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Aim: The aim of the present study is to assess the efficacy and safety of Hydroxychloroquine
in comparison with Teneligliptin in type 2 diabetes patients whose blood glucose levels were
inadequately controlled with metformin, Glimepiride and insulin therapy.

Methods: This was a randomized, prospective, parallel-group, experimental trial done in 300
Type 2 Diabetes patients who were uncontrolled (HbA1c=7.5-10%) with metformin, Glimepiride
and insulin therapy. Patients were randomly divided into two groups one received Teneligliptin
20 mg (n=152) and other received Hydroxychloroquine 400 mg (n=148) while continuing insulin
therapy with other 2 OHA. Insulin doses were adjusted to maintain normal blood glucose levels.

Result: The adjusted mean change from baseline to endpoint in HbA1c was -1.220.5% in
patient group receiving Hydroxychloroquine and -0.9+0.5% in patients group receiving Teneligliptin,
respectively, with a significant between-treatment difference (p<0.001). The incidence of adverse
events was similar in the Hydroxychloroquine (72%) and Teneligliptin (77%) groups. However,
hypoglycaemic events were less common (p<0.001) and less severe (p<0.05) in patients receiving
Hydroxychloroquine than in those receiving Teneligliptin.

Conclusion: Hydroxychloroquine decreases HbA1c in patients whose type 2 diabetes is poorly
controlled with high doses of insulin as compare to Teneligliptin. Addition of hydroxychloroquine to
insulin therapy is also associated with reduced incidence of confirmed and severe hypoglycaemia.

Introduction

Diabetes is progressive in nature and the substantial evidence supporting the
beneficial effects of insulin regimens, as it not only maintains glycemic control as
well as reduce morbidity and mortality rates associated with diabetes and its related
complications [1,2]. Insulin therapy strongly ameliorates hyperglycemia but has
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adverse effects such as hypoglycemia [3] and weight gain, which might increase the
incidence of cardiovascular events. These adverse events can be minimized by the
initial use of insulin in combination with oral antidiabetic agents [4]. The advantages
of concomitant therapy are not only improvement of glycemic control but also a
reduction in the number of insulin injections and titration of the insulin dose.

Teneligliptin has unique ] shaped or anchor locked domain structure because of
which it has a potent inhibition of DPP 4 enzyme. Teneligliptin significantly controls
glycemic parameters with safety. Teneligliptin have a structure which is unique and
binds to S1, S2, and S2 extensive sub site of DPP-4 enzyme. It is recommended Once-a-
day administration [5]. Moreover multiple trails [6-9] on DPP-4 inhibitors have shown
better glycemic control in type 2 diabetes mellitus patients and these patients had
minimal risk of hypoglycemia and weight gain.

Hydroxychloroquine inhibits insulin degradation and improve insulin sensitivity. A
few randomized controlled trials showed that HCQ lowers HbA1c and LDL cholesterol
levels in patients with type 2 diabetes [10]. Furthermore, in a prospective, randomized,
placebo, double-blind 6-month trial the addition of Hydroxychloroquine to either
insulin or glibenclamide in the treatment of refractory noninsulin-dependent diabetes
for 6 months resulted in a significant decrease in HbA1C by 3.3% compared with
placebo as well as a reduction in insulin dose by 30% in the insulin-treated group [11].
In a recent RTCT trial conducted by Baidya et al. [12], confirms that in type 2 diabetes
patients who are poorly controlled, addition of hydroxychloroquine (HCQ) to insulin
along with Glimepiride and Metformin, there was significant overall mean change in
total daily insulin dose at study end by almost 28% with a HbA1c reduction of -1.3%
from baseline within 6 months. When Hydroxychloroquine was evaluated against
Teneligliptin in patient who were uncontrolled on Metformin 2000 mg and Glimepiride
2 mg, a further HbAlc reduction of -1.8% happened with Hydroxychloroquine than
compared to Teneligliptin with which it was -1.3% [13]. Even in few trials [14,15]
Hydroxychloroquine exhibit a potent efficacy even comparable to other DPP4
inhibitors like Vildagliptin and Sitagliptin.

