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Abstract

This study aims to quantify the aggregate potential life-years (LYs) saved and healthcare cost-

savings if the Healthy People 2020 objective were met to reduce invasive colorectal cancer (CRC) 

incidence by 15%. We identified patients (n = 886,380) diagnosed with invasive CRC between 

2001 and 2011 from a nationally representative cancer dataset. We stratified these patients by sex, 

race/ethnicity, and age. Using these data and data from the 2001–2011 U.S. life tables, we 

estimated a survival function for each CRC group and the corresponding reference group and 

computed per-person LYs saved. We estimated per-person annual healthcare cost-savings using the 

2008–2012 Medical Expenditure Panel Survey. We calculated aggregate LYs saved and cost-

savings by multiplying the reduced number of CRC patients by the per-person LYs saved and 

lifetime healthcare cost-savings, respectively. We estimated an aggregate of 84,569 and 64,924 

LYs saved for men and women, respectively, accounting for healthcare cost-savings of $329.3 and 

$294.2 million (in 2013$), respectively. Per person, we estimated 6.3 potential LYs saved related 

to those who developed CRC for both men and women, and healthcare cost-savings of $24,000 for 

men and $28,000 for women. Non-Hispanic whites and those aged 60–64 had the highest 

aggregate potential LYs saved and cost-savings. Achieving the HP2020 objective of reducing 

invasive CRC incidence by 15% by year 2020 would potentially save nearly 150,000 life-years and 

$624 million on healthcare costs.
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1. Introduction

Of cancers that affect both men and women, colorectal cancer (CRC) is the second leading 

cause of cancer-related deaths in the United States and the third most common cancer in 

men and in women (CDC, 2017a,b). The Healthy People 2020 (HP2020) agenda for 

improving the health of all Americans established the following objectives for colorectal 

cancer: 1) reduce the CRC death rate, 2) reduce the rate of invasive CRC, and 3) increase the 

proportion of adults who receive CRC screening based on current recommendations 

(HP2020, 2014).

A recent study from the Centers for Disease Control and Prevention (CDC) showed that 

while overall CRC test use increased from 2000 to 2015, the nation still had not reached the 

HP2020 target for increasing CRC screening (White et al., 2017). Weir and colleagues used 

mortality data from the CDC’s National Vital Statistics System (NVSS, 2016) to predict a 

reduction of 22.5% in CRC death rate from 2007 to 2020 and that the HP2020 target for 

reducing the CRC death rate would be met in 2013 (Weir et al., 2015). The target for the 

United States was met in 2014 (HP2020HP2014) and when examined by state, 30 states had 

achieved the HP2020 target to reduce invasive CRC incidence rates (Henley et al., 2017).

Given the mixed progress in meeting HP2020 CRC objectives for increasing CRC screening 

and reducing CRC death rates, we aim to focus on the HP2020 CRC objective of reducing 

the invasive CRC incidence rate from a baseline (year 2007) of 46.9/100,000 population to a 

target of 39.9/100,000 population in 2020 (HP2020HP2014), representing a 15% reduction 

over 10 years. We estimate the potential life-years (LYs) saved (health benefit) and lifetime 

healthcare cost-savings if this objective of reducing 15% of the invasive CRC incidence rate 

in 2007 were met by 2020. The purpose of this study is to provide federal, state, and local 

health policy-makers with potential quantifiable benefits that could occur if effective 

evidence-based interventions are implemented to achieve this objective. To our knowledge, 

this study is the first to quantify the health and economic benefits of achieving the HP2020 

CRC objective for reducing invasive CRC incidence rates.

2. Methods

2.1. Dataset for the estimation of the survival functions for CRC patients

We used the United States Cancer Statistics (USCS) data from the CDC’s National Program 

of Cancer Registries (NPCR) and the National Cancer Institute’s Surveillance, 

Epidemiology, and End Results (SEER) program, which together cover the cancer incidence 

for the entire U.S. population (CDC, 2016a,b; NCI, 2014). Both NPCR and SEER registries 

collect detailed patient information, including sex, race/ethnicity, year of diagnosis, age of 

diagnosis, cancer site, stage, survival months, histology, and vital status (CDC, 2016a,b; 

NCI, 2014). In 2014, the USCS provided data on survival for 62.8% of the U.S. population 
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(32 central cancer registries). From USCS, we identified a total of 886,380 patients who had 

been diagnosed with primary invasive CRC between 2001 and 2011, according to the 

International Classification of Disease for Oncology, 3rd Edition (ICD-O-3) site codes of 

C180–189, C209, and C260, with exclusion of patients with mesothelioma (histology codes 

of 9050–9055), kaposi sarcoma (9140), and lymphomas and leukemia (9590–9992). The 

CRC patients were followed through December 31, 2012 with a follow-up between 12 and 

144 months. Patients who had not died on this date were censored. The CRC patients were 

stratified by sex, race/ethnicity, and age.

