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Abstract
Background—Practice guidelines rarely consider comorbid illness, and resulting overuse of
health services may increase costs without conferring benefit.

Objective—To individualize a framework for inferring when patients with comorbid illness are
not likely to benefit from colorectal cancer screening guidelines.

Methods—We modified the “payoff time” framework (the minimum time until a guideline’s
cumulative benefits exceed its cumulative harms) to increase its applicability to a wide range of
primary care patients. We show how it may inform colorectal (CR) cancer screening decisions for
3 typical patients in general practice for whom CR screening would be recommended by current
guidelines: (1) 60-year-old man with diabetes, congestive heart failure, lung disease, stroke, and
substantial frailty; (2) 60-year-old woman with diabetes and obesity, without other comorbidity or
frailty; and (3) 50-year-old woman with inflammatory bowel disease.

Results—For patient 1, the payoff time for CR screening (minimum time until benefits exceed
harms) is 7.3 years, and for patient 2, the payoff time for CR screening is 5.4 years. Evidence is
insufficient to estimate the payoff time for patient 3. Because patient 1’s estimated life expectancy
is 3.7 years (less than his payoff time), he is unlikely to benefit from CR screening. Because
patient 2’s estimated life expectancy exceeds 10 years (greater than her payoff time), she may
benefit from CR screening. Because evidence is insufficient to estimate the payoff time for patient
3, the payoff time framework does not inform decision making.

Conclusion—The payoff time framework may identify patients for whom particular clinical
guidelines are unlikely to confer benefit, and has the potential to decrease unnecessary health care.

Patients with chronic illness may not survive long enough to gain from practice guidelines
that have immediate risks and delayed benefits.1–3 For example, chronically ill patients
receiving screening colonoscopy incur the risk of colonoscopy-related harms (eg,
perforation, substantial bleeding) but may not live long enough to benefit from lowered
colorectal cancer risk. Chronically ill persons receiving screening abdominal ultrasounds
incur the risk of surgery-related complications if an aneurysm is detected, but may not live
long enough to benefit from decreased risk of spontaneous aneurysm rupture. While
clinicians have the option of withholding practice guidelines when harm is likely to exceed
benefit, a substantial body of evidence suggests that clinicians do not make this assessment
accurately, and chronically ill individuals receive interventions that may be harmful.4,5
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Furthermore, the advent of incentives and contingencies (eg, pay for performance, quality
“benchmarks”) may reinforce inclinations to apply practice guidelines rigidly, despite
chronic diseases.6

We have previously developed a framework termed the “payoff time.” The payoff time is
designed to identify the minimum elapsed time until the cumulative incremental benefits
attributable to a practice guideline first exceed the cumulative incremental harms associated
with applying the guideline.7 A long payoff time means that it takes an extended time until
benefits outweigh harms, whereby a short payoff time means that benefits rapidly outweigh
harms. The payoff time is relevant to any guideline that involves immediate harms and
delayed benefits, and, in theory, can be used to predict whether a particular clinical guideline
should apply to a particular patient if his life expectancy can be estimated. If the payoff time
is greater than that patient’s life expectancy (ie, as may happen for chronically ill patients
with low life expectancies) then the guideline should not apply because the patient is
unlikely to live long enough to accrue more benefit than harm. On the other hand, if the
payoff time is less than that patient’s life expectancy (ie, as may happen for healthy patients
with greater life expectancies) then the guideline may apply, because the patient is likely to
live long enough to accrue more benefit than harm.

While the payoff time has promise for informing care decisions, it may be difficult to apply
in practice because; (1) it requires prognostic information that is specific to comorbid
disease(s) that is often not available to the clinician “at the bedside,” (2) does not consider
generic predictors of mortality such as frailty (ie, the correlates and sequelae of decreased
functional reserve), (3) does not consider interactions between comorbidities, frailty, and
diseases targeted by practice guidelines, and 4) does not consider patient preferences. In this
report, we describe how the payoff time approach can be modified to address these
limitations, and thereby may be used in “real world” settings to reduce inappropriate
utilization. We use it to inform colorectal cancer screening decisions for 3 typical clinic
patients in whom colorectal cancer screening would be recommended by current practice
guidelines1: 60-year-old man with diabetes, congestive heart failure, lung disease, stroke,
and substantial frailty2; 60-year-old woman with diabetes and obesity, without other
comorbidity or frailty; and3 50-year-old woman with inflammatory bowel disease.

