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Abstract

Objective—To determine the lifetime and phase-specific cost of anal cancer management and the 

economic burden of anal cancer care in elderly (≥66 years) patients in the United States.

Methods—For this study, we used Surveillance Epidemiology and End Results-Medicare linked 

database (1992–2009). We matched newly diagnosed anal cancer patients (by age and sex) to non-

cancer controls. We estimated survival time from the date of diagnosis until death. Lifetime and 

average annual cost by stage and age at diagnosis were estimated by combining survival data with 

Medicare claims. The average lifetime cost, proportion of patients who were elderly, and the 

number of incident cases were used to estimate the economic burden.

Results—The average lifetime cost for patients with anal cancer was US$50,150 (N=2,227) 

(2014 US dollars). The average annual cost in men and women was US$8,025 and US$5,124, 

respectively. The overall survival after the diagnosis of cancer was 8.42 years. As the age and stage 

at diagnosis increased, so did the cost of cancer-related care. The anal cancer-related lifetime 

economic burden in Medicare patients in the US was US$112 million.

Conclusion—Although the prevalence of anal cancer among the elderly in the United States is 

small, its economic burden is considerable.

Address correspondence and request for reprints to: Scott B. Cantor, Ph.D., Department of Health Services Research – Unit 1444, The 
University of Texas MD Anderson Cancer Center, P. O. Box 301402, Houston, TX 77230-1402, Phone: (713) 563-0020, FAX: (713) 
563-0059, sbcantor@mdanderson.org. 

HHS Public Access
Author manuscript
Am J Clin Oncol. Author manuscript; available in PMC 2019 February 01.

Published in final edited form as:
Am J Clin Oncol. 2018 February ; 41(2): 121–127. doi:10.1097/COC.0000000000000238.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Cost analysis; anal cancer; SEER-Medicare; lifetime cost

Introduction

The estimated number of people who will be diagnosed with and die from anal cancer in the 

United States in 2014 is 7,210 and 950, respectively.1–3 Data from the Surveillance 

Epidemiology and End Results (SEER) program show that the incidence of anal cancer 

rapidly increased from 1973 to 2009 from 1.2 to 2.8 cases per 100,000.4

Cost is an important consideration when seeking cancer care that accounts for approximately 

6% of the total healthcare expenditures in the United States.5 In health services research, 

cost information is required for economic evaluation studies, burden of disease studies, and 

budget impact analyses. The current available estimates of the cost of anal cancer treatment 

and the economic burden of anal cancer in the United States6 were approximated from a 

2003 Canadian costing study,7 and these estimates are now outdated. The direct medical care 

costs and economic burden of anal cancer using US-based data have never been estimated.

In the present study, we estimated the total and disease-specific per-patient lifetime costs as 

well as the economic burden of anal cancer management in the United States using a phase-

based model of cancer care for elderly patients. The SEER-Medicare data were used to 

create descriptive cost profiles corresponding to the episode of care during anal cancer 

treatment. The costs were estimated by patients’ disease stage and age at diagnosis. The 

costs were characterized by age and disease stage because treatment guidelines and the 

aggressiveness of treatment and screening are age and disease stage dependent.

Material and Methods

Overview

We estimated the average lifetime and phase-specific costs and economic burden of anal 

cancer treatment and surveillance using a methodology similar to that applied in prior cancer 

studies.8,9 We first estimated survival time for patients with anal cancer from the date of 

diagnosis until their death or the end of the follow-up period, which was defined as the end 

of Medicare claims. We then divided the period of time after the initial diagnosis of anal 

cancer into the following phases of treatment: (1) initial care, (2) continuation care, and (3) 

terminal care. Anal cancer-related costs were estimated using age- and sex-matched controls 

who were assigned the same index date (i.e., both cases and controls were monitored from 

the date of cancer detection until their death or the end of Medicare claims). The average 

lifetime cost, the proportion of the patients who were 66 years or older from the SEER 

statistics, and the number of incident cases as determined from American Cancer Society 

data were used to estimate the lifetime economic burden associated with anal cancer in 

patients ≥66 years and older in the United States.
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Patient population

We used the SEER-Medicare data to obtain information on survival and Medicare payments 

for the patients diagnosed with stage I–IV anal cancer from 1992 to 2009. The 15 SEER 

registries collect detailed information about cancer incidence and survival in defined 

geographic areas, including clinical, demographic, and cause-of-death data for persons with 

cancer. Of the US population, 25% is included in the SEER registries. The SEER program 

selects high-quality cancer registries that represent diverse geographic areas across the 

United States.

