
Case Study (New Drug Application to Health Authorities)

During a regulatory submission the Company was asked to provide further information about the causes for test article positive control samples and to discuss the impact of these data on the validity of the studies involved.
	 The Company provided the following response which solved the issue:

	“In total, test article (parent compound) was found in 69 of 461 control samples (15 %) with the majority of findings in rodent studies.  Despite sufficient analytical sensitivity, the main metabolite M-1  of test article was not found in any of the positive control samples, evidencing that the source has been an ex vivo contamination, and positively excluding test article exposure of control animals.  Contamination of sampling tubes during storage is the remaining likely cause of the contamination.  A thorough review of the contamination pattern and levels concluded that neither the validity of the pre-clinical studies nor the toxicological assessment is compromised, and there is no impact on the derived margins of safety.

	A complete account of all occurrences of positive control samples showing the individual values and the relation to the Cmax at the toxicological non observed effect level (NOEL) was given in a separate Table. Test article was analytically present in 69 (of 461) control samples.  The concentration of test article (in the individual sample) was less than 1 % of the Cmax of the respective NOEL in 48 (70 % of positive control) samples, and between 1 % and 5 % of the Cmax at NOEL in 14 (20 %).  In 7 (10 % of positive control) samples the test article concentration exceeded 5 % of the respective Cmax at NOEL.  In only one (of 136) sample drawn from control dogs, test article was analytically found.  The concentration in the sample from a female dog was 0.51 (g/l (0.3 % of Cmax at NOEL), and only slightly above the lower limit of quantification (LLOQ) of 0.50 (g/l.

	Source of contamination:

Exposure of the control animals can be ruled out as a cause for the contamination, because the main metabolite was not found in any of these control samples.  The metabolic ratio of M-1 to test article (in terms of Cmax,ss after repeated oral administration of test article) ranged from 41 % to 218 % (male rats), 14 % to 35 % (female rats) and 6 % to 35 % in male and female mice.  The LLOQ for both test article and M-1 was 0.5 µg/L (1.0 µg/L on Day 98 in a subchronic gavage study in rats, reported in test article).  Assuming (on the basis of the aforementioned ranges) an average metabolic ratio of 100 % in male rats, 25 % in female rats and mice (both sexes), respectively, M-1 would have been detectable in samples exceeding a test article (parent) concentration of 2.0 (g/L (4 times the LLOQ) in mice as well as female rats, and in all positive control samples of male rats (test article concentration exceeding the LLOQ of 0.5 (g/L).  In the rabbit embryotoxicity study the metabolic ratio was 240 to 300 % (therefore the M-1 plasma levels expected in the positive control samples would have been well above the LLOQ, if the animals had been exposed to test article.  In fact, the main metabolite M-1 was not found in any control sample.  Thus, the data unequivocally rule out a misdosing of control animals, but demonstrate an ex vivo contamination of the blood/plasma samples.

	Additional and independent evidence for an ex vivo sample contamination arises from the fact that in the subchronic gavage study in rats control samples taken on Day 98 at 0.5 h post-dose (expected Cmax) were free of test article while samples taken from the same rats at 24 h post-dose showed contamination with test article.  In case of an in vivo exposure higher levels would be expected around the tmax at 0.5 h than at the trough at 24 h post-dose.

	The measured concentrations were confirmed by reanalysis (additional work-up of the control plasma sample and analysis in an additional batch) in single or duplicate determination (except for the 3 months toxicokinetic study in mice, since only insufficient plasma volume was available for reanalysis).  The blank plasma samples processed together with the study samples were free of test article indicating that no contamination occurred in the bioanalytical laboratory.

	Since a test article exposure of the control animals could be excluded, all steps of the blood sampling procedure were carefully re-checked to identify possible causes for the contamination. Preceding test substance administration, animal handling (before and during the ether narcosis) and bleeding in the animal room, centrifugation and transfer of the plasma into new tubes in a separate room and transportation of the samples to the toxicokinetic laboratory have been thoroughly re-checked.

