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Abstract
Management of a transgender (TG) woman’s gender dysphoria is individualized to address the sources of her
distress. This typically involves some combination of psychological therapy, hormone modulation, and surgical
intervention. Breast enhancement is the most commonly pursued physical modification in this population.
Because hormone manipulation provides disappointing results for most TG women, surgical treatment is
frequently required to achieve the goal of a feminine chest. Creating a female breast from natal male chest
anatomy poses significant challenges; the sexual dimorphism requires a different approach than that used
in cisgender breast augmentation. The options and techniques used continue to evolve as experience in
this field grows.
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Introduction
Gender dysphoria is recognized in the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) as an
incongruence between gender assigned at birth and
one’s self-identified gender. The absence of the second-
ary sexual traits associated with gender identity may
serve as a significant source of gender dysphoria
among some transgender (TG) individuals. As such,
incongruent physical appearance can be as great a con-
tributor to dysphoria as being the target of misgender-
ing pronouns. To address this source of anxiety,
management of gender dysphoria sometimes includes
efforts to realign physical traits with an individual’s
gender identity.1

Mammary development begins during the early
stages of fetal growth with breast-specific progenitor
cells detectable as early as 5 weeks of gestation in
both male and female embryos, although puberty is
the point at which sexual dimorphism arises. Influ-
enced by the hormonal milieu that is characteristic of
adolescence, these morphological differences are high-

lighted, and the development of secondary sexual char-
acteristics becomes apparent.

To produce these changes in TG individuals, hor-
mone replacement therapy (HRT) and sometimes
medication to suppress endogenous steroid hormone
effects are used, although consistent adoption of con-
sensus guidelines on ideal regimens, dosages, and mon-
itoring is lacking.2–5

When gender dysphoria persists after a pre-
scribed HRT regimen has been used for a minimum
time interval (typically 1–2 years), surgical intervention
may be appropriate. The gender-affirming procedures
performed depend largely on patients’ priorities (i.e.,
the greatest sources of gender dysphoria), although
chest operations are the most commonly performed.
For the individual transitioning from female to male,
this would involve mastectomy. For male to female
(MTF) persons, HRT occasionally results in satisfactory
breast development. Otherwise, breast reconstruction/
augmentation may be pursued. It is the last situation
that presents the greatest challenge in chest surgery.
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In this review, we discuss the full range of options avail-
able to MTF patients seeking chest feminization.

Hormone Therapy to Enhance
Breast Development
Role of hormone replacement
HRT in TG patients, sometimes referred to as cross-sex
hormone therapy, utilizes formulations of human sex
hormones, analogs, or inhibitors to induce hormone-
responsive tissue changes, namely secondary sexual
characteristics, that align with the individual’s gender
identity. In 2017, the Endocrine Society published
guidelines for gender-affirming HRT prescribing, but
these amount to more of a generalized framework
drawn from current prescribing practices rather than
evidence-based recommendations.6 Ultimately, choice
of HRT and starting dosages are at the discretion of
the prescribing clinician. Physicians should weigh indi-
vidual risks and benefits, as well as patient goals to se-
lect the appropriate regimen. In the past, TG patients
have felt compelled to obtain HRT through unconven-
tional and unsanctioned means, such as black-market
suppliers, or travel to foreign dispensaries. The primary
reason appears to be a lack of acceptance and under-
standing of gender-affirming HRT and TG patients
in general by mainstream medical professionals. This
has sowed a simmering level of distrust of the medical
profession within the TG community.7 Use of unregu-
lated formulations has further added to the heterogene-
ity of HRT regimens to include experimental dosages,
frequencies, and routes of administration outside the
monitoring of a qualified practitioner, raising serious
safety concerns.

Estrogen
17b-Estradiol (the primary circulating form of estrogen
in humans, often abbreviated as E2) is a critical compo-
nent of the estrogen signaling pathway that leads to
phenotypic changes associated with the adult female.
In natal females, ovarian granulosa cells and corpora
lutea produce the bulk of E2, although some is also syn-
thesized in adrenal glands and adipose tissue. In natal
males, the lower levels of E2 come primarily from Ley-
dig cells in the testis. As one of the several steps within
the steroid hormone production pathway beginning
with cholesterol, aromatase catalyzes the conversion
of testosterone to E2.

