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ABSTRACT 
Purpose.  This study was designed to provide a 
comprehensive and up-to-date understanding of population-
level reoperation rates and incremental healthcare costs 
associated with reoperation for patients who underwent 
breast-conserving surgery (BCS).
Methods.  This is a retrospective cohort study using 
Merative™ MarketScan® commercial insurance data and 
Medicare 5% fee-for-service claims data. The study included 
females aged 18–64 years in the commercial cohort and 
females aged 18 years and older in the Medicare cohort, 
who underwent initial BCS for breast cancer in 2017–2019. 
Reoperation rates within a year of the initial BCS and overall 
1-year healthcare costs stratified by reoperation status were 
measured.
Results.  The commercial cohort included 17,129 women 
with a median age of 55 (interquartile range [IQR] 49–59) 
years, and the Medicare cohort included 6977 women 
with a median age of 73 (IQR 69–78) years. Overall 
reoperation rates were 21.1% (95% confidence interval [CI] 
20.5–21.8%) for the commercial cohort and 14.9% (95% 
CI 14.1–15.7%) for the Medicare cohort. In both cohorts, 
reoperation rates decreased as age increased, and conversion 
to mastectomy was more prevalent among younger women 
in the commercial cohort. The mean healthcare costs during 

1 year of follow-up from the initial BCS were $95,165 for 
the commercial cohort and $36,313 for the Medicare cohort. 
Reoperations were associated with 24% higher costs in both 
the commercial and Medicare cohorts, which translated into 
$21,607 and $8559 incremental costs, respectively.
Conclusions.  The rates of reoperation after BCS have 
remained high and have contributed to increased healthcare 
costs. Continuing efforts to reduce reoperation need more 
attention.

Keywords  Breast cancer surgery · Breast-conserving 
surgery · Reoperation · Re-excision · Conversion to 
mastectomy · Healthcare costs · Medicare · Ductal 
carcinoma in situ

Breast cancer is the second most common cancer 
in women following skin cancer and accounts for 
approximately 30% of all new female cancers each year 
in the United States.1 Breast-conserving surgery (BCS) 
aims to remove the malignancy with preservation of the 
breast, and between 60–70% of those diagnosed with breast 
cancer undergo BCS.2,3 In BCS, the surgeon removes the 
cancerous tissue along with a surrounding margin of healthy 
tissue while preserving as much of the breast as possible. 
However, if cancer cells are present at the margins of the 
removed tissue, additional operations may be necessary. 
These additional operations may result in increased adverse 
outcomes, such as patient anxiety, surgical complications, 
treatment delays, and increasing healthcare costs.4–7

In 2014, the Society of Surgical Oncology-American 
Society for Radiation Oncology (SSO-ASTRO) Consen-
sus Guideline on Margins for Breast-Conserving Surgery 
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established a no-ink-on-tumor definition of a negative mar-
gin.8 The 2016 consensus guidelines further specified 2 mm 
as a negative margin for ductal carcinoma in situ (DCIS).9,10 
Several studies demonstrated that reoperation rates substan-
tially decreased as a result of the adoption of these clinical 
guidelines.11–13 However, despite the established guide-
lines,8,9 a significant number of patients continue to undergo 
reoperation with wide variations across different surgeons 
and institutions.11,12,14–20

In this study, we provide a more comprehensive and 
current understanding of reoperation rates and incremental 
healthcare costs associated with reoperation for patients 
who underwent BCS at the population level. Previous 
studies have primarily focused on the impact of guideline 
implementation on reoperation rates using institutional-
level data and often excluded DICS cases, which accounts 
for approximately 20% of newly diagnosed cases.10,21,22 
Moreover, younger women with DCIS are increasingly 
undergoing BCS procedures.23,24 However, achieving 
clear margins for DCIS can be challenging because of its 
nonpalpable nature and difficulty in preoperative disease 
extent delineation through imaging.9,10,21 Furthermore, the 
increasing use of neoadjuvant chemotherapy (NAC) before 
surgery and improved oncoplastic surgery (OPS) have 
impacted patient eligibility for BCS, potentially altering the 
characteristics of patients receiving BCS and their likelihood 
of receiving reoperation.25–27 Also, cost data are scarce and 
often are limited to surgical costs alone, without providing 
a comprehensive perspective on the overall cost of care for 
women undergoing BCS or relied on hospital charges, which 
can be different from the amount paid.28–30 Additionally, 
because of dated publications on the cost of reoperation, 
the impact of growing healthcare costs and the influence of 
cost containment strategies, such as bundling, have not been 
adequately accounted for in BCS cost studies.7,31

