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Purpose: This study aimed to evaluate the impact of surgical time on postoperative complica-
tions and survival outcomes in breast cancer patients after neoadjuvant chemotherapy (NAC).
Patients and Methods: We retrospectively reviewed breast cancer patients treated at
Breast Disease Center of the Affiliated Hospital of Qingdao University, from January 2013
to December 2018. The eligibility criteria were female patients with histologically confirmed
primary stage II-III breast cancer and initially treated with NAC, who were <75 years old,
and patients for whom medical records were available. The patients with severe comorbid-
ities of other organs, with previous histories of other malignancies or breast cancer, and with
distant metastasis or contralateral breast cancer, were excluded. Eligible patients were
divided into three groups based on time to surgery (TTS): (A) <21 days; (B) between 21
and 28 days; and (C) >28 days. We collected medical records and followed up patients.
Results: Totally 422 patients were enrolled. The median TTS was 26 days. Among these
patients, 119 (28.2%) were in Group A, 152 (36.0%) were in Group B, and 151 (35.8%) were
in Group C. Eighty-two (19.4%) patients achieved pathologic complete response (pCR).
Survival analysis showed that DFS (P=0.012) and OS (P=0.015) were significantly different
among three groups. In multivariate analysis, DFS (HR=2.333, P=0.001) and OS (HR=2.783,
P=0.030) were significantly worse when TTS >28 days. Postoperative complications
occurred in 96 (22.7%) patients. The incidence of total postoperative complications in the
three groups was statistically different (P=0.001) and Group A had worse performance.
Multivariate analysis showed that age >50 years old (P=0.004) and TTS <21 days
(P<0.001) were independent parameters for total postoperative complications.

Conclusion: Postoperative complications and survival outcomes in breast cancer patients
seemed to be influenced by TTS after the NAC. The benefits were remarkable in patients
undergoing surgery between 21 and 28 days.

Keywords: breast cancer, neoadjuvant chemotherapy, time to surgery, survival,
postoperative complication

Introduction

Neoadjuvant chemotherapy (NAC) has been widely used in breast cancer patients
due to its advantages such as reducing tumor stage, increasing the operation
opportunity of inoperable patients, improving breast-conserving rate, evaluating
drug efficacy and guiding adjuvant treatment strategies." Nonetheless, the time
interval between surgery and the NAC remains to be determined. Using the
National Cancer Database (NCDB) and the Surveillance, Epidemiology, and End
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Results (SEER) Database, two independent population-
based studies were conducted by Bleicher et al.” It was
evidenced from the results that the lower disease-specific
survival rate and overall survival rate were closely related
to the long-term delay from the diagnosis to the surgery.
The timeliness of treatment (including surgery and sys-
temic treatment) could affect the prognosis of patients.
Therefore, it can be inferred that prolonged surgery delay
affect the prognosis of patients treated with NAC, espe-
cially those with high-risk factors. In the past studies, the
relationship between the time to surgery (TTS) after NAC
and the prognosis of breast cancer patients was controver-
sial. Omarini et al thought that survival would be affected
when the TTS was >21 days, while Suleman et al believed
that TTS might not affect survival.>* Moreover, the inci-
dence of postoperative complications can also affect clin-
choice of TTS after NAC. Some studies have
suggested that NAC was a risk factor for early postopera-

icians’

tive complications, but the specific relationship between
TTS and complications was still unknown.”

Therefore, the specific relationship between TTS and
patients’ survival was intended to be explored by this
study, as well as between TTS and postoperative compli-
cations, to obtain the optimal TTS after NAC.

Patients and Methods
Study Population

We retrospectively reviewed patients who were diagnosed
with breast cancer at Breast Disease Center of the
Affiliated Hospital
January 2013 to December 2018. The eligibility criteria

of Qingdao University, from
were female patients with histologically confirmed pri-
mary stage II-III breast cancer and initially treated with
NAC, who were <75 years old, and patients for whom
information regarding the treatment records was available.
The patients with severe comorbidities of other organs,
with previous histories of other malignancies or breast
cancer, and those with distant metastasis or contralateral
breast cancer, were excluded.