E2-induced gene transcription manifests phenotypi-
cally in various ways. Breast tissue, for example, re-
sponds to E2 with increased breast duct development,

fat deposition, and stromal connective tissue growth.8

Although embryonic breast buds undergo rudimentary
differentiation from the ectoderm during gestation, a
more significant phase of development begins at pu-
berty under the influence of various hormones, most
notably estrogen. In MTF individuals, E2 therapy has
a dual effect on secondary sexual characteristics: it par-
tially suppresses unwanted male sexual characteristics
while promoting female ones. Furthermore, E2 therapy
is associated with gynoid fat redistribution resulting
in increased fat deposition in the hips, breasts, and
thighs.2–4

Exogenous estrogen as HRT can be administered in
a number of ways. Oral formulations are used most
commonly and, through first pass circulation, lead to
increased sex hormone-binding globulin (SHBG) levels
that lower the bioavailability of testosterone. This is a
potential benefit for MTF patients whose endogenous
testosterone antagonizes some of the effects of E2.
Skin preparations include patches, sprays, gels, and
creams that have to be used continuously to achieve de-
sired levels. Periodic (every 1–2 weeks) injection of a
lipid emulsion containing E2 (e.g., estradiol valerate)
provides a third route of administration, although
higher peak concentrations may lead to undesirable
side effects.5 Sublingual formulations and implanted
subcutaneous drug-eluding pellets have not been thor-
oughly studied and so data on safety and efficacy are
lacking.9

The effect of E2 on breast growth is highly variable
among TG patients (Fig. 1). Although only a small
percentage experience the equivalent of complete
adult breast development after an average of 2 years
of hormone therapy, the rest have subjectively disap-
pointing results and turn to alternative methods of
breast augmentation. In general, breast buds become
palpable under the areola after 3–6 months of HRT,
and growth plateaus within 2–3 years of initiation.10

Although aggressive regimens that utilize higher
doses of E2 early in the therapeutic course may induce
rapid growth initially, they carry the risk of premature
termination in ductal branching leading to an arrest in
growth at Tanner stage III or IV.11 Even with physi-
cian supervision and modern hormone therapy regi-
mens that implement gradual dose escalation, MTF
patients are unlikely to reach Tanner stage V breast
development.12,13 Reviewing conflicting literature on
the matter, the conclusion by de Blok et al. seems to
most accurately describe the effect of E2 dosage on
breast size: the two are independent. This is supported
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by the fact that reported data vary widely and fail to
demonstrate a correlation between expected breast
growth and HRT alone.3,14 One theory to explain
this observation is that both genetic and epigenetic
factors influence hormone responsiveness in breast
tissue,15,16 but evidence also suggests that the variable
effects of E2 on endogenous testosterone suppression
and SHBG concentration is a confounding compo-
nent of HRT.17

de Blok et al. published their observations after fol-
lowing 224 patients with sequential breast measure-
ments during 1 year of E2 HRT.14 In this cohort they
found that the majority of breast development took
place within the first 6 months of HRT and all but
ceased in the final 6 months of estrogen therapy. The
authors calculated each patient’s breast cup size and
found that less than half achieved the smallest cup
size (AAA) and merely 3.6% achieved greater than an
A cup size. Similar studies have found varying degrees
of breast development on E2 HRT, but these data un-
derscores the variability in patient responses to hor-
mone therapy and breast growth.

The duration of E2 therapy necessary to induce max-
imal breast development has not been well established.
A 1986 study of the longitudinal effects of E2 adminis-
tration in conjunction with anti-androgens showed
significant breast growth by 2 years of continuous ther-
apy.18 Wierckx et al. further corroborated this with
another MTF cohort, concluding that maximal growth
occurs by the end of 2 years of E2 HRT.19 A few other
studies have shown that growth may continue for up to
3 years of continuous therapy, which aligns more with
the timeframe that breast growth is observed in peripu-
bertal cisgender females.3,18,20,21