METHODS

Study Design and Study Participants

We conducted a retrospective analysis on two sets of 
data: the 2016–2020 Merative™ MarketScan® commercial 
insurance data, referred to as the “Commercial cohort,” 
and the 2016–2020 Medicare claims data, referred to as the 
“Medicare cohort.” The MarketScan database consisted of 
claims data from approximately 350 unique carriers and 
more than 273 million unique patients, including employees, 
spouses, and dependents from all U.S. census regions. The 
Medicare data was a nationally random 5% sample of all 
beneficiaries enrolled in Medicare fee-for-service (FFS). 
This study was approved by the institutional review board, 
and waivers of informed consent were granted due to the use 
of deidentified data. The study adhered to the Strengthening 

the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guideline.32

We included females aged 18–64 years who underwent 
initial BCS for breast cancer between January 1, 2017, and 
December 31, 2019 in the commercial cohort (n = 28,962). 
For the Medicare cohort, we included females aged 18 
years and older who underwent initial BCS for breast 
cancer between January 1, 2017, and October 31, 2019 (n = 
8380). Initial BCS was identified using Current Procedural 
Terminology (CPT) codes and International Classification 
of Diseases, Tenth Revision, Procedure Coding System 
(ICD-10-PCS) codes, which require the documentation 
of attention to surgical margins.7,19,28 Breast cancer was 
determined using the International Classification of 
Diseases, Tenth Revision, Clinical Modification (ICD-
10-CM) codes (eTable 1 in the Supplement) and included 
cases of nonmetastatic breast cancer with a diagnosis of 
invasive breast cancer (IBC) or DCIS at the time of their 
initial BCS. To ensure that patients did not have previous 
BCS or mastectomy before the initial BCS and to determine 
reoperations and healthcare costs during the follow-up 
period, we required continuous enrollments between 1 year 
before and after the initial BCS. Patients who had any claims 
indicating previous BCS or mastectomy during the look-
back period or had missing geographic information were 
excluded (eTable 2 in the Supplement).

Outcomes

The primary outcomes were reoperation within a year 
of the initial BCS and overall 1-year healthcare costs 
stratified by reoperation status. The reoperation was defined 
as the presence of a procedural claim for repeated BCS or 
conversion to mastectomy identified using CPT and ICD-
10-PCS codes (eTable 1 in the Supplement). The costs were 
calculated from a payer perspective and included amounts 
reimbursed by insurance and paid by the patient. The 
costs included those for outpatient and inpatient services 
and were categorized into breast surgical procedures, 
radiology treatment, chemotherapy, outpatient medication, 
pathology/laboratory, imaging, and others. All costs were 
inflation-adjusted using the medical care component of the 
Consumer Price Index and reported in 2020 U.S. dollars. 
The secondary outcomes included complications within 90 
days, which were determined as having any claim with a 
diagnosis of infection, abscess, or cellulitis of the breast, 
or other postprocedural complications using ICD-10-CM 
diagnosis codes (eTable 3 in the Supplement).26

Patient and Treatment Characteristics

The characteristics of the patients included age, race/
ethnicity (available only for Medicare patients), census 
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region of residence, cancer diagnosis, and Charlson 
Comorbidity Index (CCI) (eTable 4 in the Supplement).33,34 
Cancer diagnosis was determined as IBC, DCIS, or mixed 
type for those with both IBC and DCIS diagnosis codes. The 
receipt of NAC was determined by having any claims with 
CPT and Healthcare Common Procedure Coding System 
(HCPCS) codes indicating adjuvant chemotherapy within 90 
days before the initial BCS (eTable 5 in the Supplement).35 
The receipt of OPS was determined by having any claims 
with CPT/HCPCS codes indicating oncoplasty or breast 
reconstruction during the follow-up time period (eTable 6 
in the Supplement).26,27 If the OPS occurred on the same 
date of the initial BCS, we defined it as immediate OPS.

