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Abstract

Surgery, chemotherapy and radiotherapy are the gold standard treatments
used for cancer. Side effects from medical radiation can be significant, partic-
ularly external beam therapy to the breast, and head and neck regions causing
fibrosis, secondary skin cancer, hair loss, oral mucositis and neuropathic pain.
There is significant psychological stress, depression, anxiety and loss of self
esteem particularly for female patients. Similar types of space radiation are
known to damage the health of astronauts. Current treatments for scarring,
tissue loss, hair loss and neuropathic pain are a high priority but inadequate.
Regenerative medicine is a new and comprehensive approach to potentially
treat complex medical conditions from radiation damage. Regenerative medi-
cine combines a systematic evidence based approach with the use of herbal
medicine, stem cells, peptides and 3D tissue engineering. These fields use so-
phisticated technology to identify the respective molecular mechanisms of
upregulation and protection of healthy cells and down regulation of cancer
cells. The regenerative medicine strategies of stem cells and plant polyphenols
suggest there is significant potential for rapid clinical translation to alleviate
the side effects associated with radiotherapy.
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1. Introduction

Cancer is a major cause of death worldwide with an estimated 19.3 million new

cancer cases and almost 10.0 million cancer deaths occurring in 2020. Female
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breast cancer has surpassed lung cancer as the most commonly diagnosed can-
cer, with an estimated 2.3 million new cases (11.7%) [1]. Research into cancer
survival has evolved considerably with the US National Cancer Institute defining
survivorship as the focus on “the health and life of a person with cancer post
treatment until the end of life.” [2] It reflects the paradigm shift of human health
concern to cover the attributes of the physical and biopsychosocial domains. In
addition, attention is attached to the personal and governmental socioeconomic
issues of cancer. The 21°* century approach to cancer includes its diagnosis,
treatment, side effects of treatment in the short term and long term, and the over-
all quality of life.

Radiotherapy to treat cancer can be performed as a single modality technique
for inoperable brain cancer and to reduce pain and inflammation from metas-
tatic spinal cord lesions. The majority of cancer treatments utilize surgery to
excise the lesion completely, or to debulk the tumor, followed by radiotherapy as
the acceptable gold standard approach. The selection of the single versus mul-
ti-modal therapy is decided by an oncology team and the treatment decision
made on an individual basis considering the variables of tumor location, grade,
cell type, local or regional spread, metastatic potential or presence, and adjacent
anatomical structures. Radiation has a distinct advantage compared with surgery
due to its minor or non-invasive approach in medically compromised patients.
In addition, radiotherapy is applicable where the primary tumor or secondaries
are located in high risk surgical sites of the brain, brain stem and spinal cord.
The oncology team will carefully consider the patient’s general health, co-existing
medical conditions, psychological parameters and family support.

There has been good progress in the delivery methods of radiation to reduce
its damaging effects to adjacent healthy tissue. However, two important ana-
tomical areas are subject to the effects of field radiation that can cause significant
side effects. The breast, and oral cavity and facial region are areas of high priori-
ty for the patient. These areas are highly personal with enormous psychological
and social consequences for the patient if they are irreparably damaged during
treatment. An example would be the postsurgical loss of an intimate personal
part such as the breast that is replaced by significant scars (Figure 1). External
beam radiotherapy can produce persistent painful scars and long term alopecia
(hair loss).

Cancer treatment to the breast and orofacial regions frequently uses a combi-
nation of ablative surgery and radiotherapy. Post-treatment breast complications
of surgery and radiotherapy can be unsightly scars of a key body part and the
onset of neuropathic pain. For women this can have major negative psychologi-
cal implications triggering anxiety, depression, stress, and loss of personal es-
teem (Figure 2). The breast and orofacial region have a dense neurosensory net-
work that is necessary for functioning. Unfortunately nerve trauma in the form
of neurotmesis from scalpel incisions induces neuroma formation causing spon-
taneous pain (Figure 3). High energy radiation damage to neurons results in the

loss of the protective myelin sheaths producing sharp, shooting and burning
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Figure 1. Patient examples of significant scarring of breast following mastectomy in four

women.
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Figure 2. Common side effects of radiotherapy to the head and breast regions causing

scars, fibrosis, neuropathic pain and hair loss. A biopsychosocial analysis of the scope of
negative conditions as a result of these complications including negative thoughts, finan-
cial loss, psychological stress and physical deterioration.

