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a b s t r a c t 

Background: Although oral and intravenous forms of idronoxil have been well tolerated, the safety of 

NOX66, with idronoxil formulated as a rectal suppository, is not known. This Phase Ia/b clinical study 

(protocol No. NOX66-001A), known as Chemotherapy Enhancement Program-1, is the first to assess 

NOX66 in patients with refractory solid tumors. 

Objective: The study aimed to determine the safety profile of NOX66 both as a monotherapy and in 

combination with carboplatin, and to evaluate whether or not NOX66 has a meaningful anticancer effect 

when combined with carboplatin in this patient population. 

Methods: Chemotherapy Enhancement Program-1 was a multicenter, open-label, nonrandomized, 2-dose 

cohort study of NOX66 as monotherapy (Phase Ia) and in combination with carboplatin (Phase Ib). Pa- 

tients with refractory solid tumors who had stopped responding to standard treatments were eligible 

to participate. Twenty patients were screened and 19 enrolled in the study. They were divided into 2 

groups: cohort 1 (n = 8) received 1 suppository daily (400 mg) and cohort 2 (n = 11) received 2 supposi- 

tories daily (800 mg) for 14 consecutive days followed by 7 days of rest. Patients who completed Phase Ia 

without significant toxicity continued to Phase Ib, where NOX66 was combined with carboplatin for up to 

6x 28-day treatment cycles, with low-dose carboplatin (600 mg) for cycles 1B through 3B and standard 

dose carboplatin (900 mg) for cycles 4B through 6B. The main outcomes assessed were safety (n = 18) 

and efficacy signals (n = 14). 

Results: NOX66 generally was well tolerated at 400 mg and 800 mg, both as monotherapy and in com- 

bination with carboplatin in patients with refractory solid tumors. The safety profile was consistent for 

oncology patients, with 77.8% experiencing at least 1 treatment-emergent adverse event. The most com- 

mon adverse events were blood and lymphatic system disorders (44.4%), with only anemia considered as 

possibly related to NOX66. Although the study was primarily designed to assess safety and tolerability, 

the efficacy measurements demonstrated that most patients had stable disease or better by study end. 

Conclusions: The favorable safety profile of NOX66 provides reassurance to justify continuation of clinical 

research. The efficacy findings are encouraging in terms of the chemosensitizing potential of NOX66 in 

refractory solid tumors. (Curr Ther Res Clin Exp. 2021; 82:XXX–XXX) 
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For most cancers, chemotherapy remains a standard frontline 