Statistical Analysis

Reoperation rates were defined as proportions of patients 
who had repeated BCS or conversion to mastectomy within 
1 year after the initial BCS and compared across patient 
characteristics using crude risk ratios (RRs). To assess 
independent associations between patient characteristics/
treatment variables and reoperation, we performed 
multivariable modified Poisson regressions, including age, 
cancer diagnosis, CCI, NAC, immediate OPS, year of initial 
BCS, regions, and race/ethnicity (only for Medicare), and 
reported adjusted RRs. Mean costs following BCS were 
compared by reoperation status, and relative ratios (RRs) 
of cost were estimated from the generalized linear model 
with a log-link function and gamma distribution adjusting 
for the same variables to determine the incremental effect of 
reoperation on medical care costs. Similarly, complication 
rates were reported, and crude and adjusted RRs were 
reported by using modified Poisson regressions. The 
analyses were conducted separately for the Commercial 
cohort and Medicare cohorts. All statistical analyses were 
performed by using StataMP 17 (StataCorp LLC, College 
Station, TX) and significances were tested at p < 0.05 for 
two-tailed tests.

RESULTS

Patients Characteristics and Treatments

In the Commercial cohort, 3620 of 17,129 women had 
reoperation, and in the Medicare cohort, 1039 of 6977 
women had reoperation (Table  1). The prevalence of 
DCIS was 20.3% in the Commercial cohort, and it was 
higher among women with reoperation (17.8% vs. 29.5%). 
Similarly, the prevalence of DCIS was higher among 
women with reoperation (13.7% vs. 24.7%) in the Medicare 
cohort. One in eight women (13.5%) received NAC in 

the Commercial cohort, whereas only 6.7% had NAC in 
the Medicare cohort despite having a higher prevalence 
of IBC (68.6% in Commercial vs. 77.1% in Medicare, p 
< 0.001). Approximately one in four women (27.2%) in 
the Commercial cohort and one in five women (18.6%) in 
the Medicare cohort had OPS, and most of the OPS were 
performed on the same day of the initial BCS.

Reoperation Rates

Overall reoperation rates were 21.1% (95% confidence 
interval [CI] 20.5–21.8%) for the Commercial cohort 
and 14.9% (95% CI 14.1–15.7%) for the Medicare cohort 
(Table  2). In the Commercial cohort, reoperation rates 
decreased as the age increased: 26.5%, 22.0%, and 19.4% (p 
value for trend <0.001) for aged 18–44, 45–54, and 55–64 
years, respectively (Table 2). While the rates of repeated 
BCS were similar across age groups, the conversion to mas-
tectomy was more prevalent among younger women in the 
Commercial cohort. In the Medicare cohort, women aged 
18–64 years had an 18.6% (95% CI 14.8–23.1%) reoperation 
rate, which was comparable to that of women in the same 
age group in the Commercial cohort. Additionally, a similar 
downward trend by age was observed, but it did not reach a 
significant level (Table 2). When we stratified the analysis 
by cancer diagnosis and age (Fig. 1), we observed similar 
downward trends by age across cancer diagnoses.

Compared with women with IBC, women with DCIS had 
higher reoperation rates: 18.0% vs. 30.8%, p < 0.001 in the 
commercial cohort and 12.7% vs. 24.0%, p < 0.001 in the 
Medicare cohort. Notably, the highest rate of reoperation, 
40.0% (95% CI 35.3–44.9%), and particularly the highest 
rate of conversion to mastectomy were found among women 
aged 18–44 years with DCIS (Table 2). In multivariable 
analyses, compared with IBC, DCIS was associated with 
a 62% increased risk of reoperation {adjusted relative risk 
[aRR] 1.62 (1.52–1.73)} in the Commercial cohort and an 
80% increased risk [aRR 1.80 (1.58–2.05)] in the Medicare 
cohort (eTables 7 and 8 in the Supplement). NAC was 
associated with a 29% decreased risk of reoperation (aRR 
0.71 [95% CI 0.64–0.80]) in the Commercial cohort and a 
35% decreased risk (aRR 0.65 [95% CI 0.48–0.88]) in the 
Medicare cohort. Immediate OPS was associated with lower 
reoperation rates in the Commercial cohort (aRR 0.83 [95% 
CI 0.77–0.89]), but not in the Medicare cohort.

