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Abstract

Purpose—We conducted a Phase I study of noni in patients with advanced cancer. Quality of 

life measures were examined as an alternate way to select a Phase II dose of this popular dietary 

supplement.

Patients and Methods—Starting at two capsules twice daily (2 grams), the dose suggested for 

marketed products, dose levels were escalated by 2 grams daily in cohorts of at least five patients 

until a maximum tolerated dose was found. Patients completed QLQ-C30 Quality of Life, and the 

Brief Fatigue Inventory (BFI), questionnaires at baseline and at four week intervals. Scopoletin 

was measured in blood and urine collected at baseline and at approximately four week intervals.

Results—Fifty-one patients were enrolled at seven dose levels. Seven capsules four times daily 

(14 grams) was the maximum tolerated dose. No dose limiting toxicity was found but four of eight 

patients at this level withdrew from the study due to the challenges of ingesting so many capsules. 

There was a dose response for self reported physical functioning and the control of pain and 

fatigue. Patients taking four capsules four times daily experienced less fatigue than patients taking 

lower or higher doses. A relationship between noni dose and blood and urinary scopoletin 

concentrations was found.

Conclusion—Measuring quality of life to determine a dose for subsequent Phase II testing is 

feasible. A noni dose of four capsules four times daily (8 grams) is recommended for Phase II 

testing where controlling fatigue and maintaining physical function is the efficacy of interest. 

Scopoletin is a measurable noni ingredient for pharmacokinetic studies in patients with cancer.

Background

Noni, extracted from Morinda citifolia or the Indian mulberry plant, is included in the 

traditional pharmacopoeias of Native Hawaiians, other Pacific Islanders and Asian 

populations, and has been used to treat various diseases for hundreds of years. Classified as 

a dietary supplement, it is now commonly taken by cancer patients based on purported 

usefulness in the disease although there is little scientific evidence to either support or refute 

these claims. A large marketing enterprise and many different suppliers worldwide promote 

the food supplement’s extraordinary popularity. Furthermore, noni fruit extracts have 
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anticancer, antiangiogenic, immunomodulatory and analgesic properties in preclinical 

models (1–6).

The importance of determining the dose of a dietary supplement that will most likely result 

in an optimum pharmacologic effect cannot be overemphasized. Many efficacy studies of 

dietary supplements are conducted without any prior scientific determination of a dose level. 

Rather a dose that has been traditionally taken or recommended by the marketer of the 

product is used. A negative result under these circumstances may result in a useful product 

being unrecognized and discarded or the full usefulness of a product being hidden. Likewise, 

chemical ingredients that are associated with useful pharmacological properties may never 

be discovered unless maximum dose levels are sought.

The purpose of this first Phase I study of noni in patients with advanced cancer was to study 

increasing dose levels of noni above the usual suggested daily dose of 1–2 grams (two-four 

500mg capsules) as a first step in addressing the usefulness of noni extracts for cancer 

patients. Specifically, the study sought to determine either the maximum tolerated or optimal 

quality of life sustaining dose of capsules containing 500mg of freeze-dried noni fruit extract 

that would be used in subsequent Phase II efficacy trials. A goal was to determine the 

feasibility of using symptom relief as a potential marker for dose selection of popular dietary 

supplements where acute dose limiting toxicity is less likely. Also, the study sought to 

define toxicities associated with the ingestion of increasing doses of noni and to collect 

preliminary information on the efficacy of noni in respect to anti-tumor and symptom 

control properties. In the oncology practice of the first author, several cancer patients 

troubled by pain and fatigue had reported symptom relief associated with ingesting 

commercially available noni.

Noni is reported to be composed of over 140 chemical components including novel 

coumarins, anthraquinones and iridoid glycosides in addition to many commonly occurring 

flavanoids (7). We had conducted a parallel study in well volunteers to select a bioactive 

component with putative anticancer activity that enters the systemic circulation after oral 

intake of noni extract and could be used for product standardization and in pharmacokinetic 

studies to determine an optimal dosing interval. Of three candidate compounds with putative 

anticancer activity: scopoletin – a coumarin, asperulosidic acid – an iridoid glycoside and 

damnacanthol – an anthraquinone; only scopoletin was at detectable concentrations in blood 

and urine specimens (8). Accordingly, we measured scopoletin in the bloods and urines of 

subjects at baseline and at each monthly visit to test the feasibility of using it as an indicator 

of noni gastrointestinal absorption and urinary elimination.

Methods

Subjects

Cancer patients with evidence of progressing disease, for which no standard treatment was 

available, were the subjects of this study. Patients must have been ambulatory, capable of 

self care and up and about more than 50% of waking hours (Zubrod Performance Status 0–

2) and should have completed all other cancer treatments at least four weeks previously. 

