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Abstract

Introduction: The number of cancer cases in the United States continues to grow as the number 

of older adults increases. Accurate, reliable and detailed incidence data are needed to respond 

effectively to the growing human costs of cancer in an aging population. The purpose of this study 

was to examine the characteristics of incident cases and evaluate the impact of death-certificate-

only (DCO) cases on cancer incidence rates in older adults.

Methods: Using data from 47 cancer registries and detailed population estimates from the 

Surveillance, Epidemiology and End Results (SEER) Program, we examined reporting sources, 

methods of diagnosis, tumor characteristics, and calculated age-specific incidence rates with and 

without DCO cases in adults aged 65 through ≥95 years, diagnosed 2011 through 2015, by sex and 

race/ethnicity.

Results: The percentage of cases (all cancers combined) reported from a hospital decreased from 

90.6% (ages 65–69 years) to 69.1% (ages ≥95 years) while the percentage of DCO cases increased 

from 1.1% to 19.6%. Excluding DCO cases, positive diagnostic confirmation decreased as age 

increased from 96.8% (ages 65–69 years) to 69.2% (ages ≥95 years). Compared to incidence rates 

that included DCO cases, rates in adults aged ≥95 years that excluded DCO cases were 41.5% 

lower in Black men with prostate cancer and 29.2% lower in Hispanic women with lung cancer.

Discussion: Loss of reported tumor specificity with age is consistent with fewer hospital reports. 

However, the majority of cancers diagnosed in older patients, including those aged ≥95 years, 

were positively confirmed and were reported with known site, histology, and stage information. 

The high percentage of DCO cases among patients aged ≥85 years suggests the need to explore 
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additional sources of follow-back to help possibly identify an earlier incidence report. Interstate 

data exchange following National Death Index linkages may help registries identify and remove 

erroneous DCO cases from their databases.
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Introduction

In the United States, the total number of cancer incident cases has been increasing as the 

population of older adults grows.1 Between 2000 and 2015, the largest increase (33%) in 

cancer-related deaths occurred among those aged ≥85 years.2 While currently only 8% of 

all cancers are diagnosed in the oldest old,3 the number of incident cases and cancer related 

deaths is likely to continue to increase as more adults reach ages at which the risk of 

being diagnosed with or dying from many types of cancer is highest. In 2030, 72.1 million 

adults will be aged ≥65 years in the United States, up from 40.2 million in 2010.4 The 

number of cancer survivors is also expected to increase, particularly among older adults 

(aged ≥65 years).5 To prepare to meet the need to diagnose, treat, and provide follow-up 

care to the growing number of older adult patients and survivors, researchers and health care 

planners and policy makers need accurate, reliable, and detailed cancer incidence, survival, 

and prevalence data.

The North American Association of Central Cancer Registries (NAACCR) annually 

certifies the quality and completeness of cancer incidence data collected and reported 

by member cancer registries.6 One of the criteria used to evaluate the completeness of 

case ascertainment in a population-based registry is the percentage of death-certificate-only 

(DCO) cases.7 DCO cases are incident cases that are reported solely on the basis of a death 

certificate. Registries with high quality incidence data have fewer than 5% (preferably <3%) 

DCO cases overall. A high percentage of DCO cases (eg, ≥5%) may suggest that the cancer 

registry is failing to identify and register all cancer patients at the time of their diagnoses 

and thereby potentially underreporting incident cases in the population.8 However, a high 

percentage of DCO cases may also suggest that US registries are erroneously recording 

some DCO cases as incident cases and thereby overreporting incident cases. A linkage study 

conducted by the Florida Cancer Data System and the New York State Cancer Registry 

showed that some DCO cases in these 2 registries were reported as non-DCO incident 

cases in the other state’s registry, raising the possibility that DCO incident cases were 

being overreported (ie, incorrectly reported as an incident case) in one state’s registry, and 

double-counted as incident cases at the national level.9

We used data from cancer registries participating in the Centers for Disease Control and 

Prevention’s National Program of Cancer Registries (NPCR) and the National Cancer 

Institute (NCI)’s Surveillance, Epidemiology and End Results (SEER) Program, and 

detailed population estimates released in 2017 by the SEER Program,10 to examine the 
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characteristics, specificity and completeness of cancer registry data, and evaluate the 

potential impact of DCO cases on cancer incidence rates for older adults.

