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Purpose: In people with type 2 diabetes mellitus (T2DM), both glucose metabolism abnormalities and atherosclerosis risk are
significant concerns. This study aims to investigate the effects of the sodium-glucose cotransporter 2 inhibitor tofogliflozin (TOFO)
and the dipeptidyl peptidase-4 inhibitor anagliptin (ANA) on markers of glucose metabolism and atherosclerosis when administered
individually or in combination.

Methods: Fifty T2DM patients were divided into two groups (receiving either TOFO or ANA monotherapy) and observed for 12
weeks (observation points: 0 and 12 weeks). The TOFO and ANA groups were then further treated with ANA and TOFO, respectively,
and the patients were observed for an additional 36 weeks (observation points: 24 and 48 weeks). Therapeutic effects and various
biomarkers were compared between the two groups at the observation points.

Results: Combination therapy led to significant improvements in HbAlc levels and atherosclerosis markers. Additionally, the TOFO
pretreatment group exhibited significant reductions in sSLOX-1 and IL-6 levels.

Conclusion: The increase in sSLOX-1 and IL-6 levels, which indicates the response of scavenger receptors to oxidized low-density
lipoproteins in people with T2DM, is mitigated following TOFO and ANA combination therapy. TOFO alone or in combination with
ANA may be beneficial for preventing atherosclerosis development in people with T2DM, in addition to its effect on improving
HbAlc levels.
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Introduction

Atherosclerosis is characterized by the accumulation of plaque within arteries, leading to their narrowing.' > While often
asymptomatic in its early stages, severe cases can result in ischemic heart disease, stroke, arteriosclerosis obliterans, and
kidney damage, depending on the specific arterial locations affected.** Atherosclerosis typically develops at a young age,
and its impact tends to intensify with age." * The precise etiology of atherosclerosis remains elusive, but several risk
factors have been identified, such as diet, family history, lipid abnormalities, hypertension, obesity, and smoking.** The
simultaneous presence of lifestyle-related diseases, such as diabetes, hypertension, and dyslipidemia, can cause asympto-
matic progression of arteriosclerosis, consequently elevating the risk of angina pectoris, myocardial infarction, and
stroke.”* Among these conditions, type 2 diabetes mellitus (T2DM) is a critical contributor to atherothrombosis and
embolism, making the development of effective treatment strategies for this disease crucial.’
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The prevalence of T2DM is increasing in Japan, making its proper management a critical and timely concern.® In
addition to insulin therapy, several oral antidiabetic drugs (OADs) are employed to manage T2DM.® Sodium-glucose
cotransporter 2 (SGLT2) inhibitors, a relatively novel class of OADs, exhibit an insulin-independent mechanism of action
and provide a low-risk treatment option for hyperglycemia.®” SGLT2 inhibitors primarily function by inhibiting glucose
reabsorption in the renal proximal tubules, which leads to reduced circulating blood glucose.®® Not only do these
inhibitors decrease hemoglobin Alc (HbAlc) levels, but they also demonstrate positive effects on renal protection and
the cardiovascular system.””'' SGLT2 inhibitors may prove beneficial when used in conjunction with other blood
glucose-lowering agents.®'? In particular, substantial HbA I¢ reduction may be achieved when combined with dipeptidyl
peptidase-4 (DPP-4) inhibitors.'*'* Tofogliflozin (TOFO), a specific SGLT2 inhibitor, was approved for T2DM treatment
in Japan in 2014."> The HbAlc-lowering effect and safety of TOFO have been established through various clinical
studies conducted in Japan.'®'® However, other potential therapeutic effects of TOFO, such as its impact on athero-
sclerosis development, have been rarely explored.

This prospective randomized open study (exploratory study) sought to examine the effects of TOFO and anagliptin
(ANA), a DPP-4 inhibitor, on glucose metabolism and atherosclerosis-related markers in people with T2DM when
administered either independently or in combination.

Materials and Methods
Patients and Study Design

We conducted a multicenter, randomized, prospective study to assess the efficacy of TOFO and ANA monotherapies (0—
12 weeks of study) and their combination therapy (13—48 weeks of study) in people with T2DM. The combination
therapy persisted for 36 weeks. This study adhered to the principles outlined in the Declaration of Helsinki and followed
the ethical guidelines for clinical research as recommended by the Ministry of Health, Labour and Welfare. The study
was registered with the Japan Registry of Clinical Trials (jJRCTs031180440).

Eligible patients with T2DM met the following criteria:

(1) Once-daily use of any DPP-4 inhibitor.
(il)) HbAlc levels between 7.0% and 9.0% at the time of consent.
(iii) A body mass index (BMI) of 18.0 kg/m? or higher at the time of consent
(iv) Males or females aged 20-95 years.
(v) Provision of written informed consent.

