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INTRODUCTION 

 

With the advances in treatment and early diagnosis, the number of cancer survivors are 

continually increasing, and this has raised the issue of second primary cancers (SPC) in 

cancer survivors.1-4 One study in Korea showed that the age-standardized incidence rate 

was 2.3 times higher for an SPC than for a first cancer, and the age-standardized incidence 

rate was about 4 times higher for second than for first primary colorectal cancers (CRC).5 

Colorectal cancer screening are well established to reduces the cancer-related mortality 

through detection of malignancy at an earlier stage as well as by identification and removal 

of pre-cancerous adenomatous polyp.6 Therefore, several panel have recommended 

colorectal cancer screening for the general population with the cost-effectiveness (CE) of 

CRC screening for the general population.6-12  

Due to the difference of life expectancy and the risk of CRC between cancer survivors and 

general population, colorectal cancer screening guidelines could be different in cancer 

survivors. To suggest a feasible economic strategy of CRC screening for cancer survivors in 

Korea, we compared the cost-effectiveness results of CRC screening between in cancer 

survivors and in the average-risk general population.  

 

. 
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METHODS 

The natural history of a simulated male cancer survivors’ cohort was modeled with and 

without second primary colorectal cancer screening until age of 75 years. We assumed that 

all male cancer survivors enter at age 50, which most guidelines for the general population 

recommended for starting colorectal cancer screening.10-12  

We developed a Markov model using TreeagePro 2007 software, to compare 8 different 

screening strategies as follows: 1) no screening, 2) fecal occult blood test (FOBT) annually 

(FOBT1), 3) FOBT every two years (FOBT2), 4) sigmoidoscopy every 5 years (SIG5), 5) 

double contrast barium enema every 5 years (DCBE5), 6) colonoscopy every 10 years 

(COL10), 7) colonoscopy every 5 years (COL5), and 8) colonoscopy every 3 years (COL3). 

 Subjects were placed into health states defined by the presence or absence of a colorectal 

polyp or second primary colorectal cancer (early or advanced) after 1 year of the index 

cancer diagnosis. Cases of positive screening test results were worked up with a 

colonoscopy, and individuals diagnosed with polyp underwent polypectomy. The probability 

of perforation was assigned to colonoscopy, sigmoidoscopy, double contrast barium enema 

and polypectomy.8,13,14 Mortality caused by the risk of perforation was assumed to be 

0.02%.9,14 Colonoscopy was repeated every 3 years for surveillance after polypectomy.15 We 

assumed that 80% of male cancer survivors underwent the initial screening test, 

independent of whether they were compliant with past tests. The compliance of follow-up or 

surveillance colonoscopy was assumed to be 100%. We also assumed that 90% of 
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colorectal cancer develop from polyps,15,16 and the latent period between early stage and 

advanced stage was assumed to be 2 years.9 The Relative risk of colorectal cancer in 

Korean male cancer survivor was assumed to be 4 times higher than that in the general 

population.5 Age-specific transition probabilities and prevalence were calculated between 

normal, polyp, and CRC to yield incidence rate of polyp and CRC derived from previous 

literatures and Korea Central Cancer Registry.7,18-20 Age-specific mortality from index cancer 

and other causes were estimated based on the above source combined with statistics 

published by the National Center for Health Statistics 21 and Korea Central Cancer Registry.17 

As there have been few studies on mortality from second primary colorectal cancer, we 

calculated the additional yearly probability of dying from a second primary colorectal cancer 

based on the stage from previous studies of colorectal cancer as first index cancer.17,22,23  

 We obtained the data on the costs of CRC treatment by stage and time period from the 

National Health Insurance Corporation (social insurer of the NHI with a universal coverage of 

population).24 Costs of screening test were obtained from the fee schedule of the National 

Health Insurance Corporation (the NHI of Korea has a fee schedule applied to all insured 

services).25 Costs were expressed in US dollars and the exchange rate is 955 Korean Won 

for one US dollar in 2006.26As the indirect cost of cancer screening are not established in 

Korea, we can include only direct medical costs.  

