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Supplementary Appendix 
 

The Pasireotide C2402 (PAOLA) Study Group 
We thank all investigators who contributed to the CSOM230C2402 study, as well as the 

numerous co-workers, nurses, study coordinators, and patients. Members of the 

Pasireotide C2402 Study Group include: A Abreu, JZ Abucham Filho, L Araujo,  

A Barkan, G Bender, M Bex, M Bolanowski, J Bollerslev, MD Bronstein, T Brue,  

S Cannavo, P Caron, P Chanson, M Coculescu, A Colao, A Çomlekçi, L De Marinis,  

O Deyneli, V dos Santos Nunes, D Drui, MS Faria, D Ferone, D Flanagan, M Fleseriu,  

M Gadelha, E Ghigo, M Guitelman, G Houde, NV Leonova, M Mayberg, MJ McPhaul,  

H Mendes, RM Montenegro, T Nasser, G Obiols Alfons, A Pico Alfonso, VS Pronin,  

H Raef, G Raverot, LY Rozhinskaya, R Sari, C Schoefl, J Schopohl, I Shimon,  

J Sowinski, L Suplotova, K Sworczak, A Tabarin, H Tovar, E Venegas Moreno, and  

B Verges. 

 

Key exclusion criteria 
Key exclusion criteria included: compression of the optic chiasm; pituitary irradiation 

within the previous 10 years; cardiovascular morbidity, defined as congestive heart 

failure, unstable angina, sustained ventricular tachycardia, ventricular fibrillation, 

advanced heart block, or a history of acute myocardial infarction within the 24 weeks 

preceding screening; liver disease such as cirrhosis, chronic active hepatitis, or chronic 

persistent hepatitis, or patients with alanine aminotransferase and/or aspartate 

aminotransferase >2 times the upper normal limit, serum bilirubin >1·5 times the upper 

normal limit, serum albumin <0·67 times the lower normal limit; symptomatic 

cholelithiasis; poorly controlled diabetes, defined as glycated haemoglobin levels >8%. 

 
Assessments 
The initial serum growth hormone samples were measured using immunoenzymatic 

assay (Access Ultrasensitive human growth hormone assay, Beckman Coulter Inc., 

Brea, CA, USA; intra-assay precision 1·9–3·8%; inter-assay precision 3·3–4·8%; 

reference range 0·003–0·971 ng/mL for males, 0·010–3·607 ng/mL for females) and 

analysed by Covance Inc. (Princeton, NJ, USA). Later growth hormone samples were 

measured using a validated chemiluminescent immunometric assay (Immulite® 2000; 

Diagnostic Products Corp [Siemens], Los Angeles, CA, USA; intra- and inter-assay 

precision ≤6·6%; reference rang e ≤13·0  ng/mL) and analysed by Quest Diagnostics 
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(Madison, NJ, USA). Serum IGF-1 samples were measured using chemiluminescent 

immunometric assay (Immulite® 2000; Diagnostic Products Corp [Siemens], Los 

Angeles, CA, USA; intra-assay precision 2·3–3·9%; inter-assay precision 3·7–8·1%; 

reference range 49–996 ng/mL, depending on age) and analysed initially by Covance 

Inc. and later by Quest Diagnostics. 

 

Gadolinium-enhanced pituitary magnetic resonance imaging was performed at 

screening and at week 24; tumour volume was calculated using VirtualScopics 

(Rochester, NY, USA) Core Lab Platform. Once lesion boundaries had been identified 

by an independent central neuroradiologist with support from a VirtualScopics 

technician, tumour volume was then calculated in an automated fashion using the 

VirtualScopics Oncology Module. Previous results have shown inter-observer variability 

of 1·4–4·0% in the measurement of various tumours, and there was no reason to expect 

higher coefficients of variation for the pituitary adenomas assessed in this study. A 

pituitary tumour volume change of >25% from screening was considered significant.  

 

Five symptoms of acromegaly (headache, fatigue, perspiration, paraesthesia, and 

osteoarthralgia) were evaluated every 4 weeks on a five-point scale from 0 (no 

symptom) to 4 (very severe). Health-related quality of life was assessed every 4 weeks 

using the AcroQoL questionnaire,1 a 22-item instrument that results in scores ranging 

from 0 (worst health-related quality of life) to 100 (best health-related quality of life). 