2.2. Per-person potential LYs saved

For each group of the CRC patients, we used the Kaplan-Meier method to estimate a 

survival function for the 144 months following diagnosis (the longest follow-up with 

available data). We then extrapolated the survival function up to 600 months, using a semi-

parametric method (Hwang and Wang, 1999) (Fig. 1). 600 months was chosen, because 

these CRC patients’ survival probability approximates to zero at 600 months. The technical 

details for the extrapolation process has been described elsewhere (Chu et al., 2008; Fang et 

al., 2007; Hung et al., 2014; Liu et al., 2013). Briefly, this method used the data from the 

2001–2011 U.S. life tables of the general population (CDC, 2015) as a reference population. 

Using the same stratification as the stratification in CRC patients, we generated a survival 

function for each reference group corresponding to each group of the CRC patients. For each 

CRC-reference group, we fitted a linear regression to the logit transformed survival ratios 

(survival probabilities of the CRC group to those of the corresponding reference group) for 

the last 24 months of the 144 months of follow-up. Assuming a constant excess hazard 

(Andersson et al., 2013; Fang et al., 2007), we extrapolated the logit transformed survival 

ratios to 600 months and thus the survival function for each CRC group beyond the 144 

months to 600 months.

Based on the estimated survival functions for the CRC and the reference groups, we derived 

life expectancies (LEs) for each CRC group and the corresponding reference group. We then 

computed per-person potential LYs saved by subtracting LE for each reference group from 

that for the corresponding CRC group (Fig. 1).

2.3. Dataset for the estimation of the annual healthcare costs associated with CRC

We used data from the Medical Expenditure Panel Survey (MEPS) Household Component 

to estimate costs associated with CRC. The MEPS is a nationally representative survey that 

estimates healthcare use, expenditures, sources of payment, and insurance coverage for the 

U.S. civilian non-institutionalized population (AHRQ, 2015a). We pooled data from 2008 to 

2012, which comprised 177,054 people, including 587 individuals who reported that they 

were ever diagnosed with CRC. Annual healthcare expenditures in the MEPS are defined by 

the sum of the total annual healthcare costs paid via any type of payment (out-of-pocket, 

private insurance, Medicare, Medicaid, and other sources) for any service (ambulatory care, 

inpatient care, prescription medications, home health care, nursing home care, and other 

services) in a year (AHRQ, 2015a). We adjusted all costs to the 2013 price level using the 

Personal Health Care Expenditure Price Index (AHQR, 2015a,b).

Hung et al. Page 3

Prev Med. Author manuscript; available in PMC 2018 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.4. Per-person annual healthcare cost associated with CRC

We used a two-part model to estimate per-person annual healthcare cost associated with 

CRC, because the distribution of the cost data was right-skewed with 22% of the individuals 

with zero expenditure (Manning and Mullahy, 2001). In the first part, we used a logit model 

to predict the probability of any healthcare utilization; in the second part, we estimated 

utilization among those with positive expenditures using a generalized linear model with 

log-link and gamma-variance function. The covariates in this two-part model included CRC 

diagnosis (yes/no), sex, race/ethnicity, age, education, marital status, number of comorbid 

conditions, health insurance, and U.S. Census region. Based on the results, we predicted the 

average per-person annual healthcare costs associated with CRC for each of the sex, racial/

ethnic, and age groups.

2.5. Per-person lifetime healthcare cost-savings

For each group, we defined per-person lifetime cost-savings as the total cost saved, had a 

CRC patient not developed CRC. We used the following equation to calculate the mean per-

person lifetime cost-savings (E).

where t is time following CRC diagnosis, S(t) is the survival function for CRC patients 

(previously derived in Section 2.2), and C(t) is a smoothed function of healthcare cost 

associated with CRC in present value, based on the predicted annual healthcare costs 

associated with CRC (Section 2.4). Present values were calculated using an annual rate of 

3% (Gold et al., 1996) (Fig. 2).

