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Short-term therapy with combination
dipeptidyl peptidase-4 inhibitor
saxagliptin/metformin extended
release (XR) is superior to saxagliptin
or metformin XR monotherapy In
prediabetic women with polycystic
ovary syndrome: a single-blind,
randomized, pilot study

Karen E. Elkind-Hirsch, Ph.D., Martha S. Paterson, M.D., Ericka L. Seidemann, M.S., and Hanh C. Gutowski, R.N.

Woman's Metabolic Health and Research Services, Woman's Hospital, Baton Rouge, Louisiana

Objective: To evaluate efficacy with the dipeptidyl peptidase-4 inhibitor saxagliptin (SAXA), metformin extended release (MET), and
combination (SAXA-MET) in patients with polycystic ovary syndrome (PCOS) and impaired glucose regulation.

Design: Prospective, randomized, single-blind drug study.

Setting: Outpatient clinic.

Patient(s): Patients (n = 38) with PCOS (aged 18-42 years) and prediabetic hyperglycemia determined by a 75-gram oral glucose
tolerance test.

Intervention(s): Patients were randomized to SAXA-MET (5 mg/2,000 mg), SAXA (5 mg), or MET (2,000 mg) for 16 weeks.

Main Outcome Measure(s): Fasting and mean blood glucose, insulin sensitivity, insulin secretion, and insulin secretion-sensitivity
index (IS-SI) by oral glucose tolerance tests. Free androgen index and lipid levels, average menstrual interval, and anthropometric
measurements (body mass index, waist circumference, and waist/height ratio).

Result(s): The study was completed by 34 patients. Nineteen patients had normal glucose tolerance: 3 of 12 (25%) on MET; 6 of 11
(55%) on SAXA; and 10 of 11 (91%) on SAXA-MET (SAXA-MET statistically superior to MET) at study completion. Body mass
index, waist circumference, waist/height ratio, free androgen index, insulin sensitivity, IS-SI, and menses improved in all groups;
however, IS-SI and menstrual regularity were significantly better with SAXA-MET vs. MET treatment. Triglyceride, triglyceride/
high-density lipoprotein cholesterol ratio and mean blood glucose significantly declined in the SAXA-MET and SAXA groups only.
Conclusion(s): This pilot work provides the first evidence regarding the effects of a dipeptidyl peptidase-4 inhibitor alone and in
combination with MET in this patient population. Treatment with SAXA-MET was superior to either drug alone in terms of clinical
and metabolic benefits in prediabetic patients with PCOS.

Clinical Trial Registration Number: NCT02022007. (Fertil Steril® 2017;107:253-60. ©2016 by American Society for Reproductive
Medicine.)
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polycystic ovary syndrome (PCOS), an endocrinopathy
characterized by excessive androgen production and
reproductive dysfunction (1-4). Obesity is highly prevalent in
PCOS and significantly exacerbates all metabolic and
reproductive disturbances of the syndrome. Excess adiposity is
associated with insulin resistance (IR) and compensatory
hyperinsulinemia, and leads to decreased sex hormone-
binding globulin (SHBG) synthesis and excessive ovarian
androgen production (5). This syndrome is associated with
metabolic dysfunction, including type 2 diabetes (T2D) and
cardiovascular morbidity (6-8). Patients with PCOS have been
found to have an abnormal metabolic profile that is
independent of obesity and apparent at a young age (8, 9).
Metabolic syndrome prevalence was found to be twice as high
in patients with PCOS compared with the general population
(10). Up to 20% of patients with PCOS exhibit impaired
glucose tolerance (IGT) and increased risk of developing T2D
(7, 11). Moreover, the incidence of IGT and T2D in PCOS
significantly exceeds normal population estimates (7, 8, 11).
Insulin resistance plays a key role in the increased risk of
T2D in PCOS patients (12). In the presence of IR, pancreatic
B-cell insulin secretion increases in both obese and nonobese
patients with PCOS (13). Despite an enhanced insulin response,
several studies have shown that there is a defect in glucose-
stimulated insulin secretion, with an imbalance between
insulin secretion and IR in patients with PCOS (14-16).
Ehrmann et al. (16) reported that 25%-35% of obese patients
with PCOS will have either IGT or T2D by 30 years of age,
and that the history of T2D in a first-degree relative defines a
subset of PCOS patients with a greater prevalence of insulin
secretory defects. Currently it is accepted that disorders of
glucose tolerance and T2D are more frequent in patients with
PCOS compared with the general population, and that these
metabolic derangements result from a combination of
increased IR and pancreatic §-cell dysfunction (7, 11, 12).
Incretin-based therapies represent a new class of antihy-
perglycemic drugs for the treatment of T2D. The gut-derived
incretin hormone glucagon-like peptide 1 (GLP-1) enhances
glucose-stimulated insulin secretion after a meal and lowers
glucagon secretion (17, 18). Rapid degradation by dipeptidyl
peptidase-4 (DPP-4) and renal clearance of GLP-1 levels
result in a short half-life of 1 to 2 minutes (18). Incretin mi-
metics and inhibitors of the protease DPP-4 use the antihyper-
glycemic properties of GLP-1 (19) to augment pancreatic
insulin secretion and inhibit glucagon in a highly glucose-
dependent manner (20). Long-acting GLP-1 mimetics bind
to the GLP-1 receptor and mimic the action of GLP-1
(19, 20). Dipeptidyl peptidase-4 inhibitors (DPP-4is) extend
the half-life of endogenous gastrointestinal GLP-1, thereby
prolonging its effects. Concurrent treatment with the GLP-1
receptor agonist exenatide and metformin for 24 weeks was
reported to be superior to single-agent therapy in improving
glycemia and reducing body weight and hyperandrogenism
in overweight patients with PCOS (21). Furthermore, concom-
itant exenatide-metformin therapy significantly reduced
fasting insulin levels as well as improved first-phase insulin
responses to oral glucose administration (21). Saxagliptin is
a selective oral DPP-4i that prolongs endogenously produced