Progestins
With the goal of improved breast growth, progestins
are also sometimes supplemented in MTF individuals.
Although almost exclusively studied in conjunction
with estrogen in postmenopausal cisgender women,
the combination of E2 and progesterone has fallen
out of favor in that group because of the increased
risk of developing breast cancer, although there are de-
monstrable benefits for coronary health.22 Subsequent
studies have shown that progestin use alone (without
estrogen) does not increase breast cancer risk.23

The use of progestins in MTF patients for breast
development is controversial. Because of the role they
play in mammary development at a cellular level,
some practitioners believe that progestins play a neces-
sary role in achieving full breast development, although
some studies have shown this not to be the case.24 Fur-
ther deterring from progestin use are the several de-
scribed adverse effects, including depression, lipid
metabolism changes, and weight gain, to name a few.25

Androgen suppression
In contrast to E2, androgens have an inhibitory effect
on breast development.26 E2 HRT leads to variable
amounts of endogenous testosterone suppression
and so chemical means of further lowering androgen
production in MTF patients have been investigated.
Drugs such as spironolactone are often prescribed as
testosterone suppressants in an attempt to block the
virilizing effects of circulating androgens, although
some studies suggest that commonly used agents do
not have significant effects on E2 levels.17 The pro-
posed mechanisms of action involve blockage of an-
drogen receptor binding and direct suppression of

FIG. 1. Transgender women experience variable degrees of breast development when taking hormone
replacement therapy.
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testosterone secretion. Potential side effects include
low blood pressure and hyperkalemia. 5-Alpha reduc-
tase inhibitors (finasteride and dutasteride) are anti-
androgens used as treatments for baldness that work
by blocking the conversion of testosterone to its
more active form, 5-alpha-dihydrotestosterone.

Suppression of gonadal hormone production can
be achieved with gonadotropin-releasing hormone
(GnRH) agonists such as leuprolide and goserelin.
These agents block GnRH and thus the release of
luteinizing hormone and follicle-stimulating hor-
mone. Although highly effective at blocking the en-
dogenous production of testosterone, cost limits the
widespread use of GnRH analogs.

Orchiectomy provides the most reliable method of re-
ducing endogenous testosterone production to the level
of cisgender females.2,27 The overpowering effects of an-
drogens are exemplified by the suppression of secondary
sexual development in cisgender females with adrenal
tumors.28 Removing the influence of testosterone, par-
ticularly in younger natal male patients, arrests the devel-
opment of other secondary sexual changes such as
masculinization of the voice, facial and body hair growth,
android fat distribution, and muscle development.29

Surgical Breast Enhancement
The most recent edition (Vol. 7) of the World Profes-
sional Association for Transgender Health (WPATH)
Standards of Care outlines criteria for performing
gender-affirming breast enhancement.30 For this under-
taking to be considered medically necessary, patients
must demonstrate persistent, well-documented gender
dysphoria, including assessment by an appropriately
trained mental health professional. Presurgical hormone
therapy is not an explicit prerequisite, although it is rec-
ommended that HRT be used for at least 12 months to
help overall results of chest feminization. Although
studies show improved body satisfaction after initiating
hormone therapy, up to 70% of patients will seek surgi-
cal breast augmentation after using HRT.31–33 There is
strong evidence that combined medical and surgical
therapy for breast enhancement improves the manage-
ment of gender dysphoria.34 Despite WPATH guide-
lines and evidence of benefit, public and private
medical insurance in the United States does not consis-
tently cover feminizing chest procedures.30,35,36

Implant-based augmentation
Given the modest breast development experienced by
most MTF patients using HRT, it is not surprising

that many seek out surgical augmentation to achieve
their goals. Although patients are clearly happier to
have some breast growth after using HRT, their breasts
are often still diminutive and unnatural appearing. In
fact, surveys of MTF patients have shown that while
HRT alone contributes to improved body image, those
who underwent surgical enhancement of their breasts
reported significantly better body satisfaction scores31

and experienced an increased quality of life.37,38

There are no definitive published recommendations
on how best to approach breast augmentation in MTF
patients and much of what is available in the literature
are single-surgeon reports with small cohorts. From the
literature it is evident that a significant majority of
MTF individuals desire or elect to pursue some form
of surgical intervention, with breast implant augmenta-
tion rates up to 67% in some studies.37 One of the ear-
liest reviews is by Kanhai et al., who reported 201 MTF
patients treated between 1979 and 1997 with implant-
based breast augmentation following a minimum of 1.5
years of HRT.39 Of note, average implant size used in
gender-affirming breast augmentation increased over
the span of this study and has trended upward in sub-
sequent studies.34 On occasion, when the breast skin
envelope is especially deficient, use of a two-stage ap-
proach starting with placement of subpectoral or pre-
pectoral tissue expanders may be helpful to prepare a
more voluminous pocket while establishing a new
inframammary fold (IMF) (Fig. 2).