Figure 3. A 65 year old Caucasian male with neuropathic pain in the healed incision line
of the lip. The incision was performed for surgical access to a squamous cell carcinoma
situated on the hard palate. The pain intensity was reported at 6/10 and pain medication
of codeine, amitriptyline and carbamazepine was ineffective. Topical capsaicin was ap-
plied for several weeks and abolished the pain.

neuropathic pain qualities. The purpose of breast radiotherapy is obliteration of
residual cancer cells adjacent to the surgical site with a three stage approach of
CT simulation, contouring and planning. Immediate post radiation complica-
tions of edema, necrosis and pneumonia are quickly observed. The immediate to

late stage problems are seen with breast and pulmonary fibrosis, cardiomyopa-
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thy and radiation-induced cancer [3]. There is significant prevalence of radiation
fibrosis 12 months after treatment and was shown to occur in 90.5% of patients
with 17.1% being symptomatic [4].

Where the patient has oropharyngeal (head and neck) cancer the surgical plan
is to attempt an excisional approach with generous surgical margins of the pri-
mary tumor and regional head and neck lymph nodes. Alternately, if the tumor
is large and close to critical nerves or vessels then the approach is to debulk the
tumor for short term improvement to maintain facial esthetics, and jaw and nas-
al function. The head and neck region, arguably, is the most anatomically com-
plex part of the body with multiple cranial nerves, carotid arterial supply and its
branches, venous complexity, lymphatic drainage, salivary glands and jaw mus-
cles. The face, teeth, tongue and jaws have vital functions of communication and
eating to obtain adequate nutritional requirements. Substantial facial tissue loss
can be improved for function and esthetics by vascular flap transfers and pros-
thetics. However, surgical intervention can result in extensive facial scars. Major
residual scars can be unsightly and cause psychological distress. Radiation in-
duced skin reactions are frequently observed. It has been reported that >70% of
patients with malignant tumors need radiotherapy and 95% develop skin red-
ness, irritation and ulceration due to oxidative stress [5]. As early as 1970 it was
shown that localized facial skin cancer is an unfortunate consequence of radio-
therapy that has targeted oral cancers (Figure 4, Figure 5). The investigators
reported that most tumors were of basal cell carcinoma diagnosis and developed

Figure 4. Development of a basal cell carcinoma in a 58 year old male. The lesion was si-
tuated on the nose and occurred 15 years after radiation treatment following excision of
an oral squamous cell carcinoma.

Figure 5. An 80 year old female undergoing excision of recurrence of a squamous cell
carcinoma that occurred 20 years previously in the retromolar trigone region. Post-surgical
radiation treatment was performed after the original surgery.
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quickly in the younger patients. Centrally located lesions occurred frequently in
the nose and circumoral regions [6]. The onset of rapid tooth decay and peri-
odontal disease from radiotherapy magnifies the problem as there is a marked
decline in a socially acceptable appearance coupled with a marked decline in
tooth function to masticate food for nutritional requirements (Figure 6).

Alopecia is an extremely visible and upsetting condition following radiothe-
rapy and chemotherapy. Despite patients being forewarned about hair loss and
options to treat it there remains high level psychological distress in females and
children. An excellent review on radiation induced alopecia has recently been
reported [7]. Key findings in this report showed persistent or permanent alope-
cia after cancer was reported in 14% of childhood cancer survivors and in 30% of
adult breast cancer survivors. Persistent or permanent hair disorders was identi-
fied in 60% of patients from head and neck radiotherapy. The use of wigs and
scarves to mask hair loss are used but depression and anxiety is still very com-
mon. While hair may grow back there can still be patches of baldness. The qual-
ity of regrown hair is less as it is thinner and curlier.

Following radiation treatment to the head and neck the oral mucosa frequently
develops radiation mucositis. This is characterized by widespread ulceration of
the oral mucosa causing extreme pain on eating and talking with great suffering.
The lack of eating can lead to a nutritional deficiency and lower the general
health of the recovering patient. Radiotherapy also causes persistent neuropathic
pain in the orofacial and breast region. The radiation is directed at tissues that
are dense in myelinated A-delta and unmyelinated C sensory nerve fibers. Tri-
geminal neuropathy is a disabling pain with sharp, shooting, burning and aching
qualities [8]. Touching the site increases the pain intensity and is termed me-
chanical hyperalgesia. The face is very painful to touch such as applying lipstick.