U p to 10% of women of reproductive age are affected by

GLP-1 activity. The benefits of a DPP-4i alone or in combina-
tion with metformin have not been evaluated in the predia-
betic PCOS population. Because aberrant first-phase insulin
secretion and impaired suppression of endogenous glucose
production are major contributors to postprandial hypergly-
cemia (22), the effects of saxagliptin to target these defects
and normalize glucose excursions are likely to be clinically
significant in patients with PCOS and prediabetic hyperglyce-
mia. The present study was designed to directly compare the
effects of saxagliptin and metformin and to determine
whether treatment with saxagliptin/metformin combination
is superior to monotherapy with the individual components
in patients with PCOS and impaired glucose regulation (IGR).

MATERIALS AND METHODS
Participants

Healthy, premenopausal patients (n = 38) with PCOS, aged be-
tween 18 and 42 years inclusive, and with IGR were enrolled in
the study from March 2014 to January 2016. Polycystic ovary
syndrome was defined according to modified National Institutes
of Health 1990 criteria (4). Eligible patients were required to have
the combination of irregular periods (cycle length outside 21-
35 days or fewer than eight cycles per year) together with
biochemical evidence of hyperandrogenism (total T >50 ng/dL
or free androgen index [FAI] >3.87 [23]) and exclusion of
known disorders (nonclassic congenital adrenal hyperplasia,
androgen-secreting tumors, elevated prolactin, thyroid dysfunc-
tion, and primary ovarian insufficiency). Prediabetic hypergly-
cemia was determined by a 75-g oral glucose tolerance test
(OGTT) and included PCOS patients with impaired fasting
glucose, IGT, or both (impaired fasting glucose/IGT) (24). The
study excluded diabetic subjects, smokers, suspected pregnancy,
desiring pregnancy, or injectable hormonal contraceptive use
within 6 months; and use of oral contraceptives, other steroid
hormones, drugs that affect gastrointestinal motility or carbohy-
drate metabolism, and/or antiobesity drugs within 3 months
before study entry. The institutional review board of the Wom-
an’s Hospital Foundation approved the study, and all partici-
pants gave written informed consent.

Treatment Protocol

Thirty-eight patients with PCOS and IGR provided consent and
were randomly assigned to 1 of 3 treatment groups: MET (met-
formin extended release [XR], 2,000 mg orally once daily);
SAXA (saxagliptin 5 mg orally once daily); or SAXA-MET
(5 mg saxagliptin/2,000 mg metformin XR orally once daily)
for 16 weeks. All patients were allocated to 1 of these 3 groups
according to computer-generated random numbers using a
block randomization method. The primary investigator was
blinded to all treatment arms. The research coordinator filled
color-coded bags (A, B, C) with 1 of 3 medications—A, MET;
B, SAXA; and C, SAXA-MET—and dispensed open-label
medications to study patients in color-coded bags with instruc-
tions. Saxagliptin (ONGLYZA), metformin XR (GLUCOPHAGE
XR), and combination saxagliptin/metformin XR (KOMBI-
GLYZE XR) were provided by AstraZeneca Pharmaceuticals.
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Oral glucose tolerance tests were performed in the morning
(starting at 7:00-9:30 AM) after a 12-hour overnight fast. After
the collection of a baseline blood sample, a 75-g oral glucose
load was administered; additional blood samples were drawn
30, 60, and 120 minutes later for analysis of glucose and insu-
lin levels. Fasting baseline blood specimens were also used for
measures of an androgen profile: total T, DHEAS, SHBG, and a
lipid panel (total cholesterol, high-density lipoprotein choles-
terol [HDL-C], low-density lipoprotein cholesterol [LDL-C],
and triglycerides [TRG]). All patients were screened with a
qualitative 8-hCG level to exclude pregnancy and use of
adequate barrier contraception recorded. A TRG/HDL-C ratio
>3.0 was used as an indirect measure of IR (25).

