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a b s t r a c t

Background: The impact of neoadjuvant chemotherapy (NACT) on surgical outcomes following imme-
diate breast reconstruction (IBR) remains unclear. While it is generally considered safe practice to
perform an IBR post NACT, reported complication rates in published data are highly variable with the
majority of studies including fewer than 50 patients in the NACT and IBR arm. To evaluate this further, we
conducted a systematic review and meta-analysis on the effect of NACT on autologous and implant based
immediate breast reconstructions. We aimed to assess for differences in the post-operative course
following IBR between patients who received NACT with those who did not.
Methods: PubMed, EMBASE, and Cochrane Library were searched from 1995 to Sept 2, 2020 to identify
articles that assessed the impact of NACT on IBR. All included studies assessed outcomes following IBR.
Only studies comparing reconstructed patients receiving NACT to a control group of women who did not
receive NACT were included. Unadjusted relative risk of outcomes between patients who received or did
not receive NACT were synthesized using a fixed-effect meta-analysis. The evidence was assessed using
the Newcastle Ottawa Scale scores and GRADE. Primary effect measures were risk ratios (RRs) with 95%
confidence intervals.
Results: A total 17 studies comprising 3249 patients were included in the meta-analyses. Overall, NACT
did not increase the risk of complications after immediate breast reconstructions (risk ratio [RR]: 0.91,
95% CI 0.74 to 1.11, p ¼ 0.34). There was a moderate, but not significant, increase in flap loss following
NACT compared with controls (RR: 1.23, 95% CI 0.70 to 2.18, p ¼ 0.47; I2 ¼ 0%). Most notably, there was a
statistically significant increase in implant/expander loss after NACT (RR: 1.54, 95% CI 1.04 to 2.29,
p ¼ 0.03; I2 ¼ 34%). NACT was not shown to significantly increase the incidence of hematomas, seromas
or wound complications, or result in a significant delay to commencing adjuvant therapy (RR: 1.59, 95%
CI 0.66 to 3.87, p ¼ 0.30).
Conclusion: Immediate breast reconstruction after NACT is a safe procedure with an acceptable post-
operative complication profile. It may result in a slight increase in implant loss rates, but it does not
delay commencing adjuvant therapy.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Despite efforts at early detection, locally advanced breast cancer
remains a challenge for achieving local and distant control of dis-
ease [1,2]. Over the last decade, the use of neoadjuvant chemo-
therapy (NACT) has been increasing. This approach allows early
evaluation of response to therapy, guides the delivery of adjuvant
treatment such as TDM1, and most significantly, can de-escalate
surgery from a mastectomy to breast conserving surgery [1,3] [e]
[5]. However, approximately two-thirds of women will still require
a mastectomy on completion of NACT [6]. Accompanying a mas-
tectomy with an immediate breast reconstruction (IBR) has well-
documented benefits on aesthetic results, quality of life and psy-
chological outcomes. While reports on the impact of NACT on
surgical outcomes are highly variable, it is generally considered safe
practice to perform an IBR following NACT. Current UK based
practice is to offer reconstruction to all women who are oncologi-
cally and medically stable, but data to support this practice in the
post-NACT setting is limited [7,8].

Post-mastectomy breast reconstructions have become increas-
ingly common practice, with a trend towards immediate implant
based reconstructions [9]. While this reconstructive modality
provides satisfactory aesthetic results, autologous tissue re-
constructions can offer a more natural shape and feel with higher
reported rates of patient satisfaction [10]. Patient and oncological
factors are taken into consideration prior to selecting the most
suitable reconstruction for each patient. For example, estimated
mastectomy volume, degree of ptosis, volume available for an
autologous reconstruction and degree of skin involvement from the
cancer. Theoretically, the post-operative course following either of
these reconstructive methods can be influenced by the effect of
cytotoxic chemotherapy agents on small vessel endothelium and
the patient’s immune system, resulting in loss of the reconstruction
[11].