For thoracic neuropathy the wearing of clothes increases pain. Invariably the

Figure 6. 73 year old male with a history of Hodgkin’s lymphoma, squamous cell carci-
noma and adenocarcinoma managed with surgery, chemotherapy and radiotherapy. Ex-
tensive tooth decay observed on the orthopantogram radiograph and clinical photo.
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afflicted patient retracts from his/her partner avoiding kissing, touching and sex
causing relationship problems. Post-mastectomy pain syndrome occurs after
surgery in 25% - 60% of patients causing neuropathic pain and has a major neg-
ative effect on the patient with loss of a woman’s personal anatomical part com-
pounded by pain and scars [9]. Persistent neuropathic pain leads to brain neu-
roinflammation and changes to behavior with depression, anxiety, stress, fru-
stration and anger [10] [11]. At the molecular level the neuropathy has an over-
expression of the pain producing peptides such as substance P.

Regenerative medicine is a new and exciting field of medicine that has appli-
cations to tissues after radiation. It is a collection of evidence based knowledge
involving the core modalities of stem cells, bioscaffolds, exosomes, peptides and
natural occurring polyphenols. Most of the published information is from in vi-
tro and ex vivo research, and preliminary clinical trials. Each modality on its
own has the capacity to lead to improved outcomes and when combined have
the potential to be enormously helpful for patients. There is accumulating pub-
lished data on each of the modalities but there is a paucity of information ap-
plying these fields for radiotherapy patients. The purpose of this article is to out-
line integrated regenerative medicine approaches from a narrative approach for
clinical translation that is applicable to medical radiation complications. In par-
ticular, the focus is on the modalities of stem cell methods and natural com-

pounds that could have rapid translation into clinical trials (Figure 7).

2. Regenerative Medicine Methods
2.1. Stem Cells

There have been enormous leaps in our understanding of stem cells and their
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Figure 7. The scope of the integrative fields in regenerative medicine. © Shparberg,
Braunsteiner & Vickers (2018) Journal of Stem Cell Research & Therapy.
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role in regenerative medicine. The four different type of stem cells are umbilical
cord, embryonic, induced pluripotent and mesenchymal cells derived from adi-
pose tissue or hematopoietic tissue. All types have undergone clinical trials with
adult mesenchymal cells (MSCs) routinely used in conditions such as osteoarth-
ritis with a high margin of safety. Research has indicated that stem cells perform
several roles after tissue injury including the release of anti-inflammatory me-
diators. The second role is for the proliferation and differentiation of cells to
form new tissue.

A review on the effect of MSCs after lung irradiation showed the cells mi-
grated to the site of injury and differentiated into specific lung cell types and
improved vascularity by forming endothelial cells. The mechanisms occurred
via by superoxide dismutase-1 expression and anti-fibrotic factors hepatocyte
growth factor and prostaglandin E2 [12]. From a clinical translation perspective
the intravenous administration of MSCs is a simple method to deposit cells into
the lungs.

Scarring occurs throughout the body with more obvious dermal scars such as
hypertrophic scars (keloids) observed at times. Interest in the stem cell approach
is derived from the knowledge that injuries heal without scarring in the first two
trimesters when embryonic and mesenchymal stem cells are abundant in the fe-
tus. In addition, the stem cell expression profile (secretome containing peptides)
with paracrine activity displays this ability. The ability of non-scarring is lost in
the third trimester with a research focus on the scar forming Engrailed-1 gene
involved in burn related scars. Peptide compounds reducing scarring have been
identified as human beta defensin-2 and -3, vascular endothelial growth factor,
hepatocyte growth factor, and platelet-derived growth factor [13].

Organoids are differentiated stem cell clusters with attributes of the target or-
gan. Lung, cardiac, pancreatic and hepatic organoids have been developed. Im-
portantly, adipose breast cell organoids have been developed to study breast can-
cer and recently for the potential of 3D bioprinting to regenerate healthy breast
tissue [14]. Autologous adipose stem cells have also shown evidence in humans
to reduce orofacial neuropathic pain with safety and preliminary efficacy [15].
Stem cells for hair loss particularly for androgenetic alopecia have been in de-
velopment for several years [16]. Thymulin peptide attached to zinc has been
found to be safe and effective in humans for stimulating the anagen phase of hair
growth and could possibly increase the rate of hair growth after radiotherapy
[17].

