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Abstract

Background—Colorectal cancer (CRC) screening is underutilized by minority populations. 

Patient navigation increases adherence with screening colonoscopy. We estimated the cost-

effectiveness of navigation for screening colonoscopy from the perspective of a payer seeking to 

improve population health.

Methods—We informed our validated model of CRC screening with inputs from navigation 

studies in New York City (population 43% African American, 49% Hispanic, 4% White, 4% 

Other; base case screening 40% without and 65% with navigation, navigation costs $29/

colonoscopy completer, $21/non-completer, $3/non-navigated). We compared: 1) navigation vs. 

no navigation for one-time screening colonoscopy in unscreened persons age ≥50; 2) programs of 

colonoscopy with vs. without navigation, vs. fecal occult blood testing (FOBT) or 

immunochemical testing (FIT) for ages 50-80.

Results—In the base case: 1) one-time navigation gained quality-adjusted life-years (QALYs) 

and decreased costs; 2) longitudinal navigation cost $9,800/QALY gained vs. no navigation, and 

assuming comparable uptake rates, it cost $118,700/QALY gained vs. FOBT, but was less 

effective and more costly than FIT. Results were most dependent on screening participation rates 

and navigation costs: 1) assuming a 5% increase in screening uptake with navigation and 

navigation cost of $150/completer, one-time navigation cost $26,400/QALY gained; 2) 

longitudinal navigation with 75% colonoscopy uptake cost <$25,000/QALY gained vs. FIT when 

FIT uptake was <50%. Probabilistic sensitivity analyses did not alter the conclusions.
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Conclusions—Navigation for screening colonoscopy appears to be cost-effective, and one-time 

navigation may be cost-saving. In emerging healthcare models that reward outcomes, payers 

should consider covering the costs of navigation for screening colonoscopy.
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Introduction

Colorectal cancer (CRC) screening is highly effective and cost-effective.1-12 Among CRC 

screening options,13 colonoscopy is the most common test in the U.S., followed by guaiac-

based fecal occult blood testing (FOBT), and fecal immunochemical testing (FIT).14

Despite its effectiveness, CRC screening is underutilized,14 especially among minority 

populations.15, 16 Patient navigation, originally developed to help patients with an abnormal 

screening test such as mammography receive timely management,17 has been used to 

overcome CRC screening barriers.18-22 Navigators are trained personnel who facilitate 

adherence by helping with scheduling, preparation, answering questions and allaying fears. 

Among predominantly low socioeconomic status African-American and Hispanic urban 

populations, navigation has increased colonoscopy rates and improved bowel 

preparations,18, 19, 21 and has yielded high rates of colonic neoplasia.22, 23

There is currently no reimbursement for navigation. In our recent cost analysis, patient 

navigation proved profitable for our institution by increasing colonoscopy volume.24 

Another analysis demonstrated a net financial benefit for two institutions and a net cost for 

one, depending on the costs of program personnel other than navigators.20

The cost-effectiveness of navigation from the perspective of a health services payer seeking 

to improve population health has not been assessed. Our first aim was to estimate the long-

term cost-effectiveness of navigation to increase the uptake of one-time CRC screening in 

settings where colonoscopic screening has been championed (e.g. New York City). Given 

the diversity in CRC screening preferences among minority populations,25 our second aim 

was to examine navigation as part of a longitudinal colonoscopic screening program 

compared with fecal testing programs.

Methods

General study design

We adapted our published and validated decision analytic general U.S. population CRC 

screening Markov model12, 26 to reflect CRC epidemiology and non-CRC age-related 

mortality in African American, Hispanic and White persons, and aggregated these 

subpopulations into a cohort reflecting the predominantly minority population in our 

navigation studies at Mount Sinai Hospital, New York.18, 19, 21

First, we explored navigation for one-time screening colonoscopy in a cohort of previously 

unscreened persons age 50 or older, with the race/ethnicity and age distributions observed in 
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our recent navigation study.27 This simulation was constructed to reflect real-world, one-

time navigation in a population of mixed race/ethnicity and age.

Second, we considered ongoing navigation in a colonoscopy screening program over 

decades. This simulation was constructed to reflect hypothetical predominantly minority 

cohorts offered screening from age 50 to 80.13

Navigation costs were added to screening costs.

