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	Art des Vorhabens 
	Clinical trial phase II (Arzneimittelgesetz)

	Diagnose
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	Veröffentlichung der Studie (Reference)
	The manuscript is still under preparation. It is planned to submit it in CJASN in the end of June 2013.

	Studienzeitraum
	20.12.2010 – 20.09.2012

	Studienziele
	The aim of the trial was to assess the efficiacy of a treatment with a vitamin B6 preparation in patients with PH I with stable renal function in a prospective setting. 
The excess of endogenously produced oxalate is excreted via the urine in patients with primary hyperoxaluria. Because of the low solubility of oxalate as calcium salt, a high urinary oxalate excretion results in urolithiasis and/or progressive nephrolithiasis.

The primary endpoint of the study was the reduction of the urinary oxalate excretion (percentage change in urinary oxalate, expressed as mmol/1.73 m2 /day) at week 24 compared to baseline. 
Additionally, the aim of the pilot study was to systematically determine the dose-response-relation and safety aspects of oral treatment with an i.v. pyridoxal-phosphate solution.

	Primärer Zielparameter
	Reduction of the urinary oxalate level was defined as change in urinary oxalate (expressed as mmol/1.73 m2/ day) from baseline to week 24 (primary endpoint). 

Separation and quantification of urinary or plasma glycolate, L-glycerate, oxalate, sulfate, phosphate and citrate was performed using an IC-MS system (Dionex Series Dx500 gradient ion chromatography and MSQ Plus Mass spectrometer, Dionex, Sunnyvale, California) according to a previously published and updated method.

	Sekundäre Zielparameter
	· The drug-response-relationship of pyridoxal-phosphate were checked by repeated measurements of the serum pyridoxal-phosphate levels and its correlation to the urinary oxalate excretion at weeks 6, 12, 18 and 24. B6 level measurements were performed by the Eberhardt Laboratory, Dortmund, which is licensed by the German Board for Accreditation in Laboratory Medicine. 

· Reduction of the urinary oxalate level is defined as change in urinary oxalate (expressed as mmol/1.73 m2/ day) from baseline to week 24 (primary endpoint) and from baseline to week 6, 12 and 18, respectively (secondary endpoints), as a percentage of the baseline level in each case.
· If chronic kidney disease stage II is reached plasma oxalate levels are elevated in patients with primary hyperoxaluria. Therefore, parallel to the reduction in urinary oxalate levels, treatment with pyridoxal-phosphate can lead to a reduction in plasma oxalate levels. Hence, plasma oxalate was also determined at weeks 0, 6, 12, 18 and 24. Plasma oxalate is analyzed according to the previously published IC-MS method ([15], see above).
Reduction of the plasma oxalate level was defined (analogously to the primary endpoint) as change in plasma oxalate concentration from baseline to week 24 as a percentage of the baseline level.
· Reduction of the urinary oxalate excretion (percentage change in urinary oxalate, expressed as mmol/1.73 m2 / day) in patients with PH I at weeks 6, 12, 18 compared to baseline. Measurement is described above regarding the primary endpoint.

·   The safety of the oral application of an i.v. pyridoxal- 

 phosphate solution was determined. Safety assessments
 was done at screening visit and visits day 0, week 6,12,18,24
 by laboratory data including, hematology (complete blood
 count (CBC) with differential and platelet count), chemistry
 (blood urea, nitrogen (BUN), creatinine, electrolytes (Na+,
 K+, Mg++, Ca++, HCO3-, Cl-), albumin, alkaline phos-
 phatase, ALT, AST, total bilirubin, and total protein) and uri-
 nalysis (microscopic RBC and WBC, protein, glucose, ni-

 trites, and specific gravity), vital signs and general physical 
 condition.

Additionally safety assessment was done by phone call every other week by the study nurse interviewing regarding AE and side effects. The rate and kind of the AE was documented on the CRF and assessed by an investigator regarding their importance for the safety of the trial participants.  

	Studiendesign 
	Aim of this pilot study was to investigate systematically the efficacy, safety and dose-response-relationship of pyridoxal-phosphate treatment in 12 patients with confirmed PH I. The trial was designed as a pilot monocenter trial.  There was no placebo or control group nor randomization in the pilot single arm study. All patients were treated over 6 months with pyridoxal-phosphate in increasing dosages. Patients treated prior to the trial with pyridoxal-phosphate absolved a wash out phase until normalization of serum vitamine B6 levels. Follow up was 4 weeks after end of treatment. Patients were assessed by telephone interview every 2 weeks and 4 weeks after end of treatment for follow up.
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	Prüfmedikation / Behandlungsstrategie
	 According the AMG criteria a special vitamin B6 formula was prepared by the pharmacy of the Johannes-Gutenberg-University Mainz.

