[bookmark: _GoBack]
CLINICAL STUDY REPORT 
_______________________________________
A single-dose cross-over study to assess direct and indirect effects of dapagliflozin on pancreatic alpha and beta cells in patients with type 2 diabetes
______________________________________


	Clinicla trials number:	
	NCT02765204 

	
	

	EudraCT Number:
	2015-005549-30

	
	

	Trial Development Phase:
	Phase IV

	
	

	Tested Drug Substances:
	Dapagliflozin and Saxagliptin 

	
	

	Proposed Indication:
	Type 2 diabetes

	
	

	Date of Report:
	Draft version 1, 5 Dec 2017

	
	

	Sponsor:
	Uppsala University

	
	

	First Subject Enrolled (date): 
	11 Mar 2016


	Last Subject Completed (date):
	1 Dec 2016

	
Principal Investigator and 
Sponsor Representative:
	
Prof Jan Eriksson MD, PhD
Department of Medical Sciences
Uppsala University Hospital
SE-751 85 Uppsala, Sweden
Phone: +46 (0)18 611 44 19 
Mobile: +46 (0)73 868 11 33
E-mail: jan.eriksson@medsci.uu.se

	
	

	CRO Contact Person:
	Daniel Seisdedos
PCG Clinical Services AB



This trial was performed in compliance with Good Clinical Practice (GCP), including the archiving of essential documents. This document is the property of Uppsala University. No unpublished information contained herein may be disclosed without written approval from Uppsala University.

[bookmark: _Toc536844836][bookmark: _Toc377995874]SIGNATURES


Trial Title: 	Direct and indirect effects of SGLT2 inhibition on alpha and beta cell function in type 2 diabetes patients 

	Clinicla trials number:	
	NCT02765204 


	


I have read this report and confirm that to the best of my knowledge
it accurately describes the conduct and results of the trial.




Author of clinical study report:

		__________	 
Per Lundkvist, MD		Date



Principal Investigator and Sponsor Representative:

		__________	 
Prof Jan Eriksson, MD, PhD		Date


[bookmark: _Toc536351448][bookmark: _Toc536844837][bookmark: _Toc377995875]
SYNOPSIS
	Name of Sponsor/Company:

	Uppsala University

	Name of Finished Product:

	FORXIGA and ONGLYZA

	Name of Active Ingredient:

	Dapagliflozin and Saxagliptin

	Title of Study:
A single-dose cross-over study to assess direct and indirect effects of dapagliflozin on pancreatic alpha and beta cells in patients with type 2 diabetes
 

	Investigators: 

	Prof. Jan Eriksson, MD, PhD

	Study Centre(s): 

	Department of Medical Sciences, Clinical Diabetes and Metabolism, Uppsala University, Uppsala, Sweden and 
Section for Diabetes and Endocrinology at the Uppsala University Hospital, SE-751 85 Uppsala, Sweden

	Publication (reference): Not yet published

	

	Studied period (years): 
(date of first screening visit): 11 Mar 2016
(date of last completed): 1 Dec 2016
	Phase of development: 
IV


	Objectives: 
Primary Objective
To evaluate the acute effects of dapagliflozin on blood concentrations of glucagon due to glucose lowering.

Exploratory objectives
To evaluate if concomitant and saxagliptin treatment have an effect on alpha cell glucagon release. To evaluate the acute SGLT2i effects of dapagliflozin on blood concentrations of other hormones dependent on glucose levels.
To evaluate if acute effects of dapagliflozin on blood concentrations of other energy substrates dependent on glucose levels.

Safety objective
A mechanistic study without any specific safety objective 

	Methodology:
· Experiments: A single oral dose of dapagliflozin (DAPA) 10 mg followed by 5h infusion period + 2h oral glucose tolerance test 
· DAPA 10 mg + NaCl infusion (visit D)
· DAPA 10 mg + Isoglycemic clamp by variable glucose infusion (visit DG)
· DAPA 10 mg + Saxagliption (SAXA) 5 mg + NaCl infusion (visit DS)

This was a three-way crossover study in 15 metformin-treated patients with type 2 diabetes who received single doses of dapagliflozin in randomized order. The study was powered to detect a difference of 15% in the mean change in glucagon concentration between experiments. 
Endpoints included acute effects of SGLT2i DAPA on plasma levels of glucagon, insulin, NEFA, glycerol, β-OH-butyrate and glucagon-like peptide-1, in case of falling versus stable plasma glucose as well as the combination of DAPA with DPP4i saxagliptin. 

This 16-week study comprised 4 visits at the clinic; a screening visit (week -2--1) followed by three visits with experiments with a 2-6 weeks long wash-out period inbetween.


	Number of subjects (planned and analysed):

	No. planned:
	15

	No. randomized and treated:
	15

	Males/Females:
	12/3

	Mean age (range):
	67 years (56-74)

	Mean fasting plasma glucose at baseline:
	9.6 mmol/L

	No. analysed:
	

	DAPA with stable versus falling glucose:
	13

	DAPA with and without SAXA during falling glucose:
	12

	
Diagnosis and main criteria for inclusion:
Female or male subjects aged 18 to 75 years with type 2 diabetes mellitus on stable metformin treatment, without significant co-morbidities. 


	
Test products, dose and mode of administration, batch numbers:
· Dapagliflozin, 10 mg tablet, administered orally once at each experiment visit. 
Lot (batch) numbers: S825A (2502811539, 2702911536)

· Saxagliptin, 5 mg, administered orally once at one of the experiment visits. 
Lot (batch) numbers: 3L74686 (NA), S1112K (2403331523), 4C87475 (NA)


	Infusions:
Glucose 10% 
NaCl 9mg/ml

	Criteria for evaluation: 

	· Body weight, body composition and other anthropometric measurements including calculation of waist-hip ratio (WHR) and BMI were performed at screening (week -2--1). Body weight, heart rate and blood pressure were repeated at each visit. 
· Blood sampling was performed at screening for evaluation of laboratory variables including: HbA1c, fasting plasma glucose, insulin, C-peptide, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high‑density lipoprotein cholesterol (HDL-C), triglycerides (TG).
· At each experiment separate urine samples were collected start and end of infusion and OGTT, measuring volume and concentrations of glucose, creatinine, potassium and sodium. Serum concentrations of glucagon, insulin, active GLP1, glucose, glycerol, NEFA and beta-hydroxy butyrate were measured and exploratory samples collected at every time point unless otherwise stated (see sampling schedule). Glucose infusion rate was noted every 20 minutes during the 5 h glucose infusion. 
Safety
· Clinical laboratory tests (clinical chemistry, haematology and creatinine clearance) were performed at screening. Urinalysis was performed at screening.
· Vital signs were assessed at screening and at each experiment visit.
· Incidence and type of adverse events (AEs) and serious adverse events (SAEs). AE reporting started at the first experiment visit and continued throughout the entire experiment period, focusing on experiment days and the days following.
 
Exploratory
Blood samples for exploratory purposes were collected at throughout the three experiments including the 5h infusion period and 2h OGTT. The samples were frozen and stored at the Uppsala Biobank for future research.

	Statistical methods: 

	General
Calculations: Glucose infusion volume was summarized at 5 hours and is expressed in grams. Urinary glucose excretion was urine volume multiplied by glucose concentration and given as grams, whereas PG was given in molar units (mmol/L). Areas under time-concentration curves for infusion (5h) and OGTT (2h) periods were derived using the trapezoid rule for values set to baseline for the 5h infusion and 2h OGTT respectively. 

Statistical methods: Data is given as mean ± SD/SEM and log-transformed when not normally distributed according to Shapiro-Wilks test (non-normal<0.05). Experiments were analyzed by paired t test and multivariate regression analyses. No adjustments were made for multiple comparisons. All data were analyzed with SPSS version 24 (IBM).

Baseline data are summarized using descriptive statistics where the mean and standard deviation (SD). All efficacy variables are assessed at a two-sided 0.050 significance level. The results of significance tests are reported with p-value. 
Data analysis sets
Subjects participating:
· The full analysis set (FAS): all randomized subjects who completed at least one of the experiments.

· The per-protocol analysis set (PPAS): a subset of the FAS, consisted of subjects who completed at least out of three experiments.
· The safety analysis set (SAS): all randomized subjects who received at least one dose of study medication and who provided any safety records.

Subject and baseline data
Descriptive statistics are presented as mean±SD for demographics, anthropometric measures, clinical chemistry and dose of concomitant medications. In addition, subject data include medical history and concurrent diseases.

Efficacy analyses
All efficacy analyses were performed on FAS. The treatment effect was tested and estimated using a two-sided paired t-test considered significant at p-value below 0.050. The efficacy variables were presented by visit and descriptive statistics were presented as mean change from baseline and corresponding standard error of the mean (SEM). Area under curve is given as percentage change±SEM from baseline for 5h infusion and 2h OGTT respectively.

Primary efficacy variable
The primary efficacy variable was glucagon concentration.  

Exploratory efficacy variables
The exploratory efficacy variables included insulin, glucagon/insulin ratio, c-peptide, aGLP-1, NEFA, glycerol, beta-hydroxy butyrate concentrations with dapa with and without saxa.

