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Flow Cytometric Devices 65 
  66 
 67 

Draft Guidance for Industry and  68 

Food and Drug Administration Staff 69 
 70 

This draft guidance, when finalized, will represent the Food and Drug Administration's 71 
(FDA's) current thinking on this topic.  It does not create or confer any rights for or on 72 
any person and does not operate to bind FDA or the public.  You can use an alternative 73 
approach if the approach satisfies the requirements of the applicable statutes and 74 
regulations.  If you want to discuss an alternative approach, contact the FDA staff 75 
responsible for implementing this guidance.  If you cannot identify the appropriate FDA 76 
staff, call the appropriate number listed on the title page of this guidance.  77 

 78 
 79 

I. Introduction  80 

This guidance addresses certain issues that arise in premarket submissions for flow 81 
cytometric devices used as in vitro diagnostic devices for leukocyte immunophenotyping and 82 
provides suggestions on the content of submissions for these types of devices.  It is intended 83 
to be used in conjunction with the other cited guidance documents referenced herein.  In 84 
preparing your submission to the FDA, we recommend that you contact FDA’s Office of In 85 
Vitro Diagnostics and Radiological Health (OIR) for additional information regarding your 86 
submission.  This guidance focuses on issues relevant to flow cytometric device with its 87 
expanded scope of review topics that reflect the recognition of a flow cytometric device as an 88 
analytical system, which includes processing reagents, processing instrumentation, flow 89 
cytometers, and analytical software, in addition to the monoclonal antibody component.  The 90 
information presented in this guidance is based on 1) current basic science, 2) clinical 91 
experience, and 3) previous submissions by manufacturers to the FDA.  As advances are 92 
made in science and medicine, the content of this guidance will be re-evaluated and revised 93 
as necessary to accommodate new knowledge. 94 
 95 
This guidance is directed toward immunophenotyping of leukocytes using monoclonal 96 
antibodies (mAb).  However, the concepts may be applicable to related devices that utilize 97 
fluorochromes or fluorogenic substrates to measure ligand binding on solid particles in 98 
suspension, with or without monoclonal antibodies.  This guidance does not cover 99 
microscopy devices utilizing fluorescent or chromogenic enzyme-substrate detection methods 100 
(e.g., immunohistochemical stains) nor does it cover the use of flow cytometry for cell 101 
enrichment and cell sorting/purification when used in cell therapy product manufacturing.  102 
 103 
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FDA's guidance documents, including this guidance, do not establish legally enforceable 104 
responsibilities.  Instead, guidances describe the Agency's current thinking on a topic and 105 
should be viewed only as recommendations, unless specific regulatory or statutory 106 
requirements are cited.  The use of the word should in Agency guidances means that 107 
something is suggested or recommended, but not required.  108 
  109 
 110 

II. Background 111 

Flow cytometry is a rapid, dynamic method of multi-parameter, multi-color (poly-chromatic) 112 
single-cell analysis.  It is widely used in clinical laboratories for the enumeration of cell 113 
populations based on determination of cellular antigen expression using antibodies 114 
(monoclonal or polyclonal) or other appropriate fluorochrome labeled reagents.  115 
 116 
Flow cytometry relies upon appropriate optimization of the reagent components, cytometer 117 
(configuration and settings), acquisition parameters, analysis protocols, and operator 118 
interventions in order to yield an accurate result.  Because each of the above elements is a 119 
critical component in the generation of an accurate flow cytometric result, each element 120 
needs to be characterized and clearly defined in the pre-market submission before the device 121 
can be authorized for marketing.  This guidance document is intended to outline these 122 
elements as they relate to validation of flow cytometric devices and to the preparation of a 123 
pre-market submission.  124 
 125 

This guidance document addresses review issues associated with these devices.  The 
suggestions, if followed, should lead to a timely premarket notification [510(k)] review 
and clearance.  This document supplements other FDA documents regarding the specific 
content requirements of a premarket notification submission.  You should also refer to 21 
CFR 807.87 and CDRH’s Device Advice 
http://www.fda.gov/medicaldevices/deviceregulationandguidance/default.htm .  
Guidance on the content and format for abbreviated and traditional 510(k)s is available at 
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/uc
m084365.htm.  

