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75

Executive Summary

76

This guideline intends to address the EU regulatory position on the main topics of the clinical

77

development of new medicinal products in the treatment or delay in onset / prevention of diabetes.

78

The current revision refers mainly to an update of the safety section with respect to cardiovascular

79

safety, but also updated guidance concerning e.g. treatment effects on diabetes complications,

80

requirements for first line indications, high strength insulin preparations, definitions of hypoglycaemia

81

and development of oral treatments for patients with type 1 diabetes. In addition, some editorial

82

changes have been implemented.

83

1. Introduction (background)

84

Diabetes mellitus is a metabolic disorder characterised by the presence of hyperglycaemia due to

85

defective insulin secretion, insulin action or both. The chronic hyperglycaemia of diabetes mellitus is

86

associated with significant long term sequelae, particularly damage, dysfunction and failure of various

87

organs – especially the kidneys, eyes, nerves, heart and blood vessels.

88

Type 1 diabetes is the result of pancreatic beta cell destruction and is prone to acute complications,

89

such as ketoacidosis. In type 1 diabetes the main goal is optimal blood glucose control to be achieved

90

by optimal insulin replacement therapy, extensive education and disease management. Prevention of

91

complications and management of pregnancy are important issues.

92

Type 2 diabetes is a complex disorder which involves various degrees of decreased beta-cell function,

93

peripheral insulin resistance and abnormal hepatic glucose metabolism. Glucose control in type 2

94

diabetes deteriorates progressively over time, and, after failure of diet and exercise alone, needs on

95

average a new intervention with glucose-lowering agents every 3-4 years in order to obtain/retain

96

good control. Despite combination therapy and/or insulin treatment, a sizeable proportion of patients

97

remain poorly controlled.

98

Overweight, hypertension and dyslipidaemia are often associated with diabetes mellitus and multiple

99

cardiovascular risk factor intervention is a key issue in type 2 diabetes. Therefore, global treatment

100

aims in management of diabetes mellitus cover both lowering of blood glucose to near normal levels

101

and correcting metabolic abnormalities and cardiovascular risk factors including weight management.

102

Indeed, it has been shown that normalisation or near normalisation of glucose levels (assessed by

103

changes in HbA1c) in patients with type 1 and type 2 diabetes significantly reduces the risk of

104

microvascular complications (retinopathy, nephropathy and neuropathy); the macrovascular risk

105

reduction is less certain.

106

In children and adolescents, the diagnosis of diabetes type 1 and type 2 is similar to that in adults;

107

however, the discrimination between them may not always be straightforward (for differentiating

108

between type 1 and type 2 diabetes in children, see relevant guidelines, e.g. issued by ISPAD).

109

2. Scope

110

This document provides guidance on clinical development programmes intended to support the

111

registration of new medicinal products for the treatment of diabetes mellitus. In addition, in section 7

112

considerations are given for development of products for the delay in onset or prevention of diabetes

113

mellitus or preservation of beta-cell function in patients with diabetes. Experience is however limited

114

and further discussion in case of specific products might be needed.

115

These notes are intended to assist applicants during the development phase. Any deviation from

116

guidelines should be explained and justified in the Clinical Overview.
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117

Insulin delivery systems (including pumps, autoinjectors, prefilled syringes, etc.) are outside the scope

118

of this document. Biosimilar insulins are covered by the Guideline on non-clinical and clinical

119

development of similar biological medicinal products containing recombinant human insulin and insulin

120

analogues (EMEA/CHMP/BMWP/32775/2005_Rev. 1).

121

3. Legal basis and relevant guidelines

122

This guideline should be read in conjunction with the introduction and general principles (4) and part I

123

and II of the Annex I to Directive 2001/83/EC as amended and other pertinent elements outlined in

124

current and future EU and ICH guidelines, especially those on:

125

•

126

Note for Guidance on Good Clinical Practice - CPMP/ICH/135/95 (ICH E6) and Guideline for good
clinical practice - EMA/CHMP/ICH/135/1995 (ICH E6[R2]);

127

•

Note for Guidance on General Considerations for Clinical Trials - CPMP/ICH/291/95 (ICH E8);

128

•

Note for Guidance on Studies in Support of Special Populations: Geriatrics - CPMP/ICH/379/95 and

129
130

Questions and Answers - EMA/CHMP/ICH/604661/2009 (ICH E7);
•

131

Note for Guidance on Dose Response Information to Support Drug Registration - CPMP/ICH/378/95
(ICH E4);

132

•

Note for Guidance on Statistical Principles for Clinical Trials - CPMP/ICH/363/96 (ICH E9);

133

•

Note for Guidance on Choice of the control group in clinical trials - CPMP/ICH/364/96 (ICH E10);

134

•

Note for Guidance on Population Exposure - CPMP/ICH/375/95 (ICH E1);

135

•

Note for Guidance on Ethnic Factors in the Acceptability of Foreign Clinical Data - and Questions

136
137

and Answers - CPMP/ICH/289/95 (ICH E5);
•

138
139

EMA/CHMP/158268/2017;
•

140
141

Guideline on clinical development of fixed combination medicinal products -

Note for Guidance on Clinical Investigation of Medicinal Products in the Paediatric Population CPMP/ICH/2711/99 (ICH E11);

•

Points to consider on the need for assessment of reproductive toxicity of human insulin analogues

142

- CPMP/SWP/2600/01 Final, and on the non-clinical assessment of the carcinogenic potential of

143

human insulin analogues - CPMP/SWP/372/01;

144

•

145
146

indications - EMEA/CHMP/SWP/169215/2005;
•

147
148

•

Guideline on immunogenicity assessment of therapeutic proteins EMEA/CHMP/BMWP/14327/2006/Rev.1.

•

151
152

Guideline on the evaluation of medicinal products for cardiovascular disease prevention CHMP/EWP/311890/2007;

149
150

Guideline on the need for non-clinical testing in juvenile animals of pharmaceuticals for paediatric

Reflection Paper on assessment of cardiovascular safety profile of medicinal products EMA/CHMP/50549/2015;

•

Risk minimisation strategy for high strength and fixed combination insulin products - Addendum to

153

the good practice guide on risk minimisation and prevention of medication errors -

154

EMA/686009/2014;
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157

4. Developing and licensing glucose lowering agents (except
insulin products) for the treatment of type 2 diabetes
mellitus

158

4.1. Patient selection

159

The patients enrolled into clinical trials must be representative of the target population in terms of

155
156

160

demography, ethnic background, co-morbidities (including cardiovascular disease) and type, duration

161

and severity of diabetes. Ideally, treatment groups should be sufficiently balanced with respect to age,

162

gender, body mass index, severity and duration of disease. Randomisation should result in a balance

163

across most factors but stratified allocation may be desirable, particularly regarding pre-existing

164

metabolic control (e.g. HbA1c ≤8% vs. >8% [≤64 vs. >64 mmol/mol]) and pre-study treatment (e.g.

165

diet alone, monotherapy, combination therapy). Studies in specific populations should also be

166

considered (see 4. 5).

167

Monotherapy studies are optimally conducted in patients with early stage of diabetes who have

168

previously failed to achieve glycaemic control on diet and exercise or have had a short treatment

169

course with glucose lowering agents.

170

Patients enrolled in the trials should be given similar instructions with regard to diet and exercise.

171

4.2. Assessment of efficacy

172

4.2.1. Efficacy criteria/Treatment goals

173

Treatment of patients with type 2 diabetes should be based on a holistic approach in order to improve

174

blood glucose levels and reduce the risk of both micro- and macrovascular complications. Even though

175

the primary aim of the confirmatory studies with the glucose lowering agent is to demonstrate a

176

favourable effect on blood glucose control, it is also important to consider effects of the test agent on

177

other CV risk factors.

