European Journal of Surgical Oncology 51 (2025) 110511

Contents lists available at ScienceDirect

European Journal of Surgical Oncology

o %

ELSEVIER

journal homepage: www.ejso.com

Check for

Impact of neoadjuvant immunotherapy on postoperative complications in [
oncoplastic breast cancer surgery

Capucine Barjot ¥ ®, Thomas Gaillard *¥, Romain-David Seban "¢, Lauren Darrigues ¢,
Delphine Loirat “#, Luc Cabel “¥, Jean-Guillaume Feron *-%, Virginie Fourchotte %,
Benoit Couturaud “*¢, Claire Bonneau "¢, Kim Cao ", Fabien Reyal ¢, Enora Laas ¢

@ Department of Breast, Gynecology and Reconstructive Surgery, Institut Curie, 75005, Paris, France

Y Department of Nuclear Medicine and endocrine Oncology, Institut Curie, Saint-Cloud, France

¢ Department of Medical Oncology, Institut Curie, 75005, Paris, France

4 Department of Breast, Gynecology and Reconstructive Surgery, Institut Curie, 92210, Saint-Cloud, France
€ University of Versailles Saint-Quentin en Yvelines, U1331 STAMPM Team, Saint Cloud, France
fDepartment of Radiotherapy, Institut Curie, 75005, Paris, France

8 Institut of Women Cancer, Institut Curie, Paris, France

ARTICLE INFO STRUCTURED ABSTRACT

Keywords:

Neoadjuvant pembrolizumab
Postoperative complications
Triple-negative breast cancer
Implant

Oncoplastic surgery

Background: Neoadjuvant pembrolizumab combined with chemotherapy is now standard treatment for stage II
and III triple-negative breast cancer (TNBC). However, its impact on postoperative complications remains
underexplored especially in oncoplastic or reconstructive procedures.

Methods: A retrospective before-and-after study was conducted at a single institution from January 2019 to May
2023. Patients with early-stage TNBC treated with chemotherapy alone (CT group) or chemotherapy plus
pembrolizumab (CT + P group) were included. Postoperative complications (including delayed wound healing,
abscesses, hematomas, infections, implant exposure, and skin necrosis) were compared using univariate and
multivariate logistic regression.

Results: Among 254 patients (CT: n = 136; CT + P: n = 118), the overall complication rate was 15.7 %. No
significant difference was observed between groups (p = 0.061). Delayed wound healing was more frequent in
the CT + P group (10 % vs. 3.8 %, p = 0.031). After adjustment, immunotherapy was not independently
associated with higher risk (OR 1.27, p = 0.5). Oncoplastic surgeries were associated with higher complication
rates in univariate analysis but not in multivariate analysis (OR 1.74, p = 0.2). Complications were more frequent
when surgery occurred <14 or >30 days post-treatment (p = 0.029), especially among CT + P patients (inter-
action p = 0.01).

Conclusion: Neoadjuvant pembrolizumab does not significantly increase postoperative complications. Surgical
timing appears to be a modifiable factor influencing outcomes.

tumor or immune cells, leading to T cells death [2]. In TNBC, pem-
brolizumab has been shown to improve survival outcomes and has been

1. Introduction

Neoadjuvant chemotherapy is now standard of care in stage II-III
Triple Negative Breast Cancer (TNBC) as it allows tailoring the post
neoadjuvant treatment, according to the tumor’s response [1].

In recent years, immunotherapy has emerged as a major component
of cancer management, given the critical role of immune evasion in
tumor progression. Monoclonal antibodies targeting PD-1, such as
pembrolizumab, have been developed to block PD-L1 expressed on
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routinely used in the neoadjuvant setting since 2022 since it is indicated
for tumors > T2 and/or node-positive disease [3].

Despite its benefits, pembrolizumab is associated with known
adverse effects, including nausea, alopecia, and rash [3,4]. In the
KEYNOTE-522 trial, a higher incidence of severe cutaneous reactions
was reported in the pembrolizumab group (4.4 % vs. 1 %). Regarding
the surgical impact of immunotherapy, data from other cancers where
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immunotherapy has been used longer have yielded conflicting results.
No increase in postoperative morbidity was observed in lung, gastric, or
esophageal cancers [5-8], whereas higher complication rates were re-
ported in head and neck cancers involving flap reconstruction [9].

