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Preface

Dear Reader

Opioid receptors are groups of receptors (y, k-, 8- and {-opioid receptors) that are widely
distributed in the nerve cells of the brain, the spinal cord and the digestive tract.
Naltrexone is a type of general opioid receptor antagonist and has been used to treat
chronic pain syndrome, autoimmune diseases, and cancer at a dose of 5 mg/day, which is
often called Low Dose Naltrexone (LDN). This book analyzed the pharmacological
functions of low-dose naltrexone, especially in anti-inflammation and immunoregulation,
and its potential for immune-related diseases and cancer therapy. Low-dose naltrexone
has immunomodulatory and therapeutic effects. Recent clinical studies have confirmed
that low-dose naltrexone has played a significant role in the treatment and control of a
variety of autoimmune diseases, for example, it prevents the recurrence and progression
of multiple sclerosis, and low-dose naltrexone has been able to treat Crohn's disease. and
mesentery panniculitis with little or no adverse reactions. Low-dose naltrexone regulates
the production of inflammatory cytokines by influencing the level of endogenous opioid
peptides in the body. Furthermore, low-dose naltrexone has an antitumor effect and can
modulate the response of the neuroblastoma tumor, delaying the onset and reducing the
incidence rate of tumors, significantly decreasing the volume and weight of the tumor and
DNA synthesis in the tumor.
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INTRODUCTION

Opioid receptors are groups of receptors (y-, x-, 8-, and {-opioid receptors) that
are widely distributed on nerve cells in the brain, spinal cord, and digestive tract. The
main function of C receptors is related to growth and development. Therefore, the
receptor is also called the opioid growth factor receptor (OGFR) [1,2].

OGFR is also expressed on or in immune cells, indicating that OGFR agonists and
antagonists may play immunoregulatory roles. Naltrexone is a general opioid receptor
antagonist [1]. It has a strong blocking effect on OGFR [2]. It can be used for drug
withdrawal and relapse prevention at the label dose of 50 mg/day.

Currently, naltrexone has been used to treat chronic pain syndrome and
autoimmune diseases at a dose of 5 mg/day, commonly referred to as LDN [3]. Many
studies have focused primarily on the traditional pharmacological effects of LDN on
substance abuse and addiction disorders, with some success. LDN has been shown to
alleviate symptoms of physical dependence [4-10], reduce withdrawal symptoms [11,12],
and prevent relapse to drug addiction after detoxification [13,14], as well as provide
supportive therapy for severe alcohol and tobacco dependence [15-17].

However, LDN's immunoregulatory activity should not be overlooked. In 1983, a
paper in Science first reported [18] that LDN intermittently blocked OGFR and
significantly inhibited neuroblastoma growth in tumor-bearing mice. Over the past three
decades, the immunoregulatory actions of LDN have attracted increased attention, and
increasing trials and experiments are still ongoing. Previous articles published by our
research team indicate that LDN could modulate the function of immune cells, such as
bone marrow dendritic cells (BMDCs) and macrophages [19,20].

Furthermore, naltrexone has a similar structure and mechanism of action to

naloxone, but with greater oral bioavailability and a longer half-life [1,2]. It is used
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clinically in the treatment of alcohol and opioid dependence. Initially, the European
Medicines Agency (EMA) and the Food and Drug Administration (FDA) approved its
use for the treatment of alcoholism, in daily doses of 50 mg to 100 mg. Subsequently, the
FDA also approved its use in combination with bupropion for the treatment of obesity, in
doses of 8 mg/90 mg/day to 32 mg/360 mg/day, in individuals with at least one
comorbidity related to excess weight [3-5]. In this context, naltrexone has been used at
low doses (up to 5 mg/day) to treat chronic pain and autoimmune diseases. This therapy,
known as low-dose naltrexone (LDN), is an off-label use practice, which involves the use
of a drug for a condition other than that for which it was developed and approved [7].
However, this practice began in the 1980s (1985), when physician Bernard Bihari used
LDN to treat immunosuppression in HIV patients. Since then, the off-label use of LDN
has emerged as a promising pharmacotherapy for the treatment of autoimmune diseases,
malignant tumors, inflammatory bowel diseases, and dermatological conditions,
conditions often accompanied by chronic pain [9-16].

LDN has a paradoxical effect compared to usual doses, as it promotes analgesia
and anti-inflammatory effects [11,17]. It is noteworthy that the pharmacological
mechanism of low-dose naltrexone is not yet fully understood. It is essential to note that
naltrexone is a potent opioid receptor antagonist, leading to a decrease in the proliferation
of B and T cells, as well as macrophages. Blockade of the OGFR receptor by LDN
promotes a compensatory increase in the production of endogenous opioids that activate
kappa opioid receptors. Activation of kappa receptors induces an anti-inflammatory
effect, decreasing interleukin 6 (IL-6) levels and neutrophil migration. Meanwhile,
naltrexone acts selectively and potently on the & receptor, which is associated with

analgesia, cognitive functions, and physical dependence [10,19].
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At low doses (up to 5 mg/day), naltrexone also acts as a glial modulator
[11,17,20], more specifically via antagonism of Toll-like receptor 4 (TLR4). This
receptor is present in microglia, which make up approximately 70% of the central nervous
system [21]. Its blockade by LDN inhibits cytokine release and Toll-like receptor 4
(TLR4) signaling from microglia, suppressing the release of pro-inflammatory cytokines,
substance P, nitric oxide, glutamate, and decreasing the expression of chemokine
receptors and adhesion molecules [11-14,17].

Furthermore, considering a potential indication for use, with its proposed few
adverse effects, high adherence, low cost, and efficacy of the specific LDN dosage, this
therapeutic approach may represent an option for patients unresponsive to conventional
medications facing a multitude of chronic health conditions [11,13].

Therefore, this book analyzed the pharmacological functions of low-dose
naltrexone, particularly in anti-inflammation and immunoregulation, and its potential for

immune-related diseases and cancer therapy.
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CHAPTER I

Main Clinical Approaches and Outcomes

In 1987, Zagon and Melaughlin [22] discovered that the opioid growth factor-
opioid growth factor receptor (OGF-OGFR) axis is composed of OGF and its specific
receptor in the developing rat brain and a neuroblastoma cell line. Under physiological
conditions, such as the developing cerebrum and cerebellum [23] and in the cornea [24],
OGF-OGFR binding has been recorded by immunoelectron microscopy and confocal
microscopy, playing an important role in supporting the growth and development of
tissues and organs.

OGF and naltrexone can promote cell proliferation and wound healing. However,
many physical diseases, including multiple sclerosis, Crohn's disease, diabetes, and
cancer, as well as mental disorders, are linked to dysregulation of the OGF-OGFR axis.
For example, the existence of the OGF-OGFR axis has been confirmed in many malignant
tumor cells [25,26]. In vitro studies have shown that OGF significantly inhibits cell
replication in squamous cell carcinoma of the head and neck (SCCHN) through a
receptor-mediated mechanism [27]. As an OGFR antagonist, LDN has been found to
regulate tumor cell proliferation through the OGF-OGFR axis in recent studies [2,28].

Evidence suggests that OGFR mediates the effect on cell growth and appears to
be dose-dependent, but is related to the duration of action [29]. LDN inhibits tumor
growth, while HDN accelerates tumor growth and somatic cell development. Continuous
blockade by naltrexone can promote cell proliferation, while intermittent blockade by
LDN can inhibit cell proliferation, which plays a therapeutic role in cancers and

autoimmune diseases. During the window period of intermittent blockade caused by
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LDN, endogenous opioids and their receptors are compensatorily regulated. Therefore,
receptor availability may be enhanced after intermittent antagonist blockade, and receptor
availability was inhibited after continuous blockade. LDN treatment upregulates the
expression of OGF and OGFR in SKov-3 cells [30], and LDN can reverse the altered
homeostasis by exerting a partial inverse agonist effect.

Treatment with LDN or OGF fails to inhibit cell proliferation in OGFR-
knockdown SKov-3 cells [31]. The effects of LDN on cell proliferation and DNA
synthesis may be related to the cell cycle-dependent inhibitory proteins p16 and/or p21
[26, 30, 32]. Naltrexone, as a non-selective opioid receptor antagonist, can block the
binding of endogenous opioids and opioid receptors. The mechanistic pathways of LDN
remain unclear. Some studies indicate that LDN acts as an immunomodulatory agent,
binding directly to the OGFR within immune cells [33,34].

Evidence suggests that naltrexone acts in the body through at least two receptors
with different mechanisms. Microglia are considered resident macrophages of the CNS,
which are activated by various triggers. In addition to antagonizing mu-opioid and other
opioid receptors, naltrexone simultaneously blocked non-opioid receptors, such as TLR-
4, on macrophages and microglia [35-37]. LDN is thought to exert its anti-inflammatory
effects through non-opioid antagonist pathways.

By elevating endogenous opioids and inhibiting T and B lymphocyte proliferation,
Zagon and colleagues found that the short-term effects of LDN could produce
upregulation of opioid receptors. By increasing the production of endogenous opioids,
LDN could inhibit the proliferation of B lymphocytes [38], T lymphocytes [39], and the
corresponding immune responses. Bihari and colleagues [40] first used LDN to treat
acquired.

LDN can increase B-endorphin levels in vivo and stabilize T cell numbers in HIV-
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infected individuals [41]. The results indicated that LDN could reduce opportunistic
infections and increase the survival rate of AIDS patients. OGF and LDN had no
significant effect on the number of mononuclear infiltrates in the central nervous system
(CNS) in a model of established experimental autoimmune encephalomyelitis (EAE)
[42], but both can limit the number of CD3+/CD4+ T cells in the lumbar spinal cord.

Another study reported that LDN reduced the proliferation rate of activated T cells
in EAE mouse models [43]. The results of a study from our laboratory [20] revealed that
LDN could improve the phagocytic capacity of macrophages by influencing the
expression of surface markers and the secretion of several cytokines.

Also, LDN can increase the concentration of interleukin (IL)-2 and induce the
secretion of tumor necrosis factor (TNF)-a [19]. At the same time, LDN could enhance
the expression of MHC Il, CD40, CD83, CD80, and CD86 molecules on the surface of
dendritic cells. However, the mechanism of LDN is not fully understood. Because opioid
receptors are widely distributed on many types of immune cells, research on the effects
of different concentrations of naltrexone on immune cells is needed. Recent studies have
shown that 4 to 10 mol/L of naltrexone has a suppressive effect on lymphocyte
proliferation by blocking p-opioid receptors and increasing the expression level of TLR-
4 [44].

Besides, increasing studies have suggested that LDN may function not only
through the OGF-OGFR axis [26,32,38,42,45], but also through immune-related
signaling such as the Toll-like receptor 4 (TLR-4) pathway [36,44,46]. LDN may also
regulate proteins by activating apoptotic pathways [47], alleviate glutamate neurotoxicity
in nerve cells by inhibiting nitric oxide and inducing nitric oxide synthase (iNOS) activity

[48], and reduce inflammation [49].
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CHAPTER II

LDN and Autoimmune Disease

In the 1980s, LDN was found to have immunomodulatory and therapeutic effects.
Recent studies have confirmed that LDN plays a significant role in the treatment and
control of a variety of autoimmune diseases. Ten years ago, LDN was first used
spontaneously by multiple sclerosis (MS) patients worldwide, with substantial results
before medical institutions conducted rigorous clinical trials [49].

LDN can not only prevent MS recurrence but also reduce disease progression
[50]. A series of trials [51-54] in patients diagnosed with MS showed that LDN is well
tolerated and does not cause adverse reactions, significantly improving the patient's
quality of life and mental health. Similar results were obtained in animal models [55,56]
and in MS patients [57]. These data suggested that LDN provides a non-toxic and
inexpensive therapy and does not lead to further deterioration of disease symptoms [58].

A prospective study conducted by Zagon and colleagues [59] investigated for the
first time the safety and efficacy of LDN in patients with Crohn's disease (CD). CD
activity index scores significantly decreased, and quality of life assessments improved
after LDN treatment. A number of studies [60,61] found that LDN was well tolerated and
could reduce disease activity. Furthermore, LDN was able to treat CD and mesenteric
panniculitis with little or no adverse reactions [62,63].

In this regard, LDN may regulate the production of inflammatory cytokines,
influencing the level of endogenous opioid peptides in the body [64]. Treatment with
sulfasalazine, LDN, or a combination significantly improved the measured parameters,

including serum TNF-o and C-reactive protein levels, the disease activity index, and
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macroscopic and microscopic pathological scores, compared with those of the enteritis
group.

Furthermore, Ploesser and colleagues [65] reviewed the therapeutic effects and
side effects of LDN therapy in 206 patients with a variety of gastrointestinal disorders,
including irritable bowel syndrome, chronic idiopathic constipation, or inflammatory
bowel disease. LDN use had side effects, including neurological complaints such as
anxiety, drowsiness, headache, dizziness, insomnia, muscle pain, mood swings, and
concentration problems, and gastrointestinal reactions such as nausea, abdominal pain,
diarrhea, and anorexia, which were tolerable in most cases. Intravenous administration of
LDN reversed chronic opioid-induced constipation and transit changes [66], which
indicated that LDN was beneficial for the treatment of opioid-induced bowel motility

disorder in patients with chronic pain.

https://doi.org/10.54448/MSP.978-65-983826-5-0

16



CHAPTER III

LDN - Fibromyalgia, Type I Diabetes, Pruritus and AIDS

In crossover experiments with several female fibromyalgia patients, LDN was
found to significantly relieve pain in more than half of the patients [67,68]. Some
researchers [69] suggested that if fibromyalgia is an endocrine deficiency disease, LDN
may be an effective medication for treating the condition. Subsequent studies found that
LDN had a glial cell-modulating effect and thus improved the patient's fibromyalgia
symptoms [35].

Furthermore, some researchers proposed using a dynamic prediction model to
formulate the optimal dose curve for chronic fibromyalgia patients through engineering
control to achieve personalized treatment of LDN patients, reduce costs, and improve
efficacy [70]. LDN was found to improve fibromyalgia and prolong pain tolerance [71],
which was thought to work through modulation of inflammatory mediators in plasma
[72].

Although increasing numbers of fibromyalgia patients have used LDN off-label
as a potentially useful drug, resulting in recovery of endorphin function to mitigate pain,
further trials are needed to verify this observation before LDN can be recommended as
first-line therapy [73,74].

Insulin-dependent diabetes mellitus (type | diabetes) is an autoimmune disease
characterized by inflammation of the pancreatic islets and destruction of f cells by the
immune system. Patients experience a complete lack of insulin and a variety of
complications, such as dry eye and corneal disease. LDN could maintain a short period

of tear secretion in dry eye mice and could restore a loss of corneal sensory sensitivity to
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normal [75], in addition to promoting the growth of corneal granulation tissue and
angiogenesis [76,77]. LDN has been shown to accelerate the healing of damaged corneal
lesions in mice [78]. Furthermore, LDN also affects diabetic neuropathy [79].

Regarding pruritus, systemic sclerosis is an autoimmune disease that causes skin,
lung, and gastrointestinal fibrosis, vascular lesions, and pruritus as a common symptom.
Treatment with LDN has achieved initial results for pruritus and pain in other
inflammatory bowel diseases. Three case series reports [80] suggested that LDN was an
effective, highly tolerated, and inexpensive treatment for pruritus symptoms in systemic
sclerosis.

In terms of Acquired Immunodeficiency Syndrome (AIDS), LDN can induce the
production of two endorphins (B-endorphin and enkephalin) in vivo. Serum B-endorphin
levels in AIDS patients are at normal levels in people without AIDS. Taking 3 mg/day of
LDN can increase endorphin levels without blocking them. Additional studies have
shown a significant difference in the incidence of opportunistic infections with long-term
use of LDN and a decrease in CD4+ T cell counts [40].

Some patients have taken LDN for up to 7 or 8 years without disease progression
or CD4+ T cell decline [40]. LDN, as an immune-stabilizing agent for the treatment of

AIDS, is effective. In Nigeria, LDN has been approved for the treatment of AIDS [20].
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CHAPTER 1V

LDN and Cancer

LDN has an antitumor effect and can modulate the neuroblastoma tumor response,
delaying tumor onset and reducing tumor incidence [18]. In ovarian tumor-bearing mice,
LDN caused intermittent opioid receptor blockade and upregulated the expression of OGF
and OGFR [32], inhibiting tumor progression in a cytotoxic manner by reducing DNA
synthesis and angiogenesis. When tumor cells received intermittent LDN for a short
period of time (4—6 h) followed immediately by LDN, there was an 18-20-h window
during which tumor cell growth was significantly inhibited [28].

