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2.3. Analytical Section 

2.3.1.	 What bioanalytical methods are used to determine drug concentrations?  Briefly describe 
the methods and summarize the assay performance. 

The applicant used a high-performance liquid chromatography/tandem mass spectrometry 
(HPLC-MS/MS) method of bioanalysis to determine concentrations of moxifloxacin (BAY 12
8039) and its two metabolites (M-1, M-2) in human plasma and urine samples. The assay 
methods are validated per the FDA Guidance. In Table 2.3.1-1, the bioanalytical reports and the 
corresponding trials are given. 

Table 2.3.1-1: Bioanalytical Method Reports Used in Pediatric Clinical Studies Method 
Validation for Determination of Moxifloxacin and Metabolites in Human Plasma 
Study 
Detection Method 

Bioanalytical Report 
Number (s) 

Laboratory Site Analyte (s) Metrics 

BAY 12
8039/11826 
HPLC/MS-MS 

BAR_KINC11826-EXT
STY151 

BAY 12-8039, M-1 
and M-2 

Plasma 

BAR_KINC11826-EXT
STY152 

BAY 12-8039, M-1 
and M-2 

Urine 

BAY 12
8039/11643 
HPLC/MS-MS 

Bioanalysis of BAY 12
8039, M-1 and M-2 in 
study BAY 12
8039/11643 

BAY 12-8039, M-1 
and M-2 

Plasma 

(b) (4)

Method Validation for Determination of Moxifloxacin and its Metabolite in 
Human Plasma via HPLC-MS/MS 
Sample preparation, extraction, and chromatographic conditions were kept the same for analysis 
of moxifloxacin and its metabolites M-1 and M-2 for both pediatric clinical studies (Studies 
11826 and 11643). In this method, plasma samples were mixed with the internal standard 
contained precipitating solution (70% Acetonitrile/30% 10 mM Ammonium Acetate) for 
extraction of analyte from the plasma matrix. The samples were centrifuged and the supernatant 
(100 µL) was mixed with 100 µL buffer (solution B 3.7.1). This solution was injected into the 
HPLC system and analyzed by HPLC-MS/MS. Separation of analytes was achieved on a Synergi 
Polar RP (100 x 3.0 mm) column using a mobile phase consisting of acetonitrile/10 mM 
Ammonium Acetate. Analytes were detected by a PE Sciex API-3000 Mass Spectrometer. 

The lower limit of quantification (LLOQ) and the nominal calibration range for moxifloxacin 
and its metabolites M-1 and M-2 in plasma are reported to be: 
• LLOQ of 10 µg/mL and a calibration range of 10 – 5547 µg/mL for moxifloxacin 
• LLOQ of 11 µg/mL and a calibration range of 11 – 2309 µg/mL for its metabolite M-1  
• LLOQ of 11 µg/mL and a calibration range of 11 – 2342 µg/mL for its metabolite M-2 
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The calibration curves for Moxifloxacin and metabolites M-1 and M-2 were constructed as a 
function of the weighted (1/x2) linear regression of the theoretical concentration versus response 
ratio (where response ratio = ratio of analyte peak area to internal standard peak area). 

The precision and accuracy of the method were within acceptance criteria for each validation 
report [Table 2.3.1-2], and show that the analytical method used in the clinical studies with 
pediatric patients was valid for the determination of moxifloxacin and its metabolites in human 
plasma. 

Table 2.3.1-2: Calibration Range, Precision and Accuracy of Moxifloxacin and Metabolites 
in Human Plasma Determined by High Performance Liquid Chromatography/Mass 
Spectrometry Assay 

Report Parameter BAY 12-8039 M-1 M-2 
Study 11826 

Nominal calibration range (µg/L) 10 ─ 5547 11 ─ 2309 11-2342 
LLOQ (µg/L) 10 11 11 
Inter-assay precision (CV%) ≤4.0% ≤7.5% ≤4.9% 
Inter-assay accuracy (%) 98.0% ─ 102.1% 88.8% ─ 106.6% 96.1% ─ 102.7% 
Precision at LLOQ (CV%) 3.3% 2.2% 5.1% 
Accuracy at LLOQ (%) 100.9% 100.1% 100.8% 

Study 11643 (first set of samples) 
Nominal calibration range (µg/L) 10 ─ 5542 11 ─ 2306 11-2342 
LLOQ (µg/L) 10 11 11 
Inter-assay precision (CV%) ≤4.2% ≤6.3% ≤4.5% 
Inter-assay accuracy (%) 98.6% ─ 101.9% 92.7% ─ 108.5% 96.8% ─ 102.6% 
Precision at LLOQ (CV%) 4.6% 7.9% 3.8% 
Accuracy at LLOQ (%) 100.9% 104.0% 100.7% 

Method Validation for Determination of Moxifloxacin and its Metabolite in 
Human Urine via HPLC-MS/MS 
Concentrations of moxifloxacin (BAY 12-8039) and its two metabolites (M-1, M-2) were 
determined in human urine samples from Study 11826 using HPLC-MS/MS method. 

