
Biological Products: Cellular Therapy and FDA Approved Products

Ali Golchin1
& Tahereh Zarnoosheh Farahany2

Published online: 9 January 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
The pace of advances in the world of science have created new opportunities and insights that give us new and more under-
standing of our nature and environment. Among the different fields of science, new medical sciences have drawn a great deal of
attention among medical science researchers and the society. The hope for finding treatments for incurable diseases and further
improvement of man’s health is growing thanks to new medical technologies. Among the novel medical fields that have been
extensively covered by medical and academic societies are cell therapy and gene therapy that are categorized under regenerative
medicine. The present paper is an attempt to introduce the prospect of a curative cell-based therapy and new cellular and gene
therapy drugs that have been recently approved by FDA (food and drug administration). Cellular and gene therapy are two very
close fields of regenerativemedicine and sciences which their targets and applications can be discussed together.What adds to the
importance of this new field of science is the possibility to translate the hope for treatment of incurable diseases into actual
treatments. What follows delves deeper into this new field of science and the drugs.
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Introduction

Cell therapy, by definition, is to use cells to regenerate the
function of non/miss-functional tissues or cells. The definition
has become more comprehensive over time and now covers
modern treatments like cell-based treatment including regener-
ative drugs. The process includes replacing or regenerating
cells, tissues, or limbs to restore natural function of the body.
In general, the foundations of qualitative systems in blood
bank/transfusion centers and cell therapy are the same; al-
though, there are differences in details [1]. Accreditation of cell
therapy labs is done by FACT (Foundation of Accreditation of
Cellular Therapies), AABB,1 CAP (college of American

pathologists), and other non-state organizations that are mostly
USA-based. These organizations are recognized at internation-
al level. FDA deals with cell therapy under CFR 21 section
1271, which contains cGTP2 and IND (investigational new
drug) regulations. Cell therapy is performed in three ways of
autologous (cell source is the patient), syngeneic (cell source is
an identical twine), and allogeneic (other cell sources). It is
used for homologous and non-homologous purposes.
Homologous cellular products are used for repair, reconstruct,
replace, or supplement cells or tissues of a patient that perform
the same function(s) in the recipient as in the donor. An exam-
ple is bone marrow implantation that is performed to replace
hematopoietic progenitor cells (HPC) with hematopoietic stem
cells (HSC). In the case of non-homologous cellular products,
the cells generate a different function in the recipient from that
in the donor. For example, HPCs are used to repair myocardi-
um [2]. Among the key objectives of using cellular products
for therapeutic purposes, three are notable; 1-To produce an
ideal cell population; 2- To use the golden time to supply the
cell; and 3- To find the most efficient method for supplying the
cells [3]. Cell therapy is a novel method to cure different dis-
eases and hard to cure diseases in particular. Researchers work
to find the most effective ways of using cell therapy and make

2 A set of regulations concerning human-tissue cells or cell products based on
tissue that are designed for human usages.

1 A key organization to set standards, facilitate accreditation, and educational
activities in the USA.
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it available for all patients. Cellular and Gene therapy are two
very close fields of regenerative medicine and sciences of
which the targets and applications overlap. Despite the impor-
tant advances in regenerative medicine and cell therapy, still
and due to some limitations, cell and gene therapy have not
been widely used for entire therapeutic applications [4]. Some
of the most remarkable advancements in cell-based therapy are
discussed here. The paper focuses on the cell therapy applica-
tions and its products and gene therapy fields as well.
Moreover, some of the most remarkable advancements in
cell-based therapy are discussed.

