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eAppendix 2. Inclusion and Exclusion Criteria, Randomization, Sensitivity Analysis 

Inclusion Criteria 

1. Written informed consent was obtained before any assessment was performed. 

2. Male and female, age 18 to 75 years, in stable health condition as determined by past medical history, 
physical examination, vital signs, electrocardiogram, and laboratory tests at screening. 

3. Type 2 diabetes, with an HbA1c between 6.5% and 10% (inclusive) at screening.  

4. On one of the following with stable treatment for approximately 3 months prior to randomization: a) 
metformin monotherapy b) DPP4 inhibitor agent monotherapy c) combination therapy of metformin 
and/or a DPP4 inhibitor agent d) no anti‑diabetes therapy 

5. Body mass index (BMI) of 28.0 to 40.0 kg/m2 (inclusive) at screening. 

6. Body weight between 65 and 140 kg (inclusive) at screening, and with a stable body weight (±5 kg) by 
history (subject report) and stable physical activity within 3 months prior to screening by history (subject 
report). 

7. Able to communicate well with the investigator, understand, and comply with the requirements of the 
study. 

Exclusion Criteria 

Conditions related to safety: 

1. Pregnant or nursing (lactating) women. 

2. Women of childbearing potential, defined as all women physiologically capable of becoming pregnant 
unless they were using highly effective methods of contraception during dosing and for 6 months after 
stopping of the investigational drug. In the case of oral contraception, women were required to be stable 
on the same pill for a minimum of 3 months before taking the investigational drug. 

3. Any chronic active infection (eg, human immunodeficiency virus, hepatitis B or C, tuberculosis, etc.) or 
had received anti-hepatitis C virus treatments within the previous 6 months. Patients receiving 
chemoprophylaxis for latent tuberculosis infection were eligible for the study.  

4. History of known hypersensitivity to monoclonal antibodies or drugs like the study drug. 

5. History of multiple and recurring allergies or allergy to the investigational compound/compound class 
used in this study. 

6. Chest pain, severe shortness of breath, or occurrence of other safety concerns during the screening or 
baseline assessments. 

Diabetes-related conditions: Diabetes other than type 2, such as type 1 diabetes, surgically induced-diabetes, 
"brittle" type 2 diabetes as per investigator judgment, history of severe hypoglycemic episodes in the year 
preceding screening or known hypoglycemic unawareness. 

Liver- or pancreas-related conditions: 

7. Abnormal liver function tests, such as serum glutamic-oxaloacetic transaminase (SGOT) [aspartate 
aminotransferase, AST], serum glutamic-pyruvic transaminase (SGPT) [alanine transaminase, ALT], 
alkaline phosphatase, or serum bilirubin (except Gilbert’s disease), or abnormal lipase and/or amylase. 
The investigator was guided by the following criteria: 

 Any single transaminase did not exceed 3x the upper limit of normal (ULN). 

 A single parameter elevated up to and including 3x ULN was rechecked as soon as possible, and always 
prior to enrollment/randomization, to rule out any laboratory error. 
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 If the total bilirubin concentration was increased above the ULN, total bilirubin was differentiated into the 
direct and indirect reacting bilirubin. In any case, serum bilirubin was not expected to exceed a value of 
1.6 mg/dL (27 μmol/L). 

 Screening or baseline levels of lipase and/or amylase ≥2x ULN were exclusionary. Initial tests in either 
lipase or amylase of ≥2x ULN were rechecked as soon as possible to confirm laboratory values and were 
available prior to randomization. Patients with confirmed lipase and/or amylase ≥2x ULN at screening or 
baseline were excluded. 

8. Known history or presence of severe active acute or chronic liver disease (eg, cirrhosis) or conditions with 
hepatotoxic potential (eg, known gallbladder or bile duct disease, acute or chronic pancreatitis, or exocrine 
pancreatic insufficiency). 

