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ABSTRACT

Background Breast-conservingsurgery (Bcs) is the preferred surgical approach for most patients with early-stage
breast cancer. Frequently, concerns arise about the pathologic margin status, resulting in an average reoperation rate
0f23% in Canada. No consensus has beenreached about theideal reoperation rate, although 10% has been suggested
as atarget. Upon undergoing reoperation, many patients choose mastectomy and breast reconstruction, which add
to the morbidity and cost of patient care. We attempted to identify the cost of reoperation after Bcs, and the effect
that a reduction in the reoperation rate could have on the B.C. health care system.

Methods A decision tree was constructed to estimate the average cost per patient undergoing initial Bcs with two
reoperation frequency scenarios: 23% and 10%. The model included the direct medical costs from the perspective
of the B.C. health care system for the most common surgical treatment options, including breast reconstruction and
postoperative radiation therapy.

Results Costs ranged from a low of $8,225 per patient with definitive Bcs [95% confidence interval (c1): $8,061 to
$8,383] to ahigh of $26,026 for reoperation with mastectomy and delayed reconstruction (95% c1: $23,991 to $28,122).
Ifthereoperation rate could be reduced to 10%, the average saving would be $1,055 per patient undergoing attempted
BCS (95% cI: $959 to $1,156). If the lower rate were to be achieved in British Columbia, it would translate into a savings
of $1.9 million annually.

Summary The implementation of initiatives to reduce reoperation after Bcs could result in significant savings to
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the health care system, while potentially improving the quality of patient care.
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INTRODUCTION

Breast cancer occursin 1 of every9 women, making breast
surgery the most common oncologic surgery performed
in women in Canada. In most patients with early breast
cancer, breast-conserving surgery (8cs) is the preferred
approach. Although Bcs is an excellent alternative to
mastectomy, one potential downside is the frequent need
for reoperation to address concerns about the pathologic
status of the surgical margins. The frequency of re-excision
shows significant variability, with institutional reviews
reporting reoperation rates in the range 0%-60%!, and
population-based studies reporting 17%-35%%5. A recent
reportbased on data from the Canadian Institute for Health
Information (ciH1) suggested a mean reoperation rate of
23%in Canada®, with significantinterprovincial variability.

Although norate has achieved universal acceptance, many
experts have suggested that the 23% rate is too high”8, and
the European Society of Breast Cancer Specialists has
suggested that 10% be the goal®.

Although many patients with positive pathologic mar-
gins after Bcs are candidates for re-excision, approximately
half choose to have a mastectomy?#®, which might include
reconstruction. The potential consequences of reopera-
tion include social and psychological stressors, increased
morbidity, and inferior cosmetic outcome'®. Others have
suggested thatthe frequency of reoperation after attempted
BCs be considered for use as a quality measure in breast
cancer surgery”!'12, in part because of the aforementioned
concerns. Inaddition, further surgerylikely has significant
associated economic costs, although the magnitude of
those costs is poorly understood'?. Hence, to quantify the
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impact of this potential quality measure in breast cancer
surgery, we undertook a cost decision-analysis of post-Bcs
reoperations in a Canadian health care setting.

METHODS

To begin, a literature search was used to identify current
patterns of practice. Ovid MEDLINE 1996-2015, Ovid
EMBASE 1996-2015, and PubMed MEDLINE were searched
forarticles dealing with breast neoplasms, mastectomy or
segmental mastectomy, and reoperation (or re-excision),
plus statistics, health care quality assurance, cost anal-
yses, cost-benefit analyses, or economics. Information
that best fit the context of the present study was used in
the analysis.

A decision tree was constructed to model the cost
impact of re-excision after Bcs (Figure 1). The scope of the
model included the main surgical treatment options for
patients after an initial Bcs. Patients who do not require
re-excision undergo no further surgeries. Patients requir-
ing re-excision can undergo either a second Bcs or a total
mastectomy with or without immediate or delayed breast
reconstruction. After a second Bcs, all patients requiring
further extirpative surgery are assumed to receive total
mastectomy, with a probability of reconstruction equal to
that for patients receiving mastectomy after the initial Bcs.
Table1summarizes the transition probabilities. The model
tree was replicated for two scenarios: 23% re-excision, the
Canadian average®, and 10% re-excision, the European
Society of Breast Cancer Specialists target®.

