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Background: Cancer is the second leading cause of death in the United States (US). The goal of this study 
was to characterize the trends in cancer incidence and mortality in the US from 1975 to 2016.
Methods: In this study, we analyzed 4,711,958 cancer cases and 21,489,462 cancer death cases from the 
Surveillance, Epidemiology and End Results (SEER) database. Cancer incidence and mortality were assessed 
according to sex, race, and age group. Cancer survival rates between 2010 and 2016 were also examined.
Results: The continuous decline in the overall cancer mortality rate from the early 1990s has resulted in 
overall decreases of 33.6% and 23.6% in the cancer mortality rates of males and females, respectively. In 
males, the top three leading cancers and causes of cancer death from 1975 to 2016 were prostate, lung and 
bronchial, and colon and rectal cancers, while in females, the top three leading cancers and causes of cancer 
death from 1979 to 2016 were breast, lung and bronchial, and colon and rectal cancers. The 5-year relative 
survival rates of males and females for all cancers combined, diagnosed from 2010–2016, were 68.5% and 
70.1%, respectively. The overall cancer incidence and mortality were higher in males than females from 
1975–2016. Also, black people had higher mortality and shorter survival rates for all cancers combined 
compared with white people (in both sexes).
Conclusions: This study presents a comprehensive overview of cancer incidence and mortality in the US 
over the past 42 years. Such information can provide a scientific basis for cancer prevention and control.
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Introduction

Cancer is the second leading cause of death after heart 
disease in the United States (US) (1,2). In 2019, it was 
estimated that there were 1,762,450 new cancer cases and 
606,880 cancer deaths in the US (2). Considerable progress 
in the prevention, detection, diagnosis, and treatment 
of cancer has been achieved over the past four decades. 
An understanding of the trends in cancer incidence and 
mortality rates is critical for continued advancement. 

However, few studies have systematically documented these 
changes (1-3). In this article, we analysed age-adjusted 
cancer incidence and mortality rates between 1975 and 2016 
in the US. In addition, we also analysed cancer survival 
rates between 2010 and 2016. This information will provide 
valuable insights into cancer prevention and control at the 
national level.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
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org/10.21037/atm-20-7841).

Methods

Cancer incidence, mortality, and survival data

The Surveillance, Epidemiology and End Results (SEER) 
database is an open-access resource for cancer-based 
epidemiology and survival analyses. Cancer incidence and 
survival data were obtained from the SEER database of 
Incidence-SEER 9 Regs Research Data, November 2018 
Sub [1975–2016] <Katrina/Rita Population Adjustment>. 
A total of 4,711,958 cancer cases spanning 1975–2016 are 
registered within the nine oldest SEER areas (Connecticut, 
Hawaii, Iowa, New Mexico, Utah, and the metropolitan 
areas of Atlanta, Detroit, San Francisco-Oakland and 
Seattle-Puget Sound), representing approximately 9% of 
the US population.

The US mortality data, collected and maintained by 
the National Centre for Health Statistics (NCHS), can 
be analysed using the SEER*Stat software. The NCHS 
granted the SEER program limited permission to provide 
mortality data to the public. Cancer mortality data were 
collected from the SEER database of Mortality-All cause of 
death (COD), Aggregated Total US [1969–2016] <Katrina/
Rita Population Adjustment>. The underlying mortality 
data were provided by the NCHS (www.cdc.gov/nchs). A 
total of 21,489,462 cancer death cases spanning 1975–2016 
are registered in this database.

All cancer cases were classified according to the Site 
Recode ICD-O-3/World Health Organization (WHO) 
2008 (2). 

Ethical approval for this study was exempted by the 
Medical Ethics Committee of the First Affiliated Hospital, 
College of Medicine, Zhejiang University (Hangzhou, 
China), as SEER is a publicly available database, and the 
data extracted from SEER were identified as belonging to a 
non-human study. All patient data were anonymized.

Statistical analysis

All cancer incidence and mortality rates and 95% 
confidence intervals (CI) were age-adjusted using the 2000 
US standard population and expressed per 100,000 person-
years (2,4). Annual rates are shown graphically as trends. 
Temporal trends in cancer incidence and mortality rates 
were examined, and separate analyses were conducted for 
males and females. We also calculated the age-adjusted 
cancer incidence and mortality rates according to race/

ethnicity (white, black, other) and age group (birth–39, 40–
49, 50–59, 60–69, and ≥70 years) (5,6). Cancer survival rates 
between 2010 and 2016 were also examined according to 
sex and race/ethnic group. All data analyses were performed 
using SEER*Stat software version 8.3.5 (2,4).