Cardiovascular conditions: 

9. History of clinically significant arrhythmias, heart failure, unstable angina, myocardial infarction or stroke, 
coronary artery bypass graft surgery, or percutaneous coronary intervention (eg, angioplasty or stent 
placement), deep vein thrombosis/pulmonary embolism, valve disorders or defects, or pulmonary 
hypertension within 6 months of screening or within 1 year for drug-eluting stents. 

10. Tachycardia, defined as pulse rate >100 beats per minute after 5 minutes of resting in the sitting position. 

Other conditions: 

11. Any medical condition or laboratory finding during screening (eg, an unexplained or clinically significant 
laboratory result), which, in the opinion of the investigator, could interfere with participation in the study, 
confound the results of the study, or pose an additional safety risk in administering bimagrumab. 

12. History of malignancy of any organ system (other than localized basal cell carcinoma of the skin), treated 
or untreated, within the past 5 years, regardless of whether there was evidence of local recurrence or 
metastases. 

13. Active alcohol or drug abuse, or participation in an alcohol or drug treatment program within 1 year prior 
to screening. Patients who had successfully completed an alcohol or drug treatment program more than 1 
year prior to screening with sustained abstinence were eligible. 

14. Confirmed diagnosis of current, significant psychiatric disease (eg, dementia, Alzheimer’s disease, 
schizophrenia, depression or bipolar disorder). Individuals with adequately treated depression and stable 
treatment at least 3 months prior to screening were eligible for enrollment. 

15. Chronic kidney disease (estimated glomerular filtration rate [eGFR] <30 mL/min/1.73 m2). 

16. Patients planning to move out of the study area within 12 months or be out of the study area for more than 
4 weeks continuously. 

17. History of any type of bariatric procedure. 

Optional magnetic resonance imaging (MRI) assessment criterion: Patients with a waist circumference >120 
cm had given their consent for the optional MRI assessment. 

Temporary exclusion criteria: 

Patients excluded for one of the temporary medical conditions listed below could be rescreened after a period that 
was considered enough by the investigator. The subject needed to re-sign the informed consent form and the full 
screening visit had to be repeated under a new subject number. 

1. Use of prohibited medications. 

2. Significant acute illness such as urinary tract infection or upper respiratory tract infection that was not 
resolved within 2 weeks prior to screening.  

3. Men with low fasting morning testosterone (<250 ng/dL) at screening. Men receiving testosterone 
replacement therapy for low testosterone were eligible if they were on a stable dose of testosterone for a 
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minimum of 3 months and their testosterone level was in the normal range on two consecutive tests at 
least 1 month apart and not more than 6 months apart, the second one being performed at screening. 

4. Systolic blood pressure >180 or <90 mmHg or diastolic blood pressure >100 or <50 mmHg at screening 
or baseline. 

5. Currently enrolled in, or discontinued within the last 30 days (or five half-lives of enrollment or until the 
pharmacodynamics effect was expected to return to baseline, whichever was longer; or longer if required 
by local regulations), from a clinical trial involving an investigational drug or off-label use of a drug, or 
were concurrently enrolled in any other type of medical research judged to be scientifically or medically 
incompatible with this study. 

6. Uncontrolled thyroid disease. Hypothyroid patients with euthyroidism on stable thyroid replacement 
therapy for at least 3 months prior to screening were allowed. 

7. Significant change in cigarette smoking within 3 months of screening, as judged by the investigator. 

8. Use of any anti-obesity medications, nutritional supplements or over the counter products for weight loss 
within 3 months of screening or use of medications known or suspected to induce weight gain, such as 
some anticonvulsant and psychotropic medications (excluding antidepressant medication), within 3 
months of screening.   

9. Use of skeletal muscle anabolic agents in any form, such as medications, hormones (except stable 
testosterone replacement therapy for at least 3 months for hypogonadal men), and over the counter 
products and nutritional supplements (other than protein) that were labeled as muscle anabolic agents, for 
3 months prior to screening.   

10. Any dietary intervention, new exercise regimen or lifestyle modifications targeted for weight loss or 
diabetes control started within 3 months of screening. 

