
Breast reconstruction is an important procedure 

that is increasingly being made available to 

patients undergoing total or partial mastectomy. 

As a result of improved diagnostics, breast 

conserving surgery followed by radiation therapy 

has replaced modified radical mastectomy as the 

most common treatment for early-stage breast 

cancer. However, this procedure frequently creates 

a deformity that can be difficult to repair using 

conventional techniques that employ implants. 

To overcome the limitations of implants as well 

as other reconstructive approaches that utilize 

tissue flaps, a new procedure that employs grafts 

of autologous adipose tissue combined with 

adipose-derived regenerative cells (ADRCs) has 

been developed. This graft procedure can be used 

as an adjunct to traditional implants and tissue flap 

techniques and also has the potential to be used as 

the principal therapy. Meanwhile clinical results 

from partial mastectomy patients that utilize grafts 

of autologous adipose tissue enriched with ADRCs 

show improvement in breast contour, fibrosis 

(scarring), pigmentation, and skin quality.

This short review provides an overview of 

traditional breast reconstruction techniques and 

their limitations. It also presents the experimental 

and clinical data with autologous adipose tissue 

and ADRCs grafts and their role in fulfilling 

an unmet medical need in breast reconstruction 

following cancer therapy. 

 
Introduction

More than one million women worldwide are 

diagnosed with breast cancer annually1. In recent 

years the standard therapy for patients with early 

localized breast cancer has changed from total 

mastectomy to breast conserving approaches 

frequently supplemented with local radiation 

therapy2. Numerous clinical trials have shown that 

partial mastectomy, which includes quadranectomy 

or lumpectomy, is as effective as total mastectomy 

for patients with localized disease3. This approach 

frequently results in postoperative breast 

asymmetry and painful scarring due to distortion, 

retraction, and noticeable volume changes in the 

breast, or to changes in the position of the nipple 

and areola complex5. In many patients these 

problems lead to dissatisfaction with the aesthetic 

appearance of their breasts and can have a major 

impact on their psychological well being and 

quality of life6, 7. Adjunctive radiation treatment 

can add to the problem by inducing avascular 

fibrosis, retraction, and atrophy of remaining 

breast tissue and the underlying chest wall, as well 

as hypo- or hyper-pigmentation, talangiectasia and 

atrophy of breast skin5. 

Breast reconstruction is increasingly being offered 

to patients in an effort to reduce the aesthetic and 

psychological consequences of mastectomy or the 

postoperative breast deformation that is often an 

outcome of lumpectomy. A number of different 

approaches for reconstruction are used although the 

precise combination used for a particular patient is 

dependent upon factors such as age, disease state, 

body habitus, and lifestyle. For example, immediate 

breast reconstruction, which is carried out at the 

same time as total or partial mastectomy, has the 

advantage that the chest tissue is not damaged by 

radiation therapy and often has superior aesthetic 

outcome with fewer complications8. It may also 

be followed up with secondary procedures to 

complete the reconstruction process. Delayed 

reconstruction may be a better option for patients 

undergoing radiation therapy in order to avoid 

radiation-induced impairment of healing.

Conventional Breast 
Reconstruction

Traditionally, women have had the option of breast 

reconstruction using tissue expanders and breast 

implants, autologous reconstruction using a flap of 

their own tissue, or a combination of both2.

  
Implant procedures typically commence with the 

insertion of a tissue expander, a temporary implant, 

beneath a pocket under the pectoralis major muscle 

of the chest wall9. The pectoral muscle may be 

released along its inferior edge to allow a larger, 

more supple pocket for the expander at the expense 

of thinner lower pole soft tissue coverage. In a 

minimally invasive, outpatient procedure that can 

take weeks or months, saline solution is injected 

percutaneously to gradually expand the overlaying 

tissue. Once the expander has reached the intended 

size, it may remain as the final implant or be removed 

and replaced with a more permanent implant.  