Results

Trends in cancer incidence

The age-adjusted incidence rate and percentage changes 
from 1975–2016 of the 20 leading cancers by sex in the US 
in 2016 are shown in Table 1. The overall cancer incidence 
rate in males decreased by 28.7%, from a maximal peak 
of 658.4 (per 100,000 population) in 1992 to 469.2 (per 
100,000 population) in 2016, and this decline continues to 
date. In females, this number has been relatively stable since 
its maximal peak of 434.3 (per 100,000 population) in 1998 
to 411.5 (per 100,000 population) in 2016 (Figure 1). From 
1975–2016, the overall cancer incidence was higher for 
males than females (Figure 1). In males, the overall cancer 
incidence reached a distinct peak in 1992, mainly due to 
prostate cancer (Figure 1). The top five malignant cancers 
in males in 2016 were prostate, lung and bronchial, colon 
and rectal, and urinary bladder cancers, as well as melanoma 
of the skin (Table 1; Figure 2A). Similarly, the top five 
malignant cancers in females in 2016 were breast, lung and 
bronchial, colon and rectal, corpus and uterus, and thyroid 
cancers (Table 1; Figure 2B).

From 1975–2016 (for males) and 1979–2016 (for 
females), the top three leading malignancies were prostate 
(men), breast (women), lung and bronchial, and colon and 
rectal cancers (Figure 2). From 1975–2016, prostate and 
breast cancers were the main cancers in males and females, 
respectively (Figure 2). The incidence rate of prostate cancer 
(per 100,000 population) increased from 94.0 in 1975 to 
a maximal peak of 237.5 in 1992, and then declined to 
108.4 in 2016 (Figure 2A). Similarly, the incidence rate (per 
100,000 population) for breast cancer in females increased 
from 105.1 in 1975 to a maximal peak of 141.6 in 1999, and 
subsequently decreased to 126.5 in 2016 (Figure 2B). 

Lung and bronchial cancers remained the second leading 
cancer in males from 1975 to 2016, and in females from 
1992 to 2016, respectively. The incidence rate (per 100,000 
population) of lung and bronchial cancers in males declined 
by 44.1%, from a maximal peak of 102.0 in 1984 to 57.0 in 
2016 (Figure 2A). However, in females, it declined gradually 
after reaching a maximal peak of 53.8 in 2005, falling to 
45.1 in 2016 (Figure 2B). 

http://dx.doi.org/10.21037/atm-20-7841
http://www.cdc.gov/nchs
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The incidence rate of the third leading cancer (colon and 
rectal) decreased in both males and females (Figure 2). In 
males, the incidence rate (per 100,000 population) for colon 
and rectal cancer decreased by 46.3%, from a maximal 
peak of 79.2 in 1985 to 42.5 in 2016, while in females, the 
incidence rate fell by 42.1%, from a maximal peak of 57.3 in 
1985 to 33.2 in 2016 (Figure 2).

The changes in the age-adjusted incidence rate of 
different races and ethnicities from 1975–2016 were also 
analysed (Tables S1 and S2; Figures S1-S3). The overall 
cancer incidence rate was higher in black males compared to 
white males from 1975 to 2016, but exhibited the opposite 
trend in females over the same time period (Figure S1). The 
changes in the age-adjusted incidence rate of different age 
groups from 1975–2016 were also examined (Tables S3-S7; 
Figures S4 and S5). 

Trends in cancer mortality

Age-adjusted mortality and percentage changes from 
1975–2016 of the 20 leading causes of cancer death by 
sex in the US in 2016 are shown in Table 2. In males, the 
overall cancer mortality rate fell by 33.6%, from a maximal 
peak of 279.8 (per 100,000 population) in 1990 to 185.9 

(per 100,000 population) in 2016. Similarly, this rate also 
decreased in females by 23.6%, from a maximal peak 
of 175.3 (per 100,000 population) in 1991 to 134.0 (per 
100,000 population) in 2016 (Figure 1). Moreover, this 
downward trend continues to date, irrespective of sex. From 
1975–2016, the overall cancer mortality rate was higher in 
males than females (Figure 1). In 2016, malignant cancers 
of the lung and bronchus, prostate, colon and rectum, 
and pancreas, as well as leukaemia were the five leading 
causes of cancer death in males (Figure 3A; Table 2), while 
in females, the same trend occurred, except that prostate 
cancer and leukaemia were replaced by breast and ovarian 
cancers, respectively (Figure 3B; Table 2).

