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Abstract
Background. Progress in breast cancer surgery results in a decreased frequency of mastectomy, in the early 
phases of cancer replaced by breast conserving therapy (lumpectomy). Increased popularity of breast 
reconstruction by fat or adipose stem cells (ASC)-enriched fat transfer raised uncertainty about the possible 
risk of increased cancer recurrence. In vitro studies suggest that locally secreted cytokines and reconstructed 
local blood vessels may stimulate cancer expansion or cancer de novo induction from glandular tissue 
remaining after lumpectomy.

Objectives. The purpose of the study was to evaluate the risk of cancer recurrence in breast cancer pa-
tients related to the stromal vascular fraction (SVF) augmentation during autologous fat grafting for breast 
reconstruction.

Material and methods. The tumor recurrence ratio in 56 patients having the breast reconstructed with 
autologous ASC (transplanted as the subpopulation present in SVF) was compared with the frequency 
of tumor recurrence in 252 matched patients treated in clinics without subsequent breast reconstruction. 
Adipose tissue was collected by the Coleman technique and split into 2 portions: one was used for breast 
reconstruction, the other was enzymatically digested, and isolated cells were used for the augmentation 
of fat implanted into the breast area. Cancer recurrence in the experimental and matched control group was 
evaluated following 3-year-long observation time, and the statistical significance of difference in cancer 
recurrence between the experimental and control group was evaluated.

Results. Cancer recurrence in the group of patients treated with ASC-enriched fat for breast reconstruction 
was 3.7% and did not differ significantly from the control group data (4.13%). No adverse effects of therapy 
were observed.

Conclusions. Our study does not produce any data suggesting increased cancer risk following breast 
reconstruction after a mastectomy or a lumpectomy combined with local radiotherapy. It may be concluded 
that an autologous transplantation of fat augmented with ASC is a safe and efficient procedure. Longer 
observation time and the observation of  larger numbers of patients would be useful for strengthening 
the conclusion.
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Introduction

The purpose of the study was to evaluate the risk of can-
cer recurrence in breast cancer patients related to the stro-
mal vascular fraction (SVF) augmentation during autolo-
gous fat grafting for breast reconstruction.

Breast cancer treatment results in  permanent tissue 
injuries in the region of cancer localization. The problem 
is not restricted only to esthetic aspects; surgery and local 
radiotherapy produce injuries of connective tissue, blood and 
lymphatic vessels, or nerves, resulting in pain, lymphedema 
and deformations. The method of autologous fat grafting 
is growing in popularity, as it is more physiological than 
the implantation of artificial substances like silicone implants 
or  injectable fillers. The  disadvantage of  the  lipofilling 
technique is fat resorption ranging from 25% to 80%.

Adipose stem cells (ASC), when added to transplanted fat, 
may differentiate into new adipocytes, thus preserving more 
permanently the volume of fat used for breast reconstruction. 
When adding the mixed cell population (stromal vascular 
fraction – SVF) obtained as  a  result of  enzymatic fat 
digestion, such cells as endothelial progenitor cells (EPC) 
may strengthen the  effect of  ASC on  neoangiogenesis, 
increasing the survival of transplanted adipocytes. Immune 
system cells, also present in  SVF, prevent infections 
immediately after fat grafting, before new blood vessels 
colonize transplanted adipose tissue. The antiapoptotic role 
of ASC, their role in tissue repair and adipogenesis as well 
as the angiogenetic role of EPC and infection prevention 
by immune cells are strong arguments supporting the use 
of SVF for breast conserving therapy.1,2 There is, however, 
a not fully clarified problem concerning the possible risk 
of  cancer recurrence induced by  ASC. Adipose tissue, 
even when not supplemented with ASC, contains approx.  
3 × 105/mL mesenchymal stem cells (MSC), which in in vitro 
and in animal experiments may stimulate cancer cells.3

The  problem of  the  supportive activity of  MSC 
for cancer recurrence, expansion or metastases has been 
widely researched. All supportive evidence suggesting 
the stimulatory role of MSC in cancerogenesis originates 
from in  vitro studies and, less numerous, animal 

experiments.4 To  our knowledge, no  clinical evidence 
of oncostimulatory activity has been reported from clinical 
trials, and the evidence from clinical observations suggests 
no increase of cancer recurrence. The relatively low number 
of clinical observations of the MSC – cancer interrelations 
and the low number of patients included in the studies – 
make it necessary to collect new data before formulating 
a final conclusion regarding the safety of MSC therapies 
in patients cured from cancers.