178

It is important to be precise with respect to the trial objectives. In particular, intercurrent events will

179

occur which may either preclude observations of the variable of interest or affect its interpretation. For

180

example, a certain proportion of patients will not adhere to randomised treatment (e.g. due to

181

intolerance, lack of efficacy), require rescue medication or a change of background medication. It is

182

important to consider these events prospectively and to address them when defining a treatment effect

183

of interest. Specification of strategies to address these intercurrent events to precisely define a

184

treatment effect of interest should then, in turn, inform trial design, data collection and choice of

185

analysis method.

186

4.2.2. Measures of glycaemic control

187

4.2.2.1. Haemoglobin A1c

188

Glycated haemoglobin (HbA1c) is the most widely accepted measure of overall, long-term blood

189

glucose control in patients with diabetes. It reflects the mean glucose concentration over the past 2-3

190

months. Reduction of HbA1c is known to reduce the long-term risk of development of microvascular

191

complications. Therefore, HbA1c is an appropriate primary endpoint to support a claim based on

192

glycaemic control.

193

The primary target of estimation should estimate a treatment effect based on the difference in HbA1c

194

from baseline to the end-of-trial (or other predefined time for assessment of the effect) between the
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195

test compound and a control treatment. The actual adherence to treatment should be reflected in the

196

target of estimation. Specifically, since patients are not expected to benefit once treatment is

197

discontinued (e.g. due to adverse events) the treatment effect should be estimated based on observed

198

or modelled data reflecting adherence to treatment as observed in the clinical trial.

199

Other important intercurrent events to consider are the changes to, or introduction of, other

200

medication that will influence HbA1c values, including use of protocol-defined rescue medication. The

201

impact of additional medication complicates the evaluation of the effect of the test product compared

202

to placebo or active control. Therefore, the treatment effect can be estimated under the assumption

203

that rescue medication, or use of other medications that will influence HbA1c values, was not

204

introduced (hypothetical scenario), provided that a reliable estimate of that effect can be obtained.

205

The analytical approach, including the handling of missing data, should be aligned to the agreed target

206

of estimation. Data obtained after discontinuation of treatment are of principle interest for the

207

estimand described above, but since data obtained after initiation of rescue medication are not (they

208

reflect the effect of the additional or rescue medication itself), statistical modelling would be required.

209

Modelling based on data obtained in the placebo group might be an acceptable approach to reflect

210

discontinuation from treatment and a scenario in which additional medication was not introduced.

211

For active controlled trials with a non-inferiority hypothesis the same primary estimand might be

212

adopted, but additional approaches should be specified to address the impact of important protocol

213

violations and deviations.

214

Other approaches with respect to evaluations of the treatment effect should be justified.

215

The clinical relevance of the observed effect should be further justified by analysing the difference in

216

proportion of patients who reached an absolute HbA1c value of ≤ 7 and/or 6.5 % (≤ 53 and/or 48

217

mmol/mol) at end-of-trial without the use of additional medication and who remain adherent to

218

treatment. Such analyses may also provide guidance on how many patients might tolerate the

219

investigational drug and benefit from treatment in the long term.

220

Other definitions of a responder should be prospectively identified and justified by the applicant.

221

Combined endpoints e.g. reflecting the percentage of patients achieving target HbA1c without

222

hypoglycaemia can be informative as secondary endpoints in some situations but should be pre-

223

specified.

224

4.2.2.2. Plasma glucose

225

Change in fasting plasma glucose (FPG) is an acceptable secondary efficacy endpoint. Changes in

226

average plasma glucose recorded at regular intervals (mean of at least seven measurements: before

227

and after each of three meals and at bedtime) or glucose AUC are also acceptable endpoints. Nocturnal

228

hypoglycaemia may also be a relevant endpoint. Strategies to handle intercurrent events when

229

estimating the effect of treatment on these variables can be the same as for haemoglobin A1c.

230

Depending on the mode of action of the test agent and risk for hypoglycaemia of the study population,

231

particularly nocturnal hypoglycaemia, continuous blood glucose monitoring should be considered to

232

provide additional relevant information.

233

Parameters based on plasma glucose might be used as primary endpoints in short term studies (under

234

8 weeks), where the use of HbA1c is less appropriate. Serum fructosamine can also be used as an

235

endpoint in short term studies. In addition, a reduction of post-prandial hyperglycaemia, e.g. after a

236

standardized meal, can be used as a secondary endpoint.
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237

In confirmatory studies, plasma glucose is often used to define cut offs for glycaemic rescue criteria. A

238

reduction in the proportion of patients who have received rescue therapy and/or are withdrawn due to

239

lack of efficacy compared to placebo according to study protocols may be used to provide support for

240

efficacy.

241

4.2.2.3. Insulin parameters

242

Improvement of insulin sensitivity and beta cell function are currently not validated as surrogate

243

markers for reduction of micro- and macrovascular complications, but can be assessed as secondary

244

endpoints.

245

In insulin-treated type 2 diabetic patients, the entire elimination of the need for insulin in a clinically

246

meaningful proportion of patients, or a relevant reduction in insulin dose accompanied by a clinically

247

meaningful improvement in the evolution of body weight or reduction in hypoglycaemic events could

248

be considered as a relevant measure of efficacy, in addition to improvement in or maintenance of

249

HbA1c. Patients with a meaningful increase in concomitant treatment or use of rescue medication

250

would be classified as non-responders.

251

4.2.3. Other cardiovascular risk factors

252

Short- and long-term effects of the tested product on serum lipids (LDL and HDL cholesterol,

253

triglycerides), body weight and other parameters associated with body composition (e.g. waist

254

circumference) as well as blood pressure and heart rate should be documented.

255

A new glucose-lowering agent should preferably show a neutral or beneficial effect on such parameters

256

associated with cardiovascular risk. Before concluding on possible additional benefits with respect to

257

changes in cardiovascular risk factors, the influence of changes in blood glucose control itself should be

258

carefully addressed. For example, hypertriglyceridaemia reported commonly in type 2 diabetic patients

259

may improve with good glycaemic control in the majority of patients.

260

4.2.4. Effect on long term complications

261

Long term complications include macrovascular (coronary, cerebrovascular, and peripheral vascular

262

diseases) and microvascular complications (retinopathy, nephropathy, and neuropathy). Beneficial

263

effects of the drug on development of these complications in the intended target population can only

264

be evaluated properly in large scale and long term controlled clinical trials and are not a mandatory

265

requirement for the approval of a new medicinal product but may be needed for a first line unrestricted

266

monotherapy indication ( see 4.4.4.).

267

If beneficial effects on micro and/or macrovascular complications have been documented in (parts of)

268

the target population, such data may be included in the product information (SmPC section 5.1). This

269

would reflect that the treatment, in addition to improving glycaemic control, also has a documented

270

effect on long term complications, both being part of the concept of ” treatment of diabetes”.

271

4.2.5. Patient-reported outcomes

272

The use of disease-specific patient-reported outcomes for diabetes is recommended as it may reveal

273

important information on how a treatment affects quality-of-life. Furthermore, such information will

274

help to contextualize observed effects on measures derived from continuous glucose monitoring such

275

as glucose variability, glucose excursions and time spent in normal range.
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276

4.3. Methods to assess efficacy

277

4.3.1. Glycaemic control

278

4.3.1.1. Haemoglobin A1c

279

A well-validated assay for HbA1c should be used, i.e. reference methods recommended by scientific

280

bodies involved in the international standardisation of HbA1c measurement. Centralised analyses are

281

strongly recommended, at least for therapeutic confirmatory studies.