Medicare data are longitudinal and include claims for all covered fee-for-service health care 

from the time of eligibility until death. The Medicare data are divided across 8 files and 

contain claims data for hospitalization, physician care, home health, hospice, etc. All 

Medicare claims contain information about dates of service, procedures, and diagnoses. 

Diagnoses are coded using International Classification of Diseases-9th revision diagnosis 

codes. Procedures are coded using International Classification of Diseases-9th revision 

procedure codes, Current Procedural Terminology/Healthcare Common Procedure Coding 

System codes, and Revenue Center codes. The details of the SEER-Medicare database are 

provided elsewhere.10

To be included in the study, patients must have been 66 years or older and enrolled in 

Medicare at the time of diagnosis, must have had continuous Parts A and B coverage during 

the entire observation period, and must have had histologically confirmed anal cancer. 

Patients were excluded if they were enrolled in Medicare managed care, if they were 

diagnosed only at death, or if the month of their diagnosis was unknown.

The American Joint Committee on Cancer classification of malignant tumors (i.e., tumor, 

node, metastasis staging) was not available for the patients diagnosed between 1992 and 

2004. A stage variable for those patients was created using the information on the size of the 

primary tumor, extent of spread to nearby lymph nodes, and tumor metastasis to other organs 

of the body (Please refer to the Supplementary Appendix 1).

The patient identification algorithm is presented in Supplementary Appendix 2.

Length of treatment phases and survival analysis

The major portions of cancer treatment costs are incurred in the initial phase when the 

disease is diagnosed and in the terminal phase when the physicians extend their efforts to 

improve the patient’s quality of life.

We examined three treatment phases—initial, continuation, and terminal care—as well as 

the entire longitudinal profile of each patient from the date of diagnosis to death. The initial 

phase of care included the primary course of therapy and any adjuvant therapy within the 

first 6 months of diagnosis. These services usually included surgery, radiation therapy, and 

chemoradiotherapy. The continuation phase included surveillance activities for detecting 

recurrence and new primary cancers. The complications deriving from the initial course of 

therapy after 6 months were included in the continuation phase. The continuation care phase 

started after the first 6 months of primary treatment for anal cancer and ended 1 year before 
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death. The terminal care phase was defined as the last 12 months of life. For patients 

surviving less than 18 months, the final 12 months of follow-up were allocated to the 

terminal phase, and the preceding months were designated as the initial phase. Thus, the cost 

profile was allocated depending upon survival:

1. Survival longer than 18 months: first 6 months after diagnosis, initial phase; last 

12 months before death, terminal phase; and the time between the initial and 

terminal phases, continuation phase.

2. Survival between 12 and 18 months: last 12 months of life, terminal phase; 

preceding months, initial phase.

3. Survival less than 12 months: all months were characterized as terminal phase.

For the patients diagnosed with stage I, II, or III disease who were still alive at the end of the 

study period, we assumed that their survival was comparable to that of the US general 

population. Age- and sex-specific data from the US life table11 were used to estimate these 

patients’ survival. For patients diagnosed with stage IV disease who were alive at the end of 

the study, we used a parametric regression model12 to estimate the median survival time 

since the life table method was not deemed appropriate to estimate the life expectancy of 

these patients, as their survival probability is much lower than that of the US general 

population. The model assumed that the survival time follows the Weibull distribution, and it 

used age and sex as independent variables to predict the median survival time.

Estimation of Lifetime Total and Anal Cancer-Related Treatment Costs

For the patients who died before the end of the study period, the lifetime costs (i.e., from the 

date of diagnosis until death) were estimated using the entire profile. The lifetime costs for 

the patients who were still alive at the end of the follow-up period were estimated by 

multiplying phase-specific monthly costs by the number of months a patient would spend in 

that phase. Mathematically, this can be expressed as the following:

where, MIC = months of initial care, ICC = average monthly initial care cost from 

population at age of patient, MCC = months of continuation care, CCC = average monthly 

continuation care cost from population at age of patient, MTC = months of terminal care, 

and TCC = average monthly terminal care cost from population at age of patient.

