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surveillance would reduce patient burden by 301,830 h per patient annually over 5 years. Cost reductions
over 5 years were US$43.5 million for Medicare and US$4.2 million for Medicaid. Total societal cost
savings equaled US$104.2 million. Conclusion: National implementation of low intensity post-treatment
colorectal cancer surveillance has the potential to significantly reduce burden and costs on patients and
their caregivers with no added risks to health.
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Colorectal cancer (CRC) is estimated to affect more than 140,000 patients in the USA [1]. Optimal surveillance
care can lessen the impact of CRC on survivors in remission. Surveillance by carcinoembryonic antigen (CEA)
tests or CT scans provides patients and physicians with critical information about the likelihood of recurrence and
survivorship care. While optimal frequency of surveillance testing is not known, recent work helps to provide some
evidence on this issue [2]. For example, intensity of CRC surveillance may not be associated with either increased
rates of detection of CRC recurrence, the rate at which patients undergo resection for recurrence, or survival [2].
If more frequent surveillance does not translate into better health outcomes than lower frequency surveillance, as
suggested by Snyder and colleagues [2], then a national rollout of a low-intensity CRC surveillance strategy has the
potential to impart substantial benefits via fewer annual number of CEA tests and CT scans, lower missed work
time and travel costs, and accrue direct medical cost savings for patients and payers.

This paper estimates the economic impact of reducing the intensity of CRC surveillance via less frequent
CEA tests and CT scans. CEA tests and CT scans are used to detect cancer recurrence during the 3 years after
completion of CRC treatment. This study modeled the impacts of the changes in surveillance estimated by Snyder
and colleagues [2] from the patient, family, employer and payer perspectives over a 5-year time period. This paper
summarizes primary findings of this analysis, summarizes the Snyder and colleagues’ methods and findings, describes
the modeling methods for this study, and presents results of the impact analysis.

Overview of Snyder et al.

Snyder and colleagues [2] used a retrospective cohort study design to investigate health outcomes-time to detection
of CRC recurrence, rate of recurrence, resection for recurrence-for patients with different intensities of CRC post-
treatment surveillance. The authors used data abstracted as part of the Commission on Cancer Special Study merged .
with records from the National Cancer Database (NCD). The study used a random sample of 8529 stage I-111 CRC Future =~

patients from the NCD who were treated at 1175 different facilities. Initial treatment began in 2006 and patients ~ Medicine ™
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= 2.9 CEA tests within 3 years = 1.6 CEA tests within 3 years
= 2.2 CT scans within 3 years = 1.6 CT scans within 3 years

Figure 1. Markov model of
post-surgical surveillance for patients
with colorectal cancer resection.

CEA: Carcinoembryonic antigen.

Leave model

were followed until 2014. The NCD is one of the largest and most comprehensive cancer databases in the world.
The authors estimated a random effects regression to predict the number of CEA tests and CT scans expected to
occur in a facility based on patient characteristics. Facilities were classified as either ‘high intensity’ or ‘low intensity’.
‘High-intensity’ facilities were ones where the observed number of tests or scans exceeded the regression-expected
number of tests or scans and all others were ‘low intensity’. Patients were classified as having received high- or low-
intensity surveillance based on the facilities where they obtained treatment. Statistical significance was determined
based on a p-value threshold of 0.05.

The study found no differences between patients in the low- versus high-intensity surveillance groups in baseline
tumor characteristics (colon vs rectum; tumor size, stage, histology or grade; or treatment sequence). Analyses also
demonstrated that high-intensity facilities were more likely than low-intensity facilities to be community-based
facilities with patients who had lower incomes. Patients in high-intensity facilities had traveled further for CEA
than those in low-intensity facilities. There were no differences in travel distance for imaging between high- and
low-intensity facilities [2).