Candidate Diseases for Cellular Therapy

Cell therapy is recognized as an important field in the treat-
ment of incurable human diseases; thereby, experimental stud-
ies on stem cell therapy hold great promises for new types of
treatment. This includes treatments for untreatable disorders
with available pharmaceuticals and/or incurable diseases cat-
egorized in groups like cancer and immunotherapies [5, 6],
infectious diseases [7], cardiovascular diseases [8, 9], immu-
nologic deficiency syndromes [10, 11], musculoskeletal

diseases [12, 13], blood cell disorders [14, 15], neurodegener-
ative and movement disorders [16, 17], respiratory diseases
[18], and skin diseases [4, 19] (Table 1). Theoretically, there is
no limit to the types of diseases that could be treated with cell-
based therapy. There are three sources of cells for therapeutic
purposes including autologous, allogeneic, and xenogeneic.
The xenogeneic source is presently set aside due to a variety
of scientific and ethical concerns. The two other sources have
their potential benefits and unique challenges. However, there
are numerous sources of stem cells, progenitor cells, and
engineered cells, and many of them are currently used for cell
therapies at preclinical investigation or in clinical trials phases.
Based on the nature of the disease and target tissues, cell
therapy needs special tools and manipulations. This is where
cellular gene engineering [20] and cell delivery systems [21]
come to help for more efficient treatment (Fig. 1). All of these
new possibilities make cell-based therapy a promising solu-
tion for a vast range of diseases and tissue injuries. However,
when the cell manufacturing process is considered by the
FDA as Bmore than minimal manipulation,^ the cells as
biological and cellular products require a Biologics License
Approval that includes compliance with Good Manufacturing
Practices (GMP) for both drugs and biological products. It is

Table 1 Summary of source of cells for treatment of main candidate cell therapy diseases

Cell sources Advantages & disadvantages Main candidate diseases

Autologous Advantages
• No HLA matching is required
• No need to immune-suppressive drug therapy
• Low risk of other diseases

Disadvantages
• Expensive
• Time consuming
• The possibility of cells’ function and efficacy attenuation

Heart disease: myocardial infarction
Peripheral arterial disease: Critical limb ischemia
Neurogenerative Diseases: Parkinson, Alzheimer, Multiple

sclerosis
Skin diseases: Vitiligo, Alopecia, Partial and/or full-thickness burns
Blood diseases: sickle cell disease

Allogeneic Advantages
• Available for immediate delivery from cell bank
• Elimination of any co-morbidities associated with the re-
cipient
• Cell source from young healthy donors
• Scalable from a manufacturing perspective and its
standardized procedures
• production under GMP

Disadvantages
• Donors and sources restrictions
• Viability reduction after infusion
• Immunity reaction and rejection

Heart disease: myocardial infarction, chronic ischemic
cardiomyopathy

Circulatory system diseases: sickle cell disease, graft versus host
disease (GVHD), congenital erythropoietic porphyria

Cancers: non-Hodgkin lymphoma, Hodgkin lymphoma, multiple
myeloma and leukemia

Eye diseases: glaucoma, macular degeneration, Stargardt disease
Metabolic diseases: lysosomal and peroxysmal metabolic diseases
Skin diseases: Vitiligo, Alopecia, Partial and/or full-thickness burns

Genetic
engineering

Advantages
• Diverse opportunities to treat many different diseases
• Using autologous and/or allogenic cell sources

Disadvantages
• Genome editing and manipulation problems
• Immune system response

Infectious diseases: HIV, Hepatitis B virus, Herpes simplex virus
Immunotherapy: T-cell immunotherapy,
Circulatory system diseases: X-SCID, ADA-SCID, RS-SCID,

Sickle cell disease and β-thalassemia
Liver targeted diseases: Hemophilia, Enzyme replacement,

Tyrosinemia, α-1-antitrypsin deficiency
Neuromuscular disorders: Duchenne muscular dystrophy
Skin diseases: Epidermolysis bullosa
Ocular disorders: Leber’s Congenital Amaurosis
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notable that the number of candidate patients for cell therapy
is growing day by day.