At the initial clinic visit, body weight, height, waist
circumference (WC), and blood pressure (BP) were deter-
mined. Height and weight measurements were used to calcu-
late body mass index (BMI), defined as kg/m? The waist/
height ratio (WHtR) was calculated, and WC >88 cm and
WHtR >0.5 were considered to be elevated, indicating
abdominal adiposity (26). At clinic visit completion, patients
were dispensed a 1-month supply of medication. Patients
were asked about the number of menses in the previous
12 months, and menstrual frequency was recorded. Study pa-
tients were instructed to record the presence/absence of men-
strual bleeding daily in a menstrual diary distributed at the
time medication was provided. At 4 weeks, patients returned
for a clinic evaluation that included vital signs, anthropo-
metric measurements, and a safety assessment. Medication
for the remainder of the study was dispensed to the patients.

Laboratory testing and anthropometric measures described
for the baseline evaluation were repeated at the final 16-week
visit. All patients’ complete menstrual diaries were reviewed.
At study completion, medications were stopped and patients
given a prescription for the same or other medications if
needed. Adverse events and reason for any withdraws from
the study were recorded throughout the study from patients’
self-reporting and results of physical examinations and labora-
tory tests. A summary of participant flow can be found in
Supplemental Figure 1 (available online).

Study Measurements and Analyses

Anthropometric and menstrual frequency. Anthropometric
measurements were collected (height, weight, WC) at baseline,
4 weeks, and at the 16th week of treatment. The BMI, waist/
hip ratio, and WHtR were calculated using standard formulas.

The number of menstrual cycles during the previous year was
recorded. An average menstrual interval was defined as 365
divided by the number of menstrual cycles in the previous year.
During the study period the patients recorded vaginal bleeding
in a menstrual diary. The effects of treatment intervention on
menses was evaluated by assessing posttreatment changes in
the menstrual cycle interval over 16 weeks from each patient’s
menstrual cycle diary. Average menstrual interval before and af-
ter drug treatment was also included as a secondary endpoint.

On each visit, compliance with treatment was checked by
asking the patients about incidental missed administrations
and whether they had correctly followed the scheduled
treatment.

Fertility and Sterility®

Laboratory measures. Glucose concentrations  were
measured by the glucose oxidase method using the Vitros
Chemistry System (Ortho Vitros 5600 System; Ortho-
Clinical Diagnostics), and insulin levels were analyzed by
paramagnetic particle chemiluminescent immunoassay using
a Beckman Coulter Access 2 Analyzer. Levels of T, DHEAS,
SHBG, total cholesterol, HDL-C, TRG, calculated LDL-C, and
quantitative 8-hCG were determined using an automated
clinical chemistry analyzer, as previously described (21).

Calculations. The FAI was calculated as the quotient 100 x
T/SHBG; hyperandrogenism was defined by a value >3.85
(23). Mean blood glucose concentrations were calculated by
summing glucose values obtained at 0, 30, 60, and 120 mi-
nutes during the OGTT and dividing by 4. Hyperinsulinemia
was considered when fasting levels were >71.75 pmol/L
and 2-hour postload levels were >287 pmol/L. Fasting insulin
sensitivity was estimated by homeostasis model assessment of
IR (HOMA-IR) (27). Oral glucose tolerance test-derived insulin
sensitivity was measured using the Matsuda index (Slpgrr)
(28). Estimation of acute pancreatic 3-cell response to glucose
was calculated using the insulinogenic index (IGI = AI30/
AG30) (29) corrected with the relative level of IR (IGI/
HOMA-IR) (30). The insulin secretion-sensitivity index (IS-
SI) was derived by applying the concept of the disposition in-
dex to measurements obtained during the 2-hour OGTT (31).
The IS-SI, a surrogate measure of the disposition index
derived from the OGTT (IGI multiplied by the Slpgrr), was
calculated as the product of acute $-cell response (IGI) and
Matsuda index (Slpgrr) based on the existence of the pre-
dicted hyperbolic relationship between these two measures
and provides an estimate of $-cell compensation relative to
the prevailing IR, not absolute insulin secretion (32).