herapy. However, cancer cells can become resistant to chemother- 

py and this remains among the biggest challenges facing cancer 

anagement. 1 The development of drugs that restore the sensi- 

ivity of cancer cells to standard chemotherapies could offer end- 

tage cancer patients a viable treatment option. The main bio- 

hemical mechanisms within cancer cells responsible for treat- 

ent resistance are phosphoinositide 3-kinase and protein kinase 

 signaling pathways. 2 However, an increasing number of studies 

re also directly pointing at the overexpression of sphingosine-1- 

hosphate (S1P) as a defense mechanism used by cancer cells to 

vade the immune response. 3 

Within the tumor microenvironment, both cancer and non- 

ancer cells secrete S1P to recruit circulating monocytes that can 

ifferentiate into macrophages. 4 S1P also increases macrophage 

urvival, binds to S1P receptor 1 to attract additional macrophages, 

nd stimulates tumor-associated macrophage/M2 polarization 

eading to the secretion of both anti-inflammatory cytokines that 

elp the tumor evade the immune system as well as proteins that 

upport migration and angiogenesis. 4 

The other S1P receptor of interest in oncology is S1P receptor 4, 

hich is involved in immunomodulation and tumor growth. Bind- 

ng of S1P to this receptor decreases interferon production, sup- 

resses cluster of differentiation 8-positive (CD8 + ) T cells, pro- 

uces tumor-promoting cytokines, enhances neutrophil trafficking 

nd enriches dendritic cells in lymph nodes. 5 Studies have shown 

hat depleting S1P receptor 4 restores antitumor immunity by in- 

reasing CD8 + T cell abundance thereby enhancing the response 

o chemotherapy. 6 

Idronoxil is the first drug that selectively inhibits both the 

hosphoinositide 3-kinase/protein kinase B axis and S1P produc- 

ion in tumors by blocking the catalytic activity of ecto-NADH oxi- 

ase disulfide-thiol exchanger Type 2 (ENOX2), which is highly ex- 

ressed by cancer cells. 7 Because idronoxil downregulates the anti- 

poptotic S1P signaling molecule upregulated in some tumors, 8–11 

t has the capacity to make tumor cells susceptible to CD8 + T cell 

rafficking and immune-mediated infiltration of the tumor. 12 , 13 In 

his way, idronoxil provides the capacity to overcome some of the 

esistance mechanisms used by tumors to evade the immune sys- 

em. In contrast, idronoxil is only mildly toxic to noncancerous 

ells. 14 

In preclinical studies, idronoxil has been shown to sensitize a 

ide variety of human cancer phenotypes to standard chemother- 

pies, including cisplatin, carboplatin, doxorubicin, and gemc- 

tabine. 15–24 The high degree of chemosensitization in cancer cells 

uggested that idronoxil, in addition to restoring chemosensitivity, 

ight allow the dosage of a chemotherapeutic to be lowered to 

evels that are likely to be better tolerated. 7 

Idronoxil has been studied in clinical trials as a chemosensi- 

izer of both carboplatin and paclitaxel in various solid cancers, 

ut the anticancer effect was found to be variable. 2 , 7 , 25 Encourag- 

ng clinical signals in a series of Phase II trials in ovarian cancer 19 

ed to a multinational Phase III study in platinum-refractory ovar- 

an cancer, which was abandoned in 2009 due to recruitment diffi- 

ulties and a futility assessment. 7 , 26 The variable anticancer effect 

f idronoxil is likely due to a mechanism of drug resistance in- 

olving inactivation by attachment of glucuronic acid during Phase 

I metabolism. 27 NOX66 has been developed to protect idronoxil 

rom Phase II metabolism by administering rectally, thus bypassing 

rst pass metabolism in the liver. 7 

Although clinical trials of oral and intravenous forms of 

dronoxil have been shown to be well tolerated, the safety of 

OX66 is not yet known. This Phase Ia/b study known as the 

hemotherapy Enhancement Program-1 25 is the first clinical study 
2 
o assess the safety of idronoxil formulated as a rectal supposi- 

ory (ie, NOX66), in patients with chemo-refractory solid tumors. 

he objectives of this study were to determine the safety profile 

f NOX66, both as a single agent and in combination with carbo- 

latin, and determine whether or not NOX66 is able to produce a 

eaningful anticancer effect when combined with carboplatin. 

aterials and Methods 

tudy design and participants 

Chemotherapy Enhancement Program-1 was a multicenter 

tudy with 4 study centers in the country of Georgia. The study 

esign was an open-label, nonrandomized, 2-dose cohort study of 

OX66 as monotherapy (Phase Ia) and in combination with carbo- 

latin (Phase Ib), in patients with refractory solid tumors that had 

topped responding to standard treatment options. The study be- 

an March 3, 2017, and was completed on May 11, 2018. 

Eligible participants were patients with solid tumors (ie, 

rostate, breast, ovarian, lung, or head and neck) who had no stan- 

ard therapeutic alternatives available; histologically confirmed lo- 

ally or metastatic advanced solid tumors; at least 1 measurable 

esion via computed tomography or magnetic resonance imaging 

can; Eastern Cooperative Oncology Group performance status 0 

r 1; adequate hematologic, hepatic, and renal function (ie, abso- 

ute neutrophil count > 1.5 × 10 9 /L; platelet count > 100 × 10 9 /L; 

emoglobin > 9.0 g/dL; serum bilirubin < 1.5 times upper limit of 

ormal [ × ULN]; aspartate aminotransferase/alanine aminotrans- 

erase < 2.5 × ULN for the reference laboratory or < 5 × ULN in the 

resence of liver metastases; serum creatinine < 1.5 × ULN); and 

ife expectancy of 12 weeks or more. Fertile patients had to agree 

o the use of effective contraception during the study and for 90 

ays after the last dose of NOX66. 

