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Abstract

Previous preclinical studies and a phase I clinical trial suggested myo-inositol may be a safe and 

effective lung cancer chemopreventive agent. We conducted a randomized, double blind, placebo-

controlled, phase IIb study to determine the chemopreventive effects of myo-inositol in smokers 

with bronchial dysplasia. Smokers with ≥ 1 site of dysplasia identified by autofluorescence 

bronchoscopy-directed biopsy were randomly assigned to receive oral placebo or myo-inositol, 9 g 

once/day for two weeks, and then twice/day for 6 months. The primary endpoint was change in 

dysplasia rate after six months of intervention on a per participant basis. Other trial endpoints 

reported herein include Ki-67 labeling index, blood and bronchoalveolar lavage fluid (BAL) levels 

of pro-inflammatory, oxidant/anti-oxidant biomarkers, and an airway epithelial gene-expression 

signature for phosphatidylinositol 3-kinase (PI3K) activity. Seventy four (n=38 myo-inositol, n=36 

placebo) participants with a baseline and 6-month bronchoscopy were included in all efficacy 
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analyses. The complete response and the progressive disease rates were 26.3% versus 13.9% and 

47.4% versus 33.3%, respectively, in the myo-inositol and placebo arms (p=0.76). Compared with 

placebo, myo-inositol intervention significantly reduced IL-6 levels in BAL over 6 months 

(p=0.03). Among those with a complete response in the myo-inositol arm, there was a significant 

decrease in a gene-expression signature reflective of PI3K activation within the cytologically-

normal bronchial airway epithelium (p=0.002). The heterogeneous response to myo-inositol 

suggests a targeted therapy approach based on molecular alterations is needed in future clinical 

trials to determine the efficacy of myo-inositol as a chemopreventive agent.
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INTRODUCTION

Lung cancer is the most common cause of cancer death worldwide, with an estimated 1.8 

million new cases and 1.6 million deaths in 2012(1) and causes more deaths in the United 

States than colorectal cancer, breast cancer, and prostate cancer combined.(2) Former heavy 

smokers retain an elevated risk for lung cancer even years after they stop smoking.(3, 4) 

Therefore, a strategy to prevent lung cancer in addition to smoking cessation is needed. 

Chemoprevention involves the use of dietary or pharmaceutical interventions to slow or 

reverse the progression of premalignancy to invasive cancer.(5, 6) In addition to efficacy, 

safety is a critical consideration since the intervention is given to individuals who are at risk 

for cancer, but otherwise are in apparent good health.

myo-Inositol is found in a wide variety of foods such as whole grains, seeds, and fruits. It is 

a source of several second messengers including diacylglycerol and is required by human 

cells for growth and survival in culture. Pre-clinical studies show myo-inositol inhibits 

carcinogenesis by 40% to 50% in both the induction and post-initiation phases.(7, 8) 

Mechanistically, the phosphatidylinositol 3-kinase (PI3K) pathway that is activated in the 

bronchial epithelial cells of smokers with dysplasia was found to be inhibited by myo-

inositol and associated with regression of bronchial dysplasia.(9) The low toxicity and 

promising pre-clinical and phase I clinical trial data led to the current randomized, double-

blind, placebo-controlled, phase IIb clinical trial in smokers with bronchial dysplasia, who 

are at high risk for lung cancer.(10)

MATERIALS AND METHODS

Clinical Trial Protocol

The Review of Ethics Boards of the BCCA and the University of British Columbia, and the 

Mayo Clinic and University of New Mexico Institutional Review Boards approved this 

study. Written informed consent was obtained from all participants. The clinical trial 

registration number was NCT00783705.
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Study participant recruitment and eligibility—From November 3, 2008 to August 9, 

2013, current and former smokers between the ages of 45 to 79 years from the Greater 

Vancouver area who had a ≥ 30 pack-year smoking history were recruited through the 

community outreach networks, television programs, radio broadcasts, and local newspapers. 

In March of 2010 recruitment was extended to participants in Rochester, Minnesota and 

Albuquerque, New Mexico. A former smoker was defined as a person who had not smoked 

for at least one year, verified by urinary cotinine below 100 ng/ml. Eligibility criteria for 

randomization to study drug included ≥ 1 site of histologically-confirmed bronchial 

dysplasia on baseline bronchoscopy, no evidence of lung cancer (stage 0/I curatively treated 

non-small cell lung cancer with all therapy completed ≥6 months prior to randomization 

allowed), and normal organ and marrow function.