2.6. Aggregate potential LYs saved and the corresponding healthcare cost-savings

We assumed that the HP2020 objective of a 15% reduction in the 2007 CRC incidence rate 

in 2020 is the same for each group. We computed the expected reduction in the number of 

CRC patients for each group by multiplying the 15% reduction in age-adjusted incidence 

rate in 2007 by the projected 2020 population for each group (USCB, 2012).

We calculated the aggregate potential LYs saved for each group by multiplying the expected 

reduction in the number of CRC patients by the potential per-person LYs saved. We 

calculated the aggregate healthcare cost-savings for each group by multiplying the expected 

reduction in the number of CRC patients by the estimated per-person lifetime cost-savings.

2.7. Statistical analysis

We adjusted for the complex sampling design in the MEPS following the analytic guidelines 

(AHRQ, 2014). We examined differences in per-person potential LYs saved and lifetime 

cost-savings between groups using a two-sided Z-test at the 0.05 level.

We used SAS 9.3 (SAS Institute Inc., Cary, NC) and STATA 13.1 (StataCorp LP, College 

Station, TX) for analyses. We estimated LE, per-person potential LYs saved, and per-person 
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lifetime cost-savings using the Integration of Survival with Quality of Life (iSQoL) 

statistical package (http://www.stat.sinica.edu.tw/isqol/).

All of the results are presented by men and women; non-Hispanic whites (NHW), non-

Hispanic blacks (NHB), and Hispanics; and age groups 50–54, 55–59, 60–64, 65–69, 70–74, 

75–79 and ≥80 years. The latter two age groups are not reported in the Results section (but 

are included in the tables), because regular CRC screening is not recommended for persons 

aged ≥75 years. We do not present groups whose incidence rates in 2007 were lower than the 

HP2020 target objective of 39.9/100,000 population (HP2020, 2014): American Indians or 

Alaska Natives, Asian/Pacific Islanders, and people aged < 50 years.

3. Results

3.1. Population characteristics

Table 1 presents the characteristics of CRC patients from NPCR/ SEER and the MEPS 

sample, stratified by sex, race/ethnicity, and age. For the 886,380 patients diagnosed with 

CRC between 2001 and 2011 (Table 1, upper panel), mean age at diagnosis was 66.7 years 

for men and 69.3 years for women; 69.2 years for NHW, 64.3 years for NHB, and 63.3 years 

for Hispanics. During follow-up, 402,501 (45.4%) patients died. Mean survival for patients 

who died was 24.5 months for men and 23.8 months for women; 24.6 months for NHW, 

21.5 months for NHB, and 23.4 months for Hispanics. Mean survival was 26.0, 25.3, 25.0, 

26.1, and 26.1 months for age group 50–54, 55–59, 60–64, 65–69, and 70–74, for patients 

who died during follow-up.

For the general population estimated from the 2008–2012 MEPS (Table 1, lower panel), 

mean age at survey of individuals with CRC was 70.0 years for men and 71.2 years for 

women; 70.8 years for NHW, 63.0 years for NHB, and 64.0 years for Hispanics. Mean 

annual healthcare costs were higher for men ($17,304) than women ($13,483) and for NHW 

($17,079) than Hispanics ($9551) and lowest for NHB ($7026). For age groups, mean 

annual healthcare costs ranged from $10,705 (age 50–54) to $21,042 (age 55–59).

3.2. Expected reduction in CRC patients, potential per-person LYs saved and aggregate 
potential LYs saved in the population

If the HP2020 objective of reducing invasive CRC incidence rate by 15% were met, we 

estimated a reduction of 13,473 cases in men and 10,348 cases in women between 2007 and 

2020 (Table 2); by race/ ethnicity, we estimated a reduction of 13,872 cases in NHW, 3515 

cases in NHB, and 3894 cases in Hispanics.