In our database, there were 8311 breast cancer patients
from January 2013 to December 2018, including 473
patients who received NAC. We extracted the patients’
medical history and treatment information from the data-
base. Then, 422 patients satisfied the criteria and were
screened out. And these patients were divided into three
groups based on TTS: (A) TTS <21 days; (B) TTS
between 21 and 28 days; and (C) TTS>28 days.

Before NAC, all patients underwent systemic survey to
exclude distant metastasis. With the PET-CT being per-
formed on selected patients, the systemic survey included
the brain magnetic resonance imaging (MRI) and bone
scans, the chest computed tomography (CT) scans, the
ultrasound scans of the liver and the neck, and the serum
tumor markers for all the patients. Applying the core-
needle biopsy method, all patients’ primary breast cancers
were histologically identified. The results of immunohis-
tochemistry were obtained in 365 (86.5%) patients before
NAC. Human epidermal growth factor receptor 2 (HER2)
positivity was defined as either 3+ on IHC staining or 2+
on IHC with a positive fluorescence in situ hybridization
or chromogenic in situ hybridization signal. The molecular
subtype of each breast cancer was categorized as follows:
ER+ or PR+, and HER2— (luminal); ER+/—, PR+/—, and
HER2+ (HER2 enriched); or ER—, PR—, and HER2— (tri-
ple-negative). The NAC regimens were determined
according to the guidelines. Every two cycles, we evalu-
ated the efficacy of chemotherapy by physical examina-
tions and imaging examinations. Pathologic complete
response (pCR) was defined as the absence of histological
evidence of malignancy or the presence of only cancer
in situ in the primary breast lesions, regardless of axillary
lymph node metastasis. Patients with absence of invasive
disease in the breast but presence of axillary lymph node
metastasis were also defined as pCR patients. The inci-
dence of surgery-related complications and treatment mea-
sures were recorded through the patients’ medical records
and periodic follow-up. All patients were followed up
every six months after surgery. After recurrence or metas-
tasis of tumor, patients were reexamined every two
months.

Statistical Analysis

From the initial diagnosis of the primary breast cancer to the
tumor recurrence or metastasis, the pertinent time interval
was referred to as the disease-free survival (DFS). The over-
all survival (OS) was considered as the interval between the
initial diagnosis of the primary breast cancer and the last
follow-up or the death due to any cause. Applying the chi-
square test, the rank sum test, or the Fisher’s exact test, the
differences in the categorical variables were compared. The
Kaplan-Meier method and the Log rank test were used to
calculate the actuarial survival rates. In the multivariate
analysis, the factors with a p-value<0.05 in the univariate
analysis were included. The p<0.05 was considered to be
statistically significant in the multivariate analysis, which
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was performed with the Cox proportional hazards model.
The SPSS software (version 17.0.1. SPSS Inc., Chicago, IL)
was used in all the statistical analyses.

Ethical Statement

Meeting all the guidelines of the governmental agency, the
institutional review committee of the Affiliated Hospital of
Qingdao University approved the experimental protocols.
All patients provided informed consent, and this study was
conducted in accordance with the Declaration of Helsinki.

Results
Cohort Survey

In total, 422 patients were enrolled. Among these patients,
119 (28.2%) patients had surgery within 21 days of their
last dose of NAC, 152 (36.0%) patients in 21-28 days, and
151 (35.8%) patients after 28 days. The process of screen-
ing and grouping is shown in Figure 1. The median age of
all the patients was 49 years old (range, 22—73 years), the
median duration of follow-up was 42 months (range, 24 to
93 months), while the median TTS was of 26 days (range,
14 to 63 days) for all the 422 patients. They received
anthracycline- or taxane-based NAC, and 82 patients
achieved pCR (19.4%). Forty-two (10.0%) patients chan-
ged the chemotherapy regimen because of insufficient
efficacy, and 20 (4.7%) patients interrupted the scheduled
regimen because of the side effects of the drugs.