282

4.3.1.2. Plasma glucose

283

For recording of plasma glucose, capillary glucose is acceptable provided that there is confidence in the

284

quality of the glucose measurements. However, the use of devices allowing continuous blood glucose

285

monitoring is encouraged and regarded as useful in adults and children to describe overnight glucose

286

profiles and postprandial hyperglycaemia. Currently these methods still require traditional blood

287

glucose measurements for calibration and it needs to be taken into consideration that glucose

288

measurements from the interstitial fluid lag temporally behind blood glucose values.

289

4.3.1.3. Insulin sensitivity/Beta cell function

290

Insulin sensitivity and beta cell function should be assessed by using validated methods as justified by

291

the Applicant.

292

4.3.2. Patient-reported outcomes

293

The inclusion of patient-reported outcomes to assess the treatment burden and impact on daily life,

294

diabetes management, compliance and cognition is recommended. In this case it is important that the

295

questionnaires or scales are validated for use in the setting of diabetes.

296

4.4. Study Design

297

4.4.1. Pharmacokinetics

298

The pharmacokinetic information required is stated in detail in the appropriate guidelines. Although

299

initial PK studies can be done in healthy volunteers, it is important that PK studies also be performed in

300

all types of patients for whom treatment is intended (including children and elderly).

301

taken into consideration that factors such as delayed gastric emptying and gastrointestinal transit time

302

or altered renal function can be expected to complicate drug absorption and disposition in a significant

It should be

303

number of type 2 diabetic patients. Population PK approach and PK/PD modelling may be additional

304

tools to obtain relevant information.

305

4.4.2. Pharmacodynamics

306

Although there are no specific requirements for pharmacodynamic testing of glucose lowering agents,

307

the mechanism of action of the drug should be evaluated and discussed. If there are pharmacologically

308

active metabolites, the contribution to therapeutic and/or toxic effects should be discussed.

309

4.4.3. Exploratory and dose finding studies

310

The dossier should contain well-designed dose-ranging studies, assessing the lower end of the effective

311

dose range as well as the optimal dose, in order to justify the dosage(s) used in confirmatory clinical
Guideline on clinical investigation of medicinal products in the treatment or prevention
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312

trials. Additional information in support of dose selection can also be obtained through modelling and

313

simulation.

314

A parallel, fixed-dose, double-blind placebo-controlled monotherapy design is recommended for

315

evaluating new drugs. For therapeutic exploratory studies with a treatment period up to 3 months, a

316

washout period is recommended in patients previously having received glucose lowering agents which

317

are not to be used in the study. If only an add-on claim is intended, dose ranging can be studied as

318

add-on to first line therapy (e.g. metformin). In dose-ranging studies, at least 3 dosages should be

319

studied with a total treatment phase of at least 8 weeks and usually up to 3 months.

320

FPG should be the primary evaluation criterion in dose-ranging studies of 8-12 weeks duration. Serum

321

fructosamine can also be used as an endpoint in short term studies. However HbA1c should always be

322

the primary evaluation criterion in dose-ranging studies of ≥12 weeks duration.

323

4.4.4. Confirmatory studies

324

4.4.4.1. General design elements

325

Parallel-group, randomised, double-blind (whenever feasible), placebo and active-comparator-

326

controlled studies are recommended. The therapeutic confirmatory trials should aim at demonstrating:

327

•

Superiority of the new agent over placebo in at least one monotherapy study of no less than 3

328

months duration, which could be a dose-ranging, phase II study using HbA1c as the primary

329

endpoint, or the inclusion of a placebo arm for 3 months at the beginning of an active controlled

330

trial (see ICH E10)

331

and

332

•

333

Superiority of the new agent over placebo when added to an established background therapy,
which represents standard of care in the studied population

334

and

335

•

Non-inferiority of the new agent to an established active comparator (in a monotherapy or add-on

336

study depending on the intended indication) representing standard of care. At least one active-

337

controlled study is recommended to be submitted with the marketing authorisation application.

338

Confirmatory studies (except for placebo controlled monotherapy studies) are typically 6 months in

339

duration but at least one trial, preferably active-controlled, should demonstrate maintenance of effect

340

over at least 12 months. The primary endpoint should be HbA1c while secondary endpoints should

341

include other measures of glycaemic control as well as the effect on other cardiovascular risk factors

342

(see section 4.2).

343

When predefining a non-inferiority margin, it should be considered that even apparently small

344

reductions in HbA1c have been shown to be clinically relevant in terms of risk reduction of diabetic

345

complications. While a margin of 0.3% (3 mmol/mol) is generally considered as acceptable, the choice

346

of the margin should always be discussed in the clinical context. Other factors to consider are the

347

expected benefit over placebo for the active comparator and the details of the trial design. If non-

348

inferiority cannot convincingly be demonstrated, it is necessary to balance the degree of the observed

349

or potential inferiority against some other clinical advantage regarding e.g. safety, tolerability,

350

compliance, and/or improvement in cardiovascular risk profile.

351

The study (ies) should include a run-in period, a titration period and a maintenance period.

352
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353

Run-in (baseline) period

354

For therapeutic confirmatory studies using HbA1c as the primary endpoint, a washout period is

355

recommended in patients previously having received glucose lowering agents which are not to be used

356

in the study although in case of studies with duration> 3 months, a wash out period may not be

357

needed. Subgroup analyses for previously drug- naïve patients and pre-treated patients should be

358

performed.

359

Titration period

360

The demonstrated optimal dose should be used for both the test drug and, in active-controlled studies,

361

the comparator. If applicable, the dose should be progressively up-titrated until the maximal tolerated

362

or recommended dose is reached. Uptitration should be performed at 2-4 week intervals unless

363

otherwise justified.

364

Maintenance period

365

In the maintenance period the dose(s) of the glucose lowering agent(s) (investigational drug,

366

background therapy, comparator) should be kept stable unless a dose adaption is necessary for safety

367

reasons (e.g. hypoglycaemia). Dose changes and reasoning should be well documented.

368

4.4.4.2. Monotherapy studies

369

Comparison of the test agent to placebo in the monotherapy setting is always required to evaluate the

370

genuine glucose lowering effect and safety profile of the new agent, independent of whether the

371

marketing authorisation is intended for monotherapy or add-on therapy. Placebo-controlled

372

monotherapy studies of more than three months in duration should be reserved for patients at an early

373

stage of the disease (e.g. up to two years after diagnosis). Use of placebo for more than 6 months is

374

generally not recommended. Candidates for these trials should preferably have a relatively low starting

375

HbA1c (e.g. less than 8.5% [69 mmol/mol]). Protocols will need to stipulate that patients have rescue

376

therapy introduced according to a pre-defined algorithm if their glucose control consistently

377

deteriorates over a pre-set target or be withdrawn from the study. Although the use of strict glycaemic

378

rescue criteria could be an argument to also allow inclusion of patients with high baseline HbA1c in

379

studies with a duration of more than 3 months, this may lead to a high drop-out rate with subsequent

380

difficulties in interpreting the study results.

381

If an indication for first line (unrestricted) monotherapy is intended, a monotherapy study comparing

382

the test drug to metformin is usually needed, unless the robustness and magnitude of the glucose

383

lowering effect of the test drug is very convincing. In addition, beneficial effects on micro and/or

384

macrovascular endpoints and a well characterized safety profile (including data on long term safety)

385

should be documented before a first line monotherapy indication would be considered approvable.

386

4.4.4.3. Add-on (or combination) studies

387

These studies aim at determining the efficacy of the investigational drug used as add-on therapy in

388

patients insufficiently controlled with established treatment.

389

There are many possible therapeutic combinations of glucose lowering agents. The choice of a new

390

combination should be made based on recommendations for diabetes treatment from learned societies

391

(e.g. ADA, EASD, ISPAD) as well as on known contraindications for some combinations. To support the

392

general claim “add-on to other glucose lowering agents” efficacy data would be expected for

393

combinations representing standard of care. In addition, combinations for which specific safety issues

394

(e.g. hypoglycaemia) are expected (i.e. based on mechanisms of action) should be investigated.