 

Overall safety and tolerability of treatment was evaluated and comprised: monitoring and 

recording of all adverse events (graded based on the Common Toxicity Criteria for 

Adverse Events version 3·0); regular monitoring of haematology, blood chemistry, and 

urinalysis parameters; performance of physical examinations; and body weight 

measurements. Hyperglycaemia-related adverse events were grouped based on all 

terms relating to elevations in blood glucose (eg hyperglycaemia, diabetes mellitus, 

increased blood glucose, etc). 

 

Diabetic categories 
Changes in diabetic category during treatment were determined using the following 

definitions for diabetic category: 
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 Diabetic: Patients taking antidiabetic medication, or having a prior history of diabetes 

mellitus, or having glycated haemoglobin level ≥ 6·5% or fasting plasma glucose 

≥126 mg/dL 

 Pre-diabetic: Patients not qualifying as diabetic but who had fasting plasma glucose 

≥100–<126 mg/dL or glycated haemoglobin ≥5·7–<6·5% 

 Normal glucose tolerance: Patients not qualifying as diabetic or pre-diabetic and 

with fasting plasma glucose <100 mg/dL and/or glycated haemoglobin <5·7%. 

 
Statistical analyses and adjustment for multiple comparisons 
The primary objective was to compare the proportion of patients achieving biochemical 

control, defined as mean GH levels <2.5 µg/L and normalization of sex- and age-

adjusted IGF-1 at 24 weeks, with pasireotide LAR 40 mg and pasireotide LAR 60 mg 

separately versus continuing the same treatment with octreotide LAR 30 mg or 

lanreotide Autogel 120 mg. The primary efficacy variable is the proportion of patients 

with a reduction of mean GH to <2.5 µg/L and normalization of sex- and age-adjusted 

IGF-1 at 24 weeks. The statistical null hypotheses of the primary efficacy variable were: 

H1: the response rate in the pasireotide LAR 40 mg group is less than or equal to 

that of the active control group 

H2: the response rate in the pasireotide LAR 60 mg group is less than or equal to 

that of the active control group 

 

The key secondary objective was to compare the proportion of patients achieving 

normalization of sex- and age-adjusted IGF-1 at 24 weeks with pasireotide LAR 40 mg 

and pasireotide LAR 60 mg separately versus continuing the same treatment with 

octreotide LAR 30mg or lanreotide Autogel 120 mg. The key secondary efficacy variable 

is the proportion of patients achieving normalization of sex- and age-adjusted IGF-1 at 

24 weeks. The statistical null hypotheses of the key secondary efficacy variable were: 

H3: the response rate in the pasireotide LAR 40 mg group is less than or equal to 

that of the active control group 

H4: the response rate in the pasireotide LAR 60 mg group is less than or equal to 

that of the active control group 

 

Each null hypothesis was tested against the one-sided alternative: that the response 

rate in the pasireotide LAR group was greater than that in the active control group. An 
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exact logistic regression model that adjusted for the randomization stratification factors 

was used to test the null hypothesis. 

 

A gatekeeping procedure that combines hierarchical (ie primary objective and key 

secondary objective) and simultaneous testing based on the Simes inequality2 was used. 

With this approach, strong control of the family-wise type I error rate (FWER) at 

significance level α was ensured for the multiple comparisons,3 ie the two treatment arm 

comparisons: pasireotide LAR 40 mg and pasireotide LAR 60 mg separately versus 

active control on the primary and key secondary efficacy variable. 

 

The four null hypotheses H1,…, H4 were tested using the gatekeeping procedure based 

on the graphical approach proposed by Bretz et al (2009).3 In addition, the trimmed 

version of the weighted Simes test was applied in order to relax the condition of positive-

regression-dependent test statistics.4 The procedure is given below. 

 

For each null hypothesis H1, …, H4, let the unadjusted P values at final analysis P = (P1, 

…, P4), respectively. The procedure is as follows: 

1. If any Pi≥(1–α), stop and retain all null hypotheses 

2. If all Pi≤α, stop and reject all null hypotheses. Note that this step can be skipped5 

3. Test each null hypothesis at its local significance level αi, where i = 1, …, 4 (defined 

below). If a null hypothesis Hi can be rejected, reallocate its local significance level 

to one of the other null hypotheses according to the pre-specified rule (refer to the 

directional edges and its weight in Supplementary Figure 1 and to Algorithm 4, steps 

iii, iv, and v in Bretz et al [2011])5 

4. Repeat step 3 for the remaining non-rejected null hypotheses with the updated local 

α significance levels, thus possibly leading to further rejected null hypotheses with 

associated reallocation of the local significance levels 

5. Repeat step 3 until no further hypothesis can be rejected. 

 