Safety Evaluation
Safety data are presented descriptively using the safety analysis set. The safety parameters included clinical chemistry, haematology, vital signs and adverse events (AEs).

Sample Size Calculation
A sample size of 12 will give more than 90 % power to detect a difference in glucagon secretion of 15% between the two conditions of the primary comparison (3 pmol/L, baseline level of about 20 pmol/L), assuming SD 3 pmol/L. 15 subjects were enrolled, assuming a maximum of 3 drop-outs. Patients completing at least two of the three experimental investigations will be included in the per protocol analysis set.	Comment by Per: Corrected above	Comment by Monyak, John: This is inconsistent with the definition of the PPAS above.


	EFFICACY RESULTS:
Primary Efficacy Variable 
Glucagon concentrations decreased significantly more from baseline during visit DG than visit D (-20% vs -9%; ∆AUC%). 

Exploratory Variables
Insulin secretion
Insulin concentrations increased in visit DG (9%) and decreased in visit D (-31%), a significant difference.
C-peptide concentrations rose during visit DG (16%), and fell in visit D (-11%), a difference that was statistically significant. 

Lipolysis regulation
Glycerol and NEFA concentrations similarly decreased in visit DG (-19% / -17%) and were significantly different from the increases during visit D (8% / 12%).

Other variables
The glucagon/insulin ratio increased (37%) in visit D whereas it decreased (-25%) in visit DG, constituting a significant difference. Levels of active GLP-1 decreased from baseline in visit DG (-21%) as well as during the D visit (-35%). 	Comment by Per: Now consistent throughout	Comment by Monyak, John: Suggest being consistent in how decreases are displayed.  In the previous result decreses have negative signs.  Here there is no negative sign.  Both are described as decreases.

SAFETY RESULTS: 
No new safety concerns based on clinical laboratory tests, creatinine clearance, vital signs and AEs/SAEs, were identified during this mechanistic study. 

Brief summary of adverse events
The treatment was generally well tolerated and one AE was considered severe (deep vein thrombosis of the arm). There were 0 deaths and no new and unexpected AEs causing concern.

Adverse events by severity and relationship to investigational product
There were 19 AEs being reported in six patients. The most commonly reported events were headache (six events in three patients) and tiredness (five events in three patients). Fifteen events were mild and three were moderate in intensity including swollen arm, ureteral stone and urticaria. One event, deep vein thrombosis of the arm, was deemed severe in intensity and resulted in the patient withdrawing from the study. The moderate and severe AEs required medication but none needed hospitalisation. Only one event (dizziness) was deemed as possibly related to study drug. No deaths or SAEs were reported during the study.


Withdrawals due to adverse events
· One subject was prematurely withdrawn from the study due to the occurrence of AE (deep vein thrombosis). 
Adverse events by system organ class (SOC) and preferred term (PT)
· The most common adverse event reported according to SOC were nervous system disorders (6 events in 3 participants) and general disorders and administration site conditions (5 events in 3 participants) after the visit. 
· The most common adverse event reported according to PT were headache and tiredness (6 events in 3 participants) and general disorders and administration site conditions (5 events in 3 participants) after the visit.

OVERALL CONCLUSIONS:
EFFICACY
Our data in T2D patients given a single dose Dapa indicate that the glucagon concentration and glucagon/insulin ratio are largely regulated by glycemic changes, and that direct α-cell effects by SGLT2i may be of less importance. No short-term rise in glucagon was seen after Dapa administration. Data also indicates that incretin effects on pancreatic islets are complex during SGLT2 inhibition, since DPP4 inhibition paradoxically increased fasting glucagon but had no clear effect on glucose-stimulated insulin levels. Further studies are warranted to address underlying mechanisms as well as the possible changes of such effects over time during long-term SGLT2 inhibition. Taken together, these results may suggest that glucagon changes during SGLT2 inhibitor treatment mainly occur as a response to glucose lowering rather than via direct drug effects on the pancreatic islets.
SAFETY
· No major safety issues were identified for the treatment with dapagliflozin (single-dose 10 mg) with and without Saxagliptin (single-dose 5mg) in subjects with type 2 diabetes during 3 visits, based on clinical laboratory tests, creatinine clearance, vital signs and AEs/SAEs.
The AE reporting did not reveal any sign of new patterns not previously noted for the individual drugs. 
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LIST OF ABBREVIATIONS AND DEFINITION OF TERMS
	Abbreviation or special term
	Explanation


ALT		Alanine transaminase
AST		Asparatate transaminase
BMI		Body mass index
CRP		C-reactive protein
CV (D)		Cardiovascular (disease)
DAPA		Dapagliflozin
DPP4 (i)		Dipeptidyl peptidase 4 (inhibitor)
GCP		Good Clinical Practise
GLP-1 (RA)		Glucagon-like peptide 1 receptor agonist
HbA1c		Glycosylated haemoglobin
HDL		High density lipoproteins
IBT		Incretin-based therapies
OD		Once daily
OGTT		Oral glucose tolerance test
PBO		Placebo
PG		Plasma glucose
QW		Once a week (quantum vis)
SAXA		Saxagliptin
SGLT		Sodium glucose cotransporter
SGLT2i		Sodium glucose cotransporter 2 inhibitor
T2D		Type 2 diabetes mellitus
TG		Triglycerides
UGE		Urinary glucose excretion
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ETHICS
[bookmark: _Toc536844841][bookmark: _Toc377995880][bookmark: _Hlt536856327]INDEPENDENT ETHICS COMMITTEE (IEC) OR INSTITUTIONAL REVIEW BOARD (IRB)
The original study Clinical Study Protocol (CSP, dated 18 Dec 2015) was approved in writing on 27 Jan 2016 by the Independent Ethics Committee (IEC) in Uppsala, Sweden and by the Regulatory authorities (RA) on 17 Feb 2016. The protocol is provided in the Appendix. 
[bookmark: _Toc536844842][bookmark: _Toc377995881]ETHICAL CONDUCT OF THE TRIAL
The study was performed in accordance with the ethical principles that have their origin in the Declaration of Helsinki that are consistent with International Conference on Harmonization (ICH)/Good Clinical Practice (GCP) and applicable regulatory requirements.
[bookmark: _Toc536844843][bookmark: _Toc377995882]SUBJECT INFORMATION AND CONSENT
Informed consent was obtained from all subjects prior to initiation of any study related activities. Copies of the subject information and the informed consent form is provided in Appendix. 
[bookmark: _Toc536844844]

[bookmark: _Toc377995883]INVESTIGATORS AND TRIAL ADMINISTRATIVE STRUCTURE
The key study personnel are listed in Table 1. Curriculum vitaes for all important participants in the study is provided in Appendix 16.1.4.
[bookmark: _Toc374129775]	
Table 1. Key study personnel
	Role
	Name, affiliation
	Address

	Sponsor and Principal Investigator:
	Prof Jan Eriksson, MD, PhD
	Department of Medical Sciences
Uppsala University Hospital
SE-751 85 Uppsala, Sweden
Phone: +46 (0)18 611 44 19 
Mobile: +46 (0)73 868 11 33
E-mail: jan.eriksson@medsci.uu.se 


	Co-investigator:
	Per Lundkvist, MD
	Department of Medical Sciences,
Clinical Diabetology and Metabolism,
Akademiska sjukhuset
Entrance 40, 5tr
Uppsala University
SE-751 85 Uppsala, Sweden


	Study nurses:
	Anna Ehrenborg
Lovisa Nordlinder
Monica Gelotte
Tanya Pütger
Carola Almström  
	

	
	
	

Pharma Consulting Group
Kungsängsvägen 19, 753 23 Uppsala

	Monitor:
	Stine Söderström

	

	
	
	

	
	
	

	
	
	

	Central Laboratory:
	Clinical Chemistry Laboratory
	Akademiska sjukhuset
SE-751 85 Uppsala, Sweden


	
	
	

