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Abstract

Background: Annona muricata, also known as graviola, soursop and guanabana is a herbal product used
by people living with cancer. Anecdotal clinical evidence suggests this herb has potential anti-cancer
activity. There are numerous pre-clinical studies detailing Annona muricata’s main bioactive constituents.
To date, clinical studies evaluating the efficacy, safety and tolerability are limited. This study aims to
investigate the safety and tolerability of Annona muricata leaf in people living with advanced malignancy.

Methods: This open label pilot study will involve people living with stage Ill and IV cancers of any type,
who are not undergoing chemotherapeutic treatment. The primary outcome is safety and tolerability of an
Annona muricata leaf product in this population assessed by participants’ self-reporting of adverse
effects experienced and the proportion of participants completing the study. Secondary outcomes include
biomarkers of inflammation and immune function, disease status and self-reported quality of life scores.
Participants (n = 24) will be allocated to one of two groups for 12 weeks. Participants will commence at
different timepoints and be assigned to either 530 mg or 1060 mg of Annona muricata daily. The study
has been approved by the Human Research Ethics Committee Bellberry (2022-04-420) and will be
conducted in compliance with the SPIRIT statement.

Discussion: The results of this study will provide safety and tolerability data for clinicians involved in the
care of people living with cancer who choose to use Annona muricata products as an integrative approach
to their healthcare. The results of this study will inform further research about the potential role of Annona
muricata in cancer.

Trial registration: This study has been registered with the Australian New Zealand Clinical Trials Register
(ACTRN 12622001288718)

Background

There has been an increasing global trend of traditional and complementary medicines (T&CM) use by
people living with cancer. A systematic review and meta-analysis reporting the prevalence of T&CM use
across 18 countries found an average of 40% (n = 65, 000) of people living with cancer had or were
currently using T&CM as part of their healthcare [1]. T&CM use in people living with cancer had increased
over the last 30 years, particularly since the year 2000 [1]. The reasons for T&CM use by people living with
cancer include a perceived beneficial response (38.4%), wanting control (17.3%), a strong belief in T&CM
(17.3%), as a last resort (9.6%) and finding hope (9.6%) (n = 20, 656) [2]. In Australia, 65% of people living
with cancer (n = 248) reported that they used at least one form of T&CM. Among the T&CM users, 72% had
undergone surgery, 75% had been treated with chemotherapy, 57% had received radiotherapy and 31% had
received hormone therapy [3]. Given the prevalence of T&CM use by this population as either a
complementary, or as an alternative to standard care, this raises important questions about the
appropriate and safe use of specific T&CM.
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The development of the clinical trial reported in this paper was prompted by a case report [4]. The case
involved an Australian woman living with ovarian cancer who integrated a herbal product containing
Annona muricata into her standard care. Due to the clinically measurable benefits observed, the authors
concluded clinical research is required to explore mechanisms of action, effective and tolerable dose, and
any adverse effects including potential drug interactions with Annona muricata to inform use in the
management of ovarian and other cancers, either alone or as part of an integrated treatment approach.

Annona muricata, also known as graviola, soursop and guanabana [5], is prevalently used by people living
with cancer in the Caribbean and South American region [6—8]. In Trinidad, of the 150 people surveyed
who were living with prostate, breast, and colorectal cancers (n = 150), 80.9% reported they had used
Annona muricata, and 87% of these people believed that herbal medicines were effective in ‘destroying
cancer cells’ [6]. In Jamaica, Annona muricata was the most prevalently used (58.8%) herb by people living
with cancer who were attending an oncology clinic (n = 100) [7]. Participants in this study identified the
reason of using herbal products was due to traditional practices (40%), high availability (33%) and high
level of “faith” in its efficacy (25%) [7]. In Peru, Annona muricata is also a popular herb used by people
living with liver cancer. Of the 88 people surveyed with liver cancer, 14% of participants reported taking
Annona muricata specifically for the treatment of cancer related symptoms [8]. Although in vitro and in
vivo anti-cancer properties of Annona muricata have been comprehensively reviewed [5], human data
remains limited.