395

Study results from all combination studies will be reflected in the product information.
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396
397

Add-on studies should be placebo- or active controlled. It is recommended:
(i)

To select patients not meeting therapeutic targets on the established agent alone at

398

maximal tolerated or recommended dose. Alternatively, patients could be switched from

399

current therapy (monotherapy or combination therapy not to be tested in the planned

400

study) to monotherapy with the established agent (background therapy) for 8-12 weeks

401

and thereafter, if therapeutic targets are not met, should be randomized to receive the test

402

agent or placebo/active control as add-on. For these patient groups, analyses should be

403

stratified according to previous treatment.

404

(ii)

405

To select patients with a stable dose of medication during the 8 to 12 weeks preceding the
study to ensure that the maximal effect of the previous medication has been achieved and

406

that HbA1c is stabilised at baseline; some products may need longer than 12 weeks to

407

reach their maximal effect.

408

(iii)

To avoid dose adaptation of the background glucose lowering agent(s) throughout the

409

study, unless this is necessary for safety reasons. In the maintenance period also the test

410

and comparator medications should be kept stable as far as possible.

411

4.4.4.4. Combinations with insulin

412

Combination therapy of glucose-lowering agents with insulin may occur in different clinical situations

413

and patient populations. Most frequently, insulin therapy is introduced in patients inadequately

414

controlled on other glucose lowering agents. In this case, some or all of the previous agents may be

415

discontinued and insulin is initiated. Less frequently, patients already receiving insulin may benefit

416

from adding another glucose-lowering agent. Reasons for such consideration may be frequent and

417

especially severe hypoglycaemic events preventing the desired level of glycaemic control or insulin-

418

induced weight gain in already obese patients. Overall, the most frequently used combination is insulin

419

plus metformin.

420

Even though a study in which insulin is initiated in patients not reaching glycaemic control with the test

421

agent (alone or in combination with another glucose-lowering agent, most likely metformin) would

422

reflect the most common clinical scenario, it is not expected to provide relevant data on the effect of

423

the test drug in this setting. However, relevant safety information on the combined use of the test

424

agent and insulin may be gained from such a study and may be reflected in the Product Information.

425

For appropriate evaluation of both safety and efficacy of the test compound in combination with

426

insulin, the test agent should be added in patients with type 2 diabetes inadequately controlled on a

427

reasonable dose of insulin as single therapy or in combination with another glucose-lowering agent,

428

typically metformin or both, if stratified. Treatment groups should be balanced with respect to insulin

429

regimens (e.g. basal only vs. basal-bolus regimen). In order to support a general claim “combination

430

therapy with insulin”, the study population should represent a wide range of BMI and include a

431

substantial percentage of patients with long diabetes duration (e.g. ≥ 10 year) and elderly patients to

432

adequately reflect the whole target population.

433

After an insulin ± metformin dose-stabilisation period of preferably 8 weeks, eligible patients should be

434

randomized to receiving either the test drug or placebo for at least a total of 26 weeks. Background

435

treatments should generally be kept stable unless dose reductions are necessary for safety reasons

436

(primarily reduction of insulin dose due to hypoglycaemia). Rescue criteria should be predefined to

437

ensure that patients will not sustain prolonged periods of poor glycaemic control.

438

The primary objective of the study should be to demonstrate that the test drug is superior to placebo

439

in HbA1c reduction. Secondary endpoints should, amongst others, include frequency of hypoglycaemia
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440

with focus on severe events, change in body weight and in insulin dose and may also include the

441

percentage of patients achieving target HbA1c without hypoglycaemia.

442

Other study designs are principally possible. In such cases EMA scientific advice is recommended.

443

4.5. Studies in special populations

444

Applicants should be encouraged to determine if there are demographic, genetic, metabolic (e.g. C-

445

peptide or other measure of beta-cell function) or other factors which may predict the response to a

446

particular glucose lowering agent. Those potential factors should ideally be identified prospectively.

447

Even if no heterogeneity is expected, the internal consistency of estimated treatment effects across

448

important subgroups should be investigated

449

With regards to the characteristics of the trial population it should be considered that a relevant

450

number of patients should be included from EU countries or countries with lifestyle and diabetes care

451

similar to those of EU member states.

452

4.5.1. Elderly

453

Regarding the elderly, it is important to determine whether or not the pharmacokinetic behaviour of

454

the drug in this population is different from that in younger adults. Safety of the tested product,

455

especially occurrence of hypoglycaemia, is a matter of concern in the elderly and very elderly.

456

Therefore, data should be presented for various age groups (65-74; 75-84 and 85+ years) to assess

457

the consistency of the treatment effect and safety profile in these patients with the non-geriatric

458

patient population. Depending on the data, specific efficacy and safety trials in this population may be

459

needed.

460

4.5.2. Children and adolescents

461

The prevalence of type 2 diabetes in children and adolescents is increasing worldwide in parallel with

462

the prevalence of obesity in this population. Due to important potential differences between

463

children/adolescents and adults in several aspects of the disease (i.e. faster decline in beta cell

464

function) and potential safety concerns (based on the mechanism of action of the test product) specific

465

to the paediatric population (e.g. pubertal development, growth, bone development, neurocognitive

466

development) it is in general recommended that separate paediatric trials should be carried out.

467

Age and trial population

468

Currently, the incidence and prevalence of type 2 diabetes is very low in children ≤ 10 years of age. As

469

the mean age of type 2 DM development in children is 13 – 14 years, it is recommended that trials be

470

performed in patients 10 to less than 18 years old.

471

Efficacy assessment

472

In principle the change in HbA1c from baseline to at least 12 weeks versus the control may be

473

acceptable as a primary endpoint, however, the trial duration and endpoint always need to be justified

474

by the type of product (mechanism of action) and trial objective (see also section 4.2 concerning

475

definition of the scientific question of interest). Completion of an extension phase to provide a total of

476

at least 12 months of exposure is expected before granting a marketing authorization in children

477

unless it can be justified why this is not needed. The type of study (monotherapy or add-on study)

478

should be justified.
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479

It is recommended that all patients should follow a harmonised approach of a structured diet and

480

exercise counselling throughout the trial.

481

Timing of studies

482

The time of initiation of paediatric studies should follow the ICH E11 guidance. Type 2 diabetes is

483

considered a serious condition; however, alternative treatments exist. Therefore it is not recommended

484

that studies in children/adolescents are initiated before sufficient safety and efficacy data from adult

485

trials are available. If significant safety concerns exist for a given medicinal product it is not

486

recommended that clinical trials including children are initiated before post marketing experience in

487

adults is available.

488

4.6. Safety aspects

489

4.6.1. General considerations

490

As for any other medicinal product, the occurrence of e.g. blood, liver or skin disorders should be

491

carefully monitored and documented in detail for glucose lowering agents. Regarding liver function,

492

special attention should be paid to elevated activities of liver enzymes, which are observed more

493

frequently in type 2 diabetes. Follow-up should be careful in order to differentiate drug-induced effects

494

on liver function from the spontaneous fluctuations of liver enzyme activities observed in diabetes.

495

Special efforts should be made to capture potential adverse events that are characteristic of the

496

mechanism of action and the pharmacodynamic properties of the class of products being investigated.

497

This could include possible influence on immune status, tumour-inducing effects and

498

infections/inflammations (e.g. pancreatitis).

499

Add-on studies alone do not allow for a definitive assessment of the genuine safety profile of a new

500

compound. Pharmacodynamic interactions almost always occur with other glucose lowering agents,

501

and other effects might occur (e.g. PK interactions, additive toxic effects). It may therefore be difficult

502

to determine the relative contribution of these changes to the observed effect. Therefore, safety data

503

for the test agent in the monotherapy setting are important in addition to add-on trials.

