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ABSTRACT

Background. There have been conflicting studies report-

ing on survival advantages between breast-conserving

surgery with radiotherapy (BCS) in comparison with

mastectomy. Our aim was to compare the efficacy of BCS

and mastectomy in terms of overall survival (OS) com-

paring all past published studies.

Methods. We performed a comprehensive review of lit-

erature through October 2021 in PubMed, Scopus, and

EMBASE. The studies included were randomized con-

trolled trials (RCTs) and cohorts that compare BCS versus

mastectomy. We excluded studies that included male sex,

stage 0, distant metastasis at diagnosis, bilateral syn-

chronous cancer, neoadjuvant radiation/chemotherapy, and

articles with incomplete data. We performed a meta-anal-

ysis following the random-effect model with the inverse

variance method.

Results. From 18,997 publications, a total of 30 studies

were included in the final analysis: 6 studies were ran-

domized trials, and 24 were retrospective cohorts. A total

of 1,802,128 patients with a follow-up ranging from 4 to 20

years were included, and 1,075,563 and 744,565 underwent

BCS and mastectomy, respectively. Among the population,

BCS is associated with improved OS compared with

mastectomy [relative risk (RR) 0.64, 95% confidence

interval (CI) 0.55–0.74]. This effect was similar when

analysis was performed in cohorts and multi-institutional

databases (RR 0.57, 95% CI 0.49–0.67). Furthermore, the

benefit of BCS was stronger in patients who had less than

10 years of follow-up (RR 0.54, 95% CI 0.46–0.64).

Conclusions. Patients who underwent BCS had better OS

compared with mastectomy. Such results depicting survival

advantage, especially using such a large sample of patients,

may need to be included in the shared surgical decision

making when discussing breast cancer treatment with

patients.

There are many clinical and nonclinical factors influ-

encing the choice of breast-conserving surgery with

radiotherapy (BCS) versus mastectomy in patients with

early-stage invasive breast cancer, including tumor size,

tumor stage, age, extent of surgery, radiation, body image,

and quality of life.1, 2 One of the most important principals

of shared decision making when comparing BCS and

mastectomy is overall survival.

During the past decade, several studies have reported

better oncologic outcomes in patients with early-stage

invasive breast cancer who had BCS in comparison with

mastectomy,3–15 a concept that contradicts the previous

knowledge of similar overall survival between the two

groups.16–22 Many of these previous studies were
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conducted using patient populations in specific regions and

include different follow-up times. While the more recent

studies have suggested a survival benefit for BCS, there has

yet to be a widespread meta-analysis assessing study results

from patient populations across the world over the past 20

years. Our aim with this meta-analysis of over 1.8 million

patients was to compare the efficacy of BCS and mastec-

tomy in terms of overall survival (OS) in early-stage

invasive breast cancer with all the literature available to

date around the world.

MATERIALS AND METHODS

This systematic review follows the recommendations of

the Preferred Reporting Items for Systematic Reviews and

Meta-analyses (PRISMA) statement, and the Cochrane

Handbook for Systematic Reviews of Interventions.

Search Strategy

We searched evidence up to 31 October 2021 in the

following databases: PubMed, Scopus, and EMBASE. The

search strategy can be found in Supplementary Material 1.

We did not limit the search by publication date or

language.

Inclusion and Exclusion Criteria

We intended to include any trial or cohort studies that

compared BCS and mastectomy in patients with breast

cancer with American Joint Committee on Cancer (AJCC)

stages I–III. We excluded case reports, case series, reviews,

letters to the editor, congress or conference abstracts, edi-

torials, interviews, comments, and newspaper articles. We

excluded studies that included male sex, stage 0, distant

metastasis at diagnosis, bilateral synchronous cancer,

neoadjuvant radiation, or chemotherapy in more than 5% of

the studied population, oncoplastic surgery, and articles

without available hazard ratio (HR) or incomplete data.

Moreover, we excluded randomized trials that did not

include radiotherapy as an adjunctive treatment with breast

conservation surgery;23–25 studies that had similar data-

bases or had the same years of the study population;26–37

studies without a hazard ratio, number of population,

mortality rate, or overall survival rate available; popula-

tions with BRCA1/2 mutation; and populations with

neoadjuvant chemotherapy or radiotherapy.