Patients were excluded in the case that they had tumors in- 

olving the central nervous system; clinically significant uncon- 

rolled cardiac disease or myocardial infarction within the past 12 

onths; QT c > 470 msec on their screening electrocardiogram; un- 

ontrolled infection or systemic disease; any major surgery, radio- 

herapy, immunotherapy within the past 21 days (palliative ra- 

iation > 2 weeks permitted); not been allowed concurrent sys- 

emic chemotherapy or biologic therapy; chemotherapy with de- 

ayed toxicity within the past 4 weeks; a history of solid organ 

ransplant; known to be unsuitable for treatment with carboplatin 

r suppository; or breastfeeding or pregnant. 

Withdrawal criteria, other than progressive disease, were de- 

ned as 1 or more of the following: an intercurrent illness that 

revented further administration of NOX66, a dose-limiting toxic- 

ty (DLT) defined as an adverse event (AE) related to NOX66 that 

as intolerable, the patient withdrew consent, the patient died, 

nd general or specific changes in the patient’s condition that ren- 

ered the patient unacceptable for further treatment. In all cases, 

he reason for withdrawal was recorded and the patient was fol- 

owed to establish whether the reason was an AE causally related 

o NOX66. The relatedness of an AE to either NOX66 or carboplatin 

as determined by judgment of the principal investigator. 

Patients were considered evaluable if they completed at least 1 

ycle of treatment and underwent at least 1 follow-up tumor eval- 

ation. Patients who could not be evaluated as part of the efficacy 

nalysis were replaced in the study, up to a total of 16 evaluable 

atients. Replacement of patients occurred at the end of all safety 

ohort assessments, and patients were enrolled at the highest tol- 

rated dose level. Recruitment to cohort 2 commenced once all co- 

ort 1 patients had completed 1x 21-day treatment cycle and at 

east 6 of those patients did not experience any toxicity greater 

han grade 2. 
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This study was conducted in accordance with the International 

ouncil for Harmonization Good Clinical Practice guidelines, and 

he Declaration of Helsinki and its revisions. Informed consent was 

btained for each patient, and the study protocol was approved by 

he local Ethics Committee per site and then by the Georgian Min- 

stry of Health. 

reatment 

NOX66 consists of idronoxil formulated in a fatty base and sur- 

actant. Patients were divided into 2 dose cohorts to receive NOX66 

reatment. The 2 daily doses chosen in this study (400 mg and 

00 mg) were based on doses used in the Ovarian Tumor Response 

OVATURE) trial, in which 1200 mg oral idronoxil was used in com- 

ination with carboplatin. 26 Given the anticipated higher bioavail- 

bility of NOX66 compared with oral idronoxil, a conservative dos- 

ng approach was taken. Patients were instructed in the drug ad- 

inistration procedure. NOX66 was self-administered as a rectal 

uppository, with each suppository containing 400 mg idronoxil. 

There was no dose modification of NOX66 on the basis of body 

eight except where the patient exceeded 100 kg body weight, in 

hich case the dose of NOX66 could be increased (up to double) 

t the discretion of the investigator. If a DLT would have occurred, 

t would have required half doses: cohort 1 patients to receive 1 

uppository every second day and cohort 2 patients to receive 1 

uppository daily. A DLT was defined when any 1 of the following 

ccurred during the first treatment cycle: 

• National Cancer Institute Common Terminology Criteria for Ad- 

verse Events (NCI-CTCAE) grade 3 or more neutropenia lasting 

5 days or longer, grade 3 febrile neutropenia (fever ≥38.5 °C), 

grade 4 thrombocytopenia, or grade 3 thrombocytopenia asso- 

ciated with bleeding; 
• NCI-CTCAE grade 3 or more abnormal laboratory values (except 

neutropenia and thrombocytopenia) assessed as clinically sig- 

nificant and causally associated with NOX66; 
• NCI-CTCAE grade 3 or more nonlaboratory toxicity assessed as 

causally associated with NOX66 (excluding alopecia, rash, nau- 

sea, diarrhea, and vomiting if controlled with standard support- 

ive therapy). 

