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ABSTRACT

Background The Odette Cancer Centre’s recent implementation of a rapid diagnostic unit (rou) for breast lesions
has significantly decreased wait times to diagnosis. However, the economic impact of the unit remains unknown.
This project defined the development and implementation costs and the operational costs of abreast RDu in a tertiary
care facility.

Methods From an institutional perspective, a budget impact analysis identified the direct costs associated with
the breast RDU. A base-case model was also used to calculate the cost per patient to achieve a diagnosis. Sensitivity
analyses computed costs based on variations in key components. Costs are adjusted to 2015 valuations using health
care-specific consumer price indices and are reported in Canadian dollars.

Results Initiation cost for the Rbu was $366,243. The annual operational cost for support staff was $111,803. The
average per-patient clinical cost for achieving a diagnosis was $770. Sensitivity analyses revealed that, if running at
maximal institutional capacity, the total annual clinical cost for achieving a diagnosis could range between $136,080
and $702,675.

Conclusions Establishment and maintenance of a breast Rbu requires significant investment to achieve reductions
in time to diagnosis. Expenditures ought to be interpreted in the context of institutional patient volumes and
trade-offs in patient-centred outcomes, including lessened patient anxiety and possibly shorter times to definitive
treatment. Our study can be used as a resource-planning tool for future rpus in health care systems wishing to

improve diagnostic efficiency.
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INTRODUCTION

Breast cancer is the most common cancer in women, and
diagnostic delays have been shown to increase the related
morbidity and mortality'->. Furthermore, the diagnostic
phase of breast cancer is an anxiety-provoking and stress-
ful experience for the patient and the family®. Although
published guidelines outline the appropriate diagnostic
algorithms for breast cancer, few recommendations have
addressed standardizing the timeliness with which such
investigations should occur?3.

Analyses of breast cancer diagnostic times in Canada
have shown a general increase in wait time since the end
of the 1990s™°. That increase is attributed to an increased
demand for services without a parallel rise in resources.

Concerns about diagnostic delay, particularly in the context
of a publicly funded health care system, have spurred the
need for fast-track cancer referral routes’.

In 2011, a multidisciplinary team of breast cancer
specialists at our centre implemented a rapid diagnostic
unit (rou) to improve the efficiency of the diagnostic
process for women with highly suspicious breast lesions.
The rDU primarily made use of the pre-existing physical
infrastructure at our institution (for example, clinical space
and diagnostic equipment), but changed the process and
philosophy, enabling us to significantly lower the wait time
to a definitive diagnosis!'®. Moreover, the addition of sup-
portstaffallowed the diagnostic process to be streamlined
as illustrated in Figure 1. With the rDU initiative, the wait
time from referral to diagnosis decreased, on average, to
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FIGURE 1 Patient flow through the breast rapid diagnostic unit (RDU).
FNA = fine-needle aspiration.

2 days from 16 days. Decreases in the wait time have been
shown to positively affect patient-reported outcomes?.
However, the economic impact of implementing a Rbu
remains unknown. The goals of the present study were

to perform a budgetimpact analysis (B1a) in which the
short-term costs associated with the development and
ongoing operation of an institutional breast RDU were
defined from the hospital’s perspective, and

to calculate the average cost per patient and the overall
cost burden of achieving a definitive diagnosis.

METHODS

Study Design

Using a Bia, we identified all direct costs associated with
implementation of our institution’s breast Rbu and also
its annual operational costs. The purpose of a Bia is to ad-
dress the expected short-term undiscounted changes in
the expenditure of a health care system after adoption of
a new intervention or process'!. In addition, we created a
base-case model to calculate the average cost per patient
needed to achieve a definitive diagnosis. The study was
approved by our institution’s research ethics board.

Patient Population and Base-Case Definition

The Odette Cancer Centre at Sunnybrook Health Sciences
Centre is the 6th largest comprehensive cancer centre in
North America. The breast Rbu was implemented with the
goal of providing rapid assessment and diagnosis delivery
for individuals with a suspicious abnormality detected on
mammography, breast ultrasonography, or clinical ex-
amination. With a streamlined design, a dedicated nurse
navigator, and a triage coordinator, the RpU aims to reduce
not only the time a patient waits for results, but also the
number of outpatient appointments required to obtain a
diagnosis (Figure 1). Any physician within the province
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canrefer a patient to the Rpu. Before implementation of the
RDU, patients with suspicious breast lesions were referred
to individual clinicians and often required multiple visits
to complete their diagnostic assessment.