Statistical Methods

The primary trial endpoint was improvement in §-cell compen-
satory function (IS-SI) with drug treatment. A priori sample
size analysis was performed using an online calculator. Given
there were no previous studies utilizing DPP-4i treatment in
PCOS patients with dysglycemia, power calculations were
based on the assumption of an estimated mean difference be-
tween treatment groups of 30%, with an average SD of 12%,
which would require 11 completers per treatment group to
give a power of 80% to detect a statistically significant differ-
ence (& = 0.05). The study was designed to recruit 12 patients
in each arm to ensure that the number of patients completing
the study as derived by the sample size calculation was met.

All other analyses were conducted using SPSS for Win-
dows statistical software (version 15.1; IBM). Descriptive infor-
mation was reported as mean + SD for continuous variables.
Categorical variables were presented as numbers and percent-
ages (proportions) unless otherwise indicated. All P values were
two-tailed; with statistical significance set at « level of P<.05.
Data were assessed for normality using the Kolmogorov-
Smirov test. When necessary, nonnormally distributed data
were subjected to logarithmic or square-root transformation
to obtain a normal distribution before group comparison.

The primary outcome measure was IS-SI, and secondary
outcome measures included insulin sensitivity and secretion,
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TABLE 1

Baseline characteristics of PCOS study groups at the time of randomization.

MET

Parameters (n =12)
Age (y) 299+7
Menstrual cycles (no./y) 4+28
BMI (kg/m?) 421473
WC (cm) 111 £ 11
WHIt ratio 0.67 + 0.06
SBP (mm Hg) 135.7 £ 7.1
DBP (mm Hg) 88.6 + 8.5
Testosterone (nmol/L) 1.46 £+ 0.58
SHBG (nmol/L) 234+ 114
FAI (U) 6.7 £ 2.1
DHEAS (umol/L) 478 + 1.5
FBG (mmol/L) 5.6 £ 0.57
Mean BG (mmol/L) 8.3 +0.85
HOMA-IR 6.8+ 3.6
Slogtt 21+14
IGI 1.5+ 1.05
IS-SI 130 £+ 60
IGI/HOMA 0.28 £0.15
Cholesterol (mmol/L) 494+0.7
HDL-C (mmol/L) 1.12 £ 0.35
LDL-C (mmol/L) 3.06 £ 0.6
TRG (mmol/L) 1.52 + 0.64
TRG/HDL ratio 34+19

Note: Each value represents mean + SD. BG = blood glucose; FBG = fasting blood glucose.
2 All P values not significant.

Elkind-Hirsch. Saxagliptin/metformin therapy in PCOS. Fertil Steril 2016.

glycemic parameters, sex steroids, FAI lipid profiles, men-
strual cycle interval, BP, and anthropometric measurements,
which were considered as dependent variables. Baseline char-
acteristics in the three treatment groups were compared using
one-way analyses of variance (ANOVAs). For all analyses in
which the measures were continuous, data were analyzed us-
ing a factorial repeated-measures ANOVA model (subjects/
drug treatments x study visit) with drug treatment as the
between-subjects effect and the visit (baseline and 16 weeks)
as the within-subjects effect. To evaluate the differences in
the response to different treatments over visits, the interaction
effect was calculated. Only where a statistically significant
interaction effect was found (P<.05) was the Bonferroni
contrast test applied to locate the differences among the three
medication groups. Dysglycemia occurrence before and after
treatments was compared with the McNemar test (complex x>
for paired data), which formally tests for a change between
the observed proportions of k-related samples.

RESULTS
Baseline Characteristics

Table 1 presents baseline characteristics of all patients who
completed the study. Twenty-eight Caucasian and 10 African
American women were randomized and received treatment,
and 34 (89%) completed the study per protocol. Race was
equally distributed across treatment arms. Baseline compari-
sons revealed that basal and glucose-stimulated metabolic,
anthropometric, and hormonal measures were comparable
between groups (Table 1).