Anatomic considerations
As in cisgender female breast augmentation, there is
some variability in surgical technique among plastic
surgeons approaching chest feminization. Scar position
(periareolar, IMF, axillary, or periumbilical) and plane
of implant placement (submuscular, subglandular, or
dual plane) are a few examples. Sexual dimorphism
has some bearing on the different approaches to the
natal male and female chest. Miller et al. advocated
the use of an IMF incision with a submuscular pocket,
citing the need for upper-pole shaping by the pectoralis
major muscle given the paucity of overlying glandular
tissue and to avoid overfilling of the superior pole.34

The authors add that patients infrequently possessed
enough subcutaneous tissue in the superior and infe-
rior breast hemispheres (often referred to in plastic sur-
gery literature as the upper and lower ‘‘poles’’) to
adequately support an implant. This is contrasted by
our experience and that of others who feel that a sub-
glandular approach better fills the breast without the
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tightness of the pectoralis major muscle to displace the
implant too far laterally or inferiorly.37

Nipple–areola complex (NAC) position in relation
to the breast mound is another consideration. In a
natal male, the NAC is naturally more ovoid and lat-
eral, whereas a feminine breast has its rounder, larger
NAC centrally placed over the point of maximal pro-
jection.40,41 Centering the implant under the NAC in
an MTF patient can be problematic, however. If the
NACs are too far apart, the patient will have a space
between the breasts greater than desired (Fig. 3).
Many patients express the desire to have ‘‘cleavage’’
and to have their breasts touch one another. Although
this is not always achievable, a compromise is some-

times necessary to address the wish for more medially
positioned breasts while avoiding excessively lateral
NACs on the breast mound, as demonstrated in
Figure 4. In younger patients who have initiated hor-
monal modulation or in those who naturally have
gender-neutral chest anatomy, a more ideal result
can be achieved with implants. Repositioning the
NACs is difficult, even with crescentic mastopexies,
and often results in significant scarring without
much NAC movement.42

Another anatomic consideration in gender-affirming
breast reconstruction is the position and contour of the
IMF. The point of attachment between the chest wall
and a natal male’s breast skin is less well defined than

FIG. 2. This thin patient had inadequate envelope to achieve her desired breast volume with an implant
alone. She opted for a staged approach, here shown before and after a tissue expander was placed under the
breast skin and fully inflated with saline. At a second stage, the permanent implant will replace the expander.

FIG. 3. The typical adult natal male chest has nipple–areola complexes that are far apart, with a paucity of
upper pole skin and high, flat inframammary folds.
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in a female breast, although this IMF is often apparent
in overweight natal male patients. When augmenting
the cisgender female breast, the IMF is respected and
kept intact to preserve breast shape, allowing the
lower pole skin to stretch without disrupting this im-
portant landmark. In TG women, the IMF is typically
either ill-defined or too high and flat to allow for a sat-
isfactory result.34 Releasing the natural attachments
sometimes results in an effaced, poorly defined IMF
(Fig. 5). Some authors advocate for immediate IMF
reconstruction by suturing the dermis to the chest
wall or using matrices (acellular biologics or pros-
thetic mesh) to reinforce the fold, thus maintaining
implant position and providing an overall more
ideal breast shape (Fig. 6).43–45

Fat grafting and fillers
Autologous fat transfer has been used for over 100
years in both reconstructive and cosmetic surgical
practice, although currently used techniques and in-
struments were largely developed during the late twen-
tieth century.46 In all kinds of breast surgery, fat grafts
are often used to affect breast contour. Fat grafts have
also been used in both cisgender and TG women to en-
hance breast volume, although the amount that can be
transferred in one operation is limited by the nature of
grafted tissue: all grafts need to be in contact with vas-
cularized tissues to establish a blood supply and survive
(at best, only *50–60% of transferred fat survives).47

As a result, this procedure often requires multiple at-
tempts to achieve noticeable volume enhancement.48

FIG. 4. There is sometimes a need to compromise between centering the nipple–areola complexes over the
implants and avoiding too much space between the breasts.

