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I n 2011 and 2012, the Massachusetts General Prima-
ry Care Practice-Based Research Network conducted 
the TopCare clinical trial comparing 2 novel infor-

mation technology (IT)-based population health manage-
ment strategies, with each harnessing patient registry data 
to improve preventive screening rates for cancer. The trial 
was motivated by the low cancer screening rates observed 
nationally relative to US Preventive Services Task Force 
(USPSTF) recommendations.1 At the same time, the federal 
government had committed to expanding the country’s use 
of health IT and, subsequently, the Health Information 
Technology for Economic and Clinical Health (HITECH) 
Act of 2009 was designed to improve, among other things, 
the quality and efficiency of healthcare.2 

At the conclusion of the TopCare trial, there were high 
rates of cancer screening in both intervention strategies, but 
there were no differences of statistical or practical significance 
in overall screening rates between the study arms.3 However, 
the TopCare intervention was specifically designed to reduce 
clinician burden by managing cancer screening outside the 
context of the face-to-face office visit. Thus, whereas the Top-
Care population health management tools were unsuccessful 
at improving cancer screening rates, there remained the pos-
sibility that they would improve the efficiency of care. In the 
current study, we present a cost analysis conducted in paral-
lel with the TopCare clinical trial assessing the relative ef-
ficiency of the 2 novel intervention strategies compared with 
pre-intervention usual care.

METHODS
Overview of the TopCare Clinical Trial

The results of the TopCare clinical trial are reported else-
where.3 Here we describe the outcomes of the trial, as well as the 
cost-relevant details surrounding the development of the inter-
vention and the changes in work flow it required. In summary, 
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ABSTRACT

Objectives: Novel health information technology (IT)-based strate-
gies harnessing patient registry data seek to improve care at a 
population level. We analyzed costs from a randomized trial of 2 
health IT strategies to improve cancer screening compared with 
usual care from the perspective of a primary care network.

Study Design: Monte Carlo simulations were used to compare 
costs across management strategies.

Methods: We assessed the cost of the software, materials, and 
personnel for baseline usual care (BUC) compared with augmented 
usual care (AUC [ie, automated patient outreach]) and augmented 
usual care with physician input (AUCPI [ie, outreach mediated by 
physicians’ knowledge of their patient panels]) over 1 year.

Results: AUC and AUCPI each reduced the time physicians spent 
on cancer screening by 6.5 minutes per half-day clinical session 
compared with BUC without changing cancer screening rates. As-
suming the value of this time accrues to the network, total costs 
of cancer screening efforts over the study year were $3.83 million 
for AUC, $3.88 million for AUCPI, and $4.10 million for BUC. AUC 
was cost-saving relative to BUC in 87.1% of simulations. AUCPI 
was cost-saving relative to BUC in 82.5% of simulations. Ongoing 
per patient costs were lower for both AUC ($35.63) and AUCPI 
($35.58) relative to BUC ($39.51).

Conclusions: Over the course of the study year, the value of 
reduced physician time devoted to preventive cancer screen-
ing outweighed the costs of the interventions. Primary care 
networks considering similar interventions will need to capture 
adequate physician time savings to offset the costs of expanding 
IT infrastructure.
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the trial took place between June 2011 and June 2012 at 18 
primary care practices associated with Massachusetts Gen-
eral Hospital (MGH). The study was designed to compare 2 
IT-based population health interventions: 1) an automated 
patient outreach program encouraging patients to schedule 
breast, cervical, and/or colorectal cancer screenings; and 2) 
a strategy that leveraged physicians’ knowledge of their pa-
tients to streamline cancer screening outreach. The present 
analysis compared the 1-year costs of these 2 strategies with 
each other, as well as with usual care as it existed before the 
introduction of the health IT system. The TopCare trial and 
its embedded cost analysis were approved by the Partners 
HealthCare institutional review board.

Prior to the clinical trial, screening reminders came 
when a physician, accessing a patient’s electronic health 
record, usually as part of a clinical visit, would see an alert 
indicating that a patient was overdue for screening. We 
term this practice “baseline usual care” (BUC) (Figure). 

