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Abstract

Background: The NIH-funded Trial to Assess Chelation Therapy (TACT) randomized 1708
stable patients age =50 who were =6 months post myocardial infarction to 40 infusions of an
edetate disodium-based regimen or placebo. In 633 patients with diabetes, edetate disodium
significantly reduced the primary composite endpoint of mortality, recurrent myocardial infarction,
stroke, coronary revascularization, or hospitalization for angina (hazard ratio [HR] 0.59, 95%
confidence interval [C1] 0.440.79, p<0.001). The principal secondary endpoint of a composite
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of cardiovascular death, myocardial infarction, or stroke was also reduced (HR 0.60, 95% CI
0.39-0.91, p=0.017). It is unknown if the treatment effect differs by diabetes therapy.

Methods: We grouped the subset of 633 patients with diabetes according to glucose-lowering
therapy at time of randomization. The log-rank test was used to compare active therapy versus
placebo. All treatment comparisons were performed using 2-sided significance tests at the
significance level of 0.05 and were as randomized. Relative risks were expressed as HR with
associated 95% Cl, calculated using the Cox proportional hazards model.

Results: There were 162 (25.7%) patients treated with insulin; 301 (47.5%) with oral
hypoglycemics only; and 170 (26.8%) receiving no pharmacologic treatment for diabetes. Patients
on insulin reached the primary endpoint more frequently than patients on no pharmacologic
treatment [61 (38%) vs 49 (29%) (HR 1.56, 95% CI 1.07-2.27, p=0.022)] or oral hypoglycemics
[61 (38%) vs 87 (29%) (HR 1.46, 1.05-2.03, p=0.024)]. The primary endpoint occurred less
frequently with edetate disodium based therapy versus placebo in patients on insulin [19 (26%)
vs 42 (48%) (HR 0.42, 95% CI 0.25-0.74, log-rank p=0.002)], marginally in patients on oral
hypoglycemics [38 (25%) vs 49 (34%) (HR 0.66, 95% CI 0.43-1.01, log-rank p=0.041)], and

no significant difference in patients not treated with a pharmacologic therapy [23 (25%) vs 26
(34%) (HR 0.69, 95% CI 0.39-1.20, log-rank p=0.225)]. The interaction between randomized
intravenous treatment and type of diabetes therapy was not statistically significant (p=0.203).

Conclusions: Edetate disodium treatment in stable, post-myocardial infarction patients with
diabetes suggests that patients on insulin therapy at baseline may accrue the greatest benefit.
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INTRODUCTION

The global prevalence of diabetes in 2019 was estimated to be 463 million patients, 35.4
million in the United States?. It is expected that by 2040 there will be 72.1 million in

the United States and 642 million worldwide. This accounts to 1 in 11 adults worldwide
having diabetes and 1 in 8 in the United States. In the US more than 219,400 deaths were
attributed to diabetes, almost two third of those deaths were in patients older than 60 years.
Despite the advances in medical research that have identified effective medical therapy to
reduce coronary events in diabetes, almost 60% of the patients with diabetes who died were
attributed to coronary artery disease as a principal or contributing factor. Thus, there is a
large residual risk of coronary disease in patients with diabetes. We previously reported
important benefit for stable post-MI patients with diabetes treated with disodium ethylene
diamine tetraacetic acid (edetate disodium, EDTA), in the National Institutes of Health
(NIH)-funded Trial to Assess Chelation Therapy (TACT)?.

TACT enrolled 1708 post myocardial infarction patients and tested edetate disodium-based
chelation versus placebo. Chelation, compared with placebo, resulted in a significant
reduction in the primary composite endpoint of mortality, recurrent myocardial infarction,
stroke, coronary revascularization, or hospitalization for angina. In the prespecified
subgroup with diabetes (n=633), the chelation-based strategy reduced the primary endpoint
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by 41% (p=0.0002, 5-year NNT=6.5) and reduced total mortality by 43% (p=0.011, 5-year
NNT=12)3. As a result of these findings, and because of the public health impacts of
cardiovascular disease and diabetes, a more thorough understanding of the population of
patients with diabetes that accrued the greatest benefit from chelation therapy would be
important. For example, patients with diabetes who are at greatest risk would be patients
treated with intensive insulin therapy®. Thus, we performed these post-foc analyses to
identify the relationship between clinically guided treatment for diabetes and the benefit of
edetate disodium-based treatment.