FIG. 5. Transgender female patients shown with effaced inframammary folds (arrows); a nonideal result that
may require use of sutures or mesh to restore definition.
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Surgeons may utilize this option to supplement the me-
dial and superior portions of the breast but the tremen-
dous time and effort to achieve goal size and shape
make this approach to primary augmentation less prac-
tical for most MTF patients.34 Fat grafting also carries
some risk. If inadvertently injected intravascularly, fat
can embolize and cause cardiovascular collapse, multi-
organ failure, or even death. Fat that does not survive
(i.e., ‘‘fat necrosis’’) may lead to hard lumps and/or
oil cysts in the breasts. Calcified deposits of fat necrosis
may also be confused for suspicious calcifications asso-
ciated with breast malignancy on imaging studies, al-
though some authors dispute this concern.49

Inorganic fillers, such as injected silicone, are not ap-
proved for primary breast augmentation in the United
States, although they have served as an inexpensive al-
ternative approach to breast augmentation employed
by unscrupulous practitioners. A range of nonmedical
grade fillers used include mixtures of caulking, oil,
and commercial silicone. For marginalized patients
without economic means, desperation has led too
many TG women to seek such injections.50,51 Compli-
cations such as infection, nonhealing wounds, pain, de-
formity, and even embolism are possible, and can be
life threatening.52–55 Chronic breast granulomas are
frequently seen after silicone injection and may require
mastectomy if infection or extrusion occurs, posing sig-
nificant reconstructive challenges35 (Fig. 7).

Autologous tissue augmentation
Although breast implants improve quality of life for a
significant number of MTF patients, there are limita-
tions and sometimes disappointing results for a variety
of reasons. Larger, more broad-chested patients require

a greater volume to achieve breast sizes that are propor-
tional to their body frames. Commercially available im-
plants often do not have the volume or dimensions
needed to help patients achieve their goals. An alterna-
tive to implant-based reconstruction frequently offered
to cisgender women utilizes autologous tissue ‘‘flaps.’’
Flap-based breast reconstruction requires greater surgi-
cal technical expertise, prolonged time under anesthesia,
a sufficient donor site, and lengthier recovery, but for se-
lected TG women, this may be the most ideal solution.

FIG. 6. Three transgender women with implant-based breast augmentation are shown. The ideal feminine
inframammary fold is curved and low enough to allow for adequate lower pole shape and volume.

FIG. 7. Granulomas of the breast may result
from injection of materials such as silicone. The
patient shown had injections performed decades
before and now is seeking breast reduction.
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Virtually all the countless publications on flap tissue
donor sites, technique, and patient-reported outcomes
focus on cisgender women. At the time of writing this
review, there is only one case report of autologous
breast reconstruction in a TG woman, performed as a
salvage procedure after treatment of silicone-injection
granulomatosis of the breast.35 In this report, abdomi-
nal flaps were used, a muscle-sparing transverse rectus
abdominis myocutaneous (TRAM) flap on one side
and a deep inferior epigastric perforator (DIEP) flap
on the other. As of this publication, our group per-
formed the first reported bilateral DIEP flap primary
breast augmentation procedure in a TG woman
(Fig. 8). The pedicle of the tissue flap, the deep inferior
epigastric vessels, can be anastomosed to either the in-
ternal mammary or thoracodorsal vessels, as in cisgen-
der breast reconstruction.

This approach has the advantage of augmenting not
just breast volume but also breast skin. The envelope of
both upper and lower poles is typically tight in the natal
male. Unlike most cisgender women having breast re-
construction after mastectomy, the TG woman often
lacks sufficient skin and volume. Fortunately, the free
tissue transferred to the chest brings both. As a result,
the shape of both poles can be controlled much more
precisely than with implants. The IMF position and
shape can also be customized to create the desired
breast shape (Fig. 9).