504

4.6.2. Hypoglycaemia

505

In type 2 diabetes, episodes of severe hypoglycaemia associated with severe CNS dysfunction are rare,

506

but may be of particular concern in children/adolescents and in the elderly. A standardised definition of

507

severe and less severe episodes of hypoglycaemia should be used as defined by Learned Societies to

508

include a set of symptoms and a given level of self-monitored blood glucose (see also sections 5.6.1

509

and 8.2). Hypoglycaemia should be confirmed by measuring capillary or plasma glucose levels

510

whenever possible. There should be confidence in the quality of the glucose measurements.

511

A detailed analysis of hypoglycaemic episodes noted in clinical trials should be provided (e.g. analysis

512

stratified for age: ≤ 65 years, > 65 years, >75 years, timing of the episodes in relation to drug

513

exposure, diurnal distribution, and for each episode: time of onset, time after last drug administration,

514

time after meal, severity, duration, outcome of hypoglycaemia, dose of treatment). In addition,

515

nocturnal blood glucose measurements should be considered for drugs with a propensity to cause

516

hypoglycaemia. Use of continuous glucose monitoring, providing more complete information on night

517

profiles, should be considered for certain products and patient groups at increased risk for

518

hypoglycaemia.
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519

4.6.3. Cardiovascular safety

520

It is expected that the drug development program, containing all relevant clinical and non-clinical data,

521

adequately characterizes the cardiovascular safety profile enabling an evaluation of the cardiovascular

522

safety in the marketing authorization application. This refers in particular to products with a new

523

mechanism of action or products belonging to a drug class for which the cardiovascular safety profile is

524

not yet established or questioned, e.g. in case of a detrimental effect on another cardiovascular risk

525

factor.

526

Requirements for the evaluation and quantification of the cardiovascular risk at the time of licensing

527

are further outlined in the CHMP’s “Reflection paper on assessment of cardiovascular safety profile of

528

medicinal products” (EMA/CHMP/50549/2015).

529

4.6.4. Immunogenicity

530

If the new glucose-lowering agent is a protein, development of anti-drug antibodies should be

531

monitored including antibody incidence and titres over time. Regarding general aspects on

532

immunogenicity assessment, reference is made to the “Guideline on immunogenicity assessment of

533

therapeutic proteins” (EMEA/CHMP/BMWP/14327/2006/Rev.1).

535

5. Developing and licensing insulin preparations for the
treatment of type 1 and type 2 diabetes mellitus

536

5.1. Specific considerations

537

This section provides guidance on new insulin preparations. For biosimilar insulins the reader is

538

referred to the general guidelines on similar biological medicinal products and the specific “Guideline

539

on non-clinical and clinical development of similar biological medicinal products containing recombinant

540

human insulin and insulin analogues” (CHMP/32775/2005_Rev.1). Insulins with a novel route of

541

administration are not within the scope of this guideline. In such cases EMA scientific advice is

542

recommended.

543

Insulin preparations differ mainly by their kinetic/pharmacodynamic profiles. They are usually classified

534

544

as rapid-, short-, intermediate-, and long-acting preparations, and are used alone or as free mixtures

545

or premixed preparations of rapid/short-acting insulin and intermediate/long-acting insulin in various

546

proportions. The same classification is used for insulin analogues, which differ from human insulin

547

preparations by the substitution of amino-acids or other chemical changes, e.g. addition of a fatty acid

548

chain within the insulin molecule.

549

For novel insulins (e.g. insulin analogues), long-term (at least 12-month) efficacy and safety data are

550

essential. For premixed combinations of insulins already individually licensed, pharmacokinetic/

551

pharmacodynamic data comparing the premixed insulins with the individual components form the basis

552

of the dossier. In case safety data on the free combination are not available or insufficient, clinical data

553

on the fixed combination are needed for safety assessment (e.g. 3-month data).

554

5.2. Patient selection

555

5.2.1. Study population and selection of patients

556

General considerations pertaining to other glucose lowering agents (see section 4.1) also apply to

557

insulin preparations. Both type 1 and type 2 diabetic patients should be studied. Randomisation should
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558

result in a balance across most factors in the study groups but stratified allocation may be helpful e.g.

559

with respect to types of previous insulin regimens. Specific populations should be considered (see

560

section 4.5).

561

5.3. Assessment of efficacy

562

5.3.1. Efficacy criteria/Treatment goals/Methods to assess efficacy

563

The measures of glycaemic control detailed in the section pertaining to other glucose lowering agents

564

also apply to insulin preparations (see also section 4.2 concerning definition of the scientific question of

565

interest).

566

However, the rapid changes in plasma glucose levels that occur, particularly in type 1diabetes, call for

567

some specific considerations:

568

•

Both fasting and postprandial blood glucose levels should be measured as secondary endpoints.

569

•

In addition to the evaluation of the overall blood glucose control by HbA1c, at least 7-point

570

capillary-blood glucose profiles (before and after each meal, at bedtime and during the night) at

571

regular intervals are necessary, particularly in type 1 diabetic patients. Alternatively, continuous

572

glucose monitoring could be considered, particularly in paediatric patients.

573

•

Reduction in the amplitude between postprandial hyperglycaemic peaks and fasting blood glucose

574

values is desirable, but will not be accepted as a claim of superiority of a new insulin compared to

575

an established insulin, unless accompanied by a relevant improvement in blood glucose control

576

(measured by HbA1c), hypoglycaemia or other clinically meaningful outcomes.

577

Weight gain is frequent in diabetic patients trying to implement intensive glucose control. The

578

evolution of body weight will also be taken into account in the global evaluation of the efficacy and

579

safety, particularly in type 2 diabetic patients.

580

5.4. Study design

581

5.4.1. Pharmacokinetics

582

Although initial PK studies can be done in healthy volunteers, it is required that PK studies also be

583

performed in all types of patients for whom treatment is intended. Population PK approach and PK/PD

584

modelling may be additional tools to achieve this objective.

585

For the evaluation of a new insulin, the comparator drug should be an established insulin with a

586

pharmacological profile similar to that of the product under development. Comprehensive

587

pharmacokinetic data should be provided including peak insulin concentration, time to peak

588

concentration, area under the insulin-time curve and half-life. Apart from the kinetic studies in healthy

589

volunteers, studies should be performed in type 1 and in type 2 diabetic patients, adults and children

590

(stratified by age), and in various situations associated with PK variability: insulin dose, site of

591

injection and thickness in fat layer contribute to the rather considerable variation in the PK parameters

592

seen with insulin. Age and conditions such as impaired renal or liver function may also contribute to PK

593

variability, particularly with long-acting preparations.

594

It is recommended to investigate steady-state PK (multiple-dose concentration-time profiles),

595

particularly for long-acting insulin preparations.
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596

It is necessary to show that pharmacokinetic characteristics remain the same if the insulin is used in

597

mixtures. Furthermore, when studying mixtures, fresh mixtures should be tested versus mixtures

598

prepared several hours prior to administration to mimic actual use.

599

Insulin analogues are usually developed for their novel pharmacokinetic properties. Differences in

600

parameters of PK/PD activity alone should however not be used to claim superiority over a comparator

601

unless associated with better HbA1c or other statistically significant and clinically relevant benefits e.g.

602

regarding weight or hypoglycaemia.

603

5.4.2. Pharmacodynamics

604

Pharmacodynamic data in insulin-sensitive patients with type 1 diabetes are of primary importance for

605

the comparison of insulin preparations, including their use in mixtures. The glucose clamp technique is

606

the preferred method to assess the time-action profile of insulins.