Urine samples were spiked with the internal standard contained spiking solution (70% 
Acetonitrile/30% 10 mM Ammonium Acetate). This solution (200 µL) was injected into the 
HPLC system and analyzed by HPLC-MS/MS. Separation of analytes was achieved on a Synergi 
Polar RP (100 x 3.0 mm) column using a mobile phase consisting of acetonitrile/10 mM 
Ammonium Acetate. Analytes were detected by a PE Sciex API-3000 Mass Spectrometer. 

The lower limit of quantification (LLOQ) and the nominal calibration range for moxifloxacin 
and its metabolites M-1 and M-2 in urine are reported to be: 
• LLOQ of 10 µg/mL and a calibration range of 510 – 168170 µg/mL for moxifloxacin 
• LLOQ of 11 µg/mL and a calibration range of 50 – 10504 µg/mL for its metabolite M-1 
• LLOQ of 11 µg/mL and a calibration range of 92 – 22483 µg/mL for its metabolite M-2 
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The calibration curves for Moxifloxacin and metabolites M-1 and M-2 were constructed as a 
function of the weighted (1/x2) linear regression of the theoretical concentration versus response 
ratio (where response ratio = ratio of analyte peak area to internal standard peak area). 

The precision and accuracy of the methods were within acceptance criteria for each validation 
report [Table 2.3.1-3], and show that the analytical methods used in this clinical study of 
pediatric patients was valid for the determination of moxifloxacin and its metabolites in human 
urine. 

Table 2.3.1-3: Calibration Range, Precision and Accuracy of Moxifloxacin and Metabolites 
in Human Plasma Determined by High Performance Liquid Chromatography/Mass 
Spectrometry Assay 

Report Parameter BAY 12-8039 M-1 M-2 
Study 11826 

Nominal calibration range (µg/L) 510 ─ 168170 50 ─ 10504 92-22483 
LLOQ (µg/L) 510 50 92 
Mean inter-assay precision 
(CV%) 

≤5.1% ≤4.9% ≤4.4% 

Mean inter-assay accuracy (%) 96.1% ─ 102.9% 97.8% ─ 101.9% 98.7% ─ 101.1% 
Precision at LLOQ (CV%) 2.0% 4.5% 4.2% 
Accuracy at LLOQ (%) 102.0% 100.2% 99.7% 

2.3.2.	 What is the range of the standard curve?  How does it relate to the requirements for 
clinical studies?  What curve fitting techniques are used? 

See above section 2.3.1 

2.3.3.	 What are the lower and upper limits of quantification (LLOQ/ULOQ)? 
See above section 2.3.1 

2.3.4.	 What are the accuracy, precision, and selectivity at these limits? 
See above section 2.3.1 

2.3.5.	 What is the sample stability under the conditions used in the study (long-term, freeze-
thaw, sample-handling, sample transport, autosampler)? 

Plasma sample extracts were found to be stable when stored in the autosampler tray at 5°C for at 
least 72 hours. Freeze-thaw stability results showed that Moxifloxacin, M-1, and M-2 were stable 
in plasma after 3 freeze-thaw cycles. 
Long term frozen stability of the analytes in plasma at -20˚C and -70˚C was assessed at 1-month 
(38 days). All three analytes were found to be stable at -20˚C and -70˚C in plasma for this period. 
Urine sample extracts were found to be stable when stored in the autosampler tray at 5°C for at 
least 72 hours. Freeze-thaw stability results that Moxifloxacin, M-1, and M-2 were stable in 
urine after 3 freeze-thaw cycles. Moxifloxacin, M-1, and M-2 were found to be stable in urine 
when stored at room temperature for 4 hours. 
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Figure 1: Goodness-of-Fit Diagnostic Plots for the Final Pop-PK Model (Source: Reviewer’s 
analysis of Sponsor’s population PK model) 

Figure 2: Simulated steady state Cmax following IV administration of 200 mg BID for 
subjects administered with IV 400 mg QD in Phase 3 study. The dosing remained the same 
for subjects who received IV 4-6 mg/kg BID in Phase 3. (Source: Adapted from Sponsor’s 
pop-PK study report 17806, Figure 2-5) 
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