Material and methods

The Bioethics Committee of the Polish Ministry of Health 
approved the clinical experiment based on the transplanta-
tion of autologous fat augmented with ASC into patients 
cured from breast cancer (approval No. OKB-4/12).

Patients

A total number of 56 patients who had undergone breast 
cancer treatment were enrolled in the study. The control 
group was matched among patients treated for  breast 
cancer in the years 2012–2015 in Maria Skłodowska-Curie 
Memorial Cancer Center and Institute of  Oncology 
in Warszawa, Poland.

The  inclusion criteria were: the  age of  18–75 years, 
completely cured breast cancer, min 12 months after 
the  completion of  treatment, no  syndrome of  cancer 
recurrence, and min 2 mm of fat tissue between the breast 
skin and the chest wall. The exclusion criteria were: cancer 
recurrence during the  last 12 months, the  coexistence 
of  different cancer types, autoimmunological diseases, 
keloid, connective tissue diseases, chronic anticoagulants 
treatment (<15 days before the therapy), body mass index 
(BMI)  >30, contraindications for  magnetic resonance 
imaging (MRI), expected survival time <12 months, and 
family predispositions for breast cancer, including BRCA1 
and BRCA2 gene carriers. The summary of the enrolled 
patients’ characteristics is  shown in  Tables  1–3. Data 
on breast reconstruction using autologous fat augmented 

with autologous ASC of  56 patients was 
compared with the  results of  252 control 
group patients. The control group included 
patients of matched age, year of admission 
to the clinic, histological type of cancer, and 
treatment protocol – the only difference was 
the lack of breast reconstruction treatment.

SVF isolation

All procedures were performed under gen-
eral anesthesia according to Coleman meth-
od.5 Prior to liposuction, 20–30 mL of sterile 
saline solution supplemented with epineph-
rine and lignocaine was evenly distributed 

Table 1. Characteristics of patients in respect to the histological type of disease

Histological 
type

Number 
of patients Age [years] Transplanted fat 

volume [mL]

Number 
of transplanted 

cells [×106]

Cdis 4/56 (7.1%) 46 ±10.2 65.2 ±17.5 68.9 ±56.2

Cdis, Nst 1/56 (1.8%) 55 N/A 41.0

Fibrosa 1/56 (1.8%) 73 20.0 50.8

Lobular 5/56 (8.9%) 49.4 ±7.6 75.3 ±19.3 51.4 ±22.9

Nst 40/56 (71.4%) 49.2 ±10.1 88.9 ±31.9 85.4 ±73.0

Tubular 5/56 (8.9%) 52.6 ±11.5 69.6 ±32.5 91.5 ±68.8

Average – 49.8 ±10.2 82.9 ±31.7 80.3 ±67.3

Cdis – carcinoma ductale in situ; Nst – invasive carcinoma of no special type;  
N/A – not available. 
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into the collection site by needle injection. Subsequently, 
200 mL of fat tissue was aspirated into 20 mL syringes. 
The collected lipoaspirate was divided into 2 portions: 
one was used for breast reconstruction, the other was 
enzymatically digested as we described before to isolate 
SVF cells.6 Briefly, phosphate-buffered solution (PBS) (Life 
Technologies, Waltham, USA)-diluted fat tissue was in-
cubated with 0.025% collagenase from Clostridium histo-
lyticum (Sigma-Aldrich; St Louis, USA)  at 37°C for 1.5 h. 
The resulting mixture was diluted in PBS + 2% human 
albumin (Kedrion Biophrama, Barga, Italy) and centrifuged 
(400 g, 10 min). Following phase separation, the cell pellet 
was resuspended in physiological salt solution for patient 
injections + 5% human albumin.

Cells analysis

The number (Burker’s chamber and the Sysmex analysis) 
and viability (acridine orange + ethidium bromide staining, 
fluorescence microscopy) of cells were determined and ste-
rility control was carried out for every sample (BACTEC, 
Bact/Alert; Becton Dickinson, Franklin Lakes, USA; blood 
agar and BHI agar). The cytometric analysis of the SVF 
cells and adherent fraction cells (ASC) phenotype was 
performed for  the presence of  surface markers (CD29, 
CD31, CD34, CD45, CD73, CD90, CD105, Lin1, CXCR4, 
and HLA-DR). In vitro proliferation potential (doubling 
time), clonality (the colony-forming unit (CFU) test) and 
capability to differentiate into osteogenic, chondrogenic 
and adipogenic lineage were analyzed in order to confirm 
the MSC character of the cells (Fig. 1).