Participants were allocated to one of two groups; Group A (TOFO group) or Group B (ANA group). Both groups
were followed up for 12 weeks, with observation points at 0 and 12 weeks. Subsequently, Group A and Group B received
additional ANA and TOFO treatments, respectively, for an additional 36 weeks (48 weeks in total). The concomitant use
of diabetes medications that were used prior to the study was allowed, but in principle, no drugs were added,
discontinued, or doses changed. Discontinuation criteria for glycemic control in the elderly were established from the
viewpoint of preventing severe hypoglycemia. In cases of concomitant sulfonylurea, glinide, or insulin use, the treatment
was halted when HbA1c levels reached < 6.3% (65-75 years) or < 6.8% (75 years and older). Study physicians closely
monitored compliance with the medications during patient visits, documenting the results in the medical records. Non-
compliant patients were excluded from the final statistical analysis.

The primary endpoint of this study focused on alterations in HbAlc levels at 12, 24, and 48-week intervals.
Secondary endpoints encompassed the following parameters: (1) changes in weight, BMI, and abdominal circumference;
(2) changes in blood pressure; (3) fluctuations in glucose metabolism, as evidenced by fasting blood glucose (FBG)
levels; (4) changes in lipid profiles, including total cholesterol (TC), low-density lipoprotein (LDL)-C, high-density
lipoprotein (HDL)-C, and triglyceride (TG) levels; (5) changes in liver function markers, such as alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), and y-glutamyl transpeptidase (y-GTP) levels; (6) changes in renal function
indicators, including serum creatinine levels, estimated glomerular filtration rate (eGFR), and uric acid levels; and (7)
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changes in platelet-, inflammatory-, and atherosclerosis-associated markers, comprising platelet-derived microparticles
(PDMP), high mobility group box protein 1 (HMGBI), adiponectin, plasminogen activator inhibitor (PAI)-1, monocyte
chemoattractant protein (MCP)-1, soluble vascular cell adhesion molecule (sVCAM)-1, soluble lectin-like oxidized LDL
receptor (sLOX)-1, and interleukin (IL)-6.

The concurrent use of SGLT2 inhibitors, DPP-4 inhibitors (including fixed-dose combinations), and GLP-1 receptor
agonists other than the study medications was disallowed in both groups. During the monotherapy phase (0—12 weeks of
the study), the TOFO-precedence group and ANA-precedence group were precluded from using ANA and TOFO,
respectively. While there were no restrictions concerning the concomitant use of restricted medications, the study
protocol generally discouraged the introduction, discontinuation, or alteration of dosage for any new drugs throughout
the research period.

Procedures

This multicenter study involved six facilities, including Kansai medical University, Saiseikai Izuo Hospital, Daiwa
Hospital, Mesisei Kinen Hospital, Yukeikai Hospital, and Katano Hospital. Allocation of research participants to study
groups was managed through an allocation system using fax communication. Case report forms (CRFs) were employed
in a paper-based format to gather background information and clinical data. Participants were chosen based established
inclusion and exclusion criteria. Once the participants were selected, the investigator presented the study details using
a consent document and obtained written consent. Subsequently, the investigator sent a form containing necessary
information (ie, gender, HbAlc levels) for allocation via fax to the research office. The research office executed dynamic
allocation using a computer and transmitted the results to the investigator by fax.

Drug administration commenced in accordance with the allocation outcome (TOFO or ANA group). Adverse events
were monitored as needed for safety evaluation, independent of the observation points in the study. The investigator
adhered to the research protocol without deviation or alteration, unless approval was granted by the principal investigator
and the ethics review committee. If protocol deviation or change was necessary to prevent imminent danger to
participants or for other unavoidable medical reasons, the specifies were documented in the medical record and CRF.
Observations continued to the greatest extent possible, even in cases of protocol deviation.