Once any DLT was reported, at least 2 more patients were to 

e enrolled at the same dose level. Escalation continued only if 

 DLT was limited to 1 of 4 patients. If a DLT occurred in 2 or

ore patients, further dose escalation ceased and the maximum 

olerable dosage was the next lower level. 

hase Ia: NOX66 as monotherapy 

During the Phase Ia monotherapy study, cohort 1 received 1 

uppository (400 mg) daily, whereas cohort 2 received 2 suppos- 

tories (800 mg) daily, for 14 consecutive days followed by 7 days 

f rest comprising a 21-day treatment cycle ( Figure 1 ). 

hase Ib: NOX66 in combination with carboplatin 

All patients who completed the NOX66 monotherapy without 

ignificant toxicity were eligible for the Phase Ib study, where 

OX66 was administered in combination with carboplatin for up 

o 6x 28-day treatment cycles at dosages considered appropriate 

y the study investigators. 

Cohorts 1 and 2 continued on their assigned NOX66 doses (400 

nd 800 mg, respectively) during this combination therapy phase 

 Figure 1 ). NOX66 was administered rectally for the first 7 days of 

ach treatment cycle. Carboplatin was given intravenously on day 

 of each treatment cycle at 600 mg (area under the curve = 4) 

low dose) for cycles 1B through 3B and 900 mg (area under the 
3 
urve = 6) (standard dose) for cycles 4B through 6B, with maxi- 

um doses of 600 mg and 900 mg, respectively. Any DLT was 

anaged by dose reduction or by withholding NOX66 and or car- 

oplatin. 

afety outcomes 

Safety outcomes were assessed by routine laboratory tests (eg, 

ematology, serum chemistry, and urinalysis), physical examina- 

ions, electrocardiogram analyses, vital signs, and Eastern Coopera- 

ive Oncology Group performance status. AEs were monitored and 

ssessed using the NCI-CTCAE version 4.03 scoring system. 

The Safety Steering Committee (SSC) held 2 formal safety re- 

iew meetings during the study ( Figure 1 ); the first following com- 

letion of the 21-day monotherapy treatment cycle of patient 4 to 

llow continued enrolment of dose cohort 1, and the second fol- 

owing completion of the 21-day monotherapy treatment cycle of 

atient 8 to allow dose escalation to cohort 2. 

If any AE of grade 2 or greater toxicity per NCI-CTCAE version 

.03 occurred at any time during the study, an SSC review could 

e requested. Furthermore, the Study Medical Monitor reviewed all 

Es on an ongoing basis and could call for an SSC review at any 

ime. If a patient experienced an AE assessed grade 3 or greater as 

ausally associated with NOX66 during the NOX66 monotherapy 

rm (Phase Ia), the patient would be withdrawn from the study. 

f a patient experienced grade 3 or greater AE assessed as causally 

ssociated with NOX66 during the combination therapy arm (Phase 

b), the patient could continue on NOX66 treatment at his or her 

ssigned dose, provided the AE resolved to grade 2 or lower by the 

ime of commencement of the next treatment cycle. A treatment 

reak of more than 2 weeks due to an unresolved AE required dis- 

ontinuation of study treatment. 

fficacy outcomes 

Tumor measurements were assessed by radiologic methods 

computed tomography/magnetic resonance imaging) at baseline 

nd at subsequent intervals at the discretion of the investigator but 

o more than every 12 weeks. Efficacy variables included overall 

esponse, progression-free survival, and overall survival. Response 

nd progression were to be assessed according to Response Eval- 

ation Criteria in Solid Tumors criteria version 1.1. 28 The overall 

esponse disease status was derived from both the target lesions 

esponse and nontarget lesions response, and also accounted for 

ew lesions per Response Evaluation Criteria in Solid Tumors cri- 

eria version 1.1 criteria. 

tatistical analysis 

For the monotherapy and combination therapy arms of the 

tudy a total of 16 (evaluable) patients were planned to be re- 

ruited in 2 cohorts of 8. Depending on the occurrence of DLTs, 

he maximum number planned was 22 patients. In both parts of 

he study, the number of patients was chosen with the aim of ob- 

aining adequate safety and tolerability. 

Study objectives were addressed in the context of an open- 

abel, 2-dose cohort study; therefore, statistical hypothesis testing 

as not performed, and analyses were primarily descriptive in na- 

ure. Continuous data were summarized by descriptive statistics, 

ncluding sample size, mean, SD, median, and range. Categorical 

ata were summarized by the number and percentage of patients. 

or the time-to-event end points, Kaplan-Meier curves were plot- 

ed and compared by log-rank analysis. 