Delayed and problematic wound healing has been seen in ani-
mal studies secondary to chemotherapy drugs [12,13]. There find-
ings have not been evidenced in clinical practice, as reconstructions
are typically scheduled several weeks after chemotherapy is
completed, allowing the recovery of a patient’s immune system
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prior to surgery [14]. Despite this, a recent study reported that
womenwho receive NACTare less likely to be offered an immediate
breast reconstruction [15].

The objective of this systematic review and meta-analysis is to
assess the impact of NACT on patients undergoing autologous or
implant reconstruction following NACT. The impact of NACT on
delays to adjuvant therapy was also evaluated. The aim was to
synthesize available evidence to support the safety of immediate
breast reconstruction following NACT by comparing the post-
operative course of patients who underwent an IBR following
NACT with those who underwent an IBR without NACT.

Methods

Search strategy and selection criteria

A systematic review and meta-analysis was conducted accord-
ing to the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines [16]. Studies published from
1995 to Sept 2, 2020 that examined the effects of NACT on post-
operative complications following autologous or implant-based
breast reconstructions were included. No language restrictions
were placed on the search. This review was prospectively regis-
tered in the PROSPERO database (Registration Number
CRD42020183761). PubMed, EMBASE and Cochrane Library data-
bases were searched. Full details of the search strategy used for
PubMed, EMBASE and Cochrane Library are in the supplementary
material. Authors JV and SG independently screened titles and
abstracts to identify articles meeting the eligibility criteria. Full-text
articles were reviewed independently by JV and SG, with discrep-
ancies discussed by three authors (JV, SG, and MF) to reach
consensus. References of selected articles were screened to identify
additional relevant papers.

Where not available in the publication, study authors were
contacted for individual patient-level data to differentiate between
complications occurring in patients receiving NACT compared to
controls. Of the four corresponding authors we contacted, one
provided information on partial flap loss, which we included in the
meta-analysis.
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Case reports, and full text articles with insufficient information
were excluded. We included studies reporting at least one major
complication in female subjects of any age that had breast surgery
(mastectomy and autologous flap or implant-based
reconstruction).

Data collection and analysis

The data were extracted independently by three authors (JV, SG
and MF) including authors, year of publication, study design,
number of subjects, age (mean, median, and range), follow-up
period, NACT regimen. The type of reconstruction and reported
complications were recorded for all patients. Results were divided
into two groups: the NACT group, who received NACT prior to their
IBR, and the control group who did not receive NACT prior to their
IBR. Data regarding complications were divided into major and
minor complications as per the definitions below.

The timeline for the occurrence complications was not always
clear in the reports. Subset analyses based on follow-up period
were not possible as there was a wide range (six weeks to 52
months), with only two studies reporting on prospective data for
six weeks after surgery.

Review Manager 5.3 was used to record the review process and
statistical analysis. Fixed effect meta-analysis was performed using
the Mantel-Haenszel approach. Evidence for departure from the
fixed-effects model was assessed using Higgins and Thompson’s I2

statistic [17]. The primary effect measures were risk ratios (RRs)
with 95% confidence intervals (CIs). All statistical analyses were
two-sided. Individual study risk of bias and quality was assessed
using the Newcastle-Ottawa Scale (NOS). Potential publication bias
was evaluated by visual assessment of funnel plots for each meta-
analysis endpoint.

Definitions

Major complications were defined as any of the following: total
flap loss, partial flap loss, implant/expander (I/E) loss, and mas-
tectomy skin flap necrosis. Minor complications were defined as
any of the following: hematoma, seroma, infection, fat necrosis, and
wound complications. Wound complications were further defined
as any of the following: dehiscence, delayed healing, epidermolysis,
donor site breakdown, and infection. Flap loss was defined as loss of
circulation in the autologous flap. Implant loss was defined as
removal of prosthesis without immediate replacement. A hema-
toma was defined as a collection of blood within a breast that
required surgical management. A seroma was defined as fluid
collection that warranted aspiration. Infection was defined as
localized or systemic evidence of infection that led to administra-
tion of antibiotics.

Role of the funding source

There was no funding source for this study. The corresponding
author had full access to all data and the final responsibility for the
decision to submit for publication.