Total 8311 breast cancer patients from
January 2013 to December 2018
(n=8311)

Total NAC patients
(n=473)

The main pathological type of primary breast cancer is
non-specific invasive ductal carcinoma (401/422, 95.0%), in
addition to some invasive lobular carcinoma, mucinous car-
cinoma, medullary carcinoma and so on. In terms of the
molecular subtype, 41.2% (174/422), 45.7% (193/422) and
13.0% (55/422) of the patients were luminal, HER2-enriched
and triple-negative, respectively. The pCR rates of patients
with molecular subtype luminal, HER2-enriched and triple-
negative were 7.5% (13/174), 28.0% (54/193) and 27.3%
(15/55), respectively. Among these 193 HER2-enriched
patients, 72.0% (139/193) patients were treated with trastu-
zumab in neoadjuvant therapy, and 91.2% (176/193) patients
were treated with trastuzumab in adjuvant therapy. Of all 422
patients, 147 (33.3%) patients had tumor recurrence or
metastasis during follow-up and 52 (12.3%) patients died.
The median DFS was 36 months (range, 4 to 93 months),
and the 3-year OS rate was 94.1% (397/422). When tumor
progression was first detected, 30 patients had local recur-
rence, 12 patients were observed to have had distant metas-
tasis and local recurrence both, while 79 patients showed
distant metastasis. The lung, followed by the bone, was
indicated to be the most common metastatic organ.

Survival Analysis of Patients in the

Different TTS Groups

Regarding the different TTS, 442 patients were divided
into three groups. Table 1 shows the comparison of
patients’ characteristics in three groups. There was no

Patients didn’t satisfy the criteria
were excluded:

Age >75 years old (n=4)

Treatment records unavailable (n=16)

Patients satisfied the criteria

Contralateral breast cancer (n=7)
Previous breast cancer history (n=3)

(n=422) Severe complications (n=6)
Other malignancies (n=9)
Suspected distant metastasis (n=6)
Group A: Group B: Group C:
TTS <21days TTS 21-28days TTS >28days
(n=119) (n=152) (n=151)

Figure | The procedure of screening and grouping patients.
Abbreviations: NAC, neoadjuvant chemotherapy; TTS, time to surgery.
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Table | The Comparison of Patients’ Characteristics in Three Groups

Characteristics Number of Patients (%) p value
Group A (n=119) Group B (n = 152) Group C (n = 151)

Age (years) <50 74 (62.2) 89 (58.6) 79 (52.3) 0.248
>50 45 (37.8) 63 (41.4) 72 (47.7)

Menstrual state Premenopausal 73 (61.3) 93 (61.2) 79 (52.3) 0.204
Postmenopausal 46 (38.7) 59 (38.8) 72 (47.7)

Family history No 117 (98.3) 147 (96.7) 145 (96.0) 0516
Yes 2(1.7) 5(3.3) 6 (4.0)

Initial T stage | 6 (5.0 17 (11.2) I (7.3) 0.196
2 80 (67.2) 83 (54.6) 90 (59.6)
3 33 (27.7) 52 (34.2) 50 (33.1)

Initial axillary LN Uninvolved 17 (14.3) 21 (13.8) 26 (17.2) 0.677
Involved 102 (85.7) 131 (86.2) 125 (82.8)

Histological grade 1-2 76 (63.9) 95 (62.5) 101 (66.9) 0.718
3 43 (36.1) 57 (37.5) 50 (33.1)

HR status Positive 78 (65.5) 101 (66.4) 102 (67.5) 0.941
Negative 41 (34.5) 51 (33.6) 49 (32.5)