	Rudbeck Laboratory:
	Clinical Diabetes and Metabolism
	Dag Hammarskjölds väg 20, 752 37 Uppsala
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INTRODUCTION
[bookmark: _Toc536844846]Type 2 diabetes is a complex disease with both genetic and lifestyle factors contributing to its pathobiology (1-3). It is characterized by hyperglycemia, typically due to impaired pancreatic β-cell function, peripheral insulin resistance and elevated endogenous glucose production (EGP). Inappropriate high glucagon secretion from α-cells, impaired incretin secretion and action as well as increased renal glucose reabsorption have also been shown to contribute to the manifestations of type 2 diabetes (4-7).  Some newer treatment modalities for type 2 diabetes, namely sodium-glucose cotransporter-2 (SGLT2) inhibitors (10-12) and glucagon-like peptide-1 receptor agonists (GLP-1RAs) () , respectively, have proven useful to address such perturbations. Some studies have also shown beneficial effects on cardiovascular and renal events and mortality (10-14). 
SGLT2 inhibitors (SGLT2i) act by blocking glucose reabsorption in the renal proximal tubuli leading to urinary glucose excretion (UGE) (15), which in turn lowers plasma glucose levels (9). The increase in UGE is partly, but not fully, balanced by increased endogenous glucose production (EGP) (16) and this has been linked to increased glucagon levels and glucagon/insulin ratio (16-18). The latter is considered to largely determine EGP rate (). The primary cause and impact of altered glucagon regulation following SGLT2 inhibition is currently not established. 
Concerns have been raised about a potential direct effect of SGLT2i on pancreatic α-cells (19), leading to increased glucagon secretion, in turn possibly affecting glycemic control. SGLT2 is expressed in pancreatic α-cells and its inhibition has shown to trigger glucagon secretion in vitro (20). However, this α-cell effect is complex, and appears to depend on the ambient glucose level according to in vitro experiments (21; 22). If glucagon concentrations are mainly governed by the prevailing plasma glucose levels during SGLT2 inhibition, the subsequently raised EGP may largely reflect a physiological counter-regulatory response defending the established long-term glucose level. 
Both GLP-1RAs and DPP4 inhibitors (DPP4i) are incretin-based therapies. GLP-1RAs mimic the action of GLP-1 by stimulating insulin release (23; 24), inhibiting glucagon secretion (25) and lowering plasma glucose levels, mainly in the post-prandial state and when glucose levels are elevated (26). DPP4 inhibitors prevent enzymatic degradation of endogenous incretins GLP-1 (27) and GIP and thereby improve glycemic control (28). A high level of active GLP-1 (aGLP-1) has been demonstrated to sensitize β-cells to glucose, improving insulin secretion in type 2 diabetes concomitant with a low risk of hypoglycemia (29). DPP4 inhibitors and GLP-1RAs are reported to decrease levels of circulating glucagon in type 2 diabetes (25) but after chronic treatment there may instead be an increase following GLP-1RA treatment (30). While the effects of incretin on the islet cells of the pancreas are well studied, underlying mechanisms are not fully known (29). DPP4 inhibitors can mitigate SGLT2 inhibitor-induced increase in postprandial glucagon secretion. However, it is not known if glucagon regulation is acutely affected by DPP4i in combination with SGLT2i.

This study aimed to assess whether there are indirect effects of short-term SGLT2 inhibition on glucagon secretion that are mediated via glucose lowering. Likewise, we addressed whether effects of SGLT2 inhibition on other hormones and energy substrates are dependent on glucose changes. The effect of combining SGLT2 and DPP4 inhibition was also investigated.


[bookmark: _Toc377995885][bookmark: _Toc536844848]TRIAL OBJECTIVES
[bookmark: _Toc377995886]PRIMARY OBJECTIVE
The primary objective was to evaluate whether a single dose of dapagliflozin exerted an indirect effect on human pancreatic α-cells via glucose changes, in turn affecting glucagon secretion. This was investigated both in the fasting condition and following an OGTT. 

[bookmark: _Toc377995887]Exploratory OBJECTIVEs
Secondary objectives were to assess whether the acute effects of dapagliflozin on other hormones and energy substrates are dependent on glucose levels, and if saxagliptin modifies concentrations of glucagon, insulin and aGLP-1 when given together with dapagliflozin. This was investigated both in the fasting condition and following an OGTT. 
[bookmark: _Toc377995888]SAFETY OBJECTIVE
Safety was assessed by reporting of study drug-related AEs and serious AEs (SAEs).

[bookmark: _Toc536844847][bookmark: _Toc377995889]INVESTIGATIONAL PLAN

[bookmark: _Toc377995890]OVERALL TRIAL DESIGN AND PLAN-DESCRIPTION


A flow chart of the study design is shown in Figure 1

This was an exploratory, phase IV, single-dose, 16-week, 3-treatment crossover study assessing the acute effects of the SGLT2 inhibitor dapagliflozin on glucagon, other hormones and energy substrates in patients with type 2 diabetes treated with metformin. In addition, such effects were also investigated following co-administration with the DPP4 inhibitor saxagliptin. The study comprised a pre-screening telephone contact, followed by a screening visit (Visit 0) and three clinic visits (Visits 1–3), each separated by a wash-out period of 2–6 weeks. Data was collected between March 2016 and December 2016 at a single site at the Uppsala University Hospital in Sweden.


[bookmark: _Toc377993303]Figure 1. Trial flow chart	Comment by Monyak, John: Chart is not clear.  What does each row represent?  If a row represents a cohort then the  would expect the letters to cange (i.e. crossover)”
Each row represents a visit type with particular protocol as specified below. The order of visits is randomized prior to visit 1. 	Comment by Per: Added for clarification
[image: ]
DS = Dapa 10mg + Saxa 5mg + saline 0,9% infusion
D   = Dapa 10mg + saline 0,9% infusion
DG = Dapa 10mg + glucose 5% infusion

[bookmark: _Toc377995891]Discussion of trial design
In this crossover study, each subject served as their own control with randomised treatment order to control for sequence bias. The study was powered to detect a 15% difference in the primary end point between two conditions in the primary comparison. Based on previous work, this difference was judged to be clinically relevant, and calculated to be 3 pmol/L (baseline level of about 20 pmol/L; standard deviation, 3 pmol/L) (18). Thus, the sample size required for analysis of the primary end point was 12 evaluable subjects. A maximum of 3 non-completers (premature withdrawals) was expected. The experiment length was chosen based on absorption (Tmax <1.5 h) and clearance rates of dapaglifozin and saxagliptin (31).
	Clinical Study Report 

		CONFIDENTIAL
2(47)
[bookmark: _Toc377995892][bookmark: _Toc536844850]STUDY POPULATION
This study included male and female patients with type 2 diabetes, aged 18–75 years receiving stable metformin treatment for ≥1 month, with HbA1c of 7.2–10% (55–86 mmol/mol) and BMI of 20–35 kg/m2. Patients were excluded if they had a history of type 1 diabetes, diabetic ketoacidosis, treatment with antihyperglycemic medication other than metformin, or had impaired kidney function (estimated glomerular filtration rate, eGFR <60 mL/min/1.73 m2). See Selection of study population for a complete list of exclusion criteria. For the study, patients were requested to fast overnight at least 10 h before all the visits (moderate consumption of water was allowed up to 1 h before visit), and to refrain from taking medication on the morning of the visits. Further, they were instructed to continue their regular medication without changing doses or adding new medications unless advised to do so by a physician. Patients were also asked to report adverse events (AEs) or any changes made to their drug regimen.

[bookmark: _Toc377995893]SELECTION OF TRIAL POPULATION
[bookmark: _Toc536844853][bookmark: _Toc377995894]Patient inclusion and exclusion criteria
For inclusion in the study subjects had to fulfil lthe following criteria:
1)	Provision of signed informed consent prior to any study specific procedures
2)	Female and/or male aged 18 to 75 years
Female subjects had to meet all of the following criteria: 
a)	Not breastfeeding
b)	Negative pregnancy test result (human chorionic gonadotropin, beta subunit [hCG]) at screening (Visit 1) (not applicable to hysterectomized females)
c)	If of childbearing potential (including perimenopausal women who have had a menstrual period within 1 year), must practice and be willing to continue to practice one of the following highly effective birth control methods during the entire duration of the study: 
i.	Diaphragm or partner use of condom in combination with combined (estrogen and progestogen containing) hormonal contraception associated with inhibition of ovulation:
•	Oral
•	Intravaginal
•	Transdermal
ii.	Diaphragm or partner use of condom in combination with progestogen-only hormonal contraception associated with inhibition of ovulation:
•	Oral
•	Injectable
•	Implantable
iii.	Placement of an intrauterine device
iv.	Placement of an intrauterine hormone-releasing system
v.	Bilateral tubal occlusion
vi.	Vasectomised partner (provided that the partner is the sole sexual partner of the female subject and that the vasectomised partner has received medical assessment of the surgical success)
vii.	Sexual abstinence (defined as refraining from heterosexual intercourse)
d)	Must practice appropriate birth control as stated above for 10 weeks after the last dose of study medication
3) BMI 20 – 35
4) Clinical T2D diagnosis at least 6 months prior to enrolment
5) Metformin treatment, with stable dose for at least 1 month
6) HbA1c 55-86 mmol/mol (7.2-10%DCCT)

Patients were excluded in the following situations:
· They had a history of type 1 diabetes, diabetic ketoacidosis, or severe allergy/hypersensitivity
· They had a positive glutamic acid decarboxylase autoantibodies test or had been treated with antihyperglycemic medication other than metformin, antipsychotics systemic glucocorticoids, neuropsychiatric stimulants, antidepressants with sympathetic activity, beta blockers, or other pharmaceuticals rendering the patient unfit for the study as judged by the investigator
· They have a history of significant drug or alcohol abuse, or excessive alcohol intake
· If patients had any other endocrine disease except substituted hypothyroidism 
· They showed the following laboratory findings 
· Aspartate aminotransferase and alanine aminotransferase >3× upper limit of normal
· Impaired liver or kidney function (estimated glomerular filtration rate <60 mL/min/1.73 m2)
· Plasma donation within a month of screening or any blood donation
· Significant blood loss (>400 mL) 3 months prior to screening. 