For each cancer averted, the estimated potential LYs saved for those who developed CRC 

was 6.3 years for both men and women; 6.1 years for NHW, 7.8 years for NHB, and 8.6 

years for Hispanics (p < 0.05). The estimated potential LYs saved ranged from 9.3 years for 

adults aged 50–54 years to 4.7 years for adults aged 70–74 years. The estimated aggregate 

potential LYs saved was 84,569 years for men and 64,924 years for women, i.e., ~150,000 

years for the entire population; 84,002 years for NHW, 27,260 years for NHB, and 33,380 

years for Hispanics (Table 2). The aggregate potential LYs saved ranged from 16,292 years 

for adults aged 50–54 years to 25,482 years for adults aged 60–64 years.

Hung et al. Page 5

Prev Med. Author manuscript; available in PMC 2018 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.stat.sinica.edu.tw/isqol/


3.3. Per-person lifetime healthcare cost-savings and aggregate healthcare cost-saving 
associated with CRC

The estimated lifetime cost-savings for each CRC case prevented were $24,000 (standard 

error, SE = $24) for men and $28,000 (SE = $30) for women (p < 0.05) (Table 3); $27,000 

for NHW (SE = $23), $23,000 (SE = $42) for NHB, and $26,000 (SE = $47) for Hispanics 

(p < 0.05). The estimated per-person lifetime cost-savings ranged from $28,000 for adults 

aged 70–74 years to $46,000 for adults aged 50–54 years. Aggregate healthcare cost-savings 

were $329.3 million for men and $294.2 million for women, i.e., ~$624 million for the 

entire population; $371.2 million for NHW, $80.8 million for NHB, and $102.5 million for 

Hispanics. Aggregate savings ranged from $79.8 million for age group 50–54 to $143.9 

million for age group 60–64.

4. Discussion

This study provides estimates of potential LYs saved and lifetime cost-savings at per-person 

and aggregate levels, if the HP2020 objective for a 15% reduction in invasive CRC incidence 

rates by year 2020 were met. We found that (1) per-person LYs saved was similar for men 

and women, but per-person lifetime cost-savings were higher for women than men; the 

aggregate LYs saved and aggregate cost-savings were larger for men than women; (2) per-

person LYs saved was the highest for Hispanics, followed by NHB and NHW, while per-

person lifetime cost-savings, aggregate LYs saved, and aggregate cost-savings were the 

highest for NHW, followed by Hispanics and NHB; (3) both per-person LYs saved and 

lifetime cost-savings decreased with age, while adults aged 60–64 years had the highest 

aggregate potential LY saved and aggregate lifetime costs-savings; and (4) overall achieving 

this objective would save ~150,000 LYs and $624 million on healthcare costs.

We note that the inconsistency between the per-person and the aggregate estimates when 

comparing between groups can be attributed to the expected reduction in the number of CRC 

cases for each group, resulting from the reduction in the incidence rate in 2007 and the 

projected 2020 population size for each group. When comparing LYs saved between men 

and women, the inconsistency (i.e., per-person potential LYs saved: men ≈ women, but 

aggregate potential LYs saved: men > women) results from the much higher incidence rate 

for men than women, dominating the effect of the larger size of the projected 2020 female 

population, and therefore a 15% reduction in the baseline incidence rate resulting in a much 

higher expected reduction in the number of CRC cases for men. When comparing potential 

LYs saved between racial/ethnic groups, the inconsistency (i.e., per-person potential LYs 

saved: Hispanic > NHB > NHW, while aggregate potential LYs saved: NHW > Hispanics > 

NHB) results from a much larger size of the projected 2020 NHW population than the 

higher incidence rate for NHB. The same rationale can be applied to the comparison 

between age groups and extended to explain the inconsistency in the per-person and the 

aggregate healthcare cost-savings between groups.

Similar to our study, Liu and colleagues found, using SEER registry data, that the expected 

years of life lost for CRC patients in comparison with the reference population was 6.5 

years. (Liu et al., 2013); in our study, the estimated potential LYs saved was 6.3 years for 

both men and women, if the incidence rates of CRC were reduced by 15%. Using the linked 
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SEER-Medicare dataset, 1996–2002, Lang et al. (2009) showed that excess CRC-related 

healthcare costs (defined as the difference in costs between CRC and the matched 

comparison patients, similar to our study) were $28,626 (in 2006$, $33,079 in 2013$) for 

patients aged ≥66 years (Lang et al., 2009), compared with $32,000 (age 65–69) and 

$28,000 (age 70–74) in our study. The higher cost in Lang et al. could potentially be 

attributed to different data sources and different methods for estimating cost in SEER-

Medicare and MEPS, and different methods computing lifetime costs.