Determination of Various Biomarkers

Peripheral venous fasting blood samples were obtained from the patients using 21-gauge needles to minimize platelet
activation and collected into vacutainers containing EDTA-ACD (NIPRO Co. Ltd., Osaka, Japan). The tubes were gently
inverted once or twice from mixing and then maintained at room temperature for no more than 2-3 hours. Following
centrifugation at 8000g for 5 minutes, 200 pL of supernatant was carefully collected from the 2 mL samples to avoid
platelet contamination. These samples were preserved at —40°C until analysis. ELISA kits for PDMP measurements were
procured from JIMRO Co. Ltd. (Tokyo, Japan). Serum levels of sVCAM-1, MCP-1, PAI-1, and IL-6 were measured
using monoclonal antibody-based ELISA kits obtained from Invitrogen International Inc. (Camarillo, California, USA).
The plasma adiponectin level was determined using the Adiponectin ELISA kit from Otsuka Pharmaceuticals Co. Ltd
(Tokyo, Japan). Serum sLOX-1 levels were evaluated using the sSLOX-1 ELISA Kit (R&D Systems, USA), and HMGB1
levels were measured employing the HMGB1 ELISA kit (Shino-test Corp., Kanagawa, Japan). Each assay utilized
recombinant products and standard solutions provided by the commercial kits as positive controls. The manufacturer’s
instructions were followed for all kits. The intra- and inter-assay coefficients of variation were 4% and 5%, respectively.

Statistical Analyses

We employed full analysis set (FAS) and per protocol set (PPS) approaches to evaluate the primary and secondary
endpoints, maintaining a 5% significance level for both analysis. Pearson’s chi-square test was used to examine Fisher’s
direct probability for between-group comparisons. Paired-sample #-tests were conducted for quantitative parametric data
analysis. To identify within-group changes (prior to following 12 and 24 weeks of intervention), paired-sample #-tests
were employed for quantitative parametric data, while the Wilcoxon test was used for non-parametric quantitative data.
A medical statistician developed a separate statistical analysis plan, outlining the specific statistical methods and data
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handling procedures. Prior to data preparation, three analysis populations were defined for each case after assessing
deviations from the research protocol, the extent of deviations, and the timing of participant dropout: (1) FAS: This
population included participants who received the study drug. Individuals with serious violations of the study design,
such as failure to obtain consent or enrollment outside the designated period, were excluded. (2) PPS: This target
population conformed to the research protocol. From the FAS, participants with serious violations concerning the study
drug or concomitant therapy were excluded, including violations of eligibility criteria, exclusion criteria, prohibited
concomitant drug usage, and significant deviations from medication compliance rates. (3) Safety analysis population:
This population consisted of participants who were enrolled in the study and received either the assigned treatment or all
of the treatments.

Course of the Trial Period

This investigation is structured into two distinct phases: the case enrollment phase and the research phase. The initial
approval from the IRB at Kansai Medical University was obtained on July 24, 2017 (No. 2017009). As part of the review
process by the Medical Ethics Committee of Kansai Medical University, registration with the University Hospital
Medical information Network Clinical Trials Registry (UMIN-CRT)) was Mandated. Consequently, we registered the
study with UMIN-CRT (UMIN000028634). The enrollment of the first cases commenced on March 1, 2018. During this
enrollment phase, supplementary IRB applications were submitted due to the incorporation of additional participating
sites and investigators. Following the reporting of these modifications to the IRB, the study received approval from the
Hattori Clinic Clinical Review Board (CRB) on February 8, 2019 (CRB3180027). The study was also registered with the
Japan Registry of Clinical Trials (jJRCTs031180440) by the Ministry of Health, Labour and Welfare. The UMIN-CRT
number (UMIN000028634) is referenced in the jRCT documentation under the section pertaining to registration with
other clinical research registries. The inaugural case study was initiated on February 13, 2019. The observation period for
the final patient concluded (last visit) on February 28, 2022. The CRB approved the study termination procedure on
February 3, 2023. The termination report was received approved from the jRCT in Japan, and the study will be officially
documented as terminated on May 31, 2023.

Results

Patient Baseline Characteristics

The study design is illustrated in Figure 1. A total of 50 patients were randomly assigned, and followed protocol evaluation,
22 patients in the TOFO group and 24 patients in the ANA group were included in the statistical analysis. Figure 2 presents
a summary of the study medication and observation period. Throughout the study, no patients were found to have deviated
from the prescribed medication regimen. Table 1 displays the baseline characteristics of the 46 patients who eventually
received the combination therapy, prior to the initiation of monotherapy. No significant differences were observed between
the TOFO and ANA groups, except for MCP-1 and sVCAM-1 levels. The ANA group exhibited significantly higher MCP-1
levels, while the TOFO group had significantly higher sVCAM-1 levels. At baseline (week 0), the mean age, HbAlc level,
and BMI were 63.1 £ 11.0 years, 8.19 + 0.66%, and 28.7 + 4.52 kg/m?, respectively. The mean HbA ¢ levels and BMI prior
to initiating combination therapy (12 weeks) were 7.33 £ 0.72% and 27.8 + 4.39 kg/m?, respectively. Discontinuation criteria
for glycemic control in the elderly were established from the viewpoint of preventing severe hypoglycemia. The current
study recommended the following protocol for the concomitant use of antidiabetic agents; in cases involving concurrent
sulfonylurea, glinide, or insulin use, treatment was to be discontinued when HbA 1c levels reached < 6.3% (for patients aged
65-75 years) or < 6.8% (for patients aged 75 years and older). Nonetheless, no patients meeting these criteria were observed.
Concomitant use of antidiabetic agents in this study was 16 cases in the TOFO group (sulfonylurea: 8, glinide 5, and insulin
use 3) and 17 cases in the ANA group (sulfonylurea: 7, glinide 6, and insulin use 4) (Table 1). Since these concomitant cases
did not show any change or discontinuation of use during the study period, they were judged to be acceptable for inclusion in
the study. Therefore, they were considered acceptable for all statistical analyses. A high proportion of the included patients
received concomitant antidyslipidemic drugs (TOFO: 68.2%, ANA: 62.5%). The concomitant medications administered
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| 50 patients screened |

