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Abstract

Background Chemotherapy prolongs survival for stage

III colon cancer patients but community-level evidence on

the effectiveness and cost effectiveness of treatment for

elderly patients is limited. Comparisons were between

patients receiving no chemotherapy, 5-fluorouracil (5-FU),

and FOLFOX (5-FU ? oxaliplatin).

Methods A retrospective cohort study was conducted

using the Surveillance Epidemiology, and End Results

(SEER)–Medicare linked database. Patients (C65 years)

with American Joint Committee on Cancer stage III colon

cancer at diagnosis in 2004–2009 were identified. The

3-way propensity score matched sample included 3,534

patients. Effectiveness was measured in life-years and

quality-adjusted life-years (QALYs). Medicare costs (2010

US dollars) were estimated from diagnosis until death or

end of study.

Results FOLFOX patients experienced 6.06 median life-

years and 4.73 QALYs. Patients on 5-FU had 5.75 median

life-years and 4.50 median QALYs, compared to 3.42 and

2.51, respectively, for the no chemotherapy patients.

Average total healthcare costs ranged from US$85,422 for

no chemotherapy to US$168,628 for FOLFOX. Incre-

mental cost-effectiveness ratios (ICER) for 5-FU versus no

chemotherapy were US$17,131 per life-year gained and

US$20,058 per QALY gained. ICERs for FOLFOX versus

5-FU were US$139,646 per life-year gained and

US$188,218 per QALY gained. Results appear to be sen-

sitive to age, suggesting that FOLFOX performs better for

patients 65–69 and 80? years old while 5-FU appears most

effective and cost effective for the age groups 70–74 and

75–79 years.

Conclusion FOLFOX appears more effective and cost

effective than other strategies for colon cancer treatment of

older patients. Results were sensitive to age, with ICERs

exhibiting a U-shaped pattern.
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1 Introduction

Chemotherapy has been shown to prolong survival in

patients with various malignancies. As noted in breast

cancer clinical trials and pooled analyses, the efficacy of

chemotherapy decreases with age, from a 27 % propor-

tional reduction in 10-year mortality for women less than

50 years of age to 14 % for women aged 50–59 years and

8 % for women aged 60–69 years, and no benefit for

women 70 years or older [1–4]. This pattern has not been

reported for men and women with colon cancer. The

pooled analysis from seven phase III randomized trials

(involving a total of 3,351 patients) showed that adjuvant

chemotherapy [5-fluorouracil (5-FU) ? leucovorin or

5-FU ? levamisole] for stage II and III colon cancer was

equally efficacious in prolonging survival for patients\70

and C70 years [5]. The combination regimen FOLFOX4

(oxaliplatin ? 5-FU/leucovorin) was also efficacious in

reducing mortality for patients \70 and C70 years [2].

Therefore, evidence-based clinical guidelines on chemo-

therapy from the US National Institutes of Health (NIH)

and other health authorities only recommend chemotherapy

for women with breast cancer less than 70 years old,

whereas chemotherapy is strongly recommended for

patients of all age groups with high-risk stage II or III

colon cancer [5–7]. Although randomized controlled clin-

ical trials are the gold standard for determining the efficacy

of a therapy, participants often do not represent a cross-

section of community patients, and older patients are often

under-represented [8, 9]. When randomized trials are not

possible due to ethical or logistical issues, well-conducted

observational studies can potentially determine the effec-

tiveness and cost effectiveness of therapies. There is a

critical need for information on whether chemotherapy is

effective and cost effective for patients of varying ages.