The IT system tested in the trial included a patient reg-
istry that continuously identified patients overdue for a 
breast, cervical, or colorectal cancer screening according 
to USPSTF guidelines and tracked both scheduled and 
completed tests. In the clinical trial, the study arm called 
“augmented usual care” (AUC) used an automated out-
reach process in which overdue patients were first sent 
letters asking them to directly schedule an overdue test. 
They could also contact a call center if they had already 
received screening (eg, outside the care network), if they 
did not wish to be screened, or if they were no longer eli-
gible for screening. Patients who did not make appoint-
ments or contact the call center were transferred by the 
IT tool to the list of a delegate in the provider’s office who 
could make outgoing reminder calls to the patient. If still 
overdue after 4 months, patients at high risk for nonad-
herence were transferred to patient navigators who would 
work closely with the patients to complete screening. Oth-
erwise, patients still overdue were inactivated for a period 
of 8 months before being re-contacted. 

For the other study arm, “augmented 
usual care with provider input” (AUCPI), 
the IT system regularly provided physi-
cians with a list of patients believed to be 
overdue for screening. Physicians could 
use personal knowledge of their patients 
to update screening status or triage them 
for personalized letter, phone, or naviga-
tor outreach. The provider could also defer 
screening if, for example, they knew the pa-
tient had previously declined. If a provider 
did not act within 8 weeks, the patient de-

faulted to the automated outreach used in the AUC arm. 
The AUCPI intervention was designed to be faster and 
more effective than the AUC intervention.

For the TopCare trial, 9 practices were randomized 
to each study arm. These practices included 88 physi-
cian full-time equivalents (FTEs) serving 103,870 patients 
eligible for screening according to USPSTF guidelines 
during the 1-year trial. The trial found no significant dif-
ference in overall screening completion across the 2 arms 
of the study (81.6% vs 81.4%).3 Furthermore, the 2 novel 
programs did not significantly improve screening rates 
compared with BUC. However, both interventions did 
alter work flows, shifting cancer screening activities away 
from physician visits, raising the possibility of cost sav-
ings compared with BUC.

Cost Analysis 
To compare the costs of the AUC and AUCPI strate-

gies with BUC, we assessed the time and resources devoted 
to breast, cervical, and colorectal cancer screenings under 
each strategy. We examined costs from the perspective of 
the MGH primary care network and projected what it 
would cost to implement each strategy in the full patient/
provider population over a single year. We used micro-cost-
ing techniques4 to estimate the costs of the health IT tool 
and health IT training (both one-time costs), and mailing 
materials and personnel time (both ongoing costs). Because 
the software5 used in the TopCare trial was developed in-
house, we estimated what it would have cost another pro-
vider organization putting in place a similar custom system 
built into an existing health IT infrastructure. The cost of 
the software was estimated by a consulting firm with health 
IT expertise (Massachusetts Technology Consultants, 
Boston). The AUCPI software development was more in-
volved than AUC alone due to the creation of a refined 
user interface. In assessing the cost of the health IT tool, 
we omit the hardware and software costs of the existing 
systems on which the tool was built.

Take-Away Points
We assessed whether 2 approaches to technology-assisted, population-based can-
cer screening outreach—each neutral with respect to improving screening rates—
changed the cost of screening promotion compared with usual care. One approach 
employed an algorithm to escalate outreach processes automatically. The other used 
physician input to target outreach more efficiently. 

n    The cost of building and implementing these systems within a mature health in-
formation technology system was offset by the value of reductions in physician time 
devoted to cancer screening relative to usual care. 

n    The physician-mediated approach reduced outreach costs relative to the algo-
rithm-only approach, but this approach costs more because its software design was 
more expensive.
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A series of group training sessions was 
conducted to instruct the clinical staff on 
how to use the health IT tool. Physicians 
and office staff were trained separately. 
Physicians were trained by a fellow phy-
sician and the project manager. Other 
staff were trained by the project manager 
alone. Refresher training and helpline 
support were also available and tracked. 
The estimated cost of training over the 
course of the study year was based on 
the time spent in training and the hourly 
wage (including fringe benefits) of both trainers and train-
ees. Software and training constituted fixed one-time costs 
of the interventions.