Breast cancer surgery encompasses a wide range of procedures, from
simple lumpectomy or mastectomy to more complex reconstructions
using free flaps or implants. Common complications include delayed
wound healing, surgical site infections (reported rates: 2-19 %) [10,11],
hematomas, and lymphoceles, with mortality rates typically below 1 %.
Previous studies have not shown a significant increase in complication
rates following conventional chemotherapy [12-15].

With immunotherapy now incorporated into the neoadjuvant
setting, concerns have been raised about its potential effects on post-
operative outcomes, particularly regarding wound healing and infection
risk, which may lead to increased complication rates. However, data on
its surgical impact in breast cancer remain limited. An analysis of the
KEYNOTE-522 study found similar overall wound complication rates
between groups but noted a higher rate of wound infections (16 vs. 0.8
%) and seromas (24 vs. 16 %) in the pembrolizumab group [16]. To
date, the only 2 studies specifically assessing the impact of neoadjuvant
chemoimmunotherapy on surgical outcomes and time to radiation in
TNBC [17,18], did not report any clinically significant differences in
overall postoperative complications between treatment groups,
comparing with neoadjuvant chemotherapy alone. Although
immune-related adverse events (IrAEs) were associated with delays in
adjuvant radiotherapy [17], they did not affect postoperative compli-
cation rates or time to surgery including in case of breast reconstruction
with expander implant and flap [18].

The objective of this study was to compare postoperative complica-
tions in patients with early-stage TNBC who received pembrolizumab
combined with neoadjuvant chemotherapy versus those treated with
chemotherapy alone.

2. Materials and methods
1. Study Population

We conducted a retrospective, observational, before-and-after study
between January 1, 2019, and May 30, 2023. Patients with invasive,
unilateral, or bilateral triple-negative breast cancer (defined as ER <10
%, PR <10 %, and HER2 1+ or 2+ or FISH-negative, according to French
and ASCO guidelines) who were treated at the Curie Institute during the
study period were included.

Patients had an indication for neoadjuvant treatment according to
national and international guidelines, based on tumor size >2 cm and/or
nodal involvement. Between 2019 and 2021, patients received standard
neoadjuvant chemotherapy consisting of four cycles of doxorubicin or
epirubicin with cyclophosphamide, followed by paclitaxel or docetaxel
(CT group). Since 2022, following the results of the KEYNOTE-522
study, patients received four cycles of pembrolizumab (200 mg every
three weeks) combined with paclitaxel and carboplatin, followed by four
cycles of pembrolizumab with doxorubicin or epirubicin and cyclo-
phosphamide (CT + P group).

Surgery was scheduled at least three weeks after the final chemo-
therapy session. The choice of breast surgical technique was based on
tumor response, breast volume, tumor location, and patient preference.
When feasible, conservative surgery (with or without oncoplastic tech-
niques) was performed. Otherwise, patients underwent radical mastec-
tomy with or without immediate reconstructive surgery (using either
implants or flaps).

Axillary surgery consisted of sentinel lymph node biopsy in cases of
initially ¢NO disease, or cN1 converting to cNO after neoadjuvant
treatment. Axillary dissection was performed in all other cases.

Antibioprophylaxis protocol remains the same during the period of
the study. All patients undergoing prosthetic breast reconstruction fol-
lowed a standardized institutional preoperative decolonization protocol,
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including nasal mupirocin, antiseptic body wash, and oral chlorhexidine
starting the day before surgery. Intraoperative antibiotic prophylaxis
with 2 g of cefazolin was systematically administered at the beginning of
surgery.

Systematic postoperative follow-up occurred three weeks after sur-
gery to review pathology results and assess wound healing.

Postoperative radiotherapy was administered according to national
guidelines in cases of breast-conserving surgery, T3 or T4 tumors, node-
positive disease, or other high-risk features following total mastectomy.

Clinical data were extracted from electronic medical records and
included baseline characteristics (age, menopausal status, body mass
index [BMI], comorbidities), history of autoimmune disease or immu-
nosuppressant use, laterality (unilateral or bilateral disease), type of
surgery (unilateral or bilateral), time interval between neoadjuvant
treatment and surgery, and details of oncoplastic or reconstructive
procedures.