All patients who were enrolled in the study with the exception 

f 2 screened patients who did not receive study drug were in- 

luded in the evaluation of safety per the statistical analysis plan. 
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Figure 1. Chemotherapy Enhancement Program-1 study design. Each patient received the following treatments consecutively: NOX66 monotherapy for 14 days with 7- 

day rest period (Phase Ia); NOX66 + low dose (AUC4) carboplatin 3 × 28-day cycles (NOX66 days 1–7, chemotherapy day 2); NOX66 + standard dose (AUC6) carboplatin for 

3 × 28-day cycles (NOX66 days 1–7, chemotherapy day 2). AUC = area under the curve. 

Figure 2. Patient disposition in the Chemotherapy Enhancement Program-1 study. 
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atient disposition 

Twenty patients were screened, of whom 8 were assigned to 

ohort 1 and 11 to cohort 2 ( Figure 2 ). In Cohort 1, all 8 patients

ere included in the safety analysis. In cohort 2, 10 of 11 patients 

ere included because 1 patient withdrew consent before the first 

OX66 monotherapy dose. This resulted in a total of 18 patients 

or the safety population. For the efficacy analysis, only 5 patients 

n cohort 1 and 9 in cohort 2 were included. One patient in cohort 

 withdrew from combination therapy giving “other” as the reason 

nd 2 patients (both from cohort 1) were nonevaluable. One pa- 
4 
ient from cohort 2 died. This resulted in a total of 14 patients for 

he efficacy population. 

All patients in both dose cohorts completed the monotherapy 

hase. Three patients were found to be nonevaluable at the com- 

letion of the monotherapy phase and were replaced by 3 patients 

ho entered the combination therapy phase directly per protocol. 

atient characteristics 

Patients in the 2 dose cohorts were similar with regard to age, 

eight, weight, and gender. All patients were White. Overall, the 

ost common location of cancer was breast (33.3%), followed by 

ung (27.8%), ovary (16.7%), and prostate (16.7%), distributed equally 

etween the 2 cohorts ( Table 1 ). All patients but one had pre- 

iously received chemotherapy ( Table 2 ). Previous treatment with 

ormone therapy or surgery was also common. 

afety outcomes 

The safety analysis found that both doses, 400 mg and 800 mg 

OX66, were generally well tolerated both as monotherapy and in 

ombination with carboplatin ( Table 3 ). Overall, 77.8% of patients 

xperienced at least 1 treatment-emergent AE. The most common 

Es were blood and lymphatic system disorders (44.4%) followed 

y gastrointestinal disorders (16.7%); metabolism and nutrition dis- 

rders (16.7%); and respiratory, thoracic, and mediastinal disorders 

16.7%). 

Treatment-emergent AEs were equally distributed between the 

 dose cohorts ( Table 3 ). Of these, only anemia (4 patients), neu- 

ropenia (3 patients), and hypocalcemia (3 patients) were recorded 

n more than 1 patient. Only 1 case was considered possibly re- 

ated to NOX66. Approximately half of the patients reported AEs 

hat were considered related to carboplatin. 

Overall, 5 patients (62.5%) from the 400 mg daily cohort with- 

rew, 1 due to death, 2 due to disease progression, and 2 for other 

easons. Four patients (40.0%) from the 800 mg daily cohort with- 

rew: 2 due to death, 1 due to an AE, and 1 withdrew consent. 

There were 4 patients (22%) during the combination therapy 

hase who had serious AEs leading to premature withdrawal from 

he study. Three of the 4 patients who reported serious AEs were 

rom cohort 2. With the exception of an infusion-related reaction 
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Table 1 

Baseline characteristics of patients enrolled in the Chemotherapy Enhancement Program-1 study. 

Characteristic Cohort 1: NOX66 400 mg (n = 8) Cohort 2: NOX66 800 mg (n = 10) 

Median age, y 61 64 

Median weight, kg 79.3 75.2 

Female sex ∗ 5 (62.5) 6 (60.0) 

White ∗ 8 (100.0) 10 (100.0) 

Type of cancer ∗

Prostate 1 (12.5) 2 (20.0) 

Ovarian 1 (12.5) 2 (20.0) 

Lung 3 (37.5) 2 (20.0) 

Breast 3 (37.5) 4 (40.0) 

Disease state ∗

Metastatic 8 (100.0) 9 (90.0) 

Locally advanced 0 (0.0) 1 (10.0) 

∗ Values are presented as n (%). 