SVF application

The SVF cells were resuspended in physiological salt 
solution and were used for the augmentation of fat implanted 
into the breast area in an average amount of 8.4 × 105 cells 
for every 1 mL of fat tissue transplanted earlier. The time 
between fat and cell injections did not 
exceed 4 h.

Statistical analysis

Cancer recurrence in experimental 
vs control group was evaluated using 
the  Fisher’s exact test; p  <  0.05 was 
considered statistically significant. 
The data was presented as the average 
values and standard deviations (SD).

Results

In  patients treated with ASC-
augmented adipose tissue, the histo- 
logical classification of  cancer type 

(Table 1) revealed the prevalence of invasive carcinoma 
of no special type (40 patients), 5 cases of tubular carcinoma, 
5 cases of lobular carcinoma,, 4 cases of carcinoma ductale 
in situ, and single cases of ductale/no special type and 
fibrosa. Both cases of cancer recurrence were of invasive 
no special type, similarly as 10 recurrences in the control 
group. The number of patients in respect to molecular 
subtype of cancer, tumor size and the number of lymph nodes 
involved is presented in Table 2. As reflected in Table 3, 
most patients were treated by  surgical mastectomy 
combined with radiotherapy (21), mastectomy alone (6), 
mastectomy combined with implant (9), lumpectomy 
(7), and transverse rectus abdominis myocutaneous 
(TRAM) (9). Total reconstruction was performed in 1 
patient, rarely ulceration (1) and lymphatic edema (1) were 
observed. The average volume of transplanted fat varied 

Table 2. Characteristics of patients in respect to histological/molecular 
subtype, tumor size and the number of lymph nodes involved

Histological type/
molecular subtype

Number 
of patients

Tumor size 
[mm]

Number 
of involved 

lymph nodes

Cdis 4/56 (7.1%) 34.5 ±25.8 0

Cdis, Nst/Luminal A 1/56 (1.8%) 60 0

Fibrosa/ – 1/56 (1.8%) 40.0 0

Lobular/Lum B (Her2−) 2/56 (3.6%) 28.0 ±4.2 1.0 ±1.4

Lobular/Luminal A 2/56 (3.6%) 33.5 ±9.2 0

Lobular NoLum/Her2+ 1/56 (1.8%) 31.0 4

Nst/Lum B (Her2−) 7/56 (12.5%) 32.0 ±2.7 1.1 ±0.9

Nst/Lum B (Her2+) 4/56 (7.1%) 33.5 ±2.7 3.5 ±0.6

Nst/Luminal A 22/56 (39.3%) 34.8 ±3.9 0.5 ±0.5

Nst/Non Luminal 3/56 (5.4%) 35.3 ±0.6 5.3 ±1.5

Nst/Triple neg 4/56 (7.1%) 28.5 ±5.1 3.0 ±1.8

Tubular/Luminal A 5/56 (8.9%) 13.0 ±3.4 0

Cdis – carcinoma ductale in situ; Nst – invasive carcinoma of no special 
type; Lum – luminal; NoLum – non luminal; neg – negative.

Table 3. Characteristics of patients in respect to the treatment protocol

Treatment protocol Number 
of patients Age [years] Transplanted fat 

volume [mL]

Number 
of transplanted 

cells [×106]

