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For this article, the authors examined the cost implications of the prospective surveillance model (PSM) for breast cancer (BC) survi-

vors, a comprehensive framework designed to preemptively reduce the incidence and virulence of common impairments. The model

clearly has the potential of providing significant benefits. However, its accompanying costs and resource requirements remain unclear

and may be substantial. Thus, it is critical to examine which BC survivors may benefit from the PSM, how much they will benefit, and

the costs of this benefit before its implementation. Because the PSM is not rigidly prescriptive, its examination must allow for differ-

ent scenarios with emphasis on 4 critical determinants of cost—whether all or only high-risk BC survivors participate, assessment fre-

quencies and locations, the credentials of the assessors, and requirements for supportive equipment. Another issue is the distribution

of its cost: hypothetical implementation strategies vary widely in their distribution of fiscal burden across key stakeholders—survivors,

providers, and payers—whose financial responsibilities will be an important factor in whether and how rapidly they adopt the PSM.

Accurate valuation of the PSM will require capture of direct and indirect cost savings and benefits. Currently, a lack of data regarding

these parameters, as well as outcomes that can be reliably attributed to the PSM, impedes cost-effectiveness analyses. Because the

PSM may enhance many health state characteristics, assessments that integrate overall composite measures with evaluations of com-

mon, discrete impairments may be required to comprehensively assess its benefits. Cancer 2012;118(8 suppl):2325–30. VC 2012 American

Cancer Society.
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INTRODUCTION
The prospective surveillance model (PSM) for breast cancer (BC) survivors outlined by Stout et al in this supplement1 rep-
resents a long overdue effort to advance our medical efforts toward a pre-emptive, rather than an after-the-fact,2-4

approach to reducing the occurrence and progression of BC treatment-related impairments. The PSM, which is a frame-
work of suggested clinical activities designed to proactively assess and educate patients in impairment risk reduction, is
more than just pertinent to BC survivors. If successful, it may provide a framework for similar initiatives in other cancer
patient populations. Realistically, however, enthusiasm must be tempered by the need to assess its associated costs and
determine who may benefit from the PSM, howmuch they may benefit, and howmuch this benefit will cost.

Implementation of the PSM is not a trivial undertaking, because its introduction potentially would affect all BC sur-
vivors and would have an impact on the nature and cost of their care that has yet to be quantified. Although scrutiny will
take a concerted effort by many individuals, the role of this article is to provide an overview of the considerations that need
to be taken into account to comprehensively assess the cost implications of the proposed PSM. The increasingly competi-
tive medical landscape demands that current and future costs as well as quality of care and patient centricity become cen-
tral to health care decision making.5

The rationale for the PSM lies in its potential to reduce the incidence and severity of the broad range of physical
impairments experienced by BC survivors. Facts argue that a prospective surveillance approach is needed. First, it is esti-
mated that there are over 2.5 million BC survivors in the United States who will enjoy relatively normal life expectancies.6

Therefore, a failure to treat their physical impairments may adversely affect their well being and functionality for decades.
Second, BC treatment-related physical symptoms and impairments (eg, restricted shoulder motion, pain, and fatigue7-9)
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are far more common and persistent after BC treatment
than is usually recognized. Third, such physical impair-
ments seldom are detected by oncologic care pro-
viders.4,10 Fourth, many treatment-related impairments
either can be prevented or their effects can be meaning-
fully ameliorated through the early introduction of effec-
tive therapy. And last, evidence suggests that few survivors
receive such care.4,10-12

Determinants of Cost

The proposed PSM framework suggests a need for several
on-going measures: 1) screening, which may include objec-
tive measurements, patient-reported outcomes, and/or
physical examination; 2) patient and provider education; 3)
individualized counseling; 4) provision of assistive devices
(eg, compression sleeves); 5) manual and pharmaceutical
treatment; and 6) improved care coordination.1 The relative
contributions of each of these components to improved out-
comes are unknown, and their costs remain undefined.
Thus, substantial reductions in costs may be possible with-
out a significant lessening of the PSM’s potential benefits.