Complication Rates by Reoperation Status

Approximately one in five women who underwent BCS 
experienced complications within 90 days (eTables 9 and 
10 in the Supplement), and complication rates were much 
higher among women with reoperation in both cohorts 
(Fig. 2A). Compared with no reoperation, reoperation 
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was associated with a 54% increased risk of complications 
(aRR 1.54, 95% CI 1.44–1.64) in the Commercial cohort 
and an 89% increased risk (aRR 1.89, 95% CI 1.70–2.10) 
in the Medicare cohort adjusting for covariates. Repeated 
BCS was associated with a 66% increased risk of com-
plications (aRR 1.66, 95% CI 1.55–1.78) in the Commer-
cial cohort and an 82% increased risk (aRR 1.82, 95% CI 
1.61–2.06) in the Medicare cohort (eTables 9 and 10 in the 
Supplement). Conversion to mastectomy was associated 
with a 30% increased risk (aRR 1.30, 95% CI 1.18–1.44) 
in the Commercial cohort, whereas it was associated with 
more than a twofold increased risk (aRR 2.07, 95% CI 
1.77–2.44) in the Medicare cohort (eTables 9 and 10 in 
the Supplement).

Healthcare Costs by Reoperation Status

The mean healthcare costs during 1 year of follow-up 
from the initial BCS were $95,165 for the Commercial 
cohort and $36,313 for the Medicare cohort. These 
costs varied substantially based on cancer diagnosis 
and reoperation status (Fig. 2). Specifically, costs were 
significantly lower for women with DCIS compared with 
those with IBC or mixed diagnoses. In the Commercial 
cohort, costs for women with DCIS were almost half of 
those with IBC (aRR 0.57, 95% CI 0.55–0.59). In the 
Commercial cohort, the costs were 14% higher (aRR 1.14, 
95% CI 1.10–1.18) with an incremental cost of $12,638 
(SE $1954) for women with repeated BCS and 51% higher 
(aRR 1.51, 95% CI 1.42–1.60) with an incremental cost 
of $45,989 (SE $3979) for women with conversion to 
mastectomy, compared with women without reoperation, 
adjusting for covariates (Table 3). In the Medicare cohort, 
the costs were 19% higher (aRR 1.19, 95% CI 1.12–1.27) 
with an incremental cost of $6742 (SE $1367) for women 
with repeated BCS and 40% higher (aRR 1.40, 95% CI 
1.26–1.56) with an incremental cost of $12,638 (SE $1954) 
for women with conversion to mastectomy (Table  3). 
Combining repeated BCS and conversion to mastectomy 
as reoperation, the costs for women with reoperation were 
associated with 24% higher healthcare costs in both the 
Commercial (aRR 1.24, 95% CI 1.20–1.28) and Medicare 
(aRR 1.24, 95% CI 1.17–1.32) cohorts, resulting into 
$21,607 (SE $1853) and $8559 (SE $1251) incremental 
costs associated with reoperation, respectively.

Older age and DCIS were independently associated with 
lower costs, whereas higher CCI, NAC, and OPS were 
independently associated with increased costs (Table 3). 
We also observed geographic variations with the lowest 
costs in the south in the Commercial cohort but did not 
observe such variations in the Medicare cohort. Black 
women had higher costs compared with white women, Ta
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TABLE 2   Reoperation rates by subgroup

No. Any reoperation, % p Repeated BCS, % p Conversion to 
mastectomy, %

p

Commercial, total 3620/17,129 21.1 (20.5–21.8) 15.0 (14.4–15.5) 6.2 (5.8–6.5)
 Age (years)
  18–44 519/1955 26.5 (24.6–28.6) <0.001 15.1 (13.6–16.8) 0.48 11.4 (10.1–12.9) <0.001
  45–54 1361/6184 22.0 (21.0–23.1) 15.2 (14.3–16.1) 6.8 (6.2–7.4)
  55–64 1740/8990 19.4 (18.6–20.2) 14.7 (14.0–15.5) 4.6 (4.2–5.1)