Materials and Methods

We obtained a customized file from the December 2017 submission to NAACCR from 

47 statewide cancer registries covering 95% of the US population, participating in the 

NPCR and the SEER Program.11 The file included incidence data for diagnosis years 2000 

through 2015 and denominator data for 21 age groups (0, 1–4…90–94, ≥95 years). The 

population data were produced by the Census Bureau’s Population Estimation Program, 

in collaboration with the National Center for Health Statistics, and with support from the 

NCI.10

We included all invasive incident cases diagnosed in older adults (aged ≥65 years) and 

diagnosed between 2011 and 2015. In situ urinary bladder cancers were included in the 

file because these cases are considered invasive for the purpose of incidence reporting.12 

The following variables were selected for each incident case: age, sex, race/ethnicity, 

International Classification of Diseases for Oncology, 3rd edition (ICD-O-3) site and 

histology,13 year of diagnosis, type of reporting source, sequence number central, method of 

diagnosis, and SEER Summary Stage. Characteristics of incident cases were categorized as 

follows:

• Type of reporting source

– Hospital (inpatient, outpatient, clinic or surgery center)

– Death certificate-only

– Physician (office or private practice)

– Treatment center and laboratory (radiation treatment, medical oncology 

center, laboratory)

– Autopsy and nursing home

• Single primary only (sequence number central: 00)

• Method of diagnosis

– Positive confirmation (microscopic, positive laboratory test, marker 

study)

– Clinical and visual (including direct visualization and radiography)

– Unknown method of diagnosis

• Specificity of diagnosis

– Unknown site (C80.9)

– Histology NOS (8000-8001)

– Unknown stage
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• SEER Summary Stage (in situ, local, regional, distant) Race and ethnicity 

were used to construct 3 mutually exclusive racial/ethnic groups (Hispanic, non-

Hispanic White [White], non-Hispanic Black [Black]). Persons with unknown or 

other race were included in the “all cases combined” group.

SEER*Stat14 was used to calculate case counts and age-specific incidence rates, including 

95% confidence limits. Rates per 100,000 population were age-standardized to the 2000 

US standard population. We estimated the percentage of cases (all races and both sexes 

combined) by age (65–69 years, 70–74 years, 75–79 years, 80–84 years, 85–89 years, 90–

94 years, and ≥95 years) and select characteristics of incident cases. Next, we examined 

the distribution of DCO cases by age and race/ethnicity. Lastly, we calculated age-specific 

incidence rates with and without DCO cases for cancers in the oldest old (ages ≥85 years) 

by sex and race/ethnicity. We selected cancers where there was a 5% minimum of cases in 

2 or more of the 3 oldest age groups (85–89 years, 90–94 years, ≥95 years). We focused on 

the oldest old because the percentage of DCO cases was greater than 5% in each sex and 

racial/ethnic group after age 84 years (Figure 1). Because there was a lack of independence 

between rates calculated with and without DCO cases, there was no formal test to determine 

statistical differences between rates. Therefore, we noted differences in rates if the 95% CLs 

around the age-specific incidence rates with and without DCO cases did not overlap in at 

least 1 of the age groups.

Results

Table 1 shows select characteristics for all cancer cases combined in adults aged ≥65 years. 