Bronchoscopic Procedures—Prior to July 8, 2009, 41 participants were screened for 

bronchoscopy using C-reactive protein (CRP) level in plasma. Those with CRP≥1.25 mg/L 

were offered autofluorescence bronchoscopy to localize areas of dysplasia using the Onco-

LIFE device (Novadaq Technologies Corp., Richmond, BC, Canada) as described 

previously.(11, 12) The use of CRP was based on our preliminary study that the prevalence 

of dysplasia was higher among those with elevated CRP. Biopsy samples were taken from 

areas that were abnormal under white light and/or autofluorescence examination and at least 

one control biopsy was obtained from bronchial mucosa with normal fluorescence in an 

upper or lower lobe of the lung. After July 8, 2009, the CRP eligibility criterion was 

removed as the prevalence of dysplasia in the high versus low CRP group was not 

sufficiently higher to justify its use. An additional 407 participants who met the age and 

smoking criteria were offered a bronchoscopy with biopsy of all abnormal sites under white-

light or autofluorescence examination and 6 pre-determined sites in the main carina, both 

upper and lower lobes and the right middle lobe before and after treatment. The median 

number of biopsy samples obtained per participant was 6 (range=1–14) in the myo-inositol 

group and 7 (range=1–14) in the placebo group.

Bronchoalveolar lavage (BAL) from the right upper lobe or the left upper lobe was 

performed using 20 mL aliquots of normal saline as described previously.(13) BAL cells 

were separated from the fluid by centrifugation at 1500 rpm for 5 minutes and fluids were 

stored at −80°C until cytokine evaluation.

Bronchial brushing was performed in two separate subsegmental bronchi that had not been 

lavaged or biopsied using a 1.7 mm diameter bronchial cytology brush (Hobbs Medical, 

Stafford Springs, CT). The brushes were retrieved and immediately immersed in RNALater 

and kept frozen at −80° C until RNA extraction and gene expression profiling using RNA-

Seq.

The biopsy samples were fixed in buffered formalin, embedded in paraffin, and serial 

sections were obtained. Sections 1, 6, and 13 were stained with hematoxylin-eosin and used 

to determine histopathologic classification. They were systematically reviewed by two 

pulmonary pathologists (MA, DI) who were blinded to intervention assignments. All biopsy 

samples were classified according to World Health Organization (WHO) criteria (normal, 

basal cell hyperplasia, metaplasia, mild/moderate/severe dysplasia, or carcinoma in-situ).
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(14) One grade difference in sample classification between the two pathologists was 

resolved by a third pathologist (JY) to reach a final diagnosis.

Spiral Chest Computed Tomography (CT)—CT scans were performed at BCCA as 

previously described using a 16 detector CT scanner at 120 kVp, 0.5 second rotation time, 

pitch 1.25 and 40 mA. Images were reconstructed at 1 mm slice width at 1 mm spacing.(15, 

16) The CT scans were performed before and at the end of the 6 month intervention. The 

site, size and appearance of nodules ≥ 1mm in diameter were recorded. All scans were 

reviewed by an experienced chest radiologist (JM) without knowledge of the intervention 

assignment.

Randomization—Participants were randomly assigned to receive either myo-inositol 

(Tsuno Food Industries Co., Ltd., Wakayama, Japan) at a dose of 9 grams orally (with water 

or juice) once/day for 2 weeks and then twice/day for 6 months, or placebo. The placebo 

powder sachet was visually identical to the active compound sachet. A dynamic allocation 

procedure was used to balance marginal distributions of the specified stratification factors: 

smoking status (current versus former), prior stage 0/I lung cancer (yes versus no) and 

number of dysplastic lesions at baseline (1 versus >1). All study personnel were blinded to 

the study codes, as was confirmed by independent review.

Follow Up—The participants were interviewed by telephone at week 2, months 1, 2, 4, 5, 

and 7 to 8 and were seen in person at months 3 and 6 for monitoring of compliance and 

drug-related adverse events. Compliance was determined from an agent diary and by unused 

sachet counts at each follow-up visit. Compliance was defined as ingestion of ≥ 80% of the 

planned doses. Smoking status was confirmed by measuring urinary cotinine at months 3 

and 6. Toxicity was monitored according to the NCI Common Terminology Criteria for 

Adverse Events (CTCAE version 3.0). Fasting blood glucose was measured at baseline and 

at months 1, 3, and 6. No dose modification was made for grade 1 toxicity. For grade 2 

toxicity or intolerable grade 1 adverse events (AEs) that were possibly, probably, or 

definitely related to study agent, study agent was stopped for up to 2 weeks. If the AE 

resolved, the study agent was resumed at once/day dosing for one week and then increased 

to full dose if there was no AE recurrence. If the AE recurred, the participant was taken off 

the study permanently. For grade 3 or 4 AEs that were deemed possibly, probably, or 

definitely related to study agent, participants were taken off study permanently. When grade 

3 or 4 adverse events occurred that were judged unlikely related to the study agent, 

intervention was stopped for up to 2 weeks and then resumed at the same dose as prior to the 

AE after the AE resolved. If the AE recurred, the participant was taken off study 

permanently. Participants underwent a second autofluorescence bronchoscopy with BAL and 

bronchial brushings after 6 months on study agent, and biopsies were obtained from the 

same sites that were biopsied at baseline as well as any new areas that displayed abnormal 

fluorescence. The bronchoscopist was blinded to the intervention assignment.