During this window, the number of endogenous OGF and intracellular OGFR in
tumor cells was detected to increase, and the mechanism of the antitumor effect of
intermittent naltrexone and the mechanism of the exogenous OGF antitumor effect were
associated with the OGF-OGFR axis [1,81].

Tissue culture and nude mouse transplantation experiments with human ovarian
cancer (SKOV-3) cells [31] confirmed that LDN significantly inhibited DNA synthesis in
SKOV-3 cells, reduced tumor cell numbers, and inhibited angiogenesis. The OGFOGFR
axis therapeutic approach not only inhibited the growth of breast cancer cell lines and
their DNA synthesis but also alleviated the adverse effects of conventional chemotherapy
by protecting non-tumor cells from death caused by paclitaxel [26].

In squamous cell carcinoma of the head and neck (SCCHN), OGF can reduce
tumor size through the OGF-OGFR axis and delay tumor recurrence [82]. LDN can
intermittently block the OGF-OGFR axis of OGF-OGFR, which plays a role in inhibiting
tumor growth, extending the tumor incubation period by up to 1.6 times. LDN treatment

significantly reduced tumor volume and weight, and reduced tumor DNA synthesis. As
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the number of weekly LDN administrations increased, the tumor growth-inhibiting effect
improved [45]. Spleen weight and tumor volume in mice gradually decreased.

Berkson and colleagues reported that, after treatment with the combination of
LDN and a-lipoic acid (ALA/N) [83,84], patients with metastatic and non-metastatic
pancreatic cancer achieved long-term survival without adverse effects. Tumor marker
levels decreased, and symptoms and physical examinations improved, with clinical
manifestations disappearing. They also reported a patient with B-cell lymphoma whose
signs and symptoms attenuated after use of LDN alone [85]. These cases not only
highlighted the potential role of LDN therapy in cancer but also emphasized the good
compliance with this therapeutic agent. Two sons, one with congenital hepatoblastoma
and the other with polycystic kidney disease, predictive of congenital hepatoblastoma,
had 10-year and 5-year disease-free survival rates after treatment with OGF/LDN. These
two cases suggested that LDN could be a less toxic alternative to conventional
chemotherapy when traditional chemotherapy for hepatoblastoma is impractical [86].

Clinical trials [87] followed 10 patients with chemoresistance in advanced
metastatic cancer and 1 with hormone-refractory advanced prostate cancer. The
combination of hydroxycitric acid (HCA) + a-lipoic acid (a-la) + LDN was found to be
safe and effective for the treatment of refractory cancers and was able to modulate the
metabolism of several cancer types. LDN reduces tumor growth by interfering with cell
signaling and regulating immune system function.

LDN selectively affects genes involved in cell cycle regulation and immune
regulation [88]. Furthermore, cells pretreated with LDN are more sensitive to the
cytotoxic effects of common chemotherapeutic drugs. LDN not only works as a
monotherapy for cancer but is also effective in combination with other agents such as

aged garlic extract [89], vitamin D [90], and panobinostat [26] to inhibit tumor growth.
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Authors have previously used the combination of low-dose naltrexone and Menk (also
called OGF) as an anticancer treatment that can inhibit DNA replication in pancreatic
tumor cells, in addition to stimulating the activation and proliferation of immune cells,
promoting the body's recovery [21]. LDN and OGF bind to opioid receptors on the surface
of immune cells, stimulating the activation and proliferation of immune cells and

improving immune function.
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CHAPTER V

LDN and Inflammatory Diseases

Autism is considered a hyperopioid-like disorder caused by endogenous
disturbances of the opioid hormone system [71]. Furthermore, CNS demyelination can be
observed in the brains of patients with autism, accompanied by increased NO levels in
vivo [91]. LDN can reduce the in vivo activity of inducible nitric oxide synthase in patients
and reduce inflammation.

Oral administration of 0.5 mg/kg of LDN daily improved clinical symptoms in
children with autism, resulting in significantly increased plasma B-endorphin and
normalized serotonin levels [92]. With its anti-inflammatory effect, LDN can be applied
in the treatment of autism [48]. Furthermore, the use of LDN for complex post-traumatic
dissociative disorder [93], short-term memory impairment caused by acute stress [94],
self-biting behavior [95], and depressive disorder [96] has shown some benefit, and larger
studies are needed for further confirmation. Furthermore, complex regional pain
syndrome (CRPS) is a neuropathic pain condition characterized by glial activation and
central sensitization of the central nervous system (CNS), which is associated with local
or systemic inflammation. The mechanism by which LDN is used to treat chronic pain is
not fully understood.

In addition to increasing endogenous opioid levels by blocking opioid receptors
[97], LDN binds to receptors on the surface of immune-related cells (microglia) while
reducing pro-inflammatory cytokine release and inflammation [98]. LDN can be used as

an anti-inflammatory agent in the central nervous system and as a modulator of glial cells
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for the treatment of chronic pain syndromes. LDN can enhance the analgesic effect of
acupuncture [99]. Acupuncture affects the opioid and cannabinoid systems, releasing
endogenous receptor ligands, and LDN also acts on both systems and regulates opioid
and cannabinoid receptors. Physical and pharmacological treatments have a synergistic
effect, alleviating chronic pain syndrome.

Although no large randomized controlled trials have been conducted, the results
of two case reports from 2013 [36] and 2016 [100] indicate that when conventional CRPS
medications failed to suppress refractory CRPS symptoms, LDN was used in these
patients by antagonizing the TLR-4 pathway, attenuating glial activation and central
sensitization [37] and inducing the production of anti-inflammatory endorphins.

Another case of refractory chronic low back pain [101] treated with LDN received
satisfactory treatment. Furthermore, a case was first reported in 2016 in which LDN was
effective for an elderly man with a 30-year history of diabetes and a 7-year history of
diabetes. He had neuropathic symptoms that were refractory to other available treatments
[79].

In 2017, two case studies [102,103] simultaneously reported that patients with
familial benign pemphigus (Hailey-Hailey disease) achieved satisfactory clinical
symptom resolution with LDN treatment. LDN may be developed into a novel therapeutic
agent for this disease. In addition to influencing the OGF-OGFR axis or the TLR signaling
pathway, the possible mechanism may involve improving keratinocyte differentiation and
wound healing.

The authors presented the immune-related pharmacological functions and
potential mechanisms of LDN. LDN could modulate the body's immune system function
to resist an abnormal immune response and has been widely accepted [104] by patients

with MS, inflammatory bowel diseases (IBD) such as CD, and many types of malignant
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tumors. Successful reports of patients with fibromyalgia, ALS, and type 1 diabetes treated
with LDN are increasing. Future studies and clinical work are needed to confirm the role
of LDN in the treatment of immune-related diseases. LDN can be considered a novel
immunomodulatory and tumor biotherapy agent, routinely recommended for people with
autoimmune diseases and cancer. Meanwhile, researchers have also found that LDN can
control appetite and the intake of high-sugar and high-fat foods [105-107], and that the
effect and mechanism of LDN in controlling body weight are of great value. Furthermore,
it is expected that LDN will have newer dosage forms, such as passive transdermal
delivery [108], liquid nasal spray, and sustained-release preparations [109], shortly.

While LDN therapy offers many advantages, such as low cost, low adverse
reactions, high safety, easy availability, and improved compliance, some issues remain to
be noted. Because LDN is believed to play a role in regulating inflammatory mediators
and upregulating endogenous opioid receptors, clinicians should be alert to patients who
have previously used LDN chronically for pain management when using exogenous
opioids to prevent hypersensitivity to exogenous opioids [110].

Furthermore, patient-funded research on LDN for the treatment of multiple
sclerosis is good news for both clinicians and patients, but attention should be paid to
issues such as program reviews and conflicts of interest [111]. Although LDN is still
considered an off-label treatment in Brazil, the results demonstrate a growing increase in
its dispensing in all Brazilian macroregions, particularly in the center-south region of the
country. Among the 26 capitals and the Federal District analyzed, 15 showed increasing
dispensing rates, while 12 showed stable dispensing [112-120].

It is worth noting the absence of decreasing LDN dispensing rates. The
macroregional differences in LDN dispensing identified in this study may be related to

both the higher prevalence of health conditions for which LDN is indicated and inequities

https://doi.org/10.54448/MSP.978-65-983826-5-0

24



in diagnosis and access to new treatment options [121-129], such as individualized LDN
compounding, in Brazil's macroregions [130-139].

It should be noted that the prescription/dispensing/consumption of naltrexone in
its use approved by National Health Surveillance Agency (ANVISA), as well as for the
treatment of obesity, will not be discussed, as these are not part of the specific LDN
dosage range. Focusing exclusively on the off-label use of LDN (up to 5 mg/day), few
studies have evaluated the trend in the use of this pharmacotherapy [140,141]. A cohort
study on drug use in Norway reported a sudden and unprecedented increase in the
prescription of this drug following a television documentary on the alleged effects of LDN
in a wide range of unapproved indications [140]. Regarding pharmacological use, the
literature indicates its use in the treatment of autoimmune diseases, chronic pain,
malignant tumors, inflammatory bowel diseases, and dermatological conditions,
conditions that are generally accompanied by chronic pain [122-128].

However, it is known that for safe and effective clinical pharmacology of LDN,
robust clinical trials are needed to establish evidence of the correct clinical indications
and essential aspects, such as route of administration and dosage, making this process
difficult and costly [129]. Thus, current reviews have highlighted the use of LDN
pharmacotherapy in patients with fibromyalgia, inflammatory bowel diseases, and
painrelated syndromes, although with limited evidence of efficacy and safety profile
[125,129].

In this sense, a systematic review, including cross-sectional studies, identified the
occurrence of chronic pain in Brazil's macroregions, revealing higher prevalence in the
Central-West (56.25%), South (46.70%), and Southeast (42.2%) regions [141]. These data

are consistent with the results of the present study, which demonstrate the greatest trends
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in LDN dispensing in these same macro-regions, with coefficients of 25.79 (Central-
West), 19.76 (South), and 8.91 (Southeast).

Among the most studied conditions for LDN prescription are neuroinflammatory
diseases such as fibromyalgia, multiple sclerosis, and Crohn's disease [125]. Regarding
fibromyalgia, evidence points to LDN as an effective strategy [142,143], with a
doubleblind, randomized, placebo-controlled study showing that fibromyalgia patients
treated with LDN (4.5 mg/day) experienced improvements in pain and mood, without
changes in fatigue or sleep quality [143]. However, according to the Brazilian Society for
Pain Studies, this condition is difficult to diagnose, which limits the collection of accurate
data on its magnitude in Brazil [144].

In the available literature, no nationwide studies investigating the prevalence of
fibromyalgia were identified, and those that did exist were conducted in specific
municipalities and regions. However, a study that used secondary data from a larger
survey on the prevalence of chronic pain in Brazil revealed a 2% prevalence of
fibromyalgia in the Brazilian population between 2015 and 2016, without demonstrating
data stratified by macroregion [ 145].

Thus, what is known to date is that fibromyalgia affects populations of all ages,
ethnic groups, and cultures, and that its pathophysiology is not fully understood, making
it difficult to hypothesize a possible correlation between increased LDN and this chronic
condition in Brazil. In this sense, LDN is an emerging pharmacological proposal also in
multiple sclerosis, considering the immunomodulation of the OGF-OGFr axis [144].

This is a chronic condition that occurs more frequently in individuals located
geographically farther from the equator, corresponding, in the case of Brazil, to the
southernmost regions of the country. Therefore, it is plausible to infer that this condition

is more prevalent in these regions, possibly leading to an increase in LDN prescriptions
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compared to the Northeast and North regions, the latter of which is intersected by the
equator at the point where Macapa4, the capital of the state of Amapa, is located [145].

A study involving this chronic condition indicates occurrence rates of 18, 15, and
27 per 100,000 inhabitants in cities in the Central-West, Southeast, and South regions,
respectively [145]. Regarding the epidemiology of inflammatory bowel and
dermatological diseases attributed to LDN pharmacotherapy [146-149], systematic
literature reviews indicate that the incidence of Crohn's disease and ulcerative colitis has
increased significantly in Brazil over the last two decades [147,148]. However, the
available literature is still limited, and no data were found on the distribution of
occurrence in the country's macro-regions.

The dermatology literature is also limited. However, a geographic survey using a
telephone survey to estimate the prevalence of psoriasis in the country found higher
prevalence in the South and Southeast regions, associated with the European ancestry
characteristic of the colonization of these regions [150]. However, higher prevalence of
chronic health conditions related to pharmacotherapy, as well as LDN dispensing, in the
central-southern regions of the country could also be explained by socioeconomic
indicators and access to diagnosis and treatment.

Covering an estimated territorial area of over 8.5 million square kilometers and
subdivided into five macro-regions grouped by common characteristics, Brazil has
regional inequalities, as evidenced by the Human Development Index (HDI), which
encompasses three main indicators: education, health, and income. Data from the latest
demographic census list the Southeast, Central-West, and South regions, with HDIs of
0.766, 0.757, and 0.754, as the most favored, in contrast to the North and Northeast

regions, where HDIs are 0.667 and 0.663, respectively [151].

https://doi.org/10.54448/MSP.978-65-983826-5-0

27



Although the latest data for this indicator is for 2010, there is no expectation that
these inequalities have changed, which may, from economic and social perspectives,
contextualize the study's findings. In addition to the HDI, another indicator that could, to
some extent, explain the differences in consumption trends in the North and Northeast
regions, compared to the Central-South, is medical demography [151]. Data from the
latest medical demographic survey indicate a marked disproportion of physicians in the
North and Northeast regions compared to other regions of the country. It is plausible to
assume that a smaller number of qualified prescribers leads to a smaller number of
prescriptions. It is  worth  noting  that this study  describes the
prescription/dispensing/consumption behavior of LDN and is not an association study
with the aforementioned indicators. However, the hypothesis of a correlation between
them cannot be ruled out [137].

Since LDN is an individualized and exclusively compounded preparation, it is also
necessary to consider the number of compounding establishments and their distribution
across Brazilian regions. By the end of 2020, Retail trade with compounding of formulas
totaled 82.7% of establishments located in the central-south regions, compared to 17.3%
in the North and Northeast regions [138,139].

Although it is not possible to state that all establishments are authorized to
dispense naltrexone, the geographic distribution of compounding pharmacies in Brazil
raises concerns that a greater number of establishments capable of compounding LDN
may indicate a greater demand for the service [139]. It is important to emphasize that drug
development involves a series of evaluations to ensure that the drug is safe and effective
for its approved purpose; off-label practices do not guarantee that the drug will maintain
these characteristics. Another consideration is the scarcity of data monitoring the

longterm off-label use of medications [150].
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The literature attributes this use to a contribution to preventable adverse events
and a potential lack of therapeutic gains compared to licensed use. In this sense, the
emerging use of LDN dosages that still lack scientific evidence raises concerns, especially
due to its action on the central nervous system, signaling, in addition to caution in its
indication, the need to develop guidelines for prescribing practices that ensure patient
safety, in line with the rational use of medications [152,153].

On the other hand, medication use is considered rational when it meets the
patient's individual needs, within an appropriate timeframe, and at a lower aggregate cost
[42]. Thus, off-label prescription of LDN may represent an option for individuals
unresponsive to conventional medications, in the presence of serious or life-threatening
conditions, and in rare diseases for which there are no regulated treatments. However,
despite the possibility of outweighing benefits [153], the lack of scientific evidence on
the topic supports the need for studies evaluating this type of prescription and medication
use, with well-defined guidelines.

Although the SNGPC system does not address the reasons for LDN prescription,
and the ecological design of the study does not allow for the inference of associations, the
use of low-dose naltrexone highlights a public health concern that permeates the rational
use of medications, since there is no data available on the long-term effects of LDN
consumption [153]. Therefore, studies with primary data collection evaluating the
potential effects of this specific dosage of naltrexone are necessary to elucidate the
indications and determinants of low-dose naltrexone use. National coverage is needed,
based on a publicly available system with a centralized, comprehensive, constantly
updated, and still under-explored database that encompasses all Brazilian regions and
allows for the addressing of a topic of great importance and concern: the off-label use of

medications acting on the central nervous system [154].
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30

Due to the impossibility of using the defined daily dose (DDD) calculation,
universally accepted in drug use studies, any calculation would imply a dosage other than
50 mg a strength of this study is the manual construction of successful strategies adopted
in off-label data collection to support the robustness of low-dose naltrexone data, which

could support future studies using SNGPC data [112].
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CHAPTER VI

Mechanism of Action of LDN Therapy

Naltrexone, administered in low doses, acts competitively as an antagonist to
opioid receptors, which would normally bind to endorphins produced in the pituitary
gland and exert their function on cells throughout the body. Thus, by occupying the
receptors designated for endorphins, the body's production of these receptors increases in
an attempt to capture more of this neurohormone [112].