| 50 randomly assigned |

24 assigned to the TOFO group | 26 assigned to the ANA group |

Two cases were discontinued

from further study at the
patient's request. | 26 completed the treatment |
22 completed the treatment Two cases were excluded
fromthe analysis due to
uncollected questionnaires.
22 included in the intention- 24 included in the intention-
to-treat analysis to-treat analysis
Figure | Study design.
Monotherapy Conbination Therapy
TOFO 20mg
(once a day) TOFO 20mg
(once a day)
obtaining +
consent ANA 100mg
ANA 100mg (twice a day)
(twice a day)
| | | | | |
0-12 week Lo 12-24 week II 24-48 week

Figure 2 Protocol flow from consent to medication. The concomitant use of diabetes medications that were used prior to the study was allowed, but in principle, no drugs
were added, discontinued, or doses changed. Discontinuation criteria for glycemic control in the elderly were established from the viewpoint of preventing severe
hypoglycemia.

included pitavastatin (2 mg/day), atorvastatin (10 mg/day), and pravastatin (10 mg/day). No bias in the use of concomitant
medications was detected between the two groups.

Changes in Glycemic Parameters, BMI, and HMGBI Levels

After 12 weeks of monotherapy with either TOFO or ANA, HbAlc levels and FBG values were assessed, as well as
following combination therapy at 24 and 48 weeks of the study. HbAlc levels exhibited a reduction of —0.34 + 0.72% (p
= 0.056) and —0.13 + 0.73% (p = 0.0412) after 12 weeks of TOFO and ANA monotherapy, respectively. Upon
combination therapy at the 24-week time point, HbAlc level experienced a decline of —1.08 + 0.68% relative to the
baseline value (p < 0.001) (Table 2). The progression of HbAlc level changes at 12, 24, and 48 weeks of the study can be
observed in Figure 3A. A significant decrease in FBG levels (—19.3 + 25.4 mg/dL, p = 0.036) was noted after 12 weeks
of TOFO monotherapy, though not with ANA (Table 2). FBG level alterations at 12, 24, and 48 weeks of the study are
depicted in Figure 3B.
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Table | Comparison of Two Groups at the Start of Initial Treatment

The Baseline Before Receiving Monotherapy

TOFO Group (n=22) ANA Group (n=24) p value
Age (years) 65.618.0 60.8+12.9 0.137
Male gender, n (%) 15 (68.2) 15 (62.5) 0.763
Diabetes duration (years) 24.1+32.3 23.5+32.5 0.8I1
Previous cardiovascular disease, n (%) 3 (13.6) 6 (25.0) 0.291
No complications, n (%) 4 (18.2) 5 (20.8) 0.482
Antidiabetic agent, n (%) 16 (72.7) 17 (77.3) 0.721
Drugs for dyslipidemia, n (%) 15 (68.2) 15 (62.5) 0.763
Antihypertensive agent, n (%) 13 (59.1) 18 (75.0) 0.348
Antithrombotic agent, n (%) 3 (14.3) 5 (20.8) 0.705
Drinking history, n (%) 6 (28.6) 13 (54.2) 0.131
No smoking, n (%) 6 (28.6) 9 (37.5) 0.245
Weight (kg) 76.2%13.3 76.6%12.3 0.927
BMI (kg/m2) 28.8+4.9 28.7+4.2 0914
Waist circumference (cm) 99.5+12.9 97.5+9.3 0.695
Systolic blood pressure (mmHg) 138.9+16.5 147.8+21.0 0.120
Diastolic blood pressure (mmHg) 79.1£12.4 84.1%£12.0 0.537
HbAlc (%) 8.35+0.73 8.04+0.57 0.412
FPG (mg/dl) 182.5+32.5 168.4+36.4 0.175
AST (IU/mL) 24.9+7.7 25.8+12.8 0.675
ALT (IU/mL) 29.8+12.9 31.6x19.7 0.800
yGTP (IU/mL) 49.9+29.0 44.7+28.3 0.567
Creatinine (mg/dl) 0.83+0.25 0.80+0.23 0613
eGFR (mL/min/1.73m2) 71.1£22.0 74.4%19.5 0.491
Total cholesterol (mg/dl) 198.1+43.5 206.1+40.0 0.530
HDL cholesterol (mg/dl) 53.1%12.4 56.5+25.4 0516
Triglyceride (mg/dl) 168.3+84.9 161.4+90.5 0.790
LDL cholesterol (mg/dl) 118.5+33.3 125.8+34.4 0.475
Uric acid (mg/dl) 5.16x1.01 5.46x1.10 0.342
MCP-1 (pg/mL) 345.6+99.8 404.8+£75.7 0.028*
sVCAM-| (ng/mL) 1024.3+205.4 919.4x191.4 0.042*
PDMP (U/mL) 12.0£6.6 12.0£5.9 0.792
HMGBI (ng/mL) 8.0+2.4 8.0+2.4 0.949