In the 3 years after surgery, low-intensity facilities conducted, on average, 1.63 CEA tests and 1.63 CT scans
per patient, whereas high-intensity facilities conducted 4.37 CEA tests and 2.87 CT scans. The authors found
no statistically significant association between the surveillance intensity and detection of recurrence for both tests
(hazard ratio [HR] = 1.00 for CEA, p = 0.84; HR = 0.99 for CT scan, p = 0.98). The authors also found neither
statistically significant differences in the proportion of patients who underwent resection for recurrence at 3 or
5 years by surveillance intensity (HR = 1.12 for CEA tests, p = 0.30; HR = 1.22 for CT scans, p = 0.06) nor
statistically significant differences in 5- and 7-year survival rates by surveillance intensity (HR = 0.96 for CEA tests,
p =0.96; HR = 1.01 for CT scans, p = 0.86) [21.

Materials & methods

To analyze the potential national impact of patients receiving post-treatment surveillance after curative resection
of CRC, we constructed a population-level Markov model. We used findings from Snyder ez 4l. [2] to analyze the
impacts of expanding low-intensity surveillance from the perspectives of the patient, family, employer and payer
over 5 years (Figure 1). Each year of the model, a new cohort of patients enters the model at the surgical resection
node shown in Figure 1. Patients receive either status quo (SQ) surveillance, which reflects the average of high-
and low-intensity surveillance observed in Snyder et @/ (21, or low-intensity surveillance for the duration of the
surveillance regime. Each new cohort undergoes a surveillance regime, which lasts 3 years for patients who have
undergone surgical resection. Patients stay in surveillance or face an all-cause risk of death for 3 years. Surviving
patients receive surveillance for a maximum of 3 years. Adhering to the findings of the Snyder ez al. 2] paper, the
study team assumed no differences in mortality between the two surveillance strategies.

Model parameters

We identified model parameters from publicly available data sources and the literature. The input values were
reviewed and updated to reflect the input of a clinical expert. A full list of the model parameters and their sources
can be found in the Supplementary material.
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Population & clinical parameters

To estimate the base year population of patients undergoing resection, we applied the rate of resection [3] to the
population of adults 18 and older in the United States and used SEER to estimate the number of patients eligible
for low-intensity CRC surveillance [4,5]. We calculated the number of tests and scans for patients in the SQ strategy
by weighting the average numbers of tests and scans of low-intensity and high-intensity patients by the numbers of
low-intensity and high-intensity patients, respectively. The 5-year survival probability, 73.7 percent, was obtained
from Snyder ez al. 2] and converted to an annual rate [6].

Healthcare cost parameters

Healthcare cost parameters included patient copayments and direct medical costs for CEA tests and CT scans [7-9].
We used physician charges and reimbursements by Medicare and large private health plans, expected patient cost
sharing for outpatient oncology care, and out of pocket costs for the uninsured from the published literature (7.
We derived direct medical cost estimates, such as the costs for CEA tests and CT scans borne by payers, from the
Medicare Clinical Laboratory Fee Schedule, the Medicare Physician Fee Schedule, and the published literature [8,9].
The Medicare Fee Schedules provide a listing of fees Medicare uses to pay physicians for their services.

Pmductz'w'z_j/ cost parameters

Informal healthcare sector costs include patient time and travel costs and the value of unpaid caregiving provided
by family members. We first estimated patient and family wait and travel time for each appointment. We assumed
the annual number of appointments is equal to the maximum of the annual number of CEA tests and the annual
number of CT scans because patients can receive both services in the same visit. We used estimates of combined
wait and travel time for CRC patients [10].

To avoid double-counting, other patient time-related losses, such as time lost from work, were excluded. However,
productivity losses to employers were included. We assumed this non-healthcare sector cost to employers could
be estimated as the value of productivity when an employee misses work to obtain medical care. Approximately
44% of CRC patients are older than 65 years, so employer productivity losses were estimated only for CRC patients
younger than 65 years. The wage rate assumed for patients was also used to value employer productivity losses. To
estimate costs to employers of missed work, we valued patient wait and travel time using a nationally representative
median wage rate, including fringe benefits of 30%, of US$29.95 (11,12]. Travel costs for patients were based on
the mileage reported in Snyder e al., applying a reimbursement rate of US$0.55 per mile [2]. To estimate the
amount of unpaid caregiving provided by families, we assumed 41 percent of patients would be accompanied by a
family member based on the rate of patient accompaniment found in observational studies [13]. The value of family
members’ caregiving time was assumed to be US$16.90 per h, the 2018 median wage rate of nursing and home
health aides, including fringe benefits [14].