The objective of this study was to determine the

effectiveness and cost effectiveness of chemotherapy for

elderly patients diagnosed with stage III colon cancer

from 2004 through 2009. Comparisons are between

patients receiving no chemotherapy, 5-FU, and FOLFOX

(5-FU ? oxaliplatin). For men and women with stage III

colon cancer, adjuvant chemotherapy consisting of 5-FU

alone or with the addition of leucovorin was recom-

mended as the standard of care by the NIH 1990 con-

sensus conference until November 2004 when the US

Food and Drug Administration (FDA) approved the

addition of oxaliplatin to the 5-FU/leucovorin, so-called

FOLFOX4, for the treatment of patients with stage III

colon cancer [10, 11]. Because a substantial number of

patients with stage III colon cancer did not receive che-

motherapy and some continued to use 5-FU/leucovorin, it

is important to compare the effectiveness and cost effec-

tiveness of all treatment groups.

Studies have examined chemotherapy cost and the cost

effectiveness of specific agents for the treatment of colo-

rectal cancer [12–14]. Evaluations were based on hypo-

thetical cohorts or modeling of disease progression,

whereas health outcomes and costs were based on param-

eters derived from the literature [15]. While disease stage is

included, age has not been examined as an independent

factor in the assessment of cost effectiveness of chemo-

therapy for colon cancer. Although Surveillance Epidemi-

ology, and End Results (SEER)–Medicare data have

previously been used to estimate the cost of cancer treat-

ment, these data have not been widely employed for cost-

effectiveness analysis of chemotherapy stratified by age

[16, 17]. The current study advances the field by applying

an economic framework and population-based SEER–

Medicare data to assess the cost effectiveness of chemo-

therapy by age and disease stage under ‘real-world’ con-

ditions for patients with colon cancer.

2 Methods

2.1 Data Source, Population, and Chemotherapy

Regimens

Data were obtained from the SEER–Medicare linked

database. SEER is a population-based cancer registry with

data on tumor site, stage at diagnosis, patient characteris-

tics, and initial treatment after diagnosis. SEER–Medicare

Key Points

Overall, 5-fluorouracil was cost effective relative to

FOLFOX (5-fluorouracil ? oxaliplatin) and no

chemotherapy and total healthcare costs increase

concomitantly as treatment strategies become more

effective. As cancer treatments become more costly,

public and private payers and agencies that

recommend treatment guidelines may consider

efficiency along with effectiveness, safety, and

equity in establishing reimbursement policy and

treatment guidelines.

Effectiveness varies with age and cost effectiveness

of treatments changes accordingly. Effectiveness

may decline with age due to biological constraints

associated with development of resistant tumors and

increased toxicity. Clinicians and patients may be

responding to these changes accordingly for older

patients.
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data linkage provides information on cancer patients

65 years and older from SEER and their healthcare

administrative claims from Medicare. Accuracy and

validity of these data have been established [18]. Patients

diagnosed with colon cancer as the first primary tumor

without other primary tumors at age 65 years or older from

January 2004 to December 2009 were selected. Patients

were excluded if the diagnosis was based on autopsy, death

certificate as the outcome (i.e., death) had already occurred

in the patients, and the treatment cannot be assessed. Also,

patients were excluded if they died within 30 days of

diagnosis as sufficient follow-up data would not be avail-

able for such patients. Patients were required to be enrolled

in both Medicare Parts A and B without any Health

Maintenance Organization (HMO) enrollment from the

time of diagnosis to death or end of study. A total of 11,204

patients with AJCC (American Joint Committee on Can-

cer) stage III colon cancer treated with surgical resection

were identified from 16 SEER areas. Chemotherapy receipt

was ascertained if associated Medicare claims codes were

identified within a year following diagnosis. Patients were

characterized into three treatment groups: no chemother-

apy, 5-FU, and FOLFOX (5-FU ? oxaliplatin).

Multinomial logistic regression analysis was conducted

to obtain propensity scores for each treatment group (5-FU

as reference). Covariates included age, race, sex, marital

status, tumor grade, co-morbidity score, socioeconomic

status, year of diagnosis, and state of residence. A 1:1:1

propensity score matching was performed using the nearest

neighbor approach [19]. Details about the matching are

provided in the Electronic Supplementary Material. The

matched sample consisted of 3,534 patients, with 1,178

patients in each group. Patient and tumor characteristics

were compared using the chi-square test for categorical and

dichotomous variables.

