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Boswellia shows potential in mitigating cerebral edema caused by radiochemotherapy.
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Objective
To assess the combination of phytosome-based boswellic-acids extract on radiochemotherapyinduced cerebral edema in patients undergoing treatment for glioblastoma multiforme (GBM)
Design
Pilot, longitudinal, nonrandomized, nonblinded clinical trial
Participants
Eighteen patients with a histologically verified, newly diagnosed GBM were included in this trial
(7 women, 11 men). The median age of patients was 38 years (range 33-66 years). All patients
underwent surgery (or biopsy), radiotherapy, and chemotherapy with temozolomide (TMZ).
Inclusion criteria included a Karnofsky Performance Status of 70 or higher, concurrent treatment
with dexamethasone (≤16 mg/day), and a Mental State Examination of 24 or greater.

Study Medication and Dosage
Patients received radiotherapy, TMZ, dexamethasone, and a phytosome-based formulation
containing 32.2% boswellic acids (Casperome). Radiotherapy was given for a total of 6 weeks,
which began within 28-30 days from surgery. TMZ was dosed at 75 mg/m2 and was
administered daily from the first to last day of radiotherapy. Patients resumed maintenance TMZ
4 weeks post radiation for up to 6 cycles at a dose of 15-200 mg/m2 for 5 days during each 28day cycle. Dexamethasone was given at baseline at a dose of ≤16 mg/day, and modifications
were made per clinical assessment of cerebral edema as assessed by magnetic resonance imaging
(MRI). Boswellia was dosed in the form of a phytosome-based delivery (Monoselect AKBA) at
a dose of 4,500 mg/day (500 mg per capsule for a total of 9 capsules a day). Administration of
Boswellia began with radiotherapy and continued to the end of maintenance TMZ for a
maximum of 34 weeks.
Outcome Measures
Clinical evaluation, which included MRI, occurred at 4, 12, 22, and 34 weeks post-surgery and
was denoted as T0, T1, T2, and T3 respectively.
The primary end point was the percentage of participants who either reached at least 75%
decrease in their cerebral edema compared to baseline or had no edema at T1.
Peritumoral edema was classified according to a four-step scale: (1) significantly reduced edema
(<25% compared to the previous MRI); (2) stable edema compared to the previous MRI; (3)
slightly increased edema compared to the previous MRI; and (4) significantly increased edema
(>50% compared to the previous MRI). All assessment was made per radiologist evaluation.
Secondary end points were:




The percentage of those reaching >75% reduction in cerebral edema or showed no edema
at all at T2 or T3.
The percentage that achieved a reduction in their dexamethasone dose.
Quality of life and psychological variables assessed at each time point.

Additionally, all patients were given standardized psychological assessments, at the intervals
noted above, in the form of self-administered tests. These included: The European Organisation
for Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQC30), EORTC QLQ Brain Cancer Module (EORTC QLQ-BN20), Beck Depression Inventory-II
(BDI-II), Anxiety subscale of Hospital Anxiety and Depression Scale (HADS-A), Trait Anxiety
subscale of State-Trait Anxiety Inventory Form Y (STAI-Y), and the Psychological Distress
Inventory (PDI).
Key Findings
There were no statistical data regarding significance of assessed values in this study, nor any
comparison with established data from other sources.