 Diagnosis
  IBC 2114/11,747 18.0 (17.3–18.7) <0.001 13.0 (12.4–13.6) <0.001 5.0 (4.6–5.4) <0.001
  DCIS 1069/3474 30.8 (29.3–32.3) 21.5 (20.2–22.9) 9.3 (8.3–10.3)
  Mixed 437/1908 22.9 (21.1–24.8) 15.2 (13.7–16.9) 7.7 (6.6–9.0)

 Diagnosis x age
  IBC, 18–44 287/1316 21.8 (19.7–24.1) <0.001 12.8 (11.1–14.8) 0.92 9.0 (7.5–10.6) <0.001
  45–54 788/4170 18.9 (17.7–20.1) 13.1 (12.1–14.2) 5.8 (5.1–6.5)
  55–64 1039/6261 16.6 (15.7–17.5) 12.9 (12.1–13.8) 3.7 (3.2–4.2)
  DCIS, 18–44 160/400 40.0 (35.3–44.9) <0.001 21.5 (17.7–25.8) 0.76 18.5 (15.0–22.6) <0.001
  45–54 406/1306 31.1 (28.6–33.7) 21.9 (19.7–24.2) 9.2 (7.7–10.9)
  55–64 503/1768 28.5 (26.4–30.6) 21.2 (19.4–23.2) 7.2 (6.1–8.5)
  Mixed, 18–44 72/239 30.1 (24.6–36.2) 0.002 17.2 (12.9–22.5) 0.42 13.0 (9.3–17.9) <0.001
  45–54 167/708 23.6 (20.6–26.9) 15.1 (12.7–17.9) 8.5 (6.6–10.8)
  55–64 198/961 20.6 (18.2–23.3) 14.8 (12.7–17.2) 5.8 (4.5–7.5)

 NAC
  No 3283/14,815 22.2 (21.5–22.8) <0.001 15.8 (15.2–16.3) <0.001 6.4 (6.0–6.8) 0.001
  Yes 337/2314 14.6 (13.2–16.1) 9.9 (8.7–11.2) 4.7 (3.9–5.6)

 Immediate OPS
  No 2970/13,473 22.0 (21.4–22.8) <0.001 15.9 (15.3–16.5) <0.001 6.1 (5.7–6.5) 0.62
  Yes 650/3656 17.8 (16.6–19.1) 11.4 (10.4–12.5) 6.3 (5.6–7.2)

Medicare, total 1039/6977 14.9 (14.1–15.7) 11.1 (10.3–11.8) 3.8 (3.4–4.3)
 Age (years)
  18–64 63/339 18.6 (14.8–23.1) <0.001 12.7 (9.5–16.7) 0.002 5.9 (3.8–9.0) 0.14
  65–74 595/3832 15.5 (14.4–16.7) 11.7 (10.8–12.8) 3.8 (3.2–4.4)
  75–84 327/2286 14.3 (12.9–15.8) 10.5 (9.3–11.8) 3.9 (3.1–4.7)
  85+ 54/520 10.4 (8.0–13.3) 7.5 (5.5–10.1) 2.9 (1.8–4.7)

 Diagnosis
  IBC 685/5382 12.7 (11.9–13.6) <0.001 9.4 (8.7–10.2) <0.001 3.3 (2.9–3.8) <0.001
  DCIS 257/1071 24.0 (21.5–26.6) 17.8 (15.7–20.2) 6.2 (4.9–7.8)
  Mixed 97/524 18.5 (15.4–22.1) 14.1 (11.4–17.4) 4.4 (2.9–6.5)