METHODS
We first describe how we modified the payoff time framework to make it more useful to the
clinician, and then how we can use it to inform decisions about who to screen for colorectal
cancer.

Modifying the Payoff Time Framework
Making the Framework More Generic—Applying the payoff time requires estimating
life expectancy. The previous description of the payoff time framework suggested using
disease-specific prognostic models (eg, survival in congestive heart failure patients) to
estimate life expectancies.7 However, this approach restricts the spectrum of patients to
which the framework can be applied, because validated prognostic models for patients with
diseases that are comorbid (eg, survival in patients with congestive heart failure and
diabetes) are often not available. Furthermore, different prognostic models are needed for
different types of patients, complicating its application. For these reasons, we have modified
the payoff time framework to incorporate estimates from a prognostic model that was
developed in patients who had a variety of comorbid conditions.8 We chose to use this
framework because it has good discrimination (c statistic of 0.84 in the development cohort
and 0.82 in the validation cohort), was developed on a sample generalizable to primary care
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(a population-based sample of community dwelling US adults older than 50 years), and
contains a limited number of items (13) that can be easily administered in the office.

To adapt the prognostic model’s estimates of 4-year survival to the payoff time’s estimates
of life expectancy we used the declining exponential approximation of life expectancy
(DEALE). The DEALE is a simple approach that allows one to convert data from various
literature sources (eg, 4-year survival) into life expectancy.9 The DEALE has not been
regularly used as a clinical tool because it is only valid to apply when annual mortality is
≥10%.9 However, because the payoff time framework generally will not influence care
when annual mortality is less than 10% (the corresponding life expectancies will exceed 10
years, longer than most payoff times), this limitation of the DEALE does not restrict our
approach.

Incorporating Frailty
Frailty is a biologic construct that is characterized by declining functional reserve, and
confers vulnerability to disability, hospitalization, nursing facility admission, and death
beyond the impact of age and known medical conditions.10,11 For example, a thin, fragile,
homebound 80-year-old woman may have osteoporosis as her only known comorbidity, yet
her frailty places her at far higher risk for death than would be expected based on her age
and osteoporosis alone. We expanded the payoff time framework because frailty may
frequently cause life expectancy to fall to below a particular payoff time (Fig. 1).

Measurements of frailty usually include signs of decreased functional reserve such as
slowness, weakness, exhaustion, and wasting10; or consequences such as falls, disability,
and institutionalization.12,13 The prognostic model of Lee et al evaluated a large number of
frailty items for predictive value, including difficulties with activities of daily living and
instrumental activities of daily living, and the final model includes a substantial proportion
of items that may arise from frailty (wasting, difficulty bathing, difficulty managing money,
difficulty walking several blocks, and difficulty pulling or pushing large objects). Although
there are additional frailty markers that were not evaluated or included in the model (eg,
falls, hospitalizations), that may conceivably add precision to life expectancy estimation, we
reasoned that the potential advantages of including these predictors in our framework were
outweighed by the disadvantage of modifying a validated instrument. Consequently, we
believe that the model of Lee et al was sufficient to consider frailty in our framework.

Considering Interactions Between Comorbidities, Frailty, and Diseases Targeted by
Practice Guidelines

Just as life expectancy may be influenced by comorbidity and frailty, the payoff time may
also be influenced by these factors. For example, the payoff time for colorectal cancer
screening via colonoscopy for average-risk 60-year-old men (5.4 years) may be expected to
be longer for patients with characteristics that increase the likelihood of harm from
screening more than the likelihood of benefit (eg, frailty, which would make complications
from colonoscopy more likely and/or more severe). Conversely, the payoff time may be
expected to be shorter for patients with characteristics that increase the likelihood of benefit
from screening more than the likelihood of harm (eg, major risk factors for colon cancer).
Consequently, we reasoned that the payoff time framework can consider interactions if it is
applied in accord with the following decision rules (Fig. 2).

