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ABSTRACT 
Radiation therapy is the standard of care for a variety of oncological conditions because it is highly effective at reducing the 

risk of local recurrence following resection. However, radiation often causes detrimental effects to the surrounding tissue. 

One therapeutic outlet being increasingly explored to address post-radiation morbidities is autologous fat grafting (AFG). 

Beneficial regenerative effects including volume restoration, improved skin quality, pain reduction, and trophic restoration 

are attributed mainly to the presence of adipose-derived stem and stromal cells present within the adipose tissue. Here we 

review published data pertaining to the use of autologous fat grafting and cell-assisted lipotransfer for the treatment of 

radiotherapy-associated tissue damage, or radiodermatitis, as well as the data supporting the role of adipose-derived stem 

cells. 

INTRODUCTION

Radiation therapy is the standard of care for a variety of 

oncological conditions because it is highly effective at 

reducing the risk of local recurrence following resection. 

However, radiation often causes detrimental effects to the 

surrounding tissue including skin discoloration altered 

collagen structure, reduced skin elasticity, and dermal 

thickening as well as a reduction in small vessel density, 

blistering, draining and/or dryness [1,2]. More serious cases 

can produce chronic pain, scarring, ulceration and tissue 

necrosis. The structural alterations and complications of the 

tissue can make reconstruction of irradiated wounds and 

tissue difficult. 

One therapeutic outlet being increasingly explored to 

address post-radiation morbidities is autologous fat grafting 

(AFG). Autologous fat grafting (AFG) is steadily becoming 

the method of choice for most contour and soft tissue defect 

repairs. AFG was first reported in 1893 by Gustav Neuber to 

fill a depressed facial scar [3]. Poor clinical results and 

interference with xenography and mammograms caused 

AFG to be overlooked for nearly a century [4,5]. Recently, 

however, improvements in imaging techniques and clinical 

outcomes have enabled AFG to become an increasingly 

popular remedy for a myriad of reconstructive problems 

requiring soft tissue restoration. The use of adipose tissue to 

treat soft tissue injuries and restore volume has dramatically 

increased in the last 20 years. Adipose tissue makes an ideal 

filler because it is easily acquired and prepared and 

ultimately provides a permanent, natural filler. The clinical 

use of AFG to treat irradiated tissue has demonstrated drastic 

regenerative effects in addition to restored volume including 

improved skin quality, improved skin tone and improved 

structural and vascular networks. These beneficial 

regenerative effects are attributed mainly to the presence of 

adipose-derived stem and stromal cells present within the 

adipose tissue [6,7].  

The benefit of adipose-derived stem cells in fat grafting has 

been frequently explored in the last 10 years, beginning with  

Corresponding author: Joel A. Aronowitz, Cedars-Sinai Medical Center, 

Los Angeles, CA, USA, E-mail: dra@aronowitzmd.com 

Citation: Lockhart A R, Hakakian S C, Birnbaum Z & Aronowitz A J. 

(2017) Autologous Fat Grafting and Cell-assisted Lipotransfer to Alleviate 

Radiotherapy Tissue Damage. Stem Cell Res Th, 2(1): 64-73. 

Copyright: ©2017 Lockhart A R, Hakakian S C, Birnbaum Z & Aronowitz 

A J. This is an open-access article distributed under the terms of the 

Creative Commons Attribution License, which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original author 

and source are credited. 

ISSN: 2474-4646



SciTech Central Inc. 

Stem Cell Res Th (SCRT) 65 

Stem Cell Research & Therapeutics, 2(1): 64-73  Lockhart A R, Hakakian S C, Birnbaum Z & Aronowitz A J. 

the 2006 report by Matsumoto et al. [8] which demonstrated 

superior volumetric retention of fat grafting when 

supplemented with adipose-derived stem cells. They termed 

this technique cell-assisted lipotransfer (CAL). Adipose-

derived stem cells are thought to facilitate graft survival by 

producing anti-inflammatory, anti-apoptotic, and pro-

angiogenic cytokines as well as differentiating into adipose 

tissue and new vascular structures. Figure 1 and Figure 2 

gives a brief overview of methodology of cell-assisted 

lipotransfer and the role of ASCs. Here we review published 

data pertaining to the use of autologous fat grafting and cell-

assisted lipotransfer for the treatment of radiotherapy-

associated tissue damage, or radiodermatitis, as well as the 

data supporting the role of adipose-derived stem cells. 

Figure 1. Brief overview of CAL protocol. 

