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Aim of study is to analyze Bromelain’ effects on the most common early complications after BCS 
(oedema and seroma). From January 2021 to December 2023 a double-blind randomized placebo-
controlled trial was performed on 114 candidates for BCS at our Academic Unit. Group A received a 
supplement of Casperome™—Boswellia Phytosome® + Bromelain (CBB) in combination with alpha-
lipoic acid + superoxide dismutase + B and D vitamins + centella asiatica. Group B received a supplement 
of CBB + placebo. Group C received placebo. The therapies were administrated for 30 days. On GEE 
logistic regression, drugs combination in A seems to be associated with statistical fewer oedema 
compared with C (P = 0.018 at 1 day and P = 0.002 after 1 month). Comparing B to C, B gained a 
significative value after 1 month (P = 0.007). On GEE logistic regression, the drugs combination in A has 
been associated with statistical fewer seroma compared with C (P = 0.009 at 15thpostoperative day and 
P < 0.001 after 1 month). B vs C reaches significant values 15 day and 1 month after surgery (P = 0.002 
and P < 0.001, respectively). The current study is the first analyzing the employment of CBB association 
with/without neurotrophic agent on prevention of early complications after BCS.
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Breast cancer (BC) is the leading cause of cancer death in women in Western populations, affecting 1.38 million 
patients per year1.

Breast-conserving surgery (BCS) (quadrantectomy with or without axillary lymph node dissection, ALND, 
and radiotherapy) has demonstrated oncological outcomes equivalent to those of mastectomy preserving 
esthetic outcomes, decreasing operative time, and improving patient satisfaction2.

However, BCS is not free from complications and a recent review reports an overall complication-rate of 
approximately 20%3–5. These can be distinguished as early post-operative complications, occurring within 
2 months (oedema, seroma, surgical site infections, hematoma, delayed wound healing, partial skin necrosis) 
and late complications, after 2 months (fat necrosis, hypertrophic scarring, breast fibrosis) 3–5.

Analyzing the incidence of the most common early complications after BCS, breast oedema was reported 
affecting up to 90% of patients, while seroma up to 85%, albeit under a very broad definition6–8.

Early complications, such as breast oedema and seroma, are routinely managed in clinical practice with non-
steroidal anti-inflammatory drugs (NSAIDs)9.

Nevertheless, due to the potential adverse effects of NSAIDs, the use of medications, with anti-edematous 
and anti-inflammatory properties, is increasingly being promoted. Bromelain is a proteolytic enzyme found 
in pineapple plants. It promotes the reabsorption of interstitial fluid into blood circulation, increasing tissue 
permeability via fibrinolysis, with anti-oedema effect10.

Boswellia serrata extracts (Casperome™—Boswellia Phytosome) are preparations derived from a tropical tree 
(Boswellia serrata) with anti-inflammatory effects usually used in chronic inflammatory diseases. Among the 
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reported properties, there are inhibition of lipoxygenases, proteases, involved in chronic inflammation and the 
ability to reduce reduce the overexpression of alpha tumor necrosis factor and matrix metallo-proteinases, which 
play a role in inflammatory processes11.

The effect of these nutraceutical supplements on surgical outcomes has been tested in other areas of surgical 
practice, while, to the best of our knowledge, this is the first study analyzing its effect on the prevention of post-
operative pain and management of the most common BCS early complications (oedema and seroma).

This study aims to evaluate the early outcomes after BCS for BC treated with a nutraceutical administration 
in terms of early onset breast oedema and seroma.

Method
Ethics statement
The study received approval from the Independent Ethical Committee of the University of Bari (Protocol 6422) 
and was performed in accordance with the Declaration of Helsinki of 1975, revised in 2013. Informed consent 
was obtained from all individual participants included in the study. In addition, all methods were performed in 
accordance with the relevant guidelines and regulations.

Trial registration
This study was registered on ClinicalTrials.org with the number NCT04669119, registered on 01/12/2020.

Patient selection and treatments
Patients who underwent BCS for BC at our Academic Unit from January 2021 to December 2023 were enrolled 
in this double-blind randomized controlled trial.

After diagnosis of BC, supported by ultrasound (US), mammography, and needle biopsy, all patients were 
followed up by the multidisciplinary team (Breast Care Unit of Policlinic of Bari – BCU). The team proposes the 
most appropriate therapeutic strategy in accordance with recent guidelines12, providing each patient with the 
information about surgery and possible post-operative outcomes.