Rule A: If the impact of comorbidities and/or frailty on guideline-associated harms and
benefits is not likely to be substantial (ie, a statistically and clinically significant effect on an
important harm or benefit, based on high-quality evidence), then the payoff time can be used
without adjustment.
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However, in many clinical situations the expected impact of comorbidities and/or frailty on
guideline-associated harms and benefits is expected to be substantial. In this situation, other
decision rules may need to be invoked.

Rule B: If the impact of comorbidities and/or frailty on guideline-associated harms and
benefits is substantial and can be quantified, then the payoff time should be adjusted to
reflect these harms and benefits before it is used.

However, often the impact of comorbidity and/or frailty will be difficult to quantify, and the
final decision rule may need to be invoked.

Rule C: If the impact of comorbidities and/or frailty on guideline-associated harms and
benefits is likely to be substantial but is unknown, then the payoff time should not be used if
the impact on benefits is likely to be underestimated, or if the impact on harms is likely to be
overestimated. Otherwise, it is reasonable to use the payoff time without adjustment.

The reasoning behind this rule is as follows. If there is no underestimation of benefits or
overestimation of harms, then the estimated payoff time will be lesser than or equal to the
true payoff time. Consequently, if a patient’s life expectancy is below an underestimated
payoff time, it would also be below the true payoff time, so it would remain valid to use the
estimated payoff time to infer that a guideline may harm that patient. However, if there is
overestimation of benefits or underestimation of harms, the estimated payoff time may be
greater than the true payoff time. Then, a patient’s life expectancy could be below the
estimated payoff but still could be above the true payoff time, so it would be invalid to use
the estimated payoff time to infer that a guideline may harm that patient. It is preferable to
avoid using the payoff time framework altogether in this situation.

We used previously published methods to estimate the mortality payoff time for colorectal
cancer screening7 with 2 modifications. First, we updated our estimate of the incidence of
serious complications after colonoscopy by 25% (from 2.0 per 1000 to 2.5 per 1000) based
on 2 recently published studies of adverse events following colonoscopies performed at
large integrated health delivery systems (incidence of perforation, bleeding requiring
transfusion or hospitalization, diverticulitis requiring surgery or hospitalization, or
postpolypectomy syndrome; 2.4 per 1000, Ko et al14; 2.5 per 1000, Levin et al15).
Correspondingly, the attributable mortality (ie, chance of death from colonoscopy
complications) was revised 25% upwards (now assumed to be 2.5 per 10,000 rather than 2.0
per 10,000 as in the previous report). Second, our payoff time framework now considers the
possibility that the onset of benefits may be delayed. In the current study, the benefit from
screening was assumed to begin only after a 5-year delay following screening, in accordance
with published randomized controlled trials,16 rather than instantaneously at the time of
screening, as in the previous report. The magnitude of benefit from screening, after this
delay, was assumed to be unchanged from our prior report (reducing colorectal cancer
mortality by a relative risk of 0.70).

Using the Payoff Time to Inform Clinical Decisions
Using the payoff time to inform clinical decisions requires first estimating the life
expectancy for a particular patient, then estimating the payoff time for a particular guideline,
adjusting that payoff time if necessary (based on comorbidities, frailty, and other factors that
influence the balance of benefits to harms), and then comparing the guideline’s payoff time
to the patient’s life expectancy (Figure 3). The prognostic index of Lee et al (Table 1) can be
used to estimate 4-year probability of death. If it is greater than 33%, then it is likely that life
expectancy will be below 10 years (within the range of probable payoff times) and that the
DEALE can use it to approximate life expectancy. For colorectal cancer screening, there are
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18 patient characteristics that may require adjustment of the payoff time for an individual
patient, or may prevent it from being applicable (Table 2). These characteristics were
selected because published reports suggested that their effects were clinically and
statistically significant, and (if multiple studies were performed) were consistent in
magnitude and direction. Based on these effects, the individualized risk for benefit (based on
the individual risk of colorectal cancer death; second column of Table 2) can be divided by
the individualized risk for harm (based on the individual risk of death from colonoscopy-
related complications; third column of Table 2). This yields an individualized risk-to-benefit
adjustor (first column of Table 3), which tailors the payoff time based on individual patient
characteristics (other columns, Table 3) in accordance with methods previously published.7
After estimating a guideline’s payoff time and adjusting it if necessary, it can be compared
with that patient’s estimated life expectancy. If the life expectancy is less than the payoff
time, the clinician can initiate a shared discussion of how screening is less likely to result in
benefit and may produce harm.