Study Selection

One author (G.D.K.) downloaded all references to an

EndNote document to eliminate duplicates. Then, the

author exported those references to the Rayyan QCRI

webpage (https://rayyan.qcri.org/). Four reviewers

(G.A.D.K., A.N., D.P., and S.M.) independently screened

titles and abstracts. Those reviewers assessed the full-text

version of selected articles to determine eligibility. This

selection was performed using a prepiloted Microsoft

Excel sheet. Any disagreement was resolved by consensus.

Data Extraction

Two reviewers independently extracted data of interest

(G.A.D.K., D.C.M.). For dichotomous outcomes, we

extracted absolute and relative frequencies. For continuous

outcomes, we extracted baseline and follow-up measure-

ments, as well as the change between them. The extraction

was performed using a prepiloted Microsoft Excel sheet.

Primary Outcomes

Overall survival (OS) was the primary outcome when

comparing BCS versus mastectomy.

Heterogeneity

The between-study heterogeneity variance was esti-

mated at s2 = 0.15 (95% CI 0.09–0.28), with an I2 value of

98.2% (95% CI 97.9–98.5%), p\0.01. The heterogeneity

of the study was high, as shown by the I2 statistic.

Cochran’s Q test shows a p\ 0.01 heterogeneity, which

alone is a poor analysis as it is strongly affected by the

number of studies or sample size. The prediction interval

can overcome I2 and provides further insight into how

BCS, when compared with mastectomy, may be beneficial

on the basis of current evidence.38 The prediction interval

ranged from g = 0.28 to 1.43, which indicates that a neg-

ative intervention effect can likely be ruled out in future

studies when comparing BCS with mastectomy.

To assess heterogeneity, we ran influence diagnostics for

our primary aim, reviewed the overall pooled cohort, and

assessed influential cases or outliers. A Baujat plot visually

depicted each studies’ contribution to heterogeneity. In

Fig. 1, all studies were included, and two articles, de

Boniface et al. (2021)7 and Landescasper (2019),4 were

found to likely be influential in the overall model. Once

omitted, Fig. 2 represents our study population overall.
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Risk of Bias

To account for bias, linear regression of funnel plot

asymmetry using Peters’ method was used.39 Here, the

regression test assessed the overall cohort accounting for

sample size distribution and whether this was skewed. The

test was not significant (t = 0.70, p = 0.49), indicating no

funnel plot asymmetry.

In addition to this, we used version 2 of the Cochrane

risk-of-bias tool for randomized trials (RoB 2).40 This tool

has five domains (randomization process, deviations from

intended interventions, missing outcome data, measure-

FIG. 1 Baujat plot of all the

studies and their contribution to

heterogeneity

FIG. 2 Baujat plot of all the

studies without the most

influential studies in the

heterogeneity of the overall

model4,7
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ment of the outcome, and selection of the reported results)

and the overall score. Each domain can be judged as fol-

lows: low risk of bias, some concerns, and high risk of bias.

We used the Newcastle–Ottawa scale (NOS) to assess

the risk of bias.41 The NOS assesses three domains: (1)

selection of the study groups, (2) comparability of groups,

and (3) exposure or outcome according to the study design.

We gave one point for each item (two points for a com-

parability item) according to methodological adequacy.

The NOS gives a maximum score of 9 points. Any dis-

agreement was discussed and resolved by consensus.

Data Synthesis

Meta-analyses were performed using a random-effect

model with the inverse variance method. We used the

Paule–Mandel estimator and Hartung–Knapp–Sidik–Jonk-

man method for s2 and 95% confidence interval (95% CI)

calculation, respectively. For dichotomous outcomes, we

used relative risks (RRs) with their 95% CIs. We conducted

the analyses using functions of the meta library of R 3.5.1

(R Foundation for Statistical Computing, Vienna, Austria;

http://www.r-project.org).

RESULTS

Selection

We identified 18,997 publications. After removing

duplicates and screening phase, we selected 86 articles for

full-text screening. Finally, 24 cohort studies2–16, 42–50 and

6 RCTs17, 19–21, 51–53 were included in this systematic

review (Fig. 3).