As reported in this paper, achieving the HP2020 objective of reducing invasive CRC 

incidence by 15% by year 2020 would potentially save ~150,000 life-years and $624 million 

on healthcare costs. To achieve this objective may require implementing evidence-based 

single-or multi-component interventions recommended by the Community Preventive 

Services Task Force (Sabatino et al., 2012). These interventions such as client reminders, 

client incentives, one-on-one education, reducing out-of-pocket costs, reducing structural 

barriers, provider assessment and feedback, and provider incentive, have been found to be 

effective in increasing community demand, enhancing community access, and increasing 

provider delivery of recommended CRC screening services. The potential health benefits 

and substantial cost-savings reported in this paper can further encourage on-going efforts 

around implementing evidence-based interventions for CRC prevention and awareness that 

could aid in achieving the HP2020, or even HP2030 objective.

Furthermore, our results show that after reducing invasive CRC incidence rates by 15% for 

each group from 2007 to 2020, the aggregate potential LYs saved and cost-savings were 

highest among male, NHW, and age 60–64 population. These results can help inform 

adjustments to objectives to eliminate disparities between groups. For example, among the 

racial/ethnic groups, NHB had the highest baseline CRC incidence rate, followed by NHW 

and Hispanics (HP2020, 2014). Based on our results, a CRC prevention and control initiative 

targeting an additional 3–4% reduction (to the 15% reduction) for NHB would eliminate the 

gap in the aggregate LYs saved between NHB and Hispanics, and an additional 31–32% 

reduction would eliminate the gap between NHB and NHW.

CRC prevention and control initiatives include promoting healthy weight, physical activity, 

smoking cessation, reducing consumption of alcohol and red and processed meats, and 

increasing vitamin D intake (Moukayed and Grant, 2013; Mohr et al., 2015). These 

prevention activities are part of the CDC’s comprehensive cancer control program efforts to 

prevent CRC before it ever occurs (CDC, 2016a,b). CDC has also developed and 

implemented the Colorectal Cancer Control Program, which funds grantees in 23 states, 6 

universities and one tribe to promote population-wide CRC screening through the use of 

recommended evidence-based interventions described earlier. The program also strives to 

improve adherence to CRC screening and to assure timely and appropriate clinical 

preventive services and treatment (Henley et al., 2017; CDC, 2016a,b). Moreover, CDC has 

a long-running multimedia, multi-pronged national campaign to educate people about their 

CRC risks and to encourage age-eligible population to be screened (CDC, 2017a,b; 

Ekwueme et al., 2014). It is our belief that these CDC efforts will contribute to achieving the 

HP2020 CRC objective and the findings reported in this paper serve as approximations of 

the potential health benefits and cost-savings from these efforts.
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Our study has several strengths. First, stratified by sex, race/ethnicity, and age, our results 

provide data for cost-effectiveness analysis or budget impact analysis to evaluate CRC 

prevention programs at the subpopulation level. Second, the estimation of the survival curves 

is robust because the extrapolation beyond the follow-up is based on a validated method 

(Hwang and Wang, 1999). Last, our costs estimates were obtained from a nationally 

representative dataset, which covers a wide range of medical services and payers and 

includes survey participants at all ages.

Our study also has several limitations. As previously stated, we did not present groups 

whose 2007 incidence rates were lower than the HP2020 target objective of 39.9/100,000 

population. Such groups include American Indians or Alaska Natives, Asian/Pacific 

Islanders, and people aged < 50 years. However, some of the highest CRC incidence rates in 

the U.S. occur among American Indians or Alaska Natives populations in Alaska and the 

Northern and Southern Plains (Perdue et al., 2014). This study did not estimate the benefit of 

reducing CRC incidence in these populations. Our survival functions were estimated based 

on the existing data from 2001 to 2011. If recently developed treatment regimen which 

significantly improves survival outcomes for CRC patients is used as standard of care after 

2011, our estimates of LYs saved may be overestimated. However, lifetime healthcare cost-

savings can be either underestimated or overestimated, depending on how costly the new 

technology or treatment regimen will be. We assumed that annual cost associated with CRC 

was an average and therefore constant throughout their lifespan. However, CRC patients 

usually incur increased costs at later stages, which was not captured in our analyses. 