Table 2 

Prior oncology treatments of patients enrolled in the Chemotherapy Enhancement Program-1 study. ∗

Prior cancer treatment † Cohort 1: 400 mg daily (n = 8) Cohort 2: 800 mg daily (n = 10) Overall (n = 18) 

Chemotherapy 7 (87.5) 10 (100.0) 17 (94.4) 

Hormone therapy 3 (37.5) 5 (50.0) 8 (44.4) 

Radiotherapy 0 (0.0) 2 (20.0) 2 (11.1) 

Surgery 3 (37.5) 5 (50.0) 8 (44.4) 

Other 1 (12.5) 1 (10.0) 2 (11.1) 

∗ Values are presented as n (%). 
† Patients could have had multiple forms of treatment and multiple cycles/rounds of the same treatment type. 

Table 3 

Treatment-emergent adverse events by Medical Dictionary for Regulatory Activities (MedDRA) preferred term within each dose 

cohort and in the overall safety population. ∗

MedDRA Cohort 1: 400 mg daily (n = 8) Cohort 2: 800 mg daily (n = 10) Overall (n = 18) 

Any 7 (87.5) 7 (70.0) 14 (77.8) 

Anemia 1 (12.5) 3 (30.0) 4 (22.2) 

Iron deficiency anemia 1 (12.5) 1 (10.0) 2 (11.1) 

Neutropenia 1 (12.5) 2 (20.0) 3 (16.7) 

Pericarditis 1 (12.5) 0 (0.0) 1 (5.6) 

Abdominal pain upper 1 (12.5) 0 (0.0) 1 (5.6) 

Diarrhea 1 (12.5) 0 (0.0) 1 (5.6) 

Flatulence 1 (12.5) 0 (0.0) 1 (5.6) 

Gastrointestinal hemorrhage 0 (0.0) 1 (10.0) 1 (5.6) 

Nausea 1 (12.5) 0 (0.0) 1 (5.6) 

Asthenia 1 (12.5) 0 (0.0) 1 (5.6) 

Sudden death 1 (12.5) 0 (0.0) 1 (5.6) 

Infusion-related reaction 0 (0.0) 1 (10.0) 1 (5.6) 

Platelet count decreased 0 (0.0) 1 (10.0) 1 (5.6) 

Weight decreased 1 (12.5) 0 (0.0) 1 (5.6) 

White blood cell count increased 1 (12.5) 0 (0.0) 1 (5.6) 

Hypoalbuminemia 0 (0.0) 1 (10.0) 1 (5.6) 

Hypocalcemia 1 (12.5) 2 (20.0) 3 (16.7) 

Back pain 1 (12.5) 0 (0.0) 1 (5.6) 

Altered state of consciousness 0 (0.0) 1 (10.0) 1 (5.6) 

Coma 0 (0.0) 1 (10.0) 1 (5.6) 

Dizziness 0 (0.0) 1 (10.0) 1 (5.6) 

Neuropathy peripheral 1 (12.5) 0 (0.0) 1 (5.6) 

Hydrothorax 1 (12.5) 0 (0.0) 1 (5.6) 

Pulmonary embolism 1 (12.5) 0 (0.0) 1 (5.6) 

Pulmonary fibrosis 1 (12.5) 0 (0.0) 1 (5.6) 

Embolism arterial 1 (12.5) 0 (0.0) 1 (5.6) 

∗ Values are presented as n (%). 
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t the injection site, which was certainly due to carboplatin, the 

ther 3 serious AEs resulted in death (1 in cohort 1 and 2 in co- 

ort 2). 