 

Our main outcome measures were discounted lifetime costs, life expectancy, incremental 
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cost-effectiveness (CE) ratio, which were compared for different CRC screening strategies. 

Incremental cost-effectiveness analysis was performed by ranking the sixteen strategies in 

the order of increasing effectiveness. After eliminating strategies that were more or equally 

costly and less effective than a competing strategy (i.e., ruled out by simple dominance), we 

calculated the incremental CE ratio for each strategy (additional cost divided by life-year 

saved) compared with the next least expensive strategy. Future costs and life-years were 

discounted at an annual rate of 3%. We compared the result from male cancer survivors with 

that from general male population.  

Sensitivity analyses were to assess the stability of the results of plausible range of several 

parameters such as prevalence of colorectal polyps at age 50, 5-year survival rates of 

second primary colorectal cancer, complication of screening test or polypectomy and et al 

(Table 1)
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 RESULTS 

Base Case 

In the base-case analysis at 80% screening compliance, all screening strategies extended 

life expectancy both in male cancer survivors and general population (Table 2). The 

strategies which were not ruled out by simple dominance nor extended dominance (non-

dominated strategies) in general population were COL10, COL5, and COL3, while those in 

cancer survivors were COL5, and COL3. The incremental CE ratio for COL3 in cancer 

survivors was $5,593 per life-year saved. In cancer survivors, the lifetime total cost per 

person associated ‘FOBT annually’ was larger than that associated with no screening, while 

COL5 and COL3 were less costly than no screening. 

 

 Sensitivity Analyses  

 Figure 1 shows the results of one-way sensitivity analyses on cost-effectiveness from the 

perspective of COL3 versus COL5 in male cancer survivors. In most cases, COL5 and COL3 

are non-dominated strategies, and the incremental CE ratio of COL3 was ranged between 

$1,480 and $9,192. 
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IV. Discussion 

We constructed a computer simulation to suggest economic strategies of CRC screening for 

cancer survivors in Korea, and compared the cost-effectiveness results of CRC cancer 

screening between in cancer survivors and in the average-risk general population. As all 

non-dominated strategies were those using colonoscopy in both cancer survivors and 

general population, more strict and frequent recommendation of colonoscopy such as COL5 

and COL3 could be considered as economic strategies for male cancer survivors. 

When we compared 8 strategies for second primary CRC screening in male cancer 

survivors, COL5 and COL3 were not ruled out by either simple or extended dominance. The 

incremental CE ratio for COL3 was less than $6,000 per life-year saved in a base line 

analysis, and did not exceed $10,000 per life-year saved in one-way sensitivity analyses.  

Until now, there is no explicit threshold of cost-effectiveness below which policy makers will 

consider to accept the strategy. In the US, a figure of US $50,000 per Quality Adjusted Life-

Year (QALY) has frequently been quoted for many tears as being cost-effective.43 The World 

Health Report 2002 suggested that interventions costing less than three times Gross 

Domestic Product (GDP) per capita for each Disability Adjusted Life-Year (DALY) averted 

represented good value for money,44 which is usually well in excess of $50,000 per QALY in 

many high-income countries.43 As our primary outcomes are not QALY or DALY, direct 

comparison might be difficult. The GDP per capita of Korea was more than $20,000 in 2006. 
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When we approximately applied these cost-effectiveness thresholds, in most cases, COL5 

and COL3 could be considered as a cost-effective method for CRC screening for Korean 

male cancer survivors, regardless of the index cancer.  

 

Interestingly, in our study of Korea, COL10, COL5 and COL3 has lower total medical cost 

than the case of no screening in male cancer survivors. In other countries, screening for 

CRC usually leads to more costly than no screening. Cost estimates for the medical care of 

CRC treatment in US range from $25,000 to $70,000 and the cost of COL is about $1,000.9,16 

However, in Korea, the cost estimate of CRC treatment in the first year ranges from $7,000 

to $14,000 while the cost of COL was about $60.24,25 The ratio of treatment cost to COL cost 

ranges from 25:1 to 70:1 in the US and 120:1 to 230:1 in Korea. Due to the difference in cost 

structures, the screening with colonoscopy might be more cost-effective in Korea than in 

other countries.  