The study was conducted in compliance with institutional and
ethical guidelines for research involving human participants. Informed
consent was deemed unnecessary in accordance with applicable
regulations.

2. Outcome Measures

Postoperative complications included hematoma, skin necrosis,
implant exposure, abscess, and delayed wound healing, and were
recorded for both the breast and axillary sites. Complications were
classified according to the Clavien-Dindo classification. Lymphocele
rates were recorded but were not considered complications unless
associated with infection or other adverse outcomes.

Postoperative infectious complications were defined as any anti-
biotic treatment initiated after surgery in response to clinical signs (e.g.,
erythema, swelling, wound discharge, fever) or microbiological confir-
mation (e.g., positive culture from seroma or hematoma aspiration).
According to institutional guidelines, postoperative prophylactic anti-
biotics are not routinely prescribed, and empirical antibiotic use without
clinical suspicion or positive culture is discouraged. Antibiotic pre-
scriptions given solely as part of standard perioperative care were not
classified as complications. Any administration of antibiotics for wound-
related concerns—excluding unrelated infections such as urinary tract
infections—was considered an infectious complication, regardless of
culture results.

Delayed wound healing and skin necrosis were diagnosed by phys-
ical examination and were classified as complications regardless of the
treatment required. Hematomas and seromas were identified either on
physical examination or by ultrasound imaging.

Complications and related data were identified during the immediate
postoperative period, either at scheduled postoperative visits or through
spontaneous reports by patients to the medical team. All events were
documented in the electronic medical records. The time of onset for each
complication was recorded and categorized as immediate (within 24 h
post-surgery), intermediate (within 7 days), or late (occurring more than
7 days post-surgery).

3. Statistical Analysis

Continuous variables were described using medians and inter-
quartile ranges (IQR), while categorical variables were expressed as
counts and percentages. Clinical characteristics were compared using
univariate analysis: the Chi-squared or Fisher’s exact test was applied for
categorical variables, Log rank test for censored variable and the
Wilcoxon-Mann-Whitney test was used for continuous variables.

Risk factors for postoperative complications were first analyzed
using univariate logistic regression. Variables with a p-value <0.10 in
univariate analysis were then included in a multivariate logistic
regression model to adjust for potential confounders. Results were re-
ported as odds ratios (ORs) with 95 % confidence intervals (CIs).
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The statistical unit of analysis was the breast, rather than the patient,
to account for variations in surgical technique and outcomes. All sta-
tistical tests were two-sided, with a significance threshold set at 5 %.
Analyses were conducted using R software, version 4.0.1.

3. Results
1. Clinical characteristics

During the study period, 254 patients received neoadjuvant treat-
ment: 136 in the CT group (chemotherapy group) and 118 in the CT + P
group (chemotherapy + pembrolizumab group). The two groups were
comparable in terms of demographic and clinical characteristics. The
median age was 47 years in the CT + P group and 49 years in the CT
group (p = 0.14) (Table 1). No significant differences were observed in
the prevalence of comorbidities (36 % vs. 37 %, p = 0.6). Although the
median BMI was similar between groups, the CT + P group had a slightly
higher proportion of obese patients (25 % vs. 14 %, p = 0.04). No sig-
nificant difference in tumor size was observed between the two treat-
ment groups (p = 0.3); nonetheless, axillary involvement was
significantly lower in patients receiving CT alone compared with those
treated with CT + P (NO: 71 % in CT group vs 23 % in CT + P group, p <
0.001).

The median interval between the end of neoadjuvant treatment and
surgery was comparable (29 days in the CT + P group vs. 28 days in the
CT group, p = 0.5). Adjuvant radiotherapy was administered to 97 % of
patients in both groups (p = 0.9).

2. Surgical characteristics

Regarding surgical techniques, a higher rate of bilateral surgeries
with symmetry procedures was observed in the CT + P group (25 % vs.
15 % in the CT group, p = 0.032) (Table 1). Oncoplastic procedures were
more frequently performed in the CT + P group, accounting for 41 % of
surgeries, whereas lumpectomies were more common in the CT group
(43 % vs. 26 % in the CT + P group, p = 0.008). The rates of total
mastectomy (TM) and immediate breast reconstruction (IBR) were
similar between groups. All IBRs were performed using implants, with
retropectoral placement more common in the CT group and prepectoral
placement more common in the CT + P group. No significant difference
was found in implant volume between the two groups. Regarding the
type of axillary surgery, and in line with the extent of nodal involvement
observed in the two groups, there was a significantly higher rate of
sentinel lymph node biopsy in the CT group and a higher rate of Axillary
lymph node dissection in the CT + P group (p < 0.001) (Supplemental
Table S3).