SAXA SAXA-MET ANOVA
(n=11) (n=11) P values®
286+ 6.6 296 +8 9

4+26 5342 4
372+ 638 43.8 £ 10.5 17
100 £ 17 111 £15 14
0.61 £ 0.1 0.68 £+ 0.09 N

1346 £ 11 131.6 £ 12 61
82.7+10.9 825+ 13 .32
1.84 £+ 0.58 1.46 £+ 0.64 .23
293+ 11.9 288 £12.8 42

74+44 6.8+ 44 .89
6.26 £ 2.9 398 +22 .07
5.6 4+ 0.37 5.6 & 0.55 .93
75+ 1.18 7.7 +£1.42 27
49 +33 5042 44
26+18 22+£13 .67
1.8 +£0.86 214+19 5
258 + 217 213 £ 141 13
0.57 +£0.48 0.43 £0.35 .16
5.3+ 1.68 49+ 0.76 .62
1.05+0.2 1.04 £0.25 .76
342+1.0 3.16 £ 0.56 43
1.98 + 0.88 1.61 £+ 0.56 .39
45423 3614 .49

Changes with Drug Treatment

Effects of 16 weeks of treatment on metabolic, hormonal, and
anthropometric parameters and indices of body fat distribu-
tion are summarized in Tables 2 and 3.

Metabolic changes. All study patients had dysglycemia at
the start of the study. Nineteen of 34 patients (56%) had
normal glucose tolerance at completion of 16 weeks of ther-
apy: 3 of 12 patients taking MET (25%); 6 of 11 patients tak-
ing SAXA (55%); and 10 of 11 patients taking SAXA-MET
(91%). The combination therapy was statistically superior to
metformin alone in normalizing fasting and postchallenge
glucose concentrations (P=.007).

Fasting blood glucose levels were significantly reduced in
all three treatment groups (P=.0001; Table 2). In contrast,
OGTT mean blood glucose concentrations were significantly
improved only in patients who received saxagliptin, either
alone or in combination with metformin (Table 2). Both
SAXA-MET (P=.02) and SAXA (P=.04) therapy were supe-
rior to MET therapy in significantly lowering blood glucose
levels during OGTT.

The HOMA-IR, a measure of basal insulin sensitivity, was
significantly better with all drug treatments (P=.004;
Table 2). Likewise, the OGTT-derived insulin sensitivity index
(SIpgrr), @ measure of basal and stimulated insulin sensitivity,
was significantly improved after 16 weeks in all groups
(P=.003). Insulinogenic index, reflecting the early insulin
response, and corrected early phase insulin secretion index
(IGI/HOMA) were significantly improved in all groups
(P=.006 and P=.025, respectively). As to the primary
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TABLE 2

Effect of saxagliptin and metformin, alone and in combination, on glucose levels, insulin secretion, and sensitivity parameters and lipid profiles.

MET SAXA SAXA-MET
Baseline  Posttherapy  Baseline  Posttherapy  Baseline  Posttherapy ANOVA
Parameter (n = 12) (n =12) (n =11) (n =11) (n =11) (n =11) P values
Plasma glucose
FBG (mmol/L) 56 +057 54+0.7 56 +037 5.3+ .51 56+055 50+.36 T=.0001
Mean BG (mmol/L) 83+08 79+14 75+118 71+164 77+142 62+12 T=.0001,|=.038;
Cvs.M=.02,Svs. M = .04
Insulin measures
HOMA-IR 6.8 +3.6 59+37 49+ 33 44+29 50+2 36+21 T=.004
Slogtt 21+14 25+ 1.6 26+ 1.8 35+34 22+13 41+26 T=.003
IGI 1.5+£1.05 1.6+07 1.84+086 30423 21419 32+23 T=.006
IS-SI 130 + 60 208 + 126 258 £217 359 +295 213+ 141 5324347 T=.0001,1=.012;
Cvs.M=.02,Svs. M= .29
IGI/HOMA 0.28+0.15 046+03 057+04 14+17 0434035 1.03+07 T=.025
Metabolic features
Cholesterol (mmol/L) 4.9 +£ 0.7 47+062 53+168 50+1.7 49+076 46+054 T=.014
HDL-C (mmol/L) 1.12+035 106+03 1.054+02 1.06+02 1.04+025 1.06+02 NS
LDL-C (mmol/L) 306 £t06 282+06 342+10 321+13 316+056 295+05 T=.015
TRG (mmol/L) 152+064 18 +07 198+09 154+07 1.61+06 133+04 |=.003;
Cvs. M =.004, S vs. M = .001
TRG/HDL ratio 34+19 42 +24 45+23 29+13 36+ 14 3.0+ 0.9 |=.006;

Cvs. M =.009, Svs. M = .004

Note: Each value represents mean + SD. BG = blood glucose; C = combined SAXA-MET; FBG = fasting blood glucose; | = interaction differences between treatment over trials; M = metformin; NS
= not significant; S = saxagliptin; T = main effect after all treatments.