607

5.4.3. Therapeutic exploratory studies

608

In order to reduce variability, crossover designs may be preferable to compare glucose excursions and

609

insulin profiles of different insulin preparations as well as incidence and rate of hypoglycaemia. The

610

study duration should be at least 4 weeks with each insulin preparation for crossover designs, and

611

usually up to 3 months for parallel group designs. The cross-over design is not recommended for long-

612

term trials because of expected carry-over effects due to improvement in metabolic control. In short-

613

term studies, the preferred main end-point is the 24-h blood glucose profile (AUC, Cmax, Cmin).

614

5.4.4. Therapeutic confirmatory studies

615

General considerations regarding the design of confirmatory studies, described in section 4.4.4, also

616

apply here. However the use of a placebo is usually not ethical in insulin-dependent diabetic patients.

617

Therefore, studies will generally be active-controlled using an insulin preparation as comparator with a

618

pharmacological profile similar to that of the tested agent.

619

In patients with type 1 diabetes, the run-in period should be used to assess the variability in blood

620

glucose profiles and number of hypoglycaemic episodes at baseline. It should be of sufficient duration

621

to allow stabilisation of glycaemic control.

622

Therapeutic confirmatory studies should assess the safety and efficacy of the insulin preparation in

623

type 1 and type 2 diabetes. Patients should be treated to glycaemic target taking into account limiting

624

adverse effects, particularly hypoglycaemia. The comparative phase should usually be of 6 months in

625

duration. For novel insulin analogues, follow-up data covering a period of at least 12 months should

626

also be available.

627

For premixed combinations of insulin preparations already individually licensed, controlled trials of

628

shorter duration (i.e. at least 3 months) are usually appropriate and are essentially necessary to

629

assess safety in case safety data on the free combination are not available or insufficient (see section

630

5.1).

631

The efficacy and safety of transferring patients from one insulin preparation to another should also be

632

addressed, for example by subgroup analysis based on pre-study therapy.
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633

5.5. Studies in special populations

634

5.5.1. Elderly

635

A reasonable number of elderly patients (65-74; 75-84 and 85+ years) should be included in the

636

therapeutic confirmatory studies. Particular attention should be paid to the occurrence of

637

hypoglycaemia and optimal dose titration in these patients.

638

5.5.2. Children

639

Since type 1 diabetes predominantly develops in children and adolescents, clinical studies for insulin

640

preparations are normally required in the paediatric population, unless otherwise justified. As in the

641

elderly patients, particular attention should be paid to the occurrence of hypoglycaemia and optimal

642

dose titration in these patients. However, as described for other glucose-lowering agents (see section

643

4.3.2) paediatric studies using a novel insulin should preferably be carried out when sufficient safety

644

data in adults are available. If efficacy and safety of a novel insulin is demonstrated in adults with type

645

2 diabetes and in children with type 1 diabetes, additional data in paediatric patients with type 2

646

diabetes may not be needed (i.e. extrapolation may be possible).

647

Paediatric patients should be stratified by age group: < 1 year, 1 to < 6y, 6 to < 12y, 12 to < 18y.

648

HbA1c is the recommended primary efficacy endpoint. Glycaemic variability and hypoglycaemic

649

episodes are important secondary endpoints (see section 5.3). Both should be documented, preferably

650

by continuous glucose measurements.

651

5.6. Safety aspects

652

5.6.1. Hypoglycaemia

653

Hypoglycaemia is the biggest obstacle to tight glucose control and is considerably more frequently

654

observed in patients with type 1 diabetes than those with type 2 diabetes. Incidence and rate of both

655

overall and severe hypoglycaemia should be determined in all clinical trials. It is recognized that

656

glycaemic thresholds for responses to hypoglycaemia vary among individuals with diabetes as well as

657

in the same individual with diabetes as a function of their HbA1c levels and hypoglycaemic experience.

658

However, in the context of drug development, it is of importance to identify and record a level of

659

hypoglycaemia that needs to be avoided because of its immediate and long-term danger to the

660

individual(see section 8.2).

661

In order to assess glucose variability and nocturnal hypoglycaemia, the use of continuous glucose

662

monitoring devices should be considered. A relevant reduction of documented episodes of

663

hypoglycaemia, particularly severe events, if studied in appropriately controlled trials, could support a

664

claim of superiority over the insulin used a s comparator provided that this is not achieved with simply

665

allowing HbA1c to rise.

666

5.6.2. Local reactions / toxicity

667

Pain at the injection site and any type of local reaction should be carefully monitored, particularly in

668

patients on long term treatment.
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669

5.6.3. Product immunogenicity / affinity

670

Immunogenicity of new insulin preparations should be assessed by determining antibody incidence and

671

titres over time, and should be compared to that observed with established insulin products. For novel

672

insulins, one-year immunogenicity data are usually required pre-licensing. Regarding general aspects

673

on immunogenicity assessment, reference is made to the Guideline on immunogenicity assessment of

674

therapeutic proteins (EMEA/CHMP/BMWP/14327/2006/Rev.1).

675

For insulin analogues, comparative data to human insulin should be available on the insulin receptor

676

and IGF1 receptor binding (affinity and dissociation rate), receptor autophosphorylation,

677

phosphorylation of signalling elements, and promotion of mitogenesis (see Points to Consider

678

Document on the Non-Clinical Assessment of the Carcinogenic Potential of Human Insulin Analogues

679

[CPMP/SWP/372/01]).

680

In case of higher affinity to the IGF-1 receptor of insulin analogues compared to human insulin, it is

681

recommended that fundus photographs are taken during long term trials to detect possible retinal

682

adverse events.

683

5.6.4. High strength and fixed combination insulin products

684

For high strength insulins (i.e. higher than EU-wide standard of 100 units/ml concentration) and fixed

685

combination of insulin with another non-insulin injectable glucose-lowering agent, concerns about

686

potential medication errors should be taken into account.

687

The high strength insulin or the fixed combination insulin product should preferably be manufactured in

688

pre-filled pens only. The pre-filled pen should automatically adjusts for strength and no dose

689

conversion or re-calculation should be required when switching between standard strength (100

690

units/ml) and higher strength or fixed combination insulin products within the same product range.

691

For products where insulin is combined with another injectable glucose-lowering agent in a prefilled

692

pen, the number of ‘dose steps’ should always be equivalent to the number of units of insulin to be

693

administered, i.e. the dose counter window on the pen will display the number of dose steps and this

694

will be the same as the number of units of insulin.

695

5.6.5. Children

696

Glycaemic variability and susceptibility to hypoglycaemia is higher in children than in adults and is also

697

different among the various paediatric age groups. This is due to higher insulin sensitivity in younger

698

children compared to older children and to adolescents, the latter being largely explained by the

699

“physiological” insulin resistance developing at the time of puberty. In addition, beta cell decline is

700

faster and lifestyle more unpredictable (physical activity and food intake) in children compared to

701

adults. Frequent hypoglycaemic as well as hyperglycaemic episodes may impair cognitive development

702

and should be avoided. Immunogenicity (anti-insulin response) is increased in children compared to

703

adults and should always be evaluated, preferably for a duration of one year including antibody

704

incidence and antibody titres.

706

6. Non-insulin medicinal products for the treatment of
type 1 diabetes

707

Insulin therapy is always required for the treatment of type 1 diabetes. However, the possibility of

708

achieving glycaemic goals can be hampered by the risk of severe hypoglycaemia. New therapies that,

705
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709

in addition to insulin, may improve glycaemic control and/or reduce the risk of hypoglycaemia are

710

being developed.

711

In order to confirm such benefits, phase III studies should be placebo controlled and an initial run-in

712

phase with the aim to optimize the insulin treatment is recommended. The preferred primary

713

superiority endpoint should be the change from baseline HbA1c after approximately 26 weeks of

714

double-blind treatment (see also section 4.2 concerning definition of the scientific question of interest).

715

To show durability of the effect, a 6 month extension phase is required. Insulin doses should be

716

adjustable during the study. It is also necessary to demonstrate that HbA1c decrease does not come at

717

the cost of unacceptably increased hypoglycaemia risk.