Decision analytic model

Our original model, data sources, and validation against the Minnesota Colon Cancer 

Control Study,1, 2 United Kingdom Flexible Sigmoidoscopy Trial,6 SCORE Trial,7 and 

PLCO Cancer Screening Trial8 have been detailed previously12, 26, 28 (Supplementary 

Material). The model reproduces the natural history of adenomas and CRC in the general 

U.S. population without screening. Persons transition between health states of normal, small 

polyp, large polyp, localized, regional or disseminated CRC, and dead, in 1-year cycles. 

Screening is superimposed on natural history, resulting in CRC prevention or early 

detection.12, 26, 28 Model inputs are derived from autopsy data on polyps; Surveillance, 

Epidemiology, and End Results (SEER) data on CRC incidence and stage from dates 

preceding widespread CRC screening; studies on test performance characteristics and 

complication rates, outcomes after CRC treatment, and CRC-related quality of life; U.S. 

Life Tables; and Medicare payments (Supplementary Table 1).

Here, we constructed a hypothetical cohort based on our recent navigation study27: 43% 

African American, 49% Hispanic, 4% White, 4% Other. For the African American, 

Hispanic, and White subpopulations, we adjusted the age-dependent prevalence of lesions at 

simulation entry, and the transition probabilities from normal to small polyp or localized 

CRC by a common factor as previously reported29 and calibrated these to reflect the age-

dependent CRC incidence in each subpopulation reported in SEER 1992 data, preceding 

widespread screening.30 The adjustment factors were: African American 1.19, Hispanic 

0.65, and White 1.05. Subpopulation-specific age-dependent non-CRC mortality rates were 

derived from U.S. Life Tables 2008.31

For one-time colonoscopy, persons entered the model at the midpoint of age bands reflecting 

our recent study: 57% age 50-59, 33% age 60-69, 9% age 70-79 and 1% age ≥80.27 Persons 

were followed until age 100 or death with no further screening or surveillance.

For screening over decades, all persons entered the model at age 50 and screening and 

surveillance were offered from age 50 to 80. Persons were followed until age 100 or death.

Navigation for one-time screening colonoscopy

We compared navigation vs. no navigation vs. no screening. At colonoscopy, polyps were 

removed and CRCs were biopsied if detected. In the base case, colonoscopy uptake without 

navigation was 40%, based on uptake at Mount Sinai Hospital before navigation was 

available, and uptake with navigation was conservatively assumed to be 65%, as observed in 

our early studies.18 A net uptake gain of approximately 20% was reported in three other 
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institutions with higher pre-navigation uptake.20 Sensitivity analyses explored the trade-off 

between the improvements in colonoscopy uptake with navigation and navigation costs.

Navigation in longitudinal screening

We compared colonoscopy every 10 years with navigation vs. without navigation, vs. annual 

FOBT or FIT programs.13 For colonoscopy with navigation, navigation was offered every 

time a person was due for colonoscopy.

Screening and surveillance were offered from ages 50 to 80. If stool-based screening was 

positive, colonoscopy was offered. If colonoscopy was normal, the stool test was considered 

false-positive and stool-based screening resumed in 10 years. Polypectomy and biopsy were 

modeled as above. If screening colonoscopy was normal, it was offered again in 10 years. 

Surveillance colonoscopy was performed 3 or 5 years after large or small polyp removal 

respectively,32, 33 and 3 years and then every 5 years after CRC diagnosis.32

In the base case, uptake of the screening colonoscopy program was 40% without navigation 

and 65% with navigation.18 As comparators, we modeled 40% and 65% uptake for FOBT 

and FIT programs. For simplicity, in the base case we assumed that persons taking up 

screening adhered to every testing cycle. In sensitivity analyses, we considered varying 

levels of screening uptake and per-cycle adherence.34-36

Cost inputs

Base case cost inputs in year 2012 dollars were derived from Medicare reimbursement 

rates37-39 and estimated CRC care costs40 (Supplementary Material). The base case 

navigation costs were $29 per colonoscopy completer, $21 per non-completer, and $3 per 

non-navigated person, as derived in our recent cost analysis.24 In sensitivity analyses we 

covered the estimates for other New York City institutions ($51, $74 and $287 per patient 

referred to navigation).20

Clinical and economic outcomes

Primary outputs were quality-adjusted life-years (QALYs) and costs per person,41, 42 

discounted by 3%/year.43 Health state utilities for CRC by stage (Supplementary Table 1) 

were applied for five years after CRC diagnosis. We estimated CRC cases by stage and 

deaths in 10,000-person cohorts.27

Cost-effectiveness analyses

Analyses from the perspective of a third-party payer were performed in TreeAge Pro 