All patients provided informed consent to the surgery and study participation.
Inclusion criteria for the study were the following: gender female, age > 18, tumors < 3  cm, BCS, and a 

minimum follow-up time of 1 month. History of surgery in the same breast was not cause of exclusion.
Exclusion criteria included: mastectomy; stage IV disease; contraindication to nutraceutical administration; 

oncoplastic II level volume displacement surgery; use of drain; refusal to complete follow-up or take nutraceuticals 
and no NSAIDs.

Patients were randomized into 3 groups, using computerized random number generation by Health Authority 
personnel independently.

Group A received a supplement of Casperome™—Boswellia Phytosome® 200  mg + Bromelain 200  mg 
(CBB; SIBEN® AGATON SRL, Italy) in combination with a neurotrophic agent supplement (alpha-lipoic 
acid Retard 400  mg + superoxide dismutase + Vitamin B1, Vitamin B2, Vitamin B6 150% VNR and vitamin 
D3 21mcg + Centella asiatica 100 mg; KARDINAL V®, AGATON SRL, Italy).

Group B received a supplement of CBB in combination with placebo in the place of neurotrophic agent. 
Group C (control group) received only administration of placebo.

Both nutraceutical combinations and placebo were administrated 1 a day before lunch for one month and 
were placed in bottles of identical shape and color (only labeled A, B and C) by an assistant who was uninvolved 
in the study. Therefore, patients, caregivers, and the outcome assessor were blinded to the received medications.

All groups received a background administration of Paracetamol 1 gr × 3/ day, in the peri-operative period 
(30 days).

Patients’ general characteristics, demographic data, pre-operative diagnosis, side, operative time, hospital 
stay, post-operative histology, and early post-operative complications were recorded. Data of post-operative 
evaluations, including US and pain assessment on the first day (T1), fifteen days (T2) and one month after 
surgery (T3), were also collected.

Surgical technique
All quadrantectomies were performed, under general anesthesia, by the same experienced surgeon (AG). 
The technique consists of a mini-elliptical skin incision, radical removal of the tumor containing breast gland 
tissue to the pectoralis fascia and up to the overlaying skin. When oncologically safe, a subcutaneous resection 
was performed by periareolar or inframammary incision. In these cases, the subcutaneous coat was prepared 
keeping the fat layer sufficiently thick (≥ 3 mm) to preserve the blood supply through the sub-dermal vascular 
plexus. The continuity of the breast disc was restored with sutures, and, finally, skin was aesthetically sutured1.

Sentinel lymph-node biopsy (SLNB) was performed through a separate skin incision using an intraoperative 
handheld gamma-detection probe was always performed except in case of ductal carcinoma in situ (DCIS) or 
in patients aged > 80 years and in serious comorbid conditions or where adjuvant systemic and/or RT is unlikely 
to be affected12.

SLNB was extemporary examined and when positive for metastases patients were submitted to ALND. 
Drainages were not employed; a compressive bandage was left in place at the end of the operation. Perioperative 
antibiotics (teicoplanin 400 mg) were given 30 min before the surgical incision and repeated after 12 h. Patients 
were educated to use a well-fitting, wide-strapped, supportive bra for 2 weeks.

Ultrasound investigation
The US of the breast is carried out by the same experienced sonographer (MM) with a high frequency linear probe 
(10-13 MHz) with the objective of detecting features of early BCS complications (breast oedema or seroma).
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We indicate breast oedema in case of post-operative ultrasound presentation of skin thickening, increased 
parenchymal echogenicity and interstitial marking13.

The presence of seroma was defined as the accumulation of serous fluid (volume of more than 5 to 20 ml of 
fluid). Clinically features defining seroma were a palpable, fluctuant, ballotable, or tense region and requires at 
least one needle aspiration of inflammatory exudate14.

Pain assessment
The post-operative pain evaluation has been assessed by the study of pain intensity and neuropatic origin by 
Visual analogue scale (VAS) and Douleur Neuropathique 4 (DN4) scale, respectively.

The VAS scale is often used in epidemiologic and clinical research to measure the intensity or frequency 
of various symptoms.  Patient is asked to mark the appropriate point, corresponding at the pain perception, 
on straight line, 100 mm in length, with one end of the line marked as ‘no pain’, whereas the opposite line end 
is anchored by ‘worst pain’ (0 to 100) 15–17. A score from 10 to 40 was classified as mild pain, from 50 to 60 as 
moderate pain, and from 70 to 100 as high pain18.