The sequence of gathering necessary information to use this approach can be adapted to suit
clinic workflow and capabilities of the medical record system, and does not need to reflect
the order in which it is used. For the particular guideline under consideration (colorectal
cancer screening), even if no electronic medical record (EMR) is available, all necessary
information (corresponding to the rows in Tables 1 and 2) could be gathered by using a
survey at the time of check-in. If an EMR is available with the capability to search for
relevant diagnoses and characteristics, the survey could be shortened to as few as 8
questions.

RESULTS
We now describe how the payoff time can be applied to inform colorectal cancer screening
decisions for 3 typical primary care patients.

Mr. Z, a 60-Year-Old Male With Extensive Comorbidity and Frailty
Our first case is Mr. Z, a 60-year-old man with diabetes, heart failure, lung disease, previous
stroke, and substantial frailty; as evidenced by wasting, difficulty walking several blocks,
difficulty pushing or pulling heavy objects, difficulty showering, and difficulty managing
money. His medications include aspirin, which reduces the risk for colorectal cancer. We
first ask whether the payoff time for colorectal cancer screening is applicable to Mr. Z, and
if it needs adjustment (Table 2). Mr. Z has several characteristics that require adjustment of
the payoff time (diabetes, aspirin, American Society of Anesthesiology Class 3 [“severe
systemic disease”] status), and none of the characteristics that prevent the payoff time from
being applicable (history of inflammatory bowel disease, colon cancer or adenomatous
polyps, pelvic radiation, Hodgkin lymphoma, and acromegaly). Therefore, Mr. Z’s relative
risk for colorectal cancer is 1.04 times that of an average-risk person (1.3 from diabetes
multiplied by 0.8 from regular aspirin use), and Mr. Z’s relative risk for colonoscopy
complications is 4.3 times that of an averagerisk person (because he is American
Anesthesiology Class 3). Consequently, Mr. Z’s benefit to harm adjustor is 1.04 divided by
4.3 or 0.24. From Table 3, we see that the payoff time for colorectal cancer screening for a
60-year-old man with an individualized benefit-to-harm adjustor of 0.24 is slightly under 7.3
years.

Next, we estimate Mr. Z’s 4-year probability of death based on the prognostic index of Lee
et al (Table 1). Mr. Z is aged 60 (0 points), male (2 points), has wasting that lowers his BMI
below 25 (1 point), has diabetes (1 point), congestive heart failure (2 points), chronic lung
disease (2 points), difficulty with bathing (2 points), difficulty walking several blocks (2
points), difficulty pulling or pushing heavy objects (1 point), and difficulty managing money
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(1 point). In total, Mr. Z has 14 points, which gives him a 4-year probability of death of
66%, and a corresponding life expectancy of 3.7 years. Because the payoff time (7.3 years)
exceeds Mr. Z’s life expectancy (3.7 years), he is unlikely to benefit from colorectal cancer
screening. Accordingly, Mr. Z’s clinician should engage him in an informed discussion
about how the likely harms exceed the likely benefits.

Mrs. J, a 60-Year-Old Woman With Limited Comorbidity and Without Frailty
Our second case is Mrs. J, a 60-year-old nurse with obesity and diabetes and no other
comorbidities or frailty. She does not take aspirin regularly, even though this was advised.
We first ask whether the payoff time for colorectal cancer screening is applicable to this
particular patient, and if it needs adjustment. Mrs. J has 2 characteristics that require
adjustment of the payoff time (diabetes and obesity) and none of the characteristics that
prevent the payoff time from being applicable. Mrs. J’s relative risk for colorectal cancer is
1.95 times that of an average-risk person (1.5 from obesity, multiplied by 1.3 from diabetes),
and Mrs. J’s relative risk for colonoscopy complications is the same of that of an average-
risk person because she does not have any characteristics that require modification (Table
3). Therefore, Mrs. J’s benefit to harm adjustor is 1.95 divided by 1 or 1.95. Interpolating
from Table 3, we see that the payoff time for colorectal cancer screening for a 60-year-old
woman with an individualized benefit-to-harm adjustor of 1.95 is slightly over 5.4 years.