The patients with anal cancer were matched by age and sex to patients without cancer from a 

5% sample of Medicare beneficiaries. This non-cancer cohort was used to estimate the 

background medical costs unrelated to anal cancer. The controls were assigned the same 

index date (i.e., both cases and controls were monitored from the date of diagnosis until 

death or the end of Medicare claims). The incremental difference in the average treatment 

phase costs between cases and controls was defined as anal cancer-related costs.

We used the Medicare payer perspective to conduct the analysis. All payments were adjusted 

to 2014 US dollars using Center for Medicare and Medicaid Services (CMS) market basket 
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index levels.13 The Office of the Actuary, within the CMS, is responsible for producing the 

CMS market baskets, which are used to update payments and costs in the CMS payment 

systems. Two sets of market basket index levels—one for Medicare Part A and another for 

Part B—were used. Future costs were discounted using a 3% discount rate.

Estimation of economic burden

According to the American Cancer Society, there will be 7,210 incident anal cancer cases in 

2014.2 We estimated the proportion of the patients who were 66 years or older from the 

SEER statistics (39.6% of the total incident cases were ≥ 66 years old). We then applied the 

proportion from the SEER statistics to the number of incident cases to estimate the number 

of incident cases that were 66 years and older. The number of incident cases was then 

multiplied by the lifetime anal cancer treatment cost estimates to calculate the aggregate 

total and anal cancer-related burden of medical care among patients who were 66 years or 

older. These estimates were adjusted for patient age. In addition, we also estimated age-

specific values. The annual cost of anal cancer care in the United States was estimated by 

dividing the lifetime economic burden of anal cancer per patient by the average number of 

years a patient with anal cancer would survive.

Results

Patient demographics and survival

We identified 2,227 patients who met our selection criteria. Demographic characteristics and 

predicted survival of the patients are presented in Table 1. In Figure 1, we compared the 

stage-stratified differences in the survival probability of the cases and age- and sex-matched 

controls. We validated the results of survival analysis as our estimated 5-year survival 

probability approximated to those of the estimates by the American Cancer Society.14 Of the 

2,227 patients, 19.04%, 53.61%, 18.77%, and 8.58% were diagnosed with stage I, stage II, 

stage III, and stage IV cancer, respectively. The majority of the patients were female, and 

most patients resided in the SEER west area. The overall mean survival time was 101.44 

months. The predicted mean survival time among the patients with stage I, II, III, and IV 

disease was 134.93, 110.10, 84.21, and 11.08 months, respectively. The overall phase-

specific survival time was 5.73 ± 1.08 months, 114.16 ± 82.25 months, and 10.83 ± 2.13 

months for the initial, continuation, and terminal care phases, respectively. Similar to the 

overall survival time, the average phase-specific survival time was shortest among the 

patients with stage IV disease at diagnosis.

Phase-specific monthly treatment costs

As expected, the average costs of initial monthly care and terminal monthly care were higher 

than the average cost of continuation monthly care in patients with stage I–III disease at 

diagnosis (Figure 2). The average monthly care costs in patients with stage IV disease at 

diagnosis were approximately three times higher than the average monthly care costs in 

patients with stage I–III disease at diagnosis. For male patients with stage I disease at 

diagnosis, no difference in continuation care cost was observed. With the increase in cancer 

stage at diagnosis, the average monthly initial, continuation, and terminal care cost 

increased.
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Total lifetime and anal cancer-related (excess) costs

Predicted survival, total lifetime costs, and anal cancer-related costs are presented by age 

and disease stage at diagnosis in Tables 3 and 4 for men, women, and all patients. The 

predicted average survival of the women aged 66–69 years, 70–74 years, 75–79 years, and 

80 years and older exceeded the predicted average survival of the men by 4.31 years, 2.28 

years, 0.75 years, and 0.88 years, respectively. The average anal cancer-related (excess) costs 

of care were higher for men than for women. For the age groups 66–69 years, 70–74 years, 

75–79 years, and 80 years and older, the annual anal cancer-related cost of care for men was 

US$4,702, US$4,973, US$10,050, and US$21,912, respectively, and the annual anal cancer-

related cost of care for women was US$1,970, US$2,575, US$6,759, and US$14,118, 

respectively. The overall average anal cancer-related cost per year in men and women was 

US$8,025 and US$5,124, respectively. The overall annual cost of care increased as patients’ 

ages increased.

