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Abstract

Purpose—-Breast cancer surgical techniques are evolving. Few studies have analyzed national
trends for the multitude of surgical options that include partial mastectomy (PM), mastectomy
without reconstruction (M), mastectomy with reconstruction (M+R), and PM with oncoplastic
reconstruction (OS). We hypothesize that the use of M is declining and likely correlates with the
rise of surgery with reconstructive options (M+R, OS).

Methods—A retrospective cohort analysis was conducted using the ACS-NSQIP database from
2005 to 2016 and ICD codes for IBC and DCIS. Patients were then grouped together based on
current procedural terminology (CPT) codes for PM, M, M+R, and OS. In each group, categories
were sorted again based on additional reconstructive procedures. Data analysis was conducted via
Pearson’s chi-squared test for demographics, linear regression, and a non-parametric Mann-
Kendall test to assess a temporal trend.

Results—The patient cohort consisted of 256,398 patients from the NSQIP data base; 197,387
meet inclusion criteria diagnosed with IBC or DCIS. Annual breast surgery trends changed as
follows: PM 46.3-46.1% (p=0.21), M 35.8-26.4% (p=0.001), M+R 15.9-23.0% (p = 0.03), and
OS 1.8-4.42% (p= 0.001). Analyzing the patient cohort who underwent breast conservation,
categorical analysis showed a decreased use of PM alone (96-91%) with an increased use of OS
(4-9%). For the patient cohort undergoing mastectomy, M alone decreased (69-53%); M+R with
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muscular flap decreased (9—2%); and M+R with implant placement increased (20-40%)—all three
trends p < 0.0001.

Conclusion—The modern era of breast surgery is identified by the increasing use of
reconstruction for patients undergoing breast conservation (in the form of OS) and mastectomy (in
the form of M+R). Our study provides data showing significant trends that will impact the future
of both breast cancer surgery and breast training programs.

Keywords

Breast conservation surgery; Mastectomy; Breast reconstruction; Trend analysis; Surgical
incidence

Introduction

In the United States, breast cancer is the most common cancer in women with an incidence
of 25.4% of all cancer diagnoses [1, 2]. One in eight women will develop invasive breast
cancer in their lifetime, conversely higher than the 1-in-11 risk in 1970 [s3]. Although this
associated rise is multifactorial, it can be attributed to increased life expectancy, hormone
use, prevalence of obesity treatment, and screening options [s3]. Simultaneously, surgical
interventions are transitioning towards a reconstructive approach that ensures aesthetic
satisfaction in combination with oncologic safety [4, 5].

Surgical options for breast cancer patients can be categorized in two overall groups: Breast-
conserving therapy (BCT) (including partial mastectomy (PM) and oncoplastic surgery
(0S)) and MAST (including mastectomy (M) and M with breast reconstruction (M+R)).
Depending on oncological guidelines, patients may choose to have partial or entire breast
tissue removed with or without breast reconstruction. Breast reconstruction (OS or M+R)
offers patients an improved quality of life and body image [6]. Over the years, accredited
breast centers in the United States have transitioned away from only PM or M procedures
and incorporated reconstructive procedures. However, previous retrospective analyses
comparing PM to M showed nationwide inconsistencies between annual breast
reconstruction trends [7-14].Understanding trends in breast surgery is extremely important
with regards to prioritizing surgical training requirements for surgical trainees, and
identifying the status quo so that improvements or adjustments could be made if these trends
were not favored by the present outcomes data. Until now, no recent publication has
analyzed the nationwide surgical trends in patients with invasive carcinoma (IBC) or ductal
carcinoma in situ (DCIS). The purpose of our study is to use the America College of
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database to
examine annual trends in breast surgical interventions from 2005 to 2016 in a nationwide
cohort. With the rise of modern breast surgery, we hypothesize that the use of M is declining
and is likely associated with the rise of more reconstructive breast cancer therapies. (M+R,
0S).
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Methods and materials

Data collection and participant pool

The study was deemed exempt by Tufts Medical Center Institutional Review Board given
ACS NSQIP database was a de-identified data set. NSQIP is a hospital-based voluntary
database with a goal of improving surgical outcomes corresponding to about 700 hospitals
nationwide in 2016 with over 1 million randomly selected operations [15]. Approval was
obtained from ACS NSQIP, and all participant user files (PUF) were analyzed between 2005
and 2016.

