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Guidance and Regulatory Documents

4

FDA Draft Guidance*
New Drug Applications
Clinical Trials
Pharmacokinetic Studies

*2013 is draft only
*not explicitly for clinical labs



Scope of the CLSI C62-A Document

 Important features of LC-MS 
instrumentation

 Pre-examination factors that can impact 
assay performance

 Assay calibration
 Analytical variables important in method 

development
 Assay verification
 Quality assurance and quality control
 Post-implementation monitoring of 

clinical methods
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CLSI C62-A: Cross Referenced Documents
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Document Title

CLSI 50-A Mass Spectrometry in the Clinical Lab, General Principles and Guidance-2007

CLSI C24 Statistical Quality Control For Quantitative Measurement Procedures-2006

CLSI EP06 Evaluation of Linearity for Quantitative Measurement Procedures-2003

CLSI EP07 Interference Testing in the Clinical Laboratory-2005

CLSI EP14 Evaluation of Commutability of Processed Samples-2014

CLSI EP15 User Verification of Precision and Estimation of Bias-2014

CLSI EP17 Evaluation of Detection Capability for Clinical Laboratory Measurement Procedures-2012

CLSI EP23 Laboratory Quality Control based on Risk Management-2011

CLSI GP27 Using Proficiency Testing to Improve the Clinical Laboratory-2007

CLSI GP31 Laboratory Implementation, Verification, and Maintenance-2009
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Total process of assay development
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Internal Standards

 I.S. used to account for recovery variance and matrix effects

 All quantitative methods should use I.S.

 Signalanalyte/SignalI.S. = [analyte]
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My I.S. Should…… My I.S. Should Not……..
Unique to the test population Co-elute with interferences

Be a physiochemical mimic Share same mass transitions 
with other compounds

Have similar retention time
Contribute more than 20% of 
the signal for the test analyte 
at the LLMI

Be added at a concentration that does not 
interfere with the LLMI (10-50X LLMI)



I.S.: Specificity and Selectivity

 Initial assessment of background noise is important to 
confirm in the testing system

 Signal from a matrix matched double blank sample (no 
analyte/ no internal standard) reflects the total background 
in the LC/MS system.

 To avoid problems with assay sensitivity, background peaks 
should be absent or <20% of the peak area for the analyte 
at the LLMI or 5% of the IS at the expected retention time.

 Quantitation of a double blank reflects the background in the 
whole testing system including sample processing
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Columns and Chromatography

 Proper operation requires controlling factors such 
as temperature, mobile composition, pressure, 
pH, ,solvent quality, specimen clean up.

 Variables include
 Retention time
 Chromatographic resolution
 “Dead volume”
 Column efficiency

 Retention time for analyte quantitation should 
remain within +/-2.5% between runs.
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Chromatographic Resolution

 Rs = distance between the two peak centers divided by the average 
peak width

 Complete baseline resolution is achieved with an Rs of at least 1.25
 Minimization of dead volume improves method performance
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2*([TrB-TrA] / WA + WB)



Carryover

 LC/MS can be considered continuous flow 
measurement instead of random access

 Subject to carryover
 No generally accepted limit, must not impact bias or 

precision
 Signal from blank samples must well below LLMI 

independent of the concentrations of previous 
samples

 Although CLSI EP10 addresses carryover it is limited 
in 2 ways
 Only addresses carryover for samples within MI
 Does not assess the magnitude of carryover into 

blank samples
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Carryover: FDA Guidance document

 Bioanalytical Method Validation (FDA) indicates one or 
more blank samples should be injected immediately after 
a high concentration

 Testing an sample well above the MI is more sensitive
 Inject an extracted negative blank after increasing 

concentration of analyte.
 Recommended that the carryover limit is the 

concentration that does not create a signal 25% of LLMI
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blank blank blank blank

LLMI

25% of LLMI



Ion Suppression Post Column Infusion
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A

B
autosampler column mass spec

Infusion pump
Mobile Phase

Mixture of analyte

Inject blank matrix extract



Matrix Effects: Extraction Spiking Studies
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Matuszewski BK. Anal Chem. 2003 Jul 1;75(13):3019-30.