From 1975–2016, the top three leading causes of cancer 
death were lung and bronchial, prostate (men), breast 
(women), and colon and rectal cancers (Figure 3). Although 
the mortality (per 100,000 population) for lung and bronchial 
cancer in males dropped by 48.2%, from a maximal peak 
of 90.6 in 1990 to 46.9 in 2016, and similarly decreased in 
females by 23.3%, from a maximal peak of 41.6 in 2002 to 
31.9 in 2016, it remained the leading cause of cancer death in 
males from 1975 to 2016 and in females from 1987 to 2016 
(Figure 3). Prostate cancer mortality (per 100,000 population) 
fell by 50.6%, from a maximal peak of 39.3 in 1991 to 19.4 
in 2016, yet remained the second leading cause of cancer 
death in males from 1981 to 2016 (Figure 3A). Breast cancer 
mortality (per 100,000 population) declined by 39.8%, from 
a maximal peak of 33.2 in 1988 to 20.0 in 2016, but remained 
the second leading cause of cancer death in females from 
1988 to 2016 (Figure 3B). For colon and rectal cancer, the 
mortality (per 100,000 population) dropped by 51.6% in 
males, from a maximal peak of 33.7 in 1978 to 16.3 in 2016, 
and by 54.7% in females, from a maximal peak of 25.4 in 
1976 to 11.5 in 2016. Despite this decline, it remained the 
third leading cause of cancer death from 1981 to 2016 in 
both sexes (Figure 3).

Furthermore, the changes in the age-adjusted mortality 
rate of different races and ethnicities from 1975–2016 were 
analysed (Figures S1,S6,S7; Tables S8 and S9). From 1975–
2016, the overall cancer mortality rate was higher for blacks 
compared to whites in both sexes (Figure S1). In addition, 
the changes in the age-adjusted mortality rate of different 
age groups from 1975–2016 were also analysed (Figures S8 
and S9; Tables S10-S14).

Cancer survival

Table 3 shows the 5-year relative survival rates by sex and 

Figure 1 Trends in overall cancer incidence and mortality rates by 
sex in the United States [1975–2016]. Rates are age-adjusted to the 
2000 United States standard population. 
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race/ethnicity for the 20 leading cancers [2016] diagnosed 
between 2010 and 2016. Among these, cancers of the 
brain and other nervous system (31.8%), stomach (29.8%), 
liver (21.2%), oesophagus (20.8%), lung and bronchus 
(17.4%) and pancreas (10.5%) in males, and cancers of the 
ovary (48.5%), stomach (35.8%), brain and other nervous 
system (35.2%), lung and bronchus (24.6%), liver (23.3%) 
and pancreas (9.5%) in females, displayed 5-year relative 
survival rates of less than 50%. The 5-year relative survival 
rate for all cancers combined, diagnosed between 2010 and 
2016, was higher in females (70.1%) than males (68.5%) 
(Table 3). Also, the 5-year relative survival rate for all cancers 
combined in males and females was 69.3% and 71.2% in 
whites, 65.6% and 61.3% in blacks, and 58.5% and 69.3% 
in other, respectively (Table 3). Black people had a lower 
5-year survival rate than white people for 17 (in males) and 

16 (in females) of the 20 leading cancers (Table 3).
In addition, the analysis of the 1- and 3-year relative 

survival rates by sex and race/ethnicity for the 20 leading 
cancers (2016) diagnosed between 2010 and 2016 is shown 
in Tables S15,S16.

Discussion

A total of 4,711,958 cancer cases spanning 1975–2016 are 
registered in the nine oldest SEER areas, representing 
approximately 9% of the US population. From 1975–2016, 
a total of 21,489,462 cancer death cases were recorded 
in the US. This vast amount of data provides an accurate 
reflection of the actual cancer incidence and mortality rates 
in the US. In males, the overall cancer incidence rate (per 
100,000 population) declined by 28.7%, from a maximal 

Figure 2 Trends in the incidence rate of the 10 leading cancers by sex in the United States [1975–2016]. Rates are age-adjusted to the 2000 
United States standard population. (A) Male; (B) female.

A B
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Figure 3 Trends in the mortality rate of the 10 leading causes of cancer death by sex in the United States [1975–2016]. Rates are age-
adjusted to the 2000 United States standard population. (A) Male; (B) female.

peak of 658.4 in 1992 to 469.2 in 2016, and this trend 
continues to date (Figure 1). However, in females, this rate 
has been relatively stable since its maximal peak of 434.3 
in 1998, only decreasing to 411.5 in 2016 (Figure 1). The 
overall cancer incidence in males showed a distinct peak in 
1992, predominantly caused by prostate cancer (Figure 1). 