Biomarker Analysis

Ki-67 Expression In Bronchial Biopsies: Unstained bronchial biopsy specimens (5-

micron) were mounted on silanized glass slides (HistoBond, Marienfeld-Germany) and 
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Ki-67 expression was determined by the method of Shi et al. (17) The primary Ki-67 

antibody (1:250, Lab Vision, Fremont, CA.), and the biotinylated secondary antibody 

(1:500, Vector Lab) were used, followed by ABC method (Vectastain ABC Elite Kit, Vector 

Lab, Burlingame, CA) with diaminobenzidine (Sigma, St. Louis, MO) used as chromogen. 

For a negative control, the primary antibody was omitted. The percentage of positively 

stained cells was determined by counting a total of 100 cells in the most positively stained 

area in the tissue section.

BAL and Plasma Biomarkers: The potential anti-oxidative and anti-inflammatory effects 

of myo-inositol were determined in distal BAL and plasma collected before and after 

intervention. The biomarkers interrogated using ELISA were: 1) pro-inflammatory proteins: 

C-reactive protein, interleukin-6, and CCL-2 (all from R&D Systems, Minneapolis, MN); 2) 

oxidant/antioxidants: myeloperoxidase (MPO, R&D Systems Minneapolis, MN), 

nitrotyrosine (Hycult Biotech, Plymouth Meeting, PA) and glutathione (Millipore-

Calbiochem, San Diego, CA); and 3) pneumoproteins: Clara cell protein-16 (CC-16, 

Biovendor, Asheville, NC), surfactant protein-D (SFTPD, R&D Systems, Minneapolis, MN) 

and CCL18 (R&D Systems, Minneapolis, MN). Laboratory personnel were blinded to the 

intervention assignment. All measurements were performed in duplicate.

Assessing PI3K Activity Based on Airway Gene Expression: Matched pre- and post-

treatment bronchial brushings of cytologically normal epithelium were collected during 

bronchoscopy from 72 subjects (n=144 samples). Total RNA was extracted using the 

miRNeasy Mini Kit (Qiagen). Sequencing libraries were prepared using the Illumina® 

TruSeq® RNA Kit v2 and multiplexed in groups of six using the Illumina® TruSeq® 

Paired-End Cluster Kit. Each sample was sequenced on an Illumina® HiSeq® 2500 to 

generate paired-end 100 nucleotide reads. Demultiplexing and creation of FASTQ files were 

performed using Illumina CASAVA. Alignment and gene-level counts were generated using 

RSEM (v1.2.10) (18) and hg19 and Ensembl v74 annotation. Six samples were removed 

from downstream analyses based on data quality as assessed using RSeQC (v2.3.3) (19) and 

single nucleotide variant calls to verify that paired samples were derived from the same 

subject. Genes were filtered out based on a modified version of the mixture model in the 

SCAN.UPC package (20); a gene was included in downstream analyses if the mixture model 

classified it as “ “signal” in at least 15% of the samples. All subsequent analyses were 

conducted using R (v3.0.0). Linear modeling to identify treatment effects within complete 

responders (n=10 subjects in the myo-inositol arm or n=5 subjects in the placebo arm) and 

progressors (n=15 subjects in the myo-inositol arm or n=11 subjects in the placebo arm) was 

performed using the edgeR (v3.4.2) (21) and limma (v23.18.13) packages (22) using 

normalized voom-transformed data (23). To identify relationships between the effects of 

myo-inositol treatment and PI3K-pathway activation, the moderated t-statistics from the 

linear modeling were used to create rankings of genes for each group. GSEA (Gene Set 

Enrichment Analysis) (24) was used determine if genes that we previously reported to be 

either increased or decreased with PIK3CA overexpression in vitro (9) are significantly 

enriched at the extremes of the ranked lists. The RNA-Seq data from this study is available 

from the NCBI Gene Expression Omnibus (GEO) under accession [GEO ID pending].
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Outcomes

The primary endpoint of the study was defined as change in dysplasia rate on a per-

participant basis, with the per-lesion analysis specified as a secondary endpoint. Secondary 

endpoints reported herein include change in Ki-67 labeling index in bronchial biopsies, 

changes in biomarker levels in BAL and plasma, and effect on airway epithelial gene 

expression signature for PI3K activity. We also determined whether baseline biomarker 

measurements were related to progression/regression of dysplasia at 6 months. Safety and 

AE profiles of participants enrolled in both intervention arms were also closely monitored.