 

Randomization 

Treatment was assigned by stratified randomization for two strata based on the patient’s baseline BMI.  The strata 
had the following randomization numbers: 

 BMI between 28.0 kg/m2 and 33.0 kg/m2 (inclusive): 5101-5150 
 BMI between 33.1 kg/m2 and up to 40.0 kg/m2 (inclusive): 5201-5250 

The randomization number was used to identify which strata the patient belonged to at randomization and which 
treatment the patients were randomized to receive.  The patient number assigned to a patient at screening was the 
unique identifier for the patient throughout the study. 

The randomization numbers were generated using the following procedure to ensure that treatment assignment was 
unbiased and concealed from subjects and investigator staff.  A randomization list was produced by and under the 
responsibility of Novartis Drug Supply Management using a validated system that automated the random 
assignment of treatment arms to randomization numbers in the specified ratio of 1:1.  There were two dosing 
regimens allocated in a 1:1 ratio: 

 T01: BYM338 10 mg/kg 
 T02: Placebo 

BMI was selected as a stratification parameter as it was an important predictor of response on parameters of body 
composition/body weight and HbA1c (internal data). The expected median value for BMI in this patient population 
was 33 kg/m2 (internal data); therefore, two strata above and below/inclusive of the median ensured a balanced 
representation of patients between placebo and active drug in each strata, i.e. strata of approximately similar size 
between the two arms. Equal size strata were not enforced, but a minimal size of 10 was required for the smaller 
stratum in order to ensure adequate precision of treatment effect estimation in both strata. 
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Sensitivity Analysis 

Per the Statistical Analysis Plan, a sensitivity analysis was conducted to gauge the influence of a possible 
“missingness not-at-random” assumption on the primary endpoint. Using the SAS ® procedure for multiple 
imputation, Proc MI, we conducted a “tipping point analysis” for the fat mass endpoint, as described in Yuan 
(2014).1  

Initially, 25 imputed, complete data sets were generated by imputing the missing changes from baseline in fat mass 
measurements at weeks 24 and 48 under an assumption of monotonicity and missingness at random (MAR). Next, a 
tuning parameter was used to upweight the imputed differences in the placebo group (making negative differences 
more negative) and similarly down-weight the differences in the treatment group (shrinking differences from 
baseline towards zero). The primary analysis was repeated on each imputed data set and the resulting p-values for a 
treatment effect at weeks 24 and 48 were inspected. For no tipping point parameter of realistic size (between 0 and 
100%) did the reported two-sided p values exceed 0.001 at either week 24 or 48. 

 

eAppendix 3. Imaging  

Dual-energy X-ray absorptiometry method 

Dual-energy X-ray absorptiometry acquisition 

For quality assurance, the dual-energy X-ray absorptiometry (DXA) instrument manufacturer and model remained 
consistent at each site and its calibration using a phantom was monitored throughout the study. Prior to examination, 
the subject was checked for metal objects on his/her body. The subject was then positioned so that his/her body was 
straight on the mattress, as measured against the solid longitudinal whole-body lines on the mat, with the head just 
below the lateral line at the head end of the mattress. The participant’s arms were placed at their side, palms down, 
with a separation from the thigh such that the arms were within the whole-body scan limit lines on the mattress. 
Caution was also taken so that the participant’s feet were within the foot limit line at the foot of the table and a 
radiolucent foam cushion could be placed beneath the patient’s knees for comfort. Positioning, including hand and 
foot positions, was consistent from scan to scan. If a subject’s body exceeded the width of the table, then positioning 
was adjusted so that the subject’s right side fit entirely within the scan limits and whole-body composition was 
predicted from the half-body DXA scan.2  

DXA analysis 

In order to achieve consistent results, the raw DXA scans were sent to the central reader and loaded into the appropriate 
DXA manufacturer’s software. Anatomic cut-lines were placed according to predefined anatomic landmarks and 
numbers for lean body mass (LBM), fat body mass (FBM) and bone mineral content (BMC) were generated and 
reviewed by a United States board-certified radiologist prior to delivery. 