2.2 Effectiveness

Treatment effectiveness was measured in life-years gained

and quality-adjusted life-years (QALYs) gained. QALYs

were derived after adjusting overall survival time with

health state utilities (obtained from literature) specific to

disease phase, time since diagnosis, chemotherapy receipt

(with or without adverse event), and occurrence of relapse

[15, 20–22]. Best et al. [20] derived the health state utilities

for adjuvant chemotherapy with/without neuropathy (minor

or major) among a combined sample of colorectal cancer

patients and community members using the time trade-off

technique. Ramsey et al. [21] surveyed colorectal cancer

patients and assessed the health state utility of each patient

using the health utilities index and grouping them based on

time since diagnosis. Patient survival was divided into

initial, continuing, and terminal phases, where the initial

phase was the first year after diagnosis, the terminal phase

was the last year of life, and the continuing phase was the

time between the initial and terminal phase. Patients sur-

viving until the end of study (31 December 2010 for

Medicare data) were assigned to the initial and continuing

phase, while patients surviving for less than a year were

assigned to the terminal phase. Patients with less than

2 years of survival had their last year of life assigned to the

terminal phase and the remaining to the initial phase [23].

Literature-derived health state utilities are shown in

Table 1 for base-, best-, and worst-case scenarios [15, 20–

22]. Patients in the initial phase were assigned utilities

based on receipt of any chemotherapy and the severity of

chemotherapy-related adverse events. Adverse event

severity was assessed as ‘moderate’ if reported in outpa-

tient claims and as ‘severe’ if reported in inpatient claims

[24]. Adverse events included paresthesia, peripheral neu-

ropathy, neutropenia, thrombocytopenia, and anemia.

Continuing phase utilities were based on the time since

diagnosis. If there was a gap in chemotherapy for more

than 4 months (±15 days) in the continuing phase, a

‘relapse’ was considered to have occurred and a relapse

utility was assigned for the remaining continuing phase

[25]. Terminal phase utilities were applied based on clin-

ical input and existing literature [21, 22].

QALYs for each phase were computed by multiplying

the time spent by each patient in that phase with the

associated utility, and total QALYs was obtained by sum-

ming all phase-specific QALYs. Since more than 50 % of

the data were censored, median QALYs and life-years

gained for each chemotherapy regimen were computed

using parametric regression with Weibull distribution as it

is known to fit survival data well and has been used in the

cancer literature previously [26–28]. A 3 % annual dis-

counting was applied to both life-years and QALYs gained.

2.3 Cost Analysis

The Medicare amount paid for each claim was used, and

hence a US national payer perspective was adopted for

healthcare costs. Total healthcare costs by disease phase

were estimated from diagnosis until death or the end of

study using claims for inpatient services, outpatient visits

and procedures, physician services, skilled nursing facility,

hospice, and durable medical equipment as cancer treat-

ment may affect overall morbidity. Cost data from 2004 to

2010 were adjusted for geographical location and inflation

using price adjusters developed by Brown et al. [29]

(additional information can be found in the Electronic

Supplementary Material). Price adjusters were matched

with patient’s county at diagnosis using the registry code

variable and Federal Information Processing Standard

(FIPS) county code from the SEER data. Price adjusters

Cost–Utility Analysis of Chemotherapy Regimens in Elderly Patients 1007



allowed the conversion of costs to 2009 US dollars, and

adjustment to 2010 US dollars was conducted using the

medical care consumer price index [30]. Similar to clinical

effectiveness, a 3 % annual discounting was applied to

costs.