Next, we estimate Mrs. J’s 4-year probability of death based on the prognostic index of Lee
et al (Table 1). Mrs. J is aged 60 (1 points) and has diabetes (1 point) (giving her only 2
points) for a corresponding mortality risk of 2%. Because this is lower than 33%, Mrs. J has
a life expectancy that is well above 10 years, and therefore above her payoff time for
colorectal cancer screening of 5.4 years. Therefore, the benefits of screening will likely
accrue to Mrs. J.

Mrs. Q, a 50-Year-Old Woman at High Risk for Colorectal Cancer
Our third case is Ms. Q, a 50-year-old woman with inflammatory bowel disease, and no
other comorbidities or frailty. As before, our first step is to ask whether the payoff time for
colorectal cancer screening is applicable to this particular patient, and if it needs adjustment.
Because Ms. Q has inflammatory bowel disease, the payoff time may underestimate benefits
(Table 2), and therefore we should not use the payoff time framework for this particular
patient.

DISCUSSION
We demonstrate how the payoff time framework can be adapted to inform real world
decisions at the point of care and has the potential to reduce unnecessary health care
utilization. While this framework is still maturing, the current report shows that it can be
modified to use generic prognostic models, include frailty, and to consider interactions
between comorbidities or frailty and diseases targeted by practice guidelines.

Pilot-testing the payoff time framework is particularly important because preventive
guidelines may not be implemented in care for reasons beyond a provider’s control (eg, lack
of health insurance, poor adherence), or may get lost in the vast spectrum of competing
demands. For example, if providers aimed to apply every preventive guideline to a typical
patient panel, they would need to devote 7 additional hours each day beyond time already
spent managing chronic disease and addressing acute complaints.29 Clinicians do not have
any systematic method to prioritize among preventive guidelines and do not have time to
implement them all.30 Therefore, linking the payoff time framework to a clinical reminder
alone, without also incorporating a decision support system that facilitates information
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gathering, prioritization, and implementation, is likely to be unsuccessful. Accordingly,
when we pilot-test this framework, we plan to integrate it into the electronic medical record,
and to use nonphysician staff to collect information. Other important questions that need to
be addressed by pilot testing include how well the payoff time performs in actual clinical
practice (eg, what is the utility of this framework over usual care?), whether it slows down
clinical workflow or poses an unacceptable time burden, and whether it represents good
value. Piloting testing may also inform future efforts to decrease the number of data
elements required.

Perhaps the most important question addressed by pilot testing may involve its acceptability
for patients (eg, how to “frame” the shared decision making triggered by payoff time
information31), particularly for those who prefer to continue screening even in the face of
high risk or low reward. Ideally, clinical decisions should reflect a shared decision-making
process between patient and physician that incorporates the individual values and priorities
of a particular patient. Even if a patient’s life expectancy is longer than the payoff time for a
guideline, that guideline may not be advised because it does not reflect that patient’s
preferences. Conversely, even if a patient’s life expectancy is shorter than the payoff time
for a guideline, that guideline may be an appropriate topic for discussion. This discussion
should not take the form of discouraging pronouncements such as “You’re not going to live
long enough to need this test,” but rather could be introduced by statements such as “Every
patient is different, and what is best for 1 person may not be best for another. Chances are
that you are more likely to be harmed, or will not benefit, from this test.”

It is important to note that the payoff time framework is flexible, and is not limited to
colorectal cancer screening, or for that matter, preventive care practice guidelines. It is
applicable to any guideline likely to result in short-term harms but longer-term benefits (eg,
repair of abdominal aortic aneurysms), and therefore may eventually be applied to other
practice guidelines. The payoff time framework is substantially different than other
published approaches for individualizing practice guidelines because they require qualitative
valuations that are often complex and are difficult to perform and apply at the point of care.
1–3,32,33 In contrast, this framework was designed “from the ground up” to be applicable at
the point of care and to inform clinical decision support systems, because of its systematic
and quantitative approach.