BCT 7/56 (12.5%) 50.7 ±7.2 78.5 ±37.4 102.8 ±74.3

Implant 9/56 (16.1%) 52.0 ±10.3 80.1 ±24.6 67.9 ±41.0

M 6/56 (10.7%) 40.3 ±11.1 79.8 ±26.6 97.3 ±37.9

M+RT 21/56 (37.5%) 50.1 ±10.2 82.4 ±32.0 76.5 ±87.2

Lymphatic edema 1/56 (1.8%) 61.0 108.0 36.0 

Ulceration 2/56 (3.6%) 67.5 ±7.7 23.5 ±4.9 59.4 ±12.1

Total reconstruction 1/56 (1.8%) 43.0 141.0 49.7

TRAM 9/56 (16%) 48.2 ±7.3 96.2 ±23.7 85.7 ±48.8

Average – 49.8 ±10.2 82.9 ±31.6 80.3 ±67.3

BCT – breast conserving therapy; M – mastectomy; M+RT – mastectomy and radiotherapy;  
TRAM – transverse rectus abdominis myocutaneous.
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from 23.5 mL (ulceration treatment) up to 141 mL (total 
reconstruction). The average number of  the SVF cells 
transplanted varied between 36 × 106 (lymphatic edema) 
and 102.8 × 106 (breast conserving therapy) (Table 3). 
Locoregional cancer recurrence in the experimental group 
in patients with invasive no special type carcinoma was 
2/54 and in the matched control group it was 10/242, which 
constituted 3.70% and 4.13%, respectively. The difference 
between cancer recurrence in the experimental vs control 
group was statistically insignificant (the Fisher’s exact  
test, p = 1.0).

Discussion

Mesenchymal stem cells are present in all the tissues 
of the human body as the cellular component of connective 
tissue. Their capacities, like a regulatory role in tissue 
repair, an immunomodulatory role in suppressing immune 
reactions against own and transplanted allogeneic tissues, 
and differentiation into several tissues make them prime 
candidates for regeneration medicine treatments. Their 
medical applications are, however, at the stage of in vivo 
tests or clinical trials, none of them being utilized in regular 
clinical procedures. They  are most frequently tested 
in orthopedics and plastic surgery, and also in neurology, 
cardiology or transplantology.

Mesenchymal stem cells may be collected from adult donors, 
which makes it possible to use them for autologous purposes. 
The source containing the highest number of MSC, which 
may be easily collected, is adipose tissue (adipose stem cells 
– ASC). These cells fulfill the morphologic and functional 
criteria listed by  the  International Society for  Cellular 
Therapy Committee as mandatory for mesenchymal stem 
(stromal) cells.7,8 One of these criteria is differentiation into 
adipose tissue, which is the main reason for the application 
of  ASC for  the  supplementation of  fat used for  breast 
reconstruction in  oncological patients. The  other ASC 
capability when transplanted into fat-reconstructed breast 

Fig. 2. Comparison of the cancer recurrence rate in the experimental 
(SVF-enriched fat lipofilling) and control group of patients

ASC – adipose stem cells; SVF – stromal vascular fraction.
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Fig. 1. Differentiation of adipose stem cells (ASC) into adipogenic (a), 
osteogenic (b) and chondrogenic (c) lineages

The cells were treated by differentiation media (all from Lonza, Allendale, 
USA) according to the manufacturer’s protocol, and stained by Oil Red 
O for adipogenic differentiation, Alizarin Red for osteogenic differentiation 
and Messon’s Trichrome for chondrogenic differentiation (Sigma-Aldrich, 
St. Louis, USA).
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is  its angiogenic potential resulting in  the  production 
of blood vessels, and preventing the apoptosis or necrosis 
of transplanted adipocytes. The beneficial effects of the ASC 
enrichment of fat used for breast reconstruction have been 
experimentally confirmed. Matsumoto et  al. observed 
that ASC are transplanted with vascular endothelial cells 
and contribute to  neoangiogenesis in  the  acute phase 
of  transplantation.9 The unanswered question was how 
important the transplanted ASC are in the compensation 
of  fat resorption by  the  production of  new adipocytes. 
The question was solved by the elegant experiment done 
by Kolle et al., who implanted fat deposits into the upper 
arms of healthy volunteers.10 After 121 days, the fat deposits 
were removed, their content was histologically analyzed and 
the volumes of fat deposits, enriched by the ASC addition, 
were compared with the volumes of fat implanted without 
the addition of ASC. The volumes of ASC-enriched fat 
deposits were 80.9% of the initial volume, whereas fat-only 
deposits were 16.3%.

A still unsolved dispute concerns the risk of cancer induction 
by MSC. There is no data available on the possible cancer 
transformation of the transplanted MSC (up to several months 
of in vitro culture prior to transplantation).11 Animal studies 
confirmed that even very high numbers (up to 450 × 106 cells 
per animal) of allogeneic MSC were transplanted without 
any negative effects.12 There is, however, some data from 
in vitro and, to a lesser extent, animal in vivo experiments 
(immunocompromised mice with heterotopic cancer) 
documenting the possibility of cancer stimulation by MSC 
co-cultured in vitro or injected into animals.13–19 In vitro, 
ASC in co-culture with breast cancer cell lines promote 
the proliferation, induction of epithelial-to-mesenchymal 
transition (EMT) (through P13K/AKT signaling in breast 
cancer cells), enhancement of migration, invasion of breast 
cancer cells by cell-cell contact, and the secretion of IL-6 and 
IL-8.13 When adding MSC to 3D-cultured hepatocarcinoma 
cells, they upregulate the matrix metaloproteinase (MMP), 
EMT-related genes and increase the  migration ability, 
thus enhancing the tumor metastasis ability.14