 
These implants are typically a silicone rubber 

shell filled with saline or silicone and can vary 

greatly in contour, texture, and the placement of 

the incision. Saline implants can have either a fixed 

volume or can be adjusted after implantation9. 

Silicone implants filled with silicone gel have 

a consistency more similar to human fat tissue. 

However, use of this approach following breast 

conserving therapy is complicated by the irregular 

size, shape, and position of the breast contour 

defect such that it is often extremely difficult to 

identify an implant that matches the defect. Even 

with more extensive surgery, for example, those in 

which only the skin and nipple areola complex is 

spared, the outcome following use of implants can 

be complicated by difficulties matching the plane 

of the conserved skin and the expanded underlying 

muscle such that window-shading and other 
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contour defects can occur8. The paucity of residual 

subcutaneous tissue can also cause problems 

with both implant loss and tissue necrosis11, 12. 

 
Tissue flap procedures, such as latissimus dorsi and 

TRAM flaps, are also used in breast reconstruction 

following total or partial mastectomy10. Radiation 

can increase the risk for complications as a result 

of its affects on wound healing13. It can also affect 

symmetry with the other breast and can alter 

capsule formation and increase the rate of capsular 

contraction14,15. As with any flap procedure, 

donor site morbidity can also be a problem in  

some patients16.

  

Novel Breast Reconstruction 
Technique – Autologous Adipose 
Tissue  with  ADRCs  Grafts

Autologous adipose tissue grafting is a commonly 

performed procedure in reconstructive surgery 

that has been used for over a century17. Adipose 

tissue has many advantages over other soft tissue 

fillers: it is biocompatible, easily accessible and 

available, and can produce aesthetically pleasing 

and natural-looking results. However, significant 

graft resorption is frequently encountered resulting 

in unpredictable results18. To overcome this 

drawback a novel reconstructive technique has 

been developed that combines autologous adipose 

tissue with a population of regenerative cells 

obtained from the patient’s adipose tissue. This 

approach can be used as the principal therapy or 

as an adjuvant to traditional implants and tissue  

flap procedures.

  
Rationale behind Adipose Tissue 
Cell-Enrichment  
Harvest of adipose tissue, no matter how carefully 

it is performed, inevitably leads to tissue damage. 

This can be seen in the presence of free lipid 

released from ruptured adipocytes present in the 

waste following washing of a graft or at the top 

of the syringe following centrifugation119. Once  

re-implanted the tissue becomes exposed to 

hypoxic injury until such time as new blood vessels 

penetrate the graft from adjacent, vascularized 

tissue20. Thus, graft retention can be improved by 

applying approaches that minimize these traumatic 

and hypoxic injuries and that promote local 

healing and incorporation into adjacent tissue. 

Cell-Enrichment and Risk  
of Tumors

Naturally, any time a procedure is performed within 

the breast following malignancy it is important to 

consider if it might pose a risk by impacting on 

tumor recurrence. While a number of laboratory 

studies have shown that cultured stem cells can 

change the growth or metastatic properties of 

human breast tumor cell lines35,36 it is important to 

recognize that these studies do not reflect clinical 

practice37. For example, in these studies the tumor 

cells are invariably injected into ectopic sites 

(subcutaneous or under the kidney capsule35,36,38,39) 

where tumor biology is known to differ in behavior 

from that at its native site (the breast or mammary 

fat pad)40.  Further, these studies use cultured stem 

cells that are actively proliferating rather than the 

quiescent cells normally present in adipose tissue.

 
Clinical experience suggests that fat grafting has 

no effect on tumor recurrence. Petit et al41 matched 

two control patients who did not receive fat 

grafting for each of the 321 patients in their study 

who were operated on for breast cancer between 

1997 and 2008 who also received reconstruction 

that included fat grafting. No difference in local 

recurrence rate was seen when evaluating all 

patients together or when evaluating patients 

treated with mastectomy or breast conserving 

surgery only. The only statistically significant 

difference observed indicated a higher incidence 

of recurrence for fat grafting patients who 

had ductal or lobular intraepithelial neoplasty. 