HER?2 status (FISH or CISH) Positive 49 (41.2) 55 (36.2) 49 (32.5) 0.334
Negative 70 (58.8) 97 (63.8) 102 (67.5)

Ki-67 value <20% 35 (29.4) 34 (224) 36 (23.8) 0.385
>20% 84 (70.6) 118 (77.6) 115 (76.2)

Molecular subtype Luminal 45 (37.8) 58 (38.2) 71 (47.0) 0.468
HER2-enriched 57 (47.9) 72 (47.4) 64 (42.4)
Triple-negative 17 (14.3) 22 (14.5) 16 (10.6)

NAC drugs Taxane-based 6 (5.0 6 (3.9 12 (7.9) 0.236
Anthracycline-based 1 (0.8) 5@33) 6 (4.0)
Taxane- and anthracycline- based 112 (94.1) 141 (92.8) 133 (88.1)

Neoadjuvant targeted therapy Yes 42 (35.3) 52 (34.2) 45 (29.8) 0.582
No 77 (64.7) 100 (65.8) 106 (70.2)

Clinical response CR 6 (5.0 15 (9.9) 8(5.3) 0.056
PR 85 (71.4) 110 (72.4) 100 (66.2)
SD 24 (202) 23 (15.1) 42 (27.8)
PD 4 (34) 4 (2.6) 1 (0.7)

Breast surgery Mastectomy 110 (92.4) 139 (91.4) 140 (92.7) 0912
BCS 9 (7.6) 13 (8.6) 1 (7.3)

pCR or non-pCR pCR 22 (18.5) 33 (21.7) 27 (17.9) 0.669
Non-pCR 97 (81.5) 119 (78.3) 124 (82.1)

pN stage 0 39 (32.8) 54 (35.5) 53 (35.1) 0.994
| 36 (30.3) 40 (26.3) 44 (29.1)
2 27 (22.7) 36 (23.7) 34 (22.5)
3 17 (14.3) 22 (14.5) 20 (132)

Adjuvant chemotherapy Yes 25 (21.0) 23 (15.1) 23 (15.2) 0.355
No 94 (79.0) 129 (84.9) 128 (84.8)

Adjuvant radiotherapy Yes 109 (91.6) 142 (93.4) 130 (86.1) 0.084
No 10 (8.4) 10 (6.6) 21 (13.9)

(Continued)
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Table | (Continued).
Characteristics Number of Patients (%) p value
Group A (n=119) Group B (n = 152) Group C (n = I51)
Adjuvant targeted therapy Yes 52 (43.7) 67 (44.1) 57 (37.7) 0.468
No 67 (56.3) 85 (55.9) 94 (62.3)

Abbreviations: T, tumor; LN, lymph node; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; FISH, fluorescence in situ hybridization; CISH, chromogenic in situ
hybridization; NAC, neoadjuvant chemotherapy; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; BCS, breast conserving surgery; pCR, pathologic

complete response.

significant difference in age, menstrual state, family his-
tory relative to breast cancer, tumor T stage before NAC,
axillary lymph nodes involvement before NAC, histologi-
cal grade, HR status, HER2 status, Ki-67 value, molecular
subtype, drugs of NAC, clinical response to NAC, breast
surgery type, pCR or non-pCR, pN stage after surgery,
adjuvant chemotherapy, adjuvant radiotherapy, and tar-
geted therapy.

The median DFS of the Group A was 43 months
(range, 9 to 87 months), the median DFS of the Group
B was 35.5 months (range, 4 to 81 months), and the
median DFS of the Group C was 33 months (range, 6 to
93 months). In the three groups, the median OS was found
to be 46 months (range, 25 to 87 months), 41 months
(range, 24 to 81 months) and 39 months (range, 25 to 93
months) respectively. The 3-year OS rate of the three
groups was 95.8% (114/119), 96.7% (147/152) and
90.1% (136/151), respectively.