There were mixed results in this small cohort of patients with GBM undergoing radiation.
Reduced edema (<25%) was constant during the study period in 4 patients (T1, T2, and T3).
Reduced or stable edema tended to increase over time and was seen in 6 patients at 12 weeks
(T1); 9 patients at 22 weeks (T2); and 7 patients at 34 weeks (T3). However, an increase of
peritumoral edema was noted in 8 patients at 34 weeks (T3).
The dose of dexamethasone was either stable, reduced, or not utilized at all in the majority of
patients. Six patients did not utilize any dexamethasone at 4 weeks (T0) and 12 weeks (T1)
postsurgery, with 5 patients at 22 weeks (T2) and 4 patients at 34 weeks (T3) still able to remain
off of dexamethasone. The percentages of patients who were able to take a stable or reduced
dose of dexamethasone were 55.6%, 50%, 44.5%, and 37.6% at time points 4 weeks (T0), 12
weeks (T1), 22 weeks (T2), and 34 weeks (T3), respectively. While the trends appear to indicate
some participants needed more dexamethasone due to increased cerebral edema, the authors note
that the reduction of brain edema in 2 recurrent GBM patients may have offered a favorable
surgical resection for those participants.
Overall, psychological assessments did not indicate a statistically significant change in any of the
psychological scales over time. It appears that the majority of patients reported an acceptable or
good quality of life. However, this value was missing in 4 patients. Mild anxiety was reported by
the majority of patients throughout the study as recorded by the HADS-A scale.
Practice Implications
In 2019, there were approximately 17,000 new cases of high-grade gliomas diagnosed in the U.S.
Glioblastoma multiforme (GBM) is a form of high-grade glioma and is the most aggressive
malignant primary brain cancer. It accounts for about 60%-70% of all high-grade gliomas.
Anaplastic astrocytomas, which can progress to GBM in some patients, account for the
additional 30%-40%.1,2 These statistics make brain and other nervous-system cancers the 10th
leading cause of death for men and women, with an incidence of about 3.19 per 100,000 persons
and a median age at diagnosis of 64 years.3 GBM tends to afflict men more than women and is
more common in Caucasians compared to Africans and African Americans, with the lowest
incidence in Asians and American Indians.4 Although high-grade gliomas are relatively rare in
children, other types of central nervous system (CNS) tumors together make up the second most
common type of malignancy in children, following leukemia. Approximately 3,720 CNS tumors
were diagnosed in 2019 in those under 15 years of age.5,6 Regardless of age, the 1-year survival
for patients diagnosed with GBM is approximately 37.2%. This drops significantly to 5.1% at 5
years and 0.71% at 10 years.3 These statistics stand despite therapeutic advancements.
The causes of most brain cancers remain elusive. Risk factors may include previous
radiotherapy, immune factors and immune genes, decreased susceptibility to allergy, and genetic
susceptibility.7 There is some evidence that the use of anti-inflammatory medication may offer
decreased susceptibility to the development of brain cancer.8,1 The use of cell phones has also
been implicated as a cause of brain cancer. Although previous studies were inconclusive, recent
data seem to justify precaution with high cellular-device use.9,10
Several clinical trials have shown positive effects of Boswellia in inflammatory conditions.

To date, standard-of-care treatment involves optimal surgical resection followed by
chemoradiation and maintenance TMZ for 6-12 months.11,12 Radiotherapy has been shown to
significantly improve survival compared to surgery alone (3-4 months for surgery alone vs 7-12
months for surgery plus radiotherapy).13,14 In 2005, the U.S. Food and Drug Administration
(FDA) approved TMZ for use as this, too, offered statistically significant improvement in
progression-free survival (6.9 months with TMZ vs 5 months without TMZ) and overall survival
(14.6 months vs 12.1 months).15 Despite these advancements, side effects from these therapies
are unfavorable and often provide a major challenge in the management of brain cancer.
Cerebral edema and subsequent increased intracranial pressure are significant side effects that
occur as a result of chemoradiotherapy.16 Glucocorticoids remain the primary method to manage
edema; however, these are not without adverse effects. These adverse effects include: Cushing’s
syndrome, osteopenia, diabetes, immunosuppression, myopathy, gastrointestinal complications,
irritability, anxiety, and insomnia, among others.17 Furthermore, these drugs may interfere with
treatment efficacy, as they have been shown to influence vascular response to radiation, hinder
apoptosis, and possibly increase activity of human glioma stem-like cells.18-21 Additional studies
have shown that steroids may interfere with antitumor immune response secondary to standard
therapies. A dose of more than 4.1 mg/day of dexamethasone decreased mean overall survival
(OS) to 4.8 months versus 11 months mean OS in those who received less than 4.1 mg/day.22
Therefore, decreasing glucocorticoid use in those with GBM may not only serve to enhance
immune response and increase efficacy of standard therapies but also increase overall survival.
Despite the many risks to glucocorticoids in brain cancer, they remain an accepted therapy due to
the consequences of untreated cerebral edema, which is often debilitating. Dexamethasone is the
most commonly employed glucocorticoid. Its dosing is typically consistent throughout treatment
and is almost always required during radiation.1 Unfortunately, glucocorticoids remain an
essential part of treatment for many patients with GBM.
Given the dire statistics associated with high-grade gliomas and the side effects associated with
standard of care, complementary therapies that serve to augment standard therapies are key.
These therapies must fit within current models of care and lessen side effects of treatments
without compromising efficacy. Furthermore, when considering a complementary therapy for
brain tumors, it must cross the blood-brain barrier. Boswellia appears to meet these criteria.23
Boswellia serrata (also known in Hindi as salai and salai guggul) grows in India, North Africa,
and the Middle East.24 Cultures originating in these countries have considered Boswellia a
medicinal plant for hundreds of years. The sap of Boswellia is frankincense, and it is commonly
used as incense in cultural and religious ceremonies. The plant itself is a large branching tree that
grows in dry mountainous regions. Incisions made in its trunk allow for extraction of the oleo
gum resin. This is then stored in a bamboo basket, which allows for the separation of oil from
resin.27
The gum resin extracts of Boswellia contain 4 primary pentacyclic triterpenic acids: β-boswellic
acid, acetyl-β-boswellic acid, 11-keto-β-boswellic acid (KBA), and acetyl-11-keto-β-boswellic
acid (AKBA).25 The latter 2 are best known for their anti-inflammatory properties. KBA and
AKBA have been shown to inhibit 5-lipoxygenase and subsequent leukotriene production,