To track how the health IT tool affected physicians’ 
time spent in clinical care, surveys were administered 
asking the following question: “Thinking of the effort 
generated by a recent, typical half-day clinical session, about 
how much time did you spend on the following types of 
cancer screening, including time spent before, during, or 
after the session?” Respondents answered with separate 
time estimates for breast, cervical, and colorectal cancer 
screenings. The surveys were administered prior to the 
launch of the health IT tool and again approximately 1 
year later. The responses were compared, and the change 
in total time spent on screening was calculated for each 
study arm using random effects models accounting for 
multiple observations for each respondent and the clus-
tering of respondents within practices. Costs were esti-
mated by extrapolating changes in provider time use over 
the course of a year and applying that to providers’ wages 
plus fringe benefits. Delegates were given a similar survey, 
but because a negligible number of delegates actually en-
gaged with the novel AUC/AUCPI software and because 
their role was minimal during BUC, we do not include 
their time use in our analyses.

Patient navigator time was tracked as part of their 
usual responsibilities. Call center staff time was estimated 
based on the number of tasks performed and the aver-
age time it took to complete each task. Navigator and call 
center costs were then calculated using total time and staff 
wages plus fringe benefits. The number and cost of letters 
sent were tracked in the TopCare administrative data-
base. Mailing, staff time, and clinician time were ongoing 
costs expected to fluctuate based on the number of eligible 
patients in the population.

Monte Carlo methods were used to aggregate costs, 
taking into account a reasonable range of parameter val-
ues as may exist at other institutions and establishing a 

distribution of cost estimates taking that range into ac-
count. We conducted 100,000 simulations using the com-
mon random number method to increase simulation 
efficiency.6 The mean for each cost component is reported 
for the BUC, AUC, and AUCPI screening strategies. 
Means and 95% CIs are also estimated for total costs and 
for cost differences between screening strategies estimated 
in each simulation. All simulations were conducted using 
TreeAge software version 2013 (TreeAge Software, Inc, 
Williamstown, MA). 

RESULTS
Physician Time Use

Just as screening rates were similar in the AUC and 
AUCPI groups, there were no statistical or practical dif-
ferences in total physician time spent on cancer screening 
across the 2 intervention arms. Thus, to increase statistical 
precision, we assessed time use for the BUC strategy com-
pared with the intervention strategies, regardless of trial 
arm (Table 1). Physicians reported reductions in time spent 
on each type of cancer screening, with the largest changes 
being evident with respect to colorectal cancer screening. 
Overall, for a typical half-day clinical session, the average 
physician-estimated time spent on tasks related to cancer 
screening was 6.5 minutes lower (95% CI, 1.2-11.8; P = .02) 
at the end of 1 year than just prior to the start of the trial. 
With just under 88 FTE physicians working 44 weeks per 
year, we estimated a reduction of 4189 physician-hours 
(2.38 FTEs) of cancer screening effort per year.

Program Costs
Table 2 presents our point estimates of cost compo-

nents under the BUC, AUC, and AUCPI strategies over 
the course of a 1-year period. One-time costs included 
training and software development; software develop-
ment accounted for 3.4% of total costs for AUC and 
4.3% of total costs for AUCPI. The difference was mainly 

n  Figure. Population Cancer Screening Schemes Compared in the  
TopCare Trial
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due to the additional programming effort required to de-
velop the user interface for the AUCPI strategy. Person-
nel training costs were also greater for the more complex 
AUCPI strategy than under AUC due to the increased 
demands the user interface placed on physicians. In com-
bination, the one-time implementation effort cost $51,022 
more for AUCPI than for AUC. There were no one-time 
costs for BUC. Among ongoing costs, the value of physi-
cian time dominated, accounting for over 97%. Call center 
and mailing costs were lower under AUCPI than AUC 
because outreach was tailored based on physician knowl-
edge of their patients’ care. Ongoing per-patient costs 
were lower for both AUC ($34.86) and AUCPI ($34.80) 
relative to BUC ($39.51). Estimated total costs for the 
practices’ cancer screening activities in the first year of a 
strategy’s implementation were approximately $4.10 mil-
lion for BUC compared with $3.83 million for AUC and 
$3.88 million for AUCPI.

Across simulation draws, 1-year costs under the 
AUC strategy averaged $273,626 less than BUC (95% CI, 
–$770,904 to $192,419) (Table 3). In this comparison, AUC 
was cost-saving relative to BUC in 87.1% of simulations. 
The AUCPI strategy cost an average of $227,660 less than 
BUC (95% CI, –$726,156 to $239,056) and was cost saving 
relative to BUC in 82.5% of simulations. When compar-
ing AUC with AUCPI across simulations, AUC cost on 
average $45,967 less than AUCPI and was less expensive 
than AUCPI in 98.4% of simulations.