Radiotherapy Tissue Damage 

Radiodermatitis is an inflammatory condition characterized 

by erythema, edema, epidermal thickening, pruritus 

(itchiness) and desquamation (skin peeling). Radiodermatitis  

is one of the most common side effects observed in patients 

who have received radiation therapy for sarcoma, breast, 

anal, vulvar, and head and neck cancers [9,10]. The acute 

stage of inflammation leads to a more chronic fibrotic 



SciTech Central Inc. 

Stem Cell Res Th (SCRT) 66 

Stem Cell Research & Therapeutics, 2(1): 64-73  Lockhart A R, Hakakian S C, Birnbaum Z & Aronowitz A J. 

process (chronic radiodermatitis). Chronic radiodermatitis is 

characterized by a decrease in elasticity, subpar wound 

healing, and hyperpigmentation (Figure 3) and at its most 

severe state, radionecrosis with ulceration [11-13]. 

Figure 2. The role of ASCs in Cell-assisted lipotransfer (CAL). 

Figure 3. A 40 year old woman presenting with radiation damage of the right breast after receiving a breast conserving 

lumpectomy with adjunct radiation therapy and chemotherapy 5 years prior. Tissue below the right breast exhibits altered 

pigmentation typical of radiodermatitis.
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Exposure to radiation has also been shown to significantly 

alter the microvascular structure of exposed tissue. In the 

acute phase of the response to radiation exposure, the 

vascular endothelium experiences increased permeability, 

leading to edema and thrombosis. The hyperpermeability 

ultimately leads to an increase in capillary density, but the 

newly formed capillaries are irregular and easily occluded 

[14]. Damage to the vascular endothelium induces hypoxia 

and exposure to ionizing radiation upregulates transforming 

growth factor ß (TGF-ß) production by human dermal 

fibroblasts [15]. TGF-ß is a cytokine which actively 

promotes radiation-induced fibrosis [16]. Radiation fibrosis 

predisposes the treatment area to the development of ulcers, 

skin breakdown and tissue retraction, which can be painful 

and limit mobility (Figure 4). Additional morbidities which 

can be observed in the chronic phase of radiodermatitis 

include loss of hair follicles, nails, skin appendages and 

sebaceous glands in the treatment area. Radiation induced 

tissue damage and ischemia eventually lead to tissue 

necrosis if left untreated and the radiation exposure 

predisposes exposed cells to neoplastic transformation, as 

ionizing radiation can cause mutations and chromosomal 

abnormalities in mitochondrial and nuclear DNA [17]. 

Table 1 summarizes the characteristics of acute and chronic 

radiodermatitis. 

Figure 4. A 90 year old woman who presented with a non-healing radiation ulcer of the left leg as a result of radiotherapy 9 

months prior. 

The level of tissue damage is commonly assessed using a 

variety of assessment tools, none of which has emerged as a 

gold standard. The most widely used grading scales are the 

National Cancer Institute's Common Terminology Criteria 

for Adverse Events (CTCAE) for the classification of acute 

radiodermatitis and the Radiation Therapy Oncology Group 

(RTOG)/European Organization for Research and Treatment 

of Cancer (EORTC) scale or the Late Effects Normal Tissue 

Task Force- Subjective, Objective, Management, and 

Analytic (LENT-SOMA) scale for the classification of 

chronic dermatitis. Table 2 briefly summarizes all 3 grading 

scales for dermatologic conditions. 

Autologous Fat Grafting 

The first documented clinical series using autologous fat 

grafting to treat radiotherapy tissue damage was published 

by Rigotti et al. in 2007 [18]. This study reported on the 

clinical outcomes of 20 patients treated with autologous  

lipoaspirate injections into irradiated breast tissue. All 

patients had a LENT-SOMA grade 3 (severe) or grade 4 

(irreversible functional damage) radiation damage (Table 2) 

as a result of receiving a dose of radiation between 45-55 

Gy. Rigotti et al. reported dramatic symptom improvement 

in 19 out of 20 subjects and overall a significant decrease in 

the LENT-SOMA score after therapy. Symptomatic 

improvements observed included complete remission of all 

cases of skin necrosis, elimination of telangiectasia and pain, 

as well as a reduction of fibrosis, atrophy and skin retraction. 

The 19 out of 20 patient who showed a response to the 

therapy all experiences an improvement of 2 points or better 

on the LENT-SOMA Scale. 