The receptors tend to increase their sensitivity so they can more easily bind to
endorphins. Thus, to compensate for the lack of endorphins, cells tend to increase the
production of this endogenous opioid. This process results in better regulation of
immunity and cell growth, as LDN is excreted within a few hours of administration
(approximately 4 to 13 hours), resulting in the so-called rebound effect. This is the
combination of a greater number of more sensitive receptors, with increased endorphin
production, allowing for improved endorphin turnover by cells [155-159]. Unlike
highdose naltrexone, which competes with endorphins by permanently binding to opioid
receptors, LDN binds for a short period, which, in addition to conferring some of the
effects of naltrexone, extends the half-life of endogenous opioids. When released, these
opioid receptors activate K, p, and o opioid receptors, which, when activated, induce an
anti-inflammatory effect, decreasing IL-6 levels and neutrophil migration [160].

Low doses also activate the opioid growth factor receptor (OGFr), which regulates
cell proliferation, and block non-opioid receptors, such as TLR4, which confer

antiinflammatory and analgesic effects, as most are found in microglia (which constitute
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70% of the CNS). When blocked, they inhibit the release of pro-inflammatory cytokines,
substance P, nitric oxide, excitatory amino acids, and tumor necrosis factor (TNF) [155-
157].

According to the Electronic Medicines Compendium (EMC), not all patients who
may benefit from LDN treatment should receive it. This is because some characteristics
prevent some individuals from adhering to treatment. For example, LDN is
contraindicated for patients with hypersensitivity to any of its pharmacological
components, as well as for patients with severe renal failure, severe liver failure, acute
hepatitis, and dependent patients currently using or co-using opioid-containing
medications, as it can cause acute withdrawal syndrome. It is also contraindicated for use
in combination with methadone for people with chronic pain [160,161]. Furthermore, the
side effects of low-dose naltrexone are quite limited. Among the clinical trials conducted,
the main adverse effects noted were difficulty sleeping (nightmares, insomnia, vivid
dreams), anxiety or nervousness, cramps, asthenia, tachycardia, restlessness, joint,

muscle, and abdominal pain, and headache [162].

The most promising research on the use of LDN is based on its role as an immune
system regulator, as discoveries are made over the years about conditions in which LDN
administration has proven effective in treating them. Therefore, physicians are permitted
to prescribe it to their patients as an off-label use for conditions they consider appropriate
for treatment. This immune system regulation provides relief to patients with central
nervous system (CNS) disorders, autoimmune diseases, and others, as they benefit from
increased endorphin levels [160-163].

Among the various contributions of LDN to the immune system that justify the
treatments of different diseases, there is the reduction of inflammatory processes,

decrease in oxidative stress, modulation of inflammatory cytokines, facilitation of wound
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repair and healing, release of neurotrophic factors in astroglia (regenerative process),
restoration of CD4 lymphocyte levels, elevation of Natural Killer (NK) lymphocyte
levels, increase in the amount of beta-endorphin, blockade of the Toll Like Receptor 4
(TLR4) receptor responsible for the reduction of inflammatory cytokines, alteration in the
development and differentiation of the immune system [164]. In this sense, the benefits
and successful uses of LDN have been reported in several clinical trials, case studies, and
even in patient reports/testimonials for various pathologies, such as autoimmune diseases.

Adenoid carcinoma of the tongue, lymphomas, Complex Regional Pain
Syndrome, refractory low back pain, fibromyalgia, systemic sclerosis pruritus, multiple
sclerosis, pancreatic cancer, ankylosing spondylitis, Parkinson's disease, optic neuritis,
multiple myeloma, psoriasis, Crohn's disease, ulcerative colitis, and irritable bowel

syndrome, among others [162-164].
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CHAPTER VII

Clinical Approach to LDN

Several studies and therapeutic applications are being conducted using low-dose
naltrexone, especially for those pathologies that cause inflammation and/or chronic pain.
Recent results have shown a significant reduction in chronic pain in patients with
fibromyalgia, as well as an improvement in their mood [165].

Small clinical trials have shown potential benefits of using LDN to improve the
clinical and endoscopic response of patients with Crohn's disease. In autoimmune
diseases, small studies have demonstrated the potential benefits of using low-dose
naltrexone, through the reduction of some other medications used in rheumatoid arthritis
(RA) and seropositive RA, as well as the use of LDN as a complement to
pharmacotherapy or even as an alternative to conventional treatment [166-171].

Another study, cited by RAKNES (2018) [172], reports that a survey was
conducted in an online community (CureTogether), in which patients with inflammatory
bowel diseases such as Crohn's disease and ulcerative colitis responded that of the 48
existing treatments, LDN was the most effective. It is also noteworthy that patients who
continued to use the medication reduced the use of other essential medications in the
treatment of these conditions, such as immunosuppressants, anti-inflammatories, and
intestinal corticosteroids.

Clinical application of low-dose naltrexone studied was to aid in the treatment of
obesity, which inhibits beta-endorphins, thus preventing the anorectic pathway and
restricting the sensation of pleasure when eating. However, its use alone did not show

significant effects. For these purposes, studies have shown that LDN should be combined
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with bupropion. These clinical trials demonstrated weight reduction in obese patients
[173]. A study analyzing the application of LDN to assess the progression of ovarian
cancer in humans showed an upregulation of the OGF-OGFr axes, in which the
medication suppressed the development of this pathology. Continuous use of low doses
of naltrexone inhibited tumor cell proliferation and angiogenesis, resulting in a decrease
in the number of nodules and tumor weight/volume. Thus, it was observed that such
application could significantly change the course of this cancer, as it could be an
alternative treatment, since current chemotherapy agents are highly toxic to patients,
unlike LDN, which has minimal side effects [168].

A case report showed that a patient used LDN as an adjunct to conventional
treatment for Sjogren’'s syndrome, and she reported clinical improvements. Among the
complaints observed were xerostomia, xerophthalmia, severe pain, asthenia, and myalgia.
After using the medication for approximately two weeks, a reduction in pain, asthenia,
and their inflammatory markers was observed. Therefore, at the end of the study, it was
suggested that further research be conducted in this area, as the initial results suggested
possible benefits [168].

Among current research, the use of LDN as a broad-spectrum antiviral stands out,
demonstrating its potential therapeutic potential for patients infected with COVID-19.
This is because the medication prevents SARS-CoV-2 viral proteins from binding to
specific human cell receptors, thus reducing host cell infectivity [134].

Due to its low cost and low side effects, it has proven to be a potential
complementary or even stand-alone treatment option, given that in conditions such as a
pandemic, more immediate alternative therapies must be sought, as definitive treatments
have not yet been established [174].

In this context, endogenous opioids inhibit the onset and progression of
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experimental autoimmune encephalomyelitis (EAE) within 30 days of treatment. A study
examined the long-term effects of opioid growth factor (OGF, [Met(5)]-enkephalin) and
a LDN on the expression of myelin oligodendrocyte glycoprotein (MOG)-induced EAE.
C57BL/6 mice began receiving daily injections of 10 mg/kg OGF (MOG+OGF), 0.1
mg/kg naltrexone (MOG+LDN), or saline (MOG+Vehicle) at the time of EAE induction
and continued for 60 days. In contrast to 100% of the MOG+Vehicle group with
behavioral symptoms of EAE, 63% and 68% of MOG+OGF and MOG+LDN mice
expressed disease. Both the severity and disease rates of EAE in OGF- and LDN-treated
mice were markedly decreased in the MOG+Vehicle cohorts. At day 60, 6 and 3 times
more animals in the MOG+OGF and MOG+LDN groups, respectively, had a remission
compared to MOG+Vehicle mice. Neuropathological studies revealed i) astrocyte
activation and neuronal damage as early as day 10 (before behavioral symptoms) in all
MOG-injected groups, ii) a significant reduction of activated astrocytes in the
MOG+OGF and MOG+LDN groups compared to MOG+Vehicle mice at day 30, and iii)
no demyelination at day 60 in mice treated with OGF or LDN and which do not show
disease symptoms. These results indicate that treatment with OGF or LDN had no
deleterious long-term repercussions and did not exacerbate EAE, but i) halted disease
progression, ii) reversed neurological deficits, and iii) prevented the onset of neurological
dysfunction over a considerable period [175].

LDN is commonly used to manage pain and other symptoms, especially in patients
with autoimmune diseases, but with limited evidence. One study analyzed the efficacy of
LDN in reducing chronic pain in patients with osteoarthritis (OA) and inflammatory
arthritis (1A), where existing approaches often fail to adequately control pain. In this
randomized, double-blind, placebo-controlled, crossover clinical trial, each patient

received 4.5 mg of LDN for 8 weeks and a placebo for 8 weeks. Outcome measures were
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reported by patients using validated questionnaires. The primary outcome was differences
in pain interference during the LDN and placebo periods, using the Brief Pain Inventory
(0-70 scale). Secondary outcomes included changes in mean pain intensity, fatigue,
depression, and multiple domains of health-related quality of life. The painDETECT
questionnaire classified pain as nociceptive, neuropathic, or mixed. Data were analyzed
using mixed-effects models. Seventeen patients with OA and 6 with 1A completed the
pilot study. Most patients described their pain as nociceptive (n = 9) or mixed (n = 8)
rather than neuropathic (n = 3). There was no difference in the change in pain interference
after treatment with LDN (mean [SD], -23 [19.4]) versus placebo (mean [SD], -22 [19.2];
P =0.90). No significant differences were observed in pain intensity, fatigue, depression,
or health-related quality of life. In this small pilot study, the results do not support the
efficacy of LDN in reducing nociceptive pain due to arthritis. Too few patients were
included to rule out modest benefits or to assess inflammatory or neuropathic pain [176].

LDN is involved in the treatment of inflammatory and immune system diseases
and may affect immune cells. Mesenchymal stem cells (MSCs) are known for their
immunomodulatory effects and potential for treating certain types of autoimmune
diseases. A study investigated the long-term effects of LDN on human adipose-derived
mesenchymal stem cells (ASCs) to determine how their immunomodulatory properties
are affected and how LDN-treated ASCs interact with other immune cells present in
peripheral blood mononuclear cells (PBMCs). After 14 days of treatment, the ability of
LDN-treated ASCs to modulate PBMC proliferation in a bidirectional mixed lymphocyte
reaction (MLR) model was assessed using XTT. The relative expression of IDO, PD-L1,
COX-2, HGF genes, and the level of cytokines IL-6 and TGF-3 were measured in IFN-
y-stimulated and unstimulated ASCs (treated and untreated cells) using real-time PCR

and ELISA, respectively. Unstimulated ASCs treated with 10-8 M Naltrexone (10-8 M
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NTX) showed higher levels of TGF-p compared to controls (p<0.05). Stimulated ASCs
treated with 10-6 M NTX showed elevated expression of IDO, PD-L1 genes, and IL-6
level (p<0.05). The results demonstrated that various concentrations of LDN have
different effects on the immunomodulatory properties of ASCs. A higher concentration
of LDN induced a change in the immunomodulatory characteristics of ASCs [177].
Although the use of LDN in this context is still off-label, the studies currently reviewed
show that this form of treatment should be explored to benefit patients with refractory
fibromyalgia (FM) and refractory pruritus in cases of dermatomyositis and scleroderma
[178-181]. In FM, it appears to not only relieve pain but also improve general symptoms,
likely due to its anti-inflammatory properties at the CNS level, inhibiting the production
of several cytokines locally [165].

In a systemic disease, an anti-inflammatory effect cannot be ruled out, as the work
by Younger et al. [165] shows that the therapeutic response of LDN is proportional to the
patient's baseline ESR, and the work by Parkitny et al. [161] demonstrated that the levels
of several pro-inflammatory cytokines are decreased peripherally after its administration.
Furthermore, animal studies have shown that naloxone suppresses the production of IL-
6, TNF-alpha, monocyte chemoattractant protein-1, and superoxide in peripheral
macrophages [173].

This is a fascinating aspect of LDN, since FM does not respond to common anti-
inflammatories such as NSAIDs or glucocorticoids and cannot be considered an
inflammatory disorder from a classical perspective [174,175]. Although some degree of
inflammation may exist at the CNS level in microglial cells, the cytokine-induced
sickness behavior that results from microglial inflammation overlaps with many FM
symptoms [155].

Some possible explanations for the anti-inflammatory and immune regulatory
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properties of LDN may be that this drug could:

(1) regulate T lymphocyte subsets: CD4+/CD8+ T cells, Th1/Th2 cells, and
Th17/Treg cells;

(2) decrease TNF-a, IL-6, IL-12 alpha, and IL-17 expression;

(3) increase the expression of IL-10, an anti-inflammatory cytokine;

(4) Regulate immune responses to rebuild the immune balance and alleviate
inflammation [176].

Another point that needs to be explored is the action of LDN on pruritus, with
beneficial aspects in dermatomyositis and scleroderma [169-172]. Pruritus is a symptom
that can be associated with significant morbidity and loss of quality of life, which has
limited treatment options.18 The pathophysiology of these symptoms is not fully
understood, but it may involve amplified opioid-mediated neurotransmission in the brain
[177].

Therefore, LDN may control pruritus through opioid-mediated actions or by
decreasing inflammatory mediators. 18 Interestingly, in scleroderma, pruritus has been
associated with gastrointestinal symptoms that also improved with LDN [171]. Finally, a
controlled before-after study based on the Norwegian Prescription Database (NorPD)
compared prescriptions for RA patients one year before and one year after starting LDN
and found a reduction in the use of NSAIDs, opioids, and DMARDSs such as methotrexate
and anti-TNF-alpha [172].

In addition to its analgesic effect and anti-inflammatory properties, LDN may
function as an immunomodulatory agent, binding directly to the opioid growth factor
receptor (OGFr) on the immune system and tumor cells [178]. The advantages of this
form of treatment are that LDN is affordable and has a low incidence of side effects, and

is considered safe at low doses [170].
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Few comparisons between LDN and conventional treatments used in rheumatic
diseases were available. The number of participants was low, and the follow-up was short.
Future studies should include larger patient samples with longer follow-up; this would
allow for a better understanding of the course of LDN in rheumatic conditions [171].

The strengths are:

(1) inclusion of studies with patients meeting international criteria for rheumatic
diseases;

(2) Inclusion of all types of study designs on the use of LDN in rheumatic diseases.

The scientific rationale for LDN in cancer patients is compelling, both alone and
in combination. Even so, the high cost of a clinical trial to justify registration, coupled
with the fact that LDN is not protected, means that there have been no significant
randomized studies to date. However, the numerous anecdotal responses justify further
clinical studies [182].

Of particular note, a number of these reports of response to LDN have been
reported, either as a single agent or more commonly in combination with another agent.
Activity has been observed in lung adenocarcinoma, adenoid cystic carcinoma of the
tongue (in combination with vitamin D3) [182], renal cell cancer (coupled with alpha
lipoic acid (ALA)) [183], and pancreatic cancer (with ALA) [184,185].

The potential of the combination is even more intriguing from a clinical
perspective. Lissoni et al. [186] reported four partial responses and one stable disease in
nine patients with renal cell cancer treated with IL-2 and LDN. Significantly, however,
these patients experienced disease progression when using IL-2 alone.

This small selection of examples highlights activity in a variety of cancer types,
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with no one type appearing to be more amenable to LDN treatment. This suggests a broad
mechanism of action. However, a small number of processes appear to be impacted more
frequently, suggesting that anticancer activity is achievable through modulation of
immunity and activation of cellular signaling cascades that support cell proliferation and
death [187].

Several articles have highlighted naltrexone's ability to suppress tumor growth
[187]. These studies, both in vitro and in animals, have not established an explicit
mechanism of action, but broadly, it may involve two areas. LDN may directly interfere
with intracellular signaling pathways that result in the arrest of cell proliferation and the
upregulation of proteins associated with the promotion of apoptosis.