2.4 Cost-Effectiveness Analysis

Incremental cost-effectiveness ratios (ICERs) were com-

puted as the ratio of the average incremental total health-

care costs of a chemotherapy regimen divided by the

incremental median life-years gained or QALYs gained,

i.e., ICER = D Cost/D Effectiveness. ICERs were calcu-

lated for 5-FU versus no chemotherapy and FOLFOX

versus 5-FU using life-years gained and QALYs gained as

effectiveness measures. Statistical uncertainty was assessed

using the bootstrapping methodology to derive 95 % con-

fidence intervals for the ICERs. Using the ICERs from

bootstrap samples, proportions of ICERs below a range of

willingness-to-pay thresholds were calculated and used to

compute cost-effectiveness acceptability curves (CEACs).

ICERs were separately calculated for best-case and worst-

case scenarios and for different age groups. A fourth

treatment group of ‘other-chemo’ was also identified and a

secondary analysis was conducted using all four chemo-

therapy treatment groups. Given the limitations of pro-

pensity score matching for more than three groups, an

inverse probability treatment weight (IPTW) approach was

used to adjust for selection bias [31, 32].

3 Results

Of the 11,204 patients, 10,252 received either no chemo-

therapy (n = 5,322), 5-FU (n = 1,860), or FOLFOX

(n = 3,070). The remaining 952 patients were categorized

in the other chemotherapy group. The proportion of

patients receiving chemotherapy was consistent with pre-

vious studies [33, 34]. For example, the study by Schrag

et al. [33] found 55 % of stage III colon cancer patients

received adjuvant chemotherapy. The matched sample

consisted of 3,534 patients, with 1,178 patients in each

group. Patient and tumor characteristics for the matched

sample are presented in Table 2 (characteristics for

unmatched sample and multinomial regression results are

shown in tables 1 and 2 of the Electronic Supplementary

Material, respectively). Matched groups were similar

across all the characteristics, with no statistically signifi-

cant differences between the groups. Electronic Supple-

mentary Material table 3 shows the total healthcare costs

per month for each chemotherapy regimen and disease

phase. Higher costs were observed in the initial and ter-

minal phases of care relative to the continuing phase.

During the initial phase, FOLFOX costs were highest at

US$9,771/month followed by 5-FU (US$6,553/month).

Continuing phase costs for the no-chemotherapy

(US$1,029/month) and FOLFOX (US$1,874/month)

groups were relatively lower than for the 5-FU group

(US$2,012/month). In contrast, the no-chemotherapy group

(US$13,222/month) was most expensive in the terminal

phase of disease followed by FOLFOX (US$10,115/

month) and 5-FU (US$8,586/month).

Table 3 shows FOLFOX had the longest median life-

years (6.06) and median QALYs (4.73). A larger relative

difference was seen between 5-FU and no chemotherapy

regimen for median life-years (5.75 vs. 3.42) and median

QALYs (4.50 vs. 2.51) than between FOLFOX and 5-FU

for median life-years (6.06 vs. 5.75) and median QALYs

(4.73 vs. 4.50). Average total healthcare costs for chemo-

therapy regimens ranged from US$85,422 for no chemo-

therapy to US$168,628 for FOLFOX. The ICER for 5-FU

versus no chemotherapy was US$17,131 (95 % CI

Table 1 Utility weightsa

assigned to various disease

phases in base-case and

alternative scenarios

a Utility weights were obtained

from the literature [15, 20–22]

Treatment phases Base-case

scenario

Best-case

scenario

Worst-case

scenario

Initial phase (first year)

Surgery only—no adjuvant chemotherapy 0.76 0.76 0.76

Adjuvant chemotherapy—no adverse event 0.64

0.64 0.4Adjuvant chemotherapy—moderate adverse event 0.51

Adjuvant chemotherapy—severe adverse event 0.40

Continuing phase

13–24 months (second year) 0.82

0.88 0.45

25–36 months (third year) 0.88

37–60 months (fourth and fifth year) 0.76

Greater than 60 months ([5 years) 0.84

Relapse 0.45

Terminal phase (last year of life) 0.30 0.65 0.24

1008 D. R. Lairson et al.



Table 2 Distribution of characteristics of matched sample of patients by chemotherapy status in patients with stage III colon cancer (after

implementing the 1:1:1 matching macro)