One of major barriers to promote colonoscopy as a primary CRC screening tool is the lack 

of manpower to deliver colonoscopy to the public in Korea. In the resource limited setting, it 

is important to identify the more vulnerable population who has the more potential to get 

benefits. Our study suggests that cancer survivors who are at increased risk for second 

colorectal cancers have a favorable result of cost-effectiveness of CRC screening than 

general population  
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Our analysis has several limitations. First, we tried to reduce the complex natural history of 

colorectal cancer to a few essential states and to avoid assumptions on treatments for which 

little or no published data existed. Second, we used several data from general population, 

such as prevalence of colorectal polyp by age, polyp recurrence rate, and treatment cost of 

second CRC, if there were no published data available in cancer survivors. However, the 

cost-effectiveness results were usually insensitive to plausible range of these uncertain 

parameters. Third, we calculated only the direct costs and did not take into account the 

impact of CRC and screening on indirect costs.  

 

In conclusion, our study showed that COL3 or COL5 might be suggested as primary strategy 

of second CRC screening for male cancer survivors in Korea. This study will have the 

implication to support the evidence and rationale of second primary CRC screening in male 

cancer survivors.  
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Table 1. Summary of Assumption 

   Parameter Base Case Value  
(Range) 

Reference 

 Sensitivity of FOBT for colorectal polyps / cancer 0.1/0.5 27-30 

 Sensitivity of colonoscopy for colorectal polyps / cancer 0.9/0.95 6,31,32 

 Sensitivity of double contrast barium enema for colorectal polyps / cancer 0.5/0.8 6,33,34 

 Sensitivity of sigmoidoscopy for colorectal polyps / cancer 0.46/0.52 31,32,35 

 Specificity of FOBT 0.9 28-30 

 Specificity of colonoscopy 1.0 6,31,32 

 Specificity of double contrast barium enema 0.9 6,33,34 

Sensitivity & 
specificity of 

colorectal 
screening tests 

  

 Specificity of sigmoidoscopy 0.95 6,31,32 

 Prevalence of polyps at age 50 0.20 (0.1-0.4) 14,35 

 Annual polyp incidence rate in cancer survivors Age specific 14,35, † 

 Percent of cancers originating as polyps 90% 37,38 

 Relative risk of colorectal cancer in cancer survivor compared with the 
general population 

4  5 

 Age specific incidence rate of colorectal cancer without polypoid 
precursors in cancer survivors 

Age specific 5,39,40, † 

 Age specific incidence rate of colorectal cancer with polypoid precursors in 
cancer survivors 

Age specific 5,39,40, † 

 Dwelling time of colorectal cancer in early stages 2 years 29,41 

 Percent of colorectal cancers detected in early stages with no screening 5% (2%-10%) 23 

 Five-year all cause survival for early 2nd primary colorectal cancer 90% (80%-95%) 18,22,23 

Natural history 
of colorectal 
polyp/cancer 

sequence 
  

 Five-year all cause survival for advanced 2nd primary colorectal cancer 60% (40%-70%) 18,22,23 

 Five-year survival for index cancer 40% (20%-80%) 18 

 Age specific mortality except the index cancer  Age specific 21 

 Age of cancer survivors for starting colorectal cancer screening, year 50 (40-60) 10-12 

Natural history 
of cancer 
survivors 

 Compliance of 2nd colorectal cancer screening 80% (60%-100%)  

 Rate of perforation of colon in colonoscopy 0.2%  
(0.1%-0.3%) 

13,14,42 

 Rate of perforation of colon in polypectomy 0.4%  
(0.2%-0.5%) 

13,14,42 

 Rate of perforation from sigmoidoscopy 0.01%  
(0.005%-0.05%) 

13,14,42 

 Rate of perforation from double contrast barium enema 0.005%  
(0.001%-0.01%) 

42 

Complications 
and 

unintended 
consequences 

  