LDN is also capable of modifying immune function, which may ultimately
increase the cytotoxic activity of immunity. Complicating the narrative is the plethora of
articles showing changes in cell signaling and immune modulation, similar to how LDN
can improve cell growth performance [188,189].

Thus, considering the effects of LDN in isolation, it is difficult to establish the
primary mechanism of action. What appears to be important, however, is that the outcome
of naltrexone treatment is critically determined by the dose and timing of use. The effects
of low and high doses of naltrexone on cancer gene expression profiles have been
compared, showing that the profiles are completely different depending on the dose used
[190].

Specifically, gene ontology analysis showed that low doses of naltrexone had a
greater impact on genes associated with cell cycle control and immune responses, and
that these effects were exclusive to this lower dose [190]. In vivo studies conducted in the
1980s highlighted the importance of dose in determining the overall effect, as rats treated

with clinically conventional doses of 10 mg/kg induced continuous occupancy of opioid
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receptors, which was associated with increased tumor growth [191].

If doses were reduced to 1 or 0.1 mg/kg, receptor blockade was incomplete.
Binding sites were therefore available to exogenous opioids and endogenous endorphins,
resulting in the activation of their antitumor actions. In addition to dose, the naltrexone
administration schedule was also crucial, with intermittent administration of low-dose
naltrexone achieving the greatest antitumor response [192].

The reason for this remains unclear, but it has been suggested that the extent to
which opioid receptors are antagonized may induce changes in the types and numbers of
opioid receptors expressed. For example, a study in albino rats reported that LDN
increased the expression of the opioid growth factor receptor (OGF-R), which was also
associated with changes in key signaling pathways, some of which were directly linked
to cell growth and death [192].

A compensatory increase in the expression of another type of receptor to
compensate for the loss of another has been observed in other ligand: receptor
relationships. Because this receptor is of a different type, its action would be different
from that of the one it replaced, and ultimately, the ligand/receptor relationship at this
level would change. Thus, it would be feasible that a particular ligand with a conventional
set of actions elicited through a specific type of receptor could inadvertently activate other
cellular processes through this compensatory change in receptor distribution [193].

Indeed, a 2016 study showed that a different set of genes can be activated, which
differ fundamentally depending on the specific dose of naltrexone used and the level of
receptor antagonism [190]. On a similar note, the effect of naltrexone may differ between
individuals, as compensatory changes influencing intracellular signaling may differ.

Studies have also highlighted that LDN's anticancer action is associated in part

with alterations in pERK and PI3-K signaling. Furthermore, as these cascades are
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inextricably linked to apoptosis and the mechanisms that regulate it, LDN is shown to
alter the balance of pro- and anti-apoptotic proteins that regulate cell death. In vitro and
in vivo models demonstrate how the pro-apoptotic proteins BAX and BAD can be
enhanced by short-term exposure to LDN, which in turn can sensitize cancer cells to the
cytotoxic effects of common chemotherapeutic agents [190].

Crucially, others have demonstrated similar apoptotic-enhancing effects through
the involvement of parallel systems [193]. As discussed, there are good reasons to suggest
that LDN has a potential role in anticancer therapeutic regimens. Indeed, its effects on
intracellular signaling pathways that support oncogenesis are one means by which LDN
could be used to halt aberrant cell growth. However, its effects on the immune system
may also contribute to its anticancer action. Inflammation, particularly chronic
inflammation, underlies a number of diseases [195].

Indeed, it has been described how chronic inflammation, arising as a result of
chronic exposure to a non-infectious irritant, can support the development of cancer.
Examples of this include long-term irritation and exposure to asbestos fibers leading to
mesothelioma, chronic bronchitis, and emphysema as predisposing factors for lung
cancer, and the association between chronic inflammatory bowel disease and colon cancer
[194]. Medications that target specific elements of inflammation, such as cyclooxygenase
(COX) inhibitors, have demonstrated activity and potential clinical benefit in the setting
of cancer [195].

Similarly, there is considerable epidemiological evidence supporting the efficacy
of the ubiquitous nonsteroidal anti-inflammatory drug aspirin as a preventative for cancer
development [196]. LDN has potent anti-inflammatory qualities and appears to modulate
and modify various elements of the immune system. In vitro investigations using models

of individual immune components have described naltrexone's alteration of intracellular
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signaling and subsequent cytokine production by certain immune cells.

While immunity as a whole is more complex and cannot be simply considered a
collection of individual cells working in isolation, it is interesting to note that in patients
administered LDN, systemic levels of cytokines that drive humoral and cell-mediated
inflammation, such as G-CSF, IL-4, IL-6, IL-10, IFN-alpha, and TNF-beta, were
significantly reduced after eight weeks [197].

Furthermore, LDN has been reported to have a marked clinical effect on several
clinical conditions whose common pathology is chronic inflammation, including Crohn's
disease and psoriasis, as well as numerous autoimmune inflammatory diseases such as
arthritis, SLE, and multiple sclerosis. Thus, the ability to dampen cytokines that drive key
elements of immunity supports the growing view that LDN is immunomodulatory [198].

LDN is also believed to enhance the immune adaptation response by enhancing
the maturation of professional antigen-presenting cells, as studies have demonstrated
increased expression of maturation markers in dendritic cells (DCs) after culture with
LDN. Most significantly, DCs were able to elicit responses in autologous T cells [198].
While it is unclear how naltrexone, which is fundamentally an opioid antagonist, might
modify the levels of cytokines that influence immune function, what is clear is that
opioids such as morphine have been known for some time to be immunosuppressive
[199].

Opioid receptors have been found on immune cells [200], which play a role in
regulating immunity [201]. Specifically, studies have indicated that opioid receptor
antagonism can affect the activities of a number of immune cells. Indeed, the upregulation
of OGF-R, discussed by Zagon's group, is closely associated with the ability to suppress
colony formation, migration, and invasion in cervical cancer cells.

These effects were associated with reduced expression of P13-K, AKT, and
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mTOR in vivo and in vitro, which are central signaling cascades regulating immune
function [202]. Similarly, LDN, by increasing OGF-R, can suppress the mesenchymal
transition of cervical cancer cells, which has an indirect effect on tumor-associated
macrophages with reduced IL-10 expression in mice [203].

The similarity between opioid receptors and other GPCRs suggests the possibility
that other receptors are responsible for naltrexone's action. Therefore, disruption of
signaling via receptors of the same superfamily or those that modify signaling through
them is also believed to contribute to the mechanism by which naltrexone imparts its
immunomodulatory effects [203].

One such receptor that has been described as part of this response is a distinct class
of pattern recognition receptors called toll-like receptors. These play a central role in
initiating immune responses, serving to recognize specific cellular and molecular patterns
of cells damaged by pathogens. Activation of these TLRs, which exist in different classes
and vary depending on the stimulus, ultimately leads to changes in the signaling cascades
that orchestrate an immune response [204].

These responses, which are partially modulated by GPCRs, are an essential part
of the innate immune system, providing a first line of defense against microbial invasion,
and are present in all major cell types of the immune system. Activation of one TLR, of
which there are ten, leads to the production of pro-inflammatory cytokines, often
involving the production of NF-kappaB, a recognized target for autoimmune diseases and
cancers [205].

NF-kappaB can increase cancer oncogene activity, an important mechanism by
which it may enhance cancer progression. Importantly, naltrexone can disrupt immune
responses by inhibiting cytokine production by peripheral blood mononuclear cells,

antagonizing TLRs [205]. More specifically, we examined a panel of available
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inflammatory receptors and confirmed that naltrexone could completely block TLR-9 on
immune cells, with some activity on TLR7 and TLR-8.

It was unable to detect activity on TLR-4 (which is on the cell membrane), an
activity previously reported in glial cells but not in immune cells. TLRs 7, 8, and 9 are all
intracellular receptors. An important relevance of TLR-9 inhibition is that it is associated
with chronic inflammatory conditions such as Crohn's disease and psoriasis [205]. It is
also accepted that chronic inflammation is a precursor to many types of tumors, whether
caused by chronic infections (e.g., HBV, HCC, HPV, or EBV) or by chronic irritation
(e.g., smoking or diet) [194]. Of greater relevance is that TLR-9 stimulation leads to the
production of IL-6, which is the cytokine most closely associated with cancer progression.

Cancers are often associated with inflammation, which can lead to the suppression
of cell-mediated immunity as well as angiogenesis. Therefore, LDN may exert a positive
effect on cancer control by:

(i) inhibiting inflammation and NF-kB-activated oncogenic pathways through
TLR antagonism;

(ii) upregulating immune responses through opioid modulation;

(iii) directly inhibiting cellular signaling pathways in tumor cells that support the
oncogenic process.

In recent years, there has been a rapid increase in the number of reports
highlighting a role for LDN in immunology and oncology. These reports offer tantalizing
glimpses into the different ways the drug can be used. Although naltrexone was first
employed as a means of supporting patients with addiction disorders, it was discovered,
albeit serendipitously, that if used at lower dosage levels, it can also help with other
indications [206].

However, the dose range was very narrow, typically between 3 and 5 mg per day
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for patients. Dosage did not appear to be dependent on body weight, but rather on daily
dose, as patients using doses outside this range commonly reported a loss of activity,
which was restored once the dose was readjusted to 3-5 mg/day [206]. Importantly, most
of these conditions have a strong inflammatory component, and where the effect can be
directly observed, such as in patients with psoriasis, the benefit observed at the commonly
used dose of 4.5 mg disappears if increased to 6 mg. However, it is reassuring that clinical
benefit and activity are rapidly restored when the dose is reduced to 4.5 mg.

The existence of real-world cases describing activity using LDN has led to a
number of laboratory-based studies confirming an immunomodulatory element of LDN.
The fact that so many cases have been recorded in which the addition of these agents
improved and/or supported the actions of other treatments highlights the potential for
using a drug that is both safe and cost-effective. Although there have been a number of
randomized trials in some indications showing some benefit, none were large enough to
lead to formal approval. The need for these larger trials would require industry support,
and understandably, the risks associated with promoting a generic drug can be daunting
[207].

It is expected that a greater understanding of the mechanisms of action will present
IP and licensing opportunities that will attract the necessary support to deliver a
therapeutic product. Genetic analysis of LDN action has identified mechanisms of action,
which suggest new approaches to improving its activity. Cancer cells are often resistant
to chemotherapy because they have dysfunctional apoptosis pathways [208].

Studies have shown that LDN can alter the balance of proteins that determine cell
death in cancer cells. By directing apoptosis toward a pro-apoptotic environment, LDN
has the ability to transform cancer cells into cytotoxic chemotherapy drugs. Studies have

also shown that the sequence in which it is administered can influence overall activity,
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and the sensitization element of LDN activity is an area currently being explored in more
depth. This has been highlighted and discussed previously, allowing for the development
of new treatment regimens that can employ LDN more effectively. Ultimately, these
combination approaches mean that LDN may be able to partner with a wide range of
medications and potentially be employed as a universal adjuvant [204-206].

There are several conditions for which activity is difficult to explain based on
LDN's ability to modulate opioid receptors. This led to a search for more receptors
through which LDN could work, and it was discovered that naltrexone could inhibit IL-
6 production through TLR-7, 8, and 9. This effect is also likely to explain the benefits of
LDN in Crohn's disease and psoriasis, which both overexpress TLR-9. The fact that IL-6
is an important promoter of cancer progression and metastatic spread is yet another reason
to explore LDN in a range of oncological conditions [208].

The initial findings showing that lower doses of naltrexone reduced the size of an
experimentally implanted neuroblastoma tumor, while a higher dose of naltrexone
produced exactly the opposite effects, opened the perspective of opioid-immune
interactions and cancer growth, particularly about mechanisms involving low-dose
naltrexone and opioid growth factor receptor signaling [205].

In contrast to other areas where LDN has been applied, pharmacological bench
studies preceded clinical use for cancer treatment. A clinical group using LDN and a
nutritional supplement containing a-lipoic acid reported some intriguing case reports
[206,207]. The combination was administered to four patients with clinically and
pathologically confirmed advanced pancreatic cancer who refused or were not suitable
for conventional treatment.

Six months later, their cervical and inguinal lymph nodes, previously measured at

a maximum size of 12.7 cm, had shrunk substantially, and subsequent positron emission
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tomography (PET) scans revealed no abnormalities. After one year of follow-up, at the
time of publication, the patient was symptom-free. Low-dose naltrexone combined with
opioid growth factor has been used as an adjuvant modality in the case of a pediatric
patient born with severe hepatoblastoma. After surgical resection and only initial
chemotherapy discontinued due to life-threatening toxicity, this non-toxic alternative
treatment was shown to be effective, with the patient remaining disease-free at a 10-year
follow-up examination [208].

In a prospective case series from a French group [208], a metabolic cancer
treatment consisting of hydroxycitrate, a-lipoic acid, and LDN was administered to 11
patients undergoing multiple conventional cancer treatments with a life expectancy of
between two and six months. Although some of the patients died relatively early due to
advanced disease, or follow-up was too short at the time of publication to establish the
long-term efficacy of the treatment, it was notable that the combination was well tolerated
without side effects. In eight cases, disease progression was halted with symptom
improvement, and the predicted six-month survival margin was exceeded. Recent in
vitro/in vivo experimental studies expand the understanding of opioid growth factor
signaling and point to the concomitant administration of met-enkephalin and LDN as a
modality with translational value for clinical oncology practice. For example, cell
preparation with LDN significantly increased the efficacy of standard chemotherapy
drugs [209].

One study reported the case of a 50-year-old patient diagnosed with poorly
differentiated non-small cell lung cancer stage T3N1IMX who could not tolerate
chemotherapy toxicity after undergoing mass resection. He suffered severe complications
following surgery and radiotherapy; he then received LDN as adjunctive therapy for

recovery and had high-quality rehabilitation with over four years of complete remission
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(CR) [210].

Clinical data showed that LDN as a supplemental regimen significantly increased
patient survival at one year compared with radiotherapy alone (p < 0.05) [211]. Four
patients with advanced pancreatic cancer with liver metastases who were not eligible for
surgery or chemotherapy received alpha-lipoic acid (ALA) and LDN (ALA/N) for
treatment [212,213]. ALA is an antioxidant that inhibits the NF-xB-induced inflammatory
response, which is associated with malignant events. After ALA/N treatment, one patient
achieved CR for 78 months, one had comparatively stable disease (SD) for over 3 years,
one achieved CR for half a year, and one was symptom-free with improved physical
condition [213].

The co-administration protocol was initiated as palliative treatment to improve the
quality of life of people with advanced or terminal cancer. Furthermore, a patient with
stage IV lung metastases who failed targeted treatment had mild complications; however,
he subjectively reported rehabilitation with increased energy after ALA/N for one week
and achieved CR for 11 months. He remained in good health for seven years after the
ALA/N regimen [214].

Similarly, another report described a patient diagnosed with follicular lymphoma.
The largest cervical node measured approximately 7.62 cm, and the left inguinal region
approximately 12.7 cm. With the ALA/LDN approach, the sensations of pain and tension
disappeared a week later. Furthermore, the nodules almost completely disappeared six
months later, and she was symptom-free at one-year follow-up [215].

Furthermore, an infant and a 20-month-old child diagnosed with hepatoblastoma
received OGF/LDN. The child suffered significant complications after neoadjuvant
chemotherapy, and the parents refused further chemotherapy. After surgical resection and

treatment with OGF/LDN, she achieved CR for approximately 10 years. Similarly, the
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child achieved CR for more than five years [216]. A multicenter study investigated 11
solid tumor patients treated with a combination of ALA, hydroxycitrate, and LDN.
Primary data showed that six developed DS, two had regression, one had slow
progression, and two died, all with indistinguishable toxicity [217].

ALA and hydroxycitrate, two dominant enzymes in glycometabolism, are used in
combination as metabolic therapies in cancer [218,219]. Tumor propagation relies on
aerobic glycolysis to perform DNA/RNA synthesis and the synthesis of associated
compounds. Lipoic acid activates pyruvate dehydrogenase to convert pyruvate to lactate
in the mitochondrial Krebs cycle, while hydroxycitrate decreases fat synthesis by
inhibiting ATP citrate lyase and acetyl-CoA conversion.

The lack of tumor specificity limits the clinical utility of single-agent targeted
metabolic agents; therefore, at least two or more metabolic therapeutic drugs are most
commonly used in neoplasms to amplify antitumor efficacy. LDN binds to sirtuin-1 and
reduces NF«xB p65 transduction to eliminate insulin resistance; furthermore, the Sirtuin-
1/LKB-1/AMPK pathway and downstream acetyl-CoA carboxylase are implicated in fat
synthesis [220,221].