Elkind-Hirsch. Saxagliptin/metformin therapy in PCOS. Fertil Steril 2016.

endpoint, the IS-SI, there was a tendency to an increased
mean score from baseline with all therapies, indicative of
improved (-cell function with enhanced insulin sensitivity
(P=.0001; Table 2). Changes in the IS-SI, derived from the
product of the IGI and ISpgrr, with drug treatment are illus-
trated in Figure 1. The IS-SI showed a progressive increasing
mean score from MET (208 £ 126) to (359 &+ 295) to SAXA-
MET (532 + 347; Fig. 1). Patients’ mean IS-SI in the SAXA-
MET treatment group was significantly higher than the
mean value with MET alone (P=.02; Table 2).

TABLE 3

Total cholesterol (P=.014) and LDL-C (P=.014) concen-
trations were significantly decreased, whereas HDL-C levels
did not change significantly with all treatments (Table 2). In
contrast, TRG levels were lowered significantly with SAXA-
MET (P=.004) and SAXA (P=.001) therapy compared with
MET treatment, in which TRG levels slightly increased
(Table 2). The TRG/HDL-C ratio was significantly reduced
with both SAXA-MET (P=.009) and SAXA (P=.004) treat-
ment compared with no improvement with MET monotherapy
(Table 2).

Effect of saxagliptin and metformin, alone and in combination, on clinical, anthropometric, and endocrine parameters and indices of body fat

distribution.
MET SAXA SAX-MET
Baseline Posttherapy  Baseline  Posttherapy Baseline Posttherapy ANOVA

Parameter (n=12) (n =12) (n = 11) (n =11) (n = 11) (n =11) P values
Anthropomorphic characteristics

Menstrual interval (d)? 121 £ 68 81+ 44 121 £ 52 58 + 29 98 + 48 36 + 11 T=.001;1=.026;

Cvs.M=.03,Svs. M= .18

BMI (kg/mz) 42.1+7.3 42 +7.7 372+68 367+74 43.8 + 10.5 42 +10.2 T=.006

WC (cm) 111 £ 11 109 £+ 13 100 £ 17 99.6 £ 17 111 £ 15 106 + 16 T=.006

WHtR 0.67 £.06 0.66 £+ .07 0.6 £0.1 0.6 £ 0.1 0.68+£.09 0.65+.08 T=.0001

SBP (mm Hg) 135.7 £ 7 133 £ 11 135+ 11 130+ 11.7 1316+ 12 131 +£ 13 NS

DBP (mm Hg) 88.6 +£8 854 4+98 827+ 11 82.7+65 825+ 13 83.5+89 NS
Hormonal levels

T (nmol/L) 1.46 + 0.6 1.14+042 1.844+058 154+0.52 146 +064 1.1+0.73 T=.006

SHBG (nmol/L) 234+ 114 20 £ 11 293+ 119 32+ 14 288 +£12.8 31+ 10 NS

FAI (U) 6.7 £ 2.1 6.3 +28 74+44 55+ 34 6.8+44 43+35 T=.006

DHEAS (umol/L) 478 +1.5 47 +£15 63+29 535423 398+22 383+18 T=.006

Note: Each value represents mean + SD. C = combined SAXA-MET; | = interaction differences between treatment over trials; M = metformin; NS = not significant; S = saxagliptin; T = main effect

after all treatments.
2 Menstrual interval reflects the number of days between menstrual cycles.

Elkind-Hirsch. Saxagliptin/metformin therapy in PCOS. Fertil Steril 2016.
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Changes in insulin secretion-sensitivity indices (IS-SI) obtained from
an oral glucose tolerance test at baseline and after 16 weeks of
therapy in patients with PCOS and prediabetic hyperglycemia. The
IS-SI significantly increased after 16 weeks with SAXA-MET
treatment in contrast to MET therapy (*P=.0001 main pre- vs. post-
treatment effect); t = P=.02 specific treatment effect (SAXA-MET
vs. MET).

Elkind-Hirsch. Saxagliptin/metformin therapy in PCOS. Fertil Steril 2016.

Cycle changes. Menses occurrence was significantly
increased in all groups after treatment (P=.0001). Return of
menses was reported at a significantly higher rate with
SAXA-MET therapy compared with single-agent therapy
with MET (P=.03). In the SAXA-MET group, menses were
more regular, with average menstrual interval decreased
from baseline of 98 + 48 days to 36 + 11 days, compared
with 121 £ 68 days to 81 £ 44 in the MET group (Table 3).

Endocrine changes. Levels of DHEAS (P=.02) and T
(P=.0001) and FAI (P=.001) were significantly lower after
16 weeks of treatment in all groups, whereas SHBG levels
were increased, but not significantly, with SAXA and
SAXA-MET but not MET treatment (Table 3).