(Continued)
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Table | (Continued).

The Baseline Before Receiving Monotherapy
TOFO Group (n=22) ANA Group (n=24) p value
PAI-1 (ng/mL) 18.3+6.7 16.6+5.5 0.253
sLOX-1 (ng/mL) 391.2%139.9 422.9+135.9 0.441
Adiponectin (ug/mL) 1.65+0.70 1.78+0.82 0.569
IL-6 (pg/mL) 2.54£1.51 2.46x1.67 0.639

Notes: Data are presented as the mean * standard deviation or as numbers with percentages in parentheses. Means and categorical
variables were compared using the unpaired t-test and Pearson’s chi-squared test, respectively. * indicates p < 0.05.

Table 2 Comparison with Baseline Values for Monotherapy and Combination Therapy

Monotherapy (0-12 Weeks) Combination Therapy
(12-24 Weeks)
TOFO ANA TOFO & ANA
Changes from p value Changes from p value Changes from p value
Baseline Baseline Baseline
Weight (kg) 22434 0.023* —-1.1£0.70 0.067 —2.4+0.98 <0.001*
BMI (kg/m?) —0.8+£0.91 0.038* —0.5+0.64 0.053 —2.0£2.9 <0.001*
Waist circumference (cm) —2.6+3.2 0.017* -1.2+2.9 0.066 —2.6+1.8 0.010*
Systolic blood pressure (mmHg) —3.4+4.2 0.056 -3.1+5.6 0.073 -11.2+94 0.028*
Diastolic blood pressure (mmHg) -3.0+2.7 0.048* 0.2+1.8 0.642 —7.2+6.9 0.011*
HbAlc (%) —-0.34£0.72 0.056 0.13+0.73 0.412 -1.08+0.68 <0.001*
FPG (mg/dl) —-19.3+£254 0.036* -5.7+11.6 0.063 —36.0141.7 <0.001*
AST (IU/mL) —2.614.9 0.057 -2.14£7.3 0.081 —4.0£9.1 0.014*
ALT (IU/mL) —2.6%3.7 0.056 —2.5%7.5 0.058 —6.3+9.4 0.009*
yGTP (IU/mL) -7.5%12.1 0.043* —4.9+9.3 0.077 —9.9%134 0.011*
Creatinine (mg/dl) 0.011+0.027 0314 0.044+0.079 0.237 0.070+0.115 0.118
eGFR (mL/min/1.73m?) -0.9+2.8 0.511 —2.3%5.1 0.496 -5.2+10.3 0.253
Total cholesterol (mg/dl) 3.5+15.2 0.147 -3.749.8 0.142 —-10.2£36.1 0.085
HDL cholesterol (mg/dl) 24+10.3 0.334 —2.5%11.8 0.298 1.5£19.2 0.319
Triglyceride (mg/dl) —7.0%13.1 0.064 10.2£21.5 0.079 —16.2+£55.9 0.056
LDL cholesterol (mg/dl) 4.8+136 0.297 —4.618.7 0.238 —2.3%23.1 0.197
Uric acid (mg/dl) —0.45+8.45 0.164 —0.01£2.62 0354 —0.23£3.31 0.260
MCP-1 (pg/mL) 6.6x21.4 0.252 17.9£39.3 0.139 1.3£23.8 0.508
sVCAM-| (ng/mL) —-76.3+88.5 0.053 —125.94224.9 0.029* —242.31£368.9 <0.001*
PDMP (U/mL) -0.9£21.6 0.127 —1.4£19.2 0.079 -3.3£13.8 <0.001*
(Continued)
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Table 2 (Continued).