However, as the recurrence rate for the fat grafting 

group was consistent with that observed in wider 

literature42,43, the unusually low rate observed in 

the control group could be a statistical anomaly. 

The authors concluded that fat grafting seems 

to be a safe procedure in breast cancer patients. 

 
To evaluate the effect of fat grafting on tumor 

recurrence further, including with or without 

ADRC-enrichment, a clinically relevant in vivo 

preclinical study was performed in which the 

human breast cancer cell lines ER-negative (MDA-

MB-231) and ER-positive (MCF-7) were injected 

into the mammary fat pad of immunodeficient mice. 

Human fat grafts were then implanted immediately 

adjacent to the tumor implant site in order to mirror 

the worst case clinical scenario in which a fat graft 

In recent years it has become apparent that human 

adipose tissue contains cells, including adult 

stem cells, that possess the ability to promote 

healing and recovery from hypoxic or ischemic 

injury21-25. The form of these cells produced 

without use of cell culture is referred to as 

ADRCs. ADRCs have been shown to be capable 

of promoting healing in a number of settings26-30. 

For example, Akita et al have shown healing of a 

refractory chronic wound arising from irradiation 

following a single treatment with ADRCs31,32. This 

confirms preclinical data showing ADRC-induced 

acceleration of healing in an animal model of 

delayed wound healing33 and tissue ischemia22,25. 

On the basis of these and other data it has been 

proposed that these healing properties might be 

harnessed to improve graft retention in autologous 

fat grafting. Indeed, preclinical data show that 

combining ADRCs with an autologous fat graft 

effectively doubles graft retention at six and  

nine months30.

 
Cell-Enrichment Enhances 
Growth Factor Levels    
In fat grafting, the critical area is the interface 

between the newly grafted tissue and adjacent 

vascularized tissue. Signals generated by growth 

factors at this interface modulate incorporation 

of the graft into recipient site tissues. By 

boosting the number of regenerative cells at this 

critical interface, ADRCs increase growth factor 

signaling and, thereby, improve incorporation. 

Thus, cell-enrichment increases the number of 

stem cells at the interface by an average of 28-

fold more than grafts prepared by centrifugation 

(Figure 1; data from Toyoda et al., manuscript 

in preparation). As shown in Table 1, these 

cells also dramatically boost growth factor 

signaling with increases of between 19-fold and 

142-fold in different growth factor expression. 

 

These growth factor expression levels are further 

increased when the graft is implanted and the cells 

respond to the hypoxic environment in vivo. Once 

the graft has become revascularized and the tissue 

has become normoxic, growth factor expression 

returns to normal. 



Figure 1. Comparison of stem cell numbers in adipose tissue grafts prepared by       

centrifugation or Celution using the same harvested tissue. Stem cell assay performed 

using the CFU-F assay.

is implanted adjacent to an occult tumor. Eight 

weeks after fat graft implantation the animals were 

evaluated for tumor frequency, size, and metastasis 

to the lung. The results showed that fat grafting had 

no effect, with or without cell-enrichment, on the 

frequency at which animals developed tumors or 

metastasis. Fat grafting had no significant effect on 

tumor size in the ER-negative (MDA-MB-231) cells 

line and a significant decrease in tumor size with ER-

positive (MCF-7) cells (Figure 2)44,45.