Characteristics

(total N = 3,534) [N (%)]

5-Fluorouracil

(N = 1,178) [N (%)]

FOLFOX

(N = 1,178) [N (%)]

No chemotherapy

(N = 1,178) [N (%)]

P value

Age (years) 0.997

65–69 239 (20.29) 235 (19.95) 229 (19.44)

70–74 311 (26.40) 315 (26.74) 313 (26.57)

75–79 365 (30.98) 361 (30.65) 362 (30.73)

80? 263 (22.33) 267 (22.67) 274 (23.26)

Race/ethnicity 0.855

Caucasians 970 (82.34) 976 (82.85) 989 (83.96)

African Americans 100 (8.49) 96 (8.15) 94 (7.98)

Others 108 (9.17) 106 (9.00) 95 (8.06)

Sex 0.329

Male 518 (43.97) 553 (46.94) 543 (46.10)

Female 660 (56.03) 625 (53.06) 635 (53.90)

Marital status 0.934

Married 656 (55.69) 655 (55.60) 668 (56.71)

Unmarried 482 (40.92) 477 (40.49) 469 (39.81)

Unknown 40 (3.40) 46 (3.90) 41 (3.48)

Co-morbidity scores 0.977

0 536 (45.50) 552 (46.86) 534 (45.33)

1 347 (29.46) 345 (29.29) 349 (29.63)

2 162 (13.75) 156 (13.24) 169 (14.35)

C3 133 (11.29) 125 (10.61) 126 (10.70)

SES (poverty) 0.956

First (low SES) 292 (24.79) 301 (25.55) 300 (25.47)

Second 287 (24.36) 279 (23.68) 276 (23.43)

Third 292 (24.79) 300 (25.47) 312 (26.49)

Fourth (high SES) 307 (26.06) 298 (25.30) 290 (24.62)

Tumor grade 0.664

Well-differentiated 57 (4.84) 57 (4.84) 51 (4.33)

Moderately differentiated 740 (62.82) 755 (64.09) 757 (64.26)

Poorly differentiated 330 (28.01) 315 (26.74) 326 (27.67)

Undifferentiated 33 (2.80) 24 (2.04) 28 (2.38)

Unknown/missing 18 (1.53) 27 (2.29) 16 (1.36)

Year of diagnosis 0.952

2004 201 (17.06) 199 (16.89) 195 (16.55)

2005 247 (20.97) 258 (21.90) 251 (21.31)

2006 221 (18.76) 228 (19.35) 243 (20.63)

2007 214 (18.17) 212 (18.00) 194 (16.47)

2008 165 (14.01) 151 (12.82) 154 (13.07)

2009 130 (11.04) 130 (11.04) 141 (11.97)

SEER areas 0.853

Mid-West 178 (15.11) 157 (13.33) 167 (14.18)

North-East 274 (23.26) 279 (23.68) 284 (24.11)

South 283 (24.02) 279 (23.68) 291 (24.70)

West 443 (37.61) 463 (39.30) 436 (37.01)

FOLFOX 5-fluorouracil ? oxaliplatin, SES socio-economic status, SEER Surveillance, Epidemiology, and End Results
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6,262–25,378) per life-year gained and US$20,058 (95 %

CI 6,298–34,720) per QALY gained. Alternatively, ICERs

for FOLFOX versus 5-FU were US$139,646 (95 % CI

-261,578–313,229) per life-year gained and US$188,218

(95 % CI -177,778–279,719) per QALY gained. See

Electronic Supplementary Material table 4 for scenario

results.