Cellular Drugs Approved forMedical Purposes

FDA is the authority in charge of preserving and improving
public health in the USA. It regulates and supervises safety of
foods and drugs, food supplements, vaccines, blood products,
biologic products, medical devices, electromagnetic ray emit-
ter devices (ERED), veterinary products, and beauty products.
FDA license is recognized as an international license and pro-
ducers of food, drug, and medical products all around the
world can apply for such license. According to information
categorization of FDA and its website, cellular and gene prod-
ucts and drugs are categorized under vaccine, blood, and bio-
logic materials. Furthermore, cell therapy drugs and products
are sub-categorized as cellular-gene products and tissue

products. The subcategory of tissue products consists of body
specimens like bone, skin, cornea, ligament, tendon, dura ma-
ter, heart valves, stem cells, HPC extracted from the mother’s
peripheral blood, umbilical cord, egg cell, etc. To the best of
our knowledge, there is no cellular product approved by FDA.
Center for Biologics Evaluation and Research (CBER) is in
charge of codifying the regulations concerning human cellular
and genetic drugs and also the devices used for cell/gene ther-
apy. However, Cell-based therapy has been extensively tested
in clinical trial studies and have led to promising outcomes in
treating of different diseases (Fig. 2). As mentioned, accepting
FDA approval for cellular and gene therapy products have an
expensive, time-consuming, critical and crucial process.

Generally, the legal framework for approving biological
products covers somatic cell therapy medicinal products,
tissue-engineered products, stem cell products, and any ge-
netic material that modify or manipulate the living cells of
both autologous and allogeneic cells. The following section

Cell

+
Gene

Cell delivery approaches

Spray/Topical Injection: Systematic/Local Bioscaffolds 
( as a cell delivery system or 

tissue engineering approach) 

Stem cells Gene engineering Cells Differentiated cells
 or Adult cells 

* CRISPR       * TALEN       * ZNF  * Meganucleases
Viral Non-Viral

RNA strand DNA strand Physical Chemical

*Adenovirus     *AAV*Retrovirus     *Lentivirus *Electroporation *Ultrasound *Magentofection  *Gene gun *Lipids  *Nanoparticle  *Polymer 

Fig. 1 Summary of the plot cellular and gene therapy in the regenerative medicine

168 Stem Cell Rev and Rep (2019) 15:166–175



is a review of FDA approved products (16 approved prod-
ucts) in three classifications including stem cell-based prod-
ucts, somatic cell-based products, and gene therapy prod-
ucts (Table 2).

Cell-Gene Products Approved by FDA
for Clinical Applications

Stem Cell-Based Products

Stem cell therapy is defined as direct or indirect (derivation)
use of different types stem cells from different sources for
therapeutic purposes. Stem cells are used for their indefinite
cell division potential and transdifferention into other cell
types or their paracrine effects through the release of cytokines
and regulation functions. For instance, MSCs are used for
therapeutic purposes because of their immune/inflammatory
regulatory responses alongside their other stemness proper-
ties. There are several stem cells from a different source each
with special advantages. Among these, some are more attrac-
tive due to applied therapeutic properties such as availability,

low immunogenicity, and non-teratogenicity [22, 23]. In the
following, we briefly introduce FDA approved stem cell-
based products all from umbilical cord blood stem cells.

Umbilical Cord Blood Stem Cells (UCB-SC) and its
Derived FDA Approved Products

Among different stem cell sources, umbilical cord blood
(UCB) is one of the excellent sources of stem cells that its
obtained stem cells are a standard treatment for hematopoietic
stem cell transplantation in hematologic malignancies dis-
eases include many types of leukemia’s, lymphomas,
myelodysplasias, and as well as different non-hematological
diseases [24]. Recently UCB-SC banking due to its therapeu-
tic potentials and emerging markets has been established in
different countries [24, 25]. UCB-SC have a special impor-
tance between different stem cell sources so that several of its
derivatives have succeeded to approve FDA insofar.
Approved cellular therapy products derived from UCB-SC
include Hemacord, Allocord, Clevecord, Ducord, and five
products without of the trade name. These products have de-
signed to prescribe in unrelated donor hematopoietic
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stem/progenitor cell transplantation approaches in conjunction
with an appropriate preparative regimen for hematopoietic
and immunologic reconstitution in patients with disorders af-
fecting the hematopoietic system that are inherited, acquired,
or result from myeloablative treatment. UCB-SCs prepare by
drawing blood from the umbilical cord or placenta of a newly
born infant and then obtained cells have purified, concentrated
and frozen for future applications. Once transplanted into an
allogeneic recipient, these stem/progenitor cells migrate to the
empty bone marrow, which has been depleted of endogenous
cells by radiotherapy. These stem/ hematopoietic progenitor
cells are then positioned in bone marrow cells niche to mature
and eventually transferred to the blood flow. There they can
reconstruct mature blood cells and immune system completely
or almost completely [26]. Like other approaches to bone