[bookmark: _Toc377995895]Restrictions during study participation
Patients were requested to: 
· Fast, except water, overnight (from 22:00) before all visits. A moderate amount of water is allowed up to one hour before the visit to the clinic. 
· To refrain from medication on the morning of visit 0-3. 
· Not plan to be pregnant during the study. 

[bookmark: _Toc377995896]Discontinuation of patients 
Patients are free to discontinue their participation in the trial at any time and for whatever reason without affecting their right to an appropriate follow-up investigation. If possible, the reason for withdrawal of consent should be documented. All data collected before the withdrawal can be used. 
Once a patient has been included in the trial, the Investigator should make every reasonable effort to keep the patient in the trial. 
Patients may be discontinued from the trial at any time at the discretion of the Investigator. Specific reasons for discontinuing a patient from further assessments are: 
· Withdrawal of informed consent
· Patient lost to follow-up (i.e. drop-outs)
· Death
· Substantial protocol violation
· The Investigator considers that it is not in the interest of the patient to continue 
The sponsor reserves the right to terminate the trial prematurely for scientific or administrative reasons or for any other valid and/or ethical reason. If the trial is prematurely terminated, the Investigator should promptly inform the patients and take necessary steps to finalise their engagement in the trial.
[bookmark: _Toc377995897]Withdrawal of consent
Subjects were free to withdraw from the study at any time (IP and assessments), without prejudice to further treatment. 
A subject who withdrew consent was to be asked about the reason(s) and the presence of any AE. The subject was to be followed-up outside of the study for safety reasons (including follow-up of any AEs ongoing at the time of withdrawal) and medical needs as applicable. No additional study assessments were performed unless specifically agreed to by the subject. However, data collected before the withdrawal were used in the trial. 

[bookmark: _Toc536844854][bookmark: _Toc377995898]TREATMENTS
[bookmark: _Toc536844855][bookmark: _Toc377995899]Treatments Administered
Investigational products, dose, dosage and route of administration are summarized in table 2 below. 
· Experiments: A single oral dose of DAPA 10 mg followed by 5h infusion period + 2h oral glucose tolerance test 
· DAPA 10 mg + Saline infusion
· DAPA 10 mg + Isoglycemic clamp by variable glucose infusion
· DAPA 10 mg + SAXA 5 mg + saline infusion

[bookmark: _Toc374129776]Table 2	Treatments
	Investigational product
	Dose
	Dosage
	Route of administration

	Dapagliflozin
	10 mg 
	Once at the start of each experiment
	Oral administration of tablet

	Saxagliptin 
	5 mg
	Once at the start of one experiment
	Oral administration of tablet

	Glucose solution
	10%
	Variable 5h infusion during the isoglycemic experiment
	Intravenous administration of solution

	Saline solution
	0,9%
	Stable 5h infusion of 30ml/h during the experiments without isoglycemic clamp 
	Intravenous administration of solution



[bookmark: _Toc536844856][bookmark: _Toc377995900]Identity of Investigational Products
The identity of the IPs is summarized in Table 3. Being an open-label study, commercially available IP were to be used during the study. The IP was to be requisitioned from the hospital pharmacy and stored at the clinic.
[bookmark: _Toc374129777]Table 3	Identity of Investigational products
	Investigational product
	Dose
	Lot (batch) numbers

	Dapagliflozin
	10 mg tablet, administered orally once at each experiment visit.
	S825A (2502811539, 2702911536)

	Saxagliptin 
	5 mg, administered orally once at one of the experiment visits.
	3L74686 (NA*), S1112K (2403331523), 4C87475 (NA*)


*NA = Not Applicable
[bookmark: _Toc536844857][bookmark: _Toc377995901]Method of Assigning Patients to Treatment Groups
Fifteen subjects were enrolled and randomized in two blocks to one of the six possible treatment orders (3:3:3:2:2:2; Supplementary Figure Consort, Appendix Experimental Randomisation key). Treatment sequence was chosen at visit 1 by random selection of one out of fifteen identical and sealed envelopes from either predefined block 1 or 2.

[bookmark: _Toc536844858][bookmark: _Toc377995902]Selection of Doses in the Trial
The doses of dapagliflozin and saxagliptin selected for this study were the standard doses for treatment of T2DM (dapagliflozin 10 mg and saxagliptin 5mg once daily). 
[bookmark: _Toc536844861][bookmark: _Ref437087846][bookmark: _Ref437777145][bookmark: _Toc377995903]Concomitant Medications
[bookmark: _Toc536844862][bookmark: _Ref433899768]Medications were classified as concomitant if ongoing at or stopped after baseline (randomization, week 0) or started after baseline. Concurrent disease and procedures were defined in an analogous way.
Subjects had to follow the medication restrictions during the study period. Dosages for certain concomitant medications were to be maintained constant during the study, unless instructed otherwise by the Investigator or a treating physician. Any change in regimen for any concomitant medication, including restricted concomitant medications, were to be reported to the Investigator and recorded in the case report form (CRF).
[bookmark: _Toc536844863][bookmark: _Ref437170858][bookmark: _Toc377995904]EFFICACY AND SAFETY VARIABLES
[bookmark: _Toc536844864][bookmark: _Ref467062701][bookmark: _Ref467065407][bookmark: _Toc377995905]Efficacy and Safety Measurements Assessed and Flow Chart
The efficacy and safety measurements assessed in this study are presented in table 4 and 5. These were sampled and analyzed as outlined in section Experimental procedures and treatments. The total volume blood taken from each patient during the study period will not exceed 450 mL, i.e. the volume of a normal blood donation.
Table 4. Study flow chart
	
	pre-screening 
	Visit 0
	Visit 1-3

	
	Phone contact / site visit
	Site visit
	Site visits

	Study information and general eligibility 
	X
	
	

	Signed informed consent, enrolment 
	
	X
	

	Randomization (visit 1) 
	
	
	X

	Demography (date of birth, sex and race) 
	
	X
	

	Medical and surgical history 
	
	X
	

	Concomitant medication 
	
	X
	

	Smoking habits 
	
	X
	

	Physical examination 
	
	X
	

	Vital signs (SBP / BP and pulse) 
	
	X
	X

	Inclusion/exclusion criteria 
	
	X
	

	Haematology and clinical chemistry and urinalysis (dipstick) 
	
	X
	

	HbA1c 
	
	X
	

	Glucose, fasting and throughout experiment* 
	
	X
	X

	Glucagon ” 
	
	
	X

	Active GLP-1” 
	
	
	X

	Insulin, C-peptide ” 
	
	
	X

	FFA, glycerol, beta-hydroxy butyrate “ 
	
	
	X

	Exploratory samples “ 
	
	
	X

	Urine glucose excretion (5h and 2h experiments) 
	
	
	X

	Adverse Events 
	
	
	X


*See section Experimental procedures and treatments  for sample time points for hormonal and metabolic measures. In addition, glucose will be measured every 5-10 min during the isoglycemic infusion experiment. FPG should be in the range 6-13 mmol/L at visit 1-3. 
‘’Exploratory biomarker analyses: Biosamples (i.e. blood, serum, plasma and urine) used for exploratory biomarker assessment may be analysed by Uppsala University/ Uppsala University Hospital and/or external laboratories on its behalf. Biosamples will be stored in a biobank at Uppsala University Hospital. 

Table 5. Clinical chemistry and Haematology at screening
	Plasma (P)-Albumin 
	

	P-Sodium 
	

	P-Potassium 
	

	P-Calcium, total 
	

	P-ASAT (Aspartaminotransferas) 
	

	P-ALAT (Alaninaminotransferas) 
	

	P-Bilirubin, total 
	

	P-ALP (Alkaline phosphatase) 
	

	P-Creatinine 
	

	P- Cystatin C 
	

	P-C-Reactive Protein 
	

	P-Lipids (Tot Chol, LDL chol, HDL chol, ApoB/ApoA1, TG, FFA) 
	

	Serum (S)-C peptide, S-insulin 
	

	B-HbA1c 
	

	P-Fasting plamsa glucose (FPG) 
	

	Blood (B)-Haemoglobin 
	

	B-Erythrocytes
	

	B-LPK (Leucocytes Particle Concentration) 
	

	B-TPK (Thrombocyte Particle Concentration) 
	