The cost-effectiveness plane for 5,000 bootstrap samples

and the CEAC computed from bootstrap samples are

shown in Electronic Supplementary Material figures 1 and

2, respectively. Almost all of the replicates were in the

North-East quadrant of the cost-effectiveness planes,

indicating that the effectiveness increases with a corre-

sponding increase in costs. The CEAC curves (Electronic

Supplementary Material Figure 1) demonstrated that at a

willingness to pay of US$25,000 per QALY, 5-FU had a

90 % chance of being cost effective as compared with no

chemotherapy. FOLFOX was observed to be 90 % cost

effective relative to 5-FU at a willingness to pay of

US$75,000 per QALY. However, a higher degree of

uncertainty was observed.

Overall, life-years gained and QALYs gained decreased

as age increased (Fig. 1). QALYs for FOLFOX decreased

steadily and notably for age categories 70–74 and

75–79 years, falling below the corresponding QALYs for

5-FU. As a result, FOLFOX was dominated (less effective

and more costly) by 5-FU in patients 70–74 and

75–79 years old. As compared with no chemotherapy the

ICER/QALY for 5-FU was US$14,132 for 70–74 years

and US$10,582 for 75–79 years (Table 4). In contrast,

FOLFOX showed extended dominance (lower ICER) over

5-FU for the age group 65–69 years (ICER/QALY:

US$26,327) and the age group 80? years (ICER/QALY:

$141,727) compared with no chemotherapy. Cost-effec-

tiveness analyses that included the ‘other’ chemotherapy

group and all of the 11,204 patients using the IPTW

approach showed results similar to the propensity score

approach (see Electronic Supplementary Material table 5).

4 Discussion

Overall, 5-FU was cost effective relative to FOLFOX and

no chemotherapy using a willingness-to-pay threshold of

US$100,000 per QALY. Chemotherapy effectiveness

declined with age and the cost effectiveness of alternative

treatments varied by age. FOLFOX median life-years

steadily declined from 8.38 for patients 65–69 years old to

4.43 for those 80? years old. For 5-FU median life-years

were relatively stable for patients 65–79 years old, ranging

from 6.21 to 6.66, and then falling to 3.85 for patients 80?

years old. FOLFOX was most cost effective for patients

65–69 and 80? years of age, while 5-FU was most cost

effective (dominating FOLFOX) in the 70–74 and 75–79

age groups. Effectiveness may be expected to decline with

age due to biological constraints such as the development

of more resistant tumors, and increased sensitivity to che-

motherapy toxicities leading to the administration of lower

doses for older patients. These decisions may well be in

accord with patient preferences. Dose reduction for older

Table 3 Effectiveness and cost effectiveness for chemotherapy treatment groups

Treatment group Effectiveness Total healthcare

cost (US$)

ICER (US$)a

Median

life-years (SE)

Median

QALYs (SE)

Mean (SE) Per life-year gained

(95 % CI)

Per QALY gained

(95 % CI)

No chemotherapy 3.42 (0.17) 2.51 (0.18) 85,422 (2,171.36) – –

5-Fluorouracil 5.75 (0.27) 4.50 (0.31) 125,338 (2,694.24) 17,131 (6,262 to 25,378) 20,058 (6,298 to 34,720)

FOLFOX 6.06 (0.29) 4.73 (0.33) 168,628 (4,107.53) 139,646 (-261,578 to 313,229) 188,218 (-177,778 to 279,719)

CI confidence interval, FOLFOX 5-fluorouracil ? oxaliplatin, ICER incremental cost-effectiveness ratio, QALYs quality-adjusted life-years, SE

standard error
a ICER calculated by arranging in ascending order of total healthcare cost (in 2010 US dollars) and 95 % CI calculated based on bootstrapping

approach
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patients was observed in this study as the percentage of

patients receiving four cycles of 5-FU decreased as age

increased, from 69 % in 65–69 years to 62 % in those aged

80 years or older. Similarly, the percentage of patients

receiving eight cycles of FOLFOX decreased from 68 % in

patients 65–69 years to 54 % in those aged 80 years or

older. However, the finding that FOLFOX was more

effective than 5-FU for the youngest and oldest age groups

requires additional investigation. Another explanation for

the differential effectiveness observed may be related to

smaller sample sizes in the older age subgroups.