Our modified framework still has important limitations. Although we have enhanced its
generalizability and feasibility by linking it to a prognostic model not developed for any
particular disease, disease-specific prognostic models may be more accurate when they are
available. For example, if a patient has severe congestive heart failure, the Seattle Heart
Failure model34 may yield a more accurate estimate of life expectancy than the model of
Lee et al. There will be many situations in which it is not possible to apply this framework,
because it may either underestimate benefits or overestimate harms (eg,, case 3, in which
that patient’s particularly high risk of colorectal cancer may lead to underestimation of
benefits from screening), or because factors external to the provider may limit guideline
implementation (eg, lack of health insurance, lack of geographic proximity to providers, or
patient-specific adherence barriers such as alcohol abuse, drug abuse, or mental health
disorders). Our approach uses population-based data to inform decisions about individual
patients and inferences may not always be appropriate, a caveat common to all applications
of evidence to clinical decisions.

While the main limitation of this framework is its need to be validated in a clinical care
setting, it has important strengths that make further study worthwhile. The framework may
be a counterbalance to the blind application of guidelines that are inappropriate for
individual patients, and may counter the unintended consequences of pay-for-performance
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and quality benchmarks. It could perhaps stimulate thoughtful physician-patient discussion
regarding preferences for screening. If it makes valid predictions, it can be applied in a
format that minimizes or eliminates the physician role in collecting information, and
therefore may be compatible with emerging models for primary care such as the patient-
centered medical home.35 Most importantly, application of the payoff time framework has
the potential to limit inappropriate care, thereby increasing quality of care while reducing
costs.
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FIGURE 1.
Conceptual model of how comorbidity and frailty impact life expectancy and a guideline’s
payoff time in modified framework. A, Comorbidity and frailty not only impact life
expectancy but also may impact the payoff time of a guideline (earliest time when
cumulative incremental benefits first exceed cumulative incremental harms). If the life
expectancy falls below the payoff time, then the practice guideline is more likely to result in
harm than benefit. Frailty may or may not arise from a comorbidity, and even if it does arise
from a comorbidity, it may impart an incremental effect on life expectancy distinct from that
of the comorbidity. B, Schematic diagram of frailty trajectory in hypothetical patient. As
frailty worsens, it increases vulnerability to death, thereby lowering life expectancy and
increasing the likelihood that life expectancy will fall below any particular payoff time.
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FIGURE 2.
Schematic of decision rules for applying payoff
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FIGURE 3.
General schematic of how payoff time may inform clinical decision making.
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TABLE 1

Prognostic Index of Lee et al. Of the 13 Data Elements That are Required for This Index, as Many as 8 may be
Obtained From an Electronic Medical Record System, Leaving as few as 5 Items for Patient Survey

Prognostic Index

Age*

  <60, 0 points; 60–64, 1 point; 65–69, 2 points; 70–74, 3 points; 75–79, 4 points; 80–84, 5 points; ≥85, 7 points

Sex*

  Female, 0 points; male, 2 points

Weight*

Height*

  BMI ≥25, 0 points; BMI <25, 1 point (BMI = 703 X weight in pounds/height in inches)

Has a doctor ever told you that you have diabetes or high blood sugar?*

  No = 0 points; Yes 1 point

Has a doctor told you that you have cancer or a malignant tumor, excluding minor skin cancers?*

  No = 0 points; Yes 2 points

Do you have a chronic lung disease that limits your usual activities or makes you need oxygen at home?*

  No = 0 points, Yes 2 points

Has a doctor told you that you have congestive heart failure?*

  No = 0 points; Yes 2 points

Have you smoked cigarettes in the past week?†

  No = 0 points; Yes 2 points

Because of a health or memory problem, do you have any difficulty with bathing or showering?†