Costs in the model were considered from the perspec-
tive of the single-payer B.C. health care system and includ-
ed the direct medical costs associated with the surgical
procedures and any adjuvant radiotherapy (rt) after Bcs
or mastectomy. All other care-related costs were assumed

to be independent of either re-excision rate. Costs are
expressed in 2012 Canadian dollars and, where necessary,
are inflated using the health care component of Statistics
Canada’s Consumer Price Index'.

Surgical costs had three components (Table 11):

professional fees for surgeons, assistants, and
anesthesiologists;

hospital case costs, including staff, equipment and
overhead; and

additional materials for breast reconstruction.

Professional costs were obtained from the B.C. Medical
Services Commission fee schedule for 201215, with average
duration of anesthesia based on expert opinion.

Case-cost was calculated using ciaI’s resource inten-
sity weight (Riw) methodS. Case frequency and mean riw
(CMG+ Directory, 2012 version) were obtained from the B.C.
Ministry of Health for all provincial hospitalizations with
a most-responsible diagnosis of malignant breast cancer
(code C50 in ciu1’s enhanced version of the International
Classification of Diseases, revision 10) with a case-mix group
(cma) of partial breast excision (cMG 388), total breast ex-
cision (unilateral, cmG 387, or bilateral, cMG 386), or breast
reconstruction (cMG 385), based on B.C. data from cIar’s
Discharge Abstract Database for 2008-2012. Mean riw for
each cmg, weighted for the proportion of observed inpatient
and day surgery procedures, was multiplied by the mean
cost per weighted case for British Columbial” to calculate
an average case-cost.

The cost of materials for breast reconstruction—
including tissue expander, breast prosthesis, and collagen
regenerative tissue matrix—were obtained from a cost
analysis conducted in British Columbia!®. To calculate
the mean professional and materials costs of breast
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FIGURE 1 Decision tree for the cost model. The dashed line indicates where the probability of reoperation was varied in each of the two model
scenarios. All patients undergo (1) initial breast-conserving surgery (BCS) and can either (2) require no further surgery or (3) undergo reoperation
with either (4) a total mastectomy (TM), or (5) a second BCS. The second BCS can be either (9) the definitive procedure, or patients can undergo
(8) a second reoperation with TM. Patients undergoing TM at any point in the model can (7) receive no further surgery, or might also receive

(10) immediate or (11) delayed breast reconstruction.
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TABLE 1 Model transition probabilities
Transition Tree Mean 95% Cl Distribution Source
path (%) (%)

Reoperation type

Mastectomy 3—4 52.7 50.1 to 55.3 Beta de Camargo Cancela et al., 20132

Mastectomy after second BCS 5—8 24.8 21.6 t0 28.1 Beta
Reconstruction after mastectomy 4—6 47.3 42.1to 53.1 Beta Pao et al., 2013"3
Immediate (vs. delayed) reconstruction 6—10 75.0 70.0 to 80.0 Normal Assumption
Cl = confidence interval; BCS = breast-conserving surgery.
TABLE Il Surgery cost components

Procedure Cost ($) for ...
Professional fees Mean hospital Additional
case cost? materials
Surgeon Assistant Anesthetist

Breast-conserving surgery 233 132 137 2,941 0
Total mastectomy

Alone 465 186 137 4,232 0

With immediate reconstruction? 1,342 427 426 8,160 1,855

With delayed reconstruction” 1,015 268 378 4,481 1,716

With secondary reconstruction< 475 202 170 4,481 478

Mean (%) 95% CI (%) Distribution Source

Proportion bilateral 50 25to0 75 Normal Assumption
Proportion with secondary nipple reconstruction 75 65 to 85 Normal Assumption

a

Hospital case cost is calculated using resource intensity weight (RIW) for B.C. hospitals during 2008-2012, obtained from the Discharge
Abstract Database maintained by the Canadian Institute for Health Information. Mean RIW for each case-mix group was varied using a log-normal
distribution; the proportion of procedures conducted as day surgery within each group was varied using a beta distribution.

The cost values shown for reconstruction procedures are mean costs weighted to reflect the relative frequency of specific reconstruction pro-
cedure types (for example, implant of tissue expander, reconstruction with local tissue flap, reconstruction with free tissue flap, etc.) observed
for B.C. hospitals during 2008-2012 in the Discharge Abstract Database maintained by the Canadian Institute for Health Information. Procedure
frequency was varied using a Poisson distribution.