METHODS

Trial Design

The design of TACT has been previously reported®. TACT was a randomized, double-blind,
placebo-controlled, 2 X 2 factorial trial in which stable, post-myocardial infarction patients
were randomly assigned to receive either 40 infusions of edetate disodium-based solution or
intravenous placebo, and additionally an oral high-dose vitamin and mineral regimen or oral
placebo (NCT00044213). Secure Web-based permuted block randomization was stratified
by the clinical site (diabetes mellitus was not a stratification factor). The institutional review
board at each clinical site approved the study, and patients provided written informed
consent. An independent Data and Safety Monitoring Board reporting to the National Heart,
Lung, and Blood Institute (NHLBI) and National Center for Complementary and Alternative
Medicine (NCCAM) monitored the study.

Study Population

Patients were enrolled at 134 clinical sites in the United States and Canada between
September 10, 2003 and October 4, 2010. TACT patients were 50 years or older with a
history of myocardial infarction =6 weeks before enrollment. Major exclusion criteria were
women of childbearing potential, a creatinine level >2.0 mg/dL, platelet count <100,000
per 4L, abnormal liver function studies, blood pressure >160/100 mmHg, past intolerance
to the infusion or vitamin components, prior edetate disodium treatment within 5 years, or
revascularization within 6 months.

Patients with diabetes were a prespecified subgroup in the overall TACT trial2. Diabetes was
defined as 1] self-reported diabetes, or 2] taking oral or insulin treatment for diabetes, or 3]
having fasting blood glucose of 2126 mg/dL at the time of enroliment. Of the 1708 TACT
patients, 633 (37%) had diabetes at enrollment. Clinical practice calibrates the intensity

of glucose lowering therapy based on the difficulty of attaining glycemic control. We
therefore divided the 633 patients with diabetes at baseline according to their respective
glucose-lowering therapy as: 1) insulin therapy, 2) oral hypoglycemic therapy only, or 3) no
glucose-lowering therapy. Finally, in order to confirm that the concept of clinical calibration
of diabetes treatment was accurate, and that patients treated with insulin demonstrated more
advanced diabetes, we assessed fasting blood glucose, dipstick proteinuria, and estimated
glomerular filtration (eGFR) rate across groups defined by diabetes therapy.
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The TACT active infusion consisted of 10 components: 3 g of disodium edetate disodium,
adjusted downward based on eGFR; 7 g of ascorbic acid; 2 g of magnesium chloride;

100 mg of procaine hydrochloride; 2500 U of unfractionated heparin; 2 mEq of potassium
chloride; 840 mg of sodium bicarbonate; 250 mg of pantothenic acid; 100 mg of thiamine;
100 mg of pyridoxine; and sterile water to make up 500 mL of solution.

The placebo solution consisted of 500 mL of normal saline and 1.2% dextrose (6 g total).
Infusions were administered for = 3 hours through a peripheral intravenous line weekly for
30 weeks, and then biweekly to bimonthly to complete 40 total infusions®.

All study patients received a daily low-dose vitamin regimen consisting of vitamin B6 25
mg, zinc 25 mg, copper 2 mg, manganese 15 mg and chromium 50 mcg, to prevent depletion
of essential vitamins and minerals by the chelation regimen. The use of evidence-based
medications for secondary prevention of coronary artery disease did not differ between the
edetate disodium and placebo groups.

Median follow-up was 55 months. Patients were seen at baseline and at each infusion visit.
Once patients completed the infusion phase, they were followed via quarterly telephone
calls, annual clinic visits, and a final visit at the 5-year follow-up or at the end of the study,
whichever occurred first. Laboratory evaluations included fasting blood glucose levels at
baseline and throughout the infusion phase of the trial. Presence of proteinuria and eGFR at
baseline were used for this analysis and compared in each of the diabetes treatment groups.