The test decisions were independent of the order of rejection.3 If more than one 

hypothesis could be rejected, the choice of the null hypothesis Hi to reject first does not 

influence the total set of null hypothesis that eventually can be rejected. 
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Supplementary Figure 1. Initial graph for the gatekeeping procedure 

 
Note: The null hypotheses are represented by nodes, with an associated weight representing the local 

significance levels. The weight associated with a directed edge between any two nodes indicates the 

fraction of the local significance level at the initial node (tail) that is added to the significance level of 

the terminal node (head) if the null hypothesis at the tail is rejected. The reallocation of the local 

significance level is fully determined by the initial graph and the updated algorithm (Algorithm 1 in  
Bretz et al [2009]3). Local significance levels αi, i = 1,-…, 4, are defined such that they sum up to α. 

The two null hypotheses, H1 and H2, are ‘gatekeepers’ (ie a key secondary hypothesis that can only 

be rejected if its primary hypothesis is rejected) and are initially allocated α/2 each, where α=0.025. 

The directional weight of 0.7 between the null hypotheses H1 and H2 was chosen in order to retain 

power for testing the non-rejected null hypotheses associated with the primary efficacy variable. 

 

Following the closure principle,6 the adjusted P value for each Hi, where i = 1, ..., 4, was 

defined as the maximum over the local P values for the intersection hypotheses 

containing this null hypothesis. The local P values were calculated using the algorithm 

given in Supplementary Table 1 below. 
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Supplementary Table 1. Weights of the intersection hypotheses and the 
corresponding local P value algorithm, for this study 

Intersection 

hypothesis 

Weights Local P values 

H1 H2 H3 H4  

H1∩H2∩H3∩H4 0·5 0·5 0 0 Same as P12, since H3 and H4 have 0 weights 

H1∩H2∩H3 0·5 0·5 0 – Same as P12, since H3 has 0 weight 

H1∩H2∩H4 0·5 0·5 – 0 Same as P12, since H4 has 0 weight 

H1∩H2 0·5 0·5 – – P12=min(2*min(P1,P2), max(P1,P2)) 

H1∩H3∩H4 0·85 – 0 0·15 Same as P14, since H3 has 0 weight 

H1∩H3 1 – 0 - Same as P1, since H3 has 0 weight 

H1∩H4 0·85 – – 0·15 if P1<P4 then P14=min(P1/(0.7+0.3/2), P4); 

otherwise, P14=min(P4/(0+0.3/2), P1) 

H1 1 – – – P1 

H2∩H3∩H4 – 0·85 0·15 0 Same as P23, since H4 has 0 weight 

H2∩H3 – 0·85 0·15 – if P2<P3 then P23=min(P2/(0.7+0.3/2), P3); 

otherwise, P23=min(P3/(0+0.3/2), P2) 

H2∩H4 – 1 – 0 Same as P2, since H4 has 0 weight 

H2 – 1 – – P2 

H3∩H4 – – 0·5 0·5 P34=min (2*min(P3,P4), max(P3,P4)) 

H3 – – 1 – P3 

H4 – – – 1 P4 

 

Once the local P values were calculated, the adjusted P values can be easily obtained 

by taking the maximum over the corresponding local P values. In our case, one gets:  

Adjusted P1=max(P1, P12, P14) 

Adjusted P2=max(P2, P12, P23) 

Adjusted P3=max(P3, P1, P12, P14, P23, P34) 

Adjusted P4=max(P4, P2, P12, P14, P23, P34) 

 
Biochemical control by baseline growth hormone levels 
In patients with baseline growth hormone levels ≥2·5 –≤10 µg/L, biochemical control at  

24 weeks was achieved by 17·0% of pasireotide LAR 40 mg patients (8/47; 95% CI: 7·6, 

30·8) and 25·5% of pasireotide LAR 60 mg patients (12/47; 95% CI: 13·9, 40·3); no 

patients in the active control group (0/48; 95% CI: 0, 7·4) achieved biochemical control. 

The proportion of patients with biochemical control was lower in patients with baseline 
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growth hormone levels >10 µg/L: 11·1% (2/8; 95% CI: 1·4, 34·7) and 5·6% (1/18; 95% 

CI: 0·1, 27·3) of pasireotide LAR 40 mg and 60 mg patients, respectively, versus 0% 

(0/20; 95% CI: 0, 16·8) in the active control group. 

 

Secondary efficacy endpoints 
From baseline to week 24, mean percentage change in tumour volume was –14·4% 

(n=42), –9·5% (n=37), and –2·0% (n=36) in the pasireotide LAR 40 mg, pasireotide LAR 

60 mg, and active control groups, respectively. 