718

Alternatively, if non-inferiority testing of Hb1Ac vs. placebo on top of freely titrated insulin is the

719

primary endpoint, incidence and/or rate of hypoglycaemia should be a co-primary endpoint.

720

Defining a composite endpoint encompassing HbA1c decrease and risk of hypoglycaemia (e.g. “HbA1c

721

<7% without documented symptomatic hypoglycaemia” or “HbA1c <7% without nocturnal or severe

722

hypoglycaemia”) could be included as a secondary endpoint.

723

Reduction in insulin need alone is not regarded as a relevant endpoint. It has to be demonstrated that

724

this is accompanied by clinically relevant changes such as reduced incidence of hypoglycaemia or

725

reduced body weight gain; however, the latter may be less relevant in patients with type 1 diabetes

726

when they are lean and have a low degree of insulin resistance. Further, a reduction in insulin dose in

727

insulin deficient patients could increase the risk of ketoacidosis. Therefore, the risk of diabetic

728

ketoacidosis should be closely followed during the studies.

729

7. Other potential claims

730

Considering the limited experience with studies in the areas of diabetes prevention and preservation of

731

beta-cell function and absence of licensed medicinal products for these indications, only high-level

732

advice can be given.

733

7.1. Delay in onset / prevention of type 1 diabetes mellitus

734

The aim of pharmacological interventions in subjects at increased risk for developing type 1 diabetes

735

may be to slow the progression of or to hold the disease in subjects already exhibiting signs of

736

autoimmunity to beta cells (secondary prevention) or to prevent the disease in subjects not (yet)

737

exhibiting beta cell autoantibodies (primary prevention). So far, pharmacological interventions have

738

only been tested in the secondary prevention setting.

739

Studies suggest that approximately 5% of subjects with only one autoantibody and approximately 50

740

% of subjects with three or more autoantibodies will develop type 1 diabetes in the course of five

741

years. Within the group of at-risk subjects with beta cell specific autoantibodies, there are subgroups

742

with even higher risk which can be identified based on insulin secretion and glucose tolerance.

743

Unless the test agent has an absolutely benign safety profile, pharmacological intervention studies that

744

aim to delay or prevent the onset of type 1 diabetes should only enrol patients who are at high risk of

745

developing the disease. The validity for the choice of antibodies and other criteria should be properly

746

justified prior to study start; notably the positive predictive values of such antibodies for development

747

of type 1 diabetes should be sufficiently documented.

748

Clinical studies should be randomized, preferably double blind and placebo-controlled. The primary

749

efficacy endpoint should be the cumulative diabetes incidence. Development or increase of beta cell

750

specific autoantibodies – depending on the status of autoimmunity against beta cells at baseline Guideline on clinical investigation of medicinal products in the treatment or prevention
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751

could be employed as biomarkers of disease or disease progression to provide additional evidence of

752

efficacy. Immune markers such as anti insulin, anti GAD65, ICA512, and IA-2beta antibodies should be

753

measured at baseline and at predetermined time points during the studies. Observations such as

754

reversal of dysglycaemia, improvement in glucose tolerance or preservation of beta cell mass would

755

also support efficacy. Genotyping may be important for treatment success.

756

For safety reasons, a step down approach within the paediatric population is recommended, i.e.

757

commencing studies in younger age groups only if efficacy and particularly relevant safety data are

758

available from older subjects (e.g. 12-<18y, 6-<12 y ; 1-<6 y ). In the age group below one year,

759

monogenic diabetes forms need to be excluded.

760

Not all subjects at increased risk for developing type 1 diabetes will eventually develop the disease,

761

and if they do it may take many years. Since treatment would likely be given to all patients at risk,

762

including those who would never develop the disease, the safety profile of the preventive measure

763

needs to be rather benign to be acceptable. The clinical relevance i.e. the size and duration of the

764

observed effect, if any, must be carefully balanced against the risks of the intervention.

765

If the treatment intervention consists of immunosuppressants, their effects on the general immune

766

responses need to be thoroughly investigated. Endpoints for safety evaluation will depend on the

767

known or suspected mechanism of action of the drug and findings in preclinical and clinical studies.

768

These may include but are not limited to T-cell proliferation in response to conventional antigens,

769

immunoglobulin subclasses, and titres of antibodies in response to primary antigens and recall

770

responses. Considering the experience gained with immunosuppressive agents, serious adverse

771

reactions may emerge at a late stage and may include life-threatening infections and malignancies.

772

Therefore, safety follow-up may have to be of substantial duration. Long-term immunosuppressive

773

therapy may only be acceptable in case of outstanding efficacy, if at all.

774
775

7.2. Preservation of beta-cell function in patients with type 1 diabetes
mellitus

776

The clinical manifestation of type 1 diabetes is thought to represent end-stage insulitis, since only 10-

777

20% of the insulin producing beta cells have been estimated to be still functioning at the time of

778

diagnosis. Nevertheless, patients with type 1 diabetes and remaining endogenous insulin reserve may

779

benefit from treatments aiming at preservation of insulin secretory capacity but any pharmacological

780

intervention will likely need to be initiated as soon as possible after manifestation of the disease to

781

have a chance of showing a meaningful benefit. Attenuating the decline in beta cell function may

782

improve glycaemic control and reduce the risk of hypoglycaemia, at least for a certain time. If the

783

effect is profound and sustained, reduction or delay of diabetic complications may be expected.

784

Clinical studies aiming at preservation of beta cell function should be randomized, preferably double-

785

blind and placebo-controlled and should include patients with a documented residual beta cell function.

786

The primary outcome should preferably consist of co-primary endpoints including not only the change

787

from baseline in C-peptide (e.g. C-peptide AUC) or, if appropriately justified, the percentage of

788

patients with C-peptide increases above a clinically meaningful threshold following a physiological

789

stimulus (e.g. liquid mixed meal) under standardized conditions but also HbA1c, frequency of

790

hypoglycaemic episodes, particularly severe events, or the percentage of patients not requiring insulin

791

therapy or with a relevant reduction in insulin requirements. Any of these endpoints not included as

792

co-primary endpoint should be evaluated as important secondary endpoint. Other secondary endpoints

793

should include fasting and postprandial blood glucose concentrations, 24-hour glucose profiles and

794

total daily insulin requirements. Occurrence of ketoacidosis should be recorded. The primary endpoint

795

could be measured after 1 year but sustained treatment benefit will need to be shown for a minimum
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796

of 2 years after treatment initiation. It is important to choose suitable and highly sensitive assays for

797

reliable C-peptide measurements. Again, a step down approach within the paediatric population is

798

recommended (see 7.1). The clinical relevance i.e. the size and duration of the observed effect, if any,

799

must be carefully balanced against the risks of the intervention. For use of immunosuppressants or

800

immunomodulators see section 7.1.

801

7.3. Delay in onset/prevention of type 2 diabetes mellitus

802

Impaired fasting glucose (IFG), impaired glucose tolerance (IGT), a history of gestational diabetes

803

mellitus, being a first degree relative of a subject with type 2 diabetes, obesity and/or sedentary

804

lifestyle are important known risk factors for developing type 2 diabetes. In addition, the risk for

805

vascular complications has been shown to be increased in subjects with IGT and/or IFG. On the other

806

hand, there are no conclusive studies to date demonstrating that lowering of fasting or postprandial

807

glucose in subjects with IGT and/or IFG reduces microvascular or macrovascular risk. Mechanistic

808

studies have shown important differences between IGT and IFG populations regarding the

809

pathophysiology of the prediabetic state; IFG is often characterized by reduced hepatic insulin

810

sensitivity, stationary beta cell dysfunction and/or chronic low beta cell mass, whereas IGT is

811

characterized by reduced peripheral insulin sensitivity, near-normal hepatic insulin sensitivity,

812

progressive loss of beta cell function and reduced secretion of glucose-dependent insulinotropic

813

polypeptide.