Rigotti et al. examined the potential causes of these 

regenerative effects at a cellular level. Prior to injecting any 

lipoaspirate back into patients, compositional and 

ultrastructural analysis were conducted on the harvested 
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lipoaspirate. What they found attributed the regenerative 

effects of the tissue to the stromal cell populations contained 

within the lipoaspirate, specifically the adipose-derived stem 

cells. Ultrastructural analysis revealed a relative paucity of 

fully intact adipocytes and an abundance of intact stromal 

cells. Histologically they observed progressive regeneration 

including neovascular formation and improved tissue 

hydration. They ultimately suggested the presence of 

adipose-derived stem cells to be responsible for neovascular 

formation and improved tissue quality. 

Table 1. Summary of Acute and Chronic Radiodermatitis [1,2,6,7,9-19]. 

Classification Time Frame Characteristics 

Acute Radiodermatitis ≤ 90 days post radiation exposure 

Erythema 

Edema 

Altered pigmentation 

Increased skin sensitivity and tightness 

Dry, flaky or scaly skin (Dry 

desquamation) 

Epidermal sloughing, skin blisters, 

serious 

draining (Moist desquamation) 

Chronic Radiodermatitis 90+ days post radiation exposure 

Altered pigmentation 

Loss of hair follicles, nails, skin 

appendages, 

and sebaceous glands 

Telangiectasia 

Fibrosis 

Ulcers 

Radiation-induced morphea (RIM) 

Dermal ischemia 

Radiation necrosis 

Predisposition to latent development 

of new 

neoplasms in treatment area 

Sultan et al. [19] examined the effects of autologous fat 

grafting on chronic radiodermatitis in a murine model in an 

attempt to clarify the mechanism of regeneration observed 

by Rigotti et al., with an emphasis on histological and 

phenotypic changes. A group of 25 mice (wt FVB mice) 

were divided into 3 groups: control (non irradiated, no 

injections, n=5), irradiated and then sham grafted (saline 

injections, n=10) and irradiated and then fat grafted (human 

fat injections, n=10). Sham and fat grafts occurred 4 weeks 

after mice received a 45 Gy dose of radiation. They noted 

that in the fat grafted group, radiation ulcers became smaller 

and hyperpigmentation decreased, whereas no improvements  

were noted in control or sham grafted groups. Histologically, 

they observed that fat grafting attenuated epidermal 

thickening, stabilized irradiated microvasculature, restored 

collagen organization and reduced the fibrotic response to 

radiation. 

A 2014 study by Garza et al. [18] further examined the 

effects of fat grafting on irradiated tissue. A set of 15 

Crl:NU-Foxn1
nu

 CD-1 immunocompromised mice were 

divided into 2 groups. 6 were used as non-irradiated controls 

and 9 received a dose of 30 Gy of external beam radiation to 

the scalp. 4 weeks post irradiation, all mice received 200ul 

injections of donor human fat into the scalp. Skin samples 
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were harvested before fat injections (4 weeks after 

irradiation) as a baseline and at 2 and 8 weeks post fat 

injection. They observed that fat grafting alleviated dermal 

thickening which resulted from radiation exposure, 

decreased skin collagen content and increased neovascular 

density in irradiated skin. However, they noted significantly 

decreased fat retention observed in the irradiated tissue 

compared to the control group, but the permanently 

engrafted tissue was histologically identical between groups. 

They attribute the decreased volumetric retention to the 

greater ischemic state resulting from irradiation. When the 

graft material, already deficient in vasculature as a result of 

harvest [20], is introduced into the ischemic environment of 

the irradiated tissue, it is exposed to a greater level of 

hypoxia than it would if placed into healthy tissue, thereby 

decreasing the overall retention as a greater number of 

mature adipocytes succumb to hypoxic stress. 

Table 2. Summary of Radiodermatitis Grading Scales 

Scale name  Assesses Scale 

Range 

 Characteristics 

National Cancer 

Institute's 

Common Terminology 

Criteria for Adverse 

Events 

(CTCAE) 
47

 

Acute Radiodermatitis 1 to 5 

1-Mild

2-Moderate

3-Severe

4-Life threatening

5-Death (not appropriate for all adverse events)

RTOG/EORTC Scale 
48

 Chronic 

Radiodermatitis 0 to 4 

Grade 0- No abnormality 

Grade 1- Skin: Slight atrophy, change in 

pigmentation, some hair loss. 

Subcutaneous tissue: Loss of subcutaneous fat, mild 

fibrosis, slight induration. Atrophy 

or dryness of mucous membranes. 