3. Complications

The overall complication rate of total surgeries was 15.5 % (and 15.7
% of patients able S1), with no significant difference between the groups
(CT group: n = 19; CT + P group: n = 28; p = 0.1) (Fig. 1). The mean
time to complication onset was 20 days (IQR: 11-37), with more delayed
complications in the CT + P group (26 days in the CT + P group vs. 17
days in the CT group, p = 0.02) (Table 2).

The rates of rehospitalization and surgical revision were 2 % and 3 %
respectively. According to the Clavien-Dindo classification adapted for
breast cancer [19], most complications were classified as Grade 1,
indicating that they did not require medical intervention beyond stan-
dard postoperative care.

The most frequent complication was delayed wound healing occur-
ring in 6.9 % (n = 21) of surgeries, followed by abscesses (3.6 %, n=11)
and hematomas (3.6 %, n = 11). The rate of skin necrosis was similar
between the two groups. There was one case of implant exposure in the
CT + P group and one case of prosthesis infection in the CT group
(Fig. 1). A significantly higher rate of delayed wound healing was
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Table 1
Patient and surgeries characteristics by treatment group.
Variable Total N = CT+P,N CT,N= p-value
254 =118 136
Age 48 (40, 47 (40, 49 (41, 0.14
57) 55) 58)
BMI (kg/m?) 24.2 24.3 24.2 0.8
(21.5, (21.5, (21.6,
27.8) 28.3) 27.6)
BMI (kg/m?) 0.044
21-25 104 (41 45 (38 %) 59 (44 %)
%)
<20 37 (15 %) 20 (17 %) 17 (13 %)
26-30 73 (29 %) 28 (24 %) 45 (33 %)
>30 39 (15 %) 25 (21 %) 14 (10 %)
Comorbidities 73 (29 %) 36 (31 %) 37 (28 %) 0.6
Diabetes 8 (3.1 %) 4 (3.4 %) 4 (2.9 %) >0.9
Hypertension 27 (11 %) 13 (11 %) 14 (10 %) 0.9
Smoking 32 (13 %) 16 (14 %) 16 (12 %) 0.7
Autoimmune disease 12 (4.7 7 (5.9 %) 5 (3.7 %) 0.4
%)
Immunosuppressant intake 2 (0.8 %) 2 (1.7 %) 0 (0 %) 0.2
Others 25 (9.8 11 (9.3 14 (10 %) 0.8
%) %)
Unilateral or bilateral cancer 0.6
Unilateral 241 (98 108 (99 133 (98
%) %) %)
Bilateral 4 (1.6 %) 1 (0.9 %) 3 (2.2 %)
Unilateral or bilateral surgery 0.032
Unilateral 204 (80 88 (75 %) 116 (85
%) %)
Bilateral 50 (20 %) 30 (25 %) 20 (15 %)
Time from end of treatment 28 (22, 29 (24, 28 (21, 0.5
to surgery (days) 35) 34) 36)
Radiotherapy 244 (97 112 (97 132 (97 >0.9
%) %) %)
Cancer Surgery or Contralateral surgery for symmetrization 0.049
Cancer 259 (85 120 (81 139 (89
%) %) %)
Symmetrization 45 (15 %) 28 (19 %) 17 (11 %)
Type of Surgery 0.008
Lumpectomy 105 (35 38 (26 %) 67 (43 %)
L%)
Total mastectomy 60 (20 %) 31 (21 %) 29 (19 %)
Oncoplastic surgery 102 (34 61 (41 %) 41 (26 %)
L%)
IBR 37 (12 %) 18 (12 %) 19 (12 %)
Type of Oncoplastic surgery 0.015
External Plastic Surgery 14 (14 %) 7 (11 %) 7 (17 %)
Superior Pedicle 35 (34 %) 27 (44 %) 8 (20 %)
Inferior Pedicle 11 (11 %) 9 (15 %) 2 (4.9 %)
Roundblock 27 (26 %) 11 (18 %) 16 (39 %)
Others 15 (15 %) 7 (11 %) 9 (21 %)
IBR 37 (12 %) 18 (12 %) 19 (12 %) 0.8
Type of IBR 0.031
Retropectoral Implant 23(62%) 8(44 %) 15 (79 %)
Prepectoral Implant 14 (38 %) 10 (56 %) 4 (21 %)
T Stage 0.3
T1 24 (9.4 11 (9.3 13 (9.6
%) %) %)
T2 169 (67 72 (61 %) 97 (71 %)
%)
T3 39 (15 %) 23 (19 %) 16 (12 %)
T4 22 (8.7 12 (10 %) 10 (7.4
%) %)
N Status <0.001
NO 124 (49 27 (23 %) 97 (71 %)
%)
N1 104 (41 72 (61 %) 32 (24 %)
%)
N2 13 (5.1 10 (8.5 3 (2.2 %)
%) %)
N3 13 (5.1 9 (7.6 %) 4 (2.9 %)