The DN4 scale is a clinician-administered screening questionnaire to help identify neuropathic pain. 
Different items were analyzed through four questions and items are scored 1 (positive) or 0 (negative). Two 
items are represented by the results of the questions addressed to the patient (in T1, T2, T3), the other 2 are the 
result of the medical evaluation carried out at the same times. A total score is calculated as the sum of the 10 
items. Scores ≥ 4 out of 10 indicate that neuropathic pain is likely19–21.

Statistical analysis
Data analyses were carried out independently by a statistician. The statistical analysis was carried out with 
STATA14 (StataCorp LLC, College Station, TX, USA). Descriptive statistics and summary values were analyzed 
with Student’s t-test for independent samples for continuous values or χ2/Fisher’s exact test for ordinal/binomial 
variables. A series of univariable logistic Generalized Estimating Equation (GEE) models were fit with empirical 
standard errors to examine data and calculate the association between early outcomes and the employment of 
nutraceutical administration. A p value < 0.05 was considered statistically significant.

Results
Descriptive analysis
From January 2021 to December 2023, 634 patients underwent breast surgery at our Academic Unit of General 
Surgery. According to the exclusion criteria, 514 (81.1%) patients were not included in the study: mastectomies 
(N = 303; 58.9%); stage IV disease (N = 12; 2.3%); contraindication in nutraceutical administration (N = 5; 1%); 
oncoplastic II level volume displacement surgery (N = 215; 41.8%); use of drain (N = 50; 9.7%); patients who 
refuse drugs administration (N = 17; 3.3%), patients managed with NSAIDs in perioperative period (N = 12, 
2.3%). A total of 120 patients were randomized in 3 groups (A, B, and C) and each consisted of 40 patients. Six 
patients were lost for no complete follow up during the post operative month. The whole sample analyzed was 
114 patients (Group A, N = 39; Group B, N = 37; Group C, N = 38) with a mean age of 56.2 ± 10.2 (range 33 to 78).

In 39 patients CBB + neurotrophic agents (34.2%; group A) were administrated, in 37 patients, CBB + placebo 
(32.5%; group B) and in 38 patients only double placebo (33.3%; group C—control). The trial design is expressed 
as a flowchart in Fig. 1.

At admission, 19 patients were affected by palpable mass (16.7%). Among the pre-operative parameters 
evaluated, 41 patients had cardiological comorbidities (36.3%), 3 patients had pulmonary disease (2.7%), 
hepatic disease and renal disease was reported in both cases in one patient on admission and ASA score 
was > 3 in 16 patients (14%). 4 patients had a previous neoplasm in medical history (3.5%). Corticosteroids 
or immunosuppressant drugs, anticoagulants, previous neoadjuvant chemotherapy (NAC) were reported in 3 
(2.7%), in 8 (7.1%), and in 1cases (0.9%), respectively.

At the time of surgery, 51 patients reported BMI > 30 (44.7%). Previous breast surgery was reported in 3.5% 
of patients (n = 4), while surgical site irradiation was present in 0.9% patients (n = 1).

Table 1 shows demographic data and clinical characteristics of the 3 groups. No significant differences were 
found in terms of age, BMI, ASA score, comorbidity, previous neck/chest radiation therapy or surgery, and NAC.

The indication for surgery was infiltrative ductal carcinoma (IDC) in 56.1% of patients (N = 64), DCIS in 
34.2% (N = 39) and infiltrative lobular carcinoma (ILC) in 9.6% (N = 11).

The mean duration of surgery was 120  min ± 30 (range: 45-180  min), and length of hospitalization was 
33 ± 12 (24–72 h).

In 105 (87.5%) cases, surgery consists of quadrantectomy and SLNB and among these, in 4 cases (3.8%) ALND 
was performed also simultaneously. Five patients (4.2%) were also sent to primary ALND because its clinical and 
radiological positivity. In 33 patients (27.5%) with DCIS, SLNB was performed for aggressive clinicopathological 
characteristics (clinically palpable tumor comedo-necrosis and/or high-grade DCIS on diagnostic core biopsy) 
with an anticipated risk of upstaging to invasive disease on the specimen following histopathological evaluation. 
No investigation of the SLNB status was required in 10 patients (8.3%).