The predicted average survival in women exceeded the predicted average survival in men 

with stage I, II, III, and IV disease at diagnosis by 0.61 years, 1.55 years, 0.58 years, and 

0.48 years, respectively. The average anal cancer-related costs and the average anal cancer-

related cost per year were highest for both male and female patients with stage IV disease at 

diagnosis. The average total anal cancer-related cost in male patients diagnosed with stage I, 

stage II, stage III, and stage IV disease at diagnosis was US$27,125, US$66,393, US

$93,291, and US$73,178, respectively, and in women, this cost was US$16,041, US$45,539, 

US$78,039, and US$63,276, respectively. The average anal cancer-related cost per year of 

survival in male patients diagnosed with stage I, II, III, and IV disease was US$2,502, US

$8,176, US$14,200, and US$112,581, respectively, and in women, this cost was US$1,401, 

US$4,709, US$10,915, and US$55,996, respectively.

The large increase in the average annual cost of cancer care in stage IV patients was due to 

the relatively large cost of cancer-related care accrued over a short survival time. These costs 

were largely distributed in the initial and terminal phases of care.

Economic burden of anal cancer in elderly patients

In 2014, the proportion of patients diagnosed with anal cancer who are 66 years or older will 

be about 30.941%15; that is, approximately 2,230 new cancer cases will be identified among 

the elderly population. Aggregate lifetime total costs, anal cancer-related lifetime costs, and 

the annual cost of anal cancer care for these cases were estimated to be approximately US

$293 million, US$112 million, and US$13 million, respectively. The aggregate (i.e., age-

adjusted) and age-specific lifetime total costs, anal cancer-related lifetime costs, and the 

annual cost of anal cancer care are presented in the Supplementary Appendix 3.

Discussion

To our knowledge, this is the first study to estimate the direct anal cancer-related cost of care 

in the United States. We found that the lifetime total costs and lifetime anal cancer-related 

(excess) costs in the United States are substantial. The costs vary by the phase of cancer 

care, disease stage at diagnosis, and age at diagnosis. The costs of cancer care were higher 
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among men than among women, although the average survival among men was shorter than 

that of women. As age and disease stage increased, the cost of cancer-related care increased. 

The overall average lifetime cancer-related cost was US$50,150, and the anal cancer-related 

lifetime economic burden in patients who were 66 years and older was approximately US

$112 million. Compared to the overall cost of cancer care of $157 billion in the US,16 the 

anal cancer related burden is relatively small; however, given that anal cancer prevalence 

constitutes only 0.003% of all cancer sites,17 the economic burden of anal cancer in elderly 

patients is still substantial.

The higher costs of care in the patients who were diagnosed with stage IV cancer may 

indicate that these tumors require more intensive and expensive treatments. Moreover, the 

patients diagnosed with stage IV tumors had very short median survival times; therefore, the 

cost per year of survival was substantial relative to the patients diagnosed with stage I, II, 

and III tumors. This signifies the importance of earlier detection of cancer as a means of 

minimizing medical care expenditures.

We compared the costs of anal cancer care to other non-US published studies. Heitland et al. 

estimated the annual cost of hospitalization, inpatient rehabilitation, and sick leave of 

patients with anal cancer in Germany.18 Based on a retrospective cross-sectional analysis, 

the annual costs of anal cancer were €28.72 million (i.e., approximately US$40 million), of 

which almost 90% (i.e., US$36 million) were direct costs.18 A total of 5,774 hospitalizations 

were identified by Heitland et al.; therefore, the cost per hospitalization would be 

approximately US$62,000, which is much higher than the cost of anal cancer care in the 