Magnetic resonance imaging method 

Magnetic resonance imaging acquisition 

For each subject, the non-contrast MRI acquisition protocol included a localization sequence for accurate axial slice 
prescription.  

To measure abdominal (subcutaneous and visceral) fat, a Dixon scan was acquired between the diaphragm and femoral 
heads, producing both a water image and a fat image. In cases where the site did not have a fast Dixon scan that could 
be acquired in a single breath hold, a three-dimensional spoiled gradient-recalled echo breath hold sequence was 
acquired to again cover the whole region between the diaphragm and femoral heads. Both approaches have shown 
very similar results.3  

To measure the hepatic fat fraction (HFF), a two-dimensional six-echo spoiled gradient-recalled-echo breath hold 
sequence of the liver was acquired.4 If the scanner was not capable of acquiring six echoes simultaneously, multiple 
acquisitions with dual-echo or single-echo breath hold sequences were used. Each subject was scanned wearing a lipid 
phantom belt made of four phantom vials (corresponding to 0%, 10%, 20% and 30% fat fractions) to calculate HFF.  
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The same MRI sequence used for abdominal and HFF was used to assess the paravertebral muscle cross-sectional area 
(CSA) and associated fat contents (intermuscular adipose tissue [IMAT] and muscle fat fraction [mFF] contents) from 
a single slice. To enable consistency across visits, the slice chosen contained the vertebral body at or below the origin 
of the celiac artery. Detailed protocols were described in the MRI subject-scanning guide provided to each imaging 
site. 

Image analysis by the central reader 

Abdominal fat volumes 

The region of subcutaneous adipose tissue was manually delineated from the viscera. The Dixon image was then 
automatically segmented based on a threshold of the fat fraction of 50%. Any voxel in the viscera that contained more 
than 50% fat was labeled as visceral adipose tissue. This was then reviewed by a technologist and 
radiologist. Corrections were made to the segmentation by erasing regions that were clearly not visceral fat, such as 
regions within the intestines, stomach, vertebra, muscle and other organs. After those regions were removed from the 
segmentation, volumes were calculated by counting the voxels that corresponded to each region and multiplying by 
the voxel volume.  

Hepatic fat fraction  

A fat fraction map was calculated from the six-echo sequence using a multi-interference technique.4-6 The multi-
interference method takes into account the contribution from the individual resonances in the fat spectrum to the 
observed MRI signal to obtain an accurate estimate of fat. The different resonances arising from different chemical 
moieties in fat at 1.5T are measurable at 5.3, 4.2, 2.1, 1.3, and 0.9 parts per million (PPM). The observed MRI signal 
from each image pixel at a given echo time (TE) was modeled as a sum of signals from water and the five measurable 
fat moieties. For a gradient echo sequence, the observed signal according to this six-component (water and five fat 
moieties) interference model can be described by:  
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where Cn is the fractional proton density of each fat moiety, and Δfn is the precession frequency of each fat moiety (at 
5.3, 4.2, 2.1, 1.3, and 0.9 PPM relative to tetramethylsilane [TMS]). The terms ρw and ρw represent proton densities in 
water and fat, respectively, while α is the flip angle and k is a scanner specific constant. The Cn for fat was obtained 
from a previously measured proton spectroscopy of human fat. Image intensity data at each pixel for the six echoes 
(six TEs) were fit to the above equation and the fat and water proton density terms (kαρf and kαρw) were estimated. 
The fat fraction for each pixel was then calculated as fat fraction = ρf/(ρf+ρw) to provide a spatial map of the fat fraction 
across the whole liver.  

The radiologist then identified a circular ROI of a diameter of 1.5 to 2.5 cm within each of the nine Couinaud segments 
of the liver using the first echo of the six-echo series and excluding blood vessels and the periphery of the liver. 
Similarly, a circular region within each of the four lipid phantoms was also identified. Following completion of the 
two region identification tasks, automated tasks generated the HFF as well as the lipid phantom fat fractions.  