Monotherapy (0-12 Weeks) Combination Therapy

(12-24 Weeks)

TOFO ANA TOFO & ANA
Changes from p value Changes from p value Changes from p value

Baseline Baseline Baseline

HMGBI (ng/mL) -0.63£19.2 0.062 -0.74+20.7 0.055 —1.54x12.7 <0.001*
PAI-1 (ng/mL) -0.87x11.4 0.093 —-1.7419.6 0.053 -5.71%23.1 <0.001*
sLOX-I (ng/mL) —89.5+100.2 0.007%* —24.7+69.8 0.095 —109.5+155.8 <0.001*
Adiponectin (ug/mL) 0.51+£14.3 0.112 0.54+8.9 0.078 231£19.7 <0.001*
IL-6 (pg/mL) -0.82+4.4 0.041* 0.35+2.8 0.237 —0.945.1 0.017%

Notes: Data are shown as the mean * standard deviation. * represents p < 0.05.

Abbreviations: BMI, body mass index; HbAlc, hemoglobin Alc; FBG, fasting plasma glucose; AST, aspartate transaminase; ALT, alanine transaminase; y-GTP, y-glutamyl
transpeptidase; GFR, glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MCP-1, monocyte chemoattractant protein-1; sVCAM-1,
soluble vascular cell adhesion molecule-1; PDMP, platelet-derived microparticles; HMGBI, high mobility group box protein I; PAI-1, plasminogen activator inhibitor-1; sSLOX-
I, soluble lectin-like oxidized LDL receptor; IL-6, interleukin-6.

Relative to the baseline, BMI experienced a significant decline (—0.8 + 0.91 kg/m?) in the TOFO group (p = 0.038)
after 12 weeks of treatment, while no significant change was observed in the ANA group (Table 2). BMI level alterations
at 12, 24, and 48 weeks of the study are presented in Figure 3C. A comparable trend was observed in HMGBI1 level

changes in both the TOFO and ANA groups (Table 2 and Figure 3D).
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Figure 3 Changes in BMI, and HbAlc, FBG, and HMGBI levels following monotherapy and combined therapy. Changes in (A) HbAlc levels, (B) FBG levels, (C) BMI, and
(D) HMGBI levels over time in the TOFO and ANA groups. Assessments were performed at |2- (monotherapy), 24-, and 48-week (combination therapy) using the paired
t-test (baseline vs post-treatment at 12-, 24-, and 48-week time points). Red text represents p < 0.05.

Abbreviation: NS, not significant.
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Changes in Endothelial Cell-Related Parameters and PDMP and Adiponectin Levels
The impact of 12-week monotherapy with TOFO or ANA, as well as combination therapy (24 and 48 weeks of study), on
endothelial cell-related parameters was assessed by examining sVCAM-1 and PAI-1 concentrations. Following 12-weeks
of TOFO and ANA monotherapy, sVCAM-1 levels exhibited a decrease of —76.3 + 88.5 ng/mL (p = 0.053) and —125.9 +
224.9 ng/mL (p = 0.029), respectively. Additionally, a substantial reduction in sVCAM-1 levels was observed with
combination therapy (p < 0.001) (Table 2 and Figure 4A). Nonetheless, 12 weeks of TOFO or ANA monotherapy did not
result in a significant decrease in PAI-1 and PDMP concentrations, whereas combination therapy contributed to a notable
reduction in both PAI-1 and PDMP concentrations (Table 2, Figure 4B and 5C). Moreover, 12 weeks of TOFO or ANA
monotherapy did not induce any significant alterations in adiponectin concentrations, whereas combination therapy led to
a considerable elevation in adiponectin concentrations (Table 2 and Figure 4D).

Changes in Diastolic Blood Pressure and y-GTP, sLOX-1, IL-6 Levels

Following a 12-week regimen of TOFO monotherapy, substantial reductions were observed in sLOX-1 levels (—89.5 +
100.2 ng/mL, p = 0.007), IL-6 levels (—0.82 £ 4.4 pg/mL, p = 0.041), diastolic blood pressure (3.0 + 2.7 mmHg, p =
0.048), and y-GTP levels (—7.5 £ 12.1 IU/mL, p = 0.043) (Table 2 and Figure 5A-D). In contrast, no significant
alterations in diastolic blood pressure or sLOX-1, IL-6, and y-GTP levels were detected after a 12-week course of ANA
monotherapy (Table 2 and Figure 5A-D). The administration of combined TOFO and ANA therapy, encompassing 24
and 48 weeks of the study, resulted in marked decreases in diastolic blood pressure and sLOX-1, IL-6, and y-GTP levels
(Table 2 and Figure 5A-D).
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Figure 4 Changes in sVCAM-1, PAI-1, PDMP, and adiponectin levels following monotherapy and combined therapy. Changes in (A) sVCAM-1, (B) PAI-1, (C) PDMP, and (D)
adiponectin levels over time in the TOFO and ANA groups. Assessments were performed at |2- (monotherapy), 24-, and 48-week (combination therapy) using the paired
t-test (baseline vs post-treatment at |2-, 24-, and 48-week time points). Red text represents p < 0.05.