Primary surgical analysis

Our primary aim was to analyze temporal trends in breast cancer patients undergoing
surgical interventions in four groups: Partial Mastectomy (PM), Oncoplastic Surgery (OS),
Mastectomy (M), and Mastectomy with breast reconstruction (M+R). Our patient cohort
included all adult women of all ages with a breast cancer diagnosis of invasive breast cancer
(IBC) or ductal carcinoma in-situ (DCIS). We excluded male patients, benign breast surgery,
surgeries for benign breast disease, lobular carcinoma, and patients undergoing breast cancer
surgery with two CPT codes without an ability to decipher category placement. Patient
demographics are shown in Table 1. Each PUF year file was separated from the participants
in NSQIP via International Classification of Diseases Ninth Revision (ICD-9) code for IBC
(ICD-9, 174) or DCIS (ICD-9, 233). After October 2015, ICD tenth edition replaced the
previous system of classification, and patients with IBC or DCIS were classified under the
appropriate ICD-10 codes: D05, D5.1-D05.99 (DCIS), and IBC (C50). All patients were
then categorized into the four groups based on current procedural terminology (CPT) codes
(Supplementary Material A). An overall methods schematic is shown in Fig. 1.

Categorization

We further used CPT codes to stratify BCT and all MAST interventions into categories (CG)
in order to examine procedural trends within four original groups. BCT consisted of patients
who underwent any type of PM (CG 1) or OS (CG 2, 3, 4). OS was sub-grouped into: Level
1 adjacent tissue transfer/volume displacement (CG 2), Level 2 adjacent tissue transfer/
volume displacement (CG 3), and Volume replacement with breast prosthesis, muscular flap,
or other breast reconstruction technique. (CG4). Mastectomy categories consisted of CG5:
simple of subcutaneous M and CG6 all radical M. M+R group was divided into four
categories: CG7 (M+l) Mastectomy with breast prosthesis, delayed-insertion or tissue
expander for implant placement; CG 8 and 9 (M+MF) included a mastectomy with Muscular
Flap (Latissimus dorsi flap CG8, transverse abdominis myocutaneous flap CG9); and lastly,
CG 10 included all other mastectomy breast reconstructions without specific involvement in
other categories.

Lymph node management

After all groups were categorized, lymph node management was also quantified to determine
rate of axillary management in each diagnosis. Sentinel lymph node biopsy (SLNB) and
axillary lymph node dissection (ALND) in all four groups were analyzed. Unfortunately,
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staging and nodal involvement were not included in the NSQIP database so this was not
available for inclusion.

Statistical analysis

Results

We performed all analysis using R-Studio software. A Pearson’s chi-squared test was used
to compare demographic variables between years. Linear regression analysis (/%) and a non-
parametric Mann—Kendall test with Sen’s slope (SS) were used to assess a temporal trend.
Results were considered significant at p values < 0.05 level. In the analysis for overall
surgical interventions (4 groups), all groups summed to 100% annual operations and trend
significance was calculated. In second aim, the category analysis, BCT (CG 1-4) and MAST
(CG 7-9) were analyzed as separate treatment entities; each equaling 100%. CG10 was not
included in the analysis for MAST as there was no specific breast reconstruction described
via CPT code.

Participant pool and demographics

Between 2005 and 2016, over 5 million patients were included in the NSQIP database,
roughly 250 k patients were involved in breast cancer interventions: a total of 197,387
(76.8%) women met our inclusion criteria for the present analysis (Supplementary Material
B). There were no significant differences between patient demographics in all four groups
(Table 1). A more detailed demographics by year is shown in Supplementary Material A
table.