DISCUSSION
Stage 2 standards for “meaningful use” under the HI-

TECH Act require that clinicians be able to “use clinical-
ly relevant information to identify patients who should 
receive reminders for preventive/follow-up care and 
send these patients the reminders….”7 Prior research has 
shown that visit-based screening reminders are effective 
at improving screening rates.8,9 However, the effectiveness 

of these reminders is limited to patients who visit their 
physician on a sufficiently regular basis. Population-based 
reminders are also effective, typically moreso than visit-
based reminders,10-14 as they have the added advantage of 
potentially reaching an entire patient population of in-
terest, not just those who are regular consumers of care. 
Previously, most population-based reminder efforts relied 
on one-time scans of clinical records to identify patients 
eligible for screening. The TopCare trial is one of a new 
generation of studies14 to use a largely automated system 
for identifying and contacting patients due for screening 
on an ongoing basis. We tracked the program costs in or-
der to assess the efficiency of population-based systems 
that are independent of visit-based care. 

Although the TopCare trial found no significant dif-
ferences in the effectiveness of the AUCPI and AUC 
strategies for increasing preventive cancer screening, our 
estimates suggest such programs may result in efficiency 
gains relative to BUC by achieving similar outcomes at a 
lower cost—a finding driven by decreased time devoted to 
cancer screening by physicians during office visits. Absent 
savings based on increased efficiency in provider time-use, 
the AUC and AUCPI programs’ costs were net increases 
relative to BUC. AUCPI resulted in lower outreach costs 
than AUC, but those were offset by increased software 
development costs. 

If the value of decreased physician time fell entirely 
to the provider organization, under AUC we estimated 
a potential 1-year cost reduction compared with BUC of 
$273,626 spread over 18 practices and 103,870 screening-
eligible patients, leading to a reduction in provider group 
resource use of $2.64 per patient screened. In future years, 
the difference would be $3.88 per patient. The proportion 
of simulations yielding favorable results suggests these 
estimates are moderately robust across the range of cost 
structures that might be encountered at other institutions. 

The ability of provider organizations to capture physi-
cian time savings from our cost analysis by implementing 

n  Table 1. Physician Time Use (minutes per half-day clinical session) (n = 135)

Screening Type Baseline Time Use Follow-up Time Usea Difference P

Mammography 14.7 12.9 –1.8 .09

Pap testing 15.5 13.5 –2.0 .08

Colonoscopy 16.5 13.7 –2.8 .01

Allb 46.2 39.7 –6.5 .02
aIncludes both augmented usual care and augmented usual care with provider input arms because they were not significantly different from one 
another.
bTotals do not equal sum of individual tests due to rounding.
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AUC or AUCPI is uncertain. The potential for provider 
groups to achieve real, monetary savings represents a 
best-case assessment under the assumption that physician 
time freed up by the intervention is entirely repurposed 
to activities that are productive for the practice organiza-
tion. This could happen in several ways. Clearly, if the 
practice organization is owned by the physicians, they 
would realize the benefit of their own improved time use. 
Revenue-generating activities made possible by more ef-
ficient cancer screening might include increasing panel 
sizes under capitated payment systems or adding revenue-
generating visits under fee-for-service payment. Under 
payment mechanisms with pay-for-performance compo-
nents, revenue could be generated if the time saved on 
cancer screening was devoted to improving the organiza-
tion’s scoring on quality metrics associated with financial 
withholds. Alternatively, provider organizations could re-
duce their salary obligations by reducing the size of their 
physician workforce. 

It is also possible that reduced time spent on cancer 
screening may not benefit provider organizations at all. 
For example, if physicians simply reduce their work hours 
while maintaining their existing level of compensation, 
the AUC and AUCPI interventions would function 
mainly as transfers from the provider organization to the 
physicians and would only increase costs to the provider 

organization. Unfortunately, data from the TopCare trial 
are not sufficiently detailed to determine precisely who 
gained from the reduction in physician time devoted to 
cancer screening at our institution.