The primary endpoint was a composite of death from any cause, myocardial reinfarction,
stroke, coronary revascularization, or hospitalization for angina. All endpoint events were
reviewed and adjudicated by a clinical events committee blinded to the randomized
treatment assignment.

Statistical Analysis

The present analyses compare edetate disodium-based chelation to placebo infusions and
do not encompass the oral vitamins versus oral placebo comparisons. Subgroups based
on diabetes treatment regimen were not prespecified and are considered exploratory and
hypothesis-generating.

Baseline characteristics of patients were descriptively summarized using the median and
interquartile range for continuous variables and frequencies and percentages for categorical
variables. The comparison across groups defined by diabetes treatment at baseline were done
using Kruskal-Wallis non-parametric analysis of variance for continuous variables and the
conventional Chi-square test for categorical variables.

The log-rank test was used for comparing chelation versus placebo treatment arms with
respect to the first occurrence of the primary and secondary clinical outcomes. All treatment
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comparisons were performed using 2-sided significance tests at the significance level of
0.05, including all patients assigned to their randomized treatment group (intention to

treat). Cumulative event rates were calculated using the Kaplan—Meier method®. Relative
risks were expressed as hazard ratio with associated 95% confidence intervals from a Cox
proportional hazards model adjusted for oral vitamin treatment group’. A Cox model with
an interaction between infusion therapy and the type of diabetes treatment was used to assess
the effect of chelation therapy compared to placebo among groups by diabetes treatment.

All statistical analyses were performed using SAS software, version 9.4 (SAS Institute Inc.,
Cary, NC).

There were 633/1708 (37%) patients enrolled who met the criteria for diabetes and included
in this analysis. Of these, 162 (25.7%) were on insulin treatment, 301 (47.5%) on oral
hypoglycemics, and 170 (26.8%) on non-pharmacologic treatment at baseline for diabetes.

Baseline Characteristics

Patients on insulin were more obese, had a higher prevalence of congestive heart failure,
lower HDL cholesterol levels, and higher triglyceride levels compared with patients on oral
hypoglycemics or non-pharmacologic treatment (Table 1). Fasting blood glucose levels were
also higher in patients treated with insulin than in those treated with oral hypoglycemics

or non-pharmacologically. An eGFR less than 60 cc/min/1.73/m? was more frequent in
insulin-treated patients than in those not treated with insulin (43.2% vs 28.6% for oral
hypoglycemic and 25.9% for those treated non-pharmacologically; p=0.001).

Dipstick proteinuria was positive (1+ or higher) in 20.8% of the insulin-treated patients,
compared with 7.1% of patients taking oral hypoglycemic and 10.2% of patients treated
non-pharmacologically (p<0.0001).

Concomitant evidence-based medications

Evidence based cardiovascular medications for secondary prevention revealed patients on
insulin were treated more frequently with angiotensin converting enzyme inhibitors and
aldosterone receptor blockers, while no difference was observed in the rates of statin,
aspirin, and beta-blocker use among diabetes-treatment groups (Table 1). This study was
done before the availability of sodium glucose cotransporter 2 (SGLT-2) inhibitors.

Comparability across diabetes-treatment groups

More insulin-treated patients assigned to edetate disodium compared to placebo had a prior
revascularization reported. In patients treated with oral hypoglycemics there was greater
aspirin use in the edetate disodium chelation group compared to those in the placebo
group. Finally, in patients with diabetes not treated pharmacologically, there was a higher
prevalence of prior anterior myocardial infarction (Table 2).
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Primary endpoint by treatment of diabetes

Patients treated with insulin reached the primary endpoint more frequently than patients

on oral hypoglycemic medications or non-pharmacologic therapy for diabetes 61 (38%),

87 (29%) and 49 (29%) respectively. The Kaplan-Meier estimates for the primary

endpoint for patients on insulin therapy compared to patients with diabetes on non-
pharmacologic therapy demonstrated a HR 1.56 (95% CI 1.07-2.27; p=0.022). Patients

on oral hypoglycemic therapy were not significantly different with regards to reaching

the primary endpoint when directly compared with those on non-pharmacotherapy for
diabetes (HR 1.07; 95% CI 0.75-1.51; p=0.721). The Kaplan-Meier estimate for the primary
endpoint for patients on insulin therapy compared with oral hypoglycemic therapy was
significant (HR 1.46; 95% CI 1.05-2.03; p=0.024).