The MOSAIC (Multicenter International Study of

Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant

Treatment of Colon Cancer) trial was used to estimate the

cost effectiveness of oxaliplatin compared with 5-FU/leu-

covorin in adjuvant treatment of stage III colon cancer

from the US Medicare program perspective [35]. Initial

treatment utilization and cost data were obtained from the

trial and the cost of toxicities and recurrence of disease

were estimated based on standard treatment pathways.

MOSAIC included patients with a median age of 61 years

(range 19–75) compared with a median age of 75 years

(range 65–97) in the current study. Thus, life-years and

QALYs using the FOLFOX regimen were higher in the

MOSAIC study at 12.34 and 9.94, compared with the

current study gain with FOLFOX of 6.06 life-years and

4.73 QALYs. Comparing FOLFOX to 5-FU/leucovorin,

estimated gains in life-years of 0.83 and QALYs of 0.75

were also greater in the MOSAIC study than in the current

study (gain in life-years = 0.31, gain in QALYS = 0.23).

MOSAIC costs in 2003 US dollars were much lower for

FOLFOX and 5-FU/leucovorin at US$56,320 and

US$39,285 than in the current study: US$168,628 and

US$125,338 (2010 US dollars). The latter costs were based

on total healthcare costs, whereas the former were cancer-

related costs. Consequently, the ICER for FOLFOX com-

pared with 5-FU/leucovorin is much higher in the current

study (life-years = US$139,646, QALYs = US$188,218)

than in MOSAIC (life-years = US$20,603, QA-

LYS = US$22,804). The cost-effectiveness results were

similar to MOSAIC for life-years gained for the age group

65–69 years in the current study: ICER = US$20,030

compared with US$20,603 for all participants in MOSAIC.

In contrast, the current study found that FOLFOX was

dominated (higher cost and less effective) by 5-FU/leuco-

vorin in the age groups 70–74 and 75–79 years. FOLFOX

compared with 5-FU/leucovorin had an ICER for life-years

and QALYs of US$90,188 and US$108,977, respectively,

for the 80? years group. Howard et al. utilized 1995–2005

SEER–Medicare data to estimate the cost effectiveness of

chemotherapeutic agents applied to five groups of patients

with stage IV metastatic colorectal cancer defined by

Table 4 Costs, quality-adjusted life-years, and incremental cost-effectiveness ratio calculated by age groups and chemotherapy type

Age group/

Treatment group

Mean (SE) total healthcare

costs (US$)

Median life-

years (SE)

ICER per life-year

gaineda (US$)

Median

QALY (SE)

ICER per QALYa (US$)

65–69 years

No chemotherapy 86,634 (6,167.60) 4.82 (0.65) – 4.00 (0.46) –

5-Fluorouracil 141,370 (7,313.35) 6.21 (0.62) Extended dominance by

FOLFOX

4.82 (0.72) Extended dominance by

FOLFOX

FOLFOX 184,835 (9,345.05) 8.38 (1.11) 27,585 7.73 (1.56) 26,327

70–74 years

No chemotherapy 84,911 (4,072.54) 3.19 (0.31) – 2.26 (0.30) –

5-Fluorouracil 132,252 (5,330.03) 6.66 (0.68) 13,643 5.61 (0.86) 14,132

FOLFOX 170,511 (6,595.04) 6.52 (0.65) Dominated by

5-fluorouracil

5.16 (0.74) Dominated by

5-fluorouracil

75–79 years

No chemotherapy 90,782 (4,002.47) 3.04 (0.25) – 2.12 (0.25) –

5-Fluorouracil 124,646 (4,476.03) 6.36 (0.56) 10,200 5.32 (0.71) 10,582

FOLFOX 165,876 (5,319.74) 5.69 (0.44) Dominated by

5-fluorouracil

4.32 (0.50) Dominated by

5-fluorouracil

80? years

No chemotherapy 77,912 (3,293.76) 3.33 (0.34) – 2.50 (0.37) –

5-Fluorouracil 103,553 (4,539.81) 3.85 (0.32) 49,310 2.57 (0.31) Extended dominance by