The base case was modelled in view of a typical rRbu
patient with a highly suspicious lesion who requires

an initial radiology consultation and review of diagnostic
images from the past or from the referring institution;
bilateral mammography with atleast 2 additional cone
or magnification views;

unilateral breast ultrasonography;
ultrasonography-guided or stereotactic core biopsy
(with radiography of the biopsy specimen to ensure
retrieval of microcalcifications from the biopsy and
site concordance);

pathology analysis of the core biopsy specimen; and
a surgical oncology consultation. (At our institution,
the surgical oncology team oversees the diagnostic
process and discloses results to the patients.)

Time Horizon and Perspective

ABiatakes the payer’s or the budget holder’s perspective. In
our health care system, implementation of an rRpu affects
the institutional (hospital) budget. The time horizon for
ongoing operational costsis 1 year. We also report the total
annual costs for achieving patient diagnoses (the product
of cost per patient and anticipated patient volume).

Costs
Cost categories were the RDU initiation costs, the ongo-
ing operational costs, and the average cost per patient to
achieve diagnosis. Initiation and operational costs are
reported from the perspective of the institution, and the
cost per patient reflects the overall cost burden to achieve a
diagnosis. The clinic infrastructure was already in place in
the pre-rDU era, and therefore major overhead costs related
to operating a breast oncology clinic were not included in
the present analysis. Similarly, capital expenditures related
to pre-existing equipment (for example, mammography
and sonography machines) are also not included. Rather,
we focus on the incremental costs associated with the Rpu
(when compared with a non-rpu clinical program).
Theinitiation costs are the direct costs associated with
planning and implementing the rpu, including fees for
consultants, personnel training, and the purchase of two
rapid tissue processors (required to expedite the pathology
analysis of biopsied breast specimens), as well as the costs
related to continuous quality control and validation of the
rapid tissue processor results. The American Society of
Clinical Oncology and the American College of Pathologists
recommend that any change in pre-analytical variables
such as fixation time and tissue processing protocols be
fullyvalidated before tests for hormone receptors and HER2
(the human epidermal growth factor receptor) can be reli-
ably performed!?!3. Personnel training consisted of teach-
ing all staff involved in the rpU (pathologists, surgeons,
radiologists, nurses, technologists and technicians, and
other support staff) the new clinic processes, in keeping
with the “lean” philosophy. Training was conducted by a
third-party private consulting service. The lean approach
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is a customer-centric quality improvement methodology
widely used in industry and applied in health care to con-
tinuously improve processes through reduction of waste
and afocusonincreasingefficiency and maximizing value-
based activities!*-17.

Ongoing operational costs included clerical and
administrative support (RDU triage coordinator), and a
full-time-equivalent nurse navigator. The nurse navigator
and triage coordinator’s salaries met the provincial stan-
dardized unionized rates, with benefits included. Although
a full-time-equivalent nurse navigator is budgeted, the
position functionally includes the part-time contribu-
tions of several people. As such, many individuals with
interchangeable training and skills are able, as a team, to
manage the role.

The cost per patient for achieving a diagnosis was deter-
mined using physician billing claims and invoices from the
pathology laboratory. The costs of physician billing claims
are standardized and published by the province of Ontario'®
and were used to determine the costs of diagnostic breast
image interpretation and image-guided biopsies, and the
consultation fees for surgeons, radiologists, and patholo-
gists. Invoices from the pathology laboratory were used to
determine the costs of processing and analyzing the biopsied
or aspirated specimens, including gross specimen handling,
tissue processing, block embedding, slide preparation, he-
matoxylin and eosin staining, immunohistochemistry for
diagnosis and biomarkers, fluorescence in situ hybridization
for HER2Tesults that were equivocal onimmunohistochem-
istry, and cytology analysis of fine-needle aspirate samples
when accompanying a surgical specimen.

All costs are reported in adjusted 2015 Canadian
dollars using health care-specific consumer price indices
to account for inflation'®.

Analysis

Summative costs were generated for the three cost catego-
ries of interest: RDU initiation costs, annual operational
costs, and cost per patient to achieve a diagnosis. Cost per
patient entails only the costs required to achieve a diagno-
sis, using the base-case model. Additional tests required
after diagnosis or the costs associated with treatment of
breast cancer are not included (for example, staging tests
ormagneticresonanceimaging); they are beyond the scope
and purpose of the RpU and this analysis.

Sensitivity analyses were performed to compute costs
based on feasible variations in the cost-per-patient needed
to achieve a diagnosis. We determined the least and great-
est cost-per-patient scenarios by varying the investigations
required in the base case to achieve a diagnosis. The least
costly cost-per-patient scenario occurs when imaging and
physician consultation suffice to make a definitive diagno-
sis (that is, no biopsy needed). The most costly diagnostic
scenario for an individual patient occurs when, in addition
to the standard tests, requirements extend to bilateral
breast ultrasonography, additional mammographic cone
views, repeat or bilateral breast biopsies, a fine-needle
aspirate of a suspicious lymph node for cytology analysis,
fluorescence in situ hybridization for biomarkers to resolve
equivocal immunohistochemistry results, and repeat sur-
gical assessment (additional required visit). Our previous

work showed that approximately 30% of RDu patients with
invasive breast carcinoma require fluorescence in situ
hybridization analysis!'®. Approximately 10% of patients
require more than 1 core biopsy, and fewer than one quar-
ter of referred patients require fine-needle aspiration to
achieve a diagnosis!®.