Secondary reconstruction procedures include replacing tissue expanders with a breast prosthesis and nipple—areolar complex reconstruction,
after either immediate or delayed breast reconstruction.

Costs shown are for unilateral procedures; professional fees for bilateral procedures were calculated as 50% higher than for unilateral procedures
(unless otherwise indicated in the fee schedule), materials were doubled, and case costs were unchanged with the exception of total mastectomy,

for which case costs specific to unilateral and bilateral procedures were available.

Cl = confidence interval.

reconstruction procedures, the relative frequency of
procedures conducted in the province was calculated
from the B.C. hospitalization data already described.
Specific procedure types were identified using Canadian
Classification of Health Interventions codes for total
mastectomy with reconstruction (1.YM.90) and second-
ary breast reconstruction (1.YM.80)!%. We assumed that,
on average, 75% of breast reconstruction patients would
undergo reconstruction of the nipple-areola complexina
subsequent procedure, and that all reconstruction proce-
dures with implantation of a tissue expander would also
include the cost of the ensuing prosthesis implantation.
Costs forreconstruction of the nipple—areola complex and
for the implantation procedure were both calculated using
the professional fees, case-cost, and materials already

described. For all total mastectomy and reconstruction
costs, we assumed that, on average, 50% of the procedures
would be bilateral?.

Use of adjuvant rRT was calculated using aggregate
data from the BC Cancer Agency (Bcca) for patients diag-
nosed in 2008 with primary breast tumours 50 mm or less
in size and no metastases (T1 or T2 and MO according to
the American Joint Committee on Cancer staging system)
who had been referred to Bcca treatment centres. The
frequency of adjuvant rT use and the mean number of
fractions delivered per patient were calculated for patients
receiving either Bcs or mastectomy as the definitive surgical
procedure (Table 111). The proportion of patients receiving
rT was adjusted to account for Bcca referral rates?! and was
multiplied by the mean number of fractions and the mean
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cost per fraction (using an estimate provided by the Bcca
RT department) to calculate the mean cost of RT per Bcs or
total mastectomy patient.

To account for uncertainty in its parameters??, the
model was analyzed probabilistically using the distribu-
tions (mean and 95% confidence intervals) provided in
Tables 1, 11, and 111. All transition probabilities and propor-
tions incorporated into cost calculations (for example, the
proportion of patients receiving rt) were included as beta
distributions. Lognormal distributions were used for rRiw
values; normal distributions, for the number of rT fractions;
and Poisson distributions, for the frequency of reconstruc-
tion procedures. Professional fees, cost of materials, and
unit costs were held fixed??. Allassumed values were varied
using normal distributions. The cost model was replicated
10,000 times by Monte Carlo simulation using re-excision
rates 0f23% and 10%. Mean and 95% confidence intervals
for cost were calculated for each re-excision rate scenario
and for the incremental difference between the two sce-
narios. Potential annual savings for the B.C. population
were estimated using the approximate annual number
of incident breast cancer cases receiving Bcs. The model
was built and analyzed in Microsoft Excel (2013 version:
Microsoft Corporation, Redmond, WA, U.S.A.).

The sensitivity of the model to the distribution of
reoperation procedures was investigated using determin-
istic sensitivity analyses. The two parameters defining
the distribution of reoperation procedures were selected
for the sensitivity analyses because little evidence was
availablelocally or in the literature, and those parameters
had the potential to significantly affect reoperation costs
in the model.

In the first sensitivity analysis, the proportion of
patients undergoing re-excision who underwent total
mastectomy as their definitive procedure, on either first
(Figure 1, model path 3—4) or second (model path 3—5—38)
re-excision was adjusted to equal 46%, the total value
reported in ciur’s breast surgery report. In the base case,
the proportion of patients receiving total mastectomy on
first or second re-excision was 64%?2.

In the second sensitivity analysis, the sensitivity of the
model to breast reconstruction rates® was determined by
reducing the proportion of patients initially undergoing
breast reconstruction to 25% from an average of 48% in
the base case.