Principle of the Test 126 
Typically, a specific, fluorochrome-labeled mAb is added to a sample of whole blood or 127 
isolated cells in suspension.  After an appropriate incubation period, the specimen may be 128 
treated with a reagent to lyse red blood cells and to fix the labeled cells for added stability.  129 
Following specimen processing, the labeled cells are aspirated by the cytometer, which 130 
distributes them as single cells in suspension and passes them one-at-a-time (single file) 131 
through a laser that excites the fluorochromes attached to the cell.  The fluorescent and 132 
scattered light that emanates from each cell is sequentially collected by a series of filters and 133 

http://www.fda.gov/medicaldevices/deviceregulationandguidance/default.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm084365.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm084365.htm
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mirrors, and the light is transduced, by the photomultiplier tubes (PMTs), to an electronic 134 
pulse that is counted by the cytometer’s computer.  The data for each collected parameter are 135 
interpreted with the use of acquisition and analysis software.  This software typically utilizes 136 
‘gates’ to permit the restriction of data analysis to specific subsets (e.g., lymphocytes) and 137 
integration cursors to permit the definition and enumeration of events that are considered 138 
‘positive’ for that parameter (e.g., 75% of the lymphocyte population is CD3-FITC+).   139 
 140 

III. Scope 141 

The scope of this document is limited to flow cytometric devices identified and classified 142 
under 21 CFR 864.5220 with product code OYE.  The recommendations found in this 143 
guidance do not supersede the requirements found in the guidance entitled “Class II Special 144 
Controls Guidance Document: Premarket Notifications for Automated Differential Cell 145 
Counters for Immature or Abnormal Blood Cells” 146 
(http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/u147 
cm092780.htm) but, when this guidance addresses topics found in the special controls 148 
guideline, it provides recommendations about how those requirements should be addressed 149 
for flow cytometry devices.   150 
 151 

IV. Policy 152 

The following are certain review issues specific to flow cytometric devices that we would 153 
like to clarify: 154 

A. Risks to Health 155 

FDA has identified the risks of false negative test and false positive test results, both of 
which can lead to individual and/or public health consequences, as risks to health associated 
with this device.  Failure of flow cytometric device to perform as indicated or an error in 
interpretation of the results may lead to inappropriate assessment and improper management 
of patients with significant implications.  Specifically, a falsely low or falsely negative value 
in the setting of immunodeficiency could lead to premature treatment or in the setting of 
malignancy, to delayed or sub optimal treatment.  A falsely high or falsely positive value in 
the setting of immunodeficiency could lead to delayed or sub optimal treatment or in the 
setting of malignancy to unnecessary testing and surgery. 
 
We recommend that you also conduct a risk analysis, prior to submitting your premarket 
notification, to identify any other risks specific to your device.  The premarket notification 
should describe the risk analysis method.  If you elect to use an alternative approach to 
address a particular risk identified in this guidance document or have identified risks 
additional to those in this document, you should provide sufficient detail to support the 
approach you have used to address that risk.   

http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm092780.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm092780.htm
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B. Device Description 156 

FDA considers a flow cytometric device to be the combination of reagents, instruments and 157 
software that are used to generate a clinical result.  Although this document will focus on the 158 
validation of reagents for use in flow cytometric devices, consideration will also be given to 159 
instrumentation and analytical software, due to the interdependence of these components in 160 
the generation of an accurate result.  161 
 162 
In your 510(k) submission, you should identify the regulation, the product code, and a legally 163 
marketed predicate device.  You should include the following descriptive information to 164 
adequately describe your device. 165 
 166 

1) Intended Use  167 
For marketed systems, the intended use should describe what analytes and parameters (e.g., 168 
CD3, CD19, percent, absolute count, and cellular concentration) are measured with the 169 
device, and the clinical indications for which the device is used.  For flow cytometry this 170 
information encompasses the patient population (e.g., gender, age, and condition, if 171 
specified), the clinical purpose (e.g., diagnostic, prognostic, and monitoring), the specimen 172 
type, and the specific instrumentation (e.g., manufacturer, model and software version) that 173 
the device is intended for.   174 
 175 
An example of such an intended use for a flow cytometric device might read: 176 
 177 
The ABC T-Type antibody reagent is intended for use with the ABC 2000 flow cytometer, 178 
ABC lysing reagent and ABC T-Type analysis software (v1.0). The system is intended for in 179 
vitro diagnostic use in the immunophenotypic identification and enumeration of dual 180 
CD3+CD4+, dual CD3+CD8+ and total CD3+ lymphocyte percentages and absolute 181 
counts, in peripheral whole blood by flow cytometry. This reagent is used to determine 182 
lymphocyte percentages and is to aid in the diagnosis of adults with immune deficiency. 183 
 184 
Alternatively, instrument labeling may refer to reagents in a table or appendix which are 185 
intended for use with that instrument, and reagents may make reference to a separate list of 186 
compatible instruments that have demonstrated performance with those reagents.  187 
Compatible instruments in this instance refer to instruments having received FDA approval 188 
or premarket clearance and that have similar excitation and detection systems that are 189 
appropriate for the specified reagents. 190 
 191 
Your intended use statement should be sufficiently similar to the predicate so that a decision 192 
of substantial equivalence can be made.  If your device does not have a legally marketed 193 
predicate device with the same intended use, an alternative regulatory path [Premarket 194 
Approval (PMA) or “de novo” pathway] may need to be pursued, depending on the risk 195 
associated with the intended use of the new device.  196 
 197 
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2) Test Methodology 198 
You should describe in detail the methodology and principles of your test.  You should 199 
include a description of the reagents, instrumentation, analytical methods and reported 200 
parameters. 201 
 202 

