
Abstract. Surgery remains the mainstay of treatment for
breast cancer, including complete or partial mastectomy and
lumpectomy. Breast reconstruction has gained popularity
mainly due to its tremendous impact on the psychological
status of the patients. Autologous fat grafting is a well-
established method used in cosmetic surgery; however, fat re-
absoprtion, fat necrosis, calcifications and oil-cyst formation
are some usually encountered complications limiting the
efficacy of this approach. Platelet-rich plasma (PRP) has
recently been postulated as a promising method for tissue
regeneration since it contains high levels of diverse human
growth factors. To date, preliminary results from clinical
studies regarding the combination of PRP and fat grafting in
breast reconstruction have shown ambiguous results, whereas
preclinical studies are more favorable. However, concerns
have been raised regarding the extent of cellular promotion
induced by PRP application and the corresponding potential
malignant transformation. The aim of our study was to
present, analyze and critically evaluate the role of PRP in

breast reconstruction after breast cancer surgery in terms of
efficacy and oncological safety highlighting the caution that
needs to be taken in order to eliminate any chance of
recurrence in patients who have theoretically undergone
complete excision of the tumor burden.

Breast cancer represents the most common cancer in the
female population with approximately 40,000 breast cancer
deaths occurring in the US each year (1). Surgery remains
the mainstay of treatment, including complete or partial
mastectomy and lumpectomy that can be further
accompanied by breast reconstruction (2, 3). Traditionally,
prosthetic implants or autologous flaps have been utilized
either in a one- or two-stage procedure following a diverse
period of time after primary intervention (2, 4).

Over the years, autologous fat transplantation has been
increasingly used for reconstruction after mastectomy or
breast conserving surgery (BCS) for breast cancer (5).
Autologous fat consists of adipose-derived stem cells (ASCs)
that may hold promise as a regenerative medium due to their
inherent ability to promote the healing process through in
situ differentiation and secretion of paracrine factors (4, 5).

In order to further enhance the regenerative potential of
autologous fat, a wide variety of biochemical factors have
been used targeting the proliferation and the differentiation
processes of stem cells. Among them, platelet-rich plasma
(PRP) has recently been postulated as a promising method
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for tissue regeneration since it contains high levels of diverse
human growth factors (6). Nevertheless, the exact underlying
mechanisms of tissue regeneration following PRP fat
grafting remain under investigation. In addition, although
PRP is thought to enhance the sustainability of the injected
fat, a few relative contraindications have been suggested
raising concerns regarding its potential oncological effect on
the tumor bed after cancer resection (7). 

Materials and Methods

An exhaustive literature search with regards to the PRP and its use
in breast reconstruction was performed using PubMed (Medline),
Cochrane Library/Cochrane Register of Controlled Trials, EMBASE,
AMED (Allied and Complimentary Medicine Database), CINAHL
(Cumulative Index to Nursing and Allied Health Literature),
PsycINFO, ISI Web of Science (WoS), BIOSIS, LILACS (Latin
American and Caribbean Health Sciences Literature), ASSIA
(Applied Social Sciences Index and Abstracts), SCEH (NHS
Evidence Specialist Collection for Ethnicity and Health) and
SCIRUS databases through June 26th, 2017. The authors also looked
at just-in-time (JIT) medical feed sources as returned from Terkko
(provided by the National Library of Health Sciences - Terkko at the
University of Helsinki). The following MESH terms were used in
combination with Boolean operators (AND, OR, NOT): “platelet-
rich plasma”, “plasma-rich growth factors”, “platelet concentrate”,
“platelet-rich gel”, “breast cancer”, “mastectomy” and
“lumpectomy”. Two independent authors (ES, DM) screened all
articles retrieved by the initial search as well as the reference lists of
the relevant studies. Available data were only narratively presented
along with critical insights and no statistical analysis was attempted. 

Post-Mastectomy Breast Reconstruction: The Past 
Since the first radical mastectomy in 1894 by William Halsted
(8), surgical techniques have significantly evolved providing
the patients with outstanding survival rates. However, besides
eliminating the tumor burden, cosmetic results also play a
pivotal role on the psychological status of the patients and,
therefore, breast reconstruction has been at the forefront of
plastic and breast surgeons’ clinical practice (9). 