Total societal costs were calculated as the sum of patient, payer and family costs. Societal cost estimates do
not include employers’ productivity losses to avoid double counting of costs already accounted for and valued as
patient-time costs. All costs were in 2018 dollars; future costs and outcomes were not discounted.

One-way & PSAs

We programmed the CRC model to conduct a series of one-way sensitivity analyses for all model parameters.
Ranges for these parameters were either obtained from the literature, where the 95% CI was assumed to be the
upper and lower bounds of the published parameter value or varied by £20%. We produced tornado diagrams
(Figures 2 & 3) to visually assess the sensitivity of model outcomes to varying each parameter individually across
its plausible range, holding all other parameters at their baseline values.

In addition to one-way sensitivity analyses, we conducted probabilistic sensitivity analyses (PSAs) to analyze
how parameter uncertainty affects model results. We assumed a distribution for all parameters used in the impact
analysis and simultaneously drew 1000 values for the analysis parameters from the assumed distributions to develop
a distribution for each impact considered (e.g., CT scan costs). See Supplementary material. We conducted an
additional scenario analysis extending the surveillance regime out through 5 years to examine the difference in
impact relative to the default assumption of 3 years of surveillance because the clinical expert noted it is not
uncommon for surveillance to last 5 years.

Economic impacts over 1-, 2- and 10-year time horizons were also analyzed.
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B Low High

Parameters (range) 21,606,273 22,606,273 23,606,273 24,606,273 25,606,273 26,606,273 27,606,273

Travel cost (38.50-57.74)
Resection incidence (32.12—-37.89)
Wage rate (23.96-35.94)

CEA tests average, low (1.55-1.71)
CT scans average, high (2.79-2.94)
Office copay (21.82-32.72)

CT scans average, low (1.58-1.68)
Patient wait time (1.41-1.47)

5 yr survival (0.72-0.75)

Figure 2. Tornado diagram of estimated colorectal cancer patient total costs showing one-way sensitivity analysis
results for most impactful parameters, 5-year time horizon.
CEA: Carcinoembryonic antigen.

B Low High

Parameters (range) 90,653,849 95,653,849 100,653,849 105,653,849 110,653,849 115,653,849

CT scan cost (254.02-381.02)
Resection incidence (32.12-37.89)
CT scans average, high (2.79-2.94)
CEA tests cost (18.73-28.09)

Travel cost (38.50-57.74)

CEA tests average, low (1.55-1.71)
CT scans average, low (1.58-1.68)
Wage rate (23.96-35.94)

Office copay (21.82-32.72)

CEA tests average, high (4.18-4.44)
5 yr survival (0.72-0.75)

Caregiver wage rate (13.52-20.28)
Productivity loss multiplier, family (0.33—0.49)
Patient wait time (1.41-1.47)

Figure 3. Tornado diagram of estimated societal costs for colorectal cancer patients showing one-way sensitivity
analysis results for most impactful parameters, 5-year time horizon.
CEA: Carcinoembryonic antigen.

Results

Our model estimated that approximately 90,000 individuals began undergoing CRC treatment each year. Indi-
viduals within the model underwent a 3-year surveillance regime to approximate the duration of CRC care. Over
5 years we estimated that 467,000 patients would undergo CRC postresection surveillance (Table 1).

Findings indicate that a national rollout of a low-intensity strategy has the potential to reduce the number of CEA
tests and CT scans by 448,320 and 210,040 over 5 years, respectively. We found patients would gain 301,830 h of
time as a result of fewer appointments for CRC surveillance, or about 0.65 h per patient per year.

Fewer tests translated into direct medical cost savings. Payers would incur US$77.2 million less in medical costs
for CEA tests and CT scans, with the largest share of medical cost savings going to Medicare (US$43.5 million).
Patients would have lower out-of-pocket costs, saving a total of US$5.7 million.