The synergistic effect of combining ALA, hydroxycitrate, and LDN consolidates
tumor inhibition through a metabolic approach. Khan reported successful treatment of a
patient with adenoid cystic carcinoma who experienced significant adverse effects with
conventional methods and feared a loss of quality of life. He underwent combined LDN
and vitamin D therapy and achieved CR for over 47 months without any complications
[222].

Also, vitamin D protects normal cells by preventing caspase activation and can be
used as a prognostic index in tumor patients. Vitamin D reduces chemical-induced

pyroptosis and secondary inflammation, including gasdermin family protein E, 1L-1p,
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caspase-1, and caspase-3, and restores Ca2+, attenuating nausea without weakening
chemolethality [223,224].

In this sense, vitamin D may aid LDN in maintaining homeostasis and enhancing
its antitumor effect. Furthermore, two hepatoblastoma patients administered OGF/LDN
instead of chemotherapy after surgery achieved comparable OS, avoiding chemotherapy-
induced side effects [216]. This is strong evidence consistent with preclinical trials
confirming the tumor-inhibiting properties of LDN and opioids.

In preclinical trials, LDN demonstrated inhibitory efficacy in the progression of
carcinogenesis and development [225]. Thus, LDN can be used as a prophylactic or
therapeutic modality. However, reports of clinical administration are limited. Most
patients who received LDN as adjuvant or palliative therapy experienced numerous
treatments until the terminal phase of the disease, with intolerance to the side effects of
traditional medicine. These patients were cachectic and painful, suffering both physically
and emotionally.

Finally, in patients with advanced cancer with metastasis, LDN was shown to
inhibit tumor growth (SD to CR), increase analgesic sensitivity, achieve recovery, and
prolong survival time. LDN is a safe modality in infants and children. Clinical studies of

LDN in cancer are limited to a few phase Il trials [225].
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FINAL CONSIDERATIONS

Low-dose naltrexone has immunomodulatory and therapeutic effects. Recent
clinical studies have confirmed that low-dose naltrexone plays a significant role in the
treatment and control of a variety of autoimmune diseases. For example, it prevents the
recurrence and progression of multiple sclerosis, and low-dose naltrexone has been shown
to treat Crohn's disease and mesenteric panniculitis with few or no adverse reactions.
Low-dose naltrexone regulates the production of inflammatory cytokines, influencing the
level of endogenous opioid peptides in the body. Furthermore, low-dose naltrexone has
an antitumor effect and can modulate the neuroblastoma tumor response, delaying the
onset and reducing the incidence rate of tumors, significantly decreasing tumor volume

and weight, and DNA synthesis in the tumor.

https://doi.org/10.54448/MSP.978-65-983826-5-0

53



REFERENCES

10.

11.

12.

13.

14.

15.

N. Brown, J. Panksepp, Low-dose naltrexone for disease prevention and quality
of life, Med. Hypotheses 72 (2009) 333-337.

R.N. Donahue, P.J. McLaughlin, I.S. Zagon, Low-dose naltrexone suppresses
ovarian cancer and exhibits enhanced inhibition in combination with cisplatin,
Exp. Biol. Med. (Maywood, NJ) 236 (2011) 883-895.

T. Ringerike, E. Pike, J. Nevjar, M. Klemp, NIPH systematic reviews: executive
summaries, The Use of Naltrexone in Low Doses Beyond the Approved
Indication, Knowledge Centre for the Health Services at The Norwegian Institute
of Public Health (NIPH) Copyright (c)2015 by The Norwegian Institute of Public
Health (NIPH), Oslo, Norway, 2015.

S.M. Crain, K.F. Shen, Modulatory effects of Gs-coupled excitatory opioid
receptor functions on opioid analgesia, tolerance, and dependence, Neurochem.
Res. 21 (1996) 1347-1351.

F. Rea, J.R. Bell, M.R. Young, R.P. Mattick, A randomised, controlled trial of
low dose naltrexone for the treatment of opioid dependence, Drug Alcohol
Depend. 75 (2004) 79-88.

P. Lobmaier, H. Kornor, N. Kunoe, A. Bjorndal, Sustained-release naltrexone for
opioid dependence, Cochrane Database Syst. Rev. (2008) Cd006140.

E.J. Van Bockstaele, C. Rudoy, P. Mannelli, V. Oropeza, Y. Qian, Elevated
muopioid receptor expression in the nucleus of the solitary tract accompanies
attenuated withdrawal signs after chronic low dose naltrexone in opiate-dependent
rats, J. Neurosci. Res. 83 (2006) 508-514.

M.A. Sullivan, A. Bisaga, J.J. Mariani, A. Glass, F.R. Levin, S.D. Comer, et al.,
Naltrexone treatment for opioid dependence: does its effectiveness depend on
testing the blockade? Drug Alcohol Depend. 133 (2013) 80-85.

G. Raknes, L. Smabrekke, Low-dose naltrexone and opioid consumption: a drug
utilization cohort study based on data from the Norwegian prescription database,
26 (2017) 685-693.

W. Raffaeli, P. Indovina, Low-dose naltrexone to prevent intolerable morphine
adverse events: a forgotten remedy for a neglected, global clinical need, Pain Med.
(Malden, Mass) 16 (2015) 1239-1242.

P. Mannelli, E. Gottheil, E.J. Van Bockstaele, Antagonist treatment of opioid
withdrawal translational low dose approach, J. Addict. Dis. 25 (2006) 1-8.

E.J. Van Bockstaele, Y. Qian, R.C. Sterling, M.E. Page, Low dose naltrexone
administration in morphine dependent rats attenuates withdrawal-induced
norepinephrine efflux in forebrain, Prog. Neuro-Psychopharmacol. Biol.
Psychiatry 32 (2008) 1048-1056.

P. Mannelli, A.A. Patkar, K. Peindl, HW. Murray, L.T. Wu, R. Hubbard,
Effectiveness of low-dose naltrexone in the post-detoxification treatment of
opioid dependence, J. Clin. Psychopharmacol. 27 (2007) 468-474.

S. Sushchyk, Z.X. Xi, J.B. Wang, Combination of levo-tetranydropalmatine and
low dose naltrexone: a promising treatment for prevention of cocaine relapse, J.
Pharmacol. Exp. Ther. 357 (2016) 248-257.

L.A. Ray, K.E. Courtney, D.G. Ghahremani, K. Miotto, A. Brody, E.D. London,
Varenicline, low dose naltrexone, and their combination for heavy-drinking
smokers: human laboratory findings, Psychopharmacology 231 (2014) 3843-
3853.

https://doi.org/10.54448/MSP.978-65-983826-5-0

54



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

S.S. O'Malley, J.L. Cooney, S. Krishnan-Sarin, J.A. Dubin, S.A. McKee, N.L.
Cooney, et al.,, A controlled trial of naltrexone augmentation of nicotine
replacement therapy for smoking cessation, Arch. Intern. Med. 166 (2006) 667—
674.

M. Haney, Opioid antagonism of cannabinoid effects: differences between
marijuana smokers and nonmarijuana smokers, Neuropsychopharmacology 32
(2007) 1391-1403.

I.S. Zagon, P.J. McLaughlin, Naltrexone modulates tumor response in mice with
neuroblastoma, Science 221 (1983) 671-673.

J. Meng, Y. Meng, N.P. Plotnikoff, G. Youkilis, N. Griffin, F. Shan, Low dose
naltrexone (LDN) enhances maturation of bone marrow dendritic cells (BMDCs),
Int. Immunopharmacol. 17 (2013) 1084-1089.

Z.Yi,S. Guo, X. Hu, X. Wang, X. Zhang, N. Griffin, et al., Functional modulation
on macrophage by low dose naltrexone (LDN), Int. Immunopharmacol. 39 (2016)
397-402.

D. Wang, L. Du, Q. Meng, Y. Ge, F. Shan, Q. Su, Experimental study on the
therapy of pancreatic cancer by combining methionine encephalin with low dose
naltrexone, Modern Oncol. 26 (2018) 22-27.

I.S. Zagon, P.J. McLaughlin, Endogenous opioid systems regulate cell
proliferation in the developing rat brain, Brain Res. 412 (1987) 68—72.

I.S. Zagon, M.F. Verderame, P.J. McLaughlin, The biology of the opioid growth
factor receptor (OGFr), Brain Res. Brain Res. Rev. 38 (2002) 351-376.

I.S. Zagon, T.B. Ruth, A.E. Leure-duPree, J.W. Sassani, P.J. McLaughlin,
Immunoelectron microscopic localization of the opioid growth factor receptor
(OGFr) and OGF in the cornea, Brain Res. 967 (2003) 37-47.

I.S. Zagon, R. Donahue, P.J. McLaughlin, Targeting the opioid growth factor:
opioid growth factor receptor axis for treatment of human ovarian cancer, Exp.
Biol. Med. (Maywood, NJ) 238 (2013) 579-587.

I.S. Zagon, N.K. Porterfield, P.J. McLaughlin, Opioid growth factor - opioid
growth factor receptor axis inhibits proliferation of triple negative breast cancer,
Exp. Biol. Med. (Maywood, NJ) 238 (2013) 589-599.

P.J. McLaughlin, R.J. Levin, I.S. Zagon, Regulation of human head and neck
squamous cell carcinoma growth in tissue culture by opioid growth factor, Int. J.
Oncol. 14 (1999) 991-998.

R.N. Donahue, P.J. McLaughlin, 1.S. Zagon, The opioid growth factor (OGF) and
low dose naltrexone (LDN) suppress human ovarian cancer progression in mice,
Gynecol. Oncol. 122 (2011) 382-388.

P.J. McLaughlin, 1.S. Zagon, Duration of opioid receptor blockade determines
biotherapeutic response, Biochem. Pharmacol. 97 (2015) 236-246.

Low-dose naltrexone: harnessing the body's own chemistry to treat human ovarian
cancer, Exp. Biol. Med. (Maywood, NJ) 236 (2011) viii.

R.N. Donahue, P.J. McLaughlin, 1.S. Zagon, Under-expression of the opioid
growth factor receptor promotes progression of human ovarian cancer, Exp. Biol.
Med. (Maywood, NJ) 237 (2012) 167-177.

R.N. Donahue, P.J. McLaughlin, I.S. Zagon, Low-dose naltrexone targets the
opioid growth factor-opioid growth factor receptor pathway to inhibit cell
proliferation: mechanistic evidence from a tissue culture model, Exp. Biol. Med.
(Maywood, NJ) 236 (2011) 1036-1050.

Q. Wang, X. Gao, Z. Yuan, Z. Wang, Y. Meng, Y. Cao, et al., Methionine
enkephalin (MENK) improves lymphocyte subpopulations in human peripheral

https://doi.org/10.54448/MSP.978-65-983826-5-0

55



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

blood of 50 cancer patients by inhibiting regulatory T cells (Tregs), Hum. Vaccin.
Immunother. 10 (2014) 1836-1840.

W. Li, W. Chen, R.B. Herberman, N.P. Plotnikoff, G. Youkilis, N. Griffin, et al.,
Immunotherapy of cancer via mediation of cytotoxic T lymphocytes by
methionine enkephalin (MENK), Cancer Lett. 344 (2014) 212-222.

J. Younger, L. Parkitny, D. McLain, The use of low-dose naltrexone (LDN) as a
novel anti-inflammatory treatment for chronic pain, Clin. Rheumatol. 33 (2014)
451-459.

P. Chopra, M.S. Cooper, Treatment of complex regional pain syndrome (CRPS)
using low dose naltrexone (LDN), J. Neurolmmune Pharmacol. 8 (2013) 470-
476.

L.B. Weinstock, T.L. Myers, A.S. Walters, O.A. Schwartz, J.W. Younger, P.J.
Chopra, et al., Identification and treatment of new inflammatory triggers for
International Immunopharmacology 61 (2018) 178-184 182 complex regional
pain syndrome: small intestinal bacterial overgrowth and obstructive sleep apnea,
A & A Case Reports 6 (2016) 272-276.

I.S. Zagon, R.N. Donahue, R.H. Bonneau, P.J. McLaughlin, B lymphocyte
proliferation is suppressed by the opioid growth factor-opioid growth factor
receptor axis: implication for the treatment of autoimmune diseases,
Immunobiology 216 (2011) 173-183.

I.S. Zagon, R.N. Donahue, R.H. Bonneau, P.J. McLaughlin, T lymphocyte
proliferation is suppressed by the opioid growth factor ([Met(5)]-enkephalin)-
opioid growth factor receptor axis: implication for the treatment of autoimmune
diseases, Immunobiology 216 (2011) 579-590.

B. Bihari, Efficacy of low dose naltrexone as an immune stabilizing agent for the
treatment of HIVV/AIDS, AIDS Patient Care 9 (1995) 3.

B. Bihari, Bernard Bihari, MD: low-dose naltrexone for normalizing immune
system function, Altern. Ther. Health Med. 19 (2013) 56-65.

L.A. Hammer, H. Waldner, I.S. Zagon, P.J. McLaughlin, Opioid growth factor
and low-dose naltrexone impair central nervous system infiltration by CD4 + T
lymphocytes in established experimental autoimmune encephalomyelitis, a model
of multiple sclerosis, Exp. Biol. Med. (Maywood, NJ) 241 (2016) 71-78.

I.S. Zagon, K.A. Rahn, A.P. Turel, P.J. McLaughlin, Endogenous opioids regulate
expression of experimental autoimmune encephalomyelitis: a new paradigm for
the treatment of multiple sclerosis, Exp. Biol. Med. (Maywood, NJ) 234 (2009)
1383-1392.

S. Franchi, S. Moretti, M. Castelli, D. Lattuada, C. Scavullo, A.E. Panerai, et al.,
Mu opioid receptor activation modulates toll like receptor 4 in murine
macrophages, Brain Behav. Immun. 26 (2012) 480-488.

P.J. McLaughlin, J.K. Stucki, I.S. Zagon, Modulation of the opioid growth factor
([Met(5)]-enkephalin)-opioid growth factor receptor axis: novel therapies for
squamous cell carcinoma of the head and neck, Head Neck 34 (2012) 513-519.
D.K. Patten, B.G. Schultz, D.J. Berlau, The safety and efficacy of low-dose
naltrexone in the management of chronic pain and inflammation in multiple
sclerosis, fibromyalgia, Crohn's disease, and other chronic pain disorders,
Pharmacotherapy 38 (2018) 382-389.

E.P. San-Emeterio, M.A. Hurle, Modulation of brain apoptosis-related proteins
by the opioid antagonist naltrexone in mice, Neurosci. Lett. 403 (2006) 276-279.
P. Good, Low-dose naltrexone for multiple sclerosis and autism: does its benefit
reveal a common cause? Med. Hypotheses 67 (2006) 671-672.

https://doi.org/10.54448/MSP.978-65-983826-5-0

56



49.

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

Y.P. Agrawal, Low dose naltrexone therapy in multiple sclerosis, Med.
Hypotheses 64 (2005) 721-724.

P.N. Patel, Low-dose naltrexone for treatment of multiple sclerosis: clinical trials
are needed, Ann. Pharmacother. 41 (2007) 1549-1550.

N. Sharafaddinzadeh, A. Moghtaderi, D. Kashipazha, N. Majdinasab, B.
Shalbafan, The effect of low-dose naltrexone on quality of life of patients with
multiple sclerosis: a randomized placebo-controlled trial, Mult. Scler.
(Houndmills, Basingstoke, England) 16 (2010) 964—9609.

B.A. Cree, E. Kornyeyeva, D.S. Goodin, Pilot trial of low-dose naltrexone and
quality of life in multiple sclerosis, Ann. Neurol. 68 (2010) 145-150.

A.P. Turel, K.H. Oh, LS. Zagon, P.J. McLaughlin, Low dose naltrexone for
treatment of multiple sclerosis: a retrospective chart review of safety and
tolerability, J. Clin. Psychopharmacol. 35 (2015) 609-611.

M. Gironi, F. Martinelli-Boneschi, P. Sacerdote, C. Solaro, M. Zaffaroni, R.
Cavarretta, et al., A pilot trial of low-dose naltrexone in primary progressive
multiple sclerosis, Mult. Scler. (Houndmills, Basingstoke, England) 14 (2008)
1076-1083.

