94.5) 95.7 (94.5-96.6) 96.8 (95.6-97.7) 97.8 (96.4-98.6)
Colon and rectum 36.7 (35.1-38.3) 47.7 (46.0-49.4) 56.0 (54.1-57.7) 63.4 (61.4-65.3) 71.9 (69.7-73.9) 79.2 (76.6-81.5) 86.5 (82.9-89.3)
Uterine corpus 17.9 (16.0-19.7) 26.2 (24.0-28.4) 35.7 (33.1-38.1) 46.0 (43.1-48.8) 57.4 (53.9-60.7) 71.1 (66.8-74.9) 79.5 (74.0-83.9)
Thyroid 3.6 (2.5-4.7) 8.0 (6.3-9.7) 12.2 (9.9-14.4) 19.1 (15.9-22.2) 22.8 (18.9-26.4) 29.6 (24.0-34.8) 42.6 (33.7-50.4)

Cancer specificb

Men
Prostate 5.4 (4.9-5.9) 9.1 (8.5-9.8) 11.8 (11.0-12.6) 13.8 (12.9-14.7) 15.2 (14.2-16.2) 15.4 (14.4-16.4) —
Lung and bronchus 78.1 (75.8-80.3) 81.4 (79.1-83.4) 82.9 (80.7-84.8) 83.0 (80.8-85.0) 83.5 (81.2-85.5) 83.5 (81.2-85.5) —
Colon and rectum 31.0 (28.6-33.4) 35.2 (32.7-37.7) 36.1 (33.6-38.6) 36.4 (33.9-38.9) 37.0 (34.4-39.5) 37.0 (34.4-39.5) —
Urinary bladder 16.4 (14.3-18.3) 19.6 (17.4-21.7) 21.5 (19.2-23.8) 21.9 (19.5-24.2) 22.5 (20.0-25.0) 22.5 (20.0-25.0) —
Melanoma 5.8 (4.9-6.6) 6.8 (5.9-7.8) 7.3 (6.3-8.3) 7.6 (6.5-8.6) 8.0 (6.9-9.1) 8.0 (6.9-9.1) —

Women
Breast 7.7 (7.3-8.1) 12.2 (11.7-12.7) 15.2 (14.6-15.7) 17.1 (16.5-17.7) 18.7 (18.0-19.4) 19.9 (19.0-20.7) 20.6 (19.7-21.6)
Lung and bronchus 74.5 (73.1-75.8) 79.0 (77.6-80.2) 81.1 (79.7-82.4) 82.0 (80.6-83.3) 82.5 (81.0-83.9) 83.0 (81.4-84.5) 83.5 (81.6-85.2)
Colon and rectum 31.8 (30.2-33.3) 35.8 (34.2-37.4) 37.4 (35.7-39.0) 37.9 (36.2-39.6) 38.6 (36.8-40.3) 39.2 (37.3-41.0) 39.6 (37.5-41.6)
Uterine corpus 13.2 (11.5-14.8) 15.0 (13.5-16.8) 15.7 (13.9-17.5) 16.0 (14.2-17.8) 16.3 (14.5-18.2) 16.6 (14.7-18.6) 16.6 (14.7-18.6)
Thyroid 2.1 (1.2-2.9) 2.8 (1.8-3.9) 3.0 (1.9-4.0) 3.2 (2.1-4.3) 3.2 (2.1-4.3) 3.2 (2.1-4.3) 3.2 (2.1-4.3)

aAll-cause cumulative mortality was calculated by the Kaplan-Meier method. CI ¼ confidence interval.
bCancer-specific cumulative mortality was calculated by the method of Fine and Gray.
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decreased more. The relative survival for colorectal cancer de-
creased to 69.3% within the first 10 years and showed an in-

creasing trend after that.