FOLFOX

FOLFOX 155,862 (12,159.94) 4.43 (0.39) 90,188 3.05 (0.89) 141,727

FOLFOX 5-fluorouracil ? oxaliplatin, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year, SE standard error
a ICER calculated by arranging in ascending order of total healthcare cost (in 2010 US dollars)
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treatment regimens [36]. Agents included irinotecan

hydrochloride, capecitabine, oxaliplatin, bevacizumab, and

cetuximab. Costs were based on Medicare reimbursements

inflated to 2006 US dollars. Effects were estimated from

survival curves and adjusted for quality of life with an

assumed health utility after diagnosis of 0.8. The cost per

QALY gained was US$99,100 comparing patients treated

with chemotherapeutic agents with those not treated with

chemotherapeutic agents. Results were sensitive to the

utility weight assumptions. This ICER is much greater than

the estimated ICER in the current study (US$20,058) for

QALYS comparing the no-chemotherapy group to the

5-FU/leucovorin group; this is due partially to the inclusion

of patients with more advanced metastatic disease in the

Howard et al. study [36].

In order to reduce selection bias, 1:1:1 propensity score

matching was employed to balance treatment groups across

patient and tumor characteristics in the current study.

Patients were dropped from the analytical sample and the

approach was limited to comparisons among three groups.

The three group limitation was addressed by conducting an

IPTW analysis that used the entire cohort of 11,204

patients and included the ‘other’ chemotherapy group.

Propensity score matching does not control for unobserv-

able factors that may render the no-chemotherapy patients

with a worse effectiveness profile. Given that some

stage III colon cancer patients have a long survival and

more than 50 % of the study patients were alive at the

study end date, a Weibull distribution parametric regres-

sion model was applied to estimate the median overall

survival [26, 28, 37, 38]. Health state utilities from the

literature were assigned based on time since diagnosis,

presence/absence of toxicity, and occurrence of relapse.

Alternate scenarios (best case and worst case) accounted

for methodological uncertainty for health state utilities.

The study only includes stage III colon cancer patients

65 years and older from participating SEER regions with

continuous Medicare Parts A and B without HMO enroll-

ment from date of diagnosis to death or end of study. Thus,

the findings may not be generalizable to younger popula-

tions, HMO members, and non-SEER participating regions

of the USA. Only direct healthcare costs were assessed,

and thus it lacks societal valuation. However, the payer

perspective is important for healthcare program decision

makers.

5 Conclusion

Patients diagnosed with stage III colon cancer who are over

65 years old gain life-years and QALYs when treated with

FOLFOX rather than 5-FU or no chemotherapy. Total

healthcare costs increase concomitantly as treatment

strategies become more effective. Given the cost differ-

ential, the ICER for 5-FU compared with no chemotherapy

is well within the commonly referenced US$100,000 per

QALY gained threshold, and FOLFOX compared with

5-FU is well beyond the threshold [39]. Of note is that the

results of this analysis vary according to age. Specifically,

FOLFOX appears to be more effective and cost effective

than other treatments for the 65–69 years age group and the

80? years age group. In contrast, 5-FU appears to be the

most effective and cost effective for age groups 70–74 and

75–79 years, and is well within the US$100,000 threshold.

These findings raise questions about why results shift by

age group and need to be replicated in additional studies

and larger populations. While Medicare is currently pro-

hibited from using cost-effectiveness analysis results in

decision making, other influential national agencies such as

the Veterans Administration Health System and the NIH

expert panel and guideline committees may consider cost-

effectiveness data in making recommendations [40]. Phy-

sician groups support the need to consider cost relative to

the effectiveness of treatment alternatives given limited

resources and the increasing cost of drugs and other med-

ical services [41, 42].
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