2.2. Natural Compounds

A recent animal (rat/mouse) model and cellular review of polyphenols to protect
brain tissue from gamma radiation has recently been published [18]. It empha-
sizes that natural compounds when combined with stem cells have a positive ef-
fect on cell proliferation and differentiation. Moreover, the plant based poly-
phenolics have an inhibiting effect on cancer stem cells [19], and breast cancer

cells [20]. There are an estimated 20,000 polyphenolic compounds from plants.
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Plants have been on the earth for 290 million years (Ginkgo biloba) and have
developed multiple bioactive principles with antioxidant effects found in green
vegetables and antiradiation properties in the herb Rhodiola rosea. This article
will focus on several well researched polyphenols that could be translated for
clinical research to ameliorate radiation side effects (see Figure 8 for chemical

structures of compounds).

2.2.1. Epigallocatechin Gallate

Epigallocatechin gallate (EGCG) is the major polyphenol found in green tea. Ex-
tensive research has been conducted in China on this extremely valuable com-
pound and it has a well established safety profile [21]. When combined with the
other green tea bioactives EGCG decreased lung carcinoma by 58% (mice mod-
el) in an aerosol delivery [22]. The compound can enhance cancer cell sensitivity
to radiation by regulating apoptosis in the miR-34a/Sirtl/p53 signaling pathway
[23]. EGCG has been shown to confer protection to dermal skin cells from io-
nizing radiation by several mechanisms involving overexpression of heme oxy-
genase-1 and reduced DNA strand breaks [24]. EGCG promotes neural proge-
nitor cell proliferation and sonic hedgehog pathway activation during adult
hippocampal neurogenesis [25]. EGCG has been shown to be effective to reduce
scarring of human skin compared with placebo [26]. It may reduce neuropathic
pain by reducing ROS [27]. In areas of radiation damage to the skin where sec-
ondary bacterial infection can occur the EGCG polyphenol has remarkable an-

timicrobial activity against pathogenic skin bacteria [28].

2.2.2. Quercetin

Quercetin is found in many fruits and vegetables and has high concentrations in
kale, broccoli, berries and tomatoes. The compound has many publications for
several therapeutic roles including radiation protection on neuronal tissue by
reducing oxidative stress in the rat brain exposed to 20 Gy [29]. Its role as an
anti-breast cancer agent has been reported [30]. It has other anticancer tissue

properties by cell cycle arrest and apoptosis [31]. It can reduce liver [32] and
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Figure 8. Chemical structures of the natural compounds for regenerative medicine ap-

proaches to reduce side effects from medical radiation therapy.

DOI: 10.4236/jct.2021.128040

468 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2021.128040

E. R. Vickers et al.

pulmonary fibrosis [33] and has the potential to decrease dermal scars by alter-
ing integrin expression in the extracellular matrix [34]. It promotes human epi-
dermal stem cell proliferation [35]. Quercetin reduces pulmonary fibrosis by re-
versal of TGF beta 1 [36].

2.2.3. Curcumin

Curcumin is the major bioactive from the turmeric root and is a staple part of
the Indian subcontinent diet. A randomized controlled trial has shown that a
daily dose of 6 gm of curcumin showed a significant reduction in radiation der-
matitis and pain quality, but no effect on erythema. The radiation dose ranged
from 42.6 to 50.4 Gy and the total number of sessions ranged from 16 to 33 [37].
It has also been shown to be protective against radiation induced oxidative stress
(rat model) [38]. The compound has been traditionally used in Asian medicine
as an antifibrotic and has been supported by recent studies to reduce lung fibro-
sis [39]. The benefit of curcumin as a novel and safe anticancer agent has re-
ceived attention with considerable research now published and an excellent re-
cent systematic review showing it has multiple therapeutic effects of inhibiting
carcinogenesis, angiogenesis, and tumor growth [40]. It has shown potential for
reducing neuropathic pain [41]. Curcumin has demonstrated good regenerative
potential for healthy stem cell proliferation and reduces cytotoxicity of stem cells

in an unfavorable environment [42].

2.2.4. Palmitoylethanolamide

Palmitoylethanolamide (PEA) is a natural endocannabinoid found in humans
and mammals. It reduces pain and inflammation as an analgesic and has roles in
pain suppression, the immune system, appetite and mood. Recent evidence (rat
model) has shown co-administration of PEA with radiotherapy significantly re-
duced radiation injury and collagen deposition [43]. It also has demonstrated
antiproliferative effects (in vitro) against the human adenocarcinoma Caco-2 cell
line and has been suggested as an adjunct to chemotherapy [44]. A recent review
of PEA has shown antidepressant effects that were improved with co-administration
of citalopram [45]. PEA is widely considered a very safe compound with many
countries classifying it as a food. Pharmaceutical grade PEA is obtained from egg
yolk, peanut oil and soya bean. It has very few side effects and drug interactions
and is available as an orally ingested powder (capsule) form and as a topical
cream. It is one of the few compounds to reduce noradrenaline release that is
involved in sympathetically maintained pain (a secondary pain to neuropathic
pain). The compound can reduce liver fibrosis [46] and tumor cell proliferation
[47].