Grade 2- Skin: Patch atrophy, moderate telangiectasia, 

and total hair loss Subcutaneous tissue:Moderate 

fibrosis 

Grade 3- Skin: Marked atrophy and gross 

telangiectasia 

Subcutaneous tissue: Severe induration and loss of 

subcutaneous fat 

Grade 4- Ulceration or necrosis 

LENT-SOMA Scale 
49

 Chronic 

Radiodermatitis 1 to 4 

Grade 1- Occasional pain and minimal 

hypersensitivity, pruritus, mild fibrosis 

(epidermal only) 

Grade 2- Intermittent and tolerable pain, dermal 

fibrosis (increased intensity and firmness) 

Grade 3- Persistent and intense pain, severe fibrosis 

with marked density, retraction and fixation of 

subcutaneous tissue 

Grade 4- Refractory and excruciating pain, bone 

exposure/ulceration or necrosis 

Salgarello et al. [21] reported another clinical series 

involving the treatment of 16 patients who received a prior 

mastectomy or lumpectomy with adjunct radiation therapy. 

All patients had radiation damage at grade 1 or 2 on the 

LENT-SOMA scale. All subjects were treated with 

autologous fat grafting to the affected region and required 2 

or 3 sessions in 3 month increments in order to achieve a  

LENT-SOMA score of 0 (no damage). Salgarello et al. 

reports high patient satisfaction in all cases except 1, and 

additionally that the use of fat grafting can help reduce the 

risk of implant related complications in patients with a 

history of radiation if treated with AFG prior to placement of 

an implant. 
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Phulpin et al. [22] reported on a series of 11 patients who 

received AFG to alleviate radiotherapy induced tissue 

damage in the head and neck area. 10 patients had received 

50 Gy of radiation or more and 1 patient received a dose of 

30 Gy. AFG was conducted throughout affected areas. 

Improvements reported included disappearance or decrease 

in fibrosis, restoration of tissue volume and symmetry as 

well as other significant aesthetic improvements. In addition 

to cosmetic improvements, restoration of function was 

reported in a number of cases as well including easier 

swallowing, increased mobility of the head and neck region, 

improvement of breathing, and improved phonation. 

A number of case reports describing treatment of 1 or 2 

patients for radiotherapy tissue damage have been published 

as well [23-25]. These studies all report favorable outcomes 

in terms of tissue quality, aesthetics and patient satisfaction 

where applicable. An additional benefit which reported for 

AFG is the reduction of pain in patients experiencing post-

mastectomy pain syndrome (PMPS) after undergoing 

mastectomy with radiation therapy [26,27]. 

Cell-assisted Lipotransfer 

The observations of Garza et al. suggest that further research 

into methods focused on improving the volumetric retention 

of autologous fat grafting in irradiated tissue is warranted. A 

study published in 2016 by Luan et al. [28] examined the 

outcomes of AFG and CAL in a mouse model. A total of 24 

Crl:NU-Foxn1
nu

 CD-1 immunocompromised mice were 

divided into 4 groups: irradiated with AFG (n=6), irradiated 

with CAL (n=6), non-irradiated with AFG (n=6) and non-

irradiated with CAL (n=6). Irradiated mice received a dose 

of 30 Gy of external beam radiation. 5 weeks after 

irradiation, all mice received a 200ul fat grafts of donor 

human fat to the scalp which were supplemented with 

10,000 uncultured SVF cells per graft (50,000 SVF 

cells/mL) if in one of the CAL groups. There was no 

significant difference in volumetric retention between mice 

who received CAL with or without irradiation. Both CAL 

groups showed significantly greater volumetric retention 

compared to the AFG groups. Following previously reported 

trends, the irradiated AFG group resulted in significantly 

reduced volumetric retention compared to all other groups. 

When comparing CAL and AFG in irradiated tissue, CAL 

was shown to significantly increase graft integrity and 

decrease the occurrence of oil cysts and vacuoles. CAL also 

resulted in a greater reduction in dermal thickness, greater 

reduction in collagen density, and greater increase in graft 

vascularity than AFG post engraftment. Overall, they noted 

that CAL improved volumetric retention and provided 

greater rescue from radiation-induced skin damage than 

AFG. 

The Regenerative Potential of Adipose-derived Stem 

Cells 

As is suggested by the work of Rigotti et al. [6], Sultan et al. 

