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Abstract

Background: We aimed to evaluate breast-conserving surgery plus sentinel lymph node biopsy in affecting breast cosmetic appearance
and systemic stress of breast cancer patients. Methods: A total of 150 early breast cancer patients admitted between January 2020 and
September 2022 were retrospectively analyzed. Propensity score matching was performed to minimize selection bias based on baseline
characteristics, resulting in two matched groups of 55 patients each. The observation group received breast-conserving surgery and
sentinel lymph node biopsy, while the control group underwent breast-conserving surgery and axillary lymph node dissection. Results:
The observation group experienced shortened operation time and extubation time compared with the control group, and there were
significantly different blood losses between the two groups (p < 0.05). The observation group was significantly superior to the control
group in terms of the postoperative quality of life (p < 0.05). After treatment, the levels of plasma procalcitonin (PCT) and tumor necrosis
factor-ae (TNF-«) in the two groups decreased. By contrast to those in the control group, PCT, TNF-a, carcinoembryonic antigen and
carbohydrate antigen 125 presented significantly reduced levels in the observation group following treatment (p < 0.05). The observation
group, compared to the control group, exhibited significant improvement of the breast appearance (p < 0.05). No significant difference
was observed between the two groups regarding human epidermal growth factor receptor-2 (HER-2) expression (p > 0.05). Conclusion:
Breast-conserving surgery and sentinel lymph node biopsy are simple and can reduce the complications and benefit the recovery of
patients.
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1. Introduction tervention [7]. Besides, tumor necrosis factor-oo (TNF-cv),
an essential cytokine influencing inflammation and immune
responses, plays a critical role in cancer progression. Mea-
suring TNF-« before and after surgery allows the evalua-
tion of inflammatory responses triggered by both the can-
cer itself and the surgery [8]. Moreover, although primarily
associated with ovarian cancer, carbohydrate antigen 125
(CA125) can also be elevated in BC and other malignan-
cies. Its measurement provides additional insight into the
tumor burden and the overall systemic impact of the can-
cer [9]. Furthermore, carcinoembryonic antigen (CEA) is a
well-established tumor marker for several cancers, includ-
ing BC. It is used to monitor tumor presence, recurrence, or
progression [10]. Thus, the evaluation of these levels pre-
and post-operation can help monitor the impact of breast-
conserving surgery on BC patients.

Thereby motivated, the changes in the breast cosmetic
appearance and systemic stress of BC patients after differ-
ent surgical methods were compared, aiming at laying a
theoretical foundation for the rational selection of surgical
methods.

Breast cancer (BC) refers to a ubiquitous malignancy
in females, without obvious symptoms. It is mainly mani-
fested as nipple discharge, breast mass, breast skin abnor-
malities and other local symptoms in the early stage [1].
The incidence of BC in women is 24%, seriously endanger-
ing their health [2,3]. At present, the diagnosis, staging and
treatment of BC have attracted widespread attention. Con-
ventional total mastectomy causes great trauma and many
complications and is time-consuming, so it seriously affects
patients’ quality of life after surgery [4]. Breast-conserving
surgery combined with radiotherapy and chemotherapy for
early BC (EBC) can significantly ameliorate the function
of the affected limb while greatly improving patients’ qual-
ity of life [5]. Sentinel lymph node usually serves as a
metastatic site of BC, so sentinel lymph node biopsy can
be used as a novel diagnostic approach [6].

Procalcitonin (PCT) is widely used as a biomarker for
systemic inflammatory response and infection. During such
surgeries as breast-conserving surgery, elevated PCT levels
can reflect postoperative inflammatory stress, which pro-
vides insight into the systemic response to the surgical in-
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2. Materials and Methods
2.1 Subjects

The protocol was approved by the Ethics Commit-
tee of Nanjing First Hospital, Nanjing Medical University
(approval number: KY20230615-02-KS-01) on June 26th,
2023. Initially, a total of 150 early breast cancer patients
hospitalized for surgery herein between January 2020 and
September 2022 were identified, including 80 patients in
the observation group (breast-conserving surgery + sentinel
lymph node biopsy) and 70 patients in the control group
(breast-conserving surgery + axillary lymph node dissec-
tion). After propensity score matching using the nearest-
neighbor method with a caliper width of 0.2 to ensure robust
comparability, 55 matched patients were included in each
group for the final analysis. The key baseline characteris-
tics (age, tumor size, etc.) were evaluated to confirm that
the two groups were well-matched, without statistically sig-
nificant differences. To protect patient confidentiality, the
following measures were implemented: data anonymiza-
tion, confidential storage, minimization of identifiable in-
formation, and secure communication.