Historically, the first autogenous breast reconstruction was
attempted in 1895 by Czerny using a fist-sized lipoma from
the lumbar region to fill a post-surgical skin defect (8). Later,
in 1906, an Italian surgeon named Tanzini first introduced the
utility of a musculocutaneous flap in breast reconstruction
using a pedicled flap of skin and latissimus dorsi muscle (8).
Over the years, several muscles, as well as flaps from different
regions were utilized (8, 10, 11), while the first two-stage
reconstruction took place in 1974 using a thoracoepigastric
flap and a prosthetic implant (8, 12). In 1962, first-generation
silicone breast implants were introduced while saline breast
implants were created in 1965 (13, 14). Since then, implants
have evolved significantly so that today fifth-generation
silicone gel implants are broadly on the market as superior to
their predecessors in almost every way (13). 

The expander-based breast reconstruction appeared in
1976 and has gained popularity as it aids in recreating the
lost skin progressively after mastectomy (2, 15). Skin
expansion requires regular visits to the surgeon so that the
desired outcome is obtained (2). In 1984, Becker et al.
introduced a dual-chamber expander that consisted of two
parts; a silicone gel lumen and an enveloped inflatable saline
lumen that could be modified appropriately so that the
desirable breast size was achieved without necessitating
further interventions (16). In an effort to restore the breast
volume without using implants, Hartrampf et al. first used
the cranially pedicled rectus abdominis muscle flap with a
horizontally oriented adipocutaneous skin island (TRAM
flap) that was directly supplied by the deep superior
epigastric artery (17). Furthermore, in 1979, Holmstrom 
et al. used an abdominoplasty’s normal discarded tissue as a
free flap and this technique became the standard one for the
microvascular autogenous breast reconstruction (18). In case
a free TRAM flap was not obtainable, the use of the superior
gluteal artery perforator (sGAP) as well as the deep inferior
epigastric perforator (DIEP) artery flap had been suggested
as an alternative option by Blondeel and Böckx (19) and
Allen and Treece (20).

Post-Mastectomy Breast Reconstruction: 
Fat Grafting 

Nowadays, three types of breast reconstruction are mainly
available after breast malignancy resection; i) implant- or
expander- based breast reconstruction, ii) breast reconstruction
using flaps-vascularized autologous tissue, and iii) fat graft-
based breast reconstruction using non-vascularized lipoaspirate
fat (2). Over the last 20 years, autologous fat grafting has been
one of the most popular options in plastic surgery both in the
cosmetic and reconstructive field (21) showing favorable
satisfaction rates among patients (22, 23). Fat grafting restores
the shape and the tissue functionality and is applicable to a
wide variety of soft tissue defects mainly of small to medium
size avoiding the emerging problems of the other autologous-
or heterologous- derived biologic materials (5). Additionally,
autologous fat grafting provides an aesthetic result closer to
that of normal soft tissue (5). However, in cases of
mastectomy or wide local excision, implants or flaps may be
more appropriate while fat graft may be useful as an adjunct
to the aforementioned options, as a side tool for correction of
minor defects (5).

A major drawback of autologous fat grafting concerns the
maintenance of graft volume, due to postoperative fat
reabsorption (24). Currently, long-term data on post fat graft
volume maintenance are quite variable, with an observed
reabsoprtion and fat necrosis rate ranging between 30% to
70% (24, 25); consequently, most patients will have to
undergo at least one or two additional sessions of fat graft in
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order to achieve a satisfactory cosmetic result (25). Apart
from that, calcifications and oil-cyst formation are commonly
encountered complications following fat grafting (25). It is,
therefore, essential to improve fat graft survival and quality
so as a desired and durable cosmetic result is achieved.