Anthropometric changes. Body mass index declined with all
treatments (P=.035; Table 3). Comparable results were shown
for WC and WHtR, with a significant reduction in mean WC
(P=.004) and mean WHtR (P=.008) in all groups after
16 weeks (Table 3). Although not statistically significant,
SAXA-MET therapy was more effective in reducing WC and
WHtR compared with either single-agent treatment
(Table 3). Systolic and diastolic BP were not affected by
drug treatment (Table 3).

DISCUSSION

This study presents the results of the first analysis comparing
the effects of combination DPP-4i saxagliptin and metformin
XR (SAXA-MET) with single-agent saxagliptin (SAXA) or
metformin XR (MET) on clinical, hormonal, and metabolic
characteristics in patients with PCOS and IGR. We have
demonstrated superior efficacy (normalization of glucose

tolerance, mean OGTT blood glucose levels, insulin action,
TRG concentrations and TRG/HDL-C ratio, and menstrual
cyclicity) of SAXA-MET over either agent alone in the man-
agement of prediabetic patients with PCOS.

Dysglycemia was evident in all patients at baseline. The
most striking finding in this study is that more than 90% of pa-
tients in the SAXA-MET group achieved normal glucose toler-
ance after 16 weeks of therapy. Although the improvement in
HOMA-IR was greater with SAXA-MET therapy, the lack of sta-
tistically significant differences between treatments in the pre-
sent study may be due to the large variability in IR calculated
using the HOMA method in patients with PCOS, as previously
described (33). An apparently unique form of IR characterizes
PCOS. Even in the absence of changes in fasting glucose and in-
sulin levels, the results of dynamic studies indicate that glucose
utilization is variable in overweight women with PCOS. These
abnormalities are not detected using the HOMA indices that
are calculated from fasting values. The Slygrr was significantly
improved with all treatments, with SAXA-MET treatment supe-
rior to single-agent therapy. Subtle alterations in insulin secre-
tion were also demonstrable. Beneficial effects on insulin
secretion were seen with SAXA and SAXA-MET, suggesting
more efficient insulin secretion, which was not observed with
MET treatment. In the setting of normal G-cell function, as insu-
lin sensitivity decreases, insulin secretion increases in a compen-
satory manner to maintain a constant hyperbolic relationship
(30). As glucose tolerance declines, the IS-SI decreases, which
has been shown to predict conversion to diabetes (32).
Conversely, higher IS-SI suggests elevated first phase insulin
secretion relative to the corresponding degree of IR. An increase
in IS-SI is exhibited in individuals who progress from IGT to
normoglycemia, indicating appropriate $-cell function relative
to their prevailing insulin sensitivity and a positive shift on
the hyperbolic curve. We observed after 16 weeks that the
mean IS-SI in the SAXA-MET group increased to the greatest
extent, followed by SAXA, and was statistically greater than
MET. The minimal effect of metformin in our study may result
from many of the research participants having moderate to
extreme obesity (34). Similarly, other studies evaluating the ef-
fects of metformin alone in comparably overweight patients
with PCOS noted a similar lack of beneficial effects on these as-
pects of PCOS with metformin (35, 36). The improvement in the
mean TRG/HDL ratio, a marker of IR, further confirms the
beneficial effect on insulin action with saxagliptin-metformin
treatment but not metformin (25).

A significant reduction in mean BMI was observed across
all treatment groups. This was not expected, given that DPP-
4is are considered weight neutral medications (37). Therapy
with DPP-4i has been shown to have little effect on weight
in most clinical trials to date, but patients evaluated in prior
studies all had T2D (38). Bruno et al. (39) reported modest
weight reduction in patients with PCOS taking metformin,
with more consistent effects with higher doses of metformin.
The improvement in central adiposity was most dramatic with
saxagliptin-metformin therapy, whereas mean WC and mean
WHI(R measurements were not as reduced at 16 weeks on met-
formin. This finding is in agreement with Lord et al. (40) who
showed that metformin had no clinically significant effect on
decreasing visceral fat in patients with PCOS.

258

VOL. 107 NO. 1/JANUARY 2017



The present report indicates that all treatments improved
T and DHEAS levels. A greater reduction in mean FAI was
observed in the SAXA-MET group compared with MET alone.
Although not significant, this trend could be the result of
increased levels of SHBG with both SAXA-MET and SAXA
therapy but not MET, further lessening the bioavailability of
circulating androgens. Comparable findings documenting
the failure of metformin to influence circulating SHBG has
been reported previously (21, 34).