Results

The database searches identified a total of 447 publications.
Following exclusion of duplicates and irrelevant abstracts, 99 full-
text articles were screened. A total of 17 studies, published be-
tween 1995 and 2020, that examined the influence of NACT on
immediate breast reconstruction and contained extractable data,
were included in the meta-analysis (Supplementary Fig. 1).

Data on outcomes were extracted from 17 studies and included
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a total of 3249 patients, of which 575 patients received NACT (NACT
group) and 2674 patients did not receive NACT (control group). Five
studies assessed free-flap reconstructions exclusively [18] [e] [22],
six studies looked at implant-based reconstructions only [23e28],
and the remaining six studies reported on a combination of
autologous and implant-based reconstructions [29e34].

The included studies were deemed to be of moderate quality
overall with ranking �5 stars on the modified NOS but were scored
‘Very Low’ on the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) scoring protocol.

The main characteristics of all included studies and NOS scores
are provided in Supplementary Table 1. Supplementary Table 2
displays the data on major and minor outcomes extracted from
the included studies. Supplementary Table 3 provides a summary of
findings for each outcome (GRADE Table).

Overall complications

Of the 17 studies in the meta-analysis, nine (n ¼ 1351 patients;
NACT n ¼ 270, Controls n ¼ 1081) reported data on overall com-
plications [19,20,23e25,27,28,30,34]. There was little evidence of
difference in incidence of overall complications between women
who received NACT and those who did not (RR: 0.91, 95% CI: 0.74 to
1.11, p ¼ 0.34; Fig. 1).

Autologous reconstruction

Five studies reported on reconstruction loss after a free-flap
autologous based reconstruction (n ¼ 935 patients; NACT
n ¼ 182, control n ¼ 753). The pooled analysis suggests little dif-
ference between flap loss rates (total or partial) for patients
receiving NACT compared with the control group, although the CI
was relatively wide (RR: 0.94; 95% CI 0.46 to 1.94, p¼ 0.87; Fig. 2A).
One study reported only on complications following pedicle flaps
with an implant reconstruction. They reported 1 flap loss in the
NACT group only (n ¼ 102 patients; NACT n ¼ 33, Control n ¼ 69)
[30].

Implant based reconstruction

Our pooled estimate from five studies (n ¼ 868 patients; NACT,
n ¼ 161, Controls n ¼ 707) showed some evidence for increase in
implant loss among patients receiving NACT compared with the
control group although the CI was wide (RR: 1.54, 95% CI 1.04 to
2.29, p ¼ 0.03; Fig. 2B).

However, when we limited the analyses to data from two
studies that had follow-up of 6 weeks; thereby negating the effect
of adjuvant therapy on this outcome, there was no significant effect
[25,27]. Peled et al., followed up patients for 19 months and re-
ported 59% of patients undergoing NACT had postoperative radia-
tion therapy compared to 36% of patients treated with adjuvant
chemotherapy (p ¼ 0.05). Despite this difference, the NACT group
did not have a significantly greater implant loss rate.

Minor complications

Separate meta-analyses were performed to obtain pooled esti-
mates for risk of hematomas, seromas, and wound complications.
From the 12 studies (n ¼ 1956 patients) that reported on the in-
fluence of NACT on the occurrence of hematoma after surgery, the
pooled result showed little difference in the incidence of hematoma
between the two groups (RR ¼ 0.99; 95% CI 0.61 to 1.60, p ¼ 0.97;
Fig. 3A).

Similarly, administration of NACT did not affect the incidence of
seromas (RR ¼ 0.86; 95% CI 0.58 to 1.28, p ¼ 0.46; Fig. 3B). Analyses



Fig. 1. Pooled results for overall complications in patients treated with NACT versus controls. The size of the solid squares is inversely proportional to the variance of the study
estimate. The diamond represents the fixed effects risk ratio and 95% confidence interval.