(TreeAge Software, Inc., Williamstown, MA) and Excel 2011 (Microsoft Corporation, 

Redmond, WA). Incremental cost-effectiveness ratios were calculated.41, 42

One-way sensitivity analyses examined all inputs. Threshold and two-way sensitivity 

analyses addressed influential variables, including uptake and adherence.34-36 To estimate 

the uncertainty of our projections, we performed Monte Carlo simulations with 1,000 trials, 

using beta distributions for probabilities derived from parameters in the literature.44 

Screening costs were varied by a common factor within a range of 20% of the base case, and 
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CRC care by a different common factor within the same range. Navigation costs were varied 

as a set, maintaining the base case ratio between them.

Results

Navigation for one-time screening colonoscopy, 10,000-person cohort: Base case

Without screening, 551 CRCs were diagnosed, compared with 453 CRCs when colonoscopy 

uptake was 40% without navigation, and 392 CRCs when navigation increased colonoscopy 

uptake to 65%; screening shifted CRC stage towards earlier stages (Table 1). The number of 

CRC deaths was 216 without screening, 174 with colonoscopy without navigation, and 148 

with colonoscopy with navigation (Table 1). Screening yielded gains in QALYs and cost 

savings overall, and in all subpopulations and age-bands (Table 1). Colonoscopy without 

navigation was more effective and less costly than no screening (i.e. dominant), and 

colonoscopy with navigation was dominant over colonoscopy without navigation.

Navigation for one-time screening colonoscopy: Sensitivity analyses

In one-way sensitivity analyses, the cost-effectiveness of navigation depended most on the 

increase in screening uptake achieved with navigation and the navigation costs (Table 2, 

Figure 1). Navigation became cost-neutral assuming base case costs at an increase in 

screening uptake to 43% with navigation vs. 40% without navigation; it cost $6,000/QALY 

gained assuming base case uptake rates when navigation costs were 10-fold the base case 

costs ($300 per colonoscopy completer); and it cost $25,000/QALY gained assuming base 

case uptake rates when navigation costs were approximately 20-fold the base case costs 

($622 per colonoscopy completer) (Table 2).

In two-way sensitivity analyses, navigation cost $26,400/QALY gained when the navigation 

cost per colonoscopy completer was $150 and screening uptake with navigation was 45% vs. 

40% without navigation; and it cost $28,000/QALY gained when the navigation cost per 

colonoscopy completer was $300 and screening uptake with navigation was 50% vs. 40% 

without navigation (Figure 1).

Other variables were less influential. Navigation remained dominant over no navigation with 

less optimistic colonoscopy sensitivities, specificity and complication rates, a two-fold 

increase in colonoscopy complication costs, or a 50% increase in colonoscopy and 

colonoscopy complication costs (Table 2). It cost <$30,000/QALY gained with up to a four-

fold increase in colonoscopy costs and <$3,000/QALY gained with a 50% reduction in CRC 

care costs.

In the Monte Carlo simulation, compared with colonoscopy without navigation, 

colonoscopy with navigation gained a median of 132 QALYs/10,000 persons (95% range, 

119-165), and was cost-saving in all iterations.

Navigation in longitudinal screening, 10,000-person cohort: Base case

Without screening, 580 CRCs were diagnosed, compared with 410 CRCs when colonoscopy 

uptake was 40% without navigation, and 304 CRCs when navigation increased colonoscopy 

uptake to 65% (Table 3). Colonoscopy without navigation cost $2,400/QALY gained vs. no 
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screening, and colonoscopy with navigation cost $9,800/QALY gained vs. colonoscopy 

without navigation (Table 4).

When compared with fecal testing, colonoscopy with navigation and 65% uptake cost 

$23,800/QALY gained vs. FOBT with 40% uptake, and $26,000/QALY vs. FIT with 40% 

uptake (Table 3). At 65% uptake for fecal testing, colonoscopy with navigation and 65% 

uptake cost $118,700/QALY gained vs. FOBT, and FIT was dominant over colonoscopy 

with navigation.

Navigation in longitudinal screening: Sensitivity analyses

In one-way sensitivity analyses reflecting plausible upper-end and lower-end estimates for 

model inputs, colonoscopy with navigation was not cost-saving vs. colonoscopy with no 

navigation, but in most scenarios it cost <$26,000/QALY gained (Table 4). In most 

scenarios, FIT with 65% uptake remained dominant over screening colonoscopy with 

navigation and comparable uptake (Table 4).