In the control group, the diameter of tumor was <2
cm in 23 cases and >2 cm in 32 cases. The lesions were
located in the inferior medial breast in 4 cases, superior
medial breast in 7 cases, inferior lateral breast in 10 cases,
and superior lateral breast in 19 cases. Histologically, there
were 32 and 8 cases of invasive ductal carcinoma and inva-
sive lobular carcinoma, respectively. Among them, Amer-
ican Joint Committee on Cancer (AJCC) stage I in 29 cases
and stage Il in 11 cases were detected. In the observation
group, the diameter of tumor was <2 cm in 24 cases and >2
cmin 31 cases. The lesions were located in the inferior me-
dial breast in 3 cases, superior medial breast in 6 cases, in-
ferior lateral breast in 11 cases, and superior lateral breast in
20 cases. Histologically, invasive ductal carcinoma and in-
vasive lobular carcinoma were recorded as 29 and 11 cases,
respectively. Among them, 30 cases were in AJCC stage
I and 10 cases were in stage II. All enrolled patients were
classified according to the classification criteria for BC in
the Diagnosis and Treatment Guidelines for Breast Cancer
(2011 Edition) [6].

2.2 Inclusion and Exclusion Criteria

The under-mentioned inclusion criteria were adopted:
(1) patients eligible for the criteria for BC diagnosis, (2)
those with lesions less than 3.0 cm in size, (3) those with
single lesions >2 cm away from the areola margin, and
(4) those who could tolerate the operation and had no con-
traindication to intraoperative anesthetics.

The exclusion criteria involved: (1) patients with non-
primary BC, (2) those with severe damage to the heart,
cerebrovascular system, liver, kidney or other organs, or
(3) those with local lymph node metastasis or distant or-
gan metastasis. All patients were informed of details of the
treatment and signed surgical protocols.

2.3 Operation Methods

Axillary lymph node dissection + breast-conserving
surgery were implemented for the control group. Under
general anesthesia and intubation, the patient lay flat, with
the upper limb abducted by 90°. The breast shape and
weight and the location and size of tumors were detected
in advance. The tumor was excised. With the nipple as
a plane, the breast skin surface was made with an arc in-
cision if the tumor was above the plane, while the breast
skin surface was made with a radial incision if the tumor
was below the plane. The excision extent was at least 2 cm
away from the tumor boundary to ensure that the tumor tis-
sue was completely removed. The incisal margin was sent
for pathological biopsy, and tissue excision was repeated
if it was tested positive. Routine axillary lymph node dis-
section: An oblique incision parallel to the axillary fold
line was made for ipsilateral axillary lymph node dissec-
tion, with the anterior end inside the lateral edge of the pec-
toralis major and the posterior end not exceeding the lateral
edge of the latissimus dorsi. If the armpit was narrow, a U-
shaped incision was made. Group I lymph nodes (i.e., sub-
axillary group: lateral to pectoralis minor, including lateral
mammary, central, subscapular and axillary venous lymph
nodes, and lymph nodes between pectoralis major and pec-
toralis minor) and group II lymph nodes (i.e., midaxillary
group, including axillary venous lymph nodes deep to pec-
toralis minor) were dissected during operation.