marrow implantation, HLA blood tests are necessary [27].
Hemacord (stem cells/HPC extracted from human cord blood)
was approved by FDA in 2011 as the first ever cellular drug
approved [26]. With a little interval time, Allocord and other
products was approved by FDA [28].

Somatic Cell-Based Products

A somatic cell is defined as any biological cell that forms the
body of an organism exclusive of undifferentiated stem cells.
Somatic cells are often used with somatic cell nuclear transfer
(SCNT) and gene therapy [29–31] for cell therapy purposes;
however, in RG somatic cell therapy is one of the main inter-
esting and product-centric topics. Currently, somatic cell ther-
apy is focused on cell-based therapy for relatively simple

Table 2 FDA approved cellular and gene therapy products

Proper name Trade name Manufacturer Indication/ details

Protein therapy Coagulation factor Xa (recombinant),
inactivated-zhzo

Andexxa Portola Pharmaceuticals, Inc Uncontrolled bleeding

Adult cell
therapy

Laviv Azficel-T Fibrocell Technologies, Inc Aesthetic therapy

Autologous Cultured Chondrocytes on
a Porcine Collagen Membrane

Maci Vericel Corporation Full-thickness cartilage
defects of the knee

Allogeneic Cultured Keratinocytes and
Fibroblasts in Bovine Collagen

Gintuit Organogenesis Incorporated Wounds of the oral soft tissue
defects

Stem cell
therapy

HPC, Cord Blood Clevecord Cleveland Cord Blood Center Disorders affecting the
hematopoietic system

HEMACORD (HPC, Cord Blood) Hemacord New York Blood Center, Inc Disorders affecting the
hematopoietic system

HPC, Cord Blood Ducord Duke University School of
Medicine

Disorders affecting the
hematopoietic system

HPC, Cord Blood None Clinimmune Labs, University of
Colorado Cord Blood Bank

Disorders affecting the
hematopoietic system

HPC, Cord Blood None LifeSouth Community Blood
Centers, Inc

Disorders affecting the
hematopoietic system

HPC, Cord Blood None Bloodworks Disorders affecting the
hematopoietic system

HPC, Cord Blood None MD Anderson Cord Blood Bank Disorders affecting the
hematopoietic system

HPC, Cord Blood Allocord SSMCardinal Glennon Children’s
Medical Center

Disorders affecting the
hematopoietic system

Immuno-cell
therapy

Tisagenlecleucel Kymriah Novartis Pharmaceuticals
Corporation

B-cell precursor acute
lymphoblastic leukemia
(ALL)

Axicabtagene ciloleucel Yescarta Kite Pharma, Incorporated B-cell lymphoma

Autologous Cellular Immunotherapy Provenge Dendreon Corporation Prostate cancer

Virotherapy Talimogene laherparepvec Imlygic Amgen Inc. Melanoma

Voretigene neparvovec-rzyl Luxturna Spark Therapeutics, Inc Inherited retinal dystrophy

Devices Plasma Cryoprecipitate (For Further
Manufacturing Use

Plasma Cryoprecipitate OCTAPHARMA Pharmazeutika
Produktionsges.m.b.H

N/A

Sterile Cord Blood Collection Unit with
Anticoagulant Citrate Phosphate
Dextrose Solution USP (CPD)

None MacoProductions S.A.S. Cord blood samples
conveyance
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tissues such as skin and cartilage tissue. However, somatic cell
therapy-related researches and developments are growing fast
all around the world; while some of the products are at clinical
trial studies.