The perioperative data and histology are summarized in Table 2 and no statistical differences were found 
among the groups.

There was no perioperative mortality. Overall post-operative morbidity was 18.8%, while post-operative 
most common early complications in three groups are detailed shown in table Table 3.

Descriptive statistics
Analyzing the oedema, in the comparison among groups based on GEE logistic regression, the use of 
nutraceutical and neurotrophic agents’ combination in group A was found to be associated with fewer oedema 
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event compared with placebo group, with a statistically significant value P = 0.018 at 1 day and P = 0.002 after 
1 month. The group B gained a significant value 1 month after surgery compared to group C (P = 0.007). The 
comparison between A and B did not show significant differences.

In the comparison among groups, group A appears to be associated with less seroma formation compared 
with placebo group with a statistical significative value P = 0.009 on 15th post-operative day and P < 0.001 after 
1 month. The group B compared to C reaches significant values 15 day and 1 month after surgery (P = 0.002 and 
P < 0.001, respectively). The comparison between A and B does not highlight statistical significance.

The Vas scale analysis reports mild or no pain (< 40) in 35 cases (89.7%) in group A, in 33 (89.1%) in B and in 
31(81.6%) in C after 1 day. After 15 days from surgery, a value < 40 was also noticed in 37 (94.9%), 37 (100%) and 
35 (92.1%) patients respectively in group A, B and C. On 30th post-operative day, no patients of group A and B 
report pain, while 3 (7.9%) in group C experiment an intensity of pain > 40.

The DN4- Scale results < 4 in 36 cases (92.3%) in group A, in all patients in B and 35 (92.1%) in C after 1 day. 
On 15th post-operative day, 34 (87.2%), 34 (91.9%) and 37 (97.4%) patients respectively in group A, B and C no 
experiments a significant neuropathic pain. After 1 month, 36 patients (92.3%) in group A, 35 (94.6%) in B, and 
36 (94.7%) in C reported a DN4 < 4.

Fig. 1.  Flowchart of trial design through each stage of study. CBB: Casperome™—Boswellia Phytosome® 
200 mg + Bromelain 200 mg; Neurotrophic agent: alpha-lipoic acid + superoxide dismutase + B and D 
vitamins + centella asiatica extract.
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In the analysis of pain with DN4- scale and of VAS scale no significant difference was recorded.

Discussion
Since its introduction in the late 1970s, BCS followed by radiotherapy has been demonstrated to gain the same 
overall mortality rates achieved with mastectomy, allowing to reach a correct balance between oncological 
results and cosmetic, functional, and psychosocial advantages22,23. It finds main indication in early-stage BC, 
DCIS and BC preceded by effective NAC24.

Despite the best surgical efforts, complication rates up to 20% are reported for BCS with a significant 
emotional distress for patients, sometimes leading to suboptimal aesthetic results, or finally delaying the 

Perioperative data, N (%) A (n = 39; 34.2%) B (n = 37; 32.5%) C (n = 38; 33.3%)
A vs C
P*

B vs C
P*

A vs B
P*

Quadrantectomy 3 (7.7) 5 (13.5) 2 (5.3) 1 0.26 0.47

Quadrantectomy + SLNB 35 (89.7) 28 (75.7) 32 (84.2) 0.52 0.40 0.13

Quadrantectomy + ALND / 2 (5.4) 3 (7.9) 0.12 1 0.23

Quadrantectomy + SLNB + ALND 1 (2.6) 2 (5.4) 1 (2.6) 1 0.61 0.61

Operative time (min) 115 ± 29 118 ± 26 124 ± 35 0.15 0.28 0.65

Hospital stay (hours) 30 ± 11 34 ± 12 35 ± 14 0.23 0.84 0.27

 DCIS 14 (35.9) 12 (32.4) 13 (34.2) 1 1 0.81

 IDC 21 (53.8) 22 (59.5) 21 (55.3) 1 0.82 0.65

 ILC 4 (10.3) 3 (8.1) 4 (10.5) 1 1 1

Luminal A 12 (30.8) 20 (54.1) 10 (26.3) 0.80 0.21 0.06

Luminal B 9 (30.7) 6 (16.2) 13 (34.2) 0.32 0.11 0.57

HER2-enriched / / 1 (2.6) 0.49 1 1

Basal like 1 (2.6) 2 (5.4) 1 (2.6) 1 0.61 0.61

Table 2.  Perioperative data, type of surgery, and histology. Data shown as average ± standard deviation or as 
absolute frequency with percentage in brackets. Group A CBB + neurotrophic agents administration, Group 
B CBB + placebo administration, Group C double placebo administration. SLNB sentinel lymph-node biopsy,  
ALND axillary lymph-node dissection, DCIS ductal carcinoma in situ, IDC infiltrative ductal carcinoma, ILC 
infiltrative lobular carcinoma.