Abbreviation: NS, not significant.
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Figure 5 Changes in DBP and sLOX-1, IL-6, DBP and y-GTP levels following monotherapy and combined therapy. Changes in (A) sLOX-I levels, (B) IL-6 levels, (C) DBP,
and (D) y-GTP levels over time in the TOFO and ANA groups. Assessments were performed at 12- (monotherapy), 24-, and 48-week (combination therapy) using the
paired t-test (baseline vs post-treatment at |2-, 24-, and 48-week time points). Red text represents p < 0.05.

Abbreviation: NS, not significant.

Changes in Lipid Profile and Renal, Liver, and Additional Parameters

NO significant changes were observed in total cholesterol, HDL cholesterol, triglycerides, and LDL cholesterol levels
following both monotherapy and combination therapy (Table 2). Similarly, renal (creatinine levels and eGFR), liver (AST
and ALT levels), and other evaluated parameters (systolic blood pressure and uric acid levels) remained unchanged after
administration of TOFO or ANA monotherapy and combination therapy (Table 2). Notably, 12-week TOFO mono-
therapy resulted in a significant reduction in body weight (—2.2 + 3.4 kg, p = 0.023) and waist circumference (0.8 £
0.91 cm, p = 0.038) (Table 2). Moreover, at the 24-week assessment point, combination therapy significantly decreased
both body weight (—2.4 £ 0.98 kg, p < 0.001) and waist circumference (—2.6 = 1.8 cm, p < 0.001) (Table 2).

Adverse Events

One patient on TOFO experienced frequent urination and urinary incontinence, while drug-induced liver injury was
reported in one patient on ANA. None of these adverse events were determined to be causally related to the study drug,
and all adverse events were classified as non-serious.

Discussion
The current prospective and randomized trial found that both TOFO monotherapy and combination therapy with TOFO
and ANA demonstrate notable therapeutic efficacy in people with T2DM. Additionally, TOFO exhibits significant anti-
atherosclerotic effects and improves sLOX-1 levels. To the best of our knowledge, this is the first study to report an
improvement in sSLOX-1 levels following TOFO treatment.

Blood pressure reduction, lipid profile improvement, and weight loss have been associated with the use of SGLT2
inhibitors in previous studies.®® Our findings are in line with these observations, as we discovered that TOFO
monotherapy can effectively induce weight loss and decrease BMI, abdominal circumference, and diastolic blood
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pressure. Previous clinical studies have also reported weight reduction effects of TOFO.'®%° Suzuki et al*' demonstrated
that these effects are linked to a metabolic shift from carbohydrate oxidation to fatty acid oxidation and caloric losses due
to increased urinary glucose excretion. Kamei et al*? further highlighted that a significant reduction in body water content
may be a crucial factor contributing to weight loss in T2DM patients treated with TOFO. In a direct comparison between
TOFO and glimepiride among T2DM patients, Kizawa et al** found that TOFO can substantially decrease both BMI and
abdominal circumference. Therefore, results of current study are consistent with these prior reports.

SGLT?2 inhibitors have been demonstrated to improve abnormalities related to lipid metabolism.®’ This beneficial
effect of SGLT2 inhibitors is particularly relevant in the context T2DM-associated nonalcoholic fatty liver disease
(NAFLD).?* In the current study, we observed a significant reduction in yGTP levels with TOFO monotherapy, although
no notable changes were evident in markers of lipid metabolism. Notably, the combination of TOFO and ANA
significantly decreased both ALT and AST levels. Matsuba et al*> previously reported improvements in ALT, AST,
and yGTP levels in T2DM patients treated with a DPP-4 inhibitor in conjunction with TOFO. They attributed these
effects to a TOFO-induced reduction in body fat mass, ultimately leading to enhanced insulin sensitivity. Interestingly,
a recent clinical trial investigating TOFO in NAFLD people with T2DM also documented significant improvements in
ALT, AST, and yGTP levels, as well as body weight.?®*” Our findings are consistent with these prior reports.