LAVIV® (Azficel-T): After 10 years of work on produc-
ing autologous cellular products, FDA approved LAVIV®
(Azficel-T) as the first cellular therapy autologous drug on
June 2011 [32]. After the report of no side effects for the
injection of skin fibroblasts cultivated in medium supplement-
ed with human serum, studies were focused to produce new
biological drugs in aesthetic therapy [33, 34]. Azficel-T is
used to improve the appearance of wrinkles that are seen from
the sides of the nose to the corners of the mouth that called
Bsmile lines^. This product is made from the autologous
source of skin fibroblast cells placed in a mixture of water
and salts [32]. The specimen, then, is cultured for 90 days
and the cultured cells are then injected intra dermal (ID)
through a specific therapeutic protocol. The data provided
by Azficel-Twas enough to secure an FDA approval; howev-
er, since it is a new drug, the approval entailed wide range
monitoring in the market in terms of immunity and skin cancer
side effects. Effectiveness of Azficel-T over 6 months is not
confirmed [35]. Use Azficel-T to valid the appearance of ag-
ing and skin rejuvenation by replacing lost dermal cells and/or
constituents show that autologous cellular therapy can denote
the beginning of a new phase in aesthetic therapy [36].
However, Azficel-T has been reported as the first in class
personalized cell therapy to skin rejuvenation and removal
of fine wrinkles.

MACI® (Autologous Cultured Chondrocytes on a Porcine
Collagen Membrane) is a cellulose scaffold that is used in
adults for repairing single or multiple full-thickness knee car-
tilaginous damages with average dimension of 2–10 cm2 and
with/without bone being inflicted. MACI® is an advanced
product and relies on 3D scaffolds for chondrocyte cells cul-
tures – a common practice in European countries, Australia,
and the USA [37, 38]. Usually, cartilaginous damages larger
than 3–4 cm2 with bone damages are treated with MACI®
along with autologous bone implant [39]. Short and mid-
term follows up in the patients who used MACI® have con-
firmed clinical, radiography, and functional improvement and
restoration of normal and complete activities [40].
Effectiveness of the drug on the joints other than the knees
in individuals older than 55 years is not confirmed.

APLIGRAF® Apligraf® is a tissue-engineered biological
wound dressing mat that was approved by FDA in 1998 as
the first cell contained and matrix composite tissue analog for
chronic wound management especially Venous leg ulcers
(VLU) and diabetic foot ulcers (DFU). It is made from a bi-
layer structure containing a monolayer of protective
keratinocytes at the outer layer and an inner layer of fibroblast
cells within a bovine type I collagen matrix. It is notable that

the Apligraf that has been used for several cases is actually
produced out of 12 skin specimens [41]. As a living cell ther-
apy, Apligraf is proven to be a valuable and cost-effective
treatment for a variety of wounds especially chronic non-
healing VLU and DFU. Apligraf® delivers the proteins pro-
duced by the cells and collagen, which are important for the
healing process of the wounded area. It is used like other
dressings and antibacterial treatments and it is designed to
repair an injury via the body healing capability and treatment
interposition. Apligraf® can play an active and dynamic role
in the wound healing process.

GINTUIT® is a fibroblast and keratinocyte-containing
sheet, as a combination product (containing cells and devices
components) that is the first FDA approved cell therapy prod-
uct for treatment of wounds in the oral soft tissue defects [42,
43]. In general, and to deal with tooth decay, dentists have to
perform gum surgery, which is a painful operation in some
cases and the result might be unsatisfactory. GINTUIT® is a
new option for gum reconstruction treatment. In fact, it is the
sister product of Apligraf for wound healing. Technology plat-
form of GINTUIT® is similar to Apligraf and both products
are obtained through an identical process on circumcision
scare skin that undergoes and enzyme digestion process [44].