Figure 2 indicates the results of the Kaplan-Meier
survival curves using the Log rank test for the DFS and
the OS. Survival analysis showed that DFS (P=0.012) and
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OS (P=0.015) were significantly different among three
groups. Between Groups A and B, no significant differ-
ence in the DFS (P=0.595) and the OS (P=0.716) was
observed. Nonetheless, between Groups A and C, the
survival analysis indicated that DFS (P=0.006) and the
OS (P=0.014) were found to be significantly different. At
the same time, the DFS (P=0.024) and OS (P=0.027) of
Group B were significantly different from that of Group
C. This indicated that TTS >28 days did affect the survival
outcome of these patients.

Univariate and Multivariate Analyses for

DFS and OS

The univariate analysis of DFS showed that pCR, pN
stage, adjuvant chemotherapy and TTS were significant
factors (P<0.001, P<0.001, P=0.001 and P=0.003, respec-
tively). For OS, the univariate analysis showed that pN
stage, adjuvant chemotherapy and TTS were significant
factors (P=0.014, P=0.001 and P=0.032, respectively). In
the multivariate analyses, DFS and OS were significantly
worse when TTS >28 days with a hazard ratio of 2.333

B —I1Group A

1.0 \LLH —I1Group B

—I1Group C

o
o
1

o
o
1
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Figure 2 Kaplan—Meier curves for survival according to different time to surgery. (A) Disease-free survival (P=0.012). (B) Overall survival (P=0.015).
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(95% CI, 1.444-3.770, P=0.001) and 2.783 (95% CI, 1.-
007-7.687, P=0.030) respectively. Patients with pCR,
pN2-3 stage and adjuvant chemotherapy were independent
parameters for DFS (P=0.042, P<0.001 and P=0.001,
respectively), while pN2-3 stage and adjuvant chemother-
apy were also independent parameters for OS (P=0.024
and P=0.010, respectively). The relevant statistics are
shown in Table 2.

Relationship Between TTS and

Postoperative Complications

Postoperative complications occurred in 96 (22.7%)
patients, including poor healing of incision, infection,
hematoma or hemorrhage, subcutaneous effusion and
skin flap necrosis. The incidence of postoperative compli-
cations is shown in Table 3 and the classification of sever-
ity is shown in Table 4. Most of the patients were treated
in the outpatient department; only 4.2% (4/96) of the
patients returned to the operating room and received gen-
eral anesthesia operations. The incidence of total post-
operative complications in the three groups
statistically different (P=0.001). Compared with Group
B (P=0.003) and Group C (P<0.001), Group A had
worse performance in total postoperative complications.

was

The total complication rates of Group B and Group
C were similar (P=0.566). This suggested that TTS <21
days was significantly associated with a higher incidence
of total postoperative complications. And among the five
kinds of complications, the incidence of poor incision
healing (P=0.024) and infection (P=0.031) was signifi-
cantly different among the three groups. The univariate
analysis indicated that age and TTS were the significant
factors for total postoperative complications (P=0.009 and
P<0.001, respectively). In the multivariate analysis, age
>50 years old and TTS <21 days were independent para-
meters for total postoperative complications (P=0.004 and
P<0.001, respectively). The statistical details are shown in
Table 5.

Causes of Surgery Delay
The causes of surgery delay in Group C were analyzed.
There were six main reasons: neutropenia caused by che-
motherapy drugs (47.0%), liver dysfunction caused by
chemotherapy drugs (33.1%), heart disease or other
comorbidities (14.6%), waiting for breast MRI appoint-
ment (9.3%), discussion time of treatment strategy
(7.9%) insurance or

and medical hospitalization

appointment (7.3%). The most common causes were due
to the side effects of chemotherapy drugs, such as hema-
tological toxicity and liver toxicity.