inhibit nuclear factor kappa B activation, inhibit human leukocyte elastase, and inhibit tumor
necrosis factor alpha (TNF-α).26,27 Furthermore, Boswellia has also been shown to inhibit growth
and invasion of glioma and additional tumor cells. It is thought that the antitumor properties are
related to various biomarkers linked to inflammation. Overall, these actions result in a
multimodal anti-inflammatory effect.
Several clinical trials have shown positive effects of Boswellia in inflammatory conditions.28,29
A systematic review by Ernst et al identified 7 clinical trials evaluating the effects of Boswellia
in asthma,30 rheumatoid arthritis,31 Crohn’s disease,32 and collagenous colitis.33,34 The majority
of these studies lacked solid methodological quality. However, overall the results appeared
encouraging. Additional clinical trials have investigated the use of Boswellia in osteoarthritis of
the knee.35 These, too, showed positive effect. While these studies show positive trends,
additional clinical trials are certainly warranted and needed to solidify Boswellia’s place in
treating inflammatory conditions.
Clinical trials evaluating the use of Boswellia in radiochemotherapy-associated cerebral edema
do exist and show promise, but are few. These studies have evaluated the use of Boswellia in the
form of H15. This is a standardized Boswellia extract from Germany containing only Boswellia
serrata (BS) with AKBA and KBA in relative concentrations.36 A 2001 study by Streffer et al
investigated the use of H15 in 12 patients with cerebral edema.37 Clinical or radiological
response was found in 8 out of 12 patients. A small prospective study by Boeker et al found
similar results.38
The first randomized controlled pilot study evaluating Boswellia and its effects in cerebral
edema came from Kirste et al in 2010.40 Patients with edema as a result of brain tumor irradiation
experienced a reduction of cerebral edema >75% in 60% of the patients receiving BS (H15); a
reduction of edema was also experienced in 26% of those in the placebo group. The primary
adverse event in those receiving BS was diarrhea grades 1-2 (6 patients). The placebo group had
1 patient with grade 3 nausea and another with an epileptic seizure at a grade of 4. Per this and
previous studies, the toxicity profile of boswellic acids is considered excellent.
Cerebral edema is caused by cellular damage, release of cytokines, and aberrant sodium
transport, among other processes.18 It, therefore, makes sense, given the inflammatory nature of
this phenomenon, that Boswellia may offer significant benefit in its prevention and management.
Furthermore, boswellic acids have been shown to induce apoptosis of glioma cells and do not
interfere with drug or radiation sensitivity.39
The enteral absorption and subsequent bioavailability of Boswellia are questionable. Past studies
have shown that oral Boswellia administration of 3,000 mg/day provides plasma concentrations
that may be below pharmacologically active levels.40-42 The Kirste et al study evaluated the
absorption of H15 (the previously mentioned standardized concentration of Boswellia).40 Plasma
concentrations of KBA were, on average, 34.23 ng/mL, with AKBA present in lower
concentrations of 2.83 ng/mL. These concentrations are low considering all patients in that study
received 4,200 mg/day in divided doses (3 capsules 4 times daily). Of note, the patient with the