Themainpurposeofthetrialtocomparetheefficacyandsafety ofHydroxychloroquine
and Teneligliptin in Type 2 Diabetes Patients Who Are Inadequately Controlled with
Glimepiride, Metformin and Insulin therapy. This is particularly important because
as diabetes progresses its management becomes increasingly difficult. Patients
often have multiple comorbidities requiring pharmacological treatment. Due to
contraindications this can limit therapeutic options and may also lead to suboptimal
patient compliance. Hypoglycaemia may become a limiting factor in the treatment
of patients with advanced disease [16]. Moreover, insulin-treated patients with type
2 diabetes are often profoundly insulin-resistant and require high doses, which can
exacerbate weight gain.

Subjects and Methods
Study design and study population

This was a randomized, prospective, parallel-group, experimental trial conducted
at an outpatient facility in 300 Type 2 Diabetes patients who were uncontrolled
(HbA1c=7.5-10%) with metformin, sulfonylurea (Glimepiride) and insulin therapy.
Patients were randomly divided into two groups one received Teneligliptin 20 mg
(n=152) and other received Hydroxychloroquine 400 mg (n=148) while continuing
insulin therapy with other two OHA. To be eligible, patients had to have received
injectable insulin for at least 3 months along with specified dose of metformin and
glimepiride, ata dose of atleast 30 U/day for a minimum of 4 weeks prior to enrolment.
Male and female were eligible upon fulfilment of the following conditions: aged 18-
80 years; HbA1c=7.5-10%; fasting plasma glucose (FPG) < 200 mg/dl, Post Prandial
Plasma glucose (PPG) < 350 mg/dl and BMI 22-45 kg/m2. Patients were excluded
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if they had any severe complications of diabetes. Patients with recent (<1 year) CV
events i.e. myocardial infarction/ACS, stroke or has undergone coronary artery bypass
surgery, percutaneous transluminal coronary angioplasty or transient ischemic
attack or history of congestive heart failure or unstable angina, severe renal and liver
dysfunction, severe infections. Patient with known history of diabetic ketoacidosis,
Glucose-6-phophodehydrogenase deficiency, existing diabetic retinopathy of any grade
including diabetic retinopathy requiring laser therapy, evidence of an imminent need
for retinal laser therapy, uncorrected visual acuity <20/100, abnormal visual fields,
difficulty to examine optic disc or evidence of retinal pigment epithelial abnormalities
and patients with history or risk of macular edema.

Of the 356 subjects screened for this study, 320 subjects were randomized to either
the Hydroxychloroquine or teneligliptin group. A total of 36 subjects was screened but
notrandomized. Of these 36 subjects, 29 were excluded for unmet eligibility criteria (24
for inclusion and 5 for exclusion criteria). The other 7 subjects were excluded for the
following reasons: 2 subject’s was recommended to be hospitalized for blood glucose
control by the investigator, another 5 was not able to be contacted and was withdrawn
from the study due to problems related to patient’s diary. Among 320 randomised
subjects 6 patients in Hydroxychloroquine group and 4 patients on teneligliptin group
excluded because of protocol violation, 5 patients in hydroxychloroquine group and 3
patients in teneligliptin group has lost in follow up. In both the group one patient each
had died due to some other reason.

Ethical consideration

This study was conducted in accordance with the good clinical practice guidelines
and with the Helsinki Declaration principles. Individual ethical committee approval
was obtained prior to the trial. Also prior to conduction of the study related procedure/
investigation, a voluntary written informed consent was taken from the patient /
legally acceptable representative.

Study assessments

The primary efficacy parameter was the change from baseline to Week 24 or
endpoint in HbAlc for Week 24. Secondary efficacy parameters included FPG, mean
daily insulin dose, mean daily number of insulin injections, fasting lipid parameters
(Total cholesterol, LDL-C, HDL-C, Triglyceride) and body weight. HbAlc, FPG, PPG,
insulin dose regimen and body weight were recorded at each study visit. Lipid profiles
were assessed at weeks -4, 0,4, 12 and 24. All assessments were made by accredited
lab. Although insulin dose adjustments were allowed during the study, patients were
asked to use the same type of insulin throughout, and if possible to maintain their
daily insulin regimen. Investigators were allowed to decrease a patient’s insulin dose
according to their clinical judgement in the event of severe or repeated hypoglycaemic
episodes. Upward dose adjustments were allowed as clinically indicated, but were
recommended to remain within 25% of the baseline insulin dose.