United States. According to a study by Olsen et al.19, the total cost of anogenital cancer in 

the hospital sector in Denmark was estimated to be €7.7 million (i.e., approximately US$11 

million) per year, a majority of which was attributed to anal and vulvar cancer. The total cost 

per patient per year was estimated to be €38,289 (i.e., approximately US$53,000), which 

approximates to the costs of anal cancer care in the United States as estimated in the present 

study. Another study in France estimated the economic burden of anal cancer management 

by evaluating hospitalization, outpatient, and daily allowance costs.20 According to this 

study, the costs of anal cancer management are high and are comparable to the costs of 

cervical cancer management.20 Our estimate of the annual cost of anal cancer care in the 

United States was $13 million, which is between the annual cost of anal cancer care in 

Germany and Denmark.

Ours is the first study to evaluate costs for anal cancer management and economic burden of 

anal cancer in the US. A previous study by Hu and Goldie approximated costs for anal 

cancer management from a Canadian costing study7 of rectal cancer management.6 The 

estimated discounted lifetime cost per anal cancer case was approximately US$27,660.6 The 

costs estimated by Hu and Goldie included diagnostic assessment, staging work-up, initial 

treatment, surveillance, treatment of recurrent disease, management of metastatic disease, 

and terminal care. Hu and Goldie also estimated the total lifetime cost of all human 

papillomavirus-attributable incidence of anal cancer in 2003 to be US$92 million (range, US

$44 million–US$178 million).6 When the estimation of Hu and Goldie were inflated using 

consumer price indices,21 the estimated cost of anal cancer care in the United States in 2010 

was determined to be US$38,011 (range, US$18,998–US$76,024) per patient, which 
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underestimates the cost of anal cancer care. The estimates by Hu and Goldie take into 

account the population across all age groups. Our estimates, however, were limited to 

patients 66 years and older.

We found that majority of anal cancer cases (almost 50%) were residing in the SEER west 

region. This is because—(1) the West region has more sites than other SEER regions (SEER 

west region include San Francisco-Oakland, San Jose, Monterey, Los Angeles, and the rest 

of California; New Mexico; Seattle/Puget Sound; Utah). (2) Consistent with our findings, a 

study reported that patients in the West are at highest risk for anal cancer.22 Another study 

found that the patients residing in SEER West region are likely to have four fold higher risk 

of having an in situ anal tumor and 39% lower mortality risk than those reported from 

registries outside California.23 It has also been reported that the increased incidence of anal 

cancer in the West is attributed to the large proportion of men who have sex with men 

(MSM) residing in that region (with relative incidence of approximately 100 times high than 

the general population, MSM are known to be at highest risk of anal cancer).22,24 Similarly, 

it has also been reported that the incidence of anal cancer in women residing in the SEER 

West region is higher than the overall incidence of anal cancer in the US women.22

Our study is not without limitations. Like other claims analyses, our study was subject to 

potential coding errors and incomplete data. The costs of care pertained only to patients 66 

years or older; therefore, although our findings may be generalizable to the US population of 

older anal cancer patients covered by Medicare, costs associated with anal cancer treatment 

and health services use may differ in younger patients, owing to their age and insurance 

coverage. The SEER-Medicare registries contain claims for only fee-for-services care. Since 

health maintenance organization enrollees comprise almost 14% of the Medicare population 

nationwide, the lack of claims data for them is a significant limitation of the database.10 

Finally, indirect costs of care were not included in the study; the true economic burden of the 

disease cannot be determined by focusing only on direct medical care costs.

Despite these limitations, our findings have substantial implications. The costs estimated in 

this study could be used (1) as input in cost-effectiveness and budget impact analyses of anal 

cancer prevention and treatment alternatives and policy research, (2) as a component of the 

overall cancer-related economic burden, or (3) for shaping policy decisions. Used by itself, 

this study demonstrates the magnitude of the economic burden of anal cancer. Although the 

prevalence of the disease is relatively small compared to other cancers, its economic burden 

is considerable.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Two-hundred-fifty-month Survival Probability for Cases and Controls by Stage at Diagnosis
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Figure 2. 
Excess Cancer-Related Health Care Costs (US$2014) per Month of Survival, by Cancer 

Stage
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