Statistical Design and Analyses

The sample size for this trial was calculated as follows. The placebo group was expected to 

have a 20% complete response rate based on three previous NCI sponsored chemoprevention 

trials with similar but not identical eligibility criteria.(12, 25, 26) In our previously reported 

pilot study in 20 subjects, the complete response rate was 67%.(10) Assuming at least a 30% 

difference in the dysplasia response rates between the myo-inositol and placebo arms (20%–

50%), a sample size of 50 evaluable participants per intervention arm provided 80% power 

(2-sided chi-square test with continuity correction; alpha=0.05). If the difference in the 

response rates between the treatment groups was at least 35%, the study had 90% power to 

detect a significant difference. Assuming a 10% drop out rate, we planned to enroll a total of 

110 participants to have 100 evaluable participants.

Descriptive statistics were used to summarize participant characteristics and pathologic 

evaluations of the bronchial biopsy examinations. Comparison between groups was done 

with the Wilcoxon rank sum test for continuous variables. Pearson’s chi-square test with 

continuity correction or Fisher’s exact test, as appropriate for small expected cell sizes, was 

used to compare categorical variables. Response rates were calculated on a per-site and a 

per-participant basis. For the lesion-specific analysis, complete response (CR) was defined 

as the regression of a dysplastic lesion of any grade to one classified as being either 

hyperplastic or normal. Progressive disease (PD) was defined as appearance of lesions that 

were classified as mild dysplasia or worse, irrespective of whether the site was biopsied at 

baseline, or worsening of the dysplastic lesion present at baseline by two or more grades 

(e.g., mild dysplasia to severe dysplasia or worse). Post-intervention biopsies of metaplasia 

or lower that were either metaplastic or lower at baseline, or not biopsied at baseline were 

graded as not applicable (NA). Dysplastic lesions that were not classified as complete 

response, progressive disease, or not applicable were referred to as stable disease (SD).

For the participant specific analysis, CR was defined as regression of all dysplastic lesions 

found at baseline to lesions that were no worse than hyperplasia, as defined by the site 

analysis at 6 months and the appearance of no new dysplastic lesions that were graded as 

mild dysplasia or worse. PD was defined as progression of one or more sites by 2 more 

grades as defined for the lesion-specific analysis above, or the appearance of new dysplastic 

lesions that were mild dysplasia or worse at 6 months. Partial response (PR) was defined as 

regression of some but not all of the dysplastic lesions with the appearance of no new lesions 

that were graded as mild dysplasia or worse. Stable disease (SD) referred to participants who 

did not have a CR, PR, or PD. For participant-specific analysis, PR and SD were combined 
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into one response category because minor changes like one grade change are prone to 

grading error. We also categorized participants as regression or stable (CR, PR, or SD) vs. 

progressive disease (PD) when doing the lesion specific analysis. In the comparison of 

treatment arms for the participant-specific assessment of response (CR vs. SD/PR vs. PD) 

from baseline to 6 month, a Kruskal Wallis test was used, accounting for the ordered nature 

of response. A multiple variable logistic regression model was used to assess the odds of 

progression (as opposed to CR, SD, or PR) with the variables of treatment arm, gender, 

smoking status (current vs. former) and maximal histologic grade in the participant (mild vs. 

moderate vs. severe). Generalized estimating equations (GEE) were used for the lesion 

specific analyses due to the varying number of lesions per participant. The association of 

baseline histologic grade of a lesion and baseline Ki-67 staining was also assessed using a 

linear regression GEE model. The percent change in Ki-67 labeling index from bronchial 

biopsies with dysplasia at baseline to 6 months post-intervention was compared between 

intervention arms using a GEE model.

Biomarker expression levels (at baseline and change from baseline) were compared between 

and within arms using a Wilcoxon rank sum or sign rank test. The trends in response rates 

by baseline marker levels (divided into quartiles) were tested using a Cochran Armitage test 

for trend (1-sided test). Logistic regression models were used to evaluate the impact of 

baseline biomarker levels (divided into quartiles) on participant level response (CR versus 

others; CR/PR versus others) unadjusted and adjusted for intervention arm.

All P values are two-sided, unless otherwise noted. A two-sided P value less than .05 was 

considered statistically significant. No adjustments for multiple comparisons were done for 

the secondary endpoints as this was largely an exploratory exercise. SAS version 9.3 (SAS, 

Inc., Cary, NC) was used for all analyses.

RESULTS

After 448 participants were screened and 85 randomized to receive placebo (41) or myo-

inositol (44), the trial was closed due to slow accrual. All 85 participants were included in 

the baseline and AE analyses. Eleven of the 85 participants did not have a follow-up 

bronchoscopy due to AEs, loss to follow-up, or refusal. Therefore, 74 participants (38 myo-

inositol, 36 placebo) were included in the efficacy analyses (Figure 1).