Nonetheless, this impact can be minimized by using average annual cost to compute the 

lifetime costs. Moreover, as aforementioned, our aggregate estimates are mainly driven by 

the assumption on a 15% reduction in the baseline CRC incidence rate for every group, 

which needs to be noted as a caveat when interpreting the aggregate estimates. Nonetheless, 

the percentage reduction can be changed based on the target aggregate LYs saved and 

lifetime cost-savings to implement CRC prevention and control programs and activities. Our 

analysis was also unable to capture the additional benefits of screening on early detection of 

CRC after 2011. Thus, we may have underestimated the health benefits and cost-savings. 

Last, we used relative survival rather than cause-specific survival to estimate life expectancy 

to avoid the potential bias from misclassification of CRC-specific cause of death and 

competing risks (Janssen-Heijnen et al., 2010; Nelson, 2017; Sarfati et al., 2010). However, 

we also recognize that using relative survival has its own bias, e.g., requiring detailed life 

tables of the comparison group (Hu et al., 2013), which does not apply to our study.

5. Conclusion

Reducing CRC incidence by 15% from 2007 to 2020 could have significant benefits for the 

nation in terms of potential LYs saved (~150,000 years) and lifetime healthcare cost-savings 

(~$624 million). Our results provide quantitative measures of the health and financial 

benefits of meeting the HP2020 objective for CRC incidence. This study framework can be 

used to assess future progress in improving health and economic outcomes of CRC.

Hung et al. Page 8

Prev Med. Author manuscript; available in PMC 2018 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

Funding source

S-H. Chang is supported by the Agency for Healthcare Research and Quality Grant K01 HS022330, the Foundation 
for Barnes-Jewish Hospital, and the National Institutes of Health Grant U54 CA155496 and Grant R21 DK110530. 
The funding sources played no role whatsoever in design, planning, conducting, analyzing and interpreting the 
results, nor in the final draft and presentation of the data.

References

Agency for Healthcare Research and Quality (AHRQ). MEPS-HC Sample Design and Collection 
Process. 2014. Available at: https://meps.ahrq.gov/mepsweb/survey_comp/hc_data_collection.jsp

Agency for Healthcare Research and Quality (AHRQ). Medical Expenditure Panel Survey Data 
Collection Results: Personal Health Care Expenditure Price Index. 2015a. Available at: https://
meps.ahrq.gov/about_meps/Price_Index.shtml

Agency for Healthcare Research and Quality (AHRQ). Medical Expenditure Panel Survey (MEPS). 
Agency for Healthcare Research and Quality; Rockville, MD: 2015b. Content last reviewed April 
2015Available at: http://www.ahrq.gov/research/data/meps/index.html

Andersson TML, Dickman PW, Eloranda S, Lambe M, Lambert PC. Estimating the loss in expectation 
of life due to cancer using flexible parametric survival models. Stat Med. 2013; 32:5286–5300. 
[PubMed: 24038155] 

Center for Disease Control and Prevention (CDC). National Program of Cancer Registries. 2016a. 
Available at: https://www.cdc.gov/cancer/npcr/

Center for Disease Control and Prevention (CDC). Colorectal (Colon) Cancer. 2016b. Available at: 
https://www.cdc.gov/cancer/colorectal/index.htm

Center for Disease Control and Prevention (CDC). Colorectal Cancer Statistics. 2017a. Available at: 
https://www.cdc.gov/cancer/colorectal/statistics/index.htm

Center for disease control and prevention (CDC). Screen for Life: National Colorectal Cancer Action 
Campaign. 2017b. Available at: https://www.cdc.gov/cancer/colorectal/sfl/index.htm

Center for Disease Control and Prevention of U.S. (CDC). Life Table. 2015. Available at: https://
www.cdc.gov/nchs/products/life_tables.htm

Chu PC, Wang JD, Hwang JS, Chang YY. Estimation of life expectancy and the expected years of life 
lost in patients with major cancers: extrapolation of survival curves under high-censored rates. 
Value Health. 2008; 11:1102–1109. [PubMed: 18489497] 