Fig. 2. A). Flap losses (total and partial) in free-flap reconstructions, The size of the solid squares is inversely proportional to the variance of the study estimate. The diamond
represents the fixed effects risk ratio and 95% confidence interval. B) Implant or Expander losses, The size of the solid squares is inversely proportional to the variance of the study
estimate. The diamond represents the fixed effects odds ratio and 95% confidence interval.
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of wound complications alone (dehiscence, delayed healing, epi-
dermolysis, donor site breakdown, and infection) for all re-
constructions found the administration of NACT was not associated
with significantly increased risk (RR ¼ 1.15; 95% CI 0.92 to 1.44,
p ¼ 0.22; Fig. 3B).

Delay to adjuvant therapy

Four studies reported on delays to adjuvant therapy (Fig. 4) and
the pooled estimate showed no statistically significant difference
betweenwomen receiving NACT compared with those who did not
(RR: 1.59, 95% CI 0.66 to 3.87, p ¼ 0.30; Fig. 4) [21,25,29,32].

Risk of bias

The most common bias evident in the reports was in patient
selection, whereby reconstruction after NACT was offered to
significantly younger women [18,20,21,25]. In the study by Beugels
58
et al., the control group had more smokers, leading to a protective
association with NACT exposure. Although they reported adjusted
risk estimates, these were not used in the present meta-analysis as
they were not available for the other studies [18]. Disease was
significantly more advanced in the NACT group compared with the
control group in some studies [20e22]. The follow-up periods
varied widely in the studies (6 weekse52 months, Supplementary
Table 1). In addition, the impact of recall bias and record accuracy
could be an issue with retrospective studies in general
[18e20,24,26,28e33].

We used NOS score and the GRADE table to assess quality of
studies. The NOS scores ranged frommoderate to high quality (�5;
Supplementary Table 1; supplementary 2e18), while the GRADE
scores were severely affected by the observational study designs
and patient selection bias and were scored as ‘Very Low’

(Supplementary Table 3).



Fig. 3. A). Haematomas in all reconstructions, The size of the solid squares is inversely proportional to the variance of the study estimate. The diamond represents the fixed effects
odds ratio and 95% confidence interval, B). Wound complications* in all reconstructions, The size of the solid squares is inversely proportional to the variance of the study estimate.
The diamond represents the fixed effects odds ratio and 95% confidence interval, *Wound complications include dehiscence, delayed healing, donor site breakdown, epidermolysis
and superficial wound infection.

Fig. 4. Delay to adjuvant therapy, The size of the solid squares is inversely proportional to the variance of the study estimate. The diamond represents the fixed effects risk ratio and
95% confidence interval.
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Publication bias

The funnel plots of overall complications are presented in Fig. 5.
Visual inspection suggests that smaller studies were more likely to
report a protective effect of NACT, but all points were within the
funnel. Funnel plots for each meta-analysis are provided in the
supplementarymaterial and as awhole they show little evidence of
publication bias.
59
Discussion

All studies included in this review are observational studies, as
no randomized controlled trials have been performed on this
subject. This meta-analysis includes the largest number of high-
quality studies all using similar NACT agents and regimens with
the same timeline from end of NACT to surgery in line with current
guidelines. While disease-free survival and overall survival are re-
ported to be similar for women receiving neoadjuvant compared



Fig. 5. Funnel plot demonstrating the absence of publication bias among the studies
that reported overall complications.
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with adjuvant chemotherapy [3,35] a delay in the receipt of adju-
vant therapy, often due to post-operative complications, has been
shown to have a negative impact on patients’ oncological outcome
[36,37].

Chemotherapy targets proliferating cells by interfering with
specific processes of the cell cycle, eliciting an effect on the immune
system that can impair wound healing and increase susceptibility
to infection. Multiple experimental studies performed in animals
have corroborated these effects, showing decreased wound
strength after the administration of chemotherapeutic agents
[12,13]. Agents such as anthracyclines have well-documented ef-
fects on endothelial cells, potentially leading to increased risk of
thrombosis [11]. Interestingly, these effects are not demonstrated in
clinical practice, especially if surgery is performed at least three
weeks after chemotherapy to allow for hematological parameters,
including the white cell count, to recover [14]. Published data on
NACT in esophageal malignancies, colorectal cancers and sarcomas
has not shown higher rates of post-operative complications or
anastomotic leaks [38e40]. In terms of breast cancer, Song et al.
published a meta-analysis in 2014 showing better surgical out-
comes amongwomenwho received NACT. The authors of that work
commented upon a clearly evident selection bias in the studies,
with the NACT groups containing younger and fitter patients. This
systematic-review and meta-analysis builds on Songs work with
better matched cohorts for comparison and utilizes newer studies
assessing current chemotherapy regimens.