Clinical Characteristics

Baseline characteristics of the 85 participants are shown in Table 1. There was no 

statistically significant difference in median age, race, body mass index, gender, self-

reported smoking status, prior NSAID use, number of biopsies obtained, and number of 

dysplastic lesions or severity of dysplasia at baseline. Based on the baseline cotinine 

measurement, 6 participants in the myo-inositol group and 1 participant in the placebo group 

with a self-reported former smoking status were reclassified as current smokers. There was 

no significant difference in study arms based on this reclassification (p=0.36).
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Effects of myo-inositol on Histopathology of Bronchial Biopsies

Participant-specific Analysis—There was no statistically significant difference in 

response, categorized as complete response (CR) vs. partial or stable response (PR/SD) vs. 

progressive disease (PD), between intervention arms, p=0.76 (Figure 2). The CR rate was 

26.3% in the myo-inositol group and 13.9% in the placebo group and the PD rates were 

47.4% and 33.3%, respectively. The response rates in the 23 participants with a maximum 

histopathology grade of mild dysplasia at baseline were also not significantly different 

(p=0.34) with CR rates of 46.2% versus 9.1% and PD rates of 38.5% versus 36.7% in the 

myo-inositol and placebo arms, respectively (Figure 2). In a similar assessment of 50 

participants with a maximum histopathology grade of moderate/severe dysplasia at baseline, 

there was no significant difference in the response rates between the intervention arms 

(p=0.27; Figure 2). There was no significant difference in the efficacy of myo-inositol by 

smoking status (Table 2). A multiple variable logistic regression model adjusting for gender, 

smoking status and maximum histopathology grade at baseline showed no significant 

difference in the odds of progression between the intervention arms.

Lesion-specific Analysis—In the per-lesion analyses, a total of 267 lesions in 38 

participants assigned to the myo-inositol arm were biopsied at baseline (31.8% dysplastic) 

and 265 lesions were biopsied post-intervention (20.4% dysplastic). In the placebo arm, a 

total of 258 lesions in 36 participants were biopsied at baseline (34.5% dysplastic) and 243 

lesions were biopsied post-intervention (23.9% dysplastic). The per-lesion response rates in 

the myo-inositol arm were 10.2% with CR, 15.9% with SD, and12.5% with PD, and for the 

placebo arm the corresponding rates were 7.4%, 22.6%, and 10.3%.

CT Detected Lung Nodules

Sixty-two BCCA participants had CT prior to intervention. Of the 27 participants with no 

lung nodules, only 4 underwent a repeat CT scan at Month 6. Among the 39 participants 

with pre- and post-treatment CT data, 18 participants with 53 lesions in the myo-inositol 

group and 17 participants with 49 lesions in the placebo group had one or more non-

calcified lung nodules at baseline, with mean (SD) sizes of 5.9 (3.8) mm and 4.1 (2.2) mm, 

respectively. A GEE analysis of % change in the CT nodule size from baseline to 6 months 

showed no difference between the intervention arms (p=0.6). Based on a nodule specific 

GEE analysis, there was also no significant difference between the arms (p=0.91) when 

looking at the nodules categorized as progressed (myo-inositol=12.5%; placebo=3.5%) 

versus regressed/stable (myo-inositol=87.5%; placebo=96.5%), with progression defined as 

any increase from baseline or appearance of new nodules and regression/stable defined as 

decrease from baseline and no new nodules.

Biomarker Analyses

Ki-67 in Bronchial Biopsies—Ki-67 labeling index data were available from baseline 

bronchial dysplasia and site-matched, post-intervention biopsy samples from 65 participants 

(n=33 and n=32 in the myo-inositol and placebo arms, respectively). The mean percent 

change in Ki-67 labeling index in the bronchial biopsies with dysplasia from baseline to 6 
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months in the myo-inositol arm was −22.8% compared to −6.2% in the placebo arm, which 

was not significantly different between the intervention arms (p=0.34).

BAL and Plasma Biomarkers—Compared with placebo, treatment with myo-inositol 

significantly reduced IL-6 levels in BAL over 6 months (p=0.03) and produced borderline 

significant effects on BAL glutathione and myeloperoxidase (p=0.06 for both) (Table 3). 

There were no significant effects of myo-inositol on any of the plasma biomarkers (data not 

shown). To determine whether any of the biomarkers predicted CR or CR/PR, we performed 

a series of exploratory analyses using baseline biomarker levels (in quartiles) in BAL and 

plasma. Irrespective of treatment status, increased baseline levels of CC16 in both BAL and 

plasma were associated with CR (Supplementary Table 1) and CR/PR (Supplementary Table 

2). Reduced plasma levels of MPO were also significantly associated with CR/PR but not 

with CR.