Aim one trend analysis

Figure 2 (Supplementary Material C) depicts the 11-year trend in nationwide breast cancer
surgeries. Overall BCT and MAST groups varied, most recent data from 2016 showed 49%
of patient undergo a MAST procedures and 51% had BCT. Overall, PM had no significant
change in trend (p > 0.5) with no differentiation in either DCIS or IBC. M rates in both
diagnostic groups dropped significantly (o= 0.001) by 10% with a negative SS; predicting
1% M decline rate per year. In M+R group, there was only a significant trend change
associated with IBC, increasing from 15 to 23% (p = 0.003, R2). The overall M+R group
showed a significant trend that was primarily influenced by IBC, as DCIS had no significant
trend change (p = 0.54). OS had a significant trend in both DCIS ad IBC (p= 0.002, /2
0.8). OS DCIS increased from 0.74 to 4.4% and OS IBC 2-4.4%; positive SS. All values are
shown in Table 2 and plotted Fig. 2 (Categories in Supplementary Material E).

Categorized surgical trend analysis

Significant trends were shown in both categories BCT (all p< 0.001) and MAST (all p<
0.005) (Fig. 2, Supplementary Material C). From 2005 to 2016, within BCT, PM decreased
by ~ 5% in DCIS and IBC (R? 0.74; 0.88 respectively); negative SS. OS increased from 1.5
to 7.6% in DCIS and 4.3-9% in IBC (R2 0.74; 0.88 respectively); positive SS. Simple M
(CG5) and Radical M (CG6) both had a decreasing trends as follows CG5 from 37 to 33%
(p=0.04, R2: 0.46) and CG6 32-20% (p < 0.0001, A%: 0.96). M+ increased from 20 to 40%
(p< 0.0001, R2: 0.0) and M+MF decreased from 8.6 to 2.6% (both p< 0.0001, A2: >0.93).
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Interestingly in the MAST group, patients undergoing reconstruction (M+I and MF) based
on diagnosis, trends changed as follow, DCIS from 43 to 54% and in IDC from 27 to 42%.

Lymph node management

From 2005 to 2016, axillary lymph node management in all patients with DCIS increased
from 39 to 45% (p = 0.007; A2: 0.56) and in IBC increased from 67 to 75% (p = 0.19; R2:
0.31). However, including both diagnosis, SLNB increased from 27 to 49% and ALND
decreased from 36 to 20% (both p < 0.0001 and R2 > 0.9).

Discussion

Breast cancer surgery is continuously evolving to improve oncologic outcomes and quality
of life in patients. In 2015, Kummerow et al. showed increasing rates of M and M+R
procedures [8]. Our analysis of surgical management is the largest study showing trends of
all BCT and MAST procedures using most recent available data from ACS-NSQIP database.
The entire participant pool was significantly different across all demographics (< 0.00001).
Patients undergoing and reconstructive procedure were younger and less diverse then PM
and M groups. Inpatient admission status differed across all surgical groups as follows: PM
at 8%, OS at 17%, M at 54%, and at M+R at 79%. Additionally, smokers had lowest
percentage within the OS group at 10%.

Partial lumpectomy had no statistically significant overall trend change. From 2005 to 2010,
there was a 7-10% decrease in partial lumpectomies per year, followed by a 4 percent
increase from 2010 to 2016. The nationwide shifts in surgical management was most notable
in groups involving reconstructive procedures. Between 2005 and 2016, M+R and OS
increased by 146% and 241%, respectively. Patients opting for reconstructive procedures
(OS or M+R) were most significant with a diagnosis of DCIS. Previous analyses from 1998
to 2011 showed that mastectomy and M+R rates increased most significantly in lower-staged
breast cancers characterized by negative nodal involvement, small radius, and non-invasive
pathology [8, 12]. Such results correlate with our present findings of surgical reconstruction
in patients with DCIS.