This study’s pooled estimates indicate that rates of overall sur-
gical complications after immediate breast reconstructions was not
associated with use of NACT prior to surgery, with no significant
differences in major or minor complications found between pa-
tients who did and did not receive NACT prior to their IBR. The
studies included in this work ensured appropriate matching of
patients in both comparative arms thereby by allowing this meta-
analysis to draw generalizable and more meaningful comparisons.

This is the first meta-analysis to address the effect of NACT on
surgical outcomes divided by reconstruction type. There are two
main types of immediate breast reconstruction techniques: I/E and
autologous (pedicle or free flaps). Complication rates are inherently
different for each type of reconstruction and hence subset analyses
for each type of reconstruction were done in addition to the overall
complication estimation.

The effect of chemotherapeutic agents on tissue quality and
structure can present surgeons with challenging perforator
dissection in autologous reconstructions, as well as making fascial
planes indistinct, increasing the risk of mastectomy skin necrosis
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[21]. Additional pressure on skin flaps from a large volume autol-
ogous flap could theoretically increase the incidence of post-
operative complications in these women. This fear of increased
complications among surgeons may partially explain the reduced
odds of women treated with NACT undergoing immediate breast
reconstruction, even after adjusting for age, disease stage and need
for adjuvant therapy [15]. Reassuringly, meta-analysis performed
on data from five studies indicates that there is no statistically
significant difference in flap loss rate after an autologous recon-
struction among patients receiving NACT compared to those who
did not receive NACT [18e22]. This is in agreement with most
published studies where a direct deleterious effect of NACT on
anastomotic patency is not seen, although some authors have
commented on reduced tissue quality, vessel edema and techni-
cally challenging perforator dissections [21]. With advances in free-
flap dissection techniques and atraumatic microsurgical tech-
niques, adverse outcomes in large centers have been kept to an
acceptable level.

Given that NACT has not shown a survival benefit over adjuvant
chemotherapy, immediate breast reconstruction in these women
must be performed in a manner that ensures timely access to
adjuvant therapy [35,41]. A delay to adjuvant therapy of 8e12
weeks has been shown to adversely affect disease-free and overall
survival [36,37]. This is even more pertinent now during the
COVID-19 pandemic, when risk of complications must be
minimized.

Hematomas, seromas, and wound complications are all factors
which may not directly cause failure of reconstruction but may
delay administration of adjuvant therapy. Nine of the 14 studies
evaluated in this meta-analysis showed non-significant trends to-
wards increased minor complications among women who had
received NACT [19,21,22,24,28e30,32,33]. This is supported by the
findings of Mehrara et al., who looked at 952 women of whom 70
had NACT prior to immediate reconstructions [42]. NACT was an
independent predictor of post-operative complications (OR 2.1;
p < 0.01) andwas associatedwith wound healing problems (OR 2.9;
p ¼ 0.02) and fat necrosis (OR 2.8; p < 0.01). Data from this study
could not be included in this meta-analysis as the authors no longer
had access to the raw data. Overall, our meta-analysis did not find a
significant increase in the rate of minor complications following an
IBR post-NACTcomparedwith the rate of minor compilations when
in patients who underwent an IBR not preceded by NACT. In
addition, our pooled estimate did not show a significant delay in
start of adjuvant therapy (RR: 1.65, 95% CI 0.64 to 4.28, p ¼ 0.30).