Discussion

The effectiveness and safety of NAC in the treatment of
breast cancer had been confirmed from the numerous
clinical trials.*’” Besides not presenting any specific inter-
val from the completion of the NAC to the surgery, none
of the trials could evaluate the relationship between NAC
and postoperative complications. At present, clinicians
mainly infer the interval from NAC to surgery based on
the interval data of adjuvant chemotherapy, but its applic-
ability to the NAC is unclear.® Therefore, we conducted
this retrospective study to analyze the relationship between
TTS and patient survival as well as the relationship
between TTS and postoperative complications, trying to
find the appropriate TTS interval.

In this study, we retrospectively collected data from
422 patients and analyzed the TTS and survival. Through
analysis, it was observed that in the case of the patients
with TTS >28 days, the OS and the DFS were evidently
different when compared with those from the other two
groups. The TTS >28 days also being an independent
prognostic factor capable of influencing the survival out-
come was simultaneously indicated by the multivariate
analysis. This suggested that prolonged TTS did have an
adverse effect on the survival of patients, and TTS <28
days may be the most favorable surgery time for the
prognosis of patients. In addition, we found that pCR,
pN2-3 stage and adjuvant chemotherapy were factors
affecting DFS; pN2-3 stage and adjuvant chemotherapy
were factors affecting OS while pCR did not have an
impact on OS. This suggested that pCR after neoadjuvant
chemotherapy may not translate into long-term survival
benefits. The incidence of tumor recurrence or metastasis
in 3 years in patients with adjuvant chemotherapy was
significantly higher than that in patients without adjuvant
chemotherapy. This may be because most of the patients
receiving adjuvant chemotherapy after surgery were
patients with worse NAC curative effect, and their tumors
may have worse biological characteristics.

The results of Omarini et al indicated that prolonged
TTS was not conducive to the survival of patients. They
studied 319 patients and found that TTS was an indepen-
dent prognostic factor for OS (P=0.03) and recurrence-free
survival (RFS) (P=0.01), even in the pCR subgroup. And
they believed that the best time for surgery was TTS <21
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Table 2 Univariate and Multivariate Analysis for DFS and OS

Variables DFS os
3-Year p value Hazard Ratio p value 3-Year p value Hazard Ratio p value
Rate, % (Univariate) (95% CI) (Multivariate) | Rate, % (Univariate) (95% CI) (Multivariate)
Age (years) 0.958 0.488
<50 719 934
>50 71.7 95.0
Menstrual state 0.523 0.839
Premenopausal 70.6 93.9
Postmenopausal 734 94.4
Initial T stage 0.112 0713
| 85.3 97.1
2 723 94.1
3 67.4 6.7
Initial axillary LN 0.537 0.905
Uninvolved 75.0 937
Involved 712 94.1
Histological grade 0.769 0.961
1-2 713 94.1
3 727 94.0
Ki-67 value 0.689 0.125
<20% 733 97.1
>20% 713 93.1
Molecular subtype 0.394 0.194
Luminal 753 96.6
HER2-enriched 68.9 922
Triple-negative 70.9 92.7
Breast surgery 0.599 0.422
Mastectomy 71.5 943
BCS 758 90.9
PCR or non-pCR <0.001 0.042 0.136
pCR 89.0 | 97.6
Non-pCR 67.6 2.070 (1.026-4.176) 932
pN stage <0.001 <0.001 0.014 0.024
0-1 80.8 | 96.2 |
2-3 56.4 2435 (1.677-3.536) 90.4 2.524 (1.130-5.634)
Adjuvant 0.001 0.001 0.001 0.010
chemotherapy
Yes 549 2.330 (1.538-3.530) 85.9 3.671 (1.647-8.182)
No 752 | 95.7 |
Adjuvant radiotherapy 0.209 0.691
Yes 51.0 942
No 375 927
TTS 0.003 0.001 0.032 0.030
Group A 79.8 | 95.8 |
Group B 75.0 1.469 (0.879-2.453) | 0.142 96.7 0.891 (0.257-3.083) | 0.855
Group C 623 2.333 (1.444-3.770) | 0.001 89.0 2.783 (1.007-7.687) | 0.048