Annonaceous acetogenins are thought to be the bioactive constituents of Annona muricata for inducing
cytotoxicity. Annonacin is the most abundant Annonaceous acetogenins in Annona muricata leaves [5].
These compounds act by inhibition of mitochondrial complex |, which can inhibit oxidative
phosphorylation and adenosine triphosphate (ATP) synthesis [9]. Due to the high ATP demand in
cancerous cells, this conveys selectivity against cancerous cells.

The aim of this study is to investigate the safety and tolerability of Annona muricata within an Australian
healthcare setting in people living with advanced cancer who are not receiving chemotherapy. This study
will also explore the impact of treatment with Annona muricata on quality of life, disease status and
markers of inflammation. This study will provide evidence to guide the design and implementation of a
larger randomised controlled trial (RCT) to evaluate the safety and efficacy of Annona muricatain people
with cancer.

Methods
Study design

This is an open-label pilot study investigating the safety and tolerability of Annona muricata leaf product in
people with stage lll and IV cancers who are either ineligible for, or who have chosen not to undertake
chemotherapeutic treatments. Ethics approval has been granted by Human Research Ethics Committee
Bellberry (2022-04-420). The ethics approved protocol has been registered with the Australian New
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Zealand Clinical Trials Register (ACTRN 12622001288718) and will be conducted in compliance with the
SPIRIT statement [10].

Setting and research team

The setting for this study is the Concord Cancer Centre based at Concord Repatriation General Hospital,
New South Wales, Australia. The research team includes a hospital oncologist and a clinical pharmacist,
who both have extensive experience in herbal medicine cancer clinical trials. The extended research team
contribute expertise in the areas of complementary medicines, pharmacology, pharmacy and
phytochemistry. Participants will be closely monitored by the clinical trial oncologist.

Investigational product

The study medication selected for this study is a commercially available product listed with The United
States Food and Drug Administration (FDA) as Graviola (brand name Swanson Inc.). This product is
manufactured in Layton, UST, Inc., a Good Manufacturing Practice (GMP) certified company. The research
team have also conducted an independent analysis for quality and safety of the product. This included
testing by an Australian National Association of Testing Authorities (NATA) approved laboratory (the
Australian Laboratory Services, Smithfield, NSW, Australia) for microbial contaminants prior to use. The
trial herbal medicine product was also analysed by the research team for contamination with heavy
metals. In addition, quantification of annonacin, one of the most abundant and active compounds was
conducted. Cell-line studies were also conducted prior to the study commencement for analysing its
cytotoxicity in various cancer cell-lines.

Study Objectives
Primary outcome

The primary outcome of this study will be the safety and tolerability of the Anonna muricata product. The
primary outcome will be measured by participants self-reporting of adverse effects experienced and the
proportion of participants completing the study. In addition, participants’ safety measurements including
carcinoembryonic antigen (CEA), full blood count, liver and renal function will be evaluated. Participants’
cognitive function will also be assessed by conducting the standardised mini-mental state examination
(SMMSE) and standard neurological assessment to ensure no neurotoxic effect is experienced.

Secondary outcomes

The secondary outcomes are markers of inflammation, immune function, quality of life and disease
status. Inflammatory markers including serum neutrophil-lymphocyte ratio, C-reactive protein and albumin
will be measured. These inflammatory markers are associated with cancer prognosis [11-13]. Immune
function changes will be measured using flow cytometry to assess changes in CD3, CD4, CD8, CD16/56,
CD19 and lymphocyte helper:suppressor ratio. These white blood cells are indirect markers of tumour
activity [14]. The ratio of T-cells subsets (CD4 and CD8) and natural killer cells (CD16/56) indicates a pro-
or anti-tumour effect [14].
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Quality of life of participants will be assessed by conducting the Functional Assessment of Cancer
Therapy — General (FACT-G) version 4 and Functional Assessment of Chronic Iliness Therapy — Fatigue
(FACIT-Fatigue) version 4 questionnaires. Both FACT-G and FACIT-Fatigue have demonstrated reliability
and validity and enables the assessment of participants’ quality of life in the previous seven days [15, 16].
The 28-question FACT-G questionnaire comprehensively evaluates the quality of life of participants
evaluating physical, social/family, emotional and functional well-being aspects. Each FACT-G
questionnaire is accompanied by a set of additional questions specific to a cancer type. Depending on
participants’ cancer types, they will be provided with the relevant additional questions specific to their
cancer [17]. The 16-question FACIT-Fatigue questionnaire has also been utilised by previous herbal-cancer
study as part of quality of life assessment [18].