The PSM screening process is a particularly impor-
tant consideration, because each increment in precision
and earlier detection may be accompanied by a substantial
increase in costs. Precision, for example, may be achieved
bymore frequent screening, more highly trained examiners,
or more technologically sophisticated equipment—all of
which come at a price. In general, screening processes reflect
a balance between precision and cost. The consequences of
false-positive findings also must be considered, although
increased precision should reduce their occurrence. The
PSM, therefore, is subject to the same concerns of other
screening programs: an incorrect diagnosis may lead to
needless testing and potentially harmful treatments.13

Because the PSM is not rigidly prescriptive, its
implementation may take a wide range of forms.
Examination of its financial implications must consider
various scenarios with attention to financially relevant
features, such as: 1) whether all or only BC survivors at
high risk for physical impairments participate; 2) assess-
ment frequency, 3) the skill levels and training of
assessors; and 4) the need for specialized equipment.

Treatment characteristics of prospective
surveillance model participants

A BC survivor’s risk of developing physical impair-
ments relates directly to the nature of the treatment they
received. The majority will present with lymph node-neg-
ative disease.14 Among this group, those who elect for
breast-conservation treatment have a low risk (perhaps
5%-10%,15,16) of BC-related complications, because

most do not require completion axillary lymph node dis-
section (CALD) or lymph node irradiation. The yield
from PSM activities and the return on the invested resour-
ces would likely be greatest among those who required
more invasive treatment, such as CALD, particularly if
they also underwent mastectomies or received radiation
placing them at higher risk of developing impairment.
Other risk-defining characteristics (eg, prior upper ex-
tremity injury, obesity, etc) also may be pertinent, but
data for their systematic integration into PSM candidate
selection are not yet available.

Assessment frequency

The PSM developed and described by the group
from Bethesda Naval Hospital assesses patients 5 times:
preoperatively and every 3 months for the following
year.17,18 Little information is available regarding treat-
ment and subsequent assessments once an impairment or
concern (eg, a frozen shoulder) is identified or whether
assessments continue beyond the first year. Clearly, these
issues impact costs. The incremental benefit of surveil-
lance activities at 3-month versus 4-month or 6-month
intervals warrants study.

Assessors

Assessor expertise is another important factor. The
use of more highly trained assessors may incur greater
costs, but the benefits of their potential ability to detect
impairments earlier and the extent to which earlier detec-
tion would improve clinical outcomes are unclear. Physi-
cal or occupational therapists (PT/OTs) have performed
assessments in case series that have suggested benefits
related to the PSM.18 This level of data alone may be
insufficient to support the implementation of a program
directed toward a large population like that represented
by BC survivors. Costs may be reduced substantially by
having PT/OT assistants or technicians perform assess-
ments; however, as noted above, the impact of their differ-
ing diagnostic and interventional capabilities is unknown.

Alternatively, PSM assessments might become part
of the routine medical and surgical follow-up visits that
would occur irrespective of the PSM. Survivors with early
signs of impairments could be counseled, scheduled for
more frequent assessment, or referred for PT/OT services.
Whether these providers would be willing or able to
assume the additional burden remains unknown. If, in
fact, they were willing to do so, then the additional
charges for their services would likely be relatively modest
given the strictures of the Centers for Medicare and Med-
icaid Services (CMS) fee schedules. Although this
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approach may be attractive from the perspective of cost
and convenience, it suffers from long-standing evidence
that physical impairments often are neither detected nor
treated by oncologic providers.10

Perhaps the least costly assessors would be the
patients themselves. Data are lacking regarding how edu-
cation in self-assessment followed by prompts to promote
adherence to self-assessment activities compare with
clinic-based clinician assessments.

Requirement for specialized equipment

Recommendations that include a need for expensive
and specialized equipment will influence providers’ and
payers’ enthusiasm. The PSM approach described by
Stout et al,18 for example, used an infrared volumeter to
quantify a limb’s volume. These devices typically cost
roughly $20,000—a significant outlay for a small, com-
munity-based practice—and have the additional concern
that their measurements, although rapid, are not typically
reimbursed. In contrast, some private insurers reimburse
for lymphedema screening assessments performed with
the ImpediMed L-Dex U400 bioimpedance device
(ImpedimMed, San Diego, Calif; J. Butler unpublished
results and private communication regarding the return on

resources invested in the ImpediMed devices for measuring
limb edema). This instrument costs roughly $30,000; and,
although it reduces assessment time, it also minimizes
inter-assessor differences. If private insurers continue to
reimburse for these measurements (approximately $500
per measurement session), then providers may be more ea-
ger to embrace a version of the PSM that incorporates their
use. Underlying all this is the finding that well developed,
inexpensive, but often time-consuming screening alterna-
tives already are available in the clinic.