Abbreviations: DFS, disease-free survival; OS, overall survival; Cl, confidence interval; T, tumor; LN, lymph node; HER2, human epidermal growth factor receptor 2; BCS,
breast conserving surgery; pCR, pathologic complete response; TTS, time to surgery.
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Table 3 Relationship Between TTS and Postoperative Complications
Postoperative Complications Number of Patients (%) p value
Group A (n=119) Group B (n = 152) Group C (n = 151)
Poor incision healing Yes 15 (12.6) 10 (6.6) 6 (4.0) 0.024
No 104 (87.4) 142 (93.4) 145 (96.0)
Infection Yes 12 (10.1) 6 (3.9) 5(3.3) 0.031
No 107 (89.9) 146 (96.1) 146 (96.7)
Hematoma or hemorrhage Yes 5(4.2) 5(3.3) 7 (4.6) 0.832
No 114 (95.8) 147 (96.7) 144 (95.4)
Subcutaneous effusion Yes 9 (7.6) 6 (3.9) 6 (4.0) 0.310
No 110 (92.4) 146 (96.1) 145 (96.0)
Skin flap necrosis Yes | (0.8) 2 (1.3) 1 (0.7) 0.833
No 118 (99.2) 150 (98.7) 150 (99.3)
Total Yes 42 (35.3) 29 (19.1) 25 (16.6) 0.001
No 77 (64.7) 123 (80.9) 126 (83.4)

Abbreviation: TTS, time to surgery.

days.> However, some clinicians believed that TTS might
have little relationship with the prognosis of patients.
Sanford et al followed up 1011 patients and found that
although there were differences in 5-year OS among
patients with TTS <4 weeks, 4-6, and >6 weeks
(P=0.03), there was no difference in 5-year RFS (P=0.28)
and local recurrence-free survival (LRFS) (P=0.31) among
the three groups. In multivariate analysis, OS, LRFS and
RFS of patients with TTS <4 weeks, 4-6 weeks and >6
weeks were comparable; sensitivity analysis showed that
patients who underwent surgery at >8 weeks had worse
OS (P=0.02), but there was no significant difference
between RFS and LRFS.” Suleman et al found that TTS
had no effect on DFS (P=0.3) and OS (P=0.5), but the pCR
rate of ER +/HER2 + patients decreased when TTS >8
weeks (12.9% versus 25.3%).* Although the results of

Table 4 Classification of the Severity of Postoperative
Complications

these retrospective studies were suggestive, they were
controversial. Large-sample and multi-center clinical
cases are needed for further analyses.

By inhibiting the cell division, the protein synthesis,
the RNA, or DNA production, most of the antineoplastic
drugs were observed to exert their cytotoxic impact in the
NAC of breast cancer. Previous animal experimental data
showed that wound healing was affected within 28 days
after the application of cytotoxic drugs.'® Previous clinical
studies have shown that immunosuppression after che-
motherapy is a known factor leading to postoperative
complications.'""'* The association of TTS in cases of
postoperative complications was revealed from this study.
In patients with shorter TTS, the incidence of complica-
tions such as poor incision healing and infection had an
obvious increasing trend. In the multivariate analysis, age
<50 years old and TTS <21 days were independent para-
meters for total postoperative complications. The decrease
of neutrophils, the increase of vascular fragility and tissue
edema may be the reasons for the increased incidence of
these complications. However, we also observed that most
of the postoperative complications were mild and could be
treated in the outpatient department. Similarly, defining the
time interval to be 28 days, the higher incidence of post-
operative complications was found to have a shorter TTS
by a study of Sutton et al.'® It was also observed that with
age as the dominant predictor, compared to TTS greater
than 28 days (P <0.05), the TTS of 28 days or less was
associated with almost 70% increased chances of a wound