[7], and Garza et al. [18], the regenerative effects of fat 

grafting are attributed to the adipose-derived stem cell 

(ASC) population present within adipose tissue. ASCs have 

been shown to play a supportive role in adipogenesis and 

angiogenesis as well as a protective role by modulating 

inflammation and immunity through cytokine production 

[20,29-33]. Numerous preclinical and clinical studies has 

demonstrated a wide range of beneficial regenerative effects 

exerted by adipose-derived stem cells. 

Multilineage differentiation potential, specifically 

adipogenic and angiogenic, is a very important aspect to the 

regenerative potential of ASCs and is particularly important 

in terms of graft retention and volume retention. Fat 

injections have been shown to result in growth of new 

adipose tissue at the site of injection and paracrine 

stimulation by injected ASCs has been shown to influence 

the local stem cell populations to differentiate down 

adipocyte lineages [34,35]. When conducting fat transfer 

procedures, a significant portion of the transplanted tissue 

will succumb to the hypoxic stress and die. The presence of 

ASCs in the fat allows a portion of this tissue to regenerate 

new adipose tissue as a result of adipogenic differentiation. 

Eto et al. proposed a model for the fate of adipose tissue 

after transplantation [20]. The system describes 3 tissue 

zones of transplanted fat: the surviving zone, the 

regenerating zone and the necrotizing zone. The surviving 

zone receives adequate oxygen via diffusion from the 

surrounding tissue and allows both the fat and stem cell 

population to survive. The necrotizing zone is too deep and 

insufficient oxygen reaches the tissue resulting in death and 

resorption of both the adipocytes and stem cells. The 

regenerating zone however receives an intermediate amount 

of oxygen which results in death of the adipocyte population 

but survival of the stem cell populations, which are more 

resistant to hypoxic insult. The surviving stem cell 

populations in the regenerating zone tend to differentiate 

down adipocytic lineages and replace a portion of the 

adipose tissue which was lost [20,30,31]. 

The angiogenic potential of ASCs is well documented as 

well. ASCs have been shown to increase tissue perfusion in 

grafted areas via induction of angiogenesis, through 

differentiation and paracrine mechanisms, as well as playing 

a protective role on existing vasculature [29,32,36]. 

The presence of ASCs in grafted fat tissue promotes a more 

rapid recovery from the hypoxic state experienced after 

transplantation. A more rapid recovery of tissue perfusion 

and vasculature results in a greater survival rate of grafted 

tissue as well as facilitate more rapid wound healing [37,38]. 

While it was initially assumed that the regenerative benefits 

of stem cells was purely due to direct differentiation and 

replacement of damaged tissues by the transplanted stem cell 

populations, growing evidence shows that the greatest 

benefit is afforded by the paracrine effects of molecules 
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secreted by mesenchymal stem cells. The paracrine effects 

exerted by ASCs have demonstrated anti-inflammatory, 

antioxidant, antiapoptotic and immunomodulatory effects 

which protect neighboring cells against hypoxia, ischemia 

reperfusion and reactive-oxygen species (ROS) induced 

damage as well as promote granular tissue formation, reduce 

fibrosis, promote extracellular matrix remodeling and 

increase epithelialization [39-41]. The secretory profile of 

adipose-derived stem cells has been shown to secrete a wide 

variety of cytokines including IL-8, IGF, bFGF, HGF and 

VEGF. These cytokines have all been associated with 

vascular regeneration [42-44]. Given that a significant 

underlying cause of radiotherapy induced tissue damage is 

associated with hypoxia, poor vascularity and lymphedema, 

this secretion profile proves beneficial in the regeneration of 

the microvascular environment. These immunomodulatory 

and proangiogenic secretion profiles are shown to be 

strengthened in a hypoxic environment, like that experienced 

in irradiated tissue [45,46]. 

CONCLUSIONS 

There is a growing body of evidence in favor of the use of 

autologous fat grafting or cell-assisted lipotransfer for the 

treatment of radiotherapy tissue damage. In vitro analysis 

points to the presence of adipose-derived stem cells 

contained within the transplanted tissue as being primarily 

responsible for the regeneration. ASCs have demonstrated 

multi differentiation capacity as well as a secretome which is 

proangiogenic, antiapoptotic and immunomodulatory, all of 

which prove beneficial when overcoming injuries resulting 

from radiotherapy. The data suggests that CAL provides a 

superior method of treating radiation induced injuries 

compared to AFG, but a lack of well controlled clinical trials 

and a relative paucity of clinical data has restricted more 

widespread clinical adoption. 
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