Although SGLT?2 inhibitors target the kidneys, they do not overburden renal function, and when combined with other
antidiabetic medications, these inhibitors are anticipated to exhibit increased efficacy.”®*° In the current study, neither
TOFO monotherapy nor its combination with ANA impacted renal functions. Nunoi et al’® demonstrated that TOFO
ameliorates albuminuria and confers protective effects on renal tubules. These renal effects of TOFO suggest its potential
role in mitigating the progression of renal disease, a common complication in people with T2DM.*!

In this study, the combination therapy of TOFO and ANA demonstrated significant improvements in both PDMP and
adiponectin levels. PDMPs are known to facilitate coagulation system activation and play a crucial role in thrombus
formation processes.>? >® Furthermore, PDMPs also act on leukocytes and vascular endothelial cells, inducing the
expression of cell adhesion molecules in both cell types, which increases adhesion between them and contributes to
the development of early atherosclerosis lesions.?’ Adiponectin, on the other hand, reduces visceral fat, mitigates obesity,
and exhibits remarkable anti-atherosclerotic effects.*® *° Consequently, the TOFO and ANA combination therapy may be
a critical factor in inhibiting atherosclerosis development in people with T2DM. Iwamoto et al*' demonstrated that one of
the underlying mechanisms of TOFO’s atherosclerosis inhibitory effect is its capacity to reduce apolipoprotein-E levels.
Additionally, the UTOPIA study of clinical cases revealed that TOFO exhibits exceptional therapeutic effects on
atherosclerosis.**** Therefore, the combination therapy with TOFO may represent an optimal treatment strategy for
diabetes, encompassing measures against atherosclerosis.

The most notable finding of this study is the considerable enhancement in sLOX-1 levels following TOFO mono-
therapy and the combined treatment of TOFO and ANA. sLOX-1 has gained prominence as a biomarker for

44746 and has also been identified as a markers for diabetic complications.*” The current study postulates

atherosclerosis
that TOFO ameliorates sLOX-1 levels by diminishing oxidative stress and reactive oxygen species (ROS) production

(Figure 6). The presence of ROS in patients with T2DM may be strongly correlated with complications and disease

sLOX-1 1 Scavenger

Receptor
Atherosclerosis
Figure 6 Mechanism.
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progression.*® ROS may facilitate the conversion of LDL to oxidized LDL in people with T2DM.*’ A substantial
accumulation of oxidized LDL in macrophages via scavenger receptors has been documented.*~® Subsequently,
macrophages transform into foam cells and contribute to plaque formation, leading to atherosclerosis development and
plaque rupture.>° Previous reports indicate that TOFO possesses inhibitory effects on ROS production,’’ suggesting that
TOFO may prevent the sequence of events depicted in Figure 6. The improvements in IL-6 levels induced by TOFO
further supports this hypothesis. Consequently, TOFO holds significant potential for preventing the development of
atherosclerosis in people with T2DM.

The present study is subject to several limitations that warrant consideration in future research. First, the small sample
size precludes drawing definitive conclusions regarding the differences in effects between once- and twice-daily DPP-4
inhibitors. Indeed, no significant differences were observed between the two study groups at the 12-week observation
point. Consequently, future studies employing larger sample sizes are needed to yield more robust results. Second, this
study did not conduct a multivariate analysis of factors influencing the treatment effect on HbAlc or the disparity in
sLOX-1 trends following combination therapy. Therefore, further investigation of these factors is necessary in subse-
quent studies with additional cases. Third, as the study exclusively enrolled Japanese participants, the generalizability of
the findings to other populations is limited. Fourth, we were not able to examine the effect of concomitant medications,
especially insulin, on the study results. We would like to increase the number of cases in the future and conduct further
studies. Lastly, the study did not reveal significant pre- and post-treatment differences in lipid metabolism-related
markers for either study group. While previous research has demonstrated that TOFO subsequently improves lipid and
liver profiles in patients with NAFLD, the prevalence of NAFLD among patients in this study was unclear. Thus, further
examination of this issue is warranted.

Conclusion

In conclusion, our findings demonstrate that the combined therapy of TOFO and ANA exhibits superior efficacy in
ameliorating HbA 1c levels and atherosclerotic biomarkers compared to monotherapeutic approaches with TOFO or ANA
in people with T2DM. Moreover, a sequential treatment strategy involving initial TOFO administration followed by
ANA therapy results in a substantial reduction of sLOX-1 and IL-6 levels. Consequently, the use of TOFO, either as
a standalone treatment or in conjunction with ANA, holds promise for the prevention of atherosclerosis in addition to the
improvement of glycemic control in people with T2DM.
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