Safety

All adverse events were recorded and assessed by the investigator as to severity
and possible relationship to study medication. Vital signs were recorded at each study
visit; safety laboratory assessments were made at weeks -4, 0, 4, 12 and 24; ECGs were
performed at weeks -4, 0, 4, 12 and Patients were asked to use glucose monitoring
devices and instructed on their use. It was ensure that all patients under this study
uses the same type of device with a view to performing routine self-monitored blood
glucose (SMBG) measurements as instructed by the investigator. They were asked to
record the measured values at any time hypoglycaemia was suspected and also prior
to breakfast at least three times per day. Confirmed hypoglycaemia was defined as
symptoms suggestive of low blood glucose confirmed by an SMBG measurement < 70
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mg/dl plasma glucose equivalent. Severe hypoglycaemia was defined as any episode
requiring the assistance of another party (with plasma glucose value <70 mg/dl, unless
the severity of the event precluded glucose determination).

Statistical analysis

All statistical analyses were performed using statistical software (Graph Pad Prism,
version 6). Data are presented as mean * SD values. Differences between times points
were assessed using the Wilcoxon signed rank test. A value of P <0.05 was considered
significant.

Result

The demographics and clinical characteristics of the randomized subjects are
summarized in table 1. For the Hydroxychloroquine group, 53% of the subjects
were male, the mean age was 55 + 8 yr, and duration of diabetes was 9 + 3 yr. For
Teneligliptin group, 53% of subjects were male, the mean age was 56 * 9 yr and
duration of diabetes was 10 * 2 yr. The demographics and baseline characteristics of
Hydroxychloroquine group were comparable to Teneligliptin group and there were no
significant differences between groups (Figure 1).

Table 1: Baseline characteristics of the randomised population.
HCQ Treatment Group

Teneligliptin Treatment Group

Characteristic N =148 N =152 P value
Age (years) 55+8 56 +9 0.59
Gender (Male)% 79 (53%) 84 (55%) 0.49
Body mass index (kg/m2) 257 +2.4 253+2.0 0.77
Disease duration (years) 9+3 1020 0.65
HbA1c (%) 8.3+0.5 8.2+0.5 0.54
FBG (mg/dl) 134.03+16.44 135.07+16.51 0.58
PBG (mg/dl) 239.89421.5 234.72423.1 0.73
Total cholesterol (mg/dL) 159.71£25.43 163.08+26.94 0.563
LDL-C (mg/dL) 104.54+18.57 105.21+16.61 0.741
HDL-C (mg/dL) 46.64+10.48 49.69+13.34 0.182
Triglyceride (mg/dL) 132.81+35.80 131.87£32.91 0.813
Total daily insulin dosage (IU/day) 35.8+16.2 36.9+17.3 0.046
Time ofinsulind:j;ctions (times/ 32410 33411 016
Type of insulin
Prandial insulin 59 (40%) 61 (40%) 0.49
Prandial insulin dosage (IU/day) 4124172 39.4+129 0.6
Premixed insulin 48 (32%) 49 (32%) 0.72
Premixed insulin dosage (IU/day) 35.1+153 38.3+12.2 0.02
Basal insulin 41 (28%) 42 (28%) 0.92
Basal insulin dosage (IU/day) 31.2+£13.7 33.2+141 0.3
[29 Unmet eligibility criteria ]
(24 Inclusion & 5 Exclusion)
h
5 not able to contact)
Hﬂﬂﬂ@ﬂﬂﬁﬂ
4
160 Subjects 160 Subjects

(Hydroxychloroquine Gr.) (Teneligliptin Gr.)

6 Protocol Violation 4 Protocol Violation
5 Loss of follow up 5 Loss of follow up
1 Died 1 Died

148 Subjects

Figure 1: Study flow diagram.