 

A (n = 39; 34.2%) B (n = 37; 32.5%) C (n = 38; 33.3%)
A vs C
P*

B vs C
P*

A vs B
P*

Age 56.5 ± 9.4 57.2 ± 10.2 54.8 ± 11.2 0.47 0.34 0.79

Palpable mass 6 (15.4) 7 (18.9) 6 (15.8) 1 0.77 0.78

ASA

 1–2 34 (87.2) 34 (91.9) 30 (78.9) 0.37 0.19 0.71

 3–4 5 (12.8) 3 (8.1) 8 (21.1) 0.38 0.19 0.71

BMI

 < 30 24 (61.5) 20 (54.1) 19 (50) 0.36 0.82 0.64

 ≥ 30 15 (38.5) 17 (45.9) 19 (50) 0.36 0.82 0.64

Previous breast surgery 1 (2.6) 1 (2.7) 2 (5.3) 0.61 1 1

Cardiological disease 12 (30.8) 15 (40.5) 14 (37.8) 0.63 0.81 0.48

Pulmonary disease 1 (2.6) 2 (5.4) 0 (0) 1 0.24 0.61

Renal disease 0 (0) 0 (0) 1 (2.6) 0.49 1 1

Hepatic disease 0 (0) 0 (0) 1 (2.6) 0.49 1 1

Other types of cancer 2 (5.1) 0 (0) 2 (5.4) 1 0.22 0.49

Anticoagulant/antiplatelet drugs 3 (7.7) 4 (10.8) 1 (2.7) 0.61 0.2 0.71

Corticosteroids/immunosuppressant drugs 2 (5.1) 0 (0) 1 (2.7) 1 1 0.49

NAC 1 (0.9) 0 (0) 0 (0) 1 1 1

Previous neck/chest radiotherapy 0 (0) 0 (0) 1 (2.6) 0.49 1 1

Table 1.  Demographic data, and clinical characteristics. Data shown as average ± standard deviation or as 
absolute frequency with percentage in brackets. *Student’s t test for independent samples for continuous values 
or χ2/Fisher’s exact test for ordinal/binomial variables. Group A CBB + neurotrophic agents administration, 
Group B CBB + placebo administration, Group C double placebo administration. ASA American Society of 
Anesthesiologists, BMI body mass index, NAC neoadjuvant chemotherapy.
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adjuvant BC treatments3–5,25. For all these reasons a correct and prompt management of BCS complications is 
mandatory even in the perioperative period to avoid early and late complications. Breast oedema and seroma 
have been described as the most common early complications after BCS and its real incidence has been discussed 
in literature with a wide variability among reported rates in relation, also, to the type of surgery3,6,26.

The study of breast oedema is complex, with no agreed upon definition of the condition and with a great 
variability in symptoms and signs quantification (questionnaires, patient-reported rating scales, clinician rating 
scales and imaging techniques)27. Symptoms of heaviness and redness are commonly associated with breast 
swelling. These could cause body image issues, fear of injury and pain, embarrassment, anxiety, and relationship 
difficulties13. Known also as breast lymphedema, it is a subcutaneous swelling caused by excess interstitial fluid 
in the affected tissues, due to the interruption of lymphatic vessels26. Histological changes include fibrosis, 
inflammatory features, skin thickening, keratinization, proliferation of lymph and blood vessels and increasing 
permeability such as clinical and animal experimental models have been demonstrated28. Breast oedema also 
delays the healing process, which may cause delay the adjuvant therapy, but it has still been under-investigated in 
the literature. In a recent study27, the measurement of breast tissue thickness by US is defined as “recommended”, 
contrary, the other different methods are categorized as “promising” as they do not have sufficient evidence for 
reliability.