	Special precautions in the animal room:

Blood sampling was done in a hoodbench never used for storage of the test substance or preparation of the administration formulation or for administration of the test substance.  Generally, there was a clear spatial separation between the hoodbench and the table used for test substance administration.  Both hoodbench and table for substance administration were thoroughly cleaned immediately after each test substance administration or blood sampling.

	Blood sampling was always done first in control animals and subsequently in exposed animals at each sampling and technicians —wearing clean single-use clothes and gloves— performed blood sampling as their first task after entering the animal room, i.e., these technicians had usually not gavaged the animals (when it had been unavoidable a technician doing both application and bleeding, thorough hand washing and change of gloves were performed).  At the beginning of any blood sampling procedure at each time point, vessels for ether narcosis had been cleaned and the cellulose used as underlying sheet had been renewed.  Single-use gloves were changed after sampling of each dose group.

	Special precautions in the centrifugation room:  

Test article was never handled or stored in the room where blood samples were centrifuged.  The centrifuge, Eppendorff pipettes and tips used had not been in contact with the test compound.

	Thus, a contamination of the blood samples during the bleeding of the animals (in the animal room) or during the subsequent centrifugation and separation of the supernatant (plasma) is very unlikely and can be excluded.

	Preparation of sample containers:  

Before labeling (study/animal identifier) Eppendorff tubes, used for the plasma transfer after centrifugation, had been stored in racks with open lids in the same laboratory room (outside the animal room area) in which application solutions were formulated.  Precautionary measures to prevent contamination had been less stringent than in the animal rooms (e.g., no single-use clothes were used) and may have been insufficient.  The application formulations were prepared in the same room, and contamination of the open-lid stored tubes (intended to be used for plasma transfer) cannot be excluded.  Since 1 ng test article contaminates 1 mL plasma (a volume typically drawn from one rat) to a level of 1 (g/L, and 1 ng test article was contained in 1 nL (1 nL is the 50,000th part of a normal droplet of water) of the 1,000 ppm drinking water solution, contamination was possible without visible signs.  Worth to note, for gavage application even higher than 1,000 ppm concentrated formulations were prepared.  Thus, contamination of these Eppendorff tubes during storage prior to labeling and usage in the study was possible.

	In conclusion, a thorough re-check of the procedures in place excluded test article contamination of the blood samples both in the bioanalytical laboratory, during bleeding and processing of the samples (including centrifugation).  A prior to use contamination of Eppendorff tubes —employed for plasma transfer after centrifugation— during storage in the same room in which the application formulations were prepared, is the most plausible explanation for the analytically verified presence of test article (but not its metabolite) in plasma samples of control animals.

	Validity of the toxicological studies and assessment

The absence of the main test article metabolite M-1 in the plasma samples of control animals is important in terms of assessing the validity of the toxicological studies:  Since it can be excluded (by the absence of M-1) that control animals were exposed to test article, the validity of the toxicological studies and the interpretation of the study results is not in question, i.e. treated animals (exposed to test article) can be compared to untreated control animals (definitively not exposed to test article), thus allowing a proper assessment of the study results.

	In addition to the question whether the occurrence of test article in control samples had an impact on the validity of the studies involved, Applicant has also investigated the question, if the contamination of blood samples had an impact on the calculated safety margins.  The safety margins depicted in the submission were calculated on the basis of the respective group mean of PK parameters at steady state.  As shown in the attached Table, out of the 69 positive control samples the concentration of test article in the individual sample was less than 1 % of the Cmax of the respective NOEL in 48 (70 % of positive control) samples, between 1 % and 5 % of the Cmax at NOEL in 14 (20 %) samples, and exceeded 5 % of the respective Cmax at NOEL in 7 (10 % of positive control) samples.  The concentration in these 7 individual samples (representing 1.5 % of all 461 control samples) from 4 studies might be a cause of potential concern, and thus are discussed in the following:
	

	I)
3 (of 45) control samples exceeded 5 % of the Cmax at NOEL in a subchronic drinking water study in the rat. All three samples were drawn on day 5 and 6 of the study, and no control sample (n=25) drawn at steady state on day 22, 89 and 90 was found to be contaminated.  Calculating the arithmetic mean of all control samples of one sex drawn at the same time, the contamination was 17.2 % (day 5), 3.4 % (day 6), 0 % (day 22), 0 % (day 89) and 0 % (day 90) of the respective Cmax at the NOEL in male rats, and 1.8 % (day 5), 2.0 % (day 6), 0 % (day 22), 0 % (day 89) and 0 % (day 90) of the respective Cmax at the NOEL in female rats.  It is concluded, that there is no impact on the safety margins derived from the steady state PK in this study, since no contamination of control samples was found at steady state (and steady state data have been employed for calculation of safety margins).
	