highest plasma KBA levels (123.1 ng/mL with a range of 53.25-153.49 ng/mL) had the largest
observed reduction in edema from baseline to post radiotherapy.
Previous studies show that oral administration of phospholipid-based boswellic-acid
formulations offers improved bioavailability. This type of composition exploits a steady state
dispersion of boswellic acids into phospholipids.43 Plausibly, this allows for greater enteral
absorption. In an animal preclinical study, significantly increased concentrations of BS were
observed in the liposomal delivery group of Boswellia compared to nonliposomal forms at the
same dose. The maximum concentration (Cmax) was 20-100 times higher compared to the
standard/nonphospholipid BS extract, and the brain concentration of AKBA in these animals
increased by 35-fold.44 Quicker absorption and a significantly higher concentration of boswellic
acids were also observed in a randomized crossover study on 12 healthy human volunteers.47
This higher concentration was observed both in terms of weight-to-weight and molar
comparisons. Unfortunately, brain concentrations were not measured in this trial.
The study reviewed here by Di Pierro and colleagues is the first clinical trial to evaluate an oral
liposomal form of Boswellia in management of radiochemotherapy-induced cerebral edema. The
Boswellia supplement was formulated by using a ratio of 1:1 Boswellia serrata extract (AKBA
and KBA) with phospholipids. The total daily dose was 4,500 mg/day in all subjects, which is
similar to previous studies.40,41 There is no mention of whether this dose was administered
incrementally, although given the number of capsules, this may be assumed. Boswellic acids
have been shown to reach a peak at 1-2 hours post oral ingestion and plateau approximately 2
hours later.26 Therefore, Boswellia is likely best dosed multiple times throughout the day to offer
a consistent therapeutic effect. Furthermore, divided doses may also help to ease and prevent
gastrointestinal side effects from taking too much of the herb at once. (As noted, grade 1-2
diarrhea was the most common reaction in clinical trials so far.)
While the Di Pierro study holds promise and liposomal Boswellia may effectively manage,
mitigate, and potentially prevent radiochemotherapy-induced cerebral edema, it is difficult to
extrapolate data and effects of liposomal Boswellia conclusively. This largely stems from the
fact that this was a small, nonrandomized, nonblinded, nonplacebo-controlled longitudinal pilot
study. There was no assessment of plasma or brain concentrations of boswellic acids, making the
evaluation of bioavailability unknown. Furthermore, there was no control group nor a separate,
nonliposomal Boswellia group for comparison. Ideally, future studies would not only evaluate
these concentrations but also determine the most appropriate plasma and brain concentrations
that yield greatest therapeutic effect. These doses will likely differ based on body mass and
individual enteral absorption. Additionally, these concentrations may correlate with the absolute
need for dexamethasone. The need for future studies is substantial.
Given the known actions of Boswellia and clinical data so far, ideas for future studies are
numerous. Ultimately, the best form of Boswellia administration may occur via bypassing oral
delivery all together via parenteral administration and safe formulation of the specific, most
active boswellic components. Additional properties of Boswellia should be assessed in terms of
its radiosensitivity and cytotoxic potential. Furthermore, might Boswellia be synergistic with
other therapies, both natural and pharmaceutical? For example, curcumin,45-48 metformin,49,50
melatonin,51-53 and use of a ketogenic diet,54-57 among other treatments, are all examples of

therapies offering promise in the management of glioblastoma. It goes without saying that any
combination must conclusively augment standard of care without compromising its effects.
Given the disastrous nature of radiochemotherapy-induced cerebral edema, its ability to
compromise effective standard of care, and the less-than-desirable standard therapies used in its
mitigation, Boswellia is intriguing. Its largest drawback may be its limited absorption. Despite
this fact, previous studies utilizing less-than-optimal therapeutic concentrations still show
benefit.32,40,41 What additional benefits might we find and how might we best help our patients if
we can leverage this herb to its greatest potential? The future will yield these answers. In the
meantime, the present use of Boswellia appears safe and favorable in those patients undergoing
standard treatment for GBM.
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