Post-Mastectomy Breast Reconstruction: 
Platelet-rich Plasma and Fat Grafting
Nowadays, efforts have been made aiming to examine the
efficiency of fat grafting and PRP combination compared to
the fat grafting alone in breast reconstruction (Table I). In
that context, Gentile et al. described the use of mixed PRP
and adipose tissue as a safe method, superior to the fat
grafting alone in terms of restoring and maintaining breast
volume (69% vs. 39%) (26). This can be, in part, explained
by the fact that PRP promotes the proliferation of adipose-
derived stem cells and dermal fibroblasts (27). On the
contrary, Salgarello et al. in a retrospective comparative
study reported no superiority of the PRP-enriched fat
grafting compared to the classic Coleman fat grafting alone
in terms of clinical outcomes, rate of satisfaction and
incidence of liponecrosis (28). Recently, however, Hersant et
al. revealed a lower incidence of hematoma formation in
women undergoing breast reduction surgery with PRP-glue
application compared to the control group but equivalent
wound-healing quality (29).

While results from clinical studies are rather contradictory,
animal studies seem to be more favorable with regard to the
use of PRP assisted fat grafting. Injection of PRP plus fat
grafting in rabbits showed less inflammatory reaction and
fewer oil cysts (30) as well as significantly higher fat
survival weight and higher number of viable adipocytes and
blood vessels (31) compared to fat grafting alone. The latter
was also verified by Nakamura et al. in rats (32).
Nevertheless, experiments on nude mice showed ambiguous
results; one study revealed the superiority of PRP assisted fat
grating in terms of fat graft volume and rate of complications
compared to fat graft alone (33), whereas results from
another study were comparable between the two groups (34).

There is currently no firm evidence with regard to the
ideal PRP concentration needed to combine with fat graft.
Recent data showed that microfat mixed with 10% of PRP
presented consistency comparable to stiffer fillers, whereas
microfat mixed with 30 or 50% corresponded to softer fillers
(35). This observation allows for choosing the appropriate
mixture to meet the needs driven by a specific indication.

Platelet-rich Plasma 

Platelet-rich plasma (PRP) consists of an amount of
autologous human platelets in a small volume of plasma
(36). The a-granules formation includes seven of the main
human growth factors, such as the vascular endothelial
growth factor (VEGF), two isomers of the transforming
growth factor (TGF-β1, TGF-β2) as well as three isomers of
the platelet-derived growth factor (PDGF-αα, PDGF-αβ,
PDGF-ββ) (36, 37). 

Following their accumulation, the human growth factors
are actively secreted from the a-granules, a process initiated
along with the blood clotting cascade. The process begins
with ten minutes after clotting, and within an hour,
approximately 95% of the growth factors are released (37).
Thus, PRP should be prepared in an anticoagulated state and
be applied to the surgical site within ten minutes of clot
initiation (38). This is the triggering event that leads to
platelet formation; the newly synthesized platelets release
additional molecules and proteins to amplify their
surveillance for the following five to 10 days to come (38). 

Efficacy of PRP 

Due to the inherent properties of human growth factors, PRP
is known to promote angiogenesis and differentiation of stem
cells, as shown in several experimental protocols to date.
Regarding angiogenesis, it has been demonstrated that PRP
stimulates the endothelial cells close to the application site,
thus favoring proliferation and formation of new capillaries
(36). In addition, PRP stimulates the proliferation of
undifferentiated stem cells, thus amplifying tissue
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Table I. Clinical studies reporting on the use of PRP in breast reconstruction.

Author (year)                                                  Findings

Gentile et al. 2013 (26)                                 The use of mixed PRP and adipose tissue is a safe method, superior to the fat grafting 
                                                                        alone in terms of restoring and maintaining breast volume (69% vs. 39%).
Salgarello et al. 2011 (28)                             PRP-enriched fat grafting is not superior to the classic Coleman fat grafting alone in 
                                                                        terms of clinical outcomes, rate of satisfaction and incidence of liponecrosis. 
Hersant et al. 2016 (29)                                Lower incidence of hematoma formation in women undergoing breast reduction surgery 
                                                                        with PRP-glue application compared to those without PRP. 
                                                                        Equivalent wound-healing quality.



regeneration (39). Consequently, undifferentiated stem cells
migrate to the application site, where vascular growth factor
is secreted and further proliferation is induced (39).