	B-differential count 
	

	U-dipstick
	

	U-Creatinine
	

	U-Potassium
	

	U-Sodium
	



[bookmark: _Toc377995906][bookmark: _Toc536844865]Experimental procedures and treatments
All experiments started in the morning at 8–9 AM with the patients fasted overnight. Patients underwent three different experiments on separate days, at least two weeks apart, and the order of experiments was randomly assigned. The three investigational visits involved the following different treatments: 1) A single oral dose of dapagliflozin 10mg + a 5-h isotonic saline infusion; hereafter referred to as visit D. Plasma glucose level dropped, and the change in area under the curve (ΔAUC) was −16 ± 1% (mean ± SEM) according to measures with a handheld glucometer, 2) A single oral dose of dapagliflozin 10mg + isoglycemic clamp; hereafter referred to as visit DG. Plasma glucose level was maintained at the ambient baseline level ± 1% by a variable glucose infusion based on bedside plasma glucose measurements every 5–10 mins. 3) A single oral dose of dapagliflozin 10mg + a single oral dose of saxagliptin 5mg + a 5-h isotonic saline infusion; hereafter referred to as visit DS. Plasma glucose level dropped by of −19 ± 2%. The single doses of dapagliflozin and saxagliptin were expected to result in therapeutic drug concentrations in plasma throughout the experiment given their rapid absorption (Tmax <1.5 h) and clearance rates (36, 37).
For all treatments, the 5-h infusion was immediately followed by a 2-h oral glucose tolerance test (OGTT, 75g). 
Glucose concentrations were measured in urine collected from start to end of infusion and OGTT periods (0-5 and 5-7 hours, respectively), and the urine volumes were measured to allow calculation of UGE. Levels of glucagon, insulin, aGLP-1, glucose, glycerol, and non-esterified fatty acids (NEFA) were measured at 0, 60, 120, 180, 300, 305 (and 315 for hormones and glucose), 330, 360, and 420 min. β-OH-butyrate were measured at 0, 120, 300, and 420 min and amount of glucose infused was noted every 20 min during the 5-h glucose infusion for calculation of glucose infusion rate (GIR).   
All measurements were performed at the central laboratory of the Department of Clinical Chemistry at the Uppsala Academic Hospital or at the in-house diabetes research laboratory. Glucose monitoring to adjust the glucose infusion during isoglycemic clamps was performed bedside with a handheld device (Bayer contour XT, Leverkusen, Germany). β-OH-butyrate was also measured bedside (Abbot FreeStyle Precision Neo, Abbott Park, IL, USA). Samples for glucagon and aGLP-1 measurements were collected in tubes containing protease inhibitors including sitagliptin (P800, Becton Dickinson, Franklin Lakes, NJ, USA). These and other samples that were not immediately analyzed were centrifuged upon collection, aliquoted and frozen at −80°C. Active GLP-1 was assessed with an electrochemiluminescence kit (MesoScale Discovery, Rockville, MD, USA), glucagon with ELISA (Mercodia AB, Uppsala, Sweden), glycerol with free glycerol reagent (Sigma Chemical Co, St. Louise, MO, USA) and NEFA with fluorometric assay kit (Cayman Chemical, Ann Arbor, MI, USA). All samples were centrifuged immediately. To reduce intra-subject variability, all samples from each participant were assayed together. Volume for glucose infusion was summarized at 5 h and amount of glucose (g) was calculated. UGE (g) was measured by multiplying urine volume with glucose concentration. AUC for infusion at 5 h and OGTT at 2 h have been derived using the trapezoidal rule. 

[bookmark: _Toc377995907]Appropriateness of Measurements
The anthropometric measurements and laboratory tests are regarded as current standard in healthy subjects.
[bookmark: _Toc377995908][bookmark: _Toc536844866]Safety variables
The safety variables were:
· Laboratory safety measurements
· Vital signs 
· Incidence and nature of AEs

[bookmark: _Toc377995909]Vital signs
Vital sign measurements included sitting systolic and diastolic blood pressure and heart rate. Vital signs were measured after the patient had rested for approximately 5 minutes and with the patient in a sitting position. Vital signs were assessed at visit 0-3.

[bookmark: _Toc377995910]Adverse events 
AE reporting started at randomization (week 0) and continued throughout the study period. At each visit, the subjects were asked for the occurrence of AEs since the last visit at the clinic. AEs were reported with onset date and time, intensity (mild, moderate, severe), whether any corrective actions had been undertaken and the outcome. All AEs were assessed for seriousness and causality to treatment (not related, unlikely related, possibly related, probably related). All AEs were followed up by the Investigator until the AE was resolved. At the discretion of the Investigator, subjects could be referred to a general practitioner for follow-up.
New or aggravated clinical signs and symptoms or laboratory values of medical relevance was reported as an AE. For further information about the definitions of serious and non-serious AEs and SAE reporting, refer to section 4 in the study protocol (appendix Adverse events). 
[bookmark: _Toc377995911]Exploratory samples
Additional blood samples were collected for future exploratory research with the aim to identify circulating biomarkers in the blood related to the metabolic and endocrine effects of IPs.

[bookmark: _Toc377995912]Data Quality assurance
This trial was performed in compliance with the ICH Note for Guidance on Good Clinical Practice (ICH E6, 1996), applicable regulations and standard operating procedures at Uppsala University research group for clinical diabetology and metabolism. The quality of data was assured via appropriate training of study personnel, data management procedures and monitoring of trial site.

[bookmark: _Toc377995913]Training of Study Site Personnel
Before the first subject was entered into the study, study protocol, CRF and related documents and experiment procedures were reviewed and discussed with site personnel. The investigator or co-investigator continuously updated the involved study personnel with all new information relevant to the performance of the study. All experiments were undertaken under the supervision of a study physician.

[bookmark: _Toc377995914]Monitoring of the Study

The study was monitored by PCG with regards to (see appendix Monitoring visit report 2017-02-08):
· Deviations and site performance
· Trial personnel and facilities
· Verification of eligible patients and data
· Investigational medicinal product handling
· Laboratory and other clinical procedures
· Investigator site file
· Trial supplies and site visit log
[bookmark: _Toc377995915]Data Management
Data management was performed by the members of the research group. Routines included database set-up and management, data entry, verification and validation. Internal quality checks such as automatic range checks were included in the data management file to identify data that appeared inconsistent, incomplete or inaccurate. Data cleaning was performed after study completion. When all data had been validated, signed and locked, clean file was declared and the database was locked. 
CRF data was entered into MS Excel and a first database lock was conducted on 2017-08-30 after all subjects had finished their study participation and Clean file was finalized 2017-09-11. A clean file amendment was written 2018-01-11 due to correction of a minor data inconsistency after database lock.

[bookmark: _Toc377995916]Statistical methods planned in the protocol and determination of sample size

The features of the statistical analyses are described in this section. All statistical analyses were performed using SPSS version 24 (IBM) by Dr. Maria Periera, Uppsala University with guidance from statistician Olof Petter Östlund at UCR, Uppsala.
The study was designed to detect a 15% difference in the primary end point between two conditions in the primary comparison. Based on previous work, this difference was judged to be clinically relevant, and calculated to be 3 pmol/L (baseline level of about 20 pmol/L; standard deviation, 3 pmol/L) (18). Thus, the sample size required for analysis of the primary end point was 12 evaluable subjects. A maximum of 3 non-completers (premature withdrawals) was expected. Fifteen subjects were therefore randomized into the study.
All efficacy variables were assessed at a 2-sided 0.050 significance level. The results of significance tests were reported with p-value. 

[bookmark: _Toc377995917]Analysis data sets
All analyses were done on the full analysis set (FAS), including all 15 subjects that were assigned randomized treatment orders and that took at least one dose of the study medication. The safety analysis set included all patients receiving any study drug; this also constituted the full analysis set. The per protocol analysis set (PPAS) included all subjects completing the two visits in the primary endpoint comparison but was not specifically analysed.

[bookmark: _Toc377995918]TRIAL SUBJECTS

[bookmark: _Toc377995919]Disposition of patients

The disposition of subjects including number of patients screened, randomized, study completion, withdrawals are summarized below in figure 2. Patient disposition. 
[bookmark: _Toc377993304]Figure 2. Patient disposition
[image: J:\AstraZeneca-BMS\Dapagliflozin\LIVE projects\2017 Projects\ASZGBDP100798 - Dapaglucagon ms Eriksson\08_Figures\B&W figures\Mark-up for changes - Figures for final draft\Supplementary Fig 1 - Patient disposition v3.tif]

A total of 29 subjects were screened and 15 subjects were randomized in the study. Eligible subjects were randomized to one of six visit sequences.
The first subject was screened on 2016-11-03 and the last subject last visit was performed on 2016-11-30.

Fourteen subjects were screening failures and were never randomized in the study. In total 12 subjects completed the study (13 subjects completed the visits in the primary comparison).


[bookmark: _Toc377995920]Reasons for premature withdrawals
In total three patients discontinued the study prematurely; of these, one withdrew consent, one withdrew due to AEs and one withdrew due to venous catheter failure. Twelve patients completed all three visits.

[bookmark: _Toc377995921]Demographics
Baseline characteristics are summarized below in table 6. Baseline data.

Table 6. Baseline data
	Baseline characteristic
	Mean ± SD (n=15)

	Gender, male/female, n
	12/3

	Age (years)
	67 ± 6

	Type 2 diabetes duration (years)
	7.4 ± 4.2

	BMI (kg/m2) 
	27.1 ± 2.9

	Body weight (kg)
	87 ± 12

	Lean mass (kg)
	62 ± 11

	Waist/hip ratio
	1.0 ± 0.1

	Waist (cm) 
	104 ± 7

	Hip (cm)
	105 ± 6

	HbA1c, mmol/mol /%
	56.5 ± 5.8 /7.3 ± 0.8

	Fasting plasma glucose (mmol/L)
	9.6 ± 1.1

	Metformin dose (mg)
	1933 ± 594

	eGFR MDRD (mL/min/1.73m2)
	97 ± 18

	Heart rate (bpm)
	69 ± 9

	Diastolic blood pressure (mmHg)
	83 ± 9

	Systolic blood pressure (mmHg)
	142 ± 11


Data are N or mean ± SD. eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; MDRD, modification of diet in renal disease formula; n, number of randomized subjects. 