Android and gynoid fat distribution differ in ways
that affect flap tissue donor sites as well.56 Truncal fat
in the MTF patient is less central and more widely dis-

tributed across the lower abdomen with a straighter
waistline and narrower relative circumference at the
hips. Removal of central abdominal tissue may leave
the abdominal flanks looking fuller with the unin-
tended consequence of accentuating a lack of feminine
hip contour. As a result, the traditional DIEP or TRAM
flap suffers from a less ideal donor site in the natal
male. Other tissue donor sites include the upper
inner thighs (the transverse upper gracilis flap), the
buttocks (the superior gluteal artery perforator flap),
and the flanks (the lumbar artery perforator flap).
These flaps were all designed to exploit typical gynoid
fat distribution and are similarly less ideal for the
natal male body habitus, although not absolutely con-
traindicated. Patients considering autologous tissue
transfer should be assessed at each of these sites to
identify the ideal donor tissue.

Another option to be considered and which has been
used in MTF breast reconstruction is the latissimus
dorsi myocutaneous (LDMC) flap. As in cisgender
breast and chest wall reconstruction, a deficit of skin
on the anterior chest can be enhanced with unilateral
or bilateral LDMC flaps. In breast reconstruction and
augmentation, this typically requires use of an implant
to provide volume while the flap primarily enhances
the breast envelope (Fig. 10). This approach is most
ideal for thinner patients with inadequate abdominal
donor tissue or a history of abdominal surgery that
makes the abdominal tissue unusable.

The advantages of autologous reconstruction are
several fold. Avoiding the need for implant surveillance

FIG. 8. The first reported primary bilateral gender-affirming breast reconstruction using deep inferior
epigastric perforator flaps (before and after).
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and periodic implant replacements as well as the risks
associated with implants such as rupture, migration,
infection, capsular contracture, and implant-associated
syndromes, are just a few of the upsides.57 Some au-
thors advocate prophylactically exchanging implants
every 10 years, although the vast majority of implants
are intact a decade after implantation.58 The flexibility
that the autologous approach affords in creating a
natural-appearing breast is significant. In the senior au-
thor’s approach, however, autologous reconstruction
requires grafting of the NAC, invariably resulting in

loss of NAC sensation. The length of surgery and po-
tential for donor site complications are also disadvan-
tages of the flap approach to breast reconstruction.

As indicated by the lack of literature, primary use of
autologous tissue in gender-affirming chest feminiza-
tion is largely untested. It is by no means clear if public
or private medical insurers in the United States will
consistently pay for the autologous option. However,
patient demand for these procedures may very well
rise owing to recent concerns surrounding implant-
related illnesses and breast implant-associated anaplas-
tic large cell lymphoma, coupled with rising societal
acceptance of gender-affirming procedures that has
driven a steady increase in the number of breast aug-
mentations performed for gender dysphoria annually.59

Breast cancer surveillance
There is currently no widely accepted approach to
breast cancer screening in the TG population, although
breast cancer certainly occurs in both TG men and
women, with or without a history of exogenous hor-
mone therapy.60 Some reviews of the literature address-
ing this topic focus on risk calculations, considering
factors such as age, family history, and duration of
hormone therapy to determine the initiation and fre-
quency of breast imaging.36,60–62 de Blok et al. reported
on the elevated incidence of breast cancer among 2260
Dutch TG women on HRT compared with cisgender
men (although not as high as age-matched cisgender
women).63 Our group recommends counseling TG

FIG. 10. Latissimus dorsi myocutaneous flaps,
typically with implants, provide another
autologous alternative when skin envelope is
inadequate.

FIG. 9. Autologous flaps allow for more control over breast shape, including the inframammary fold position
and upper pole skin envelope.
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women taking HRT on the need for lifelong cancer sur-
veillance and follows the same risk-adjusted guidelines
given to cisgender women.

Future Directions
Owing to the risks involved with autologous tissue flap
or implant-based procedures, including but not limited
to flap failure, donor site morbidity, infection, or cap-
sular contracture, new approaches to breast reconstruc-
tion will inevitably arise.64,65 In this regard, tissue
engineering and regenerative medicine technology
hold promise for mitigating these concerns.