Through limiting eligibility criteria to performance status of 0–2 Zubrod, patients with 
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refractory malnourishment and significant organ dysfunction that might significantly 

confound the absorption, distribution and elimination of noni, were excluded.

If patients were taking medications that are considered by their allopathic practitioner to be 

essential for their health (e.g. antidiabetic, antihypertensive, lipid lowering), they must have 

been on these medications at consistent dosing for at least four weeks prior to starting noni. 

Patients must have agreed to take no other complementary and alternative (CAM) treatments 

while taking noni. All patients signed informed consent for the study.

Dosing

Subjects were enrolled in the study at seven different dose levels of noni fruit extract as 

shown in Table 1. Dose level 1 (2 grams per day) was the maximum suggested dose for the 

marketed product. Capsules containing 500 mg of dehydrated noni fruit were supplied by 

Innovative Nutriceuticals and Noni Maui.

At least 5 patients were evaluated for a minimum of 28 days at each dose level before 

entering new patients at the next higher dose level. Additional eligible patients were entered 

on the same dose levels while waiting for five patients to be on the study for at least 28 days. 

To maintain consistency, patients were instructed to take capsules on an empty stomach at 

least one hour before or two hours after food in case food might interfere with the 

gastrointestinal absorption of noni ingredients.

Measures including quality of life, symptom status

Since much of the anecdotal evidence in support of noni and other CAM treatments relates 

to cancer patients feeling better after treatment, we explored the feasibility of using quality 

of life measures in a phase I setting to help select doses of the supplement for subsequent 

efficacy testing. We added quality of life measures of physical functioning, pain, and fatigue 

to the usual clinical end points of a phase I cancer study. Patients completed questionnaires 

at baseline and at approximately four week intervals. Questionnaires used were the QLQ-

C30 Quality of Life (including physical functioning, pain, and fatigue components) and the 

Brief Fatigue Inventory (BFI).

Scopoletin as a marker of noni bioavailability

Urine and blood samples were collected at baseline prior to starting noni, and then every 

four weeks while patients at the first five dose levels were on study. Urine samples were 

collected for 12 hours overnight. Concentrations of scopoletin were determined by high 

performance liquid chromatography (HPLC) with photodiode array (PDA) scanning at 200–

700 nm and mass spectrometric (MS) detection. Excretion of scopoletin in urine was 

determined and reported as the ratio of scopoletin to creatinine levels in each sample (8, 9).

Statistical Analysis

The primary analyses involved testing changes in the quality of life outcome measures over 

time and across noni dose levels. There were four outcome measures (physical functioning, 

pain, and two measures of fatigue) and a separate model was run for each. In each model the 

predictor variables were baseline level of the outcome, noni dose level, and month of 
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assessment. Because the data included repeated measures, a multilevel (hierarchical) 

modeling procedure was used for analysis (10–13).

With repeated measures, observations from one person are likely to be more similar than 

observations across persons. This violates the assumption of independence of observations, 

which is required when using standard regression procedures. When this assumption is 

violated, the estimates of the standard errors are likely to be too small, giving biased results. 

However, through multilevel modeling, the total variance is partitioned into that from the 

observation (time) level and that from the person level, which addresses the problem of 

underestimated standard errors.

The results for each of the four models are shown as separate bar charts in Figure 1. All four 

quality of life outcome measures were scaled to range from 0 to 100, with higher numbers 

indicating better functioning. In each chart, the vertical axis shows the estimated 60-day 

change from baseline for the given outcome measure; the horizontal axis shows each of the 

noni doses. Positive values indicate improvement from baseline, and negative values 

indicate worsening from baseline. Changes that are statistically different from zero are 

indicated with an asterisk.

Results

Patient recruitment

Since opening, there was strong interest in the study supported by local print and television 

media coverage. We received hundreds of enquiries from cancer patients, relatives and 

friends. Accrual goals were met but at the cost of screening many hundreds of patients for 

the 51 who met study eligibility criteria.

Many patients were ineligible because their disease was so advanced that they did not meet 

performance status requirements. Interestingly, a very frequent reason for patients excluding 

themselves from the study is the requirement that they do not take other CAM treatments. 

We found that patients without an option for scientifically established effective treatment 

commonly are unwilling to forego various dietary supplements and other CAM treatments 

that are often times vigorously promoted by well meaning relatives and friends. These 

patients declined the study, quite often preferring to add commercially available noni to 

other CAM they were taking.

Patient characteristics

Fifty-one patients, who met eligibility criteria, enrolled in the study between October 31 

2001 and June 30 2006, and started taking the study supplement. Thirty-nine of the 51 

patients remained on study for a minimum of 28 days and were evaluable for toxicity, 

quality of life and the measurement of noni ingredients in blood and urine.