814

Lifestyle measures are clearly recommended as first line intervention to improve glycaemia in subjects

815

at high risk for developing type 2 diabetes. However, additional drug therapy may be beneficial in

816

individuals with particularly high risk of developing diabetes, for example, those with worsening

817

glycaemia, cardiovascular disease, or non-alcoholic fatty liver disease when lifestyle interventions are

818

unsuccessful.

819

Confirmatory studies intended to demonstrate benefit of pharmacotherapy in the delay in

820

onset/prevention of type 2 diabetes should include the following considerations.

821

The study population should consist of subjects who are considered at high risk for developing type 2

822

diabetes and who do not respond sufficiently to intensive life style interventions. Risk definition and

823

criteria need to be pre-defined using widely accepted tools for diabetes risk assessment. The type and

824

enforcement of appropriate life style interventions should be well documented and (non)response pre-

825

defined. Treatment groups should be balanced for risk factors (such as IFG, IGT, hypertension,

826

hypercholesterolaemia and smoking) known or suspected to convey a different magnitude of risk for

827

progression to type 2 diabetes and for confounding concomitant therapies.

828

Trials should be randomized, double-blind, placebo-controlled. In addition, appropriate life style

829

interventions (i.e. diet and exercise) should be reinforced in all subjects throughout the study. The

830

treatment phase may vary depending on the mechanism of action of the drug and whether it is

831

intended as short-term or long-term treatment. Overall, the studies will likely be of substantial size

832

and duration (years).

833

Cumulative diabetes incidence or time to diagnosis of diabetes according to established diagnostic

834

criteria are considered appropriate primary endpoints. If glucose-lowering agents are investigated, a

835

wash-out phase of appropriate duration (e.g. at least 3 months) is needed prior to the efficacy

836

evaluation to exclude a masking effect on diabetes. The observed effect will need to be statistically

837

significant as well as clinically relevant. Delaying the onset of diabetes may be important but it is

838

currently unclear how much delay would be necessary to convey a reduction of microvascular or

839

macrovascular complications, the real purpose of a pharmacological intervention in ‘at risk’ but ’disease

840

free’ persons. In this context it should also be recognized that IFG/IGT and type 2 diabetes are
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841

different stages of the same disease continuum and that treatment of such subjects could be

842

considered as an initiation of treatment in an earlier stage of the disease rather that preventing the

843

disease. Until further clarification of this issue and if the test agent is intended for long-term treatment

844

(e.g. ‘early treatment’ with glucose-lowering agents), the primary endpoint will need to be supported

845

by additional data showing benefit with regard to microvascular and/or macrovascular complications.

846

Cardiovascular risk factors such as blood pressure and serum lipids should also be monitored.

847

Assessment of markers/tests of beta-cell function/decline may be included to further support the

848

preventive nature of any observed effect.

849

Regarding safety, the same considerations as for prevention of type 1 diabetes apply. Not all subjects

850

at risk for developing type 2 diabetes will eventually develop the disease. These subjects would receive

851

treatment without a chance of benefit. Therefore, the safety profile of the preventive measure needs to

852

be rather benign to be acceptable. The clinical relevance of the observed effect, if any, should be

853

discussed and carefully balanced against the risks of the intervention.

854

Definitions

855

Diabetes

856

Diabetes is currently defined (WHO/ADA) as symptoms of diabetes plus:

857

•

858
859

OR
•

860
861

Random plasma glucose concentration ≥11.1 mmol/L (200mg/dl)

Fasting plasma glucose ≥7.0 mmol/L (126mg/dl),
OR

•

2-h plasma glucose concentration after 75 g anhydrous glucose in an oral glucose tolerance test

862

≥11.1 mmol/L (200mg/dl). (Paediatric OGTT dosing 1.75 grams/kg to maximum dose of 75 grams

863

glucose)

864

OR

865

•

866

HbA1c ≥ 6.5% (48 mmol/mol). (The test should be performed in a laboratory using a method that
is NGSP certified and standardized to the DCCT assay, ADA recommendation)

867

Impaired glucose tolerance (IGT):

868

•

869

Fasting plasma glucose concentration <7.0 mmol/l (126mg/dl)
AND

870

•

871

Impaired fasting glucose (IFG):

872

•

873

2-h plasma glucose concentration ≥ 7.8 and<11.1 mmol/l (140 and 200mg/dl)

Fasting plasma glucose 6.1 to 6.9 mmol/l (110 to 125 mg/dl)
AND (if measured)

874

•

2-h plasma glucose concentration < 7.8 mmol/l (140 mg/dl).

875

In the absence of symptoms, diabetes/impaired glucose tolerance or fasting glucose should not be

876

diagnosed on a single glucose measurement but needs confirmation.
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877

Hypoglycaemia

878

Hypoglycaemia in adults

879

The definitions of hypoglycaemia in individual protocols and across protocols within the development

880

program should be standardized. One recommended approach for such standardization is to use the

881

classification published by the International Hypoglycaemia Study Group (Diabetes Care 2017, 155-

882

157):

883

•

Severe hypoglycaemia:

884

An event requiring assistance of another person to actively administer carbohydrate, glucagon, or

885

other resuscitative actions. These episodes may be associated with sufficient neuroglycopenia to

886

induce seizure or coma. Plasma glucose measurements may not be available during such an event,

887

but neurological recovery attributable to the restoration of plasma glucose to normal is considered

888

sufficient evidence that the event was induced by a low plasma glucose concentration.

889

•

Clinically important hypoglycaemia:

890

A glucose level of less than 3.0 mmol/l (54 mg/dl) with or without typical symptoms of

891

hypoglycaemia is considered sufficiently low to indicate serious, clinically important hypoglycaemia.

892

•

Glucose alert value:

893

A glucose alert value less than 3.9 mmol/l (70 mg/dl). This need not to be reported routinely in

894

clinical studies, although this would depend on the purpose of the study. It should be noted that

895

glycaemic thresholds for responses to hypoglycaemia vary and thus symptoms of hypoglycaemia

896

can occur at higher glycaemic levels, in particular in patients with poor glycaemic control.

897

Therefore the use of other additional glycaemic thresholds and capturing of symptoms suggestive

898

of hypoglycaemic symptoms can be considered.

899

Hypoglycaemia in children

900

ISPAD suggest the following categorization.

901

There are no clinically important reasons to distinguish between mild and moderate hypoglycaemia,

902

and younger children will almost always need to be treated by a parent or caregiver. Therefore, mild

903

and moderate hypoglycaemia are considered together.

904

•

The child or parent is aware of, responds to, and treats the hypoglycaemia orally after

905

documenting a BG level of ≤ 3.9 mmol/l (70 mg/dl). The ADA has suggested using the terminology

906

of ‘Documented Symptomatic Hypoglycaemia’ for this category.

907

•

908
909

Asymptomatic hypoglycaemia applies when the child is not symptomatic with hypoglycaemia but
the BG is documented to be ≤ 3.9 mmol/l (21).

•

The category of asymptomatic hypoglycaemia, especially if <3.6 mmol/l (65 mg/dl), is suggested

910

because it is important to recognize the frequency of hypoglycaemia unawareness or glucose

911

values that place an individual at risk for hypoglycaemia unawareness.

912

•

Severe hypoglycaemia

913

The child is having altered mental status and cannot assist in their care, is semiconscious or

914

unconscious, or in coma, has convulsions and may require parenteral therapy (glucagon or i.v.

915

glucose). ADA suggests using 3.9 mmol/l (70 mg/dl) as the definition of hypoglycaemia in all age

916

groups for research purposes to maintain consistency in reporting hypoglycaemia.
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