K.A. Rahn, P.J. McLaughlin, I.S. Zagon, Prevention and diminished expression
of experimental autoimmune encephalomyelitis by low dose naltrexone (LDN) or
opioid growth factor (OGF) for an extended period: therapeutic implications for
multiple sclerosis, Brain Res. 1381 (2011) 243-253.

P.J. McLaughlin, D.P. McHugh, M.J. Magister, 1.S. Zagon, Endogenous opioid
inhibition of proliferation of T and B cell subpopulations in response to
immunization for experimental autoimmune encephalomyelitis, BMC Immunol.
16 (2015) 24.

M.D. Ludwig, I.S. Zagon, P.J. McLaughlin, Serum [Met5]-enkephalin levels are
reduced in multiple sclerosis and restored by low-dose naltrexone, Exp. Biol.
Med. (Maywood, NJ) 242 (2017) 1524-1533 (1535370217724791).

M.D. Ludwig, A.P. Turel, I.S. Zagon, P.J. McLaughlin, Long-term treatment with
low dose naltrexone maintains stable health in patients with multiple sclerosis,
Mult. Scler. J. Exp. Transl. Clin. 2 (2016) (2055217316672242).

J.P. Smith, H. Stock, S. Bingaman, D. Mauger, M. Rogosnitzky, I.S. Zagon,
Lowdose naltrexone therapy improves active Crohn's disease, Am. J.
Gastroenterol. 102 (2007) 820—828.

A. Shannon, N. Alkhouri, S. Mayacy, B. Kaplan, L. Mahajan, Low-dose
naltrexone for treatment of duodenal Crohn's disease in a pediatric patient,
Inflamm. Bowel Dis. 16 (2010) 1457.

J.P. Smith, D. Field, S.I. Bingaman, R. Evans, D.T. Mauger, Safety and
tolerability of low-dose naltrexone therapy in children with moderate to severe
Crohn's disease: a pilot study, J. Clin. Gastroenterol. 47 (2013) 339-345.

D. Segal, J.K. Macdonald, N. Chande, Low dose naltrexone for induction of
remission in Crohn's disease, Cochrane Database Syst. Rev. (2014) Cd010410.
G. Roginsky, A. Alexoff, E.D. Ehrenpreis, Initial findings of an open-label trial
of low-dose naltrexone for symptomatic mesenteric panniculitis, J. Clin.
Gastroenterol. 49 (2015) 794-795.

D.l. Tawfik, A.S. Osman, H.M. Tolba, A. Khattab, L.O. Abdel-Salam, M.M.
Kamel, Evaluation of therapeutic effect of low dose naltrexone in experimentally-
induced Crohn's disease in rats, Neuropeptides 59 (2016) 39-45.

J. Ploesser, L.B. Weinstock, E. Thomas, Low dose naltrexone: side effects and
efficacy in gastrointestinal disorders, Int. J. Pharm. Compd. 14 (2010) 171-173.

https://doi.org/10.54448/MSP.978-65-983826-5-0



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

C.S. Yuan, J.F. Foss, M. O'Connor, J. Osinski, M.F. Roizen, J. Moss, Effects of
intravenous methylnaltrexone on opioid-induced gut motility and transit time
changes in subjects receiving chronic methadone therapy: a pilot study, Pain 83
(1999) 631-635.

J. Younger, S. Mackey, Fibromyalgia symptoms are reduced by low-dose
naltrexone: a pilot study, Pain Med. (Malden, Mass) 10 (2009) 663-672.

J. Younger, N. Noor, R. McCue, S. Mackey, Low-dose naltrexone for the
treatment of fibromyalgia: findings of a small, randomized, double-blind,
placebo-controlled, counterbalanced, crossover trial assessing daily pain levels,
Arthritis Rheum. 65 (2013) 529-538.

S. Ramanathan, J. Panksepp, B. Johnson, Is fibromyalgia an endocrine/endorphin
deficit disorder? Is low dose naltrexone a new treatment option? Psychosomatics
53 (2012) 591-594.

S. Deshpande, D.E. Rivera, JW. Younger, N.N. Nandola, A control systems
engineering approach for adaptive behavioral interventions: illustration with a
fibromyalgia intervention, Transl. Behav. Med. 4 (2014) 275-289.

B. Johnson, S. Ulberg, S. Shivale, J. Donaldson, B. Milczarski, S.V. Faraone,
Fibromyalgia, autism, and opioid addiction as natural and induced disorders of
the endogenous opioid hormonal system, Discov. Med. 18 (2014) 209-220.

L. Parkitny, J. Younger, Reduced pro-inflammatory cytokines after eight weeks
of low-dose naltrexone for fibromyalgia, Biomedicine 5 (2017) 1-9.

S.K. Metyas, J.S. Solyman, D.G. Arkfeld, Inflammatory fibromyalgia: is it real?
Curr. Rheumatol. Rev. 11 (2015) 15-17.

K.B. Plesner, H.B. Vaegter, G. Handberg, Low dose naltrexone for treatment of
pain, Ugeskr. Laeger 177 (2015) V03150248.

I.S. Zagon, M.S. Klocek, J.W. Sassani, P.J. McLaughlin, Dry eye reversal and
corneal sensation restoration with topical naltrexone in diabetes mellitus, Arch.
Ophthalmol. 127 (2009) 1468-1473.

I.S. Zagon, M.S. Klocek, J.W. Griffith, J.W. Sassani, A.M. Komaromy, P.J.
McLaughlin, Prevention of exuberant granulation tissue and neovascularization
in the rat cornea by naltrexone, Arch. Ophthalmol. 126 (2008) 501-506.

P.J. McLaughlin, J.A. Immonen, |.S. Zagon, Topical naltrexone accelerates
fullthickness wound closure in type 1 diabetic rats by stimulating angiogenesis,
Exp. Biol. Med. (Maywood, NJ) 238 (2013) 733-743.

M.S. Klocek, J.W. Sassani, P.J. McLaughlin, I.S. Zagon, Naltrexone and insulin
are independently effective but not additive in accelerating corneal epithelial
healing in type | diabetic rats, Exp. Eye Res. 89 (2009) 686-692.

D. Hota, A. Srinivasan, P. Dutta, A. Bhansali, A. Chakrabarti, Off-label, low-dose
naltrexone for refractory painful diabetic neuropathy, Pain Med. (Malden, Mass)
17 (2016) 790-791.

T. Frech, K. Novak, M.P. Revelo, M. Murtaugh, B. Markewitz, N. Hatton, et al.,
Low-dose naltrexone for pruritus in systemic sclerosis, Int. J. Rheumatol. 2011
(2011) 804296.

M. Davis, H.W. Goforth, P. Gamier, Oxycodone combined with opioid receptor
antagonists: efficacy and safety, Expert Opin. Drug Saf. 12 (2013) 389-402.

P.J. McLaughlin, R.J. Levin, I.S. Zagon, Opioid growth factor (OGF) inhibits the
progression of human squamous cell carcinoma of the head and neck transplanted
into nude mice, Cancer Lett. 199 (2003) 209-217.

B.M. Berkson, D.M. Rubin, A.J. Berkson, The long-term survival of a patient with
pancreatic cancer with metastases to the liver after treatment with the intravenous

https://doi.org/10.54448/MSP.978-65-983826-5-0



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

alpha-lipoic acid/low-dose naltrexone protocol, Integr. Cancer Ther. 5 (2006) 83—
89.

B.M. Berkson, D.M. Rubin, A.J. Berkson, Revisiting the ALA/N (alpha-lipoic
acid/ low-dose naltrexone) protocol for people with metastatic and nonmetastatic
pancreatic cancer: a report of 3 new cases, Integr. Cancer Ther. 8 (2009) 416-422.
B.M. Berkson, D.M. Rubin, A.J. Berkson, Reversal of signs and symptoms of a
Bcell lymphoma in a patient using only low-dose naltrexone, Integr. Cancer Ther.
6 (2007) 293-296.

M. Rogosnitzky, M.J. Finegold, P.J. McLaughlin, I.S. Zagon, Opioid growth
factor (OGF) for hepatoblastoma: a novel non-toxic treatment, Investig. New
Drugs 31 (2013) 1066-1070.

L. Schwartz, L. Buhler, P. Icard, H. Lincet, J.M. Steyaert, Metabolic treatment of
cancer: intermediate results of a prospective case series, Anticancer Res. 34
(2014) 973-980.

W.M. Liu, K.A. Scott, J.L. Dennis, E. Kaminska, A.J. Levett, A.G. Dalgleish,
Naltrexone at low doses upregulates a unique gene expression not seen with
normal doses: implications for its use in cancer therapy, Int. J. Oncol. 49 (2016)
793-802.

S. Ebrahimpour, M.A. Tabari, M.R. Youssefi, H. Aghajanzadeh, M.Y. Behzadi,
Synergistic effect of aged garlic extract and naltrexone on improving immune
responses to experimentally induced fibrosarcoma tumor in BALB/c mice, Pharm.
Res. 5 (2013) 189-194.

A. Khan, Long-term remission of adenoid cystic tongue carcinoma with low dose
naltrexone and vitamin D3-a case report, Oral Health Dent. Manag. 13 (2014)
721-724.

D.L. Vargas, C. Nascimbene, C. Krishnan, A.W. Zimmerman, C.A. Pardo,
Neuroglial activation and neuroinflammation in the brain of patients with autism,
Ann. Neurol. 57 (2005) 67-81.

M.P. Bouvard, M. Leboyer, J.M. Launay, C. Recasens, M.H. Plumet, D.
WallerPerotte, et al., Low-dose naltrexone effects on plasma chemistries and
clinical symptoms in autism: a double-blind, placebo-controlled study, Psychiatry
Res. 58 (1995) 191-201.

W. Pape, W. Woller, Low dose naltrexone in the treatment of dissociative
symptoms, Nervenarzt 86 (2015) 346-351.

M.O. Nava-Mesa, M.R. Lamprea, A. Munera, Divergent short- and long-term
effects of acute stress in object recognition memory are mediated by endogenous
opioid Z. Li et al. International Immunopharmacology 61 (2018) 178-184 183
system activation, Neurobiol. Learn. Mem. 106 (2013) 185-192.

B.H. King, D. Au, R.E. Poland, Low-dose naltrexone inhibits pemoline-induced
selfbiting behavior in prepubertal rats, J. Child Adolesc. Psychopharmacol. 3
(1993) 71-79.

D. Mischoulon, L. Hylek, A.S. Yeung, AJ. Clain, L. Baer, C. Cusin, et al.,
Randomized, proof-of-concept trial of low dose naltrexone for patients with
breakthrough symptoms of major depressive disorder on antidepressants, J.
Affect. Disord. 208 (2017) 6-14.

B. Liu, J.S. Hong, Neuroprotective effect of naloxone in inflammation-mediated
dopaminergic neurodegeneration: dissociation from the involvement of opioid
receptors, Methods Mol. Med. 79 (2003) 43-54.

https://doi.org/10.54448/MSP.978-65-983826-5-0

59



98. C. Andrzej, S. Christoph, H. Albert, Peripheral mechanisms of opioid
antinociception in inflammation- involvement of cytokines, Eur. J. Pharmacol.
242 (1993) 229-235.

99. J.M. Hesselink, D.J. Kopsky, Enhancing acupuncture by low dose naltrexone,
Acupunct. Med. 29 (2011) 127-130.

100. K.M. Sturn, M. Collin, Low-dose naltrexone: a new therapy option for
complex regional pain syndrome type | patients, Int. J. Pharm. Compd. 20 (2016)
197-201.

101. B. Ghai, D. Bansal, D. Hota, C.S. Shah, Off-label, low-dose naltrexone for
refractory chronic low back pain, Pain Med. (Malden, Mass) 15 (2014) 883-884.

102. L.N. Albers, J.L. Arbiser, R.J. Feldman, Treatment of Hailey-Hailey
disease with low-dose naltrexone, JAMA Dermatol. 153 (2017) 1018-1020.

103. O. Ibrahim, S.R. Hogan, A. Vij, A.P. Fernandez, Low-dose naltrexone
treatment of familial benign pemphigus (Hailey-Hailey disease), JAMA
Dermatol. 153 (2017) 1015-1017.

104. G. Raknes, L. Smabrekke, A sudden and unprecedented increase in low
dose naltrexone (LDN) prescribing in Norway. Patient and prescriber
characteristics, and dispense patterns. A drug utilization cohort study,
Pharmacoepidemiol. Drug Saf. 26 (2017) 136-142.

105. B.A. Toll, M. White, R. Wu, B. Meandzija, P. Jatlow, R. Makuch, et al.,
Low-dose naltrexone augmentation of nicotine replacement for smoking cessation
with reduced weight gain: a randomized trial, Drug Alcohol Depend. 111 (2010)
200-206.

106. F.L. Wright, R.J. Rodgers, Acute behavioural effects of bupropion and
naltrexone, alone and in combination, in non-deprived male rats presented with
palatable mash, Psychopharmacology 228 (2013) 291-307.

107. N.M. Avena, M.E. Bocarsly, S. Murray, M.S. Gold, Effects of baclofen
and naltrexone, alone and in combination, on the consumption of palatable food
in male rats, Exp. Clin. Psychopharmacol. 22 (2014) 460-467.

108. K. Dodou, A. Armstrong, I. Kelly, S. Wilkinson, K. Carr, P. Shattock, et
al., Ex vivo studies for the passive transdermal delivery of low-dose naltrexone
from a cream; detection of naltrexone and its active metabolite, 6beta-naltrexol,
using a novel LC Q-ToF MS assay, Pharm. Dev. Technol. 20 (2015) 694-701.

109. W.O. Farid, D. McCallum, R.J. Tait, S.A. Dunlop, G.K. Hulse, Minor
pathological changes are induced by naltrexone-poly(DL-lactide) implants in
pregnant rats, J. Biomed. Mater. Res. A 91 (2009) 964-974.

110. J.B. Leonard, V. Nair, C.J. Diaz, J.B. Penoyar, P.A. Goode, Potential drug
interaction with opioid agonist in the setting of chronic low-dose opioid antagonist
use, Am. J. Emerg. Med. 35 (2017) 1209.e3-.e4.

111. L. Amezcua, F. Nelson, Ethical considerations of patient-funded research
for multiple sclerosis therapeutics, Neurotherapeutics 14 (2017) 945-951.
112. Schmidt MG, Torres IL, Stahnke DN, Paniz VMV. Naltrexona em baixa

dose (LDN): tendéncia de consumo nas capitais brasileiras e Distrito Federal,
2014-2020 [Low-dose naltrexone (LDN): consumption trend in Brazilian capitals
and the Federal District, 2014-2020]. Cien Saude Colet. 2023 Mar;28(3):947-955.
Portuguese. doi: 10.1590/1413-81232023283.10392022.

113. Gutstein  HB A. Opioid Analgesics. In: Hardman JG,
Limbird LL, editors. Goodman and Gilman’s Pharmacological Basis of
Therapeutics. 102 ed. New York: Mc Graw-Hill; 2001. p. 569-619.

https://doi.org/10.54448/MSP.978-65-983826-5-0

60



114. Resnick RB, Volavka J, Freedman AM, Thomas M. Studies of EN-1639A
(Naltrexone): A New Narcotic Antagonist. Am J Psychiatry 1974; 131(6):646-
650.

115. World Health Oranization (WHO). Guidelines for ATC classification and
DDD assignment 2019 [Internet]. 2019 [cited 2019 set 11]. Available from:
https://
webcache.googleusercontent.com/search?q=cache:4nUjL1baoBsJ:https://www.
whocc.no/atc_ddd_index/+&cd=4&hl=pt-BR&ct=cInk&gl=br.

116. Naltrexone/bupropion for obesity. Drug Ther Bull 2017; 55(11):126-129.

117. European Medicines Agency. Procedure Management and Committees
Support Division List of nationally authorised medicinal products Active
substance: naltrexone [Internet]. 2016 [cited 2019 set 11]. Available from:
WWW.ema.europa.eu/contact.

118. Grilo CM, Lydecker JA, Morgan PT, Gueorguieva R. Naltrexone +
Bupropion Combination for the Treatment of Binge-eating Disorder with Obesity:
A
Randomized, Controlled Pilot Study. Clin Ther 2021; 43:112-122.e1.

119. Brasil. Ministério da Salde (MS). Naltrexona. Consultoria
Juridica/Advocacia Geral da Unido [Internet]. 2015 [acessado 2019 set 11].
Disponivel em: http://

portal.anvisa.gov.br/wps/wcm/connect/d3042d804aa6f0c3alc5b7218f91a449/LI
STA+CONFORMIDA.