Furthermore, our categorical analysis showed an increase in M+1 by about 7% per year,
which is even higher than previously published at 5% [13]. Although OS had a lower patient
population compared to PM in the NSQIP database, it showed an 11% increase per year.
This increase in OS correlates with recent breast surgeon survey results that have shown
high interests in learning OS techniques amongst breast surgeons [16]. Historically, OS has
evolved since its introduction in the 1980s and follows breast conservation principles that
remove fairly large regions of the breast as part of the oncologic resection followed by
volume displacement (mastopexy/reduction) or volume replacement (locoregional
flap)techniques [4, 17, 18]. Volume replacement using a flap is a viable option in some M
patients but in our study, this option has significantly decreased from 8.6 to 2.6% of
reconstructions.

When compared to PM, OS has comparable complication rates, reduced re-excision rates
(including reduced recurrence rates), and higher patient satisfaction from aesthetically
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symmetric appearing breast [19-21]. Prognostically, there is no significant difference in
patient survival between PM, M, and OS procedures (16). In the past, breast cancer
interventions often overlooked the psychologically burden and importance of cosmetic
satisfaction. With the rise of reconstructive surgery, aesthetic satisfaction has become an
important factor influencing patient decision making when considering surgical treatment
choices for breast cancer removal [22]. Although both M+R and OS inherently represent
reconstructive techniques, OS has higher patient satisfaction [19, 20] and has also been
shown to be cost-effective [23, 24]. Collectively, these fundamental principles may influence
a patient’s decision for breast reconstruction, and thereby explain the trends seen in our
present analysis [6, 12].

Lastly, while mastectomy rates are decreasing, at 49%, they are still too high compared to a
breast conservation goal of at least 70% [25]. Breast conservation surgery and mastectomy
have equivalent survival rates (16), and with OS techniques, locoregional recurrence rates
may also show no statistical difference when compared to mastectomy [26]. The results of
this study show that mastectomy rates in the US are still too high when treating breast cancer
and efforts should be made to educate surgeons using surgical techniques such as OS to
advance breast conservation options for patients.

Limitations in this study include the interpretation of the NSQIP database based on
appropriate coding and the growing rate of NSQIP being implemented in more institutions
annually. The annual increase in NSQIP participants directly correlates with the proportion
of breast cancer patients in our analysis. Appropriate surgical intervention offered to each
patient is unique and based on oncology guidelines, such as staging, tumor size, and
chemotherapy, all of which were not in NSQIP. NSQIP also did not provide information
regarding patient satisfaction in regard to surgical cosmesis, treatment management, and
psychological impact. Although a qualitative measure, NSQIP or future databases may take
these outcome factors into consideration to understand our patient’s perspectives. Lastly, OS
is a reconstructive technigue with an incremental annual increase and coding may vary
depending on institution. We used a coding protocol that is used in our institution as OS has
no individual OS CPT code. With increasing incidence of OS, it may become necessary for
oncoplastic surgery interventions to have their own CPT code to clarify surgical
interventions in our future.

Conclusion

Innovations in breast reconstruction are presenting patients with treatment options that are
both aesthetic and oncologically safe. This rise in reconstructive procedures is changing how
patients make decisions based on their diagnosis. In this study, we successfully analyzed a
nationwide change in breast surgeries from 2005 to 2016. The expanding use of breast
reconstruction techniques like MAST + Recon and OS are in agreement with and greatly
expound on previous analysis on breast cancer trends. Here, we demonstrate that breast
cancer patients are increasingly pursuing breast reconstruction over traditional oncological
procedures. The growing preference for reconstructive surgeries may foreshadow the
reliance of surgical expertise in the field of oncoplastic surgery.
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Breast Cancer Surgical Trends
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Fig. 2.
Breast Cancer Surgical Trends: Trends are based off of the surgical categorization. Each year

equals 100% of breast cancer interventions done within that year; PM partial mastectomy;,
OS oncoplastic surgery, M mastectomy (simple + radical), M+/ mastectomy and implant
placement, M+Fmastectomy, and flap reconstruction
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