The obtained cells are disaggregated into keratinocytes and
fibroblasts through centrifuge and kept in separate cell banks
for further culture, proliferation, and storage [43]. These two
cells are positions next to each other in a porous structure of
polycarbonate. Keratinocytes improve structural strength of
the product and fibroblasts provide the growth factors and
the cytokine secretion effective on wound healing through a
bovine collagen matrix structure. GINTUIT® is an allogeneic
product for gum surgery that it is recommended for 0.75–
7.5 mm wound on the gum [43].

Gene Therapy Products

Gene therapy is defined as introducing genetic material
into living cells to compensate abnormal genes or to make
a beneficial protein for treating or preventing a disease.
Human gene therapy includes administration of genetic
materials that modify or manipulate the expression of a
gene product or alter the biological properties of human
living cells for therapeutic purposes. Gene therapy can be
classified into two types including somatic cell gene ther-
apy and germline gene therapy. However, maybe the most
attracting thing in gene therapy topics is chimeric antigen
receptor T-cells (CAR-T), as the first gene therapy ap-
proved by FDA, for special cancers of the haematopoietic
system [45]. Although in most gene therapy projects, a
normal gene is inserted into the genome to replace an
abnormal disease-causing gene, there are many studies
on proceeding a genetically-mediated therapy by other
methods for prevention of some diseases.
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PROVENGE® (Sipuleucel-T) is the first autologous cell
therapy cancer vaccine approved by FDA for advanced pros-
tate cancer treatment. The therapeutic protocol is focused on
generating dendritic cells (antigen-presenting cells) in a pro-
cedure called leukapheresis that enables the cells for identify-
ing and killing cancerous cells that express PAP (prostate acid
phosphatase) [46, 47]. Long-term viability of a group of men
with resistive metastatic prostate cancer who received
Sipuleucel-T was on average 4.1 months longer than a group
that used placebo. In 3 years, the number of survived patients
in the vaccine group was 50% higher than the control group
[48]. Sipuleucel-T is designed to make the immune system
responsive to PAP so that the immune system is activated to
spot and fight cancerous cells. There are no other solutions
with the same effects on increasing viability rate of the pa-
tients without side effect except for docetaxel, which is usually
the last choice for many patients and physicians due to its
intrinsic toxicity. Direct strategies to improve effectiveness
of Sipuleucel-T might lead to better results [49].

LUXTURNA® is a therapeutic gene based on vector ade-
novirus virus that is designed for the patients with untreated
RPE65-mediated inherited retinal dystrophy. The patients
probably have cornea cells with viability capability; however,
gene disorder leads to specific types of Leber’s congenital
amaurosis (LCA) and retinitis pigmentosa (RP) [50]. Over
time, these patients lose the ability to detect light of any inten-
sity. This product is the first gene replacement drug in the
USA that is designed to target inherited retinal dystrophy by
a gene therapy approach. However, it has been emphasized
that genetic screening can identify these patients who might
benefit from this, other genetic products and future gene ther-
apies [51]. For more information about the related clinical trial
can be visit ClinicalTrials.gov, number NCT00999609.

KYMRIAH® (tisagenlecleucel) is an autologous synthetic
bio-immune product of anti-CD19 chimeric antigen receptor
(CAR) T cells, which is prescribed for acute lymphoblastic
leukemia (ALL) patients younger than 25 years with resistive
or recurrent B cell [52, 53]. Since many leukemia’s and lym-
phomas express CD19 as a surface antigen, this drug can be
assumed as a turning point in treatment of B-ALL patients.
Standard treatment for B-ALL patients are featured with high
failure rates, which makes developing new treatment a neces-
sity. The results of clinical trials indicate that KYMRIAH®
can achieve a high response rate in B-ALL patients. Still,
coincident toxicity like cytokine release syndrome and
CART T encephalopathy syndrome might induce severe or
even lethal side-effects; therefore, it is essential to control such
toxicities [54, 55]. In general CAR T cell therapy has revolu-
tionized cancer therapy by providing up to 90% complete
response and hopes for treatment of other cancers has been
increased.