Ekwueme DU, Howard DH, Gelb CA, Rim SH, Cooper CP. Analysis of the benefits and costs of a 
national campaign to promote colorectal cancer screening: CDC’s Screen for Life—National 
Colorectal Cancer Action Campaign. Health Promot Pract. 2014; 15:750–758. [PubMed: 
24505055] 

Fang CT, Chang YY, Hsu HM. Life expectancy of patients with newly-diagnosed HIV infection in the 
era of highly active antiretroviral therapy. QJM. 2007; 100:97–105. [PubMed: 17277317] 

Gold, MR.Siegel, JE.Russell, LB., Weinstein, MC., editors. Cost-effectiveness in health and medicine. 
Oxford University Press; New York, NY: 1996. 

Healthy People 2020 (HP). Reducing Invasive Colorectal Cancer. 2014. Available at: https://
www.healthypeople.gov/node/4075/data_details#revision_history_header

Henley SJ, Singh SD, King J, Wilson RJ, O’Neil ME, Ryerson AB. Invasive cancer incidence and 
survival — United States, 2013. MMWR Morb Mortal Wkly Rep. 2017; 66:69–75. [PubMed: 
28125576] 

Hu CY, Xing Y, Cormier JN, Chang GJ. Assessing the utility of cancer-registry-processed cause of 
death in calculating cancer-specific survival. Cancer. 2013; 119:1900–1907. [PubMed: 23408226] 

Hung MC, Liu MT, Cheng YM, Wang JD. Estimation of savings of life-years and cost from early 
detection of cervical cancer: a follow-up study using nationwide databases for the period 2002–
2009. BMC Cancer. 2014; 14:505. [PubMed: 25011933] 

Hung et al. Page 9

Prev Med. Author manuscript; available in PMC 2018 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://meps.ahrq.gov/mepsweb/survey_comp/hc_data_collection.jsp
https://meps.ahrq.gov/about_meps/Price_Index.shtml
https://meps.ahrq.gov/about_meps/Price_Index.shtml
http://www.ahrq.gov/research/data/meps/index.html
https://www.cdc.gov/cancer/npcr/
https://www.cdc.gov/cancer/colorectal/index.htm
https://www.cdc.gov/cancer/colorectal/statistics/index.htm
https://www.cdc.gov/cancer/colorectal/sfl/index.htm
https://www.cdc.gov/nchs/products/life_tables.htm
https://www.cdc.gov/nchs/products/life_tables.htm
https://www.healthypeople.gov/node/4075/data_details#revision_history_header
https://www.healthypeople.gov/node/4075/data_details#revision_history_header


Hwang JS, Wang JD. Monte Carlo estimation of extrapolation of quality-adjusted survival for follow-
up studies. Stat Med. 1999; 18:1627–1640. [PubMed: 10407234] 

Janssen-Heijnen ML, Szerencsi K, van de Schans SA, Maas HA, Widdershoven JW, Coebergh JW. 
Cancer patients with cardiovascular disease have survival rates comparable to cancer patients 
within the age-cohort of 10 years older without cardiovascular morbidity. Crit Rev Oncol Hematol. 
2010; 76:196–207. [PubMed: 20036574] 

Lang K, Lines LM, Lee DW, Korn JR, Earle CC, Menzin J. Lifetime and treatment-phase costs 
associated with colorectal cancer: evidence from SEER-Medicare data. Clin Gastroenterol 
Hepatol. 2009; 7:198–204. [PubMed: 18849013] 

Liu PH, Wang JD, Keating NL. Expected years of life lost for six potentially preventable cancers in the 
United States. Prev Med. 2013; 56:309–313. [PubMed: 23428566] 

Manning WG, Mullahy J. Estimating log models: to transform or not to transform? J Health Econ. 
2001; 20:461–469. [PubMed: 11469231] 

Mohr SB, Gorham ED, Kim J, Hofflich H, Cuomo RE, Garland CF. Could vitamin D sufficiency 
improve the survival of colorectal cancer patients? J Steroid Biochem Mol Biol. 2015; 148:239–
244. [PubMed: 25533386] 

Moukayed M, Grant WB. Molecular, link between vitamin D and cancer prevention. Nutrients. 2013; 
5:3993–4023. [PubMed: 24084056] 

National Cancer Institute (NCI). Surveillance, Epidemiology, and End Results. 2014. Available at: 
https://seer.cancer.gov/

National Vital Statistics System (NVSS). Center for Disease Control and Prevention; 2016. https://
www.cdc.gov/nchs/nvss/

Nelson, R. Cardiovascular Disease Most Common Cause of Death in CRC Survivors. Society of 
Surgical Oncology Annual Meeting; 2017. 