Bone marrow MSC, mixed with weakly metastatic 
human breast carcinoma cells, increased their metastatic 
potency, secreting de novo CCL5 chemokine (RANTES).15 
Adipose stem cells of phenotype (CD45+, CD34+, CD31+, 

CD13+, CD140b+) generated pericytes and were efficient 
in  promoting local tumor growth, inducing EMT gene 
expression in  luminal breast cancer cells.16 In  in  vivo 
experiments in  immunocompromised mice, the  co-
injection of  human ASC from lipotransfer contributed 
to tumor vascularization and significantly increased tumor 
growth and metastases in orthotopic models of human 
breast cancer.17,18 Eterno et al. reported that ASC are not 
tumorigenic per se and are not able to induce the metastatic 
transformation of normal mammary cells, and that breast 
cancer recurrence and the  enhancement of  tumor cell 
migration and tumor cell renewal resulted from the HGF/c-
Met crosstalk between ASC and breast cancer cells.19

Surprisingly, this data is not reflected by the observations 
collected from clinical trials involving patients cured 
from cancer, treated with autologous or allogeneic MSC. 
The results of the implantation of ASC-containing grafts 
into patients treated for osteosarcoma, chondrosarcoma 
or Ewing sarcoma did not produce any side effects, including 
cancer recurrence.20 A  multicenter study on  breast 
reconstruction with ASC-enriched fat also did not produce 
breast cancer induction by  ASC added to  lipofilling 
material.21 The  authors of  a  recently published study 
based on the analysis of extensive literature data conclude 
that  “recent reports concerning SVF/ASC enrichment 
of  fat graft did not describe any significant worsening 
of prognosis for patients; however, further studies and longer 
follow-ups are needed to confirm the safety of procedures 
using SVF/ASC enrichment during post-surgical breast 
reconstruction”.22 Likewise, the  authors of  a  similar 
analysis of published data conclude: “If the family history 
is  negative for  breast cancer and no  additional risk 
factors for breast cancer are evident, fat grafting can be 
considered a surgical option.”23 The difference between 
the in vitro and in vivo (mice) studies and clinical data 
may be explained by the fact that both in vitro research 
and animal studies are very simplified when compared 
to the clinical situation. Such an experimental design does 
not allow for the immune system involvement, and tests 
ASC in an artificial environment, which may change their 
secretome production. In contrast, enriching adipose tissue 
with ASC makes only a quantitative, but not qualitative, 
difference, since non-enriched fat also contains a relatively 
high number of ASC and the ASC additionally admixed 
into fat are placed in their “native” environment. There 
are also scant reports on the anticancer activity of ASC. 
Human MSC in a hepatoma model inhibit the malignant 
phenotypes of human liver cancer lines, which includes 
the proliferation, colony-forming ability and oncogene 
expression, both in vitro and in vivo.24 Otsu et al. observed 
that in an in vivo tumor model, direct MSC inoculation 
at high numbers into subcutaneous melanomas induced 
apoptosis and abrogated tumor growth due to  their 
antiangiogenic mechanism.25 Similarly, the anticancer 
activity of marrow MSC was observed in an experimental 
model of Kaposi sarcoma, and in an in vitro or in vivo 
model when ASC induced pancreatic cancer death.26,27

The clinical benefits of breast reconstruction were not 
analyzed due to the relatively low number of patients and 
a high heterogeneity of cancer types, disease stages and 
cancer therapy protocols. The clinical outcome (residual 
pain, lymphatic edemas) and their satisfaction levels were 
better in the breast reconstruction group.  Our study was 
concentrated on the evaluation of the safety of the SVF 
treatment in patients cured from cancer. Our observation 
time was relatively short, hence the  conclusions must 
be considered with caution. However, in other papers, 
the follow-up period was 12 months, 14–48 months vs 
our 24–36-month follow-up time.21,28
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It may be concluded that breast reconstruction using fat 
augmented with autologous adipose-derived stem cells does 
not increase the risk of cancer recurrence. The relatively 
short observation time (3 years) and the heterogeneity 
of  both cancer types and cancer treatment protocols 
suggest a cautious interpretation of our results.
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