Other cost savings were US$19.1 million for avoided medical appointments and travel costs, US$2.1 million
in avoided unpaid caregiving for medical visits, and US$3.9 million in employer costs for missed work. Total
societal cost savings were US$104.2 million, including US$24.9 million for patients, US$77.2 million to payers
and US$2.1 million for families. Approximately 80% of the societal cost savings were healthcare cost savings to
payers and patients.
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Table 1. Markov model results of the impacts of National Implementation of a Low-Intensity Surveillance Strategy

versus the Status Quo Surveillance Strategy, 5-year time horizon.

Outcome A. Current practice B. Low intensity Difference (A - B) Annual savings
surveillance per patient

Utilization

Curative resections 467,210

CEA tests 1,010,600 562,290 448,320 0.96

CT scans 772,330 562,290 210,040 0.45

Patient perspective

Patient time, hours 1,109,830 808,010 301,830 0.65

Time and travel costs $70,403,680 $51,256,930 $19,146,760 $41

Out-of-pocket medical costs $21,061,290 $15,333,530 $5,727,760 $12

Total costs $91,464,970 $66,590,460 $24,874,520 $53

Payer perspective

Total payer costs $268,886,750 $191,700,070 $77,186,680 $165
Medicare costs $151,383,240 $107,927,140 $43,456,100 $165
Medicaid costs $14,687,940 $10,471,620 $4,216,320 $165
Other payer costs $102,815,570 $73,301,310 $29,514,260 $165

Family perspective

Hours of unpaid caregiving 456,140 332,090 124,050 0.27
Total unpaid caregiving costs $7,708,770 $5,612,320 $2,096,450 $4.50
Employer perspective

Hours of absenteeism 483,890 352,290 131,600 0.28
Total productivity losses $14,492,390 $10,551,090 $3,941,300 $8.40
Societal perspective

Total healthcare sector costs $289,948,040 $207,033,600 $82,914,440 $177
Total societal costst $368,060,490 $263,902,850 $104,157,650 $223

Time horizon is 5 years and the surveillance strategy is for 3 years. Analysis assumes the low-intensity colorectal cancer surveillance as defined in Snyder et al. [2] is extended
to all stage -1l US colorectal cancer patients. Analysis assumes any patients currently receiving high-intensity surveillance would all be shifted to low-intensity surveillance.
TTotal costs from the societal perspective includes the following: healthcare sector costs (payer spending, patient spending), informal healthcare sector costs (travel and time
costs, family costs for unpaid caregiving) and nonhealthcare sector costs of productivity losses for patients.

CEA: Carcinoembryonic antigen.

Sensitivity analyses

To assess the sensitivity of these findings to the analysis assumptions, we first conducted one-way sensitivity analyses
for total patient and societal costs; results for the 5-year time horizon are depicted in tornado diagrams (Figures 2
& 3). Total patient costs are most sensitive to travel costs followed by variation in the resection incidence and the
wage rate used to value patient time. Note that the ‘CEA test average-low’ bar is one-sided because this calculation
is included in the weighted average for the SQ scenario, meaning higher numbers of tests can skew the differences
between the SQ and low-intensity strategies. From the societal perspective, CT scan costs have the greatest impact
followed by resection incidence.

We also conducted PSA, using 1000 iterations of the model to obtain credible ranges for the 5-year cost savings
estimates (Table 2). The number of CEA tests averted varied from 405,840 to 496,420, and the resulting total cost
savings for patients ranged between US$21.4 million and US$30.7 million. From a societal perspective, total cost
savings ranged from US$90.4 million to US$127.9 million.

Table 3 presents model results for various time horizons proportionate to the 5-year results. The 10-year time
horizon produced costs that were roughly 2.2-times the 5-year horizon. We expect further extrapolation to be
consistent with this finding.