Trade name: 

Vitamin B 6-ratiopharm Injektions lösung 50 mg/ ml

Trial Medication Name:

Pyridoxal-phosphate solution 100mg/3ml

Application: 

oral

Dose: 
 initiated at 5 mg/kg body weight up
 to 20 mg/kg body weight (increase
 by 5 mg/kg body weight every 6
 weeks)

Company: 

Ratiopharm GmbH, Germany

Approved in children for:
 peripheral neuropathia, PH I, 
hypochromic anemia, seizures in newborns

Contraindications: 
 hypersensitivity towards one of the components
Package: 

light protected vials

	Behandlung/Intervention
	All patients started the intervention with a 5 mg/kg body weight dose of pyridoxal-phosphate as an oral solution bid for 6 weeks. After six weeks ± 5 days dose was increased to 10 mg/kg body weight for another 6 weeks. Every six weeks until week 18 of the study the dose was increased for 5 mg/kg/body weight until the maximum dose of 20 mg/kg body weight was reached.

	Vergleichsbedingung/-me​dikation
	Not applicable



	Gesamtzahl Patienten


	Calculated sample size prior to the trial: n = 12

Number of patients screened: n = 12

Number of patients included: n = 12

Drop outs: n = 0

	Studienpopulation


	The study population consists of 12 children and adolescents of our pediatric nephrology cohort (male: 7, female 5, median age 13.5 years). There were no subjects which failed screening. All patients completed the study.

There was one protocol deviation in patient 01-06. The patient experienced nausea after dose escalation to 15 mg/kg/day in study week 12. Therefore dose was decreased to 10 mg/kg/day until the next visit in study week 18. The dose could be increased successfully to 15 mg/kg/day in study week 18 and further to 20 mg/kg/day in study week 24, leading to a prolonged treatment period of 30 weeks in this patient. 

No further significant protocol modifications were seen. 

	Einschlusskriterien
	· Documentation of diagnosis of PH I by any one of the  

   following:

   a. Liver biopsy confirmation of deficient liver specific peroxisomal alanine-glyoxylate aminotransferase, (AGT or mislocalization of AGT from peroxisomes to mitochondria) 

   b. Homozygosity or compound heterozygosity for a known
       mutation in the causative gene (AGXT) for PH I 

· Male or female subjects between 5 years and 60 years of age

· Renal function defined as an estimated GFR > 60 ml/min  normalized to 1.73 m2 body surface area 

· Subjects receiving pyridoxal-phosphate before the study must be willing to discontinue therapy with pyridoxal-phosphate for a wash out phase of at least 4 weeks but always until normalization of serum pyridoxal-phosphate levels

· Written informed consent from patients and/or legally acceptable representatives 

	Ausschlusskriterien
	· Pregnant or lactating women

· Women of child-bearing potential who are not using a highly effective contraception method with a pearl-index < 1. Sexually active females, unless surgically sterile or postmenopausal (at least 12 month with no menses without an alternative medical cause) must be using a highly effective contraception method (including oral, transdermal, injectable, or implanted contraceptives, IUD, abstinence, using a condom of the sexual partner or sterile sexual partner) and must agree to continue using such precautions during the whole study period.

· Subjects post liver or kidney transplantation or combined transplantation

· Chronic diarrhoea with the risk of malabsorption

· Any other abnormal finding such as physical examination or laboratory evaluation, in the opinion of the investigator, is indicative of a disease that would compromise the safety taking pyridoxal-phosphate per os and the absorption. 

· Subjects participating in other clinical trials with investigational products 4 weeks prior to trial entry, during the trial and 4 weeks after the trial

· Subjects who are unable to take the trial medication

· Subjects who are unable to collect 24-hour urine samples or follow other study procedures

· Subjects who are under treatment with L-Dopa, Isoniazid, D-Penicillamine (interactions between these drugs and pyridoxal-phosphate are known and might influence serum pyridoxal-phosphate levels)

· Subjects with known intolerance or allergies to substances of contents (e.g. Potassiumsorbet, raspberry sirupe, pyridoxal-phosphate)

· Subjects confined to an institution on judicial or official behalf.

· Subjects who are in dependency to the sponsor or the PI of the trial. 

	Darstellung der Demographie und Baseline-Charakteristika
	Baseline characteristics are presented in Table 1.