Of note, Beugels et al. reported reduced complication rates
among women who had NACT before surgery [18]. The protective
association in Beugels’s work was thought to be at least in part
related to patient selection, with significantly younger women in
the NACT group and more active smokers in the control group,
possibly allowing the NACT group to keep their complication level
low. This meta-analysis goes some way to control for the selection
bias seen in the NACT group, therefore allowing our results to be
more generalizable.

The effect of age and other patient factors on breast recon-
struction outcomes has been studied and shown to be particularly
pertinent in implant-based reconstruction [43]. An analysis of 118
patients who underwent immediate breast reconstruction after
mastectomies found that patient age was related to reconstruction
failure (OR ¼ 3.02, p ¼ 0.02) [26]. This finding may reflect a relative
impairment of the wound-healing capacity in older populations
[43]. Likewise, high bodyemass index (BMI) is another indepen-
dent risk factor for complications; for every five-unit increase in
BMI, the odds of developing complications is estimated to be 1.51
[44]. Furthermore, breasts larger than 600 g are associated with
increased risk of infection and smokers have a higher risk of
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implant failure [44].,

The effect of minor complications may be more relevant in
implant-based reconstructions, where delayed healing, wound
dehiscence or infection could result in implant loss. Moreover,
many complications, especially wound-related complications, are
difficult to determine retrospectively and may be underestimated.
Outcome measures such as implant loss rates are more objective
and clinically relevant. Our pooled estimate of data from five
studies showed that some evidence to suggest implant losses were
more likely to occur in patients receiving NACTcompared to control
groups (RR: 1.54, 95% CI 1.04 to 2.29, p ¼ 0.03) [24e27,33]. It is
difficult to ascertain the impact of adjuvant therapy on this
outcome, as it is not always documented clearly in the papers.
When data was restricted to the two studies that looked at NACT
and implant loss for first 6 weeks alone, thereby removing the ef-
fect of adjuvant therapy, no significant implant loss was seen (RR:
0.92, 95% CI 0.39 to 2.15, p ¼ 0.84) [25,27]. A relevant question to
inform clinical practice is whether reconstructive outcomes are
different for women undergoing adjuvant or neoadjuvant chemo-
therapy. Peled et al. reported no difference in implant losses for
both these groups when compared to women that did not have
chemotherapy [33]. Interestingly, in this study, fifty-nine percent of
patients undergoing neoadjuvant chemotherapy had postoperative
radiation therapy, compared with thirty-six percent of patients
treated with adjuvant chemotherapy (p ¼ 0.05). Despite this dif-
ference, no increase in implant loss was seen in women that
received NACT.While this suggests that NACT does not increase risk
of implant losses, larger prospective studies with accurate data
collection will help inform future practice.

An inherent limitation of our study design is that when data on
events are extracted from study reports, they are not adjusted for
patient selection biases, as data on patient and tumour character-
istics are not available. Individual-level data was not available from
authors and adjusted estimates were not provided in the reports.
Attributing cause and effect is also challenging as a multitude of
patient and biological factors influence post-operative outcomes
after an IBR. These include, but are not limited to, the incision used,
patients smoking status, BMI and mastectomy weight. Raw data
was not available to ensure adequate matching or comparison be-
tween the cohort of patients who received NACT prior to their IBR
and those who did not. However, most studies commented upon
aiming to match both cohorts and commented on any bias, most
notable in the Donker et al. study as discussed above [25]. Esti-
mating the impact of adjuvant therapy on outcomes is also not clear
especially when the follow-up periods varied.

With regards to women who are planning to undergo mastec-
tomy and immediate reconstruction, the results of our meta-
analysis indicate that NACT remains a safe option that does not
appear to cause significant wound complications, reconstruction
loss, or subsequent delay to adjuvant therapy. This study highlights
the need to consider other risk factors known to impact recon-
structive outcomes in addition to NACT [45]. There may be an op-
portunity to utilize the time during NACT administration to
optimize some of the modifiable factors such as smoking and BMI.
This is especially pertinent for implant-based reconstructions.
Through careful patient selection, we prioritize cancer treatment
and patient safety, but keep reconstruction as a viable option for
appropriate candidates, maintaining patient autonomy and
aesthetics.
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