To account for variations in referral and the annual pa-
tientvolume, we determined the range of annual operational
costs if the RDU were to be running at maximal capacity.
Based on the number of allotted rRDU slots or appointments
availablein the radiology suite, the Rpu’s maximal capacity
is 405 patients per year (9 slots per week for 45 weeks).

RESULTS

The initiation cost of the RDu was $366,243 (Table1). Given
that most of the infrastructure was already in place before
implementation of the rRpU, the most substantial cost was
the purchase of two rapid tissue processors to allow for
pathology diagnoses within 24 hours. The second-largest
cost consisted of quality control or validation of the rapid
tissue processors by repeat pathology testing using stan-
dard processing on all biopsy specimens. The third-largest
costwas training of physicians, technologists, support staff,
nurses, and allied health members.

The annual operational expenditure is $111,803
(Table 1), which includes ongoing compensation for anurse
navigator and a triage coordinator.

Table 111 depicts the cost of achieving a diagnosis in
the modelled base case, representative of a typical patient
referred to the rRDU.

Sensitivity analyses revealed that, if the Rbu were to run
at maximal institutional capacity (n = 405), the total clinical
cost for achieving a definitive diagnosis could range from
$136,080 to $702,675 annually. The least costly trajectory
for a referred patient is $336 (Table 1v), when biopsy is not
indicated after appropriate review of diagnostic images by
a breast radiologist (because of benign appearance on im-
aging). The most costly trajectory for a patient referred to
the rpU is estimated to be $1735 for those requiring repeat
biopsies and additional tests to achieve diagnostic certainty
(Table 1v). In sum, the cost per patient can range anywhere
from $336 to $1735 dollars, depending on clinician decisions
and patient needs. In Canada, payment to achieve a definitive
diagnosis derives from two major sources: the institution,
which provides personnel and equipment for testing, and the
government, which provides physician compensation. Here,
however, both are combined in the cost-per-case calculation
(Tables 111 and 1v) to illustrate the overall economic burden
of diagnostic testing for breast patients.

DISCUSSION

Our B1A is the first of its kind, portraying the expected
expenditure related to Rbu implementation for suspicious
breast lesions in a tertiary health care centre. After an
initial investment of $366,243, annual operational costs
are $111,803. The annual costs for achieving a diagnosis
can range from $136,080 to $702,675, depending on insti-
tutional case mix (based on our maximal capacity of 405
cases annually).
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TABLE | Initiation costs for the breast rapid diagnostic unit

Item Cost (2015 CA$)
Rapid tissue processors? (n = 2) 280,396
Quality control and validation of tissue processors 40,331
Staff training (Lean event) 32,589
Lean consultant 12,410
Printer 517
TOTAL 366,243

@ 15-Year lifespan.

TABLE Il Annual operations costs for the breast rapid diagnostic unit
(RDU)

Item Cost (2015 CA$)
RDU nurse navigator (1 full-time equivalent) 103,414
Triage coordi.nator anbd clerical support 8389
(0.15 full-time equivalent) ¢
TOTAL 111,803
TABLE Il  Cost of achieving a diagnosis in a modelled base-case patient
Item Cost (2015 CA$)
Initial radiology consultation 50
Interpretation of ...
Bilateral mammograms 64
Additional cone views 22
Unilateral ultrasonography images 40
Image-guided core biopsy and 94
radiography of biopsy specimen
Pathology analysis? 340
Surgical consultation 160
TOTAL 770

2 Cost includes tissue processing and block embedding, preparation
of slides, immunohistochemistry for biomarkers (estrogen, proges-
terone, and HER2 receptors), and professional fee for technicians
and pathologist to review the case.

The rDU has been shown to lower patient wait times
to definitive diagnosis—a result achieved by changing
system-level processes'’. Similarly, at other institutions, the
costof streamlining and expediting the diagnostic journey
has shown to be a valuable investment, reducing delays in
breast cancer diagnosis?®?!, Cancer Care Ontario has man-
dated thatwait times for cancer care be decreased, and thus
RDUS are strategically in line with health care goals®?23,
To date, the price for expedited cancer care remains un-
known. Given the financial restraints experienced in the
current health care system, B1as are crucial for resource
planning and allocation; they provide the basis for future
cost-effectiveness analyses.