	Darstellung Wirksamkeit
	Primary objective - Urinary oxalate excretion:

All 12 enrolled patients could be included in the intention-to-treat analysis. Absolute Uox levels declined significantly (p = 0.01) from 2.09 ± 0.16 mmol/1.73m2/day at baseline to 1.52 ± 0.17 mmol/1.73m2/day in week 24. Figure 1 presents the absolute Uox levels of each patient between baseline and study week 24 based on the underlying genotype. 
Figure 2 demonstrates the individual relative change of Uox excretion of the subjects 1-12 between baseline and study week 24. 

The mean percentage change in urinary oxalate (mmol/1.73m2/day) from baseline to week 24 was −25.5 ± 7.5% in the whole cohort. At the end of treatment, 6/12 patients showed a relative Uox reduction greater than 30% and were considered as true treatment responders (Figure 2). Two out of 12 patients presented as “non-responders” with an increase of Uox (Figure 2). 

Based on the fact that one subject was not compliant in the last four study weeks, a per-protocol-analysis was performed excluding this subject: here, relative Uox reduction was 27.78% in study week 24.

In the one subject presenting with non compliance relative Uox reduction was 41.38% after 18 weeks, after 24 weeks (4 weeks without therapy) 6.90%.

Secondary objectives – dose response relationship:

Vitamin B6 serum levels at study week 24 versus baseline were significantly increased from 24.42 ± 2.78 ng/ml to 1217 ± 224.0 ng/ml (p<0.001).

Individual series of serum vitamin B6 levels are depicted in Figure 3. Correlation coefficient for the administered dosages and vitamin B6 levels was r=0.66 (95%CI: [0.48; 0.78], p<0.001).

Correlation of B6 levels and UOX reduction is presented exemplary for study week 6 in a scatter-plot in Figure 4 and was quantified using the correlation coefficient of r=0.26 (95%CI: [-0.36; 0.73], p= 0.4). 

Additional objectives – response and underlying genotype:

Table 2 shows individual response in the different study weeks based on the administered dosages and underlying genotypes.

UOX declined from 1.80 ± 0.23 mmol/1.73m2/day at baseline to 0.93 ± 0.03 mmol/1.73m2/day at week 24 in the three patients with c.508G>A homozygous mutations. Mean relative UOX change was -47.00 ± 4.56% (figure 1).

UOX declined from 1.89 ± 0.20 mmol/1.73m2/day at baseline to 1.40 ± 0.19 mmol/1.73m2/day at week 24 in the four patients with c.508G>A heterozygous mutations. Mean relative UOX change was -24.79 ± 8.94% (figure 1).

UOX declined from 2.42 ± 0.28 mmol/1.73m2/day at baseline to 1.99 ± 0.26 mmol/1.73m2/day at week 24 in the five patients without underlying mutations. Mean relative UOX reduction was -13.14 ± 14.60% (figure 1).

	Darstellung der Sicherheit
	Regarding safety our trial underlines that vitamin B6, here an orally administered i.v. solution, treatment even in high dosages is safe and well tolerated. The seen side effects were described before and were those cited in the investigators brochure and hence mentioned in the patients and parents informed consent sheet. 

There were no discontinuations of trial medication intake due to adverse events in this study. One patient underwent prolonged study duration of 30 weeks due to nausea after increasing the dosage from 10 to 15 mg/kg/day so that dosage was decreased to 10 mg/kg/day again. After 6 more weeks the dosage could be increased successfully without side effects. One serious adverse event was reported (infectious gastroenteritis) which resolved within 2 days without integrum. In summary, 70 adverse events were reported for 83.3 % of the study population. 9 out of these might have been related to the trial drug. Two patients experienced one episode of stone passage each without complications. One subject suffered from photo-sensitivity, a known side effect under higher dosages of vitamin B6 tablets. The majority of the other events represented common childhood illnesses that would be expected in a normal pediatric population (e.g. common viral cold, angina, sinusitis, hedache). The Fachinformation Vitamin B6-ratiopharm® 50 mg/ml Injektionslösung (Mai/2008) at the beginning of this reporting period served as reference document for determination of expectedness for all adverse events. No SUSARs, no SAR occurred. One SAE was recorded in April 2012.The one serious adverse event is described as following: Subject 01-12 is a 12 year old girl which presented with gastroenteritis on April 1, 2012 at her primary physician. She was admitted to the hospital after telephone contact with our study center due to the fact that for PH I patients a high fluid intake is essential to avoid urolithiasis and renal decompensation. Study medication was not stopped at this time. After 48 h she was discharged in very good condition and resolved ad integrum. The event observed was not related to the trial medication.