We found no toxicity attributable to noni in twelve patients who elected to withdraw from 

the study before 28 days and were evaluable for toxicity only. Four of these 12 patients 

changed their minds wishing to take additional CAM treatments that made them ineligible 

for the study. Four patients had previously unrecognized rapid cancer progression requiring 
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hospitalization or inpatient hospice care. Four patients on dose level 7 (28 capsules daily) 

withdrew from the study before 28 days due to the challenges of ingesting so many capsules 

on an empty stomach over the day.

Of the 39 patients who were evaluable for toxicity, quality of life, and the measurement of 

noni ingredients in blood and urine, between five to eight patients were in dose levels 1–6 

and dose level 7 contained four patients. The characteristics of the 39 evaluable patients 

were similar to those usually encountered in a Phase I cancer study where patients have 

exhausted options for evidenced-based effective treatment The most common disease site 

was colorectal cancer (9 cases) followed by ovarian cancer (6 cases), lung cancer (4 cases), 

and pancreatic cancer (3 cases). Twenty-four patients had received prior radiation and 35 

patients had received 3 or more prior chemotherapy regimens. Eighteen evaluable patients 

had a Zubrod Performance Status (PS) of 2, 15 patients had a PS of 1 and 6 patients had a 

PS of 0.

Distribution of prognostic characteristics across dose levels

The distribution of performance status, extent of disease, and prior treatment did not show 

any significant variation across the seven dose levels of the study.

Adverse Effects

The main reported adverse effect attributable to noni is queasiness associated with ingesting 

noni capsules. Patients characterize this as an abdominal discomfort that lasts for several 

minutes which is different to nausea (feeling like vomiting), and is not associated with 

vomiting. This occurred in 24% of patients at all dose levels. Two patients also reported 

Grade 1 nausea. No dose response relationship was apparent.

Maximum tolerated dose

No toxicity related maximum tolerated dose was found with dose escalation to seven 

capsules four times daily (14 grams daily). However, of the eight patients enrolled at this 

highest dose level, four patients withdrew from the study before 28 days and three after 28 

days due to the challenges of ingesting so many capsules on an empty stomach over the day. 

Therefore, the dose of seven capsules four times daily (14 grams daily) is considered the 

maximum tolerated.

Quality of Life, Symptom Status

Of the quality of life measures tested, physical function, pain control and fatigue control (by 

both CLQ C30 and BFI) showed a trend for improved 60 day maintenance in patients 

enrolled at the 6–8 gram daily dose levels compared with patients at other dose levels as 

illustrated in Figure 1. A noni dose of 4 capsules four times daily (8 grams) is recommended 

for Phase II testing where controlling fatigue and maintaining physical function is the 

efficacy of interest.

These results suggest that an optimal quality of life sustaining dose focused on maintenance 

of physical activity and control of fatigue appears to be four capsules four times daily (8 

grams daily).
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Tumor Response

No measured tumor regression using RECIST criteria were noted in study subjects. 

However one of three enrolled patients with advanced stomach cancer had no evidence of 

disease progression for 36 months while taking noni.

Scopoletin as a Marker of Noni Bioavailability

Table 2 shows the concentrations of scopoletin in urines and bloods collected from study 

patients at the different dosing levels of the study. It demonstrates a statistically significant 

dose dependent appearance of scopoletin in urine [F(6,30)=2.7, p=.03] and plasma 

[F(6,30)=6.9, p<.0001]. Of note are the higher baseline concentrations of scopoletin for 

patients enrolled at higher dose levels. An explanation is that with more public awareness as 

the study progressed, patients at the higher dose levels were ingesting marketed noni 

supplement at the time of study enrollment.

Discussion

The purpose of this Phase I clinical trial of noni extract was to identify a pharmacologically 

active dose most likely to work in Phase II placebo controlled efficacy studies. Noni like 

most popular, commercially available dietary supplements has no identified dose limiting 

toxicity and the dose suggested by commercial suppliers is not based on scientific rationale. 

Without using a scientifically determined dose in efficacy studies, the potential usefulness of 

a dietary supplement or its chemical components may never be discovered. Using a 

conventional dose escalation design, we found that the maximum tolerated dose was 

determined not by toxicity but by the quantity of capsules patients were willing to ingest. 

Furthermore, we found that quality of life measures including physical function and control 

of fatigue were sustained better in patients taking the mid range dose of 8 gram daily 

compared with patients taking higher and lower doses and that these differences could not 

be explained by patient characteristics such as performance status, extent of disease, or prior 

treatment.