The observation group was treated with breast-
conserving surgery + sentinel lymph node biopsy. Un-
der general anesthesia, breast-conserving surgery was con-
ducted by the same surgeons in the same way as that for
the control group. Meanwhile, axillary lymph node biopsy
with nano-carbon suspension was performed. Specifically,
0.4-0.6 mL of nano-carbon suspension was injected into the
breast tissue at the direction of 3, 6, 9 and 12 o’clock. The
injection site under the skin at the direction of 12 o’clock or
near the intraoperative biopsy site was gently massaged to
make the staining solution move faster. About 10 min af-
ter the staining solution was injected, the pectoralis major
muscle layer was carefully incised at the level of the third
rib to find the stained lymphatic vessels from bottom to top
and from inside to outside. After the sentinel lymph nodes
were identified, all the stained lymphatic vessels were re-
moved, and intraoperative tissue sections and postoperative
paraffin sections were prepared. Sentinel lymph nodes were
evaluated on the basis of rapid pathological examination,
and axillary lymph nodes were dissected if they were tested
positive.

2.4 Observation of Indicators

Comparisons and analyses were conducted on the ex-
tubation time, intraoperative blood loss, mean operation
time, and postoperative drainage volume.

The World Health Organization Quality of Life Scale
was employed to assess patients’ quality of life, mainly cov-
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Table 1. Clinical indicators of patients (z &= SD).

Group n Extubation time (h)  Intraoperative = Operation time (min)  Postoperative drainage  Length of stay (d)
blood loss (mL) volume (mL)

Control 55 10.47 + 6.47 203.74 + 22.35 90.24 +9.12 300.24 4+ 3.88 6.49 + 1.21

Observation 55 524 +0.92 84.34 4+ 9.68 68.13 + 7.08 126.24 +5.12 3.29+£0.78

t 5.935 36.356 14.202 200.872 16.485

p <0.001 <0.001 <0.001 <0.001 <0.001

T =+ SD, mean = standard deviation; ¢, ¢ value.

Table 2. Stress indicators before and after operation (z 4+ SD).

TNF-a (pg/mL) PCT (ng/mL)
Group n
Before operation ~ After operation  Before operation  After operation
Control 55 1.68 £0.17 3.65+£0.38 277 £0.34 6.53 + 0.68
Observation 55 1.66 £+ 0.23 2.74 £0.27 2.68 £0.35 4.12 £ 0.57
t 0.519 14.476 1.368 20.143
p 0.605 <0.001 0.174 <0.001

TNF-q, tumor necrosis factor-a; PCT, plasma procalcitonin.

ering cognitive function, social function, emotional func-
tion, physical function and general health, with 100 points
for each item. The higher the score was, the better the qual-
ity of life would be [11].

The Functional Assessment of Cancer Therapy-Breast
(FACT-B) was applied for evaluation of patients’ social
adaptability. The range of FACT-B scores was 0-144
points, and a higher score indicated stronger social adapt-
ability.

Elbow venous blood (10 mL) was collected from all
patients before and at 72 h after operation, and centrifuged
at 4000 r/min to obtain the supernatant. Then enzyme-
linked immunosorbent assay was carried out to determine
the levels of PCT and TNF-q, and those of serum CA125
and CEA were measured by chemiluminescence assay and
radioimmunoassay, respectively.

The postoperative cosmetic effect (excellent, good
and poor) was evaluated according to the Joint Center for
Radiation Therapy criteria [12].

Human epidermal growth factor receptor-2 (HER-2)
expression was determined by staining of cancer cell mem-
brane: (+++), (++), (+) and (-).

2.5 Statistical Analysis

Statistical analysis was completed by means of SPSS
19.0 software (IBM Inc., Armonk, NY, USA). The expres-
sion format of mean + standard deviation (z £+ SD) was
selected for continuous variables, and the independent sam-
ples t-test for normally distributed data was adopted for
between-group comparisons. The Shapiro-Wilk test was
performed to appraise the normality of distribution. In case
of non-normally distributed data, the Mann-Whitney U test
was used as a non-parametric alternative. Relative frequen-
cies (percentages) were applied to describe categorical vari-
ables, which were subjected to the Chi-square (y2) test or
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Fisher’s exact test for comparison. The rank-sum test was
used to compare the rank data. Multiple comparisons were
conducted across multiple variables, and potential type I er-
rors were adjusted through the Bonferroni correction. p <
0.05 signified a difference of statistical significance.

3. Results
3.1 Clinical Indicators of Patients

The observation group had significantly shortened ex-
tubation time and operation time, as well as decreased in-
traoperative blood loss and postoperative drainage volume
contrasted with the control group (p < 0.05) (Table 1).