Colonoscopy with navigation and 65% uptake cost $25,500/QALY gained vs. colonoscopy 

with no navigation and 40% uptake when navigation cost $90 per colonoscopy completer.

In two-way sensitivity analyses, navigation cost $240,000/QALY gained when the 

navigation cost per colonoscopy completer was $150 and screening uptake with navigation 

was 45% vs. 40% without navigation; and it cost $228,500/QALY gained when the 

navigation cost per colonoscopy completer was $300 and screening uptake with navigation 

was 50% vs. 40% without navigation (Figure 2).

Colonoscopy with navigation at uptake rates of 25%, 50%, 75% and 100% cost <$25,000/

QALY gained vs. FIT when FIT uptake rates were <17%, <33%, <50% and <66%, 

respectively. If navigation increased colonoscopy uptake to >86%, then it cost <$50,000/

QALY gained vs. FIT with 65% uptake. This uptake threshold remained relatively stable 

even at the extreme low-end of navigation costs ($5-10 per colonoscopy completer). 

Assuming a higher cost for FIT-based screening of $52 (reflecting, for instance, the cost of 

an organized program to increase uptake), colonoscopy with navigation at uptake rates of 

25%, 50%, 75% and 100% cost <$25,000/QALY gained vs. FIT when FIT uptake rates were 

<20%, <39%, <58% and <77%, respectively.

Among persons taking up screening, the cost-effectiveness of navigation for colonoscopy 

compared with fecal strategies depended on the per-cycle adherence rates (Figure 3). 

Assuming an uptake rate for FIT 1.35-fold that of colonoscopy,34 and illustrating 100% per 

cycle adherence among those taking up screening colonoscopy, FIT became dominant over 

colonoscopy with navigation at a FIT per-cycle adherence >35% among those taking up 

FIT.

In the Monte Carlo simulation, compared with screening colonoscopy without navigation, 

colonoscopy with navigation gained a median of 184 QALYs/10,000 persons (95% range, 

167-226), and its median cost/QALY gained was $10,100 (95% range, $8,100-11,500). 

Ladabaum et al. Page 6

Cancer. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Compared to screening colonoscopy with navigation and 65% uptake, FIT with 65% uptake 

yielded more QALYs/person and was cost-saving in 72% of iterations.

Discussion

Our results indicate that patient navigation for one-time screening colonoscopy among a 

predominantly minority population may increase life-expectancy while decreasing costs. In 

settings with higher navigation costs in which navigation does not prove to be cost-saving, 

navigation is still likely to be considered cost-effective. Navigation in the context of a 

longitudinal screening program is likely to be cost-effective, but probably not cost-saving. 

These results highlight the high impact of the initial colonoscopy in previously unscreened 

persons. The overall results were robust across a wide range of sensitivity analyses, provided 

that navigation increased uptake by a clinically significant increment.

Our findings suggest that there is an overall favorable balance between the increase in 

screening uptake achieved by navigation and the costs required to provide navigation. 

Although the precise incremental benefits and costs differed somewhat by racial/ethnic 

group (Table 1), the overall conclusions about the cost-effectiveness of navigation were 

robust across these groups. While an insurer may not realize the estimated long-term savings 

in CRC care associated with screening a specific individual who later switches to another 

insurer, the savings would be realized by the health system as a whole (and, under a steady 

state of balanced switching between insurers, also by specific insurers).

In our simulation, as expected, the cost-effectiveness of navigation for colonoscopy 

compared with stool-based screening was highly dependent on the relative screening uptake 

and adherence rates. With comparable screening uptake and adherence, similar clinical 

benefits may be realized by colonoscopy or FIT programs,45 but each program's impact will 

depend on overall uptake, adherence over time, incremental yield from cycle to cycle, and 

the rate of colonoscopy follow-up after an abnormal screening fecal test.28, 34-36, 46 Health 

systems grappling with decisions regarding CRC screening may weigh the merits of a 

colonoscopy navigation program vs. those of opportunistic or organized programs of fecal-

based testing, as well as considering how to accommodate patient preferences.25, 34

The costs of navigation are currently not reimbursed by insurance. Our analysis of 

navigation at our institution24 yielded modest cost estimates ($29 per colonoscopy 

completer, $21 per non-completer, and $3 per non-navigated). The estimates for three other 

institutions in New York City were higher ($51, $74 and $287 per patient referred to 

navigation), with differences attributable primarily to costs of program personnel other than 

navigators.20 We explored the potential cost-effectiveness of navigation if the incremental 

costs of navigation were covered by payers. In the base case, navigation for one-time 

screening colonoscopy was cost-saving. Navigation for one-time screening colonoscopy cost 