%)

BMI: Body Mass Index, IBR: Immediate Breast Reconstruction CT: chemotherapy
alone; CT + P: chemotherapy + Pembrolizumab, T stage: tumour size, N status:
Nodal status.

n(%), median (IQR).
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Fig. 1. Complications with and without pembrolizumab (immuno: chemotherapy + Pembrolizumab; No immuno: Chemotherapy alone).

Table 2
Postoperative outcomes by treatment group.
Variable All Surgeries, CT+P CT group, p-
N = 304 group, N = N =156 value
148
Time to complication 20 (11-37) 26 (11-46) 17 (11-22) 0.02
(days)
Rehospitalization 6 (2.0 %) 3 (2.0 %) 3 (2.0 %) >0.9
Surgical Revision 9 (3.0 %) 6 (4.1 %) 3(2.0%) 0.3
Antibiotic Therapy 13 (4.3 %) 8 (5.4 %) 5(3.3 %) 0.4
Time to Surgical Revision >0.9
1 day 2 (22 %) 117 %) 1 (33 %)
10-30 days 4 (44 %) 3 (50 %) 1 (33 %)
>30 days 3 (33 %) 2 (33 %) 1 (33 %)
Clavien-Dindo Classification >0.9
1 24 (56 %) 15 (56 %) 9 (56 %)
I 10 (23 %) 6 (22 %) 4 (25 %)
1B 9 (21 %) 6 (22 %) 3 (19 %)

CT: chemotherapy alone; CT + P: chemotherapy + Pembrolizumab.
n(%), median (IQR).

observed in the CT + P group (n = 15, 10 %) compared to the CT group
(n=6,3.8%) (p=0.031).

When stratified by type of surgery, oncoplastic procedures were
associated with the highest complication rate, accounting for 45 % of all
reported complications (n = 21; p = 0.016) (Supplemental Table S2).
Regarding the axillary surgery type, there was no significant difference
between the two types of procedure (Supplemental Table S2).

In univariate analysis, the use of CT + P was not significantly asso-
ciated with an increased risk of postoperative complications (OR 1.68, p
= 0.10). Significant risk factors for complications included increasing
age (OR 0,96, p = 0.001), BMI (OR 3.14 for patients with BMI >30
compared to those with BMI 21-25, p = 0.021), bilateral surgery (OR
2.49, p = 0.005), and type of breast surgery: compared to simple
lumpectomy, the odds ratios for complications were 1.41 for radical
mastectomy, 2.77 for oncoplastic surgery, and 3.95 for immediate breast
reconstruction surgery (IBR), with an overall p-value of 0.017 (Fig. 2A).

After adjusting for age, BMI, menopausal status, bilateral surgery,
type of surgery, and the interval between completion of chemotherapy
and surgery, immunotherapy was not associated with a significant in-
crease in postoperative complications (adjusted OR 1.27, p = 0.50). No
significant interaction was found between immunotherapy and type of
surgery (p = 0.15), indicating that the risk of complications did not vary
by surgical technique in the context of immunotherapy (Fig. 2B).