As age at diagnosis increased, the percentage of cases reported by hospitals progressively 

decreased from 90.6% (ages 65–69 years) to 69.1% (ages ≥95 years) and by treatment 

centers and laboratories from 5.7% to 3.1%. As age increased, the percentage of DCO cases 

increased from 1.1% to 19.6%; by physicians, from 2.5% to 7.0%; and by autopsy and 

nursing home reports, from 0.1% to 1.2%. The percentage of DCO cases reported as a single 

primary only was over 95% in all age groups. As age increased, the percentage of cases 

(excluding DCO cases) with positive diagnostic confirmation decreased from 96.8% (65–69 

years) to 69.2% (≥95 years), while the percentage of cases with a clinical and visual method 

of diagnosis increased from 2.3% to 23.3%; and from 0.8% to 7.1% for unknown method 

of diagnosis. In the absence of DCO cases, the percentage of cases with unknown site 

increased from 1.4% (65–69 years) to 6.7% (95+ years); from 1.6% to 20.6% for histology 

NOS; and from 6.0% to 28.5% for unknown stage. Excluding cases with unknown stage, the 

percentage of cases with local stage decreased from 50.5% to 41.4%, while the percentage 

of cases with distant stage increased from 25.0% to 34.0%. The percentage of in situ urinary 

bladder cancers increased from 2.1% to 4.2%.

Figure 1 shows the percentage of DCO incident cases for all cancers combined by sex, 

race/ethnicity, and age among adults aged ≥65 years. Black men had the highest percentage 

of DCO cases in all age groups, increasing from 1.7% (ages 65–69 years) to 25.5% (ages 

≥95 years). The percentage of DCO cases was greater than 5% in all racial/ethnic groups 

among adults aged ≥85 years.
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Figure 2 shows the distribution of cancer cases by cancer site among adults aged ≥85 years 

by sex, race/ethnicity, and age. The most frequent cancers among men in all race/ethnicity 

groups included urinary bladder, colorectal, lung and bronchus (lung), and prostate. Cancers 

that were the most common among women included colorectal, lung and bronchus (lung), 

breast, and pancreatic.

Table 2 and Table 3 show age-specific incidence rates for the select cancers among adults 

aged ≥65 years with and without DCO cases by age and race/ethnicity, for men and women, 

respectively. Rates for all cancer sites combined peaked in Hispanic and White men in their 

late 80s and among Black men in their late 70s. Among women, overall cancer rates peaked 

in Hispanic and Black women in their late 80s and among White women in their early 80s. 

The peak age at incidence differed by cancer site. Incidence of prostate cancer and female 

breast cancer peaked in men in their late 60s and early 70s and among women in their 70s. 

Among men and women, the incidence of lung cancer peaked in the late 70s and early 80s, 

while the incidence for melanoma and non-Hodgkin lymphoma (NHL), and cancers of the 

colorectum and pancreas peaked in the 80s, and incidence of bladder cancer peaked in the 

late 80s and early 90s. Within cancers, the peak age at incidence rates varied somewhat by 

sex, and race and ethnicity. Lung cancer peaked among men somewhat later than among 

women, prostate cancer peaked among Black men earlier than among White and Hispanic 

men and female breast cancer peaked among White and Black women earlier than among 

Hispanic women.

Compared to site-specific incidence rates excluding DCO cases to those including DCO 

cases, rates in adults aged ≥95 years without DCO cases were 41.5% lower in Black men 

with prostate cancer (618.6 vs 361.9, respectively) and 29.2% lower in Hispanic women 

with lung cancer (126.7 vs 89.7, respectively). Rates excluding DCO cases were lower 

and ranged among women between 1.9% (White, ages 70–74 years, lung cancer) to 29.2% 

(Hispanic, ages ≥95 years, lung cancer), and among men between 2.7% (White, ages 70–74 

years, lung cancer) to 41.5% (Black, ages ≥95 years, prostate cancer). Cancer rates not 

reduced by the removal of DCO cases included urinary bladder, melanoma, and NHL.

Figure 3 shows age-specific incidence rates for cancers in adults aged ≥65 years where the 

95% confidence limits of rates with and without DCO cases did not overlap in at least 1 

of the age groups, by sex and race. The removal of DCO cases did not change the peak 

age at incidence in men or women although their removal did result in steeper declines 

in age-specific incidence rates for several common cancers, including lung, colorectal, and 

prostate cancers among men and colorectal, breast, lung, and pancreatic cancers among 

women. Among White and Black men, prostate cancer incidence rates, including DCO 

cases, increased a second time in men in their 90s, while rates without DCO cases continued 

to decline with age.