Primary clinical endpoints by infusion arm according to diabetes therapy

Among patients treated with insulin, the primary endpoint occurred significantly less
frequently in patients receiving edetate disodium infusions vs placebo [19 (26%) vs 42
(48%), HR 0.42, 95% CI 0.25 to 0.74, log-rank p=0.002] (Table 3). The hazard ratio of

the effect of active treatment on each of the components of the combined primary endpoint
was directionally and quantitatively similar to the overall effect. Among patients treated
with oral hypoglycemics, edetate disodium demonstrated a possible benefit compared with
placebo [38 (25%) vs 49 (34%), HR 0.66, 95% CI 0.43-1.01, log-rank p=0.041]. Finally,
among patients treated non-pharmacologically there was a directional effect favoring edetate
disodium over placebo, but it was not statistically significant (HR 0.69, 95% CI 0.39-1.20,
log-rank p=0.225). (Figure 1)

Individual components of the primary endpoint

The comparison of active therapy with placebo across the 3 diabetes treatment groups is
presented (Table 3). In brief, the sample size for all comparisons is small, and of course
there are multiple comparisons presented. Nonetheless, the point estimate favors (HR <1)
the edetate disodium group almost uniformly.

Interaction of diabetes treatment with chelation

The test for interaction to assess whether the effect of intravenous edetate disodium
treatment was significantly different among the groups treated with insulin, hypoglycemic or
non-pharmacologic therapy was not statistically significant (p=0.203).

DISCUSSION

We previously reported results from the diabetes subgroup of TACT, which demonstrated

a marked, 41% (p=0.0002) relative risk reduction in combined cardiovascular outcomes,

and a 43% reduction in all-cause death (p=0.011) with edetate disodium based infusions, a
non-hypoglycemic treatment3. The present post-hoc analyses suggest, but do not confirm, a
paradoxical gradient of benefit with edetate disodium-based therapy: those patients with the
most severe diabetes, as defined by the requirement for insulin therapy at baseline, benefited
the most (HR 0.42). The effect size of edetate disodium on patients with less severe diabetes,
defined as not treated with insulin, was less marked. Patients treated with insulin indeed
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were more obese, had a higher prevalence of congestive heart failure, lower HDL cholesterol
levels, and higher triglyceride levels compared with patients on oral hypoglycemics or non-
pharmacologic treatment. Moreover, there are some suggestions that insulin-treated patients
were more impacted by their diabetes, with higher glycemia, higher proteinuria, and a lower
eGFR. Thus, we label the benefit paradoxical, since the patients with most severe disease
demonstrated the greatest benefit from edetate disodium treatment. If future studies support
these findings, the public health implications would be significant.

The mechanism by which edetate disodium chelation benefits patients with diabetes,
particularly patients treated with insulin is unknown3. Edetate disodium does not appear

to enhance control of glycemia. Although the overall TACT study did not collect glycated
hemoglobin, there was absolutely no difference in fasting glucose during infusions between
treatment groups in the overall diabetes study. Indeed, the likelihood that glycemic

control would account for the marked reduction in events in insulin-treated patients seems
implausible, since most of the large randomized clinical trials of glucose-lowering therapies
in patients with type 2 diabetes and a history of cardiovascular disease have shown minimal
to no effect on macrovascular endpoints, and in some instances, adverse outcomes8.