Characteristics of Studied Subjects

From a total of 1,802,128 patients, 1,075,563 (58.7%)

and 744,565 (41.3%) underwent BCS and mastectomy,

respectively. Eleven studies (36.7%) had a follow-up of

more than 10 years. Overall survival was the main outcome

in 90% of the studies. From all the cohorts, 87.5% were

from databases that included patients with breast cancer

diagnosis after 2000, while this was present in none of the

RCTs. A total of 46.7% of the studies were from Europe,

with three of them from Germany (10%); followed by 40%

from North America, all of which were from the USA; 10

% from Asia; and 3.3% from South America. Four cohorts

also included patients who underwent mastectomy with

radiotherapy. In addition, two cohorts and one RCT also

assessed patients who underwent conserving surgery

without radiotherapy (Table 1).

The sample size from the studies ranged from 237 to

845,136 patients in cohorts, and 179 to 1217 patients in

RCTs. All the patients were female, the mean/median age

ranged from 43 to 68 (IQR) years, and from 43 (IQR

57–61) to 66 (IQR 59–61) years for BCS and mastectomy,

respectively. The median follow-up ranged from 4 to 11

years (IQR 4.9–7.7 years) in cohorts, and from 10 to 25

years (IQR 12.5–20 years) in RCTs. Populations with only

negative lymph nodes were analyzed in a total of 16.7%

studies. The percentage of patients who received adjuvant

chemotherapy ranged from 13 to 70% for BCS and from 12

to 79% for mastectomy. The difference in OS reported at 5

years in cohorts ranged from 90.7 to 97% for BCS, and

from 84.5 to 95% for mastectomy. In the RCTs, the OS at 5

years ranged from 82 to 90% for BCS, and from 79 to 92%

for mastectomy. In the cohorts, the OS at 5 years ranged

from 84.1 to 98.6% for BCS, and from 58.6 to 96.1% for

mastectomy. From all the studies, a total of 15 (50%)

studies reported better OS in the BCS group; all of them

were retrospective cohorts. Only one (3.3%) study reported

that mastectomy improves OS. On the other hand, the

disease-free survival (DFS) in cohorts ranged from 84 to

97% for BCS, and from 82 to 91% for mastectomy. In the

RCTs, the DFS ranged from 62 to 83% for BCS and from

66 to 77% for mastectomy (Table 2).

Among all the population, our results noted that BCS is

associated with improved OS compared with mastectomy

(RR 0.64, 95% CI 0.55–0.74). This effect was similar when

analysis was performed in cohorts and multi-institutional

databases (RR 0.57, 95% CI 0.49–0.67). Furthermore, the

benefit of BCS was stronger in patients who had less than

10 years of follow-up (RR 0.54, 95% CI 0.46–0.64).

Of all studies included in the meta-analysis, 14 studies

(46.7%) included only early-stage breast cancer patients

(EBCP) that represented stages I and II.54 We were unable

to obtain the number EBCP in five studies, four

cohorts,4, 14, 47, 48 and one RCT20; however, from 25

studies, we identified a total of 919,584 EBCP.

Meta-analyses Results

Compared with mastectomy, BCS was associated with

improved OS (RR 0.64, 95% CI 0.55–0.74) (Fig. 4). When

performing the stratified analysis by study type, we found

that the association was intensified in cohorts (RR 0.57,

95% CI 0.49–0.67), but it became nonsignificant in the trial

subgroup (RR 1.03, 95% CI 0.96–1.10) (Fig. 5). In general,

studies with retrospective cohorts included more recently

published large database comparison studies that, while not

prospective in design, had much larger sample sizes than

the prospective trial studies. Additionally, we found that

the association became more intensified with the subgroup

of studies with a follow-up of less than 10 years (RR 0.54,
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95% CI 0.46–0.64); however, this was not significant in

those with a follow-up of 10 years or more (RR 0.91, 95%

CI 0.76–1.10) (Fig. 6). Upon performing additional anal-

ysis without the studies with high influence in the

heterogeneity of the analysis, we obtained similar results

with benefit of BCS over mastectomy in overall survival

(Supplementary Material 2).

Regarding the DFS, only 11 studies reported this out-

come. A total of 37,486 and 21,419 patients underwent

BCS and mastectomy, respectively. We found that there

was no difference between BCS and mastectomy (RR 0.86,

95% CI 0.60–1.22) (Fig. 7).