In an additional sensitivity analysis that used a 5-year analysis horizon, we extended the surveillance regime to
5 years versus the 3 years assumed in primary analyses. In this scenario, total numbers of CEA tests and CT scans
averted increased to 544,460 and 255,080, respectively. Cost-saving estimates increased to US$28.3 million and
US$125.7 million for patient total costs and societal costs compared with US$24.9 million and US$104.2 million
for a 3-year surveillance regime.
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Table 2. Probabilistic sensitivity analysis findings, 5-year analysis horizon.

Outcome Impacts avoided or cost savings  Credible range lower bound Credible range upper bound
Utilization

Number of CEA tests 448,320 405,840 496,420

Number of CT scans 210,040 188,580 232,730

Patient perspective

Patient time, hours 301,830 275,540 359,990

Time and travel costs US$19,146,760 US$16,285,050 US$24,050,550
Out-of-pocket medical costs US$5,727,760 US$4,652,960 US$7,370,660
Total costs US$24,874,520 US$21,462,340 US$30,720,080

Payer perspective

Total payer costs US$77,186,680 US$62,852,230 US$95,734,610
Family perspective

Hours of unpaid caregiving 124,050 109,290 151,390

Total unpaid caregiving costs US$2,096,450 US$2,963,450 US$5,004,420

Employer perspective

Hours of absenteeism 131,600 116,340 160,550

Total productivity losses US$3,941,300 US$3,156,680 US$5,261,650
Societal perspective

Total direct medical costs US$82,914,440 US$68,240,470 US$102,602,560
Total societal costs US$104,157,650 US$90,368,650 US$127,854,010

CEA: Carcinoembryonic antigen.

Table 3. Potential cost savings of expanding low-intensity colorectal cancer surveillance for model time horizons of 1, 2,

5 and 10 years.

Analysis perspective

Time horizon Patient Payer Employer Family Societal

1 year US$2,178,450 US$6,759,830 US$345,170 US$183,600 US$9,121,890

2 years US$6,406,380 US$19,879,260 US$1,015,070 US$539,940 US$26,825,570
5 years US$24,874,520 US$77,186,680 US$3,941,300 US$2,096,450 US$104,157,650
10 years US$55,654,750 US$172,699,060 US$8,818,350 US$4,690,650 US$233,044,450

fTotal costs from the societal perspective include the following: healthcare sector costs (payer spending, patient spending) and informal healthcare sector costs (patient travel and time
costs, family costs for unpaid caregiving).

Discussion

Economic research by Yabroff ez a/. estimate total projected healthcare expenditures for CRC for patients in the
Medicare program of US$14.02 billion in 2020 [15]. We modeled impacts of postresection CRC surveillance
exclusively, analyzing the impacts of using low-intensity setting levels of CT scans and CEA testing compared with
the SQ. We estimated total societal costs of US$368 million in the SQ surveillance scenario and $263 million
for the low-intensity scenario, suggesting potential savings of US$104 million with the nationwide expansion of
low-intensity surveillance.

Surveillance is a critical aspect of cancer care. To provide patients with the best possible care, patients and
providers need to find the balance between and the impacts of surveillance and the impacts of possible recurrence.
As new evidence emerges, such as that in Snyder ez 4/. [2], we must revisit existing protocols and norms with regards
to patient well-being.

We note that Snyder ez 4l. 21 does not stand alone as evidence for reduced surveillance. A companion article,
published in the same issue of JAMA as Snyder ez al. (2], presented similar results based on a randomized controlled
trial. In that study, over 2500 patients with stage II or III CRC were randomly assigned to 5 or 2 CEA and CT
follow-up tests over 5 years post-treatment [16]. Like Snyder ez al., the authors found no difference in 5-year survival
between the two follow-up frequencies.
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Our model predicts that there would be over 400,000 fewer CEA tests and 200,000 fewer CT scans. We estimate
modest societal-level cost-savings resulting from a low-intensity strategy: $104.2 million over 5 years, with more
than three-quarters of the savings going to payers. Because we modeled the outcomes of the Snyder er al. [2]
study, this reduction in surveillance was assumed to have no negative impacts on mortality or CRC postresection
complications. CRC surveillance requires considerable time and expense. The cost savings from the implementation
of a low-intensity surveillance strategy would be shared across patients, payers, employers and caregivers, without
worsening patient health outcomes.