Disease status will be measured by changes in appropriate biomarkers during standard care such as
carcinoembryonic antigen (CEA) and imaging.

Study procedures
Participants and recruitment

Participant recruitment will be conducted at the Concord Cancer Centre at Concord Repatriation General
Hospital by a medical oncologist and clinical trials team. Potential participants meeting the eligibility
criteria will be approached by a member of the research team to participate in this clinical trial. The target
sample size is 24 participants across two dosing levels.

Eligibility

Inclusion criteria include the diagnosis of metastatic or recurrent cancer at stage Il or IV; willing and able
to undertake the trial treatment and clinical follow-up; aged = 18 years of age; able to understand the
English language to give consent and complete questionnaires. Patients who are clinically stable after
central nervous system and/or cranial radiation will be included. This is supported by a lack of evidence of
progression by CT scan or MRI or on clinical grounds.

Exclusion criteria include participants who are actively undergoing (or intend to receive) chemotherapeutic
and/or radiotherapeutic treatments; pregnant or breastfeeding; experience dysphagia; Eastern
Cooperative Oncology Group (ECOG) performance status = 3; life expectancy status < 12 weeks; full
blood counts with white blood cells < 3.0 x 10°/L, absolute neutrophil count < 1.5 x 10%/L, platelets < 100 x
10°/dL; inadequate hepatic (either aspartate transaminase: ALT > 2.5 x upper limit of normal (ULN), or > 5

x ULN for liver metastatic patient or bilirubin > 1.5 x ULN) and/or renal function (< 50 mL/min/1.73 m?);
mucositis (disrupted gastrointestinal integrity); grade 2 or higher peripheral neuropathy toxicity; diagnosis
of any major psychiatric or neurodegenerative disorders such as Parkinson'’s disease or dementia; other
major serious medical illness such as poorly controlled diabetes or cardiovascular disease. Participants
will also be excluded if they are concurrently taking other T&CM and unable to cease these medicines two
weeks before the trial, already enrolled in other cancer treatment trials, plan to undergo major surgery
during study, documented allergy to study treatment.
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Intervention

Participants (n = 24) will be allocated to one of two treatment groups, with each group allocated to receive
a different dose and commence at different time points as illustrated in Table 1 and Fig. 1. Following the
initial 3-week period, each group will be evaluated for safety and tolerability of the allocated dose before
continuing for a further three weeks. The trial will run for a total period of 12 weeks for each group.

The rolling recruitment and three weekly assessments will allow for each dose to be evaluated for safety
and tolerability prior to commencing the subsequent groups onto a higher dose.

Table 1
Dosage regimen of Annona muricata
Group 1 2
n 12 12

Dosageregimen 1 capsule daily 1 capsule twice daily

Total daily dose 530 mg 1060 mg

Dose regimen justification

The proposed dose regimen in this study is based on the available information from clinical and animal
studies. A previous clinical trial conducted in people with type Il diabetes (n = 30) utilised the ethanolic
leaf extract of Annona muricatain a daily dose range of 180 to 540 mg. Mild adverse effects were
experienced by participants including mild epigastric burn (n = 2) and nausea (n = 4) [19]. Another study
conducted in people with colorectal cancer (n = 30) employed a daily dose of 300 mg ethanolic leaf
extract of Annona muricata. Adverse effects were reported to be experienced by one participant in this
study included anal pain [20].

In toxicological studies, the minimum oral dosage of the ethanolic Annona muricata leaf extract to achieve
toxicity in mice was 1000 mg/kg [21]. The calculated oral LD5 of the ethanolic leaf extract in mice is 1670
mg/kg [22]. Our previous systematic review also suggests a favourable safety and tolerability profile in
clinical use [21].