PI3K-Associated Gene Expression Within the Cytologically Normal Bronchial 
Epithelium—In order to test the previously developed hypothesis that PI3K-associated 

gene expression within the cytologically normal epithelium decreases with clinical response 

to myo-inositol (9), we evaluated PI3K-activity-related gene expression pre- vs. post-therapy 

amongst patients receiving myo-inositol who achieved a complete response. Overall, there 

was a significant inverse relationship between PI3K activity and response to myo-inositol, 

which was expected given our previous results which show myo-inositol inhibition of PI3K 

signaling (9). Specifically, we found that in participants with a complete response to myo-

inositol (n=10), those genes that increase upon treatment are inversely enriched in decreased 

genes from our in vitro signature for PI3K activity (p = 0.002); this results suggests a 

decrease in PI3K activity in this group. This decrease in PI3K activity was not found among 

the complete responders in the placebo arm, nor among the subjects with progressive disease 

in either treatment arm.

Agent Compliance

Participants in the myo-inositol and placebo groups took 67.9% ± 3.8% and 79.8% ± 3.1% 

of the prescribed doses, respectively. There was no significant difference in response rates 

(CR vs. SD/PR vs. PD) between the intervention arms within compliant and non-compliant 

participants (Table 4).

Adverse Events

All adverse events (AEs) regardless of attribution were collected. At least one AE, regardless 

of grade or attribution, was reported by 39/44 (89%) participants in the myo-inositol arm 

and 34/41 (83%) participants in the placebo arm (p=0.45 for comparison between arms). 

Most AEs were classified as grade 1 (77.3%), with progressively fewer grade 2 (19.6%), and 

grade 3 (2.7%) adverse events reported. No grade 4 AEs were reported. Seven (8%) 

participants (n=4, myo-inositol and n=3, placebo) experienced a total of 9 grade 3 adverse 

events (dyspnea, dizziness, pain, arthralgia, and bilateral cataracts in the myo-inositol arm; 

syncope, rash, and peripheral neuropathy in the placebo arm) all of which were felt to be 

unlikely to be related to the study agents, except for syncope, which was possibly related. 

Participants in the myo-inositol arm reported a higher incidence of gastrointestinal AEs 
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compared to the placebo arm (59% myo-inositol arm; 43% placebo arm; p=0.16). One 

Serious Adverse Event was reported: a grade 2 coronary artery calcification in the myo-

inositol arm, deemed unrelated to study intervention.

DISCUSSION

This is the first phase IIb chemoprevention trial to examine the safety and efficacy of myo-

inositol for lung cancer chemoprevention. Following on promising preclinical data and our 

previous small phase IIa trial showing a high bronchial dysplasia reversion rate, this trial was 

designed to evaluate the efficacy of a longer (6 month) myo-inositol intervention (10). 

Although safety and tolerability were established, there was no overall statistically 

significant effect on bronchial dysplasia, albeit in a study that only achieved three-quarters 

of its planned accrual. The goal of phase II chemoprevention trials is to identify agents that 

have clinically meaningful effects. Our sample size calculation was based on a ≥30% better 

complete response (CR) rate in the myo-inositol group versus placebo. A post-hoc sample 

size calculation showed that with 35 participants per group, a difference of 35% (20% versus 

55%) in the dysplasia response rates, with a power of 80% and a 2-sided error rate of 0.05, 

would have been detectable. Thus, even with the smaller than anticipated accrual, this study 

had sufficient power to detect a meaningful treatment effect. myo-Inositol would likely not 

be considered for a phase III trial based on the 12% improvement in CR rates over placebo 

observed in this trial.

It is possible, and perhaps even likely, that decreased progression to higher grades of 

dysplasia would be more predictive of cancer prevention than dysplasia regression. In colon 

cancer prevention, the most effective trial model has examined progression to new polyps 

rather than regression of sporadic polyps (27, 28). In bronchial dysplasia, such studies would 

be significantly larger than our current trial and thus even more difficult to perform. 

Nevertheless, our data suggest potential differential effects in subpopulations within the 

studied cohort. A numerically higher, but statistically not significant percentage of CR was 

observed in the myo-inositol arm as compared to placebo (26.3% versus 13.9%); this was 

balanced by a non-statistically significant increase in the percentage of PD with myo-inositol 