Prostate cancer remained the leading cancer in males in 
the US from 1975–2016, and its incidence rate (per 100,000 
population) rose from 94.0 in 1975 to a maximal peak 
of 237.5 in 1992, followed by a decline to 108.4 in 2016 
(Figure 2A). The rapid uptake of prostate-specific antigen 
screening led to a dramatic spike in overall prostate cancer 
diagnoses during the early 1990s (7). Meanwhile, breast 
cancer remained the primary cancer in females in the US 
from 1975–2016, and showed an increased incidence rate 
(per 100,000 population) from 105.1 in 1975 to a maximal 

peak of 141.6 in 1999, followed by a subsequent drop to 
126.5 in 2016 (Figure 2B). The breast cancer incidence rate 
in females reduced by 10.7% from 1999–2016, likely due 
to the decreased use of menopausal hormones (8,9). The 
decrease in incidence may also reflect (in part) the small 
declines in mammography screening since 2000 (9).

Lung and bronchial cancer remained the second major 
malignancy in males from 1975–2016, and in females from 
1992–2016 (Figure 2). In males, the incidence of lung and 
bronchial cancer has exhibited a continuously declining 
trend since the 1980s (Figure 2), which reflects changes in 
risk behaviours following the promulgation of information 
about the dangers of tobacco smoking in the 1950s and 
1960s, as well as subsequent governmental tobacco control 
measures (10). However, in females, the incidence of lung 
and bronchial cancer showed an increasing trend from 

A B
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1975–2005, and slightly decreased after 2005 (Figure 2). 
Varying historical patterns in tobacco uptake and cessation, 
as well as upturns in the prevalence of female smoking in 
some birth cohorts account for the different trends between 
males and females (2,11). 

Colon and rectal cancer were the third most common 
cancer in males from 1975–2016, and similarly, in females 
from 1992–2016 (Figure 2). The incidence patterns for 
colon and rectal cancer are generally similar in men and 
women and have continued to decline from 1985–2016 in 
both sexes (Figure 2). Some researchers have attributed the 
long-term decline to changes in risk factors (e.g., decreased 
smoking and red meat consumption, and increased use of 
aspirin), as well as the introduction and dissemination of 
screening tests (12,13). Colonoscopy procedures, which are 
the predominant screening tests, tripled among adults aged 
≥50 years in the US, from 21% in 2000 to 60% in 2015 (2).

The overall cancer mortality rates in both males and 
females have continuously declined since the 1990s, falling 
by 33.6% in males from 1990–2016, and by 23.6% in 
females from 1991–2016 (Figure 1). This declining trend 
continues to date. The decrease in cancer mortality over the 
past three decades is primarily attributable to reductions in 
overall cancer incidence, advances in early detection, and 
improvements in treatment (1-3). Consistent with cancer 
incidence, from 1975–2016, the top three leading causes 
of cancer mortality were still lung and bronchial, prostate 
(men only), breast (women only), and colon and rectal 
cancers (Figure 3). The mortality rates for these cancers 
have continued to decline since approximately 1990, except 
for female lung cancer, which has declined since 2002. 
Specifically, the mortality of lung and bronchial cancer 
decreased by 48.2% in males from 1990–2016, and by 
23.3% in females from 2002–2016 (Figure 3). 

Furthermore, prostate cancer mortality in males fell 
by 50.6% from 1991–2016. Breast cancer mortality 
in females also declined by 39.8% from 1988–2016  
(Figure 3). Moreover, colon and rectal cancer mortality 
decreased by 51.6% in males from 1978–2016, and in 
females by 54.7% from 1976–2016 (Figure 3). Some 
researchers have attributed the decline in mortality of 
these cancers to steady reductions in smoking and advances 
in early detection and treatment (11,13-16). Thus, it is 
important that efforts in tobacco control and smoking 
cessation continue so that further reductions in cancer 
incidence and mortality can be achieved, especially among 
women.