3.2 Stress Indicators Prior and Subsequent to Operation

Before operation, TNF-a and PCT levels showed no
significant between-group differences (p > 0.05). After op-
eration, TNF-a and PCT levels significantly declined in the
two groups, with significant inter-group differences (p <
0.05) (Table 2).

3.3 Levels of CEA and CA125 before and after Operation

The levels of CEA and CA125 in the two groups were
not significantly different before operation. Both levels sig-
nificantly declined after operation, and by contrast to those
in the control group, such levels presented significant de-
creases in the observation group (p < 0.05) (Table 3).

3.4 Postoperative Quality of Life Scores

Compared to the control group, the observation group
displayed significantly raised scores of cognitive function,
social function, emotional function, physical function and
general health (p < 0.05) (Table 4).
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Table 3. Pre- and post-operative content of CEA and CA125 (Z £ SD).

CEA (ng/mL) CA125 (U/mL)
Group n
Before operation ~ After operation ~ Before operation  After operation
Control 55 1.554+0.26 1.33 +£0.23 10.95 £ 2.57 8.68 + 2.53
Observation 55 1.47 +0.25 1.14 +0.21 10.78 £2.73 7.01 £ 2.06
t 1.645 4.524 0.336 3.796
)4 0.103 <0.001 0.737 <0.001

CEA, carcinoembryonic antigen; CA125, carbohydrate antigen 125.

Table 4. Scores on quality of life after operation (z £ SD, point).

Group n  Cognitive function  Social function = Emotional function  Physical function — General health
Control 55 76.52 +£12.83 75.52 £ 19.21 70.48 +22.14 71.65 + 17.43 76.50 £ 11.72
Observation 55 85.57 £ 11.79 86.45 + 19.35 82.45 + 19.58 83.55 + 11.32 89.21 £+ 16.65
t 3.852 2.973 3.004 4.246 4.629
p <0.001 0.004 0.003 <0.001 <0.001

Table S. FACT-B scores before and after operation (z £ SD,

point).
Group n  Before operation 6 months after operation
Control 55 48.59 +£9.65 105.54 + 15.34
Observation 55 49.18 +10.14 74.87 + 12.75
t 0.315 11.403
P 0.755 <0.001

FACT-B, Functional Assessment of Cancer Therapy-Breast.

3.5 FACT-B Scores before and after Operation

The two groups were not significantly different in
terms of FACT-B score before operation. However, the
FACT-B score rose significantly in both groups at 6 months
following operation in comparison with that before opera-
tion, and the observation group, contrasted with the control
group, had a significantly higher score (p < 0.05) (Table 5).

3.6 Breast Appearance

The observation group had 32 excellent cases, 17 good
cases and 6 poor cases. One patient died, one patient re-
lapsed, and one patient underwent bone metastasis. Totally
23 excellent cases, 10 good cases and 22 poor cases were
recorded in the control group. Two patients died, two pa-
tients relapsed, and two patients underwent bone metasta-
sis. The good appearance rate had a statistically significant
between-group difference (89.09% vs. 60.0%) (p < 0.05).
No significant differences were observed between the con-
trol group and the observation group regarding the postop-
erative mortality rate, recurrence rate and metastasis rate
(1.82% vs. 3.64%, 1.82% vs. 3.64%, 1.82% vs. 3.64%) (p
> 0.05) (Table 6).

3.7 HER-2 Expressions

In the observation group, 18 cases were HER-2 (+), 2
cases were HER-2 (++), 14 cases were HER-2 (+++), and
21 cases were HER-2 (—). The control group was detected
with 6, 5, 26 and 18 cases of HER-2 (+), HER-2 (++), HER-

2 (+++) and HER-2 (-), respectively. The difference in the
expression of HER-2 between the two groups was of no sta-
tistical significance (Z = 0.881, p = 0.379).