RESULTS

Asubstantial difference was observed in the cost associated
with each of the surveyed surgical procedures, exclusive

TABLE Il Radiotherapy (RT) cost components

of radiation charges (Table 1v). The mean health care
costs for Bcs and mastectomy were $3,443 [95% confi-
dence interval (c1): $3,420 to $3,465] and $6,088 (95%
c1: $5,552 to $6,617) respectively; those for mastectomy
with immediate or delayed reconstruction were $19,229
(95% cr1: $17,945 to $20,628) and $20,185 (95% c1: $18,169
to $22,236) respectively.

When considering the total pathway costs in the
decision tree, including the use of rt, a definitive initial
BCs cost an average of $8,225 per patient (95% cr1: $8,061
to $8,383). Reoperation with Bcs only cost nearly as
much as reoperation with mastectomy only [mean cost:
$11,667 (95% c1: $11,499 to $11,832) and $11,930 (95% cr1:
$11,346 to $12,529) respectively]. Those pathway costs
were substantially less than the total pathway costs for
patients who underwent either immediate ($25,080;
95% cr: $23,809 to $26,518) or delayed ($26,026; 95% cr:
$23,991 to $28,122) reconstruction.

Using the probabilities included in the decision tree
and abaseline reoperation rate of23%, the average cost per
initial Bcs patient is estimated to be $10,091 (95% c1: $9,868
to $10,314; Table v). If the reoperation rate were to be low-
ered to 10%, with all other factors kept constant, the average
cost would fall to $9,036 (95% cr1: $8,868 to $9,204). The
difference translates into a potential cost saving of $1,055
per patient (95% c1: $959 to $1,156) undergoing attempted
BCs. Put another way, the potential saving per reoperation
avoided is $8,118 (95% c1: $7,378 to $8,897). If applied at a
population level within British Columbia, the likely result
would be an annual saving of at least $1.9 million.

The model was moderately sensitive to the parameters
definingreoperation procedures. Of the reoperation costs,

TABLE IV Summary of model costs

Procedure Tree Costs ($)

node

Mean 95% ClI

3,420 to 3,465
4,617 to 4,931

Breast-conserving surgery (BCS) 1,5 3,443
RT after BCS 2,9 4,807
Total mastectomy

Alone 7 6,088  5,5521t06,617

With immediate 10 19,229 17,945 to 20,628
reconstruction

With delayed reconstruction 11 20,185 18,169 to 22,236

RT after mastectomy 7,10,11 2,387 2,163 to 2,662

Cl = confidence interval; RT = radiotherapy; TM = total mastectomy.

Definitive surgical

Proportion receiving adjuvant RT (%)

Fractions (n)

procedure
Mean 95% CI Distribution Mean 95% CI Distribution
Breast-conserving surgery 78.8 76.6 to 81.0 Beta 17.5 17.3t017.8 Normal
Mastectomy 33.6 30.3t036.9 Beta 20.6 20.0to 21.3 Normal
Cl = confidence interval.
Current Oncology, Vol. 23, No. 5, October 2016 © 2016 Multimed Inc. 317
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TABLE V Mean costs and potential savings for patients initially treated with breast-conserving surgery in British Columbia

Variable Cost per patient ($) Savings ($)
Mean 95% CI Per patient Population
Mean 95% ClI Mean 95% CI
Canadian average (23% reoperation) 10,091 9,868 to 10,314 Reference Reference
Target (10% reoperation) 9,036 8,868 t0 9,204 1,055 959to 1,156 1,899,000 1,726,000 to 2,081,000

Cl = confidence interval.

asignificant portion is attributable to the selection of mas-
tectomy, with subsequent reconstruction. Reducing the
use of mastectomy to 46% among all patients undergoing
re-excisionlowered the potential per-patient saving to $924
(95% cr1: $852 to $997). If the proportion of mastectomy
patients subsequently undergoing breast reconstruction
were to be reduced by roughly one half, to 25%, the poten-
tial per-patient saving from a reduction in the re-excision
rate fell to $802 (95% cr1: $743 to $863).