Set 1 Set 2 Set 3

Target compound
Mobile phase

Target compound
Internal standard
Extracted matrix

Target compound
Internal standard
Unextracted matrix

Matrix Effects
Set 2/Set 1

Extraction Efficiency
Set 3/Set 2

Processing Efficiency
Set 3/Set 1

M.E E.E

P.E



Calculating Matrix Effects

 Prepare 5 different calibrations curve
 Analyte in mobile phase
 Analyte spiked into post-extract

 Compare the signal obtained with each matrix

 Calculate %Matrix Effect

 %Matrix Bias = 100-%Matrix Effect

 %CV of peak areas should also be evaluated with 
a target <15%
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Assay Verification

 Linearity
 LOD
 LOQ
 Precision
 Bias/Trueness
 Measuring 

Interval
 Dilutions
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Assay Verification: Linearity and Measuring Interval

 Recommended:
 9-11 points with 2-4 replicates
 Validated for each specimen type
 Serial dilutions should be avoided for making 

linearity material due to propagation of pipette bias

 Measuring interval is defined by both linearity and 
imprecision
 Does the assay stay linear at high concentrations
 Do the measurements meet the acceptable criteria 

for reproducibility
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Defining the lower limit of the measuring interval (LLMI)
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LLMI

LOD

CV <20%
Bias <15%

Recommended:
40 replicates from 3-5
samples over 5 runs

Imprecision material should span the AMR 
with one point with +/- 25% of the medical 
decision point.  CV should not exceed 15% 

except at the LLMI where 20% is acceptable



Dilutions Within and Outside the M.I.
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Calibration
Range

Linear
Range

Clinical
Reportable

Range

 Dilutions within the R.I.
 Final concentrations 

should be >3* LLMI

 Dilutions above the R.I.
 Specimen extracts (not 

neat specimens) should 
be diluted

 Diluent should contain 
the same amount of IS 
as the extract sample 
before dilution



Quality Control

 Quality Control has two elements
 Composition
 Stability

 QC material should be matrix appropriate and 
performance parameters related to comparability 
must be defined and documented

 If the lab prepares QC it must perform a study to 
determine storage conditions: Free thaw cycles, 
short-term ambient stability, thawing procedures

 Should be near medical decision points



Quality Assurance

 System Suitability checks

 Interference Monitoring

 Calibration Monitoring

 Ongoing system evaluation
 Calibration frequency
 Column Changes
 Instrument Correlations
 Reagent lot changes



System Suitability Checks

 Basic chromatography parameters are evaluated 
with a non-extracted sample

 Criteria are defined for examination of
 Correct peaks
 Intensity of background
 Analyte signal
 Peak resolution
 Retention time
 Peak symmetry

 If the system has two injectors or two LC/HPLC 
systems they should be considered separate with 
separate calibrations and QC



Interference and Calibration Monitoring

 Active monitoring for any potential interferences

 Mean ratios should be calculated each day from standards 
used to make construct the calibration curve (CV < 6%)

 The slope of the calibration curve should also be 
documented and criteria established for acceptability

 For patient samples:
 If the qualifier ion is >50% of the quantifier ion, the ion 

ratio should be +/- 20% of the mean ratios of the 
calibration standards.

 If the ion ratio is >20% from the mean this suggests an 
interference in the patient sample



Quality Assurance: Routine Evaluation

 Calibration and tuning should be performed every 6 
months or “according to manufacturer” recommendations.  
The lab must establish minimum frequency allowable 
criteria for total ion count, ion intensity, peak resolution, 
and mass shift.

 Instrument correlations must be performed every 6 months

 Validation of a new column should be considered a new lot 
change, regardless if it is the same manufacturer's lot.
 Recommended 5 patient samples that span the AMI
 Defining a new lot of reagent (mobile phase) is up to 

the discretion of the laboratory
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CAP Checklist items

 CAP Common Checklist
 Test Method Validation/Verification
 Laboratory Developed Tests
 Reference Intervals

 CAP Chemistry and Toxicology
 Chromatography
 Mass Spectrometry
 Operation
 Analyte Identification
 Matrix Effects (including ion suppression)
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CAP: Chromatography
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CAP: Chromatography
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CAP: Mass Spec Operation
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CAP: Matrix Effects (During Validation)
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CAP: Matrix Effects (Patient Samples)

 Monitor signal intensity of I.S.
 Criteria can be based on S/N ratio or abundance 

in QC material
 S/N ratio of 3:1 may be used as criteria for 

acceptability when I.S. recovery is low
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Questions?