Interestingly, time to surgery was significantly associated with the
complication rate. Patients operated either early (7-14 days) or late
(>30 days) had higher complication rates compared to those who un-
derwent surgery between 21- and 28-days post-chemotherapy (p =
0.029).

An interaction was observed between time to surgery and immuno-
therapy use, with a higher risk of complications in patients treated with
immunotherapy who underwent surgery after more than 30 days (p =
0.01). No significant interaction was found between immunotherapy
and type of surgery (p = 0.15), indicating that the risk of complications
did not vary by surgical technique in the context of immunotherapy
(Fig. 3).

4. Discussion

In this cohort of patients treated with or without neoadjuvant
immunotherapy for early TNBC, pembrolizumab was not associated
with an increased risk of postoperative complications. This finding was
consistent across all types of breast surgery. However, timing of surgery
appeared to influence outcomes, with a higher complication rate
observed when surgery was performed either too early (<14 days) or
late (>30 days) after neoadjuvant treatment.

The overall complication rate in our study (15.7 %) aligns with
previously reported rates for breast surgery [20,21] which vary by
surgical technique—ranging from 15 to 30 % for oncoplastic procedures
[22,23] to 24 %-32.9 % for implant or flap-based reconstruction [24,
25]. In our cohort, oncoplastic surgery was associated with more com-
plications in univariate analysis, though this did not persist after
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[40 -50) 1.40 —_—-— 0.63,3.20
60+ 0.36 - 0.08, 1.21
BMI 303 0.021
21-25
<=20 0.88 - 0.27,2.45
26-30 1.05 —_—- 0.45,2.40
31+ 3.14 Lo 1.41,7.06
Performans status 300 0.6
PSO
PS1 1.60 0.23,6.90
Menopausal status 300 0.12
Yes
No 1.72 —— 0.87, 3.61
Comorbidity 302 0.7
No
Yes 0.87 —- 0.41,1.73
Diabetes 304 0.6
No
Yes 1.59 - 0.23, 6.82
HBP 304 0.5
No
Yes 1.42 i 0.50, 3.49
Tobacco 304 04
No
Yes 0.65 - 0.19,1.76
Autoimmun disease 304 0.3
No
Yes 0.38 - 0.02,1.95
Immunosuppressive treatment 301 04
No
Yes 0.00
Bilateral surgery 304 0.005
Unilateral
Bilateral 249 — 1.32,470
T stage 304 0.12
T
T2 5.06 pr— 1.02,91.9
T3 6.10 — 1.07, 115
T4 217 0.20, 48.6
N stage 304 04
NO
N1 1.37 —_—-— 0.71,2.67
N2 235 ——— 0.60, 7.71
N3 0.46 - 0.02, 2.51
Immunotherapy 304 0.10
No
Yes 1.68 p—— 0.90, 3.21
Breast surgery 304 0.017
Lumpectomy
Radical mastectomy 1.41 e 0.48,4.00
Oncoplastic surgery 277 — 1.23,6.67
IBRS 3.95 — 1.45,10.9
Axillary surgery 259 >0.9
SLNB
ALND 0.96 —l 047,194
Interval to surgery 251 0.029
22-28d
7-14d 6.09 e 1.54,233
15-21d 1.86 —_— 0.64,5.40
>28d 2.68 — 1.17,6.75
Implant 304 0.2
No
Yes 1.66 — 0.73,3.53
| T T T T T ]
0.18 0.25 0.50 1 2.0

Fig. 2A. Potential predictive factors for complication, univariate analysis

BMI: Body Mass Index, HBP: high blood pressure, No immuno: CT group, Immuno: CT + P group, IBRS: Immediate breast reconstructions, SLNB: Sentinel lymph Node
Biopsy, ALND: Axillary Lymph Node Dissection; d: days; OR: Odds ratio; CI confidence interval.

multivariate adjustment. Importantly, no interaction was found between
immunotherapy and the type of surgery, including reconstructive
procedures.