(47.4% versus 33.3%). Similarly, a higher but statistically not significant mean percent 

change in Ki-67 expression level in the bronchial biopsies with dysplasia from baseline to 6 

months was observed in the myo-inositol arm compared to the placebo arm (−22.8% 

compared to −6.2%, p=0.34). Furthermore, treatment with myo-inositol significantly 

reduced levels of IL-6, a pro-inflammatory biomarker in BAL (p=0.0317). Taken together, 

this consistent modulation of multiple markers suggests that there could be a subpopulation 

within the entire cohort that may experience benefit from myo-inositol. There is a precedent 

for differential responses to chemopreventive interventions within participant subgroups 

from the previously reported phase IIb iloprost trial, which showed a significant regression 

of dysplasia in former, but not current, smokers (29). In our study, there was no significant 

interaction of smoking status and treatment arm using participant reported or urinary 

cotinine verified smoking status. The effect of short-term changes in the smoking status on 

bronchial dysplasia in 30% of the participants could not be evaluated in a phase II study of 

this size. Thus we were unable to identify a myo-inositol-sensitive subgroup, if one exists.
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The PI3K/Akt signaling pathway regulates diverse cellular function including proliferation 

and survival. We have previously demonstrated significantly increased pAkt in dysplastic 

lesions versus hyperplastic/metaplastic lesions before myo-inositol treatment (30). 

Following myo-inositol treatment, significant decrease in pAkt was observed in dysplastic (P 

< 0.01) but not hyperplastic/metaplastic lesions (P > 0.05). In vitro, myo-inositol decreased 

endogenous and tobacco carcinogen-induced activation of Akt in immortalized human 

bronchial epithelial cells, which decreased cell proliferation and induced a G(1)-S cell cycle 

arrest.(30) These results show that the phenotypic progression of premalignant bronchial 

lesions from smokers correlates with increased activation of Akt and that it is a target of 

myo-inositol. Similarly, examination of gene expression in cytologically normal bronchial 

epithelial cells from participants in the same phase IIa study showed that myo-inositol was 

associated with reduction in PI3k activity among those smokers who had regression of their 

premalignant lesions (9). This finding is confirmed in the current study. Among those 

smokers who had a complete response to myo-inositol, the gene-expression signature of 

PI3K activity was reduced in bronchial epithelial cells post-treatment, whereas there was no 

significant reduction in this signature among the clinical non-responders to myo-inositol nor 

in the placebo arm regardless of clinical response. While the sample size was limited and 

varied between response subgroups, these results suggest that PI3k associated gene 

expression could serve as an intermediate biomarker of therapeutic efficacy for myo-inositol. 

Whether selection of subjects with activation of the PI3K pathway would lead to a higher 

complete response rate requires further investigation.

The advantage of using bronchial dysplasia for phase II chemoprevention trials is that these 

lesions can be localized and biopsied using white light and autofluorescence bronchoscopy 

for histopathology confirmation. The presence of dysplasia is a known risk marker for lung 

cancer both in the central airways and the peripheral lung.(31–33) However, there has been a 

change in the lung cancer cell type distribution worldwide. The prevalence of centrally 

located squamous cell carcinomas has been steadily decreasing and replaced by an increase 

in adenocarcinomas,(34) which are usually located in the peripheral lung beyond the range 

of sampling by standard flexible bronchoscopes. This is reflected in a steady decline in 

proportion of smokers found to have bronchial dysplasia in the last decade.(35) This 

contributed to the reported difficulty in identifying participants for the current clinical trial. 

Alternative intermediate endpoint biomarkers, such as CT detected non-calcified lung 

nodules are needed for future phase II lung cancer chemoprevention trials.(36) CT scan was 

done in this study to rule out lung cancer prior to starting treatment with myo-inositol or 

placebo. However, the study population was selected for the presence of central lung 

bronchial dysplasia rather than presence of peripheral lung nodules, and thus was not 

sufficiently powered to robustly examine the effect of myo-inositol on CT-detected lung 

nodules.

In summary, despite a reduction in pro-inflammatory cytokine and oxidant level in BAL, the 

slight but statistically insignificant increase in CR and reduction in Ki-67 labeling index in 

bronchial biopsies after treatment with myo-inositol compared to placebo was accompanied 

by an increase in PD rate of similar magnitude. This suggests that a targeted approach based 

on an understanding of the underlying molecular alterations (9) is probably needed to 

determine if myo-inositol has a role as a chemopreventive agent in a more defined cohort.
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Figure 1. 
CONSORT Diagram
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Figure 2. 
Change in Bronchial Dysplasia, by Intervention Arm

Numbers shown represent the proportion of participants with each bronchial dysplasia 

change state. No participants with a partial response were observed among those with Mild 

Dysplasia at baseline in the myo-inositol arm.
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Table 1

Baseline Characteristics for Randomized Participants Receiving Study Intervention

myo-Inositol
(N=44)

Placebo
(N=41)

Total
(N=85) p value

Age, years 0.521

  Median 58.5 58.0 58.0

  Range (45.0–75.0) (46.0–79.0) (45.0–79.0)

Race 0.592

  White 42 (95.5%) 38 (92.7%) 80 (94.1%)

  Asian 2 (4.8%) 3 (7.3%) 5 (5.9%)