Perdue DG, Haverkamp D, Perkins C, Daley CM, Provost E. Geographic variation in colorectal cancer 
incidence and mortality, age of onset, and stage at diagnosis among American Indian and Alaska 
Native people, 1990–2009. Am J Public Health. 2014; 104(Suppl 3):S404–S414. [PubMed: 
24754657] 

Sabatino SA, Lawrence B, Elder R, et al. Community Preventive Services Task Force. Effectiveness of 
interventions to increase screening for breast, cervical, and colorectal cancers: nine updated 
systematic reviews for the Guide to Community Preventive Services. Am J Prev Med. 2012; 
43:765–786.

Sarfati D, Blakely T, Pearce N. Measuring cancer survival in populations: relative survival vs cancer-
specific survival. Int J Epidemiol. 2010; 39:598–610. [PubMed: 20142331] 

United States Census Bureau (USCB). National Population Projections. 2012. Available at: https://
www.census.gov/population/projections/data/national/2012.html

Weir HK, Thompson TD, Soman A, Møller B, Leadbetter S, White MC. Meeting the Healthy People 
2020 objectives to reduce cancer mortality. Prev Chronic Dis. 2015; 12:140482.

White A, Thompson TD, White MC, et al. Cancer screening test use — United States, 2015. MMWR 
Morb Mortal Wkly Rep. 2017; 3(66):201–206.

Hung et al. Page 10

Prev Med. Author manuscript; available in PMC 2018 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://seer.cancer.gov/
https://www.cdc.gov/nchs/nvss/
https://www.cdc.gov/nchs/nvss/
https://www.census.gov/population/projections/data/national/2012.html
https://www.census.gov/population/projections/data/national/2012.html


Fig. 1. 
A graphical illustration of per-person potential life years saved.

Dashed curve: survival function for a colorectal cancer (CRC) patient cohort.

Solid curve: survival function for the corresponding reference group.

Shaded area: the difference in life expectancies between a CRC group and the corresponding 

reference group.
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Fig. 2. 
A graphical illustration of per-person lifetime healthcare cost-savings.

Dotted curve: smoothed function of healthcare cost associated with colorectal cancer (CRC) 

in present value.

Dashed curve: survival function for a CRC group.

Solid curve: expected cost in present value.

Shaded area: per-person lifetime health care cost savings.
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Table 3

Per-person lifetime cost-savings and aggregate cost-savings if the Healthy People (HP) 2020 target of reducing 

invasive colorectal cancer (CRC) by 15% for each group were achieved.a

Per-person lifetime cost- savingsb (2013$) (SE) Aggregate lifetime cost-savingsc (million, 2013$)

Total – 623.5

Sex*

 Male 24,000 (24) 329.3

 Female 28,000 (30) 294.2

Race/ethnicity*

 Non-Hispanic White 27,000 (23) 371.1

 Non-Hispanic Black 23,000 (42) 80.8

 Hispanic 26,000 (47) 102.5

Age group (years)*

 50–54 46,000 (68) 79.8

 55–59 45,000 (70) 111.5

 60–64 43,000 (68) 143.9

 65–69 32,000 (59) 142.7

 70–74 28,000 (53) 129.7

 75–79 22,000 (53) 88.9

 80+ 15,000 (30) 100.0

SE, standard error.

a
All healthcare costs were adjusted to 2013 dollars using the Personal Health Care Expenditure Price Index. CRC status, age, sex, race, education, 

marital status, number of comorbid conditions, health insurance, and census region were controlled for in the two-part model.

b
See Section 2.5 for the calculation of per-person lifetime cost-savings.

c
Aggregate cost-savings were calculated by multiplying the estimated reduction in the number of CRC patients with per-person lifetime cost-

savings.

*
p < 0.05 comparing statistically significant difference in per-person lifetime cost savings among sex, race/ethnicities and age groups.
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