Although the small numbers of subjects and the lack of a placebo controlled setting do not 

allow any conclusion about the efficacy of noni in patients with advanced cancer, we feel 

that these findings provide a basis for recommending a dose of four capsules four times 

daily for subsequent appropriately designed Phase II studies where controlling fatigue and 

maintaining physical function is the efficacy of interest. This is especially important since 

we are unable to determine a toxicity-related maximum tolerated dose, the conventional end 

point for Phase I studies in cancer patients.

No measured tumor regression using RECIST criteria was noted in study subjects. However 

one patient with advanced stomach cancer had no evidence of disease progression for 36 

months while taking noni on the clinical trial. Although this anecdotal case may just reflect 

the inherent biologic variability of cancer, it is very unusual for advanced stomach cancer to 

behave this way. Accordingly, stomach cancer should be considered as a target for phase II 

clinical trials of noni.
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Scopoletin was found to be a marker of noni ingestion in patients with advanced cancer. Its 

utility for product standardization and to address dose and dose interval issues in 

pharmacokinetic and pharmacodynamic studies should be further studied.

Acknowledgments

The authors wish to thank Faith Inoshita, nurse researcher for study coordination, Laurie Custer, research associate 
for specimen analysis, Dorothy Coleman, James Tom and Jeffrey Berenberg, for overseeing conduct of the study, 
Innovative Nutriceuticals and Noni Maui for donating the supplement used in the study and Hawaii Minority-Based 
CCOP physician members who encouraged participation of their patients. Support for this study was provided by 
NIH Grant R21 AT00896 and a grant from the Hawaii Community Foundation.

References

1. Liu X, Zhang L, et al. Effect of Scopoletin on PC-3 Cell Proliferation and Apoptosis. Acta 
Pharmacologica Sinica. 2001; 10:929–933. [PubMed: 11749777] 

2. Liu G, Bode A, et al. Two novel glycosides from the fruits of Morinda citrifolia (noni) inhibit AP-1 
transactivation and cell transformation in the mouse epidermal JB6 cell line. Cancer Research. 
2001; 61:5749–5756. [PubMed: 11479211] 

3. Hiwasa T, Yoshiko A, et al. Stimulation of ultraviolet-induced apoptosis of human fibroblast UV-r 1 
cells by tyrosine kinase inhibitors. Federation of European Biochemical Societies Letters. 1999; 
444:173–176. [PubMed: 10050753] 

4. Hiramatsu T, Imoto M, et al. Induction of normal phenotypes in ras-transformed cells by 
damnacanthal from Morinda citrifolia. Cancer Letters. 1993; 73:161–166. [PubMed: 7693328] 

5. Hirazumi A, Furusawa E. An immunomodulatory polysaccharide-rich substance from the fruit juice 
of Morinda citrifolia (noni) with antitumor activity. Phytotherapy Research. 1999; 13:380–387. 
[PubMed: 10441776] 

6. Hornick CA, Myers A, Sadowska-Krowicka H, Anthony CT, Woltering EA. Inhibition of 
angiogenic initiation and disruption of newly established human vascular networks by juice from 
Morinda citrifolia (noni). Angiogenesis. 2003; 6:143–149. [PubMed: 14739620] 

7. Tahitian Noni product brochure. www.tahitiannoni.com

8. Issell BF, Franke A, Fielding RM. Pharmacokinetic Study of Noni Fruit Extract. Journal of Herbal 
Pharmacotherapy. 2008; 9(3) In Press. 

9. Franke AA, Custer LJ, Wilkens LR, Le Marchand L, Nomura AY, Goodman MT, Kolonel LN. 
LC/PDA/MS analysis of dietary phytoestrogens from human urine and blood. J Chromatogr B. 
2002; 777:45–59.

10. Goldstein, H. Multilevel Statistical Models. 3. London: Hodder Arnold; 2003. 

11. Hox, JJ. Multilevel Analysis: Techniques and Applications. Mahwah, NJ: Erlbaum; 2002. 

12. Raudenbush, SW.; Bryk, AS. Hierarchical Linear Models: Applications and Data Analysis 
Methods. London: Sage; 2002. 

13. Singer, JD.; Willett, JB. Applied Longitudinal Data Analysis: Modeling Change and Event 
Occurrence. Oxford: University Press; 2003. 

Issell et al. Page 7

J Diet Suppl. Author manuscript; available in PMC 2015 May 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Issell et al. Page 8

J Diet Suppl. Author manuscript; available in PMC 2015 May 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Note: All estimates are adjusted for baseline values.

* Significantly different from zero (α= .05)
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Table 1

Level Capsules per Day Total Daily Dose (g)

1 4 2

2 8 4

3 12 6

4 16 8

5 20 10

6 24 12

7 28 14

Notes. Each capsule contained 500 mg noni fruit extract. Level 1 participants took capsules twice daily. All others took capsules four times daily.
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