Clinical improvement in the time interval between menses
was observed with all treatment regimens. Significantly more
patients experienced regular menstrual periods on SAXA-
MET therapy than MET during the 16-week trial. We reported
similar findings with concomitant use of exenatide and met-
formin, in which clinical improvement in menstrual cycle reg-
ularity was apparent with all treatment regimens, with
significantly more patients experiencing menstrual periods
on concomitant therapy than with metformin (21).

Saxagliptin was well tolerated in this trial. The addition of
SAXA to MET therapy did not lead to an increase in the inci-
dence of gastrointestinal side effects, which are typically
associated with metformin treatment alone. No clinically
meaningful differences between treatment groups in the over-
all incidence of clinical adverse experiences, serious clinical
adverse experiences, or laboratory adverse experiences were
observed. The incidence of study discontinuation due to
adverse events over 16 weeks was similar across arms.

Important limitations of the present study were the small
number of patients in the treatment groups and the short inter-
val (16 weeks) of drug treatment. Second, surrogate measures
were used to estimate insulin sensitivity and secretion. For
the patients in the present study, we used measures derived
from the OGTT. Although the OGTT is less precise than intrave-
nous tests, the OGTT is a practical test in clinical trials and is
much more physiologic than intravenous testing, particularly
because glucose sensors widespread through gastrointestinal
tract may actively participate in insulin secretion and action.

In summary, the results provide the first evidence regarding
the efficacy of DPP-4i monotherapy and in combination with
metformin in a PCOS patient population. Overall, 16 weeks of
combination saxagliptin/metformin XR administration among
prediabetic patients diagnosed with PCOS had greater beneficial
effects on central adiposity, insulin levels, glucose control,
androgen levels, and menstrual cyclicity. Further large, long-
term, double-blinded, randomized studies are warranted to
examine the long-term efficacy and safety of combination ther-
apy with saxagliptin and metformin XR in PCOS patients.
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SUPPLEMENTAL FIGURE 1

Patients recruited=46,
Entered treatment=38 Excluded-n=8
PCOS (18-42y), meet NIH criteria +| Not PCOS or IGR
(androgen excess and irregular menses)
and impaired glucose regulation (IGR)
(IFG, IGT or IFG/IGT)

Basal

Randomized if met criteria. Obtained vital signs including blood pressure (BP), body
weight, height, waist circumference, BMI; screen labs-creatinine and calculated eGFR,
TSH, prolactin, 8-hCG, 75 gm. OGTT w/ G & L, lipid profile (baseline and 2 hr. post
glucose load), liver enzymes, androgen profile [total testosterone, SHBG, DHEAS]; HX
menstrual cycles. —Dispensed 30 days of medication (full dose)

. | |

Saxagliptin/Metformin Saxagliptin (n=12) Metformin XR (n=13)
XR (n=13) .

Started 1 pill (each tablet Started 2 pills (each tablet
Started 1 pill (each tablet contains 5 mg saxagliptin) for contains 500 mg of
contains 2.5 mg saxagliptin/ 1000 3 weeks Metformin XRXR) for 3
mg metformin XR) for 3 weeks weeks

Remained at 1 pill of 5 mg )
Increased to 2 pills SAXA-MET SAXA for remainder of study Increased to 4 pills MET(total
(Smg SAXA/ 2000 mg MET) as ZOOO_mg) as tolerated for
tolerated for remainder of study remainder of study

4 weeks

y

Vital signs, body weight, side effects and safety assessment obtained.
Dispensed 90 days of medication (full dose)

| l |

Saxagliptin/Metformin Saxagliptin (n=11 Metformin XR (n=12
XR (n=11 Completers) Completers) Completers)
2 pills of SAXA-MET 2.5/1000 1 pill of SAXA 5 mg to study 4 pills of MET 500 mg to
to study completion completion study completion
. v i
Withdrew-n=2 Withdrew-n=1
1 noncompliant Withdrew-n=1
14-16 weeks

|

Vital signs including blood pressure (BP), body weight, height, waist circumference, BMI; 8-
hCG, 75 gm. OGTT w/ G & I, lipid profile (baseline and 2 hr. post glucose load), liver
enzymes, androgen profile [T, SHBG, DHEAS], record of menstrual cycles, safety
assessment-adverse events, side effects obtained and collected unused medications

Patient flow chart. A tota‘l Qf 38 patients who met eligibility criteria were recruited and consented. In all, 34 of the 38 patients completed the
16-week study. The remaining 4 patients dropped out for incomplete data or non-compliance with medication.
Elkind-Hirsch. Saxagliptin/metformin therapy in PCOS. Fertil Steril 2016.
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