There have been numerous other economic analy-
ses of programs aimed at increasing cancer screenings. 
Typically, they examine both program costs and screen-
ing costs. For example, Green et al assessed an outreach 
system developed to increase colorectal cancer screening 
at Group Health Cooperative in Washington state. They 
estimated incremental savings of $89 per patient while 
increasing screening rates by 25 percentage points over 2 
years compared with usual care.14 Savings in that study 
were due to a shift away from colonoscopy to fecal occult 
blood test screening, a cheaper method. However, their 
study recruited volunteer patient participants, whereas 
ours focused on the entire screening-eligible primary care 
patient population in our system. Other studies found in-
creased screening rates compared with usual care, but at 
increased cost.13,15-21 However, none of the existing studies 
considered the value of reducing physician time devoted 
to promoting cancer screening—a key financial outcome 
which could be an important driver of savings.

Practice network size is important to consider when as-
sessing the generalizability of our findings. In the TopCare 
trial, fixed costs, such as the development and implemen-

n  Table 2. Fixed and Ongoing Costs by TopCare Trial Arm

Cost Baseline Usual Care Augmented Usual Care
Augmented Usual Care 

With Provider Input

One-time fixed costs

Training N/A $4487 $13,645

Software N/A $124,317 $166,181

Total fixed costs N/A $128,804 $179,826

Ongoing costs

Software maintenance N/A $81,119 $81,119

Call center N/A $2202 $1562

Mailing N/A $15,430 $11,014

Cancer screening activities by  
practice physicians

$4,103,695 $3,602,514 $3,602,514

Total annual ongoing costs $4,103,695 $3,701,265 $3,696,209

Ongoing cost per patient $39.51 $35.63 $35.58

Difference from BUC N/A  –$3.88 –$3.93

Total costs over TopCare trial period $4,103,695 $3,830,069 $3,876,035

Total costs per patient over the 
TopCare trial period

$39.51 $36.87 $37.32

Difference from BUC N/A  –$2.64 –$2.19

BUC indicates baseline usual care; N/A, not applicable.
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tation of the software platform, were spread over a large 
primary care system. All else being equal, in smaller health 
systems, any potential savings generated by reduced phy-
sician effort would be smaller relative to the fixed costs. 
The inverse is also true: the relative importance of fixed 
startup costs diminishes when there are more practices 
seeing more patients eligible for screening over time. Since 
the TopCare trial was completed, TopCare software has 
become available commercially, which will reduce many 
of the one-time costs associated with implementation.5 

Limitations
Our study must be considered in the context of cer-

tain limitations. It took place in a practice system affiliated 
with a large academic medical center. Screening rates for 
breast and colorectal cancers in our patient population 
(82.7% and 76.2%, respectively)3 were substantially higher 
than the national average (72.4% and 58.6%, respectively); 
cervical cancer screening rates were comparable.22 If the 
AUC model was implemented in a population with lower 
baseline screening rates, it might yield different results 
depending on the physicians’ baseline level of attention 
paid to visit-based screening reminders and the patient 
population’s willingness to be screened. Second, despite 
the intervention’s design, practice delegates had limited 
involvement in patient outreach. Better delegate engage-
ment or, alternately, consolidating the delegates’ role in 
patient outreach to a centralized population health co-
ordinator, might shift the costs and improve the effec-
tiveness of the interventions relative to BUC.3,23 Third, 
physician time use was assessed by self-report, not by an 
objective measurement. One concern is that responses 
might be biased in favor of reduced time devoted to can-
cer screening because respondents were not blinded to the 
interventions. However, the surveys were administered 
a year apart and time use was assessed in absolute terms 
(minutes) as opposed to relative terms (“compared with 
last year”), thus helping to protect against such bias.

CONCLUSIONS

We found that although a program to improve popu-
lation-based cancer screening using an advanced health 
IT platform did not increase patient screening rates for 
breast, cervical, or colorectal cancer, it has the potential to 
yield substantial cost savings if the reduced time that phy-
sicians must devote to cancer screening outreach can be 
monetized by the provider organization. This will be most 
likely in networks that are able to quickly align physician 
and system goals as new payment models evolve. Future 
research is needed to understand the costs and benefits of 
implementing this system in other primary care settings 
and for other population health initiatives.
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