Thus far, no other studies have looked at the incremen-
tal costs associated with rRpus. Arnaout er al.b described
the experience with their Rapid Diagnosis and Support
breast clinic initiative. As at our institution, their new
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TABLE IV Sensitivity analyses demonstrating variations in cost-per-
patient needed to achieve a diagnosis

Item Cost (2015 CA$)

Least Most
Initial radiology consultation 50 50

Interpretation of ...
Bilateral mammograms 64 64
Additional cone views 22 22
Ultrasonography images 40 80
(unilateral)  (bilateral)

Surgical consultation 160 160

Image-guided core biopsy and NA 94
radiography of biopsy specimen
Pathology analysis? NA 340
Fluorescence in situ hybridization NA 334
Aspiration biopsy by radiology for FNA NA 79
FNA (cytology analysis and interpretation) NA 20
Repeat stereotactic core biopsy and NA 94
radiography of biopsy specimen

Repeat pathology analysis NA 340
Repeat surgical assessment NA 58

TOTAL 336 1735

2 Cost includes tissue processing and block embedding, preparation
of slides, immunohistochemistry for biomarkers (estrogen, proges-
terone, and HER2 receptors), and professional fee for technicians
and pathologist to review the case.

NA = not applicable; FNA = fine-needle aspiration.

clinical model significantly lowered diagnostic wait times
while improving patient satisfaction®'°. However, the only
costs they reported were the incremental nursing salary
($20,731) and theincreased cost for the required radiology
technologist time and equipment after the addition of 10
biopsy days ($6100)°. Albeit not the primary purpose of
their study, that economic assessmentis limited and did not
capture all the direct costs associated with implementing
and operationalizing a rRDU.

To our knowledge, our Biais the firstrelated to a cancer
RrDU. Other health care systems have adopted Rbu models
for a variety of diseases. In a systematic review, Gupta and
colleagues?* evaluated the effectiveness of European quick
diagnosis units for the diagnostic evaluation of patients
with potentially severe disease. The investigators showed
that such units are cost-effective and that they lower the
number ofinpatient hospitalizations. However, none of the
studies included in their systematic review were specific
to suspicious breast lesions or compared two outpatient
programs head-to-head (that is, an outpatient RDU vs. an
outpatient non-rDU).

One of the limitations to the utility of our paper is that
itdoes not measure cost against an effectiveness outcome.
Such an evaluation was neither the intent nor the vision of
our BIA. However, even a cost-effectiveness study would not
be able to capture all the indirect costs and benefits of a
rDU. Forinstance, decreasing patient wait time to diagnosis
leads toless patient anxiety and increased patient access to
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supportservices, both of which are challenging to quantify
economically®1925, Thus, to truly determine whether incre-
mental costs lead to improved patient-centred outcomes
or even possibly long-term savings, a cost-effectiveness
analysis examining implementation of a rRpU, if desired,
has to be assessed from the societal perspective.

Another limitation of our B1A pertains to its external
validity. Our costing data are most relevant for an institu-
tion with a similar practice model (tertiary referral centre
inauniversal health care system). However, given that the
funding of health care and the delivery of health services
are highly variable, and that clinical decision-making and
testing can also be variable between institutions, the pur-
pose of our B1A is not to give a single cost estimate. Rather,
using transparent and well-documented assumptions, the
goal is to provide an economic analysis that reflects our
institutional experience and that can be extrapolated for
the use of others as applicable. Thus, we did not perform a
micro-costing analysis.

Lastly, an ostensive limitation of our study might be
thatwe did notinclude the capital costs of ultrasonography
or digital mammography machines, or the purchase or
rental cost of the physical space in which the rRpu resides.
Additionally, the costs of creating and maintaining a
patient-tracking database for research or quality control
were not included. Our objective was primarily to deter-
mine the cost of implementing a change to a current or
pre-existing system in which diagnostic infrastructure
is already in place. Our reported initiation costs and op-
erational costs therefore take account only of the items
that reflect a change in process. However, recognizing
that infrastructure costs could be relevant to other in-
stitutions, current estimates show that mammography
machines are priced at approximately $134,000 (2016
estimate, Canadian dollars) and ultrasonography ma-
chines at $250,000, both of which will depreciate over a
decade?5?7, Based on our own experience, the creation
and annual maintenance costs of a prospective patient
database are $17,451 and $3702 respectively (Canadian
dollars). Maintenance includes personnel costs for data
input, daily system backup, maintenance of user account
software, and development of custom reports.

CONCLUSIONS

Establishment and maintenance of a breast RbuU requires
meaningful investment to achieve reductions in time to
diagnosis. Future steps will be to measure patient-centred
outcomes, including reduction in patient anxiety and
possibly shorter times to definitive treatment. The pres-
ent study can be used as a resource-planning tool for
future rpuUs in health care systems wishing to improve
diagnostic efficiency.
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