Edetate disodium is an artificial amino acid with a high affinity for divalent cations such

as calcium, lead and cadmium. Epidemiologic data linking cadmium and lead exposure

to cardiovascular disease are robust®. Lanphear et al in 2018 reported that low-level lead

is associated with an increased risk of cardiovascular mortality1C. Similarly, an increase

in urinary cadmium levels has been associated with worsening vascular diseasell-14,

The adverse cardiovascular effects of cadmium may be enhanced by the presence of
diabetes!1-14, Hypotheses focus on oxidative stress and on the vulnerability of patients with
diabetes to oxidative stress from toxic environmental pollutants, such as lead and cadmium.
There is some evidence that toxic metals are atherogenic. Mechanisms may involve
endothelial dysfunction by an increase in inflammation and reactive oxygen species1:16,

We have previously reviewed biological pathways of toxic metal-induced vascular diseasel’.
Toxic metals increase oxidative stress by shared mechanisms, but each also poisons
cellular metabolism through additional idiosyncratic processes. Lead exposure has been
associated with an increased prevalence of chronic kidney disease!®. Thus, metal chelation
with a regimen of edetate disodium may reduce direct end-organ toxicity and decrease
metal-catalyzed tissue oxidation by decreasing total body metal burden. These mechanisms
may be particularly beneficial in patients with diabetes, who live with enhanced oxidative
stress1®. The diabetes literature suggests that complications of diabetes are partially
mediated through the accumulation of advanced glycation end-products that upregulate

the inflammatory cascade in target organs, promoting enhanced oxidative stress and
accelerated atherosclerosis2C. Insulin infusion in cultured renal cells increased SGLT-2
activity incorporating glucose into the cells via oxidative stress generation and potentiating
apoptotic sensitivity of cells to advanced glycation end products?!. Toxic metals may
increase the formation of reactive oxygen species in a non-enzymatic reaction, enhancing
the formation of advanced glycation end-products!®. Moreover, cadmium and lead have
been associated with epigenetic changes?2:23, Thus, it is a plausible hypothesis that
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environmentally acquired toxic metals are vasculotoxic and patients with diabetes are a
particularly vulnerable population.

The strong signal of benefit appears to focus the beneficial effect of edetate disodium
chelation on patients with diabetes treated with insulin therapy, suggesting that the
antioxidant effect of toxic metal chelation may represent an important emerging strategy.
Based in this hypothesis a new confirmatory randomized clinical trial of edetate disodium
chelation therapy in patients with diabetes and prior myocardial infarction (TACT 2) is
ongoing with long-term follow-up, mechanistic components, and a biorepository.

This post-hoc data-driven analysis has many limitations. First, although the diabetes group
in TACT was pre-specified, subgroups based on hypoglycemic strategies were not. TACT
did not collect data on glycated hemoglobin, and a possible mild effect on glucose control
cannot be excluded. The formal test of interaction of edetate disodium with hypoglycemic
strategy was not significant, but the sample sizes were small. TACT was conducted before
the availability of SGLT-2 inhibitors, so the interaction with these important agents could not
be tested. Other limitations have been addressed in the main publication of TACT and in the
pre-specified analyses of the overall diabetic TACT population?=3. The analyses presented
here are interesting, but solely hypothesis-generating until reproduced.

Conclusion

These analyses suggest that edetate disodium-based infusions may have a more pronounced
beneficial effect on insulin-treated post-myocardial infarction patients with more severe
diabetic disease as defined by clinical treatment strategy. Although the implications are
interesting, it is important to note that these subgroup analyses were not pre-specified. Thus,
these results must be considered hypothesis generating, and requiring corroboration in future
studies, such as the ongoing TACT2.
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Highlights

Patients with diabetes treated with insulin showed a marked benefit with
edetate disodium treatment, less marked benefit in the less diseased patient
with oral hypoglycemic therapy and similarly without pharmacotherapy for
diabetes.

We published in 2014 that post-MI patients with diabetes demonstrated a
large risk reduction in combined coronary events over 5 years when treated
with edetate disodium-based chelation infusions. In this paper, we identify the
relationship between clinically guided treatment for diabetes and the benefit
of edetate disodium-based treatment.

In spite of greater atherosclerotic burden, post-MI patients with diabetes
treated with insulin randomized to edetate disodium-based therapy
demonstrated a significant reduction in combined cardiovascular events over 5
years.

Edetate disodium therapy should be considered for post-MI patients with
insulin.
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TACT
Kaplan-Meier Estimates of the Primary Endpoint
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Figure 1:

Kaplan-Meier curves comparing edetate disodium chelation infusion groups versus placebo

with respect to the primary endpoint in patients with diabetes in the three different

subgroups according to their diabetes treatment.
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