2.2.5. Capsaicin

Capsaicin is derived from chillies and capsicum and is structurally similar to the
endocannabinoids. It has been traditionally used to reduce cholesterol and li-
pids. It can be prescribed as a topical formulation to treat oral mucosal and der-

mal neuropathic pain [48]. A recent comprehensive review found that most stu-
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dies identified capsaicin to have anti-tumor properties for breast cancer, lung
cancer, gastric cancer, liver cancer, prostate cancer and bladder cancer [49]. Spe-
cific biochemical actions showed it to be an antioxidant by inhibiting lipid pe-
roxidation and protein oxidation, and as a radioprotector by preventing radia-
tion induced loss of the endogenous antioxidant glutathione [50]. Several studies
have shown the compound to reduce liver fibrosis [51] but not affect the rate of
normal healing in skin (rat model) [52]. Capsaicin has been shown to increase
stem cell proliferation but prevent cell fate adipogenic differentiation from bone

marrow stem cells [53].

3. Discussion

The two fields of stem cells and polyphenols derived from herbal medicines
demonstrate the potential of combining these natural techniques to improve
radiation treatment outcomes. The loss of a woman’s breasts, replaced by pain-
ful, ugly scars creates enormous psychological distress. Immediate surgical re-
construction of breast tissue after mastectomy is available for only a limited
number of patients. Healthy breast cell organoids to reconstruct lost tissue would
have enormous benefits. Regenerative medicine has the possibly of reducing
radiation damage to the brain including memory loss. Neurodegenerative effects
from brain irradiation show cell apoptosis, demyelination and impaired neuro-
genesis [54]. Certain polyphenols can stimulate proliferation of the hippocampal
neuroprogenitor cells.

In the case of the orofacial region the medical significance of reducing loca-
lized complications after radiotherapy directed at the orofacial region should not
be overlooked in considering the total welfare of the patient. A pleasing esthetic
appearance of the face and teeth underpin self confidence. Radiotherapy causing
extensive tooth decay is just one problem when it has been applied after head
and neck surgery. When a person has decayed anterior teeth there is a lack of
self confidence, reduced employment opportunities and a decline in social inte-
raction. Radiation affected salivary glands reduce salivary output and lowers its
buffering capacity leading to rampant tooth decay. Moreover, the teeth can no
longer masticate food into smaller pieces so the nutritional uptake in the ga-
strointestinal tract is reduced. The regional masseter and pterygoid jaw closing
muscles can become fibrosed and aggravate chewing inefficiency. The develop-
ment of fibrosis leads to possible nerve entrapment and spontaneous pain from
innocuous stimuli such as touch, thus compounding the sensory aspects of the
face. In essence, decayed teeth can initiate significant medical complications.
Radiotherapy and the removal of decayed and infected teeth can lead to post-
operative dental complications of osteonecrosis, osteomyelitis and painful non-
healing tooth extraction sockets. The effect of radiation on oral mucosa leads to
very painful prolonged episodes of oral mucositis. This is an extremely painful
and debilitating condition with significant morbidity in the physiological and

psychological dimensions. Another problem is the effect of radiation inducing
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dysplasia (basal cell carcinoma) on previously healthy facial tissues requiring
further surgical intervention. The tissue also has a reduced blood supply so that
subsequent grafting with local flaps is compromised. The radiation treatment
may prolong the life expectancy of the individual but the enjoyment of living
and eating food, reduced intimacy due to trigeminal neuropathic pain (and breast
neuropathy) creates depression, anxiety, despair and hopelessness. A damaged
face and breasts are seen by many patients as a damaged “self”.