 Diagnosis x age
  IBC, 18–64 45/251 17.9 (13.7–23.2) <0.001 12.0 (8.5–16.6) 0.001 6.0 (3.6–9.7) 0.14
  65–74 390/2902 13.4 (12.2–14.7) 10.2 (9.1–11.3) 3.3 (2.7–4.0)
  75–84 210/1781 11.8 (10.4–13.4) 8.7 (7.4–10.0) 3.1 (2.4–4.1)
  85+ 40/448 8.9 (6.6–11.9) 6.0 (4.2–8.7) 2.9 (1.7–4.9)
  DCIS, 18–64 13/63 20.6 (12.4–32.4) 0.69 15.9 (8.8–27.1) 0.68 4.8 (1.5–13.8) 0.96
  65–74 157/628 25.0 (21.8–28.5) 18.6 (15.8–21.9) 6.4 (4.7–8.6)
  75–84 78/336 23.2 (19.0–28.0) 17.0 (13.3–21.4) 6.3 (4.1–9.4)
  85+ 9/44 20.5 (11.0–34.9) 15.9 (7.8–29.8) 4.6 (1.1–16.4)
  Mixed, 18–64 5/25 20.0 (8.6–40.0) 0.24 12.0 (3.9–31.3) 0.20 8.0 (2.0–27.0) 0.94
  65–74 48/302 15.9 (12.2–20.5) 12.6 (9.3–16.8) 3.3 (1.8–6.0)
  75–84 39/169 23.1 (17.3–30.0) 16.6 (11.7–23.0) 6.5 (3.6–11.4)
  85+ 5/28 17.9 (7.6–36.4) 17.9 (7.6–36.4)
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adjusting for covariates (aRR 1.16 [95% CI 1.07–1.26]) 
in the Medicare cohort. When we plotted costs by cancer 
diagnosis subgroup and by service category, incremental 
costs associated with reoperation appeared to be mostly 

driven by breast surgery costs. Furthermore, major dif-
ferences in the costs by cancer diagnosis between IBC 
and DCIS were explained by differences in chemotherapy 
treatments (eFig. 1 in the Supplement).

Table 2   (continued)

No. Any reoperation, % p Repeated BCS, % p Conversion to 
mastectomy, %

p

 NAC
  No 995/6509 15.3 (14.4–16.2) 0.001 11.5 (10.7–12.2) <0.001 3.8 (3.4–4.3) 0.99
  Yes 44/468 9.4 (7.1–12.4) 5.6 (3.8–8.0) 3.9 (2.4–6.0)

 Immediate OPS
  No 875/5810 15.1 (14.2–16.0) 0.38 11.2 (10.4–12.0) 0.48 3.9 (3.4–4.4) 0.64
  Yes 164/1167 14.1 (12.2–16.2) 10.5 (8.8–12.3) 3.6 (2.7–4.8)

BCS breast-conserving surgery; IBC invasive breast cancer; DCIS ductal carcinoma in situ; NAC neoadjuvant chemotherapy; OPS oncoplastic 
surgery
*p values were reported from the chi-square tests except for age-specific and cancer diagnosis and age-specific reoperation rates, which were 
tested for a linear trend by using Cochran–Armitage tests
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FIG. 1   Reoperation rates by age group and cancer diagnosis. Propor-
tions of patients who had repeated breast-conserving surgery (BCS) 
or conversion to mastectomy within 1 year after the initial BCS were 
graphed by age and cancer diagnosis: invasive breast cancer (IBC), 

ductal carcinoma in  situ, or mixed. Rates were estimated separately 
for the Commercial and Medicare cohorts. Patients younger than aged 
65 years in the Medicare cohort were not included. Error bars indi-
cate 95% confidence intervals
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DISCUSSION

The reoperation rates we observed were 21.1% for the 
Commercial cohort and 14.9% for the Medicare cohort, 
which were consistent with those reported in previous 
population-based studies, ranging from 14% to 22%.11,12,14–16 
Although several studies reported a significant decrease 
in reoperation rates immediately after the publication of 
the guidelines, there was no evidence of further reduction 
observed in subsequent years. Because our study covered 
more recent years in the post-guideline period, it is expected 
that if the downward trend continued, we would have 
observed even lower reoperation rates. Several studies have 
found notable variations in the practices and reoperation 
rates among different surgeons and institutions that may 
indicate slower adoption of the guidelines and potentially 
avoidable reoperations.11,12,17–20,36,37 Promoting practice 
of standardized guidelines and improved intraoperative 

assessment of the surgical margins assisted by in real-
time imaging techniques may have the potential to reduce 
avoidable reoperations.38–40