In terms of the cancer survival rate, the 5-year relative 

survival rates for all cancers combined diagnosed from 
2010–2016 were 68.5% in males and 70.1% in females 
(Table 3). Among the 10 leading cancers in 2016, those with 
a 5-year relative survival rate of less than 50% included 
lung and bronchial (17.4%), pancreatic (10.5%) and liver 
(21.2%) cancers in males, and lung and bronchial (24.6%) 
and pancreatic (9.5%) cancers in females (Table 3). The 
5-year relative survival rate of these cancer types is low, 
partly because more than 50% of cases are diagnosed at a 
late stage (2). Due to early screening and treatment, the 
5-year survival rates of prostate cancer and breast cancer 
are high (7,17-20), reaching 98.4% and 91.2%, respectively 
(Table 3). Greater attention should be given to cancers with 
a low survival rate, and knowledge and experience from 
the screening and treatment of prostate and breast cancers 
should be applied in order to strengthen early detection and 
treatment and prolong the survival time of patients with 
these types of cancer. Such issues are especially important 
for lung and bronchial cancer. Despite being the second 
most common cancer among both males and females in 
2016, it was the leading cause of cancer death, primarily 
because the 5-year relative survival rate is extremely low 
(17.4% in males and 24.6% in females). There is a potential 
for earlier lung cancer diagnosis through screening with 
low-dose computed tomography (CT), which could 
significantly reduce lung cancer mortality (2,21-23). From 
2010–2015, the percentage of eligible smokers who were 
reported to have undergone low-dose CT screening in 
the previous 12 months remained low and constant (3.3% 
in 2010 and 3.9% in 2015) (24). Therefore, the broad 
implementation of guideline-recommended lung cancer 
screening needs to be strengthened in the future to benefit 
more people.

In addition, there are noticeable differences in cancer 
incidence, mortality, and survival rates among sex and 
ethnicity categories. From 1975–2016, overall cancer 
incidence and mortality was higher in males than females 
(Figure 1). Biological, behavioural, and environmental 
factors all contribute the higher cancer incidence and 
mortality rates of men compared to women (25). Dunford 
et al. reported that biallelic expression of “escape from 
X-inactivation tumour-suppressor” genes in females 
explains a portion of the reduced cancer incidence in 
females as compared with males across a variety of tumour 
types (26). Also, black males have higher incidence and 
mortality, and shorter survival rates compared with white 
males for all cancers combined. However, black females 
have a lower incidence, higher mortality, and shorter 
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survival rates relative to white females for all cancers 
combined. In the US, black people are more likely to 
report not being able to see a doctor because of cost (27). In 
addition, they have notably lower educational attainment 
and homeownership, as well as approximately twice the 
proportion of households living below the poverty line and 
approximately twice the levels of unemployment compared 
to the white population (27). These socio-economic factors 
help to explain ethnic disparities in cancer incidence, 
mortality, and survival rates via cancer-related behaviours 
and health care utilisation, which constrain an individual’s 
ability to engage in cancer prevention, early detection, or 
treatment (28). Finally, it is unsurprising that there are 
different high-incidence cancers among the different age 
groups. Cancer screening and prevention should focus on 
the high-incidence cancers of these different age groups.

Limitations

A strength of our study is the use of nationwide, high-
quality, population-based data on cancer incidence, 
mortality and survival rates from the SEER database. 
However, our study has several limitations that should be 
noted. Firstly, due to the descriptive nature of this study, it 
is only possible to speculate about potential explanations 
for cancer incidence and mortality trends. Secondly, the 
rapid uptake of cancer screening led to a dramatic increase 
in the incidence of certain cancers, such as prostate cancer, 
and this increase in incidence does not necessarily reflect 
the actual change in cancer incidence. However, mortality, 
which we also analysed, is less affected by screening and can 
offer an accurate reflection the actual situation. Thirdly, the 
SEER database only contains data on patients within US 
regions and does not represent changes in the incidence, 
mortality, and survival rates of cancer worldwide. We 
anticipate the establishment of a record similar to the SEER 
database in China, which will represent a population of 1.4 
billion.

Conclusions

The continuous decline in the overall cancer mortality rate 
in the US since the early 1990s has resulted in an overall 
decrease of 33.6% among males and 23.6% among females. 
The top three leading cancers and causes of cancer death in 
males from 1975–2016 were prostate, lung and bronchial, 
and colon and rectal cancers, while in females (from 
1979–2016), they were breast, lung and bronchial, and 

colon and rectal cancers. The 5-year relative survival rates 
for all cancers combined (diagnosed from 2010–2016) were 
68.5% in males and 70.1% in females. From 1975–2016, 
the overall cancer incidence and mortality were higher in 
males than females. Black males have a higher incidence and 
mortality, and shorter survival rates compared with white 
males for all cancers combined. However, black females 
have a lower incidence, higher mortality, and shorter 
survival rates compared with white females for all cancers 
combined. Our work provides a comprehensive overview 
of cancer incidence and mortality in the US over the past 
42 years. More research is needed to elucidate the causes 
of change in cancer incidence and mortality, and advance 
early detection and treatment of cancers with a low 
survival rate.
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