Translational research is urgently needed when considering the current unmet
requirements for the prevention, improvement and reconstruction of tissue af-
fected by radiation. Reconstruction of the face and breast with normal vascula-
ture and nerve innervation would have a major beneficial impact on the medical
and psychosocial health of patients. Combining the knowledge of stem cells and
optimizing its cell growth medium to a therapeutic manufacturing scale for or-
ganoids clearly would be advantageous in enhancing positive patient outcomes
after establishing safety and efficacy trials. Currently, orthopedic surgeons rou-
tinely remove infected and non-vital bone then later conduct bone regeneration
using bone marrow augmentation that is dense with stem cells. Burns specialists
use a similar approach of placing stem cell enriched skin grafts. Cancer surgeons
of the breast and orofacial regions should be encouraged to perform regenerative
procedures. The basis of regenerative medicine technology has shown efficacy
and safety from these other medical specialists. The cost of the acquisition and
delivery of stem cells has reduced markedly due to greater knowledge and im-
plementation of clinically designed microfluidic separations and peptidic che-
moattraction gels [55]. This allows the reconstructive surgeon to design and
perform planned and careful incremental adjustments for facial and breast aug-
mentation after ablative surgery and radiotherapy. Furthermore, the administra-
tion of stem cells is becoming simpler via injectable semi-viscous gels containing
stem cells, peptides and polyphenols followed by crosslinking to achieve 3D gel
stability, or direct 3D bioprinting. The peptides can help direct differentiation of
stem cells to be specific to the donor tissue. The polyphenols can induce diffe-
rentiation for maturing cells into functional tissue. Individual polyphenols from
herbal medicines can be obtained by separation chromatography to yield phar-
maceutically pure compounds for accurate dosage regimens either topically, oral
systemic use, by inhalation or direct inclusion in biodegradable gels. The inhala-
tional approach is particularly useful as the compound is absorbed rapidly and
avoids pharmacokinetic first pass metabolism and elimination. Herbs however,
may work better when all constituents of the plant are used as previously men-
tioned with green tea. In addition, the use of combination herbal formulas uti-
lizing several plants for synergistic actions has been thoroughly tested in Tradi-
tional Chinese Medicine and European/British herbal medicine practice. The
scope of research and practice using herbal formulas and the methods of appli-
cation may dramatically improve outcomes after surgery and radiotherapy when
considering the current extensive evidence base of knowledge of the polyphenols

and phytotherapy.
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Table 1. Comparison of radiation dose of occupation and medical treatments. The radia-
tion dose is measured in millisieverts (mSv) of effective dose [Jedick 2014].

Occupation/medical treatment Radiation dose (mSv)
1 day of natural background radiation 0.01 mSv
Chest X-Ray 0.1 mSv
Mammogram 0.7 mSv
Pregnant aircrew maximum during pregnancy 1 mSv
Average human exposure per year 3 mSv
Aircrew per year 6 mSv
Body CT Scan 10 mSv
Radiation technician per year 50 mSv
Aircrew maximum exposure per year 50 mSv
Human maximum accumulated over a lifetime 100 mSv
Astronaut living on the International Space Station (6 month exposure) 100 mSv
Radiotherapy (head & neck, breast) 500 mSv (50 Gy)
Astronaut journey to Mars (6 month exposure) 1000 mSv
Acute Radiation Syndrome (fatal ARS exposure) 1000 - 2000 mSv

There are other applications of regenerative medicine for other forms of radi-
ation (Table 1). The prevention of skin cancer receives major attention in Aus-
tralia that has the highest skin cancer rate in the world. Solar radiation causes a
high prevalence of melanoma and carcinoma in Australians of fair skinned Cauca-
sian background. A topical cream composed of a proven and safe herbal com-
pound mix would be widely used in the general population due to popular out-
door sports activities. Occupations involving outdoor activities such as building
and construction, tourism, and pilots exposed to long duration flights may bene-
fit. One particular use could be astronauts exposed to very high levels of cosmic
radiation that would provide a greater level of protection. Cosmic radiation
damage to human physiology has been identified by NASA astronauts as the
greatest problem preventing space exploration. Successful space exploration is a
prelude to commercial space mining and the acquisition of helium-3 from the
moon for nuclear fusion technology and asteroid mining for example the Psyche
16 asteroid. An astronaut living on the International Space Station for six months

is exposed to the same radiation level as a human’s lifetime on earth [56].

4. Conclusion

In summary, there are currently techniques and compounds in regenerative medi-
cine that clearly have the possibility to impact radiotherapy in several ways.
Herbal polyphenols can radiosensitize cancer cells and yet be protective against
its damaging effects to healthy tissues. Stem cells are novel and have intrinsic
regenerative capability. Further identification of molecular agents to proliferate

and differentiate tissue “on demand” has enormous potential to rectify the lack
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of treatments to date to counteract radiation induced injury.
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