Clavien-Dindo Number of Patients Undergone
Grade Postoperative Complications (%)

Group A | Group B Group C

(n =42) (n=29) (n =25)
Grade | 13 (31.0) 12 (41.4) 9 (36.0)
Grade I Il (26.2) 6 (20.7) 5 (20.0)
Grade llla 16 (38.1) 10 (34.5) 10 (40.0)
Grade lllb 2 (4.8) 1 (3.4) | (4.0)
Grade IV/V 0 (0) 0 (0) 0 (0)
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Table 5 Univariate and Multivariate Analysis for Postoperative Complications

Variables Postoperative Complications
Incidence Rate, % | p value (Univariate) | Hazard Ratio (95% CI) | p value (Multivariate)
Age (years) 0.009 0.004
<50 18.2 |
>50 28.9 1.996 (1.245-3.201)
BMI 0.984
<20 238
20< BMI=<25 21.9
25< BMI<30 233
>30 239
NAC drugs 0.945
Taxane-based 25.0
Anthracycline-based 25.0
Taxane- and anthracycline- based | 22.5
Breast surgery 0.826
Mastectomy 229
BCS 21.2
TTS <0.001 <0.001
<21 353 2.695 (1.656—4.387)
>21 17.8 |

Abbreviations: Cl, confidence interval; BMI, body mass index; NAC, neoadjuvant chemotherapy; BCS, breast conserving surgery; TTS, time to surgery.

complication. Considering the influence of chemotherapy
and radiotherapy, only a few patients choose immediate
reconstruction surgery after NAC, so we failed to evaluate
the impact of TTS on postoperative complications of
patients with immediate breast reconstruction. In previous
studies, in the case of perioperative complications in
patients with immediate breast reconstruction, NAC was
not observed to be a risk factor.'* As an increase in the
number of patients with immediate breast reconstruction in
our center recently, we will further do some research in
this area.

In clinical practice, the surgery delay after NAC
was affected by multiple factors. One of the most
common causes of delayed surgery is the time required
to recover from the side effects of short-term che-
motherapy (mainly hematological toxicity and liver
toxicity). Therefore, clinicians should well control the
side effects of chemotherapy, such as regular blood
examination and timely use of granulocyte colony sti-
mulating factor (G-CSF) preparation, etc.'” It was
worth noting that 14 patients delayed the TTS due to
the appointment of preoperative breast MRI in Group
C. Zhang et al also reported that preoperative breast
MRI prolonged the operation waiting time by 11

days.'® This result reminded clinicians to optimize the
patient’s examination process and minimize the opera-
tion delay due to waiting for examination.

Nonetheless, this study is not free of limitations.
First, as is typical of retrospective studies, there could
have been potential biases. The TTS of patients were
individually selected based upon the condition of the
patients, rather than being assigned randomly. The
interpretation of the survival analysis was thus limited
by the inevitable biases in the selection of the treat-
ment. Second, the follow-up time was short. Especially
for the patients who achieved pCR after NAC, we
observed fewer death events, so we could not make
subgroup analysis on these patients. Third, due to the
retrospective study, patients may have memory loss or
mistakes in the occurrence of postoperative complica-
tions, which affects our analysis. Last but not least, the
study represented a single institutional experience and
therefore the results may be hard to extrapolate to other
institutions or countries with different patient popula-
tions and different practice patterns. Nevertheless, this
study can provide some ideas and guidance for clini-
cians’ decisions. At the same time, it also provides the
direction for further research.
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Conclusion

In conclusion, TTS after NAC seemed to influence survi-
val outcomes and postoperative complications. Breast can-
cer patients who underwent surgery between 21 and 28
benefited the most.
a comprehensive evaluation of patients, balance the impact

days Clinicians should make
of TTS on short-term complications and long-term survi-

val rate, and select the appropriate operation time.
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