Risk of Bias

Regarding the cohorts (Table 3), all studies had low risk

of bias (eight to nine points in the overall evaluation).

Regarding the trials (Fig. 8), the majority had some con-

cerns in the domain of selection of the reported results

because the protocol was not available; however, the other

domains had low risk of bias.

DISCUSSION

This meta-analysis, which included a total of 30 studies

including 1.8 million women, found that women with early

breast cancer who underwent BCS had better OS compared
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with those who underwent mastectomy. This survival

benefit was noted to be higher in studies with less than 10

years of follow-up.

Historically, BCS and mastectomy had similar overall

survival rates in patients with early breast cancer. In fact,

several RCTs stated that BCS had no advantage in OS over

mastectomy.17, 19, 20, 51, 53 However, more recent studies

looking at large databases have demonstrated that BCT has

better outcomes in OS compared with mastectomy. For

example, Almahariq et al.13 reported that OS for BCS was

97.2% compared with 93.7% for mastectomy at 5 years in

patients younger than 50 years. Similarly, Chen et al.43

reported 93.2% and 58.6%, for BCS and mastectomy at 5

years, respectively. Landercasper et al.4 reported 90.7%

and 84.5% for BCS and mastectomy at 5 years,

respectively. These studies included population with breast

cancer diagnosis after 2000 and a follow-up of less than 10

years.

There is a difference between the results from RCTs and

cohorts. Specifically, while cohorts have a marked signif-

icant benefit of OS in patients who undergo BCT, this is not

seen in RCTs. This meta-analysis is heavily weighted for

cohorts, as the sum of all patients in RCTs is approximately

4000 while the cohorts have over 1.5 million patients. The

latter number is likely larger given the ability of large

database collections maximizing the sample sizes of

cohorts studied and compared, albeit in a retrospective

fashion.

The implications of these results are large, especially

when discussing surgical choices with patients with breast

cancer. While our study does not specifically study disease-

Study
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free survival, patients should be informed that there is an

overall survival difference when comparing BCT with

mastectomy. First, they need to know that the samples

studied included patients with early-stage breast cancer.

Second, they should be informed that the data have

heterogeneity, and even with attempts to control this, large

sample sizes inherently study patients with variations of

backgrounds and presentations. Third, patients should be

informed that the true reason for an overall survival

advantage with BCT is unknown. Postulations can be made

that radiation therapy has improved with better planning

and techniques to avoid end-organ radiation damage (deep

breath holding, prone positioning, etc.), which may lead to

an improvement in survival.55, 56 Furthermore, medical

therapy has also improved in decreasing mortality with a

de-escalation in treatment leading to less unnecessary

toxicity with a higher focus on breast cancer disease-

specific care and tailored treatments.57–59 All such adjuvant

treatments have allowed for de-escalated surgery in the

form of BCT to allow patients a quicker recovery, much

Study
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quicker than a mastectomy with or without reconstruc-

tion.60, 61 Another factor that may contribute to this

difference is the improvement with digital imaging

modalities leading to earlier detection.62–69 One counter-

part of earlier diagnosis is the lead time bias that could be

confounded with better OS; however, some cited studies

still have the same results when adjusting to the correction

factor.14, 70

Moreover, new prognostic factors and markers, such as

Ki-67, and breast cancer gene expression assays that the

National Comprehensive Cancer Network (NCCN) rec-

ommends and can help to predict the risk of recurrence and

provide both prognostic and predictive information.71

Furthermore, the increased availability for genetic testing

panels can help guide surgical decision making, improve

detection, and improve adjuvant therapies, which have an

impact on OS. Better access to health care and information
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allows patients to demand standards of care be followed.

Often, second opinions and tumor board presentations

ensure appropriate margins are taken after a partial mas-

tectomy when in the past this may not have been as

stringent.72–74

In 1993, the NCCN was formally incorporated, with the

first clinical practice guidelines published in 1996. Since

then, several changes have been made in the integral

management of breast cancer.75, 76 The early randomized

controlled trials for BCT versus mastectomy were initiated

prior to these guidelines. In 2013, at the Saint Gallen

Conference, breast cancer classification included molecular

subtypes leading to more targeted therapies.71, 77 Identifi-

cation of histologic subtypes, gene expression assays, and

better targeted therapies have led to better breast cancer

outcomes.78, 79 This fact could explain the similar survival

found in previous RCT studies over 25–30 years ago

compared with population-based studies that include

patients from 2000 to 2010.