The current study utilises an Annona muricata daily dose range from 530 to 1060 mg. The minimum dose
(530 mg) is based on the evidence obtained from a previous clinical trial [19]. The incremental increases
in doses for each group is to establish safety and tolerability at the lower dose. The highest dose (1060
mg) is based on a case study [4]. The initial dose utilized in the current study is below the human
equivalent dose of rat (12.2 mg/kg) [23, 24]. Participants will be closely monitored at 3-week intervals to
assess the safety profile of the herb at specified doses.

Demographic and related medical data collection
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Demographic and medical information including age, gender, ethnicity, educational level, medical history,
cancer diagnosis, cancer stage and previous cancer treatment will be collected at baseline. Concurrent
medication, blood glucose, blood pressure, CEA, full blood count, serum creatinine, liver function including
gamma glutamyl transferase (GGT), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP) and bilirubin levels will be recorded at baseline, weeks 3, 6, 9 and week 12.
Adherence of Annona muricata capsules will be assessed by participant dosing diary and by counting
returned medication as compared to the prescribed dose at the week 6 and week 12. Additional 5 mL of
plasma samples will be collected through routine blood sampling and stored frozen for later analyses.
These include evaluation of annonacin metabolite and validation of annonacin detection in the blood
sample.

Data collection

Samples and data will be collected during visits at baseline, weeks 3, 6, 9 and 12 according to the
schedule presented in Table 2. Participants will be requested to keep a participant dosing diary to record
any symptoms experienced. One standard tube of blood collected from participants will be frozen for later
analysis, including evaluation of annonacin metabolite and validation of annonacin detection in blood
sample.

Table 2 Timeline of dosage regimen and data collection

Time point Screening Baseline Week3 Week 6 Week 9 Week 12
Self-report symptom diary Daily- Throughout the study
Questionnaires X X X X X
(FACT-G, FACIT-fatigue and
SMMSE)
Blood tests (serum neutrophil- X X X X X

lymphocyte ratio, C-reactive
protein, albumin, CD3, CD4,
CD8, CD16/56 lymphocyte
helper: suppressor ratio, serum
creatinine, liver function, full
blood count, CEA)

Blood tests (serum creatinine, X
liver function, pregnancy, full

blood count, fasting blood
glucose)

Adherence X X

Blood glucose and blood X X X X X
pressure

Demographic and other medical X
information

Standard neurological X X X X X X
assessment

*Tests included in standard care and results data will be analysed
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Data Analysis and data presentation

Potential adverse reactions reported by participants will be assessed by employing the Naranjo algorithm
to assess causality (definite, probable, possible, doubtful) [25]. Adverse drug reactions will be graded
using the National Cancer Institute Common Terminology Criteria for Adverse Events V5 [26].

Data integrity will be maintained by regularly reviewing the data for missing data and errors and any
inconsistencies will be resolved. Descriptive statistics will be reported for baseline data including
participants’ characteristics. For continuous outcome data including serum neutrophil-lymphocyte ration,
C-reactive protein, albumin, CD3, CD4, CD16/56, CD19, lymphocyte helper: suppressor ratio, renal and liver
function, linear mixed models will be used to examine changes in outcome measures over time. Dose
effects will be examined by fitting dosage group as a factor. If there is evidence of an effect of time, post-
hoc independent sample t-test will be conducted to compare the mean at follow-up time-points (week 3, 6,
9 and 12) to baseline. If the continuous data is not normally distributed, non-parametric equivalents tests
of the above data will be used. For categorical data, proportion and frequencies will be presented in
tables. For binary outcomes including whether renal, liver function, full blood count and CEA falls within or
out of the reference range will be assessed by mixed-effect logistic regression.

Statistical data including p-value, 95% confidence interval will be reported. Statistically significant results
are considered to have a p-value < 0.05. Data analysis will be conducted using SPSS version 27.0.

Modification of protocol

Any modification of the protocol such as changes in study design will require a formal protocol
amendment. These amendments will be discussed among investigators for consensus. Ethical approval
will be sought before implementation. Members of the study team, clinicians and participants will be
informed of any changes.