DISCUSSION

Most patients with early-stage breast cancer are eligible
for and can be safely treated with Bcs. Reoperation rates
are highly variable!-5, and although there is no evidence
that re-excision is detrimental to overall survival?3, it likely
causes patient anxiety, increases surgical complication
rates?4, and contributes to poorer cosmetic results!®25, Tt
might also delay the initiation of adjuvant chemotherapy.
As an alternative, many patients elect to undergo mas-
tectomy with or without reconstruction, which is a vastly
different clinical course, associated with higher complica-
tions?%27. Moreover, the need for secondary procedures has
asignificant economic cost, which is of particular concern
in a publicly funded health care system.

Little information is available about the costs asso-
ciated with surgical interventions in general—and breast
surgery in particular'?. Studies performed soon after the
introduction of Bcs found that the procedure was more ex-
pensive than mastectomy, largely because of the fees asso-
ciated with adjuvant radiation?®-3!. To our knowledge, only
two other centres have compared the costs associated with
the 3 major surgical interventions in breast cancer: namely,
BCS, mastectomy, and mastectomy with reconstruction.

One study identified patients from a state cancer
registry and reported that the costs associated with Bcs
were higher than those associated with mastectomy, and
not surprisingly, that reconstruction was more expensive
than either of the other two procedures?. Those findings
are similar to ours, except that their costs were roughly
double ours for each intervention (Bcs: $21,582 vs. $8,225;
mastectomy: $16,122 vs. $11,930; reconstruction: $31,047
vs. $25,080). Their cost calculations were presented in U.S.
dollarsindexed to the year 1992 and included all procedures
within 2 years of the index operation; in contrast, our study
is presented in Canadian dollars for the year 2012. The
second study also found that, compared with mastectomy,
Bcs was associated with higher charges ($26,330vs. $9,780),

but interestingly, with less for reconstruction ($22,720),
suggesting that theradiation treatment greatly influenced
the charges3!.

Additional limitations arise in comparing those stud-
ies with ours. The two U.S. studies are highly influenced
by variable charges, which occur routinely in the United
States32. Within Canada, physician fees and hospital-
related costs are both more likely to reflect the direct costs
associated with health care and are thus subject to much
less variability. The hospital costs in the present study
are based on riws from Canadian micro-costing data
and average case costs from actual B.C. hospital expen-
ditures'®. The fee schedule for all publicly paid physicians
in British Columbia (under fee-for-service) is fixed in
any given year'® and reflects the direct cost to the public
payer. Moreover, the two U.S. studies are inappropriate
for population-based analysis, given that both included
only patients with insured services and low rates of
breast conservation, with one excluding half the patients
because of inconsistencies in claims??.The U.S. reports
are also not contemporaneous; the patients underwent
surgery more than 20 years ago (when hospital stays for
individuals undergoing mastectomy were prolonged), and
details about the types of reconstruction performed are
lacking®!. Finally, the two reports pre-date modern breast
cancer treatment, with no reporting or consideration of
RrT for individuals undergoing mastectomy.

Surgery represents the single most important inter-
vention in the care of patients with nonmetastatic breast
cancer, and itis responsible for a significant component of
the initial health care cost associated with the treatment
of breast cancer®3. Given the significant variation in the
need for reoperation after an initial attempt at Bcs, the
reoperation rate becomes a potential area of focus in
the pursuit of health care cost reductions. A number of
factors determine the need for reoperation, including
disease3>34-37 patient-related considerations®-°, and
potential influences of the surgeon?3%3839 and the institu-
tion3-58. Although changing disease- and patient-related
factorsis difficult, there are structural and process-related
measures that could potentially be implemented to reduce
the need for reoperation. Possibilities include the use of
intraoperative imprint cytology!, cavity margin shav-
ing*’, and other technologies*"#2. Others have focused
on the effects of education initiatives*? or guidelines**.
Recent efforts to standardize the approach to addressing
pathologic margin status also have the potential to effect
reoperation rates*>. Although no clear single solution has
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emerged, high variability suggests this intervention could
be a useful quality measure”!"'!2, or at least a factor that
affects patient satisfaction and cost*6:47,

In Canada, 23% of breast cancer patients require at
least 1 reoperation after attempted Bcs®. Although no con-
sensus on the optimal reoperation rate has been reached,
several international bodies have, as noted earlier, sug-
gested that reducing the number of repeat operations is
a necessity’”, with one organization suggesting 10% as a
goal®. Anumber of institutional publications have reported
reoperation rates close to that benchmark!#34, suggesting
that it is achievable. However, any effort to move toward
that goal has to take into account other considerations.
First, the amount of tissue resected during Bcs must not
be excessive or the cosmesis associated with the procedure
could be adversely affected. Second, placing too much em-
phasis on limiting the reoperation rate might potentially
sway some surgeons to perform a mastectomy rather than
attempt a Bcs. Thus, any structured attempt to lower the
reoperation rate must also consider the cosmesis associ-
ated with the procedure and both the initial and the overall
mastectomy rate.