Costs Vary by Prospective Surveillance Model
Implementation Strategy

There are many options for integrating the PSM into
established health care structures. Figure 1 provides a heu-
ristic picture of the incremental societal costs associated
with 4 potential PSM implementation strategies:

1. All BC survivors receive the 5 PT/OT visits (1
presurgery and 4 postsurgery), as outlined in the
PSM approach described by the group at Be-
thesda Naval Hospital18;

2. All BC survivors receive 1 presurgical PT/OT
visit, and only those who undergo CALD receive
4 subsequent PT/OT additional visits;

Figure 1. This histogram illustrates the estimated societal costs associated with 4 hypothetical Prospective Surveillance Model
(PSM) implementation strategies. An asterisk indicates that cost unit and magnitude are not comparable across categories. BC,
breast cancer; PT/OT, physical or occupational therapists; CALD(þ), positive completion axillary lymph node dissection.
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3. Screening is incorporated in routine follow-up
with the patient’s medical, surgical oncologic, or
primary care providers; and

4. Survivors are assessed preoperatively and at a sin-
gle postoperative visit for instruction in self-
screening and then remotely (eg, telephonically)
monitored.

Figure 1, although its costs are both hypothetical and
qualitative, provides several insights. Among these are that
Strategy 1 imposes the greatest visit burden—an additional
5 visits per survivor—over those required for Strategy 3,
which integrates PSM services into visits required for the
primary BC treatments that would occur irrespective of the
PSM. PSM services may prolong these visits, but the visits
would require no additional transportation. Strategies 2
and 4, conversely, require fewer additional visits and, thus,
are intermediate in burden between Strategies 1 and 3.
Additional visits are associated with additional expenses,
such as those related to survivor/care giver time and lost
work. Similarly, it is possible that Strategy 1 also may incur
additional costs because of increased opportunities to pro-
vide assistive devices, evaluations, and treatment.

These hypothetical scenarios are designed to illus-
trate how the fiscal burden of the PSM may vary across
survivors, providers, and payers according to implementa-
tion strategy. Provider enthusiasm will be tempered by the
costs of implementation. For example, a large tertiary
medical center is likely to have the infrastructure needed
for the capture, storage, and retrieval of PSM-related data;
whereas a smaller practice may not. Similarly, patient will-
ingness to participate may vary depending on the magni-
tude of their PT/OT copayments, transportation costs,
and lost work productivity, as well as whether PSM-
related services eat into their CMS therapy caps.

Reimbursement approaches that encourage pro-
viders to efficiently organize and deliver high-quality,
PSM-related services and to monitor outcomes may be
the most effective means to encourage cost-effective PSM
implementation. Outcome monitoring will afford payers
and survivors transparency with respect to the value
gained from the invested resources and will ensure that
providers have benchmarks by which to gauge the quality
of their services. Achieving cost effectiveness may require
payment schedules that reimburse care in bundled
schemes for care delivered by health care teams rather
than particular clinicians.19 Tiered, case mix-adjusted
payments also may encourage the development of various
levels of PSM service intensity commensurate with BC
survivors’ risk of physical impairments and symptoms.

Potential Cost Savings

Justification for this PSM is based on the appealing, but
thus far unproven, argument that an earlier addressing of
BC treatment-related impairments will lessen future mor-
bidity and health care use. Downstream follow-up costs,
achieved by reducing the incidence and severity of new
impairments, might be lessened because of the need for
fewer provider visits, reduced clinical testing, and a
smaller need for resources and medications. These hopes
are conjectural, and the accurate capture of these and
more indirect benefits will be vital to a comprehensive val-
uation of the PSM.