The whole liver HFF was finally expressed as the mean fat fraction across all nine user-defined ROIs in the liver. The 
fat fraction phantoms were used to verify that the scanning protocol was implemented correctly and that the calculated 
fat fraction values for the phantom were in the expected range.  

Liver iron content was also calculated using relaxation rate (R2*), where [Fe]R2
* = 0.0254 × R2* + 0.202.7 
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eFigure 1. Hormonal and Inflammatory Marker Exploratory End Points    

 

Data shown as mean±SD. End of study (EOS) data were not obtained for leptin and adiponectin. Weeks 48 and 56 are the end of 
treatment and study visits, respectively. One subject in the placebo group did not complete the end of study visit but did complete 
the week 48 visit, thus providing data for week 48 biomarker analysis and increasing N for this analysis to 30.  
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eFigure 2. Frequency of Diarrhea by Treatment Period 

 
Recurrent events refer to those reported by the same patient more than once either within or between treatment periods.  
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eFigure 3. Biochemistry End Points 

 
Data shown as mean±SD. Weeks 48 and 56 are the end of treatment and study visits, respectively.  
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eTable 1. Serum Lipids 

Endpoint Visit Bimagrumab Placebo 

Cholesterol (mmol/L)  Screening  4.88±1.03 [35] 4.73±0.94 [35] 

Week 48  4.85±1.33 [26] 4.63±0.97 [30] 

HDL cholesterol (mmol/L)  Screening  1.22±0.29 [35] 1.20±0.28 [35] 

Week 48  1.12±0.19 [26] 1.15±0.19 [30] 
LDL cholesterol (mmol/L)  Screening  2.76±0.84 [34] 2.72±0.79 [35] 

Week 48  2.86±1.18 [26] 2.64±0.84 [29] 
Triglycerides (mmol/L)  Screening  2.00±1.04 [35] 1.79±0.75 [35] 

Week 48  1.97±0.69 [26] 1.75±0.73 [30] 
hsCRP (mg/L)  Baseline  7.67±11.94 [37] 5.15±4.73 [38] 

Week 48  10.39±45.02 [26] 3.95±2.90 [30] 

Data shown as mean±SD [n]. No treatment differences at Week 48 achieved statistical significance at a two-sided 5% level. Method: 
analysis of covariance with a baseline covariate and treatment (Bimagrumab or placebo as main effect).  HDL, high-density 
lipoprotein; hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; LSM, least squares mean; n, number of patients 
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eTable 2. Hormonal and Inflammatory Markers 

Data shown as mean±SD [n]. n, number of patients 
a LSM difference (Bimagrumab−Placebo) and two-sided P value shown where P value is below 5%. Method: analysis of covariance 
with a baseline covariate and treatment (Bimagrumab or placebo as main effect). 
LSM, least squares mean.   

Endpoint Visit Bimagrumab Placebo LSM 
Differencea 

P valuea 

 Leptin  
(ng/mL) 

Baseline 30.6±24.6 [35] 24.1±14.7 [36]  <0.0001 
Week 48 13.9±11.6 [26] 26.0±18.5 [30] −12.7 

Adiponectin 
(ng/mL) 

Baseline 4291±2025 [35] 4025±2288 [36]  
Week 48 8610±4728 [26] 3891±1857 [30] 3604 

Interleukin-6 
(pg/mL) 

Baseline 4.0±3.7 [35] 4.7±3.9 [36]  
Week 48 2.5±1.3 [25] 5.6±7.4 [29]  >0.05 
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eTable 3. Hand Grip Strength 

Endpoint Visit Bimagrumab Placebo 
Left hand grip (N) Baseline 265.3±108.9 [36] 345.1±133.3 [36] 

Week 48 294.2±127.5 [26] 326.2±97.8 [30] 
Right hand grip (N) Baseline 279.2±121.7 [36] 347.9±128.1 [36]  