[bookmark: _Toc377995922]Medical History and Concurrent Diseases
Medical history, including surgical and medical procedures and concurrent diseases were collected and is summarized in table 7. Type 2 diabetes history, including time since started, treatments and known complications.
Medical and surgical history and concurrent diseases were coded according to the Medical Dictionary for Regulatory Activities (MedDRA) version 18.0 and are presented by system organ class (SOC) and preferred term (PT).

[bookmark: _Toc377995923]Concomitant medication
Prior T2D medications and all concomitant medications were collected and is summarized in table 7. Prior medication was defined as medication stopped at or prior to signing the informed consent. Ongoing medication, medication stopped after the informed consent date and medication started at or after informed consent date is considered as concomitant.






Table 7: Medical history, concurrent diseases
Most common comorbidity apart from diabetes mellitus type 2 was hypertension and hyperlipidemia which was present in 7 and 7 participants respectively. 

	Enr
	Diagnosis

	E01
	Diabetes mellitus typ 2 without known complications

	E03
	Aortic valve insuffiency

	
	Diabetes mellitus typ 2 without known complications

	
	Fainting

	
	Hyperlipidemia

	
	Hypertension

	E04
	Aortic valve insuffiency

	
	Diabetes mellitus typ 2 without known complications

	
	Hyperlipidemia

	
	Prostate hypertrophia, benign

	
	Scrotal hernia

	E05
	Diabetes mellitus typ 2 without known complications

	
	Hay fever

	
	Hypertension

	E08
	Allergic reaction to ASA/NSAID

	
	Diabetes mellitus typ 2 without known complications

	
	GERD

	
	Herniated disk

	
	Hypertension

	
	Insomnia

	E09
	Allergic reaction to penicillin

	
	Depression

	
	Diabetes mellitus typ 2 without known complications

	
	Hypertension

	
	Nasal polyps surgery  

	
	Systolic heart murmur

	E12
	B12 deficiency

	
	Diabetes mellitus typ 2 without known complications

	
	Gout arthritis

	E21
	Diabetes mellitus typ 2 without known complications

	
	Systolic heart murmur

	E23
	Atrial fibrillation

	
	Diabetes mellitus typ 2 without known complications

	
	GERD

	
	Hyperlipidemia

	
	Hypersensitivity to iodine contrast solution

	E23
	Hypertension

	
	Pain, not specified

	
	Severe reaction to wasp sting

	E25
	Anafylactic chock to penicillin and abboticin

	
	Diabetes mellitus typ 2 without known complications

	
	Hyperlipidemia

	
	Hysterofosalpingectomized

	
	Irritable bowel syndrome

	
	Pulmonary embolism

	
	Severe liver reaction to dietary supplement CUUR

	E27
	Cervical prolaps operation

	
	Diabetes mellitus typ 2 without known complications

	
	Dietary supplement

	E31
	Diabetes mellitus typ 2 without known complications

	
	Hypertension

	E33
	Diabetes mellitus typ 2 without known complications

	
	Glaucoma

	
	Hyperlipidemia

	
	Inguinal hernia

	E34
	Benign prostate hypertrophy

	
	Chronic Obstructive Pulmonary Disease

	
	Diabetes mellitus typ 2 without known complications

	
	Hyperlipidemia

	
	Hypertension

	E35
	Appendectomy

	
	Diabetes mellitus typ 2 without known complications

	
	Hyperlipidemia

	
	Prostate hyperplasia



Table 8: Concomitant medication
Most frequent occurring concomitant medication apart from metformin was antihypertensive and antihyperlipidemic drugs present in 7 and 7 participants respectively.
	Comorbidity; medication
	Frequency
	Average daily dose

	Aortic valve insuffiency
	1
	 

	Trombyl
	1
	75 mg

	Atrial fibrillation
	2
	 

	Multaq
	1
	800 mg

	Xarelto
	1
	20 mg

	Chronic Obstructive Pulmonary Disease
	2
	 

	Spiriva
	1
	18 ug

	Symbicort Forte
	1
	640/18 ug

	Depression
	1
	 

	Citalopram
	1
	20 mg

	Diabetes mellitus type 2
	15
	 

	Metformin
	15
	1933 mg

	GERD
	2
	 

	Omeprazol
	2
	20 mg

	Glaucoma
	2
	 

	Azarga
	1
	10 mg/5 mg

	Latanoprost
	1
	50 ug

	Hyperlipidemia
	7
	 

	Atorvastatin
	3
	23 mg

	Simvastatin
	4
	18 mg

	Hypertension
	9
	 

	Candesartan
	1
	8 mg

	Enalapril
	3
	8 mg

	Enalapril Comp
	2
	20 mg/12.5 mg

	Felodipin
	2
	5 mg

	Lisinopril
	1
	20 mg

	Insomnia
	1
	 

	Propavan
	1
	25 mg

	Pain
	3
	 

	Alpoxen
	1
	1000 mg

	Alvedon
	1
	3990 mg

	Pronaxen
	1
	250 mg

	Prostate hyperplasia
	1
	 

	Finasterid
	1
	5 mg

	Prostate hypertrophia, benign
	1
	 

	Finasterid
	1
	5 mg



[bookmark: _Toc377995924]Efficacy 
[bookmark: _Toc377995925]Primary efficacy variable
The primary efficacy variable was plasma glucagon concentration. 

[bookmark: _Toc377995926]Primary objective
The primary objective was to assess whether a single dose of dapagliflozin 10mg exerted an indirect effect on human pancreatic α-cells via glucose changes, in turn affecting glucagon secretion. This was investigated both in the fasting condition and following an OGTT. The primary outcome variable was plasma concentration of glucagon during spontaneous versus isoglycemia respectively. The null hypothesis was that glucagon increase seen with SGLT2 inhibition is secondary to lowered blood glucose. 
This was assessed with a paired sample t-test on the full analysis set. The impact of individual hormones and substrates was assessed with multivariate regression analysis on pooled data from visit DG and D.

[bookmark: _Toc377995927]Exploratory variables and objectives
Secondary objectives were to assess whether the acute effects of SGLT2 inhibition on insulin, glucagon/insulin ratio, aGLP-1 and energy substrates non-estrified fatty acids (NEFA), glycerol and beta-OH-butyrate are dependent on glucose levels, and if saxagliptin modifies levels of glucagon, insulin and aGLP-1 when given together with dapagliflozin. This was similarly investigated both in the fasting condition and following an OGTT and with a paired student’s t-test.

[bookmark: _Toc377995928]Area under the curve
For laboratory outcome variables the incremental area under the curve (AUC) was calculated. The AUC was calculated using the trapezium (trapezoidal) rule and corresponds to the net change in area under curve baseline (0 minutes) to last observed concentration at each visit. For each variable the treatment effect on change from baseline was tested and estimated using a paired t-test. Two-sided 95 % confidence intervals for the mean change within each visit was calculated.

[bookmark: _Toc377995929]Changes in the conduct of the trial
· A clean file protocol amendment was issued 2018-01-11, after the database lock to correct a minor clerical error in the data set as well as the assessment of most adverse events from possibly related to unlikely related (see appendix clean file protocol amendment).
· One (the first) study visit was aborted and redone due to a highly variable plasma glucose concentration during glucose infusion (subject E04).

[bookmark: _Toc377995930]Changes in planned analysis
· A multivariate regression analysis was conducted on pooled data to analyse the impact of individual hormones and substrates on the primary endpoint.

[bookmark: _Toc377995931]Protocol deviations 
Below is a summary of the protocol deviations.
- Informed consent version 1 dated 2015-12-18 was signed by the following subjects 
E13, E15, E16, E21, E22, E23, E24, E25, E27, E28, E29, E31, E32, E33, E34 and E35.
However, it was version no 2 dated 2016-02-08 that was approved by the ethics committee.
- The following subjects signed the ICF version 2 on a different day than the doctor E13, E22, E23, E24, E25, E27, E28, E31. This is in contrast with the GCP.
- Application for biobank had not been done at the time of monitoring, it was subsequently applied for on 2017-02-09.
- The study team discovered that IMP Onglyza 5 mg had expired December, 2016. In order to complete a planned study visit, Onglyza 2.5 mg was borrowed from the endocrine clinic and the patient was given 2 tablets to reach the dose stipulated in the protocol.  
- Visit window deviations occurred for the following subjects E03, E04, E05, E31.
- Inclusion criteria 6 (HbA1c ≥55mml/ml) was not fulfilled for subjects E12, E27 and E31 constituting minor protocol deviations (see appendix A12).