	II)
1 (of 30) control sample exceeded 5 % of the Cmax at NOEL in a subchronic drinking water study in mice.  The sample was drawn on day 5 of the study, and no control sample (n=20) drawn at steady state on day 22 and 89 was found to be contaminated.  Calculating the arithmetic mean of all control samples of one sex drawn at the same time, the contamination was 1.6 % (day 5), 0 % (day 22) and 0 % (day 89) of the respective Cmax at the NOEL in male mice, and 0 % (day 5), 0 % (day 22) and 0 % (day 89) of the respective Cmax at the NOEL in female mice.  It is concluded, that there is no impact on the safety margins derived from this study.
	


	III)
2 (of 27) control samples exceeded 5 % of the Cmax of the NOEL regarding maternal toxicity in a developmental toxicity (Segment II) study in the rabbit.  Since there has been no indication for external, visceral or skeletal malformation in this study, the systemic exposure has not been part of the safety assessment.
	

	IV)
1 (of 24) control sample exceeded 5 % of the Cmax at NOEL in a chronic toxicity study in the rat.  This sample was drawn on day 2 of the study. Calculating the arithmetic mean of all control samples of one sex drawn at the same time, the contamination was 0 % (day 1, 0.5 h), 20 % (day 2, 24 h), 0 % (day 182, 0.5 h) and 0.4 % (day 183, 24 h) of the respective Cmax at the NOEL in male rats, and 0 % (day 1, 0.5 h), 0 % (day 2, 24 h), 0 % (day 182, 0.5 h) and 0.3 % (day 183, 24 h) of the respective Cmax at the NOEL in female rats.  It is concluded, that there is no impact on the safety margins derived from the steady state PK (day 182/183) in this study, since the contamination in the control samples amounted to less than 0.5 % of the Cmax established at the respective NOEL.
	


	In the 2-year carcinogenicity study in rats test article was analyzed in 4 (of 18) control samples, and the concentration in the individual samples was 0.18 %, 0.03 %, 0.02 % and 0.01 % of the Cmax of the carcinogenic no-effect-level.  Calculating the arithmetic mean of all control samples of one sex drawn at the same time, the contamination was 0.07 % (day 1, 0.5 h), 0.003 % (week 50, 0.5 h) and 0.007 % (week 102, 0.5 h) of the respective Cmax at the no effect level (NEL) for carcinogenic effects in male rats, and 0 % (day 1, 0.5 h), 0 % (week 50, 0.5 h) and 0 % (week 102, 0.5 h) of the respective Cmax at the NEL for carcinogenic effects in female rats.  It is concluded, that there is no impact on the safety margins derived from this study.
	

	In the 2-year oncogenicity study in mice test article was analyzed in 12 (of 30) control samples, and the highest concentration measured in one individual sample was 4.3 % of the Cmax of the carcinogenic no-effect-level.  Calculating the arithmetic mean of all control samples of one sex drawn at the same time, the contamination was 0 % (day 5), 1.7 % (day 364) and 0.4 % (day 735) of the respective Cmax at the NEL for carcinogenic effects in male mice, and 0 % (day 5), 0.6 % (day 364) and 0 % (day 735) of the respective Cmax at the NEL for carcinogenic effects in female mice.  It is concluded, that there is no impact on the safety margins derived from this study.
	

	In summary of all aspects it is concluded that the observed test article contamination in control group samples does not compromise the validity of the toxicity studies as well as the toxicological assessment, and has no impact on the calculation of the safety factors.”
	