Current tissue engineering techniques focus on using
biological or synthetic scaffolds to support the growth of
new adipose tissue. Although autologous fat grafting has
its advantages, its efficacy is limited by resorption and po-
tential for volume loss over extended periods of time,
underscoring the importance of developing durable scaf-
folds.66 Biologic and synthetic scaffolds, composed of col-
lagen or decellularized tissue matrix and thermoplastic
polymers, respectively, provide structural support until
the transferred soft tissue can regenerate and support
itself.67–70 With currently available materials and tissue
engineering techniques, synthetic scaffolds are favored
over biologic ones because of more reliable structural
support.71 These synthetic scaffolds typically employ ei-
ther a hydrogel filler or a solid structural component
that degrades as the tissue matures.69,71 Although these
scaffold composites have shown promise, they are lim-
ited in their ability to permit revascularization of larger
tissue volumes.72 The advancement of interdisciplinary
research in nanobiotechnology, materials science, bio-
chemistry, and bioengineering will help facilitate the
use of graft-compatible scaffolds in clinical applications.

Previous studies have investigated the utility of mesen-
chymal stem cells in promoting adipose regeneration and
retention. An example is the discovery that adipose-
derived stem cells in autologous lipoaspirate implanted
into a scaffold significantly increased the volume of viable
adipose tissue.73 However, this technique is not without its
risks, as stem cells may have a detrimental effect by stim-
ulating breast cancer recurrence in mastectomy patients.74

Experimental tissue models utilizing induced plurip-
otent stem cells (iPSCs) and three-dimensional (3D)
organoid cultures have demonstrated their usefulness
in understanding normal tissue and disease develop-
ment but might also be employed as breast reconstruc-
tion tools in the future, allowing for the in vitro growth,
expansion, and transplantation of patient-derived tissues.
Human iPSCs (hiPSCs) have the ability to differentiate

into multiple cell types, including neurons, hepatocytes,
and adipocytes.75–77 Mammary-like organoids express-
ing common breast, luminal, and basal markers, have
been generated from hiPSCs, revealing that hiPSCs can
be directed toward mammary lineage differentiation
in vitro.78 Primary mammary epithelial cells from
patient-derived tissue have also been shown to grow
into complex breast tissues.79 Once mature, these tissues,
grown in vitro in a 3D hydrogel scaffold, exhibited ductal
and lobular morphologies similar to that of the human
breast and were responsive to hormones.79 One daunting
obstacle is to differentiate iPSCs into breast epithelial, fat,
and other cell types and direct them to grow into
scaffold-supported breast tissue structures.

The advantage of utilizing hiPSC and 3D primary cul-
ture models is the ability for personalized modeling. It is
worth mentioning that mammary tissue grown from
these methods will not display high immunogenicity, a
property that has been a disadvantage of biological scaf-
folds. One group has shown that a combination of gel
breast implant, acellular dermal scaffold, and regenera-
tive cells within processed fat can be successfully utilized
in breast reconstruction.80 In the future, it is possible
that breast augmentation and reconstruction procedures
will employ mammary tissue or fat grown from hiPSCs
or in primary culture ex vivo, thereby eliminating the
risks associated with prosthetic implants.

Conclusions
Gender-affirming breast feminization typically involves
a combination of hormonal manipulation and surgical
management, although no one approach works for all
patients. Peer-reviewed data support breast enhance-
ment as one part of an overall strategy to manage gender
dysphoria and improve the quality of life for many TG
women. Because much of our experience in breast sur-
gery comes from treatment of cisgender women, more
and larger studies are needed to better understand the
optimal approach to the TG patient.
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Abbreviations Used
3D¼ three-dimensional

DIEP¼ deep inferior epigastric perforator
GnRH¼ gonadotropin-releasing hormone
hiPSC¼ human iPSC

HRT¼ hormone replacement therapy
IMF¼ inframammary fold

iPSC¼ induced pluripotent stem cell
LDMC¼ latissimus dorsi myocutaneous

MTF¼male to female
NAC¼ nipple–areola complex

SHBG¼ sex hormone-binding globulin
TG¼ transgender

TRAM¼ transverse rectus abdominis myocutaneous
WPATH¼World Professional Association for Transgender Health
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