None of the 3 deaths were considered by the principal investi- 

ator to be related to NOX66. The 2 deaths from cohort 2 were 

ue to gastrointestinal hemorrhage and progressive disease, re- 

pectively, and causality was deemed unlikely/unrelated to either 

OX66 or carboplatin, whereas the sudden death from cohort 1 

as deemed unlikely/unrelated to NOX66 and possibly related to 

arboplatin, in the absence of an autopsy. 
5 
fficacy 

This study was not powered to measure efficacy; however, com- 

arison of the sum of the target lesion diameters demonstrated 

hat more patients had reductions from cycle 3B day 1 to cycle 

B day 1 than had increases ( Figures 3 and 4 ). The majority of pa-

ients had stable disease (no tumor growth and no new tumors) 

hroughout the treatment course and by cycle 6B, 83.3% (5 out of 

) of patients treated with NOX66 had stable disease or a partial 

esponse ( Table 4 ). Based on progression-free and overall survival, 
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Figure 3. Change in target lesion diameter and overall response for the efficacy population at (A) cycle 3B and (B) cycle 6B. In cycle 3, patients 0206, 0401, 0404, 0405, and 

0407 had 0% change from screening. In cycle 6, Patients 0206 and 0401 had 0% change from screening. ID = identification; LD = lesion diameter; PD = progressive disease; 

PR = partial response; RECIST v1.1 = Response Evaluation Criteria in Solid Tumors v1.1; SD = stable disease. 

Table 4 

Summary of overall response based on the Response Evaluation Criteria in Solid Tumors v1.1 for the efficacy population. ∗

Dose cohort Assessment time point † Count Partial response Stable disease ‡ Progressive disease 

Cohort 1: idronoxil suppository (NOX66) 400 mg Cycle 3B 5 0 (0.0) 4 (80.0) 1 (20.0) 

Cycle 6B 2 0 (0.0) 1 (50.0) 1 (50.0) 

Cohort 2: NOX66 800 mg Cycle 3B 9 0 (0.0) 7 (77.8) 2 (22.2) 

Cycle 6B 6 1 (16.7) 4 (66.7) 1 (16.7) 

∗ Values are presented as n (%) unless otherwise noted. 
† Assessed at the start of the cycle. 
‡ No tumor growth and no new tumors. 

Figure 4. Comparison of change in target lesion diameter (LD) and overall response 

for cycle 3B versus cycle 6B. RECIST = Response Evaluation Criteria in Solid Tumors. 
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here does not appear to be any difference between the 2 NOX66 

ose cohorts ( P = 0.6641). 

iscussion 

This is the first clinical study to demonstrate that idronoxil de- 

ivered as a rectal suppository is well tolerated in patients with 

efractory solid tumors. The safety profile of NOX66, at 400 mg 

nd 800 mg, both as monotherapy and in combination with car- 

oplatin, was consistent with those generally observed in oncology 

atients. Early efficacy results from this study also appear encour- 

ging in terms of the potential for NOX66 to improve the effective- 
6 
ess of chemotherapy treatment in patients with end-stage solid 

umor disease. The overall aim of the ongoing NOX66 clinical re- 

earch program is to demonstrate the ability of NOX66 to sensitize 

ancer cells to chemotherapy so that dosages that are used in the 

linic have a more potent anticancer effect. This Phase Ia/b study 

herefore provides important safety information to justify continu- 

tion of the NOX66 clinical research program, including the testing 

f higher doses. 

Preclinical animal studies and a number of Phase I, II, and III 

tudies in several hundred cancer patients have confirmed that 

dronoxil delivered orally or intravenously is well tolerated. 15–25 

he relatively lower dependence of nontumor cells on ENOX2 ac- 

ivity accounts for the low level of toxicity of idronoxil reported 

reviously in animal toxicology studies and human clinical stud- 

es. 7 Animal studies with oral or intravenous dose formulations 

ave been unable to determine the maximum tolerated dose. 7 Fur- 

hermore, no maximum tolerated dose level has been determined 

n human beings, and there is no observed toxicity at 40 mg/kg, 

he highest dose of idronoxil that can be practically administered 

n a repeated daily basis. 27 This is far in excess of the doses (400 

g and 800 mg daily) used in this study. Moreover, in a Phase 

II clinical study where idronoxil was given orally on a continuous 

aily basis over a 28-day period (at a dose more than double the 

ighest dose in this study) in combination with a standard dose of 

arboplatin, there was no toxicity above grade 2. 26 

Whereas NOX66 was not expected to have a different safety 

rofile compared with the previously used oral dose form of 

dronoxil, the rationale of dosing as a rectal suppository to achieve 

 superior pharmacokinetic profile raised the prospect of a level 

f exposure of organs to idronoxil to a greater extent than ex- 

erienced previously. Compared with the oral dose formulation, 

he objective of NOX66 was to avoid first-pass liver metabolism, 

hereby slowing down the rate of Phase II metabolism. 7 Compared 
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ith the intravenous dose formulation, the objective of NOX66 was 