Furthermore, there have been reports of successful clinical
application of PRP in the management of large complex
wounds, maxillofacial bone defects, salivary gland tumors
and in cosmetic surgery (40, 41). However, only a handful
of studies have looked at the impact of PRP on the clinical
outcomes of its use. Most of these publications pertain to
case reports or case series, providing low level of evidence
regarding the safety of PRP use. Following that, there have
been publications showing that PRP had minimum effect
when applied for graft enhancement. This comes from the
fact that the PRP production method is not standardized yet
and as a result, low quality PRP may be produced by
suboptimal devices (37). Data on standardization of the PRP
production technique remain scarce (42). 

There are no recommendations on how to quanitify the
amount of platelets needed above the baseline in PRP. Some
investigators suggest that PRP should achieve a three- to eight-
fold increase in the baseline platelet count (43). Since the normal
range of platelets on a healthy individual ranges between 150
and 400×103/ml (mean value=275×103/ml), an increase to at
least a count of 775×103/ml is required. When it comes to the
production process, centrifugation should be performed under
sterile conditions, and complete separation between platelets and
red blood cells should be aimed for maintaining platelets intact
in order to accomplish the secretion of human growth factors
along with the platelets isolation procedure. 

Safety of PRP - Infection 

Given that PRP derives from autologous tissue, it is
considered safe from an infectious potential perspective, as
long as the host is free of transmitable diseases such as HIV,
hepatitis and others (37). However, the safety of PRP with
regards to sterility when used in breast reconstruction remains
to be clarified. One could argue that blood agar (into which
the produced PRP is contained) is a material prone to bacterial
infections. However, this can be ruled out because PRP is no
different than a normal blood clot formed in a wound (38).

Moreover, another challenging issue is the sterility
maintained during processing of the PRP (36). In contrast to
the early years of PRP production, however, various
companies have developed clinical autologous platelet
concentrate machines that eliminate almost every possibility
of occult infection.

The Oncological Safety of PRP 

The principal debate around PRP use in cancer surgery
pertains to whether it is oncologically safe to apply PRP to
sites where cancer has been earlier developed and excised

(44-51). To date, data on the use of PRP as an adjunct to
breast reconstruction after cancer treatment remain limited
as opposed to adipose-derived stem cells (ASCs) or
autologous fat grafting (38). Because of the ability of
activated PRP to promote human ASCs and dermal fibroblast
proliferation, primarily through induction of high levels of
PDGF-AB and TGF-β1 (27), and due to the fact that a-
granules of platelets include molecules such as PDGF and
VEGF known to mediate tumor cells interactions, concerns
have been raised regarding the extent of cellular promotion
and the corresponding potential malignant transformation. 

Several studies on cancer growth, recurrence and postoperative
survival rate, focus on the tumor stroma, which represents a
crucial parameter in tumor development (7, 52). Growth factors
and molecules such as PDGF, VEGF, EGFR (HER) and TGF-b
mediate the interactions that render tumor cells immortal,
including angiogenesis, lymphagiogenesis, constant proliferation,
abnormal differentiation and apoptosis avoidance (51, 53). In
addition, literature suggests that patients with breast tumors
positive for PDGF have a significantly lower response rate to
chemotherapy and significantly shorter duration of survival while
plasma levels of PDGF also correlate with shorter survival (54).
Of note, experimental data have shown that breast tumor stroma
increases luminal breast cancer cell proliferation and angiogenesis
through PDGF signaling pathway (55). Therefore, induction of
such growth factors by the PRP application to an area of a
previously developed malignancy could trigger a neoplastic
proliferation process from the residual cells. 

Conclusion

Although the hypothesis of PRP-related malignant
transformation has not been proven, it is of great importance
to eliminate any chance of recurrence in patients who have
theoretically undergone complete excision of the tumor
burden. Therefore, further in vitro experiments and animal
studies are encouraged so that the interactions of PRP in
areas of cancer excision are thoroughly investigated. Since
no established indication of PRP use in breast reconstruction
exists, we consider the use of the platelet-rich plasma not yet
indicated in patients undergoing resection for cancer.
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