Generalizability of Cumulative Cancer-Specific Mortality

Similar to findings of cumulative cancer-specific mortality ob-
served in 3 cohorts, in the SEER database, we found that 1) most
patients with lung cancer died from lung cancer within 10 years
of diagnosis; 2) cancer-specific cumulative morality of prostate
and breast cancer continued to increase through 30- or 35-year
follow-up; and 3) cancer-specific cumulative mortality from
lung, colorectal, urinary bladder, melanoma, uterine corpus,
and thyroid cancer increased minimally after 10 years
(Supplementary Figures 3 and 4, available online). Compared

with the US White general population, cohort participants were
less likely to be current smokers or drink and were more likely
to meet physical activity guidelines, have higher scores of diet
quality, and maintain lower body mass index (Supplementary
Table 8, available online).

Discussion

In this descriptive study, we reported long-term cumulative OS
and causes of death among men and women diagnosed with
common cancers. Most patients with lung and bronchus cancer
died within 10 years of diagnosis from their primary cancers.
We observed 2 basic trends for cumulative cancer-specific mor-
tality. The first is sustained but low excess risk after cancer di-
agnosis, and it applied to prostate and breast cancer. The
second is greatly diminished risk of the index cancer-specific
mortality 10 years or more following diagnosis, and it applied to
lung, colorectal, urinary bladder, melanoma, uterine corpus,
and thyroid cancer.

Several decades ago, data on long-term overall survival from
common cancers in the United States and European countries,
including the United Kingdom, Sweden, and the Netherlands,
were published (12-20). This study updates this long-term OS
and is the first to present 30-year and 35-year OS and cause-
specific survival. In line with previous studies, all-cause cumu-
lative mortality of common cancers increased after cancer diag-
nosis, and more than half of patients with lung cancer died
within the first 5 years of cancer diagnosis; the majority died
within 10 years after cancer diagnosis (12,13,16-20). Although 2
UK breast cancer studies conducted in the 1950s reported 5-year
OS rates of 33.0% and 48.1% (14,15), substantial progress has
been made, with a 89.3% 5-year OS seen here, likely reflecting a
lack of early detection and access to effective treatment options
during that earlier time. We acknowledge that, in addition to
cancer types, age at diagnosis is a key factor affecting overall
long-term (>10-year) survival (44). Given that few studies
reported OS beyond 20 years, particularly in the United States,
however, these data may help clinicians and their patients un-
derstand long-term cancer prognosis and evaluate lifelong sur-
vival expectations.

Several studies investigated causes of death within 15 years
of cancer diagnosis among prostate and breast cancer (45-50).
Consistent with previous studies, we found that other diseases
(especially cardiovascular disease) contributed importantly to
mortality among survivors of breast and prostate cancer; addi-
tionally, we reported causes of death 15 years and more follow-
ing cancer diagnoses among patients with breast, prostate, and
other common cancers. Cardiovascular disease, reported as the
most common cause of noncancer death, may be explained by
cardiotoxicity being a recognized adverse event of common can-
cer treatment, such as cytotoxic chemotherapy, targeted ther-
apy, hormone therapy, and radiation therapy (51-53). Except for
lung cancer, causes of death contributions from the primary
cancers lagged behind other diseases, which may indicate ex-
pansion of early detection, preventative lifestyle interventions,
and improved treatment for these cancers (48,49,54). Other in-
dependent comorbidities should receive sufficient attention
from oncologists while treating primary cancers. Particularly for
colon and rectum, urinary bladder, melanoma, uterine corpus,
and melanoma cancers, for patients surviving more than
10 years beyond their cancer diagnosis, they were essentially
cured of the primary cancers, and clinicians should look more
closely at other diseases patients may have. For lung and

Figure 1. All-cause cumulative mortality (%) of men diagnosed with common

cancers, 1986-2018.

Figure 2. All-cause cumulative mortality (%) of women diagnosed with common

cancers, 1976-2017.
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Figure 3. Cancer-specific cumulative mortality (%) of men diagnosed with common cancers, 1986-2018. Data for cancers of the A) prostate, B) lung, C) colorectal, D) uri-

nary bladder, and E) melanoma are shown.
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Figure 4. Cancer-specific cumulative mortality (%) of women diagnosed with common cancers, 1976-2017. Data for cancers of the A) breast, B) lung, C) colorectal, D)

uterine corpus, and E) thyroid are shown.
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bronchus cancer, rates of death from the primary cancers far
exceeded death from other diseases, indicating the continued
absence of breakthroughs in prognosis (12,54).