4. Discussion

The pathogenesis of BC may be related to hered-
ity, abnormal secretion of progesterone and estradiol, early
menarche, infertility and other factors [13,14]. EBC poses
less threat to women'’s health, but as the disease progresses,
tumor cells may metastasize distantly, causing multiple or-
gan lesions that may lead to death [15]. The safety of breast-
conserving surgery has been verified [16,17], and it can ex-
ert the similar clinical efficacy to total mastectomy. This
safe and effective procedure has been applied in more than
50% of patients with EBC [18]. Some minimally inva-
sive procedures, such as sentinel lymph node biopsy, have
been performed for elderly EBC patients with hypertension,
heart disease and diabetes mellitus [19-21]. They are rapid,
safe and effective, which can effectively improve patients’
quality of life.

The observation group in the present study experi-
enced significantly shorter operation time, smaller blood
loss during operation, and quicker recovery after operation
than the control group. These results are consistent with a
growing body of evidence supporting the benefits of breast-
conserving surgery plus sentinel lymph node biopsy in EBC
patients. For instance, Giuliano et al. [22] reported that
sentinel lymph node biopsy achieved comparable long-term
survival outcomes to axillary lymph node dissection, while
significantly reducing the risk of lymphedema and other
postoperative complications. Meanwhile, this combination
can give better functional outcomes and cosmetic satisfac-
tion [23]. Lymph node metastasis of BC occurred step by
step, and axillary sentinel lymph nodes function as the ear-
liest metastasis site [24]. In the case of a negative sentinel
lymph node, the subsequent metastatic lymph node is also
negative, so axillary lymph node dissection is unnecessary.
Therefore, successful breast-conserving surgery + sentinel
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Table 6. Appearance, recurrence and mortality [n (%)].

Group Excellent Good Poor Death Relapse Bone metastasis
Observation 32 (58.18) 17(30.91) 6(1091) 1(1.82) 1(1.82) 1(1.82)
Control 23 (41.82) 10(18.18) 22(40.00) 2(3.64) 2(3.64) 2 (3.64)
Z/x? 2.633 0.000 0.000 0.000

p 0.009 1.000 1.000 1.000

Z, Z value; x2, Chi-square value.

lymph node biopsy can reduce surgical trauma. Ifthe lymph
nodes are tested negative by nano-carbon staining during
operation, the impairment of normal tissues like lymphatic
vessels and blood vessels can be reduced, thereby mitigat-
ing paresthesia of skin and upper limb dysfunction [25].
Moreover, our study revealed that compared to the
control group, the observation group showed lowered post-
operative levels of TNF-a and PCT, reflecting a milder in-
flammatory response in the observation group. Similarly,
it has previously been reported that patients undergoing
less invasive procedures like sentinel lymph node biopsy
had lower postoperative cytokine levels and faster recov-
ery [26]. Surgical treatment is invasive and causes physical
stress responses. In breast-conserving surgery plus sentinel
lymph node biopsy, stress response can be alleviated by re-
ducing operation time and relieving wound reaction [27].
Regarding the quality of life, observation group ex-
hibited significant improvement. As the combination pre-
served breast shape and function, patients reported better
body image and less emotional distress, which, as indicated
by our study, contributed to a better prognosis. Likewise,
Kridis ef al. [28] performed breast-conserving surgery in
combination with sentinel lymph tissue biopsy on BC suf-
ferers. As a result, the effective rate reached 93.30%, the
postoperative quality of life was significantly ameliorated,
whereas the recurrence rate was greatly decreased.
Nevertheless, such limitations as a small sample size
and short study time exist in this study. In the future,
the role of this surgical method remains to be further con-
firmed by long-term follow-up studies with large sample
sizes, probably involving the trends in recurrence rates,
survival, chronic inflammation, and changes in cosmetic
results. Additionally, this study focuses on the HER2-
positive BC subtype without extensive analysis of other bi-
ological subtypes, such as hormone receptor-positive and
triple-negative BC. Future studies should include stratifica-
tion by additional subtypes to evaluate the potential differ-
ences in cosmetic outcomes, systemic stress responses, and
biomarker changes across the full spectrum of BC patients.

5. Conclusion

To sum up, breast-conserving surgery and sentinel
lymph node biopsy for BC patients are able to reduce blood
loss, shorten the operation time, mitigate the pressure on
patients and enhance their quality of life.
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