Seroma could be defined as an accumulation of serous fluid that develops following breast surgery. Post-
surgical wound seroma is very frequent, but not always it is clinically relevant and only a minority requires 
an intervention8,29. However, also in this case no consistent definition of seroma is present in literature. Some 
studies, indeed, rely on the need for puncture and aspiration the definition of seroma, while other studies 
propose US, as it was used in our study, to verify and quantify the seroma volume14. In terms of risks factor, 
a large dead space appears to contribute to fluid accumulation. Some Author suggested that the presence 
of a drainage and its duration could influence the seroma formation leading to propose the employment of 
a low-pressure suction drainage and an earlier drain removal30,31. Other Authors reported seroma rates still 
like those reported elsewhere, despite the use of drains. In many BCU, other techniques have been used to 
reduce seroma formation, including compression dressings, arm immobilization, quilting sutures and avoiding 
the use of electrocautery in dissection without significant impact on symptomatic seroma formation8,29. The 
pathophysiology and mechanism of seroma formation in breast surgery (BS) remains controversial and no single 
method of prevention has been shown to be truly effective30.

Among the symptoms reported during the postoperative period, an important role is played by pain and its 
management becomes crucial. Pain syndrome after breast surgery can be a debilitating condition whit prevalence 
following definitive management of breast cancer as high as 50%31–34. The pain could have a moderate severity, 
neuropathic characteristics, could be in the ipsilateral breast/chest wall, axilla, or arm, and present at least 50% 
of the time, worsening with shoulder girdle movement35,36. In consideration of these premises, an adequate 
post-operative pain assessment is essential for a proper and prompt management37. Among all the different 
methods proposed, VAS scale is one of the most common popular rating scales recommended for assessment of 
pain intensity. It has been developed to obtain measurements with more variability17,38. Nevertheless, the post-
operative pain is often a multidimensional experience: patients may describe in post-operative period sensations 
referable to neuropathic rather than nociceptive pain, such as “burning” or “pins and needles”. Neuropathic pain is 
defined as pain related to an injury or disease that affects the somatosensory system. The Douleur Neuropathique 
4 (DN4) is a clinician-administered screening questionnaire to help identify neuropathic pain19,20.

The prevention of all these early complications should be the right target of perioperative medicament 
supplementation.

NSAIDs are being increasingly used to treat post-operative inflammation and pain. Their use seems to reduce 
pain within 24  h and the chance of nausea and vomiting after surgery. They inhibit cyclooxygenase (COX) 
enzymes, thereby reducing prostaglandin synthesis and an inflammatory response that causes inflammatory 
reaction on surgical site. Nevertheless, there is an unclear association between perioperative use of NSAID and 
an increased risk of in developing a hematoma requiring a redo-surgery for hematoma removal, in patients 
undergoing elective BS39,40.

In recent years, investigations on natural compounds with therapeutic actions for the treatment of 
inflammation have increased.

Morbidity PO DAY Group A Group B Group C
OR (95% CI)
A vs C

OR (95% CI)
B vs C

OR (95% CI)
A vs B

Oedema

1st 12 (30.8) 16 (43.2) 22 (57.9) 0.32 (0.13–0.82); *p = 0.018 0.55 (0.22–1.38); p = 0.206 0.58 (0.23–1.49); p = 0.262

15th 6 (15.4) 8 (21.6) 11 (28.9) 0.45 (0.15–1.36); p = 0.157 0.68 (0.24–1.94); p = 0.467 0.66 (0.2–2.12); p = 0.485

30th 2 (5.1) 4 (10.8) 15 (39.5) 0.08 (0.02–0.4); *p = 0.002 0.19 (0.05–0.63); *p = 0.007 0.45 (0.08–2.59); p = 0.369

Seroma

1st 15 (38.5) 10 (27) 18 (47.4) 0.69 (0.28–1.72); p = 0.43 0.41 (0.16–1.08); p = 0.071 1.69 (0.64–4.46); p = 0.291

15th 16 (41) 13 (35.1) 27 (71.1) 0.28 (0.11–0.73); *p = 0.009 0.22 (0.08–0.58); *p = 0.002 1.28 (0.51–3.25); p = 0.598

30th 2 (5.1) 1 (2.7) 30 (78.9) 0.01 (0–0.07); *p < 0.001 0.01 (0–0.06); *p < 0.001 1.95 (0.17- 22.41); p = 0.593