Discussion

Our study documents a loss of reported tumor specificity with age. However, the majority 

of cancers diagnosed in older adults had a positive diagnostic confirmation and were 

reported with specific site, histology, and stage information. At the same time, the increasing 
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percentage of DCO cases among the oldest old (aged ≥85 years) may suggest the need 

to explore additional sources of follow-back to help possibly identify an earlier incidence 

report. Interstate data exchange following National Death Index linkages may help registries 

identify and remove erroneous DCO cases from their databases.

As the percentage of cancer cases reported by hospitals, treatment centers, and laboratories 

decreased with age, there was an increase in the percentage of cases reported by physicians, 

autopsy and nursing home reports, and death certificates. As age increased, there was a 

decline in the percentage of cases reported with positive diagnostic confirmation and tumor 

specificity (site, histology, and stage). At the same time, there was an increase in the 

percentage of cases with a clinical diagnosis or diagnosed by direct visualization. And as 

others have reported, there was an increase in the percentage of cases reported with distant 

or unknown stage with increasing age.15,16 Older adults have not been recommended by the 

US Preventive Services Task Force to undergo routine screening for breast, cervical, and 

colorectal cancer past certain ages, thus limiting the opportunity for early detection of these 

cancers at advanced ages.17-20 In addition, older cancer patients may have undergone fewer 

and less intrusive diagnostic procedures, perhaps because they had comorbidities, were frail, 

or were otherwise poor candidates for treatment.16,21-23 However, it should be noted that 

less than 10% of cancers diagnosed in older patients were reported with unknown method 

of diagnosis, and the majority of cancer cases diagnosed, even in the oldest age group 

(aged ≥95 years), had a positive diagnostic confirmation (69%) and were reported with 

specific site (93.3%), histology (79.4%), and stage (71.5%). The finding that the majority of 

older cancer patients, including the oldest old, had detailed and specific tumor information, 

necessary for effective, evidenced-based treatment, may help explain why population-based 

cancer survival in the United States has been reported to be among the highest worldwide.24

Age-specific incidence rates for all cancer sites combined are reported to peak between 

the ages of 80–84 years for women and 85–89 years in men, and then decline.3,10,25 Our 

study reported that peak incidence for all cancer sites combined occurred somewhat earlier 

among Black men (75–79 years) compared to Hispanic and White men (85–89 years), 

and somewhat later among Black women (85–89 years) compared to Hispanic and White 

women (80–84 years). In addition, prostate cancer incidence rates were higher and peaked 

somewhat earlier in Black men (65–69 years) compared to White and Hispanic men (70–74 

years); and female breast cancer incidence rates were lower and peaked somewhat later 

in Hispanic women (75–79 years) compared to Black and White women (70–74 years). 

Because screening advances the age at which a cancer is diagnosed, it is not surprising 

that the peak age at incidence for prostate and female breast cancers occurred somewhat 

earlier compared to the other common cancers of older adults. As colorectal cancer is a 

screen-detectable cancer, screening has had the effect of reducing incidence rates overall 

because it often finds precancerous polyps that can be removed before they become incident 

cases.26

For the most part, age-specific incidence patterns including DCO cases were similar to those 

without DCO cases. Rates without DCO cases tended to decline more steeply with age for 

all sites combined and for cancers of the colorectum, lung, pancreas, prostate, and female 

breast. Of particular note was prostate cancer. After an initial decline, rates which included 
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DCO cases increased for a second time among White and Black men in their 90s, while 

rates excluding DCO cases continued to decline with age into the oldest age groups. There 

were no differences in age-specific rates with and without DCO cases for urinary bladder, 

melanoma, and NHL. Deaths from melanoma and NHL may be underreported based on 

DCO cases because histologic information, needed to code these causes of death, was not 

recorded on death certificates.