120. Bihari B. Low-dose Naltrexone for Normalizing Immune System Function
Conversations. Alt Therap 2013; 19(2):56-65.
121. Li Z, You Y, Griffin N, Feng J, Shan F. Low-dose naltrexone (LDN): A

promising treatment in immune -related diseases and cancer therapy. Int
Immunopharmacol 2018; 61:178-184.

122. Segal D, Macdonald JK, Chande N. Low dose naltrexone for induction of
remission in Crohn’s disease. Cochrane Database Syst Rev 2014; 2:CD010410.
123. Younger J, Parkitny L, McLain D. The use of low-dose naltrexone (LDN)

as a novel anti-inflammatory treatment for chronic pain. Clin Rheumatol 2014;
33(4):451-459.

124. Lie MRKL, van der Giessen J, Fuhler GM, Lima A, Peppelenbosch MP,
van der Ent C, van der Woude CJ. Low dose Naltrexone for induction of remission
in inflammatory bowel disease patients. J Transl Med 2018; 16(1):55.

125. Patten DK, Schultz BG, Berlau DJ. The Safety and Efficacy of Low-Dose
Naltrexone in the Management of Chronic Pain and Inflammation in Multiple
Sclerosis,

Fibromyalgia, Crohn’s Disease, and Other Chronic Pain Disorders.
Pharmacotherapy 2018; 38(3):382-389.

126. Kim PS, Fishman MA. Low-Dose Naltrexone for Chronic Pain: Update
and Systemic Review. Curr Pain Headache Rep 2020; 24(10):64.

127. Albers LN, Arbiser JL, Feldman RJ. Treatment of Hailey-Hailey disease
with low-dose naltrexone. JAMA Dermatol 2017; 153:1018-1020.

128. Ba JJ, Lio P. Low Dose Naltrexone in Dermatology. J Drugs Dermatol
2019; 18(3):235-238.

129. Toljan K, Vrooman B. Low-Dose Naltrexone (LDN)- Review of

Therapeutic Utilization. Med Sci (Basel) 2018; 6(4):82.
130. Gozzani J. Opidides e Antagonistas. Rev Bras Anestesiol 1994; 65-73.

https://doi.org/10.54448/MSP.978-65-983826-5-0

61


http://www.ema.europa.eu/contact

131. Pierzchata-Koziec K, Dziedzicka-Wasylewska M, Oeltgen P, Zubel-Lojek
J, Latacz A, Oclon E. The effect of CRH, dexamethasone and naltrexone on the
mu, delta and kappa opioid receptor agonist binding in lamb hypothalamic-
pituitary-adrenal axis. Folia Biologica (Poland) 2015; 63:187-193.

132. Agarwal D, Toljan K, Qureshi H, Vrooman B. Therapeutic value of
naltrexone as a glial modulator. GLIA 2017; 65(51):E103-E578.

133. Brown N, Panksepp J. Low-dose naltrexone for disease prevention and
quality of life. Med Hypotheses, 2009; 72:333-337.

134. Agéncia Nacional de Vigilancia Sanitaria (ANVISA). Ministério da Saude
(MS). Como a Anvisa vé o uso off label de medicamentos [Internet]. 2020
[acessado 2023 ago 17]. Disponivel em: http://portal.anvisa.gov.br/.

135. Agéncia Nacional de Vigilancia Sanitaria (ANVISA). Sistema Nacional
de Gerenciamento de Produtos Controlados - SNGPC. Painel Gerencial de Dados
Publicos
de Medicamentos Manipulados [Internet]. 2021 [acessado 2023 set 19].
Disponivel em: https://app.powerbi.com/view

136. Antunes JLF, Cardoso MRA. Uso da andlise de séries temporais em
estudos epidemiolégicos. Epidemiol Serv Saude 2015; 24:565-576.
137. Conselho Federal de Medicina (CFM). Departamento de Medicina

Preventiva da Faculdade de Medicina da USP. Demografia no Brasil Médica
[Internet]. 2020  [acessado 2023  set 19].  Disponivel em:
www.portalmedico.org.br.

138. Associacdo Nacional de Farmacéuticos Magistrais (ANFARMAG).
Anfarmag PANORAMA_SETORIAL_2020 [Internet]. [acessado 2023 set 19].
Disponivel em: www.anfarmag.org.br.

139. Associacdo Nacional de Farmacéuticos Magistrais (ANFARMAG).
Dados Socioeconémicos das Farmécias de Manipulacdo [Internet]. [acessado
2023 set
19]. Disponivel em: www.anfarmag.org.br.

140. Raknes G, Smabrekke L. A sudden and unprecedented increase in low
dose naltrexone (LDN) prescribing in Norway. Patient and prescriber
characteristics, and dispense patterns. A drug utilization cohort study.
Pharmacoepidemiol Drug Saf 2017; 26:136-142.

141. Aguiar DP, Souza CPQ, Barbosa WJM, Santos-Junior FFU, Oliveira AS.
Prevalence of chronic pain in Brazil: systematic review. Braz J Pain 2021;
4(3):257-267.

142. Colomer-Carbonell A, Sanabria-Mazo JP, Hernandez-Negrin H, Borras X,
Suso-Ribera C, Garcia-Palacios A, Muchart J, Munuera J, D’Amico F, Maes M,
Younger JW, Feliu-Soler A, Rozadilla-Sacanell A, Luciano JV. Study protocol
for a randomised, double-blinded, placebo-controlled phase Il trial examining the
add-on efficacy, cost-utility and neurobiological effects of low-dose naltrexone
(LDN) in patients with fibromyalgia (INNOVA study). BMJ Open 2022;
12(1):e055351. CC Este é um artigo publicado em acesso aberto sob uma
licenca Creative Commons

143. Younger J, Noor N, McCue R, MacKey S. Low-dose naltrexone for the
treatment of fibromyalgia: Findings of a small, randomized, double-blind,
placebo-controlled, counterbalanced, crossover trial assessing daily pain levels.
Anrthritis Rheum 2013; 65:529-538.

144, Sociedade Brasileira para o Estudo da Dor (SBED). Publicagédo da
Sociedade Brasileira para o Estudo da Dor-Ano XVI-3° [Internet]. 2016; 59

https://doi.org/10.54448/MSP.978-65-983826-5-0

62


http://portal.anvisa.gov.br/
https://app.powerbi.com/view
http://www.portalmedico.org.br/
http://www.anfarmag.org.br/
http://www.anfarmag.org.br/

[acessado 2021
set 19]. Disponivel em: www.sbed.org.br.
145. Souza JB, Perissinotti DMN. The prevalence of fibromyalgia in Brazil — a

population-based study with secondary data of the study on chronic pain
prevalence in Brazil. Braz J Pain 2018; 1(4):345-348.

146. Finkelsztejn A, Lopes JS, Noal J, Finkelsztejn JM. The prevalence of
multiple sclerosis in Santa Maria, Rio Grande do Sul, Brazil. Arq Neuropsiquiatr
2014;

72:104-106.

147. Kotze PG, Underwood FE, Damido AOMC, Ferraz JGP, Saad-Hossne R,
Toro M, lade B, Bosques-Padilla F, Teixeira FV, Juliao-Banos F, Simian D,
Ghosh S, Panaccione R, Ng SC, Kaplan GG. Progression of Inflammatory Bowel
Diseases Throughout Latin America and the Caribbean: A Systematic Review.
Clin Gastroenterol Hepatol 2020; 18:304-312.

148. Selvaratnam S, Gullino S, Shim L, Lee E, Lee A, Paramsothy S, Leong
RW. Epidemiology of inflammatory bowel disease in South America: A
systematic review. World J Gastroenterol 2019; 25(47):6866-6875.

149. Beltran Monasterio EP. Low-dose Naltrexone: An Alternative Treatment
for Erythrodermic Psoriasis. Cureus 2019; 11(1):e3943.

150. Romiti R, Amone M, Menter A, Miot HA. Prevalence of psoriasis in
Brazil — a geographical survey. Int J Dermatol 2017; 56(8):e167-e168.

151. Programa das Nagdes Unidas para o Desenvolvimento (PNUD). indice de

Desenvolvimento Humano 2021 [Internet]. 2021 [acessado 2022 fev 11].
Disponivel em: https://www.br.undp.org/content/brazil/pt/home/idh0.html.

152. Eguale T, Buckeridge DL, Verma A, Winslade NE, Benedetti A, Hanley
JA, Tamblyn R. Association of off-label drug use and adverse drug events in an
adult
population. JAMA Intern Med 2016; 176(1):55-63.

153. Dooms M, Killick J. Off-label use of medicines: The need for good
practice guidelines. Int J Risk Saf Med 2017; 29(1-2):17-23.

154. Holloway K. The World Medicines Situation 2011: Rational Use of
Medicines. 32 ed. Geneva: WHO: 2011.

155. Younger J, Parkitny L, McLain D. The use of low-dose naltrexone (LDN)
as a novel anti-inflammatory treatment for chronic pain. Clin Rheumatol
2014;33:451-9. https://doi.org/10.1007/ s10067-014-2517-2.

156. Bruun KD, Amris K, Vaegter HB, Blichfeldt-Eckhardt MR, Holsgaard-
Larsen A, Christensen R, et al. Low-dose naltrexone for the treatment of
fibromyalgia: protocol for a double-blind, randomized, placebo-controlled trial.
Trials 2021;22(1):804. https:// doi.org/10.1186/513063-021-05776-7.

157. Tempel A, Kessler JA, Zukin RS. Chronic naltrexone treatment increases
expression of preproenkephalin and preprotachykinin mRNA in discrete brain
regions. J Neurosci 1990;10(3):741-7. https://doi.org/10.1523/JNEUROSCI.10-
03-00741.1990.

158. Wang D, Sun X, Sadee W. Different effects of opioid antagonists on mu-
, delta-, and kappa-opioid receptors with and without agonist pretreatment. J
Pharmacol Exp Ther 2007;321(2):544-52. https://
doi.org/10.1124/jpet.106.118810.

159. Watkins LR, Hutchinson MR, Ledeboer A, Wieseler-Frank J, Milligan
ED, Maier SF. Glia as the “bad guys”: implications for improving clinical pain

https://doi.org/10.54448/MSP.978-65-983826-5-0

63


http://www.sbed.org.br/
https://www.br.undp.org/content/brazil/pt/home/idh0.html
https://doi.org/10.1523/JNEUROSCI.10-03-00741.1990
https://doi.org/10.1523/JNEUROSCI.10-03-00741.1990

control and the clinical utility of opioids. Brain Behav Immun 2007;21(2):131-
46. https://doi.org/10.1016/j. bbi.2006.10.011.

160. Younger J, Mackey S. Fibromyalgia symptoms are reduced by low-dose
naltrexone: a pilot study. Pain Med 2009;10(4):663-72.
https://doi.org/10.1111/j.1526-4637.2009.00613.x.

161. Parkitny L, Younger J. Reduced Pro-Inflammatory Cytokines after Eight
Weeks of Low-Dose Naltrexone for Fibromyalgia. Biomedicines 2017;5(2):16.
https://doi.org/10.3390/biomedicines5020016.

162. Siembida J, Johnson B. Depression in fibromyalgia patients may require
low-dose naltrexone to respond: A case report. Cureus 2022;14(2).
https://doi.org/10.7759/cureus.22677. eCollection 2022. 9. Metyas S, Chen CL,
Yeter K, Solyman J, Arkfeld DG. Low dose naltrexone in the treatment of

fibromyalgia. Curr Rheumatol Rev 2018;14(2):177-80.
https://doi.org/10.2174/1573397113666170 321120329.
163. Jackson D, Singh S, Zhang-James Y, Faraone S, Johnson B. The effects

of low dose naltrexone on opioid induced hyperalgesia and fibromyalgia. Front
Psychiatry  2021;12:593842. https://doi.  0rg/10.3389/fpsyt.2021.593842.
eCollection 2021.

164. Oaks Z, Stage A, Middleton B, Faraone S, Johnson B. Clinical utility of
the cold pressor test: evaluation of pain patients, treatment of opioid-induced
hyperalgesia and fibromyalgia with low dose naltrexone. Discov Med 2018;
26(144):197-206.

165. Younger J, Noor N, McCue R, Mackey S. Low-dose naltrexone for the
treatment of fibromyalgia: findings of a small, randomized, double-blind,
placebo-controlled, counterbalanced, crossover trial assessing daily pain levels.
Arthritis Rheum 2013;65(2):529-38. https://doi.org/10.1002/art.37734.

166. Bruun-Plesner K, Blichfeldt-Eckhardt MR, Vaegter HB, Lauridsen JT,
Amris K, Toft P. Low-dose naltrexone for the treatment of fibromyalgia:
investigation of dose-response relationships. Pain Med 2020; 21(10):2253-61.
https://doi.org/10.1093/pm/pnaa001.

167. Zashin S. Sjogren’s syndrome and clinical benefits of low-dose naltrexone
therapy: Additional case reports. Cureus 2020;12(7):e8948.
https://doi.org/10.7759/cureus.8948.

168. Zashin S. Sjogren’s Syndrome: Clinical benefits of low-dose naltrexone
therapy. Cureus 2019;11(3):e4225. https://doi.org/10.7759/ cureus.4225.
169. Tran T, Chen A, Worswick S. Successful treatment of dermatomyositis

with low-dose  naltrexone. Dermatol ~ Ther  2018;31(6):e12720.
https://doi.org/10.1111/dth.12720.

170. Manudhane AP, Schrom KP, Ezaldein HH, Armile JA. Low-dose
naltrexone: a unique treatment for amyopathic dermatomyositis. Dermatol Online
J 2019;25(6):13030/qt89b75552.

171. Frech T, Novak K, Revelo MP, Murtaugh M, Markewitz B, Hatton N, et
al. Low-dose naltrexone for pruritus in systemic sclerosis. Int J Rheumatol
2011;2011:804296. https://doi. org/10.1155/2011/804296.

172. Raknes G, Smabrekke L. Low dose naltrexone: Effects on medication in
rheumatoid and seropositive arthritis. A nationwide register-based controlled
quasi-experimental before-after study. PL0oS One 2019;14(2):e0212460.
https://doi.org/10.1371/journal. pone.0212460. eCollection 2019. 20. Moher D,
Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for

https://doi.org/10.54448/MSP.978-65-983826-5-0

64


https://doi.org/10.1111/j.1526-4637.2009.00613.x
https://doi.org/10.3390/biomedicines5020016
https://doi.org/10.1093/pm/pnaa001
https://doi.org/10.7759/cureus.8948
https://doi.org/10.1111/dth.12720

systematic reviews and meta-analyses: the PRISMA statement. BMJ
2009;339:h2535. https://doi. org/10.1186/s13643-020-01542-z.

173. Liu SL, Li YH, Shi GY, Chen YH, Huang CW, Hong JS, et al. A novel
inhibitory effect of naloxone on macrophage activation and atherosclerosis
formation in mice. J Am Coll Cardiol 2006; 48(9):1871-9.
https://doi.org/10.1016/j.jacc.2006.07.036.

174. Clauw DJ, Arnold LM, McCarberg BH. FibroCollaborative. The science
of  fibromyalgia.  Mayo Clin  Proc  2011;86(9):907-11.  https://
doi.org/10.4065/mcp.2011.0206.

175. Rahn KA, McLaughlin PJ, Zagon IS. Prevention and diminished
expression of experimental autoimmune encephalomyelitis by low dose
naltrexone (LDN) or opioid growth factor (OGF) for an extended period:
Therapeutic implications for multiple sclerosis. Brain Res. 2011 Mar
24;1381:243-53. doi: 10.1016/j.brainres.2011.01.036.

176. Beaudette-Zlatanova B, Lew RA, Otis JD, Branch-Elliman W, Bacorro E,
Dubreuil M, Eyvazzadeh C, Kaur M, Lazzari AA, Libbey C, Monach PA. Pilot
Study of Low-dose Naltrexone for the Treatment of Chronic Pain Due to Arthritis:
A Randomized, Double-blind, Placebo-controlled, Crossover Clinical Trial. Clin
Ther. 2023 May;45(5):468-477. doi: 10.1016/j.clinthera.2023.03.013.