YESCARTA® as the second gene/cell therapy product
approved in the FDA, is a CD19-directed immunotherapy

consisted of gene engineered autologous Tcells that have been
transduced with a retroviral vector encoding an anti-CD19
[56]. It is prescribed for adult’s patients with diffuse large B
cells lymphoma (DLBCL), primary mediastinal large B cells
lymphoma, high grade B-cell lymphoma, and DLBCL caused
by follicular lymphoma. Eye-catching effectiveness of the
drug have been covered by the media extensively [57]. It is
not recommended for the patients with early lymphoma of
central nervous system due to considerable side effects includ-
ing death. Still the long-term side effects need further studies.
At the present time KYMRIAH® (produced by Novrtis with a
price tag of US$475,000) and YESCARTA® (produced by
Gilead Pharmaceuticals with a price tag of US$373,000,) are
two CAR-T cell therapy which the cost of both are high [58].
However, advances in the processes of producing genetically
modified T cells may lead to better version of T cell based
treatments even for diseases other than cancer. For instance,
they can be effective on infectious and autoimmunity diseases.

IMLYGIC® (Talimogene Laherparepvec) is a genetically
modified oncolytic virus treatment that is designed for topical
treatment of cutaneous and sub-cutaneous conditions in the
patients with frequent melanoma after the primary surgery.
The drug is the first oncolytic viral therapy approved for treat-
ment of locally advanced melanoma in October 2015 and a
primary viral immunotherapy that is obtained from simplex
herpes virus (I) and used genetically to improve the rate of
diagnosing tumor and stimulate immunity response to tumor
[59]. Clinical trial phase III studies have indicated that the
drug is more effective than natural factors of the body like
GM-CGF3 and improves viability rate [60]. It is notable that
the effectiveness of IMLYGIC® on general viability or
splanchnic metastases is not proved.

ANDEXXA® is a Xa coagulation factor (FXa) (recombi-
nant protein) and the newest drug categorized as cell/gene
therapeutic drugs. It is a human modified protein and pre-
scribed for patients under FXa suppressor drugs like
Rivaroxaban and Apixaban and it is used through vein injec-
tion. However, approving further usage entails further studies
to confirm effectiveness of the drug on hemostasis [61, 62].
Continued approval for this indication may be contingent up-
on the results of studies to demonstrate an improvement in
hemostasis in patients.

Outlook

Although, presently clinical trials utilizing gene and cell-based
therapies are sparse, these developments are expected to sub-
stantially broaden the scope of regenerative medicine in the
near future. Current cancer treatments focus on finding strat-
egies to improve the prospect of survival and quality of can-
cerous patients’ lives. Hence cell based therapy has drawn a

3 Granulocyte-macrophage colony-stimulating factor
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great deal of attentions. In recent years, cell-based therapies
have been designed for the prominent disorders, including
cancer (myeloma), cardiovascular (heart failure, peripheral ar-
terial diseases), neurological (Parkinson’s disease, stroke, spi-
nal cord injury), autoimmune (Type 1 diabetes, multiple scle-
rosis, Crohn’s disease), ophthalmologic (glaucoma, macular
degeneration, Stargardt disease), renal, liver, skeletal (osteoar-
thritis), and infectious (HIV) diseases and wound healing. To
this aim, Multiple cell sources have been utilized, including
autologous (Adult cells, stem cells from different adult tissue,
iPS), allogeneic (Adult cells, stem cells from bone marrow,
adipose tissue, embryonic stem cells, umbilical cord and cord
blood stem cells) and genetic engineering cells. In addition,
and to facilitate cell-based therapeutic applications, high puri-
ty, low cost, and large scale cellular sources are needed. There
are promising reports by different in vitro and in vivo studies
indicating the potential success of using cell-based therapy in
therapeutic applications. In addition to offering novel treat-
ments for different incurable diseases, cellular and gene ther-
apies give us deeper insights into how different cells of target
tissues interact with one another in health and disease.
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