The Need for Composite Outcomes

Cost-effectiveness analyses compare differences in costs
between treatments in relation to outcome units gained.
For example, the PSM could be compared with usual
care in terms of dollars spent per degree of shoulder range
of motion gained. Reports suggest that the PSM may
enhance several health state characteristics, including
symptom burden, psychological well being, physiologic
status, and level of activity. The incremental costs (nu-
merator) of the PSM, therefore, deserve examination rela-
tive to an encompassing outcome measure (denominator)
that is likely to be responsive to its many benefits. How-
ever, the development of composite outcome measures is
challenging. Over time, it may become apparent that ref-
erence to a combination of common discrete impairments
and overall composite measures will be required to com-
prehensively assess the benefits of the PSM.

A Case in Point: Lymphedema

Lymphedema affords perhaps the most examined and
credible (albeit limited in scope) suggestion that the PSM
can reduce health care expenditures. In contrast to other
BC treatment-related complications, the natural history
of lymphedema, the associated morbidities, and the bur-
den of care have been well described.20 For example, the
use of compression sleeves may prevent its advancement
to dysmorphism, recurrent infections, and disability—the
aspects of the condition that incur high care costs.18 In
addition, earlier use of prefabricated compression gar-
ments may alleviate the need for the much more expensive
custom garments and alternative compression devices that
often are required to control swelling once lymphedema
has progressed to more advanced stages.21 Such garments
and devices are not covered by Medicare or many com-
mercial insurance plans, and the elimination of their need
would lessen the financial burden on survivors who
require their lifelong use.
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The PSM also may lead to near-term cost savings in
the years after BC diagnosis. Physical therapy after BC
treatment may significantly reduce the incidence of lym-
phedema among survivors who undergo CALD.12 Costly
evaluations initiated by clinicians who are unfamiliar with
lymphedema may be lessened. Work by Shih et al suggests
that the presence of lymphedemamay increase a BC survi-
vor’s health care costs by an average of $7000 per year
over the first 2 years after BC diagnosis.22 In summary,
although it is unlikely that implementation of the PSM
would eliminate all lymphedema-associated expenditures,
it is not unreasonable to speculate that its existence might
substantially reduce their magnitude by accelerating diag-
nosis and reducing morbidity.

Discussion and Next Steps

The costs of implementing the PSM, who bears them,
and its effectiveness will facilitate or hinder its adoption,
as noted above. Five issues seem particularly important:

1. Identification of the essential elements of the PSM,
the contribution of those elements to improved
outcomes, and means to minimize their costs;

2. Clarification of the primary determinants of PSM
costs, including participant selection, assessment
frequency, assessor choice, and equipment needs;

3. Implementation strategies that take into account
stakeholders’ needs and priorities;

4. Definition of the outcomes and databases to be
used in estimating the costs and the effectiveness
of the PSM; and

5. Collection of longitudinal data that may support
refinement of the PSM’s fiscal and benefit metrics.

These are not simple tasks. Unfortunately, the im-
portance of accurately estimating costs is matched by the
difficulty of doing so. The uncertainties inherent to infer-
ences drawn from observational data and administrative
databases are well known.23 Furthermore, the severity of
BC treatment sequelae is a critical mediator of costs that
administrative databases capture poorly, if at all. Leverag-
ing the few data sources that allow precise and granular
capture of both cost and clinical information, eg, Kaiser
Permanente and Rochester Epidemiology Project data,
may be an initial research priority, because these data will
allow at least some exploration of the impact of early reha-
bilitation involvement in the care of BC survivors.

Randomized controlled trials that explicitly priori-
tize cost effectiveness in their aims would seem a compel-
ling means of evaluating PSM costs. However, again,
accurate cost estimation is not trivial given the heteroge-

neity of payers and the well known inaccuracies of
patient-reported costs.24 Nevertheless, region-specific or
site-specific randomized trials, informed by insights from
observational data, likely will be needed to generate the
high-quality data required for policy and coverage deci-
sions. ‘‘Natural experiments’’ comparing the expenditures
and use patterns of BC survivors with different payment
coverages for rehabilitation services pertinent to BC treat-
ment-related sequelae may prove helpful.

In conclusion, there is little question that BC treat-
ment-related impairments are a serious problem faced by
a significant proportion of survivors. However, the degree
to which the proposed PSM may mitigate these impair-
ments, and at what cost, remains unknown. Research ini-
tiatives should be imbedded in the implementation and
evolution of the PSM, as for any major health endeavor,
to ensure not only that investments are evidence based but
also that they yield optimally improved outcomes.
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