 Death rate due to perforated colon 0.2% (0.1%-5%) 19,39,42 

 Sigmoidoscopy  31.3 25 

 Colonoscopy 61.7 25 

 Double contrast barium enema 68.5 25 

 FOBT 2.7 25 

 Polypectomy, biopsy and pathologic exam 189.0 25 

 Treatment of early cancer for first year 7330 (5860-8800) 7,25 

 Treatment of advanced cancer for first year 14660 (10050-15080) 7,25 

 Treatment of cancer after first year 2094 (1670-2510) 7,25 

Cost to repair the endoscopic perforation 
3141 (2510-3770) 

7   

 Cost 
 (dollar*) & 

discount rate 
 

 

Discount rate  0.03 (0 -0.05)  

* Exchange rate : 955 Korean Won for one US dollar in 2006 

   † Estimated by calibration to national data on colorectal polyp and cancer incidence 
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Table 2. Cost-effectiveness of Colorectal Screening Strategies Among Male Cancer 

Survivors and General Population in Korea (80% Compliance) 

 

Male General Population   Male Cancer Survivors 

 
Strategy 

(Abbreviation) 

Lifetime 

Cost per 

Person, 

dollar* 

Life 

Expectancy, 

Year 

Incremental 

C/E†, dollar* 

per Life-year 

Gained 

 

Strategy 
(Abbreviation) 

Lifetime 

Cost per 

Person, 

dollar* 

Life 

Expectancy, 

Year 

Incremental 

C/E†, dollar* 

per Life-year 

Gained 

COL every 10 y 437.3 17.2599 … 
 

COL every 5 y 463.5 7.5719  

No screening 448.0 17.2430 …  COL every 10 y  480.1 7.5675 … 

COL every 5 y 478.3 17.2627 14456.8  COL every 3 y 480.2 7.5749 5592.9 

DCBE every 5 y 542.3 17.2561 …  DCBE every 5 y 563.4 7.5619 … 

SIG every 5 y 542.4 17.2550 … 
 

SIG every 5 y 571.8 7.5602 … 

COL every 3 y 554.4 17.2647 38876.8
 

No screening 632.2 7.5441 … 

FOBT every 2 y 810.0 17.2523 …  
FOBT every 2 y 735.2 7.5568 … 

FOBT every 1 y 1130.9 17.2573 …  
FOBT every 1 y 842.3 7.5637 … 

COL, colonoscopy ; SIG, sigmoidoscopy ; DCBE, double contrast barium enema ; FOBT, fecal occult blood test  

Ellipse indicate no data (incremental CR ratios not calculated for these strategies because they were dominated)  
* Exchange rate, 955 Korean Won for one US dollar in 2006.  

† Incremental CE ratio (dollar/year) = Incremental cost per person/ Incremental years of life gained  
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Figure 1. Sensitivity Analyses on Cost-Effectiveness from the Perspective of Colonoscopy 

Every 3 years versus Colonoscopy Every 5 years in Male Cancer Survivors 

Incremental Cost-Effectiveness Ratio ( $/Life-Year Gained )

  0         1,000      2,000      3,000      4,000      5,000      6,000      7,000      8,000      9,000     10,000

 

Discount rate  
(0-0.05) 

 

Prevalence of polyps at age 50  
(0.01-0.04) 

 

Percent of colorectal cancers detected in 
early stages with no screening (2%-10%) 

 

Five-year all cause survival for early 
colorectal cancer (80%-95%) 

 

Five-year all cause survival for advanced 
colorectal cancer (40%-70%) 

 

Rate of perforation of colon in colonoscopy 
(0.1%-0.3%) 

 

Rate of perforation of colon in polypectomy 
(0.2%-0.5%) 

 
Death Rate due to perforation 

(0.1%-0.5%) 

 

Medical expenditure of early colorectal 
cancer in first year ($3,670 - $7,330) 

 

Medical expenditure of advanced colorectal 
cancer in first year ($7,370 - $17,590) 

 

Medical expenditure of colorectal cancer 
after first year ($1,050 - $3,140) 

 

Medical expenditure to repair the endoscopic 
perforation ($1,570 - $4,710) 
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