Potential limitations

Although the model is robust and informed by clinical expertise in CRC, it nonetheless has some limitations.
First, we assumed the SQ strategy was representative of CRC surveillance for most patients. Cost savings would
be larger if patients had higher levels of CEA testing and CT scanning, such as the high-intensity surveillance
regime presented in Snyder ez a/. (2] or consistent with recommendations from the National Comprehensive Cancer
Network (NCCN) for Stages II and III CRC. For Stage I, NCCN [15] suggests CEA testing and CT scans only as
needed. For Stages II and III, NCCN recommends follow-up care of a CEA test every 3—6 months for the first
2 years and then every 6 months for 3 more years and a CT scan every 6-12 months for 5 years.

Second, the model assumes no differences in resection or mortality between high- and low-intensity surveillance
groups. Snyder ez al. 2] found no statistically significant difference in either resection or mortality between high and
low CT scan surveillance groups. However, we note that Snyder ez 4/. (21 did find a higher proportion of patients who
underwent resection for recurrence in the high- versus low-intensity surveillance facilities (HR = 1.22, p = 0.006). It
is additionally possible that a longer follow-up time from Snyder ez a/. [2) could uncover more differences between
the high- and low-intensity group and if so, that could impact cost savings estimates from our model.

Third, we value informal healthcare sector costs and productivity losses based on the time spent traveling to and
in care, but these estimates may be subject to measurement error. The travel time estimates from Snyder ez /. 121 do
not align perfectly with those from Yabroff ez 4/. [10]. In the absence of newer estimates of waiting time, the study
team chose to use the Yabroff ez /. [10) estimates because they were from a study that aimed to estimate times for
colorectal cancer visits.

Fourth, we assumed an instantaneous and costless rollout of the low-intensity strategy. In reality, introducing
such a strategy would require changes to physician surveillance behavior, which could take time and effort.

Our model also does not account for the psychological impacts of receiving high-intensity and low-intensity
surveillance among CRC survivors. Augestad and colleagues review multiple studies finding limited evidence that
CRC patient follow-up improves quality of life (17). The authors also address the need for increased research on the
psychological impacts of false positive tests on CRC survivors.

A final potential limitation is that the Snyder ez al. [2] study only follows patients for 3 years of surveillance
following resection. Had the patients been followed longer, researchers may have found that individuals in the high
intensity surveillance group had lower time to detection of recurrence, lower recurrence rates or greater overall
survival.

Conclusion

By modeling expanded low-intensity surveillance per Snyder e al. 2], we estimated considerable savings of time
and medical spending to payers, patients and families with no worsening of outcomes. National implementation
of the low-intensity CRC surveillance strategy compared with the SQ strategy has the potential to save society
$104.2 million in costs over 5 years. Payers save $77.2 million in direct medical costs, with $43.5 million of these
savings accruing to Medicare. Reduced costs to patients and families equal $27 million.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup
pl/10.2217/cer-2021-0065
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Summary points

e Research comparing low-intensity and high-intensity post-treatment colorectal cancer surveillance has found no
association between intensity of surveillance and detection of colorectal cancer recurrence.

e This paper constructs a Markov model to estimate the effects of a national rollout of low-intensity surveillance
following curative resection for colorectal cancer.

e Model parameters were identified from publicly available data sources and the literature.

e Model results estimate considerable savings of time and medical spending to payers, patients and families with
no worsening of health outcomes.

e Model results estimate that a national rollout of a low-intensity strategy has the potential to reduce the number
of carcinoembryonic antigen tests and CT scans by 448,320 and 210,040 over 5 years.

e Fewer tests results in a decline in total healthcare sector costs by $82 million over 5 years.

e Total cost savings, including indirect costs to patients and families, total over $104 million over 5 years.

e Limitations include assumptions about representative levels of current surveillance, potential costs of rolling out
a low-intensity strategy nationwide, psychological impacts of high-intensity surveillance among colorectal cancer
survivors, and other measurement assumptions.
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