Assuming that other breast surgery quality metrics
can be maintained, lowering the number of reoperations
after attempted Bcs has significant economic implications.
Based on our decision analysis, if the current reoperation
rate in Canada were to be lowered to 10% from 23%, the
average savings per patient in the population undergoing
initial attempted Bcs would be $1,055. That amountis likely
an underestimate because it does not take into account
the costs associated with any complications that might
occur out of hospital?®2” or any secondary procedures
for complications, which are more likely in patients who
choose mastectomy and reconstruction*®. The economic
implications are significant, especially in a publicly funded
universal health care system, given that the potential sav-
ings are at least $1.9 million annually in the province of
British Columbia alone. The same argument also supports
the assertion that a focus on quality in general has a pos-
itive impact on cost reduction'?, and that the provision of
cost-effective careisincreasingly considered animportant
component of quality health care®.

As with any decision analysis, ours has limitations
based on available information. First, it might not be
possible to reduce the reoperation rate to 10% on a pop-
ulation level. Most publications addressing efforts to im-
prove outcomes are usually reported at the institutional
or regional level, with many showing variable success.
For example, at an institutional level, a randomized trial
of routine cavity shaving reduced the reoperation rate
for margin clearance to 10% from 21%%°. At a regional
level, efforts that used workshops and periodic audit and
feedback to influence a larger and more diverse group
of surgeons yielded moderate success in reducing the
number of pathologically positive margins after Bcs*3.
In addition, the joint guidelines released by the Society
for Surgical Oncology and the American Society for Ra-
diation Oncology in 2014 are likely to lower the baseline
Canadianre-excision rate belowits current 23%; however,
the impact of their approach has yet to be determined.
If adopted on a global scale, it has significant potential

cost savings*>. Nonetheless, our study shows that there
are significant economic implications of measures that
reduce the need to reoperate after attempted Bcs. The
present work could be useful in comparative effectiveness
research considering interventions that might potentially
lower the reoperation rate and the costs associated with
those interventions.

A second limitation is that the use of reconstruction
appears to significantly affect the costs associated with
reoperation, primarily because of its high resource inten-
sity, which introduces some uncertainty about the magni-
tude of the potential cost savings. When the reconstruction
rate used in the model was halved, the cost saving per
patient declined by roughly 20%, to $802 from $1,055. There
are significant disparities in access to reconstruction in
Canada®’, suggesting that the potential cost savings from
reductions in re-excision would vary across regions. Also,
evidence from other countries suggests that the use of
breast reconstruction is on the increase and is likely to
increase in Canada as well®!, implying potentially greater
cost savings with areduction in re-excision rates. Further-
more, the costs associated with reconstruction are likely
to have been underestimated, because health care costs
arising from out-of-hospital complications, readmissions
for complications, and further revision surgery (which is
moderately frequent) were not factored in204852,

Finally, our model does not consider the long-term
outcomes of breast surgery, such local recurrence, survival,
or quality of life, which would be required for a compre-
hensive cost-effectiveness or cost-utility analysis??. The
final pathologic status of surgical margins is associated
with risk of recurrence®?; re-excision alone is not>*. By
focusing only on cost, the analysis presented here implicitly
assumes that thelong-term outcomes of breast surgeryare
independent of the re-excision rate. Economic evaluation
of any measures designed to reduce the re-excision rate
would need to confirm that assumption.

CONCLUSIONS

The necessity to reoperate after attempted Bcs is consid-
ered by some to be a quality measure, and it has significant
cost implications. Our study demonstrates that efforts
to lower the reoperation rate could result in significant
resource savings, and the cost estimates presented could
be of use in future comparative effectiveness research.
Further investigation into the role of guidelines and
education in lowering the reoperation rate, and into the
potential impact of lower rates on costs and improved
quality of care for breast cancer patients is needed.
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