Because patients in 3 cohorts were mostly White health pro-
fessionals, they may have different prognosis factors for cancer
progression and higher socioeconomic status than the White
general population (23,55), and we calculated standardized inci-
dence ratio, standardized mortality ratio, and relative survival
to address, at least in part, concerns about the generalizability
of our findings. Compared with the US White general popula-
tion, cohort participants were more likely to eat healthier diets,
smoke less, drink less, maintain lower body mass index, and
meet physical activity guidelines (38); thus, they may have
lower rates of smoking-related diseases and cardiovascular dis-
eases. The lower incidence and mortality rates from lung cancer
likely reflect these healthier lifestyles. Moreover, cohort partici-
pants may have better access to cancer screening and treatment
as well as better healthcare quality, which then may be
reflected by higher incidence rates of prostate cancer and mela-
noma and high relative survival rates from most cancers except
lung cancer. The low relative survival rates after lung cancer di-
agnosis, which remained fairly stable after 10 years, is consis-
tent with the fact that these primary cancers were major causes
of death, especially within the first 10 years. In contrast, favor-
able relative survival from other common cancers may encour-
age patients to look beyond the primary cancer diagnosis and
be alert for comorbidities.

The strengths of our study include its prospective design,
large sample sizes, high rates of follow-up, reliable confirmation
of cancer diagnosis, and accurate ascertainment of death. This
study has certain limitations, however. First, within each can-
cer, survival and causes of death could be different by stage or
other clinical features, such as molecular subtypes (56). For ex-
ample, 5-year survival for colon cancer was greater than 90% for
stage I disease but less than 10% for stage IV disease (57); 80% of
breast cancers are estrogen receptor positive (58), the survival
rate for which is higher than for estrogen receptor–negative
cancer (59,60). Such uncontrolled features at both the person
and tumor levels may temper our conclusions, and future stud-
ies could explore the differences in long-term survival and
causes of death after cancer diagnosis by adjusting for these
features.

Second, because the cohorts collected limited information
about treatment and these common cancers were diagnosed as
early as 1986 among men and 1976 among women, results may
not reflect the most recent progress in cancer treatment, partic-
ularly underestimating long-term survival and cause-specific
mortality by other diseases. Our findings may still help clini-
cians and their patients evaluate lifelong survival expectations,
however, and plan long-term interventions for primary cancers
and other diseases as causes of death. In addition, long-term
survival standardized to the age at diagnosis distribution of US
cancer survivors in general may help direct public health
resources. Although it may limit generalizability that patients
were mostly White healthcare professionals, our findings are
broadly consistent with previous studies and uniquely provide
long-term survival rates and causes of death among US cancer
survivors previously unavailable. In addition, we analyzed SEER
data to strengthen the generalizability of our findings. To the
extent that cohort participants have healthier lifestyles and bet-
ter access to health care, the findings here suggest best-case
scenarios of what can be aspired to more broadly.

We observed 2 general trends in long-term survival from pri-
mary cancers among male and female health professionals

diagnosed with common cancers. Patients diagnosed with lung
and bronchus cancer had poor short- and long-term survival
rates and mostly died from their primary cancer. Patients diag-
nosed with the other common cancers had better survival after
cancer diagnosis, and other diseases contributed more than the
primary cancers to death in the long term. For prostate cancer
and breast cancer in women, in addition to primarily focusing
on other diseases, clinicians and patients should also monitor
the index cancer for treatment. Among men diagnosed with
lung, colorectal, urinary bladder, and melanoma cancer and
women diagnosed with lung, colorectal, uterine corpus, and
thyroid cancer, other diseases should receive more attention in
the treatment of survivors beyond 10 years. Our findings pro-
vide important insight into how cancer survivors and their clini-
cians should best manage their long-term health care for the
primary cancers and other diseases. Future studies should in-
vestigate long-term survival and nonprimary-cancer causes of
death among patients diagnosed with common cancers by
stage, treatment, time trends, molecular subtype, and other
clinical and lifestyle characteristics. Future studies could also
focus on the deadliest cancers given that most common cancers
are not necessarily the deadliest.
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