Efficacy and Safety - Clinical 
Use of Adipose Tissue and ADRCs 
Grafts in Breast Reconstruction 
Adipose tissue and ADRCs in breast reconstruction: 

• � As a natural filler for defects after   undergoing 	

 breast-conserving surgery 

•  �In implant reconstruction to cover the  

implant with adipose tissue for a more  

natural appearance 

•  �To correct contour deformities after a  

flap reconstruction 

•  �In small breasts, to reconstruct the breast 

following breast-conserving surgery, without the 

need for large scars and prolonged recovery 

•  �To improve skin quality and soft tissue coverage 

after mastectomy and radiotherapy 

Clinical evaluation of autologous adipose and 

ADRCs tissue grafts, prepared using the automated 

in the breast mound size of approximately 50% one 

month after the procedure. This declined slightly 

over the following two months consistent with 

ongoing absorption of fluid injected with the graft. 

The outcome stabilized thereafter such that at six 

and nine month evaluations approximately 90% of 

the increase detected at one month was retained. 

Larger, randomized studies are necessary to assess 

long-term safety and efficacy of this promising new 

option. Likewise large multi-center clinical studies 

will be required to assess the efficacy of adipose 

tissue and ADRCs grafts as a total or adjunct breast 

reconstruction procedure in patients following  

total mastectomy.  

Conclusion

In summary, the autologous adipose tissue and 

ADRCs grafts treatment approach has the potential 

to address a currently unmet clinical need in a 

large patient population of cancer survivors post 

breast conservation treatment with or without 

radiation therapy. The technique harnesses the 

power of ADRCs and their ability to transiently 

produce key growth factors that promote healing 

and adipose tissue retention without stimulating 

tumor recurrence. This novel breast reconstruction 

procedure requires less time in the operating theatre 

as compared to for example a flap procedure and 

shows significant improvements in repair to the 

skin and breast tissue and restoration of natural 

looking breasts with minimal scarring.

Celution® System, for breast reconstruction in 

partial mastectomy patients is being carried out 

in the multi-center RESTORE-2 clinical study.  

The authors of this study have reported promising 

interim findings from the first 51 patients at six and 

12 months showing excellent graft retention with 

high levels of patient and surgeon satisfaction48,49. 

Complications reported to date fall into the same 

types as those reported previously for fat grafting 

in the breast44. Data also show progressive 

improvement in scarring, fibrosis, and pigmentation.  
Previously, a 12 month investigator-initiated 

clinical study, known as RESTORE-1, was 

conducted by Kitamura et al. used the Celution 

System for preparation of autologous adipose and 

ADRCs tissue grafts for breast reconstruction46,47 

in partial mastectomy patients. Increased graft 

retention, reduction in scar tissue and increased 

patient and physician satisfaction when compared 

to adipose tissue grafts alone were reported. 

There were no complications reported during 

or immediately following the procedure and the 

investigators concluded that autologous adipose 

tissue and ADRC grafts prepared using the Celution 

System were safe, effective, and provided durable 

results with 79% patient satisfaction.  

 
In the related application of breast augmentation, 

Kamakura et al50 have reported data in which they 

measured the difference in chest circumference 

immediately below the inframammary fold and at 

the nipple before and after cell-enriched adipose 

tissue grafting50. The data results show an increase 

CF
U

-F
/m

L 
G

ra
�

Centrifuga�on Celu�on

10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

0

Growth Factor Fold Increase 
at Interface

Vascular Endothelial Growth Factor (VEGF) 19

Placental Growth Factor (PlGF) 142

Hepatocyte Growth Factor/Scatter Factor (HGF) 30

Platelet-Derived Growth Factor (PDGF) 27

Insulin-like Growth Factor-1 (IGF-1) 75

Table 1: Fold increase in expression levels of key growth factors produced by cells  
present at the interface of centrifuged grafts and those present in cell-enriched grafts. 
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STEP 1
Human MCF-7 breast cancer cell 
line implanted into right mammary 
fat pad of SCID mice.  All mice also 
recieved slow release subcutaneous 
estrogen implant.

STEP 2
Three days later perform fat grafting 
with or without Adipose-Derived 
Regenerative Cells adjacent to  tumor 
cell implantation site. 

STEP 3 Euthanize at eight weeks to measure tumor volume
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