152 Subjects
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Change of HbA1c, FBG and PPG

Table 2 presents the change in HbAlc from baseline to week 24 as well as the
difference between the groups. At week 24, in Hydroxychloroquine group the mean
HbA1c decreased from 8.3 + 0.5% to 7.1 * 0.5% in teneligliptin group and from 8.2
+ 0.5% to 7.3 £ 0.5%, respectively. P value in-between two groups were statistically
significant. The mean fasting blood glucose level at week 24 decreased by 21.677+12.63
mg/dL in hydroxychloroquine group and 15.25+14.31 mg/dL in teneligliptin group.
The mean Post Prandial blood glucose level at week 24 decreased by 57.68+25.61 mg/
dL in Hydroxychloroquine group and 43.1+22.38 mg/dL in Teneligliptin group.

Change in BMI

There is marginal change of BMI in Hydroxychloroquine group as compare
to Teneligliptin group but differences in between the groups are not statistically
significant.

Change of lipid parameters

The change in lipid parameter levels (total cholesterol, LDL-C, HDL-C, non-HDL-C,
triglycerides) from baseline to week 24 by group, as well as the differences between
groups is shown in table 2. The changes of total cholesterol, triglyceride, LDL cholesterol,
HDL cholesterol and non-HDL cholesterol levels between baseline and week 24 in
both Hydroxychloroquine and Teneligliptin groups could not show the statistically
significant differences, despite there is marginal decrease in triglyceride, LDL and total
cholesterol among hydroxychloroquine group with slight increase in HDL.

Change in Insulin dosage and time of insulin injection

As compare to Teneligliptin group insulin dosage and time of insulin injection there
is significant decrease in Hydroxychloroquine group. There was almost 28% decrease of
insulin dosage in Hydroxychloroquine group where as it was 19% with Teneligliptin group.

Hypoglycemia

Figure 2 shows the frequency of confirmed (Figure 2a) and severe (Figure 2b)
hypoglycaemia during 24 week treatment. Both rates were significantly lower in the
Hydroxychloroquine group (1.91 and 0 events per patient-year, respectively) than in

‘Table 2: Changes in efficacy variables from baseline to week 24. ‘
HCQ Treatment Teneligliptin Treatment

Characteristic Group N=148 Group N=152 P value
Baseline Week 24 Baseline Week 24

Body mass index (kg/m2) 25724 242121 253120 25724 0.07
HbA1c (%) 8.3+0.5 7.1+0.5 8.2+0.5 7.3+0.5 <0.001
FBG (mg/dl) 134.03+16.44 112.36+11.88 135.07+16.51 119.82+11.88 <0.001
PBG (mg/dl) 239.89421.5 182.21+ 27.81 234.72423.1 191.62+22.27 <0.001
Total cholesterol (mg/dL) 159.71+25.43 151.73+26.81 163.08+26.94 159.59+24.92 0.09
LDL-C (mg/dL) 104.54+18.57 99.34+12.89 105.21+16.61 103.88+11.07 0.71
<
35 = 012
= .
3 1opm 0 B
25 0.08
2 _ 0.06
[
15 o 0.04
E‘ . 0.02
g 0
o 0.5 Sever Hypoglycemia
0
Confirmed Hypoglycemia A mHCQGr mTeneliGr, B

Figure 2: (a): Confirmed Hypoglycemia; (b): Severe Hypoglycemia.
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the Teneligliptin group (2.98 and 0.10 events per patient-year, respectively; p<0.001
and p=0.032 based on x2 test of two Poisson rates). Expressed in absolute number of
events, 33 patients in the Hydroxychloroquine group reported a total of 113 events, none
of which were severe (i.e. requiring assistance of another party). In the Teneligliptin
group, 45 patients reported a total of 185 events, six of which were severe.