Table 3.  Post-operative complications. Data shown as absolute frequency with percentage in brackets. Data 
are expressed as Odds Ratios (OR) with 95% Confidence intervals (95% CI) and p value Based on GEE logistic 
regression with time, group and interaction time x group. *P-value is statistically significant. PO DAY: post-
operative day; Group A CBB + neurotrophic agents administration, Group B CBB + placebo administration, 
Group C double placebo administration.
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Among these compounds, bromelain is highlighted, as a cysteine protease isolated from the Ananas 
comosus  (pineapple) stem. Bromelain reduced IL-1β, IL-6 and TNF-α secretion when immune cells were 
already stimulated in an overproduction conditioned by proinflammatory cytokines, generating a modulation 
in the inflammatory response through prostaglandins reduction and activation of a cascade reactions that 
trigger neutrophils and macrophages41. Bromelain, however, shows additional beneficial properties compared 
to other anti-inflammatory drugs features. The anti-oedema and anti-coagulant effect, and platelet aggregation 
inhibitory features can be useful in prevention of breast seroma and oedema, as demonstrated in the study. 
Moreover, it seems that bromelain has the benefit to speed up the healing of wounds. Other studies have, already, 
showed benefits on surgical site complications and reduction of pain, analyzing the outcomes on another surgical 
district, especially in orofacial surgery10,41–44.

Also Boswellia serrata has shown properties in a variety of disease models and human research. Notably, an 
inhibitory activity on enzymes 5-Lipoxygenase (5-LOX) and COX-1 is known through direct interaction on sites 
of these enzymes. This derived from a branching tree that grows in the dry regions of India and the Middle East 
and in recent years, have been established as a multitargeting agent, modulating several targets: 5-LOX, COX-
1, Vascular endothelial growth factor, IkappaB kinase, transcription factor Signal Transducer and Activator of 
Transcription 3, Death receptor 445.

This study allows us to test the use of the combination of Bromelain, Boswellia, and Alpha-lipoic acid in the 
context of breast surgery. The employment of nutraceutical supplementation seems not to have been studied 
before in consideration of prevention of these specific complications in patients submitted to BS13.

From the obtained results, it can be emphasized that the employment of nutraceutical and neurotrophic 
agents’ combination is more effective in the management of early oedema and seroma. Compared with controls, 
indeed, relevant statistical decrease of oedema was detected in 1st and 30th day after surgery when the CBB plus 
neurotrophic agents were administered to patients. In the patients treated with only CBB, however, a significant 
oedema decrease was found at 30th postoperative day in comparison with the placebo group. At the same time, 
in comparison with controls, statistically significant decrease of seroma incidence was detected in 15th and 30th 
day after surgery when the CBB plus neurotrophic agents or only CBB were administered to patients. Based on 
this evidence, a role of nutraceutical administration could be imagined in the prevention or management of early 
BCS complications as oedema and seroma.

Concerning pain assessment, we analyzed the pain experience reporting data from specifically these two types 
of scale. Due to the small sample analyzed and the paucity of patients experiencing moderate pain (VAS > 40) and 
significant neuropathic pain (DN4 > 4), our study fails to show the impact of the use of CBB plus neurotrophic 
agents in clinical practice both on pain intensity perception and on neuropathic origin. In consideration of this, 
the employment of a Bromelain supplementation to manage post-operative pain require further analyses.

To the best of our knowledge, the current study is the first analyzing the use of Bromelain and Casperome 
Boswellia Phytosome, with or without a neurotrophic agent for the prevention of most common early 
complications after BCS. The limitations of this study include the small numbers of patients and the absence 
of NSAID arm to compare the effects of bromelain with their use, but we showed an interesting reduction in 
clinical onset of early oedema and seroma after BCS in comparison with control. Furthermore, the influence of 
the combination of nutraceuticals on the development of complications in the axillary field, both for ALND and 
axillary dissection, has not been analyzed in this study.

On other hand, results from this study are in line with a recent review on the anti-inflammatory effects 
of bromelain suggesting that further standardization is needed to establish doses, supplementation time, and 
which type of inflammatory condition is indicated46. Indeed, the general effect of bromelain supplementation on 
inflammation is still under investigation in the surgical field, because of population heterogeneity, doses used, 
treatment duration, and parameters evaluated in the literature.

Further studies are needed to improve the assessment of nutraceutical supplementation and to standardize 
its employment in the clinical practice.

Data availability
Data are available upon reasonable request to the authors.
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