o provide a more steady-state drug exposure versus a short-lived 

 max spike with a bolus intravenous injection. 7 

Due to the limitations of the study design, with small sam- 

le sizes and no placebo comparator, no firm conclusions could be 

ade about the efficacy of NOX66 as a chemosensitizer. However, 

hese early results appear positive. Although at baseline most pa- 

ients had metastatic disease and all were refractory to treatment, 

t least half had stable disease during the course of NOX66 and 

arboplatin combination therapy, and by cycle 6B, 83.3% of those 

reated with the higher NOX66 dose maintained stable disease or 

etter. 

These data concur with known mechanism of action of 

dronoxil, with the primary molecular target, the ENOX2 enzyme, 29 

 nicotinamide adenine dinucleotide plus hydrogen oxidase that 

scillates between dual functions of maintaining the electron po- 

ential across the plasma membrane and disulphide-thiol exchange 

f plasma proteins. 29 The anticancer and chemosensitizing actions 

f idronoxil are believed to follow a train of events triggered by 

nhibition of the electron/proton transfer function of ENOX2 across 

he cancer cell’s plasma membrane; accumulation of protons in 

he membrane follows, leading to elevated levels of ubiquinol (re- 

uced coenzyme Q10); this in turn inhibits the function of sph- 

ngosine kinase, creating an imbalance in levels of the secondary 

essengers, increase in ceramide (pro-apoptotic) and decrease in 

phingosine-1-phosphate (pro-survival and promotion of immune 

vasion). 9 , 30 

The study has a number of strengths. First, it is the first-in- 

uman study to investigate the safety and efficacy of idronoxil 

hen delivered as NOX66. Second, the study investigated the 

afety and efficacy of NOX66 both as monotherapy and in combi- 

ation with a commonly used chemotherapy agent; namely, carbo- 

latin. Both treatment regimens are likely to be clinically relevant 

o patients with end-stage solid tumors. 

The study also has a number of limitations. First, major limita- 

ions of this study are the small sample size and lack of placebo 

omparator. The sample size was reduced further by the 3 deaths 

uring the course of the study. Because the patient population was 

estricted to those with end-stage, refractory solid tumors with no 

urther therapy options available, the proportion of deaths was not 

nexpected. 

Second, the dose–response was not studied in a classical 

ay. The rationale for using a low dose of carboplatin was to ex- 

lore the chemosensitizing potential of NOX66 and look for signs 

f efficacy with fewer AEs. There are no pharmacokinetic or phar- 

acodynamic data aside from that generated by the study. 

Third, the types of tumors among the participants were het- 

rogeneous, which could be viewed as diluting the implications of 

he study. Although this highlights the need to conduct follow-up 

esearch in patients with a single type of tumor, the intention be- 

ind the study design was to more broadly scope the response to 

OX66 as monotherapy and in combination with chemotherapy, 

cross varying indications. It is a common approach in many Phase 

 trials to include all solid tumors to determine which tumors re- 

pond. 31–33 

Furthermore, the efficacy data are still early and inconclusive 

ecause the study was not primarily designed to address efficacy. A 

arger group of patients is being planned for the next study; how- 

ver, which will be powered to investigate efficacy in fewer tumor 

ypes. 

onclusions 

Our study confirmed the safety and tolerability of NOX66 at 

00 mg and 800 mg daily doses, both as monotherapy and in com- 

ination with carboplatin, in patients with refractory solid tumors. 
7 
arly results are encouraging with regard to the chemosensitiz- 

ng potential of NOX66, justifying further testing of its clinical re- 

ponse in future studies. Moreover, because idronoxil has demon- 

trated the ability to activate both the innate and adaptive immune 

ystem, it would be rational and interesting to test the combina- 

ion of NOX66 with immunotherapy checkpoint inhibitors in so- 

alled cold tumors; such a study is currently underway. 
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