 

At week 24, both pasireotide LAR 40 mg and 60 mg groups had improved severity 

scores for headache (–0·7 [95% CI: –1·0, –0·4] and –0·5 [95% CI: –0·8, –0·2]), fatigue 

(–0·4 [95% CI: –0·7, –0·1] and –0·3 [95% CI: –0·6, 0]), perspiration (–0·4 [95% CI: –0·7, 

–0·1] and –0·6 [95% CI: –0·9, –0·3]), and osteoarthralgia (–0·3 [95% CI: –0·5, 0] and –

0·4 [95% CI: –0·7, –0·1]) compared with baseline; severity scores were relatively 

unchanged from baseline in the active control group (0 [95% CI: –0·4, 0·3], –0·2 [95% 

CI: –0·5, 0·1], –0·2 [95% CI: –0·6, 0·1], and –0·1 [95% CI: –0·4, 0·1] for headache, 

fatigue, perspiration, and osteoarthralgia, respectively). All three treatment groups had 

small improvements in paraesthesia severity scores (–0·1 [95% CI: –0·3, 0·2], –0·3 

[95% CI: –0·6, 0], and –0·2 [95% CI: –0·5, 0], respectively). 

 

At baseline, mean AcroQoL scores were 59·9 ± 18, 57·2 ± 20·2, and 55·5 ± 21·1 in the 

pasireotide LAR 40 mg, pasireotide LAR 60 mg, and active control groups, respectively; 

at week 24, AcroQoL improved by 2·6 (95% CI: –2·0, 7·2), 5·2 (95% CI: 0·5, 9·9), and 

1·6 (95% CI: –1·4, 4·6) points, respectively. 
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Safety and tolerability of pasireotide 
 
Supplementary Table 2. Most common adverse events (>5% in any treatment 
group) suspected to be related to study drug (safety analysis set) 
 Pasireotide LAR 40 

mg (n=63) 
Pasireotide LAR 60 

mg (n=62) 
Active control 

(n=66) 

Adverse event,  
n (%) 

All 
grades 

Grades 
3/4 

All 
grades 

Grades 
3/4 

All 
grades 

Grades 
3/4 

Hyperglycaemia 21 (33·3) 7 (11·1) 18 (29·0) 5 (8·1) 4 (6·1) 0 

Diabetes mellitus 12 (19·0) 0 16 (25·8) 2 (3·2) 3 (4·5) 0 

Diarrhoea 7 (11·1) 0 12 (19·4) 0 1 (1·5) 0 

Cholelithiasis 6 (9·5) 0 7 (11·3) 0 8 (12·1) 0 

Increased blood 

glucose 

3 (4·8) 0 4 (6·5) 0 0 0 

Alopecia 1 (1·6) 0 4 (6·5) 0 0 0 

Abdominal pain   4 (6·3) 1 (1·6) 3 (4·8) 0 0 0 

Note: Adverse events are presented in order of overall frequency and reported using the preferred 

terms recorded by the investigators 

 
Supplementary Table 3. Adverse events of special interest (>5% in any treatment 
group), regardless of study drug relationship (safety analysis set) 
Adverse event,  
n (%) [95% CI] 

Pasireotide LAR 
40 mg (n=63) 

Pasireotide LAR 
60 mg (n=62) 

Active control 
(n=66) 

Hyperglycaemia related 
42 (66.7) 

[53.7, 78.1] 

38 (61.3) 

[48.1, 73.4] 

20 (30.3) 

[19.6, 42.9] 

Diarrhoea related 
10 (15.9) 

[7.9, 27.3] 

12 (19.4) 

[10.4, 31.4] 

3 (4.5) 

[1.0, 12.7] 

Gallbladder and biliary related 
8 (12.7) 

[5.7, 23.5] 

9 (14.5) 

[6.9, 25.8] 

11 (16.7) 

[8.6, 27.9] 

Nausea related 
4 (6.3) 

[1.8, 15.5] 

4 (6.5) 

[1.8, 15.7] 

2 (3.0) 

[0.4, 10.5] 

Bradycardia related 
5 (7.9) 

[2.6, 17.6] 

2 (3.2) 

[0.4, 11.2] 

0 

[0, 5.4] 

Low blood cell related 
4 (6.3) 

[1.8, 15.5] 

2 (3.2) 

[0.4, 11.2] 

2 (3.0) 

[0.4, 10.5] 
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