  No = 0 points; Yes 2 points

Because of a health or memory problem, do you have any difficulty with managing your money-such as paying your bills and keeping track of
expenses?†

  No = 0 points; Yes 2 points

Because of a health problem do you have any difficulty with walking several blocks?†

  No = 0 points; Yes 2 points

Because of a health problem do you have difficulty with pulling or pushing large objects like a living room chair?†

  No = 0 points; Yes 1 point

Scoring Algorithm

  Sum all points from questions above

Sum of Points Probability of Death in 4 yr
Estimated Life

Expectancy (yr)

0 1% ≥10.0

1 2% ≥10.0

2 2% ≥10.0

3 4% ≥10.0

4 5% ≥10.0

5 7% ≥10.0

6 9% ≥10.0
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Sum of Points Probability of Death in 4 yr
Estimated Life

Expectancy (yr)

7 14% ≥10.0

8 20% ≥10.0

9 22% ≥10.0

10 28% ≥10.0

11 44% 6.9

12 46% 6.5

13 57% 4.7

≥14 66% ≤3.7

*
Data element may be obtained from survey at check in and/or electronic medical record system.

†
Data element may be obtained from survey at check-in.
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TABLE 2

Adjustment of Payoff Time Based on Individual Characteristics*

Characteristic

Relative Risk (RR) for
Colorectal Cancer

Deaths (Amplifies Potential
Benefits)

Relative Risk (RR) for
Colonoscopy

Deaths (Amplifies
Potential Harms)

Can Use
Adjusted

Payoff Time?

Smoking17†‡ 1.8 Unknown§ Yes

Obesity18,19† 1.5 Unknown§ Yes

Heavy alcohol20¶ 1.3 Unknown§ Yes

Diabetes21†¶ 1.3 Unknown§ Yes

Aspirin (regular use)22¶ 0.8 Unknown§ Yes

NSAID (regular use)22¶ 0.7 Unknown§ Yes

Hormone replacement therapy23¶ 0.6‖ Unknown§ Yes

Coumadin14¶ Unknown** 4.0 Yes

American Anesthesiology Society Class 1 (“normal
healthy patient”)14¶

Unknown** 0.7 Yes

American Anesthesiology Society Class 3 (“severe
systemic disease”)14¶

Unknown** 4.3 Yes

1st degree relative with CRC, age unknown24‡ 2.3 Unknown§ Yes

1st degree relative with CRC, age <4524‡ 3.9 Unknown§ Yes

>1 1st degree relative with CRC24‡ 4.3 Unknown§ Yes

Inflammatory bowel disease25¶ Variable; >>1†† Unknown§ No

Personal history of colon cancer or adenomatous
polyps24¶

Variable; >>1†† Unknown§ No

History of pelvic radiation26¶ Unknown but likely to be >1†† Unknown§ No

Hodgkins Lymphoma27¶ Unknown but likely to be >1†† Unknown§ No

Acromegaly28¶ Unknown but likely to be >1†† Unknown§ No

*
These characteristics were selected because published reports suggested that their effects were clinically and statistically significant, and (if

multiple studies were performed) were consistent in magnitude and direction. Of the 18 data elements that are required for this index, 3 overlap
with the prognostic index, and an additional 12 may be obtained from an electronic medical record system, leaving as few as 3 additional items for
patient survey.

†
Data already obtained to estimate payoff time.

‡
Data may be obtained from survey at check-in.

§
There is no a priori reason to expect that the RR is substantially lower than 1 (in which case, the impact on harms may be overestimated),

therefore it remains valid to use the adjusted payoff time. Note that if there were an a priori reason to expect that the RR may be substantially lower
than 1 (in which case, the impact on harms may be overestimated), it would not be valid to use the adjusted payoff time.

¶
Data may be obtained from electronic medical record or from survey at check-in.

‖
Based on hazard ratio.

**
There is no a priori reason to expect that the RR is substantially greater than 1 (in which case, the impact on benefits may be underestimated),

therefore it remains valid to use the adjusted payoff time.
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††
There is an a priori reason to expect that the RR may be substantially greater than 1 (in which case, the impact on benefits may be

underestimated), therefore it is not valid to use the adjusted payoff time.
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