	Statistische Methoden
	To analyse the primary endpoint of urinary oxalate level reduction between day 0 and week 24 (after 20 mg/kg), means ± standard error of the mean (SEM) for each patients´ urinary oxalate level were derived. Means ± SEM and paired t-tests were also employed to analyse differences in UOX levels, vitamin B6 levels and UOX levels in the different genotype subgroups. The main analysis was performed on the intention-to-treat population irrespective of compliance. Individual series of serum vitamin B6 levels over time were presented descriptively. Simple linear correlations were calculated for the association between vitamin B6 levels and administered dosages and vitamin B6 levels and urinary oxalate level reduction.

Analyses of response phenomena were presented additionally descriptively and paired t-tests were employed to test for reductions of UOX in the total cohort of patients and in the three different genotype subgroups.

For safety aspects cumulative lists of AEs and SAEs were presented in table form. P-values <0.05 were considered significant.

	ZUSAMMENFASSUNG: 
We examined 12 patients (7 males) with genetically confirmed PH I. B6 was administered orally starting with 5 mg/kg/day and increments of 5 mg/kg every six week up to a final dosage of 20 mg/kg/day at week 24. At baseline and every six weeks, Uox and serum B6 levels were measured. Response to the trial drug was defined as a relative reduction of urinary oxalate excretion of ≥ 30%. 
ERGEBNISSE WIRKSAMKEIT: 

A mean relative UOx reduction of 25.95% was found. UOX declined from 2.08 ± 0.16 at baseline to 1.49 ± 0.18 mmol/1.73m2/day (p=0.02) at week 24. Serum B6 levels increased from 24.42 ± 2.78 to 1217 ± 224.0 ng/ml (p<0.001), respectively. Six patients showed a relative reduction of UOX ≥ 30% at week 24. 

ERGEBNISSE SICHERHEIT: 

In summary the toxicity seen in this trial is consistent with the side effects given in the reference document. No further risks were observed during this trial. Overall the trial medication has been well tolerated. There were no deaths and no dropouts related to the trial medication or related to adverse events. A serious adverse event was considered to be unrelated to the trial medication. At the present stage the potential benefit of the trial medication seems to overweigh the risks.

SCHLUSSFOLGERUNG: 

· Vitamine B6 reduces UOX excretion in some patients with PH I

·  No dose-response-relationship was detectable 


- vitamine B6 serum levels are not correlating with administered dosages 


- vitamine B6 serum levels are not correlating with UOX excretion reduction

·  Reasonable dosage recommendations remain unclear 

· The trial underlines that B6 intake is safe and well tolerated
·  Further modifiers must be identified to realize an individual translational concept

·  A prospective multicenter trial for genotype related B6 response and  
 pharmacokinetics in subjects with stable renal function & ESRD is necessary
Although we were able to prove treatment efficacy and safety of vitamin B6, further studies in larger (multicenter) settings are clearly needed to better clarify the mechanism of action, the influence of genotype and the long term outcome under therapy. At the very end, individualized translational therapeutic concepts for patients with an orphan disease like PH I, should be aimed.


Table 1. Baseline characteristics of the study population at trial entry
	Patient
	Gender
	Age
 (yr)
	GFR
(ml/min/1.73m2)
	AGXTmutation
	Vit B6 treatment before study
	Grade of nephro-calcinosis
	Urolithiasis

	Pat 1
	m
	16
	113
	c.508G>A; c.958delCA
	Missse; 
Frameshift
	Y
	1
	N

	Pat 2
	m
	18
	129
	c.508G>A; c.958delCA 
	Missense;
Frameshift
	Y
	-
	Y

	Pat 3
	f
	12
	152
	c.508G>A; c.364C>T
	Missense; Stop
	Y
	-
	Y

	Pat 4
	f
	11
	100
	c.33delC; c.33delC
	Frameshift; Frameshift
	Y
	1
	Y

	Pat 5
	m
	13
	127
	c.454T>A; c.1151T>C
	Missense; Missense
	Y
	1
	Y

	Pat 6
	m
	17
	217
	c.508G>A; c.508G>A
	Missse;
Missense
	N
	2
	Y

	Pat 7
	m
	15
	214
	c.508G>A; c.508G>A
	Missense; Missense;
	N
	-
	Y

	Pat 8
	m
	7
	142
	c.327delG; c.327delG
	Frameshift; Frameshift
	N
	-
	Y

	Pat 9
	f
	12
	91
	c.560C>T; c.836T>C
	Missense;
Missense
	N
	2
	Y

	Pat 10
	m
	10
	118
	c.482G>A; c.976 del G
	Missense; Frameshift
	Y
	-
	N

	Pat 11
	f
	15
	182
	c.508G>A; c.846-C>G 
	Missense; Splice site 
	Y
	-
	N

	Pat 12
	f
	11
	153
	c.508G>A; c.508G>A
	Missense; Missense;
	Y
	-
	N

	Pat 1-12
	Male n=7        Female n=5
	Mean age =13.1 ± 3.2 yr
	Mean GFR =131 ± 38 ml/min/1.73m2
	c.508G>A homozygous n=3 c.508G>A heterozygous n=5 c.508G>A negative n=4
	Vit B6 treated n=8
Vit B6 naïve n=4
	Grade 1 n=3 Grade 2 n=2
	Urolithiasis n=8