Understanding the surgical safety profile of immunotherapy is
crucial, particularly as pembrolizumab becomes standard in early TNBC.
While immune checkpoint inhibitors are associated with systemic
immune-related adverse events, including dermatitis and endocrine
dysfunction, we did not observe a significant increase in wound

infections or healing delays in patients receiving pembrolizumab.
Interestingly, other cancers have reported similar findings: studies in
lung, gastric, and esophageal cancers showed no increased post-
operative complications after neoadjuvant immunotherapy [5-7,26],
although increased fibrosis was noted in lung resections. In contrast, a
study in head and neck cancer found higher complication rates following
flap surgeries in patients treated with pembrolizumab [8], raising
questions about its safety in flap-based breast reconstruction.
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Fig. 2B. Potential predictive factors for complication, multivariate analysis
BMI: Body Mass Index, No immuno: CT group, Immuno: CT + P group, IBRS: Immediate breast reconstructions: OR: Odds ratio; CI confidence interval.
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Fig. 3. Surgical complication rate according to the treatment - Surgery interval between the 2 treatment groups d = days; Immuno = CT + P group; No
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In breast cancer, three studies have so far investigated surgical
complications following immunotherapy. However, these studies either
lacked a control group or did not account for oncoplastic or recon-
structive procedures. In the study of Holt and al [18], including 54 pa-
tients, there were no association between immunotherapy and
complication rate (totaln = 19, 35.2 % p > 0.99). In this study, 24.1 % of
patients underwent autologous reconstruction after neoadjuvant
chemotherapy alone (n = 3) or with immunotherapy (n = 4), and while
there was one patient with flap necrosis in the neoadjuvant alone group,
autologous reconstruction was successful for all patients undergoing
immunotherapy. Myers et al. [17] found no increased risk but without
detailed analysis of surgical techniques. The study by Woodfin reported
a 24.1 % complication rate—mainly infections—but did not include a
control group [27].

The timing of surgery appears to be a modifiable factor. Our study
suggests increased complications when surgery was performed too early
or beyond 30 days after neoadjuvant treatment. An interaction between
timing and immunotherapy was also observed, with higher risk in pa-
tients undergoing surgery >30 days after treatment. Immune activation
and inflammation may peak shortly after treatment, potentially inter-
fering with early tissue healing processes, while delays beyond 30 days
could prolong the inflammatory state and similarly impact recovery. In
some cases, delayed surgery may reflect a patient’s deteriorated general
condition, which can complicate the procedure and indirectly increase
the risk of postoperative complications. Our findings underscore the
importance of optimizing surgical timing in patients receiving chemo-
therapy and immunotherapy to mitigate these potential risks. However,
no “ideal” timing for surgery after neoadjuvant immunotherapy has
been clearly established to minimize the risk of complications. Literature
on this topic is limited, though one study showed increased complica-
tions when surgery occurred before 28 days [28].

This study is one of the first to evaluate the impact of neoadjuvant
immunotherapy on postoperative complication rates in breast cancer,
while also comparing surgical techniques. Strengths include a large

sample size and a broad range of procedures. Limitations include the
retrospective design, potential underreporting of complications, and the
single center setting as well as the fact that the neoadjuvant chemo-
therapy isn’t the same between the 2 groups with the addition of car-
boplatin in the CT + P group. Nonetheless, carboplatin hasn’t been
associated with higher rate of surgical complication in other setting
[29-32]. In addition, no patient underwent flap reconstruction, limiting
conclusions for this subgroup. Another limitation of this study is the lack
of detailed information regarding adjuvant radiotherapy. Specifics such
as radiation fields (e.g., whole breast, chest wall, or regional nodal
irradiation), fractionation schedules (conventional vs hypofractio-
nated), and use of boost were not consistently documented in the
retrospective dataset. These elements could potentially influence post-
operative complication rates, particularly wound healing and seroma
formation, and should be considered in future prospective studies.

5. Conclusion

Neoadjuvant immunotherapy with pembrolizumab does not appear
to increase postoperative complication rates in breast cancer surgery,
including oncoplastic and implant-based reconstruction. Although our
study was not powered to define an optimal timing for surgery,
complication rates appeared lower when surgery was performed be-
tween 21 and 28 days after the end of neoadjuvant treatment. These
findings suggest that surgical timing may influence postoperative out-
comes and warrant further investigation in prospective trials which are
needed to confirm these findings and guide perioperative management
in this evolving treatment landscape.

Registration and protocol

The protocol can be requested from the corresponding author. The
review was not registered.
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