Adverse events

When added to insulin therapy, the overall frequency of adverse events in patients
receiving Hydroxychloroquine (72%) was similar to that in patients receiving
Teneligliptin (77%). Other than confirmed hypoglycaemia (detailed above), the most
commonly reported specific adverse events in patients receiving Hydroxychloroquine
were: abdominal discomfort (18%), diarrhoea (16%), asthenia (12%), hyperhidrosis
(16%), dizziness (13%) and headache (9%). In patients receiving Teneligliptin, the
most frequent specific adverse events were abdominal distension (11%), Dyspepsia
(12%), tremor (15%), hyperhidrosis (13%), dizziness (15%), asthenia (13%) and
upper respiratory tract infection (9%). All other specific adverse events were reported
by less than 10% of patients in either group and there were no remarkable differences
between treatment groups in the incidence of any specific adverse event. One patient
in the Hydroxychloroquine group died due to malignant lung neoplasm. One patient
in the Teneligliptin group died from coronary artery disease. No major changes from
baseline to endpoint or between-treatment differences at endpoint were observed
for any vital sign and no consistent trends over time were noted. The frequency
and nature of ECG changes from baseline to endpoint were comparable in the two
treatment groups. Two patients of Teneligliptin group reported mild QT prolongation
with Teneligliptin after 6 month of treatment.

Discussion

Type 2 Diabetes Mellitus is a progressive disease characterized by insulin resistance,
impaired insulin secretion, increased glycogen dysplasia and obesity, the incidence of
which has been rising consistently worldwide. It is widely recognized to be caused by
impaired functions of pancreatic b and a cells [16]. According to a British prospective
study, the functions of pancreatic b cells has been decreasing at a rate of 4% to 5% each
year in diabetic patients, even 10 to 15 years before the diagnosis was made [17,18].

These findings indicate that insulin treated patients with type 2 diabetes may
experience improved glycemic control with the addition of Hydroxychloroquine
400 mg as compare to Teneligliptin 20 mg. There was 1.2% reduction in HbA1lc with
addition of Hydroxychloroquine 400 mg after 24 week of treatment whereas with
addition of Teneligliptin 20 mg it was 0.9%. Even there was statistically significant
reduction in FBG and PBG in Hydroxychloroquine group as compare to Teneligliptin
group (p<0.001).

Hypoglycaemia is a major limiting barrier to good glycaemic control with insulin
[19]. The main finding of this 24-week randomised, controlled trial was that despite
an improvement in glycaemic control in patients with type 2 diabetes that was
poorly controlled with high doses of insulin, the addition of Hydroxychloroquine was
associated with reduced hypoglycaemia, particularly severe hypoglycaemia.

There was almost 28% decrease of insulin dosage in Hydroxychloroquine group
where as it was 19% with Teneligliptin group. This is accordance with previous trial
conducted by Baidya et al. [12], which showed in Indian patients where 28% insulin
dose reduction was observed with Hydroxychloroquine 400 mg. In another RCT trial
conducted by Quatraro A et al. [11], which showed further 30% reduction of insulin
dose with addition of Hydroxychloroquine 400 mg. Change in Insulin dosage and
time of insulin injection among Teneligliptin dose was also noticed but compare to
Hydroxychloroquine group it was much lesser. This study confirms that prescribers
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should be aware of the gradual onset of action of hydroxychloroquine with maximal
effects on HbA1c occurring up to = 3 months after treatment begins. Insulin dosage
may need to be adjusted to avoid or manage hypoglycemia.

These findings conclude that the co-administration of Hydroxychloroquine 400 mg
with insulin results in a sustained improvement in glycemic control when administered
to patients with type 2 diabetes who are poorly controlled on insulin therapy along
with other oral antidiabetic agents. In addition, these findings support early studies
suggesting that Hydroxychloroquine improves glycemic control by increasing insulin
sensitivity in patients with type 2 diabetes. In other words, irrespective of the history,
body habitus, insulin dose and insulin secretory capacity, concomitant therapy with
Hydroxychloroquine 400 mg is likely to be effective in patients with poor glycemic
control. Stratified analysis based on the insulin regimen suggested that add-on therapy
with sitagliptin is most effective when combined Teneligliptin with insulin therapy.
Based on the encouraging results of this study, further investigation on a larger scale is
warranted in the future to confirm it further.

Conclusion

Hydroxychloroquine decreases HbAlc in patients whose type 2 diabetes is
poorly controlled with high doses of insulin as compare to Teneligliptin. Addition of
hydroxychloroquine to insulin therapy is also associated with reduced incidence of
confirmed and severe hypoglycaemia.
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