[bookmark: _Toc377995932][bookmark: _Ref433799936][bookmark: _Ref436317448][bookmark: _Toc536844878]RESULTs

[bookmark: _Toc377995933]DEMOGRAPHIC AND OTHER BASELINE CHARACTERISTICS
[bookmark: _Ref437782452][bookmark: _Toc377995934]Demographics
In total, 15 patients (12 men, 3 women) were recruited for this study. At baseline, patients had a mean glycated haemoglobin (HbA1c) of 7.3% (56.5 mmol/mol) and mean BMI of 27.1 kg/m2. The mean time since the diagnosis of type 2 diabetes was 7.4 years, and patients showed preserved renal function (mean estimated glomerular filtration rate [eGFR], 97 mL/min/1.73 m2). In total three patients discontinued the study prematurely; of these, one withdrew consent, one withdrew due to AEs and one withdrew due to venous catheter failure (Figure 2). Twelve patients completed all three visits. See Table 6 for more baseline data.

[bookmark: _Toc377995935]Fasting state
[bookmark: _Toc377995936]Dapagliflozin treatment with and without isoglycemic clamp (visits DG and D)
[bookmark: _Toc377995937]Plasma glucose 
During the fasting state, plasma glucose remained close to baseline levels during visit DG (ΔAUC0-5h: 3% increase), but decreased steadily during visit D (−17%); P-value of difference (Pdiff) <0.001 (Figure 3A). 

[bookmark: _Toc377995938]Primary variable plasma glucagon 
Plasma glucagon was measured at timepoint 0, 60, 120, 180, 240, 300, 305, 315, 330, 360, 420 min at all three experimental visits. The adjusted mean change in plasma glucagon concentration as percent change in AUC from baseline decreased significantly more from baseline during visit DG than visit D (−20% versus −9%; Pdiff <0.01; Figure 3B).

[bookmark: _Toc377995939]Exploratory variables
Insulin levels increased during visit DG (9%) but decreased significantly during visit D (−31%); Pdiff <0.001 (Figure 3C). Levels of C-peptide increased during visit DG (16%), and decreased significantly during visit D (−11%); Pdiff <0.001. 
The glucagon/insulin ratio increased (37%) during visit D and decreased (-25%) during visit DG (Pdiff <0.001; Figure 3D). Levels of aGLP-1 decreased from baseline during visits DG (−21%) and D (−35%); Pdiff = not significant (NS). UGE was numerically, but not significantly higher during visit DG than visit D (mean±SEM; 17±2.6 vs 13.2±1.1g; Pdiff = NS)	Comment by Per: changed	Comment by Monyak, John: Negative sign?
[bookmark: _Toc536844929]Glycerol and NEFA decreased during visit DG (−19% and −17%, respectively; Figures 3E and 3F) and increased during visit D (8% and 14%, respectively); Pdiff <0.01 and <0.001, respectively. β-OH-butyrate increased significantly more during visit D (74%) versus DG (5%); Pdiff <0.05 (Figure 3G). GLP-1 decreased similarly in visit DG and D (−21% and −35%, respectively; Pdiff = NS (Figure 3H).	Comment by Per: rephrased	Comment by Monyak, John: Perhaps rephrase as increased significantly more during D vs DG.

[bookmark: _Toc377995940]Dapagliflozin with and without saxagliptin (visit DS and D)
Active GLP-1 increased significantly in DS vs D (100% versus −35%; Pdiff <0.001; Figure 2H) and glucagon, surprisingly, was also increased by addition of saxagliptin (8% versus −9%; Pdiff <0.01; Figure 2B). Levels of insulin, c-peptide, glucagon/insulin ratio, glucose, glycerol, NEFA and β-OH-butyrate did not significantly differ between visits DS and D (Figures 2A, 2C–2G). UGE was numerically, but not significantly lower during visit DS than visit D (mean±SEM; 10.4±1.6 vs 13.2±1.1g; Pdiff = NS)

[bookmark: _Toc377995941]Oral glucose tolerance test (OGTT)
[bookmark: _Toc377995942]Dapagliflozin treatment with or without isoglycemic clamp 
Just before the 2-h OGTT, plasma glucose levels were lower during visit D compared with visit DG (difference, −3.6 mmol/L) and increased so that plasma glucose levels between the two treatments were comparable one hour after the OGTT. Thus, a greater increase was observed in plasma glucose levels during visit D compared with visit DG (ΔAUC 90% versus 31%, respectively; Pdiff <0.001; Figure 3A).  
Changes in glucagon levels from baseline differed significantly depending on treatment received, with levels increasing during visit DG (18%) and decreasing during visit D (−11%); Pdiff <0.01 (Figure 3B). This was accounted for by a larger initial increase in glucagon level from baseline in the first 15 minutes of OGTT, followed by a smaller decrease during visit DG compared with visit D. Levels of insulin (Figure 3C) and C-peptide increased significantly more from baseline during visit D compared with visit DG (insulin: 263% versus 100%, respectively; Pdiff <0.001 and C-peptide: 106% and 50%, respectively; Pdiff <0.001). Consequently, the glucagon/insulin ratio decreased significantly more during visit D compared with visit DG (−63% versus −31%); Pdiff <0.001. UGE was numerically, but not significantly lower during visit DG than D (mean±SEM; 13±1.3 vs 14±3.2 g; Pdiff = NS, Figure 4). Levels of glycerol (Figure 3E) were not significantly different between these two treatments (−2% versus −5%, respectively; Pdiff = NS), whereas levels of NEFA (Figure 3F) showed significant differences between visits DG and D (−25% versus −36%, respectively; Pdiff <0.05). Active GLP-1 increased similarly in visit DG and D (397% and 382%, respectively; Pdiff = NS; Figure 3H).

[bookmark: _Toc377995943]Dapagliflozin with or without saxagliptin 
A greater decrease in glucagon levels from baseline was observed during visit DS compared with visit D (−19% versus −11%, respectively; Pdiff <0.05; Figure 3B). Levels of insulin (219% versus 263%, respectively; Figure 3C), C-peptide (98% versus 106%, respectively) and the glucagon/insulin ratio (−66% versus −63%, respectively; Figure 3D) were not significantly different between the two treatments. UGE was numerically but not significantly smaller during visit DS compared with visit D (mean±SEM; 8.4±0.8 vs 14±3.2; Pdiff = NS, Figure 4). Glycerol levels decreased in both visits DS and D (−13% and −5%, respectively; Pdiff = NS; Figure 3E) and NEFA decreased similarly in visits DS and D (−30% and −36%, respectively; Pdiff = NS; Figure 3F). Active GLP-1 increased during OGTT and the maximum level, but not relative response, was increased during visit DS compared with visit D (300% versus 382%; Pdiff = NS; Figure 3H).
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Figure 3A-H. Outcome variables
Change during glucose or saline infusion and during OGTT in the level of  (A) Glucose, (B) Glucagon, (C) Insulin, (D) Glucagon/insulin ratio, (E) Glycerol, (F) NEFA, (G) β-OH butyrate, and (H) aGLP-1 
Data are means ± SEM. N=14 completers for dapagliflozin + isoglycemic clamp, N=14 completers for dapagliflozin + saline and N=13 completers for dapagliflozin + saxagliptin. ΔAUC, area under the curve for change in concentration from time 0 to 300 mins (infusion) or from time 300 to 420 min (OGTT); aGLP-1, active glucagon-like peptide-1 DAPA, dapagliflozin; h, hour; mins, minute; NEFA, non-esterified fatty acids; NS, non-significant; OGTT, oral glucose tolerance test; SAXA, saxagliptin; SEM, standard error of mean.
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Figure 4. Levels of urinary glucose excretion at 5h infusion and 2h OGTT
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[bookmark: _Toc377995944]Safety 
In general, the study treatments were well-tolerated, with 19 AEs being reported in six patients. No new and unexpected AEs were observed. The most commonly reported events were headache (six events in three patients) and tiredness (five events in three patients). Fifteen events were mild and three were moderate in intensity including swollen arm, ureteral stone and urticaria. One event, deep vein thrombosis of the arm, was deemed severe in intensity and resulted in the patient withdrawing from the study. The moderate and severe AEs required medication but none needed hospitalisation. Only one event (dizziness) was deemed as possibly related to study drug. No deaths or SAEs were reported during the study.