We observed downward trends in reoperation rates by 
age.19 This downward trend was primarily driven by a 
reduced conversion to mastectomy rate in the commercial 
cohort, which consisted of women younger than age 65 
years. We found that the rate of conversion to mastectomy 
among women with DCIS was 9.3% in the Commercial 
cohort and younger women aged 18–44 years with DCIS had 
a reoperation rate of approximately 40%, with a high rate 
of conversion to mastectomy (18.5%). These findings are 
consistent with previous studies that have shown no decline 
in reexcision rates after BCS for patients with DCIS, along 
with increasing trends in choosing mastectomy as a conver-
sion option.41–43 However, in the Medicare cohort where 
the majority of women were aged 65 years and older, the 
downward trend by age was driven by a reduction in repeated 
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BCS. These findings suggest that older patients, particularly 
those with low-risk DCIS, are less likely to undergo reexci-
sion compared with their younger counterparts, perhaps due 
to a lack of recurrence or survival benefit. It is important 
to note that more BCS procedures are being performed on 
DCIS patients, especially younger patients,23,24 and reopera-
tion is more problematic as it is challenging to achieve clear 
margins.9,10,21

The use of NAC was 13.5% in the Commercial cohort 
and 6.7% in the Medicare cohort reflecting an increasing 
trend in NAC utilization, consistent with prior studies.44–46 
We found that NAC was associated with a 29% decreased 
risk of reoperations in the Commercial cohort and a 
35% decreased risk in the Medicare cohort. Lower rates 
of reoperation are expected in this subset of patients as 
tumor response to neoadjuvant therapy allows for patients 
to become better candidates for BCS with a higher chance 
of achieving negative margins.47 However, intraoperative 
palpation of the tumor bed or radiologic distortion on 
specimen radiography may not be a clear indication of 
residual disease in neoadjuvant chemotherapy patients, 
and optimal intraoperative assessment of margins becomes 
crucial, as it may be less obvious to identify clear margins 
post-NAC.

We confirmed that reoperation is associated with higher 
rates of complications and increased healthcare costs.6,7 In 
both Commercial and Medicare cohorts, we observed 54% 
and 89% increased risks of complications, respectively, 
among patients who underwent reoperation. Furthermore, 
reoperations were found to be associated with incremental 
costs of $21,607 in the Commercial cohort and $8559 in 
the Medicare cohorts. Among women who underwent 
conversion to mastectomy in the Commercial cohort, the 
incremental costs were particularly high, reaching $45,989. 
Interestingly, the mean cost for women who underwent 
BCS with or without reoperation in the Medicare cohort 
was less than half that of women in the Commercial cohort. 
Several factors may contribute to this difference, including 
the lower rate of reoperation, relatively lower reimbursement 
rates, and the implementation of value-based or global 
payment strategies. Additionally, because the Medicare 
cohort consists mostly of older patients, the downward 
trends by age likely contributed to the overall lower rate of 
reoperation. Notably, the rate of conversion to mastectomy, 
which is a more costly procedure, was low in the Medicare 
cohort.

Limitations

This study has several limitations. First, we relied on 
ICD-10-CM codes to identify and define breast cancer, 
which limited the availability of detailed information Ta
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regarding a patient’s cancer diagnosis, including stage at 
diagnosis. Consequently, we were unable to restrict our 
cohort to patients with ductal DCIS and stage I to II breast 
cancer. Second, our study did not incorporate clinical 
patient factors and tumor characteristics, which could have 
provided additional insights. Third, as we employed the 
same CPT codes for both the initial BCS and subsequent 
BCS procedures, it is possible that some of the reexcisions 
included in the study may have actually been the initial 
excision procedures for a different primary breast tumor. 
Lastly, race/ethnicity information was not available in the 
dataset for the Commercial cohort, which could have been a 
confounding factor as well.

CONCLUSIONS

Overall reoperation rates after the initial BCS were 
21.1% and 14.9% for the Commercial and Medicare 
cohorts, respectively, during 2017–2020. We found that 
younger age and DCIS were associated with a higher 
reoperation rate, while NAC and immediate OPS were 
associated with a lower reoperation rate. Reoperations 
were associated with 54% and 89% increased risk of 
complications in the Commercial and Medicare cohorts, 
respectively, and were associated with 24% increased costs 
in both cohorts.
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