177. Kazemi R, Mohammadi M, Salimiyan S, Aliakbari S, Ahmadi M,
Mohammad Reza R. Long-Term Effects of Low-Dose Naltrexone on
Immunomodulatory Properties of Human Adipose-Derived Mesenchymal Stem
Cells. Iran J Immunol. 2023 May  31;20(2):219-231. doi:
10.22034/ii.2023.95659.2385.

178. Wallace DJ. Is there a role for cytokine based therapies in fibromyalgia?
Curr Pharm Des 2006;12(1):17-22. PMID: 16454720.
179. Xu N, Wang Y, Zhao S, Jiao T, Xue H, Shan F, Zhang N. Naltrexone

(NTX) relieves inflammation in the collagen-induced- arthritis (CIA) rat models
through regulating TLR4/NF«B signaling pathway. Int Immunopharmacol 2020
Feb;79:106056.

180. Jones EA, Neuberger J, Bergasa NV. Opiate antagonist therapy for the
pruritus of cholestasis: the avoidance of opioid withdrawal-like reactions. QJM
2002;95(8):547-52. https://doi.org/10.1093/ qjmed/95.8.547.

181. Li Z, You Y, Griffin N, Feng J, Shan F. Low-dose naltrexone (LDN): A
promising treatment in immune-related diseases and cancer therapy. Int
Immunopharmacol 2018;61:178-84. https://doi.
0rg/10.1016/j.intimp.2018.05.020.

182. Khan A. Long-term remission of adenoid cystic tongue carcinoma with
low dose naltrexone and vitamin D3 - a case report. Oral Health Dent Manag.
2014;13(3):721-724.

183. Berkson BM, Calvo Riera F. The long-term survival of a patient with stage
IV renal cell carcinoma following an integrative treatment approach including the
intravenous a-lipoic acid/low-dose naltrexone protocol. Integr Cancer Ther.
2018;17(3):986-993.

184. Berkson BM, Rubin DM, Berkson AJ. The long-term survival of a patient
with pancreatic cancer with metastases to the liver after treatment with the
intravenous alpha-lipoic acid/low-dose naltrexone protocol. Integr Cancer Ther.
2006;5(1):83-89.

185. Berkson BM, Rubin DM, Berkson AJ. Revisiting the ALA/N (alpha-lipoic
acid/low-dose naltrexone) protocol for people with metastatic and nonmetastatic

https://doi.org/10.54448/MSP.978-65-983826-5-0

65


https://doi.org/10.1016/j.jacc.2006.07.036

pancreatic cancer: a report of 3 new cases. Integr Cancer Ther. 2009;8(4):416—
422.

186. Lissoni P, Malugani F, Bordin V, et al. A new neuro-immunotherapeutic
strategy of subcutaneous low-dose interleukin-2 plus the long-acting opioid
antagonist naltrexone in metastatic cancer patients progressing on interleukin-2
alone. Neuro Endocrinol Lett. 2002;23(3):255-258.

187. Couto RD, Fernandes BJD. Low doses naltrexone: the potential benefit
effects for its use in patients with cancer. Curr Drug Res Rev. 2021 Jan 26;13: 86—
89.Epub ahead of print.

188. Lennon FE, Mirzapoiazova T, Mambetsariev B, et al. Overexpression of
the p-opioid receptor in human non-small cell lung cancer promotes Akt and
mTOR activation, tumor growth, and metastasis. Anesthesiology.
2012;116(4):857-867.

189. Tripolt S, Neubauer HA, Knab VM, et al. Opioids drive breast cancer
metastasis through the 6-opioid receptor and oncogenic STAT3. Neoplasia.
2021;23(2):270-279.

190. Liu WM, Scott KA, and Dennis JL, et al. Naltrexone at low doses
upregulates a unique gene expression not seen with normal doses: implications
for its use in cancer therapy. Int J Oncol. 2016;49(2):793-802.

191. Zagon IS, McLaughlin PJ. Naltrexone modulates tumor response in mice
with neuroblastoma. Science. 1983;221(4611):671-673.
192. Aboalsoud A, EI-Ghaiesh SH, Abd EImonem FF, et al. The effect of low-

dose naltrexone on solid Ehrlich carcinoma in mice: the role of OGFr, BCL2, and
immune response. Int Immunopharmacol. 2020;78:106068.

193. Ma M, Wang X, Liu N, et al. Low-dose naltrexone inhibits colorectal
cancer progression and promotes apoptosis by increasing M1-type macrophages
and activating the Bax/Bcl-2/caspase-3/PARP pathway. Int Immunopharmacol.
2020;83:106388.

194. O’Byrne KJ, and Dalgleish AG. Chronic immune activation and
inflammation as the cause of malignancy. Br J Cancer. 2001;85 (4):473-483.
195. Yu T, Lao X, Zheng H. Influencing COX-2 activity by COX related

pathways in inflammation and cancer. Mini Rev Med Chem. 2016;16(15):1230—
1243.

196. Drew DA, Cao Y, Chan AT. Aspirin and colorectal cancer: the promise of
precision chemoprevention. Nat Rev Cancer. 2016;16(3):173-186.

197. Parkitny L, Younger J. Reduced pro-inflammatory cytokines after eight
weeks of low-dose naltrexone for fibromyalgia. Biomedicines. 2017;5(2):16.
198. Meng J, Meng Y, Plotnikoff NP, et al. Low dose naltrexone (LDN)
enhances maturation of bone marrow dendritic cells (BMDCs). Int

Immunopharmacol. 2013;17(4):1084-1089.

199. Plein LM, Rittner HL. Opioids and the immune system - friend or foe. Br
J Pharmacol. 2018;175(14):2717-2725.

200. Bidlack JM. Detection and function of opioid receptors on cells from the
immune system. Clin Diagn Lab Immunol. 2000;7 (5):719-923.

201. Eisenstein TK. The role of opioid receptors in immune system function.
Front Immunol. 2019;10:2904.

202. LiuN, Yan L, Shan F, et al. Low-dose naltrexone plays antineoplastic role

in cervical cancer progression through suppressing PI3BK/AKT/mTOR pathway.
Transl Oncol. 2021;14(4):101028.

https://doi.org/10.54448/MSP.978-65-983826-5-0

66



203. Liu N, Ma M, Qu N, et al. Low-dose naltrexone inhibits the epithelial-
mesenchymal transition of cervical cancer cells in vitro and effects indirectly on
tumor-associated macrophages in vivo. Int Immunopharmacol. 2020;86:106718.

204. Cant R, Dalgleish AG, and Allen RL. Naltrexone inhibits IL-6 and TNFa
production in human immune cell subsets following stimulation with ligands for
intracellular toll-like receptors. Front Immunol. 2017;8:8009.

205. Zagon L.S., McLaughlin P.J. Naltrexone Modulates Tumor Response in
Mice with Neuroblastoma. Science. 1983;221:671-673.
doi: 10.1126/science.6867737.

206. Berkson B.M., Rubin D.M., Berkson A.J. The long-term survival of a
patient with pancreatic cancer with metastases to the liver after treatment with the
intravenous o-lipoic acid/low-dose naltrexone protocol. Integr. Cancer
Ther. 2006;5:83-89. doi: 10.1177/1534735405285901.

207. Berkson B.M., Rubin D.M., Berkson A.J. Revisiting the ALA/N (a-Lipoic
Acid/Low-Dose Naltrexone) protocol for people with metastatic and
nonmetastatic pancreatic cancer: A report of 3 new cases. Integr. Cancer
Ther. 2009;8:416-422. doi: 10.1177/1534735409352082.

208. Schwartz L., Buhler L., Icard P., Lincet H., Steyaert J.-M. Metabolic
treatment of cancer: Intermediate results of a prospective case series. Anticancer
Res. 2014;34:973-980.

2009. Ding E.L., Song Y., Manson J.E., Hunter D.J., Lee C.C., Rifai N., Buring
J.E., Gaziano J.M., Liu S. Sex hormone-binding globulin and risk of type 2
diabetes in women and men.N. Engl. J. Med. 2009;361:1152-1163.
doi: 10.1056/NEJM0a0804381.

210. J.A. Miskoff, M. Chaudhri, Low Dose Naltrexone and Lung Cancer: A
Case Report and Discussion, Cureus 10 (7) (2018), e2924.
211. P. Lissoni, S. Meregalli, V. Fossati, et al., Radioendocrine therapy of brain

tumors with the long acting opioid antagonist naltrexone in association with
radiotherapy, Tumori 79 (3) (1993) 198-201.

212. B.M. Berkson, D.M. Rubin, A.J. Berkson, The long-term survival of a
patient with pancreatic cancer with metastases to the liver after treatment with the
intravenous alpha-lipoic acid/low-dose naltrexone protocol, Integr. Cancer Ther.
5 (1) (2006) 83-89.

213. B.M. Berkson, D.M. Rubin, A.J. Berkson, Revisiting the ALA/N (alpha-
lipoic acid/ low-dose naltrexone) protocol for people with metastatic and
nonmetastatic pancreatic cancer: a report of 3 new cases, Integr. Cancer Ther. 8
(4) (2009) 416-422.

214. B.M. Berkson, Riera F. Calvo, The long-term survival of a patient with
stage IV renal cell carcinoma following an integrative treatment approach
including the intravenous alpha-lipoic acid/low-dose naltrexone protocol, Integr.
Cancer Ther. 17 (3) (2018) 986—993.

215. B.M. Berkson, D.M. Rubin, A.J. Berkson, Reversal of signs and
symptoms of a Bcell lymphoma in a patient using only low-dose naltrexone,
Integr. Cancer Ther. 6 (3) (2007) 293-296.

216. M. Rogosnitzky, M.J. Finegold, P.J. McLaughlin, 1.S. Zagon, Opioid
growth factor (OGF) for hepatoblastoma: a novel non-toxic treatment, Invest.
New Drugs 31 (4) (2013) 1066-1070.

217. L. Schwartz, L. Buhler, P. Icard, H. Lincet, J.M. Steyaert, Metabolic
treatment of cancer: intermediate results of a prospective case series, Anticancer
Res. 34 (2) (2014) 973-980.

https://doi.org/10.54448/MSP.978-65-983826-5-0

67



218. V. Le Noci, M. Sommariva, F. Bianchi, et al., Local administration of
caloric restriction mimetics to promote the immune control of lung metastases, J.
Immunol. Res. 2019 (2019) 2015892.

219. P. Icard, H. Lincet, The reduced concentration of citrate in cancer cells: an
indicator of cancer aggressiveness and a possible therapeutic target, Drug Resist.
Updat. 29 (2016) 47-53.

220. A. Choubey, K. Girdhar, A.K. Kar, et al., Low-dose naltrexone rescues
inflammation and insulin resistance associated with hyperinsulinemia, J. Biol.
Chem. 295 (48) (2020) 16359-163609.

221. A. Sharma, S.K. Anand, N. Singh, A. Dwarkanath, U.N. Dwivedi, P.
Kakkar, Berbamine induced activation of the SIRT1/LKB1/AMPK signaling axis
attenuates the development of hepatic steatosis in high-fat diet-induced NAFLD
rats, Food Funct. (2021).

222. A. Khan, Long-term remission of adenoid cystic tongue carcinoma with
low dose naltrexone and vitamin D3-a case report, Oral Health Dent. Manag. 13
(3) (2014) 721-724.

223. Z. Huang, Q. Zhang, Y. Wang, et al., Inhibition of caspase-3-mediated
GSDMEderived pyroptosis aids in noncancerous tissue protection of squamous
cell carcinoma patients during cisplatin-based chemotherapy, Am. J. Cancer Res.
10 (12) (2020) 4287-4307.

224, Y. Bao, Y. Li, Y. Gong, Q. Huang, S. Cai, J. Peng, Vitamin D status and
survival in stage II-111 colorectal cancer, Front. Oncol. 10 (2020), 581597.
225. I.S. Zagon, P.J. McLaughlin, Naloxone prolongs the survival time of mice

treated with neuroblastoma, Life Sci. 28 (10) (1981) 1095-1102.

https://doi.org/10.54448/MSP.978-65-983826-5-0

68



Acknowledgment
Not applicable.

Ethical Approval

Not applicable.

Informed Consent

Not applicable.

Funding

Not applicable.

Data Sharing Statement

No additional data are available.
Conflict of Interest

The authors declare no conflict of interest.

Similarity Check

It was applied by Ithenticate®.
Application of Artificial Intelligence (Al)
Not applicable.

Peer Review Process

It was performed.

About The License©

The author(s) 2025. The text of this book is licensed under

Attribution 4.0 International License.

a Creative Commons

https://doi.org/10.54448/MSP.978-65-983826-5-0

69



About the Editors
Dr. Idiberto José Zotarelli Filho, MSc, Ph.D., PostDoctoral

Graduated from Harvard Medical School Postgraduate Medical Educational (Global
Clinical Scholars Research Training) in 2024 in the USA. Professor and researcher at Sao
Paulo State University - UNESP-IBILCE, Brazil. Professor and Scientific Coordinator at the
Brazilian Association of Nutrology — ABRAN, Brazil. He is the Editor-in-Chief of the
International Journal of Nutrology (ABRAN's official journal) and the MedNEXT Journal of
Medical and Health Sciences. He serves as an International Honorary Professor at the
Faculty of Palliative Medicine of Sri Lanka. Also, he works in the area of research in
Regenerative Medicine with Stem Cells and Biomaterials at UNESP, Brazil. He served as a
Guest Editor for Frontiers in Neurosciences (Impact Factor = 5.2). He serves as the main
reviewer for the International Journal of Surgery (Impact Factor = 15.5). He has a post-
doctorate in Advanced Therapies with microRNAs and exosomes. He works with public
health research in several areas such as cancer, obesity, and nutrology. He works as a
professor, researcher, and writer in the area of bariatric and metabolic surgery and bariatric
endoscopy. He actively works in Experimental and Clinical Medical Research in several
specialties. He attended the clinical research, scientific writing, statistical treatment, and
bioethics program at Duke University - USA. He received an International Award at the Fifth
and Sixth World Congress on Cell Therapy and Stem Cells in Chicago and Philadelphia -
USA, respectively. He is currently the Director/President of the publishing house
MetaScience Press.

E-mail: zotarelli.filho@unesp.br

ORCID: https://orcid.org/0000-0003-4328-1829

Dr. Durval Ribas Filho, MD, Ph.D., FTOS

He holds a degree in Medicine from the Faculty of Medicine of Fundagdo Padre Albino /
UNIFIPA / FAMECA - SP. Master and PhD in Medicine from FAMERP - Sdo Paulo (Faculty
of Medicine Foundation of S&o José do Rio Preto). He is currently President-elect of the
Brazilian Association of Nutrology, Scientific Coordinator of the National Graduate Course
in Nutrology / ABRAN; Scientific Coordinator and Professor of post graduation in Nutrology
by the Brazilian Association of Nutrology / MEC. Chief Medical Officer of EMTN, Hospital
Escola Emilio Carlos and Padre Albino Hospital, Vice President of the Latin American
Academy of Nutrology (ALAN), Professor of the Medical School of the Padre Albino
Foundation / UNIFIPA / SP, Has Specialist Degree in Nutrology, Endocrinology and Medical
Clinic by the Federal Council of Medicine (CFM) and the Brazilian Medical Association
(AMB). Experience in Medicine, with emphasis in Nutrology, mainly in the following
subjects: Nutrology, Endocrinology, Diabetes, Obesity and Metabolic Syndrome.

E-mail: dr.ribas@abran.org.br

ORCID: https://orcid.org/0000-0001-6924-7747

https://doi.org/10.54448/MSP.978-65-983826-5-0

70


mailto:zotarelli.filho@unesp.br

CLINICAL EVIDENGE ON THE USE OF

LOW-DOSE NALTREXONE

INPATIENTS WITH NUTRIENT AND VITAMIN
IMBALANGE FOR THE TREATMENT OF
AUTOIMMUNE DISEASES AND CANCER

LOW-DOSE
NALTREXONE

ISBN: 978-65-983826-5-0
9 98 5
AUTHORS

7865 0
Lidiana Mauro Dosso Michelutti, MD
Janaine Hoffmann Burigo, MD
Ingrid Emanuelle Serafim Mendes Viriato, MD

3826

EDITED BY

Dr. Idiberto José Zotarelli Filho, MSc., Ph.D., PostDoctoral
Dr. Durval Ribas Filho, MD, Ph.D, FTOS

PRODUCTION AND LAYOUT COORDINATOR

Marcos Rodrigues Pontes, MD Eduardo Thomaello

Roberto Agostinho Moreira, MD