Abbreviations: yr - year; GFR - glomerular filtration rate (Schwartz formula); Vit B6 - vitamin B6; m – male; f – female; Y – yes; N – no

.Table 2. Individual absolute Uox levels and response depending on administered dosage in study week 0 to 24

	Pat
	Baseline
(0mg/kg/d)
	Study week 6
(5mg/kg/d)
	Study week 12
(10mg/kg/d)
	Study week 18
(15mg/kg/d)
	Study week 24
(20mg/kg/d)
	Genotype
c.508G>A

	
	Uox(mmol/
1.73m2/d)
	Uox(mmol/
1.73m2/d)
	Response
	Uox(mmol/
1.73m2/d)
	Response
	Uox(mmol/
1.73m2/d)
	Response
	Uox(mmol/
1.73m2/d)
	Response
	

	01
	2.05
	1.20
	+
	1.25
	+
	0.95
	+
	1.05
	+
	c.508G>A; c.958delCA

	02
	1.70
	1.30
	-
	2.0
	-
	2.25
	-
	1.25
	-
	c.508G>A; c.958delCA 

	03
	2.35
	1.25
	+
	1.45
	+
	1.20
	+
	1.95
	-
	c.508G>A; c.364C>T

	04
	2.10
	2.60
	-
	2.15
	-
	2.85
	-
	2.4
	-
	c.33delC; c.33delC

	05
	1.90
	1.20
	+
	1.35
	-
	1.50
	-
	1.8
	-
	c.454T>A; c.1151T>C

	06
	1.65
	1.05
	+
	0.68
	+
	1.00
	+
	0.9
	+
	c.508G>A; c.508G>A

	07
	2.25
	0.75
	+
	1.00
	+
	1.20
	+
	1.00
	+
	c.508G>A; c.508G>A

	08
	3.50
	2.80
	-
	2.75
	-
	2.25
	+
	1.65
	+
	c.327delG; c.327delG

	09
	2.31
	1.20
	+
	1.30
	+
	1.60
	+
	1.35
	+
	c.560C>T; c.836T>C

	10
	2.30
	2.80
	-
	2.60
	-
	2.85
	-
	2.75
	-
	c.482G>A; c.976 del G

	11
	1.45
	1.05
	-
	1.00
	+
	0.85
	+
	1.35
	-
	c.508G>A; c.846-C>G 

	12
	1.50
	1.02
	+
	0.60
	+
	1.05
	-
	0.90
	+
	c.508G>A; c.508G>A


Figure 1 Absolute Uox excretion in study week 0 versus week 24 based on genotype groups[image: image2.emf]
Figure 1. AbsoluteUox excretion in study week 0 versus study week 24 of the three different genotype groups (c.508G>A homozygous n=3; c.508G>A heterozygous n=5; c.508G>A negative n=4) shown by mean ±SEM. (Grey circles represent individual subjects).

Figure 2 Individual relative change of Uox excretion in study week 0 vs week 24
[image: image3.emf]
Figure 2. Individual relative change in Uox excretion from study week 0 to study week 24 for individual subjects. Response defined as relative change of ≥ 30% is marked as grey line. (Continuous line represents c.508G>A homozygous subjects, dashed line represents c.508G>A heterozygous subjects, spotted line represents c.508G>A negative subjects).

Figure 3 Individual series of serum vitamin B6 levels over 24 weeks

[image: image4.emf]
Figure 3. Individual series of serum vitamin B6 levels depending on administered dosage of vitamin B6 (r=0.66; 95% CI: [0.48;0.78]; p<0.001). (Responders depicted as solid lines, non-responders depicted as dashed lines).
Figure 4 Relationship between relative change of Uox excretion and cumulative serum vitamin B6 levels study week 0 to 24 
[image: image5.emf]
Figure 4. Relative change of Uox excretion reduction level in dependence of cumulative serum vitamin B6 levels shown for all individual subjects (r=0.26; 95% CI: [-0.37;0.72]; p<0.4). (Responders depicted as solid circles, non-responders depicted as grey circles).
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