Discussion

To date a range of studies have been conducted with Annona muricata which has been traditionally used
for the management of various disorders such as diabetes, gastric disorders and malaria [5]. The leaf,
bark, seeds and fruit of the plant are commonly used [5]. Annonaceous acetogenins are thought to be the
bioactive constituents of Annona muricata. These compounds are known to inhibit mitochondrial complex
|, resulting in inhibition of oxidative phosphorylation and ATP synthesis [27]. Cancer cells require rapid ATP
production, therefore interruption of ATP synthesis enables the Annonaceous acetogenins selectivity for
cancer cells [27]. Promising anticancer properties of Annonaceous acetogenins and Annona muricata
have also been demonstrated in in vitro and in vivo studies [9]. In recent years, Annona muricata leaf
product has become available in retail outlets and online. These products are purported for their ‘free
radical scavenging’ activity, ‘supporting healthy cell growth and function’ and ‘encouraging a healthy
immune system’. With emerging evidence such as case reports and preclinical studies demonstrating
promising outcomes in cancer management [9, 28], a larger study evaluating the safety and tolerability of

Annona muricata leaf extract is warranted.
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A RCT utilising Annona muricata leaf extract was previously conducted in colorectal cancer patients (n =
30) [29]. This trial utilised the Zirzak Orac brand at a daily dose of 300 mg for eight weeks. No cases of
mortality or significant adverse effects were reported in this study [29]. An important distinction between
previous studies and the current protocol is the baseline dose and incremental increase in dosage design
that aims to achieve the highest tolerable dose. The use of a commercially available product, and the
inclusion of people living with a range of cancers provides a broader evaluation that may result in more
generalisable clinical implications. This study also excludes participants who are currently on
chemotherapeutic agents or taking other T&CM, to avoid confounding factors.

Another important distinction between previous studies and this study is the pretesting of the product
quality and safety. The product is manufactured according to the GMP and the safety is monitored by the
FDA at post-marketing stage [30]. However, to further ensure the quality and safety of this product, an
independent quality and safety analysis is built into the study design. Pretesting includes quantification of
annonacin by employing thin layer chromatography, high performance liquid chromatography, liquid
chromatography-mass spectrometry, nuclear magnetic resonance and the determination of the presence
of heavy metal contaminants using inductively coupled plasma mass spectrometry. The services of a
NATA approved laboratory were engaged to conduct screening for bacterial contamination.

In regard to known adverse effects, previous studies have reported Annona muricata leaf extract induced
nausea, epigastric burn and anal pain [19, 20]. In addition, one review identified Annona muricata leaf
extract to be associated with potential neurotoxic effects caused by Annonaceous aceotgenins [21]. It is
estimated that the daily consumption of one fruit or can of nectar for one year is comparable to
intravenously infusing a rat with annonacin for 28 days at 3.8 mg/kg/day to cause widespread
neurodegeneration (106 mg/kg) [31]. Annonacin was quantified in this product to contain an estimate of
2.42 +0.10 mg/g. The maximum total daily annonacin intake will be 2.66 + 0.12 mg (Data not published).
Considering the low bioavailability (F = 3.2 + 0.3%) [32] and low blood brain barrier penetration [33] in
preclinical studies, the dosage, formulation and duration of the current study is unlikely to cause any
neurotoxic effects in participants. To further ensure safety within this present study, participants with
neurodegenerative disorders will be excluded. The same review also identified the potential hypotensive
and hypoglycemic effects of Annona muricata leaf extract in animal studies [21]. Therefore, participants’
blood pressure and blood glucose level will be monitored.

Conclusion

The study is a phase 1 open label trial to assess the safety and tolerability of Annona muricata leaf extract
in cancer patients. The results of this study will inform clinicians and people living with cancer about the
safety and tolerability of Annona muricata leaf extract. Future research may include performing larger
randomised trials based on the results of this study.

Abbreviations
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T&CM: Traditional and complementary medicines; ATP: Adenosine triphosphate; RCT: randomised
controlled trial; FDA: Food and Drug Administration; GMP: Good Manufacturing Practice; NATA: National
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ULT: upper limit of normal; GGT: Gamma glutamyl transferase; ALT: Alanine aminotransferase; AST:
aspartate aminotransferase; ALP: alkaline phosphatase
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