$6,000/QALY gained at a cost of $300 per colonoscopy completer and a 25% absolute 

increase in screening uptake, $28,000/QALY gained at $300 per colonoscopy completer and 

10% increase in screening uptake, and $26,400/QALY gained at $150 per colonoscopy 

completer and 5% increase in screening uptake. These are all cost-effective by traditional 

standards.
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Current reforms in the U.S. focus on accountable care organizations, population health 

management, and cost containment. Our analyses suggest that incremental payments for 

patient navigation for screening colonoscopy are likely to be considered cost-saving or cost-

effective across a broad range of assumptions about effectiveness and cost. Thus, in 

emerging healthcare models that reward outcomes, payers should strongly consider covering 

the costs of patient navigation for CRC screening.

Our study has limitations. It is not clear if future payment models will cover navigation. The 

benefits of all longitudinal screening programs may be overestimated if adherence decreases 

substantially over time. The benefits of fecal-based screening programs may be 

overestimated by our assumption of independence between testing cycles. We did not 

explicitly model fecal-based screening with navigation as separate strategies because of the 

lack of data to inform a base case, but our sensitivity analyses on fecal testing uptake and 

cost reflect hypothetical scenarios of navigation for fecal-based screening.

In conclusion, the balance between the clinical benefits of patient navigation for screening 

colonoscopy and the incremental costs required to provide navigation is likely to be highly 

favorable. Navigation for one-time screening colonoscopy may be cost-saving, and 

navigation in a longitudinal screening colonoscopy program is likely to be cost-effective. In 

emerging healthcare models that reward outcomes, payers should strongly consider covering 

the incremental costs of patient navigation for screening colonoscopy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Two-way sensitivity analysis on the cost of navigation and the absolute increase in screening 

uptake for one-time screening colonoscopy.

Ladabaum et al. Page 12

Cancer. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Two-way sensitivity analysis on the cost of navigation and the absolute increase in screening 

uptake for a program of screening colonoscopy over decades.
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Figure 3. 
Two-way sensitivity analysis on the relative per-cycle adherence with screening for persons 

taking up a colonoscopy-based vs. a FIT-based screening program.
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Table 1
Clinical and economic outcomes with navigation for one-time screening colonoscopy in a 
10,000-person predominantly minority cohort, ages 50 to >80: Base case

No Screening Colonoscopy without Navigation Colonoscopy with Navigation

Screening Uptake 0% 40% 65%

CRC cases per 10,000 persons from entry until age 
100 551 453 392

CRC stage

 Localized 40% 41% 42%

 Regional 37% 37% 37%

 Distant 23% 22% 21%

CRC deaths per 10,000 persons 216 174 148

QALYs/person 15.4222 15.4439 15.4575

Cost/person $2,814 $2,558 $2,422

ICER

 No Screening - Dominates Dominates

 Colonoscopy without Navigation - - Dominates

 Colonoscopy with Navigation - - -

Results by subpopulation

QALYs/person, African American* 14.2774 14.3012 14.3161

Cost/person, African American* $3,276 $2,929 $2,734

QALYs/person, Hispanic* 16.4264 16.4458 16.4579

Cost/person, Hispanic* $2,347 $2,184 $2,105

QALYs/person, White* 15.4349 15.4602 15.4761

Cost/person, White* $3,258 $2,917 $2,727

QALYs/person, Age 55 at entry** 17.4717 17.4944 17.5086

Cost/person, Age 55 at entry** $2,661 $2,480 $2,389

QALYs/person, Age 65 at entry** 13.7169 13.7398 13.7540

Cost/person, Age 65 at entry** $3,058 $2,697 $2,495

QALYs/person, Age 75 at entry** 9.7467 9.7600 9.7684

Cost/person, Age 75 at entry** $2,945 $2,597 $2,402

QALYs/person, Age 85 at entry** 5.9554 5.9610 5.9643

Cost/person, Age 85 at entry** $2,271 $2,127 $2,061

*
57% age 50-59, 33% age 60-69, 9% age 70-79 and 1% age ≥80.

**
43% African American, 49% Hispanic, 4% White and 4% Other.

CRC, colorectal cancer; QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio.
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