Body mass index, kg/m2 0.621

  Median 27.2 26.0 26.5

  Range (21.1–36.3) (21.0–35.2) (21.0–36.3)

Gender, N (%) 0.352

  Female 10 (22.7%) 13 (31.7%) 23 (27.1%)

  Male 34 (77.3%) 28 (68.3%) 62 (72.9%)

Smoking status, N (%) 0.852

  Current 27 (61.4%) 26 (63.4%) 53 (62.4%)

  Former 17 (38.6%) 15 (36.6%) 32 (37.6%)

Prior NSAID use 0.492

  No 28 (63.6%) 29 (70.7%) 57 (67.1%)

  Yes 16 (36.4%) 12 (29.3%) 28 (32.9%)

Dysplastic lesions identified 0.742

  1 Dysplastic lesion 22 (50.0%) 19 (46.3%) 41 (48.2%)

  >1 Dysplastic lesions 22 (50.0%) 22 (53.7%) 44 (51.8%)

Mucosal biopsies obtained 0.621

  Median 6.0 7.0 7.0

  Range (1.0–14.0) (1.0–14.0) (1.0–14.0)

Most advanced histology, N (%) 0.112

  Mild dysplasia 15 (34.1%) 13 (31.7%) 28 (32.9%)

  Moderate dysplasia 28 (63.6%) 22 (53.7%) 50 (58.8%)

  Severe dysplasia 1 (2.3%) 6 (14.6%) 7 (8.2%)

1
Kruskal Wallis

2
Chi-Square

No registered participants reported prior lung cancer

No registered participants reported Hispanic or Latino ethnicity
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Table 2

Response to myo-Inositol by Smoking Status Showing No Difference Between myo-Inositol and Placebo

Smoking
Status

Participant-
level
Response

myo-Inositol
(N=38)

Placebo
(N=36)

P-value†

Current smokers N=23 N=23 0.1571

PD 13 (56.5%) 11 (47.8%)

SD or PR 8 (34.8%) 11 (47.8%)

CR 2 (8.7%) 1 (4.3%)

Former smokers N=15 N=13 0.881

PD 5 (33.3%) 1 (7.7%)

SD or PR 2 (13.3%) 8 (61.5%)

CR 8 (53.3%) 4 (30.8%)

1
Kruskal Wallis test, considering responses as ordered; progressive (PD), then stable/partial response (SD/PR), then complete response (CR).
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Table 3

Change in Biomarker Levels in Bronchoalveolar Lavage Fluid from baseline (pre) to 6 Months Post-

Intervention

Difference in post – pre levels; Median (range)

myo-Inositol Placebo P*

IL-6 (pg/ml) −0.68
(−2.78 to 0.34)

−0.27
(−1.54 to 1.89)

0.03

GSH (umol/L) −0.246
(−1.98 to 0.48)

−0.558
(−1.13 to 0.33)

0.06

MPO (ng/mL) −3.457
(−8.17 to 2.77)

−1.154
(−8.43 to 1.21)

0.06

CC16 (ng/mL) −66.962
(−127.56 to 52.26)

−54.323
(−144.65 to 140.84)

0.10

SFTPD (ng/ml) −12.387
(−47.12 to 5.72)

7.213
(−7.62 to 23.79)

0.22

CCL18 (ng/ml) −121.470
(−1234.7 to 1122.9)

10.702
(−684.95 to 683.25)

0.63

CCL-2 (pg/ml) −9.2465
(−44.32 to 8.62)

9.413
(−52.58 to 54.6)

0.58

*
Wilcoxon Rank-Sum P-Value (for difference in absolute change by arm)

Abbreviations: CC-16, Clara cell protein-16; CRP, c-reactive protein; GSH, total glutathione; IL-6, interleukin-6; MPO, myeloperoxidase, SFTPD, 
surfactant protein D
CCL18, chemokine ligand 18 previously known as pulmonary and activation-regulated chemokine ; CCL-2, chemokine ligand 2 previously known 
as monocyte chemotactic protein 1
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Table 4

Participant-Specific Analysis of Response by Intervention Arm Based on Agent Compliance

Compliance
Status

Participant-
level
Response

myo-Inositol
(N=38)

Placebo
(N=35)

P-value†

Compliant * N=25 N=28

PD 12 (48.0%) 9 (32.1%) 0.73

SD or PR 7 (28.0%) 16 (57.2%)

CR 6 (24.0%) 3 (10.7%)

Non-Compliant * N=13 N=7

PD 6 (46.2%) 3 (37.5%) 0.91

SD or PR 3 (23.1%) 3 (37.5%)

CR 4 (30.8%) 2 (25.0%)

†
Kruskal Wallis test.

*
defined as the number of sachets taken by the participant divided by the number of sachets that should have been taken by the participant based on 

a 6-month intervention.
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