Week 48 303.3±140.3 [26] 339.6±110.4 [30] 
Data shown as mean±SD [n]. N, Newton; n, number of patients 
No treatment differences at Week 48 achieved statistical significance at a two-sided 5% level.  Method: analysis of covariance with a 
baseline covariate and treatment (bimagrumab or placebo as main effect).  
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eTable 4. Pharmacokinetics 

Pharmacokinetic Parameter  Profile Day Bimagrumab 
Cmax (μg/mL)  1 283±32 (11) [36] 
  168 292±45 (16) [29] 
  308 271±31 (12) [27] 
Ctrough (μg/mL)  84 25.3±6.20 (24.5) [29] 
  168 27.5±8.37 (30.4) [29] 
  252 31.0±11.2 (36.2) [26] 
  308 29.9±11.0 (36.7) [26] 
  336 27.8±10.9 (39.2) [25] 
Tmax (hours)  1 0.750 (0.683–0.917) [36] 
  168 0.750 (0.750–1.05) [29] 
  308 0.750 (0.750–1.38) [27] 

Data shown as mean±SD (CV%) [n], except for Tmax, which is shown as median (min–max) [n]. CV% = SD/mean × 100. Cmax, 
maximum plasma concentration; Ctrough, lowest concentration reached by bimagrumab just before the next dose; Tmax, time to reach 
maximum concentration; CV, coefficient of variation.  
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 eTable 5. Biochemistry End Points 

Endpoint Visit Bimagrumab Placebo 
Amylase (U/L) Baseline 59.6±27.2 [37] 64.8±29.5 [38] 

Week 48 72.6±38.8 [27] 70.5±34.6 [30] 
Week 56 65.2±27.0 [27] 69.7±32.1 [31] 

Lipase (U/L) Baseline 48.2±44.7 [37] 48.3±37.0 [38] 
Week 48 46.9±27.8 [27] 58.9±54.6 [30] 
Week 56 38.0±19.7 [27] 50.3±42.6 [31] 

Alanine aminotransferase (U/L) Baseline 24.2±11.3 [37] 27.6±13.4 [38] 
Week 48 24.9±10.1 [27] 30.2±12.6 [30] 
Week 56 18.8±6.3 [27] 28.2±13.1 [31] 

Aspartate aminotransferase (U/L) Baseline 20.1±6.7 [37] 22.7±9.2 [38] 
Week 48 22.1±7.0 [27] 22.4±8.1 [30] 
Week 56 18.9±5.1 [27] 22.2±7.3 [31] 

Alkaline phosphatase (U/L) Baseline 74.2±20.4 [37] 70.9±19.4 [38] 
Week 48 96.3±47.8 [27] 72.8±19.3 [30] 
Week 56 81.1±24.5 [27] 76.4±18.0 [30] 

Gamma glutamyl transferase (U/L) Baseline 33.5±23.2 [37] 36.1±23.9 [38] 
Week 48 29.9±37.2 [27] 37.0±24.2 [30] 
Week 56 22.3±13.6 [27] 38.0±28.2 [31] 

Creatine kinase (U/L) Baseline 119.3±89.2 [35] 165.1±142.5 [38] 
Week 48 197.7±142.8 [27] 156.6±130.5 [30] 
Week 56 224.5±232.3 [26] 150.7±126.5 [31] 

Urate (μmol/L) Baseline 309.7±86.0 [37] 331.5±83.7 [38] 
Week 48 244.9±84.7 [27] 318.1±68.9 [30] 
Week 56 295.8±85.5 [27] 313.8±76.7 [31] 

Follicle stimulating hormone (U/L) Screening 34.7±28.3 [32] 21.5±22.6 [33] 
Week 48 14.0±8.2 [27] 20.4±21.5 [30] 
Week 56 28.2±21.0 [27] 21.9±23.1 [30] 

Data shown as mean±SD [n]. n, number of patients. Weeks 48 and 56 are the end of treatment and study visits, respectively. 
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