TABLE 9 Adverse events by severity
	Pat
	start
	end
	description
	narrative
	medication
	relation to study
	severity
	serious 
	cause of withdrawal
	outcome

	E04
	160421
	160421
	Headache
	2-3 h after the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	160513
	160513
	Headache
	8-9 h after the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	160513
	160513
	Tired
	8-9 h after the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	160520
	160601
	Swollen forearm
	1 week after the visit
	Hiuoroduid
	unlikely related
	mild
	no
	no
	resolved

	
	160608
	160608
	Headache
	2-3 h efter the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	160608
	160608
	Tired
	2-3 h efter the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	160615
	 
	Swollen arm
	1 week after the visit. Swollen right arm and is recommended to visit primary care as he is in his summer house located far from research fascility. There a nurse finds the arm swolen with a hardened blood vessel 8*1cm but never shows this to a physician for examination. Patient does not recover fully with hiuoroduid oinment this time.
	Hiouroduid 
	unlikely related
	moderate
	no
	no
	resolved

	
	160629
	 
	DVT
	When coming to research fascility patients right arm has not recovered from swelling and is sent for a ultra sound scan showing a DVT in arteria bascilica. Is prescribed anticoagulants Eliquis and receives established standard of care. 
	Eliquis 10mg
	unlikely related
	severe
	no
	yes
	resolved

	E05
	160425
	160425
	Headache
	7-9h after the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	E08
	160524
	160524
	Headache
	2-3 h after the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	160524
	160524
	Tired
	2-3 h after the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	160614
	160614
	Headache 
	8-9 h after the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	160614
	160614
	Tired
	8-9 h after the visit
	 
	unlikely related
	mild
	no
	no
	resolved

	E09
	161012
	161012
	Dizzy
	the day after visit 2
	 
	possibly related
	mild
	no
	no
	resolved

	
	161012
	161012
	Tired
	the day after visit 2
	 
	unlikely related
	mild
	no
	no
	resolved

	
	161012
	161012
	Weak
	the day after visit 2
	 
	unlikely related
	mild
	no
	no
	resolved

	E12
	161016
	161118
	Ureteral stone
	Left flank pain, tenderness left kidney area when provoqued. CT scan show ureteral stone. Control CT scan 161118 shows that concrement has passed from urether.
	toradol spasmofen pronaxen
	unlikely related
	moderate
	no
	no
	resolved

	E27
	161008
	161009
	Urticaria
	 Itching debut with Furadantin started 20160927 for cystitis. Day after visit some swelling,  itching and redness on the back of both thighs which migrated and included oral mucus membranes but without other systemic symptoms. Was recommended to visit primary care physician and start taking antihistamines. Recovered quickly on taking antihistamines.
	desloratadin 20mg
	unlikely related
	moderate
	no
	no
	resolved

	E33
	161022
	161022
	Diarrhoea
	day after visit
	 
	unlikely related
	mild
	no
	no
	resolved

	
	
	
	
	
	
	
	
	
	
	




[bookmark: _Toc377995945]Discussion
The primary objective of this study was to investigate whether acute SGLT2 inhibition in type 2 diabetes patients affected glucagon secretion differently when glucose levels were kept stable vs when they were allowed to fall. We found no rise in glucagon levels during 5 hrs after dapagliflozin administration, but they fell significantly during saline infusion compared to isoglycemic clamp. However, following dapagliflozin administration the glucagon/insulin ratio increased with saline but decreased with glucose infusion. 

[bookmark: _Toc377995946]Fasting state, with or without isoglycemic clamp
In the fasting state with only saline infusion, an overall decrease in plasma glucose AUC was seen and the final glucose level dropped by about 2.8 mmol/L 5 h after dapagliflozin administration. This is similar to previous findings (4) and is caused by the ~13 g of glucose excretion during the same period in our subjects. Conversely, the plasma glucose level was stable throughout the 5 h isoglycemic clamp experiment. In this setting in total ~45-50 g of glucose was administered, considerably more than the concomitant UGE of ~17 g.
Upon dapagliflozin dosing, there was a significant difference in glucagon levels, and assumingly secretion, with stable versus decreasing plasma glucose levels. No rise in overall glucagon AUC levels were seen during the isoglycemic clamp, which suggests that maintaining a moderate hyperglycemia leads to suppressed glucagon secretion even in the presence of an SGLT2 inhibitor. This may partly account for the difference in quantity of glucose required to maintain isoglycemia and that lost via urinary excretion due to SGLT2 inhibition, since reduced glucagon, and glucagon/insulin ratio, would also be expected to reduce EGP and potentially increase glucose uptake and storage as glycogen in liver and muscle and as triglycerides in adipose tissue. The absence of glucagon increase in this study, is consistent with previous findings on α-cell physiology. Minimal α-cell stimulation is seen at plasma glucose levels of 6-13 mmol/L (21), and the glucose levels in our subjects were not below this range even when allowed to drop. The glucagon trajectories in the fasting state observed in this study are similar to those observed in a previous study assessing the metabolic response of the SGLT2 inhibitor empagliflozin (16).
Insulin as well as C-peptide levels mirrored plasma glucose levels during the experiments, staying close to baseline in the isoglycemic state and falling with decreasing plasma glucose levels. Consequently, the glucagon/insulin ratio was lower with isoglycemic clamp compared with baseline and compared with falling plasma glucose, when the ratio was increased. Thus, the α- and β-cells of the pancreatic islets appeared to be more responsive to changes in plasma glucose levels than to SGLT2 inhibition per se. Active GLP-1 levels were not significantly changed following dapagliflozin administration, and there were no significant differences between the stable vs falling glucose settings. 
Levels of NEFA, glycerol and ketones were higher during the saline vs glucose infusion, probably reflecting a shift towards lipid mobilization via lipolysis and lipid oxidation following SGLT2 inhibition with accompanying falling glucose. Conversely, during isoglycemic clamp there was probably relatively more glucose oxidation when some degree of hyperglycemia were maintained. This is probably partly explained by the differences in insulin levels and glucagon/insulin ratio. Those findings are in agreement with previous work (33) and support that when glucose lowering occurs following SGLT2 inhibition, energy metabolism in various tissues partly shifts from glucose towards fatty acid oxidation.  
Addition of saxagliptin rapidly increased the levels of aGLP-1 during the fasting condition. This is in line with the known pharmacokinetics and pharmacodynamics of saxagliptin. However, the addition of the DPP4 inhibitor to dapagliflozin surprisingly also caused an increase in glucagon levels. There were no clear effects on levels of insulin, C-peptide or on energy substrates in these short-term experiments. The findings for glucagon are apparently different to those of clinical trials with several weeks duration (34).They might be explained by our single-dose setting addressing only acute effects, which may be at variance with effects following chronic dosing.

[bookmark: _Toc377995947]Oral glucose tolerance test
During the OGTT, there was a greater increase in plasma glucose levels following saline vs glucose infusion. This could potentially be explained by a higher glucagon/insulin ratio at the start of the OGTT, but the lower starting glucose level could also play a key role. Overall, differences in glucagon and insulin profiles during OGTT reflect differences in levels at the start of the OGTT. However, similar levels of glucagon and insulin were observed at the end of the 2-h period.     
Following saxagliptin administration, aGLP-1 levels increased during OGTT and were accompanied by a lower glucose excursion as expected. However, insulin and C-peptide levels were not significantly affected by saxagliptin additions and neither were energy substrates. Overall, glucagon levels fell more during the 2 h OGTT when saxagliptin was added. So taken together, the data on glucose and aGLP-1 levels during OGTT are compatible with expected actions of a DPP4i, whereas the lack of insulin response appears surprising. Possibly, the single-dose setting again could explain differences to findings in trials with repeated dosing.
There are a number of limitations of this study. First, the absolute effect of SGLT2 inhibitors on glucagon levels could not be quantified due to the absence of placebo treatment, which was not feasible. However, no major change during a 5 h extension of overnight fasting (at least 10 h) is to be expected. In particular, it would not be expected to result in a greater glucagon lowering than what was found here following dapagliflozin dosing, and thus our data suggest that there is no acute effect of SGLT2 inhibition per se to raise glucagon. Second, OGTT was started at different plasma glucose levels in the different experimental settings, and therefore those results need to be interpreted with caution. Third, while this study focuses on the glucose modulation of acute effects of SGLT2 inhibition, findings upon chronic SGLT2 inhibition may differ substantially (35). Fourth, secondary and exploratory endpoints are tested without controlling for multiplicity and should be interpreted with caution. Furthermore, patients in this study had reasonably well controlled diabetes; however, glucagon responses can be altered in patients with poorly controlled type 2 diabetes(36). Last, all recruited patients were receiving metformin (albeit not in the days of investigations until completed) and this could potentially interfere with the responses to the experimental conditions. Nonetheless, metformin doses were not changed during the study and end point comparisons were made within subjects, and therefore differences found should be due to the respective experimental conditions.	Comment by Monyak, John: Generally suggest some kind of caution that with the very large number of tests, that some of these results may have occurred by chance.	Comment by Per: Suggested amendment
Our findings indicate that glucagon levels and glucagon/insulin ratio during acute SGLT2 inhibition are largely mediated via glycemic changes, and the direct effect of SGLT2 inhibition on pancreatic α-cell effects probably has limited short-term impact in type 2 diabetes patients. In the fasting condition, no increase in glucagon levels were seen following SGLT2 inhibition. Decreases in plasma glucose levels (via urinary excretion) can markedly modify any effects of SGLT2 inhibition on glucagon and insulin secretion from islet cells and to the mobilisation of fatty acids as energy substrates. A single dose of a DPP4 inhibitor added to an SGLT2 inhibitor did not produce the typical insulin and glucagon changes seen with long-term treatment and, in fact, glucagon levels were increased. 
In summary, direct islet cell effects of acute SGLT2 inhibition, may be of less importance than indirect effects exerted by changes in glucose levels. Further studies are warranted to address underlying mechanisms as well as the possible changes of such effects over time during long-term SGLT2 inhibition. Taken together, these results may suggest that glucagon changes during SGLT2 inhibitor treatment mainly occur as a response to glucose lowering rather than via direct drug effects on the pancreatic islets.
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