Short-term follow-up studies showed that BCS had the

same benefit but a higher impact on OS than mastectomy,

compared with more than 10 years of follow-up studies.

This could be explained by the same statement detailed

above. Populations diagnosed in early 2000 and 2010 had

similar surgical treatments; however, improvements in

adjuvant therapy modalities continued to evolve, leading to

better overall outcomes. Modern-day improved targeted

therapies in oncology may allow for better control or even

elimination of remnant disease with breast conservation,

when in the past such a lack of targeted therapy would lead

to possibly increased local/regional recurrence and mor-

tality.80–82 Proving this would be difficult and likely

unethical in a prospective fashion.

Findings of this meta-analysis may have significant

implications for surgical treatment of breast cancer moving

forward. Given the significant 36% decreased risk of death

in patients who underwent BCS, improved psychosocial

well-being, improved body image, and decreased surgical

morbidity, patients should be counseled on these potential

benefits and surgical decisions should be shared.83

As with any meta-analysis, there are limitations. The

limitations included within this study are limited by vari-

ability of the studies that met our inclusion criteria and the

resulting heterogeneity of these studies. While we assessed

each study for its quality and suitability for inclusion, it

remains possible that poor-quality studies were included.

There is one study that included less than 2.5% of meta-

static disease in their study,15 and another that included

15% of neoadjuvant chemotherapy in their analysis,46

which could have a minor impact in our results. We are

also subject to publication bias, as the data we are able to

use come from studies that were considered for publication,

and not those that may not have had significant results. In

addition, it is important to acknowledge that both RCTs

and cohort studies have advantages and disadvantages.

RCTs have less heterogeneity and benefit of randomiza-

tion; however, these were performed several decades ago.

Alternatively, cohort studies included here have newer very

large databases representing newer radiotherapy technol-

ogy, newer adjuvant medical therapies, better control of
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margins following standardized guidelines, and newer

surgical techniques. Additionally, large databases from

around the world capture different populations, which has

the added advantages of generalizability, and larger sample

sizes that provide higher powers in such sizes leaving less

to chance. While acknowledging limitations in both RCTs

and cohort studies, the results demonstrating overall sur-

vival provide summary data that can be used by breast

surgeons in a shared decision surgical decision-making

scenario with patients with breast cancer. As with any

meta-analysis, there is heterogeneity among studies, which

is a known possible limitation. To address heterogeneity

that may impact results, we performed diagnostic measures

to assess outlier or influential studies within the overall

pooled cohort. The outlier studies that influenced hetero-

geneity the most were removed, shown within the Baujat

plot (Figs. 1, 2), and the results were compared (overall

pooled cohort compared with the pooled cohort with

excluded studies). There was minimal effect on the primary

results, including relative risk, thus not impacting our

outcomes, and our overall pooled cohort was used. Another

limitation of our study is that stages were not balanced

upfront for each type of surgery in 50% of the cohorts

included. Despite multivariate analysis that adjusted for

stages and still demonstrated a benefit of BCS in OS

compared with mastectomy, future studies comparing

survival and other key breast cancer outcomes should

balance cancer stage with type of surgery performed.

Similarly, another limitation is that only 29% of the cohorts

had balanced breast cancer subtypes; 41% reported HER2

status, while none of the RCTs had these variables con-

trolled, most likely owing to the new classification since

the past decade. Future studies should include analysis of

the subtypes that should be balanced among surgical arms.

Additionally, we did not examine disease-free survival

(DFS) specifically, which is equally important to consider

in the care of patients with cancer. Unfortunately, too few

studies (\ 50%) included in our meta-analysis reported

disease-free survival, which prevented us from making a

reliable conclusion. Future studies focusing on a search

specifically for DFS may be reasonable to conduct; how-

ever, OS was much more prevalent as a studied outcome,

allowing us to adjust for heterogeneity when checking for

the robustness of our conclusion.

CONCLUSION

This meta-analysis demonstrates that overall survival is

better in patients who undergo breast conservation therapy

compared with mastectomy. These data should be consid-

ered when counseling a patient with a new diagnosis of

breast cancer on their breast cancer surgical options.
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