The large percentage of DCO cases among the oldest old may limit the utility of incidence 

data in this age group. Cancer registries may want to examine the reporting sources used to 

identify incident cases in this age group, particularly those cases reported solely by death 

certificates. All US cancer registries follow similar procedures for the reporting of DCO 

cases.27 The higher percentage of DCO cases among the oldest cancer patients suggests 

possible underreporting, particularly for Black men who had the largest percentage of DCO 

cases. While a cancer can be diagnosed at the time of a patient’s death, this occurrence, 

even among the oldest old, should be somewhat uncommon in the US population. First, 

most patients present to a health care provider with signs and symptoms of their cancer 

prior to their death. Second, cancer is a reportable disease in all states,6 thus encounters 

with health care providers should result in an incident report being sent to the statewide 

cancer registry. And third, most US cancer registries have been in operation for several 

decades, and prevalent cases (cases diagnosed before the registry began operation) should 

no longer be reported as DCO cases, as can happen in the early years of operation in a 

start-up cancer registry.28 However, prostate DCO cases may pose a particular challenge 

for some registries: 20-year survival following a diagnosis of prostate cancer is reported to 

be high (≥80%) for patients diagnosed in calendar years just before many NPCR-funded 

cancer registries became fully operational,6,29 and because prostate cancer deaths may be 

subject to attribution bias.30 Furthermore, as fewer cancer cases diagnosed in the oldest 

patients were reported by hospitals and without diagnostic confirmation, the accuracy of 

the cause-of-death listed on the death certificate may be less reliable; a study assessing the 

concordance between cancer-specific cause of death and primary cancer site at diagnosis 

showed significant differences by cancer type and certifier type.31,32 Nonphysician coroners 

had lower accuracy rates compared with physicians.

A higher percentage of DCO cases may also suggest that registries are possibly 

overreporting incident cases. Over 95% of DCO cases in our analysis were reported as a 

single primary (ie, the death certificate was the only report of cancer for that person). As 

shown by Wohler,9 a DCO case may result if a cancer patient, diagnosed and registered 

with the cancer registry in one state, moves to a different state, dies of cancer, and is 

registered as a DCO case in the death state’s cancer registry. Because SEER and NPCR do 

not require their registries to submit personal identifiers to their respective federal programs, 

it is not possible for the programs to identify cancer patients who are registered in 2 or 

more registries. However, there is a way for cancer registries to identify these cases. Cancer 

registries routinely link their incidence data to the National Death Index to update vital 

status among patients who leave the state after their diagnosis. If the registry initiating the 

National Death Index linkage shared relevant information with death state registries, the 

death state registry can identify and remove erroneous DCO cases from their databases. 
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The exchange of information has been facilitated by the NAACCR National Interstate Data 

Exchange Agreement.

There are strengths and limitations that should be kept in mind when interpreting the 

findings and conclusions of this study. This large, population-based study was nationally 

representative of the US population, and was able to look at the burden of cancer in 

older adults by race and ethnicity. However, because cancer registries do not routinely 

collect information on comorbidities or insurance status, we were unable to explore possible 

reasons for why some older adults did not have diagnostically confirmed cancers or why 

their cancers were diagnosed at a later stage compared to other older adults.

In conclusion, the surveillance data are greatly enriched by having detailed incidence data 

for the oldest old. These data will enable health care professionals to prepare for the growing 

number of adults with cancer. However, the high percentage of DCO cases among patients 

aged ≥85 years may suggest the need to explore additional sources of follow-back.
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Figure 1. Percentage of Incident Cases Ascertained from Death Certicates Only for All Cancer 
Cases Combined by Sex, Race/Ethnicity, and Age among Adults Aged ≥65 Years (2011–2015)
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Figure 2. Distribution of Cancer Types among Adults Aged ≥85 Years by Sex, Race/Ethnicity, 
and Age Group (2011–2015)
Selected cancers were those with a minimum 5% of cases in 2 or more of the 3 age groups 

(85–89 years, 90–94 years, ≥95 years).
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Figure 3. 
Age-Specific Incidence Rates for Selected Cancers among Adults Aged ≥65 Years, With and 

Without Death-Certificate-Only Cases, by Sex and Race/Ethnicity (2011–2015)
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