3) Reagent Characterization 203 
You should provide data to show how your reagent combinations were selected (e.g., 204 
fluorochrome selection and concentration) such that they support the intended use. 205 
Fluorochrome should be selected for use with each antibody based on the antigen density 206 
expressed by the target cell population of interest. For example, you may choose a 207 
fluorochrome with the best quantum efficiency/yield as the antibody conjugate to identify the 208 
lowest antigen density, and vice versa. Reagents optimized for fluorescence intensity 209 
measures may be titrated to permit saturation binding while other intended uses may perform 210 
adequately with sub-saturating concentrations of reagent.  The reagent concentration should 211 
be selected to account for the variance in cell concentrations and antigen density that is 212 
expected across the clinical spectrum for the intended use population.  Once optimized, the 213 
device should function adequately for specimens having cell numbers within the limits for 214 
specimen cell counts that you provide in your labeling.  Dilution curves for each component 215 
antibody, utilizing specimens with high antigen expression (i.e., median fluorescence 216 
intensity; (MFI) and elevated cells/µL, as appropriate), should be provided that describe the 217 
relationship between concentration of reagent and MFI and document binding from 218 
background through plateau (saturation).  Graphical representation of curves should be 219 
provided (e.g., antibody concentration (x-axis) vs. MFI (y-axis)) along with the line data for 220 
your reagent optimization experiments.  Include, when applicable, in a single graph, overlays 221 
of the curves indicating total binding, nonspecific binding, and net or specific binding.  For 222 
more information see the discussion on Signal Detection Sensitivity (section 9.a).  You 223 
should indicate on the curve the concentration selected for use in your device.  If you intend 224 
to market a device with the intended use of discriminating different levels of antigen 225 
expression, you should provide data that indicate that your device incorporates a reagent 226 
concentration that will permit discrimination of dim, moderate, and high antigen expression 227 
as may be seen across the clinical spectrum of diseases for which your test is indicated.  228 
 229 

4) Quality Control  230 
You should describe the methods for quality control (QC) that will ensure accurate 231 
performance of your device over time.  Describe each analytical parameter that is reported by 232 
your device, including fluorescence intensity measures, when relevant.  The following 233 
information regarding your quality control materials should be provided: 234 

a). Describe the use of control material and how it will assess the reliability of the 235 
reagents and the assay’s procedural elements.  Your device should be cleared 236 
with control material that has been previously cleared or that is being cleared in 237 
conjunction with your device.  You should provide a plan for the development 238 
and validation of your control materials. 239 
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b). Describe the use of compensation QC and how it will correct for spectral overlap 240 
of one fluorochrome into the fluorescent spectrum of another if compensation is 241 
required for the assay. Degradation of some tandem dyes in multi-color cocktails 242 
may be different compared to when pipetted singly, particularly if the cocktails 243 
have been exposed to more or repetitive light or oxidizing conditions. If this 244 
happens, you may consider adding the affected tandem dye conjugates freshly to 245 
the cocktails of the other antibodies and to the compensation tube, in order to 246 
obtain the correct compensation. The use of fluorescence minus one (FMO) tubes 247 
may also be instructive.    248 

c). Provide guidelines for visual inspection of all dot plots that is required to ensure 249 
correct function.  You should provide representative dot plots and histograms of 250 
the analysis of control material to indicate the expected results along with limits 251 
for determining acceptable performance.  252 

d). Describe what process controls may be added to control for steps that may differ 253 
between the processing of the control material and particular specimen types, if a 254 
matrix control is not available for all specimen types listed in the intended use.  255 

e). The inclusion of internal quality checks is encouraged and should be described.  256 
Such measures may include the verification of internal precision of repeated 257 
measures using analytes repeated across tubes or the use of expected relationships 258 
to define a quality check (e.g., Lymphosum) [Ref. 1-4]. 259 

 260 
5) Instrumentation and Software 261 

Due to differing configurations between instrument models and manufacturers, FDA 262 
recommends that sponsors identify the instrument(s) for which the reagent is intended, 263 
including manufacturer and model, in the application.  Similarly, the acquisition and analysis 264 
software should be identified with software name and version.  It is also recommended that 265 
the components (i.e., reagents, software, and instrumentation) be cleared together for the 266 
intended use.   267 
 268 
If you are seeking clearance of an instrument that has been cleared for IVD use but contains 269 
un-cleared open channels, you should obtain prior or simultaneous clearance of those 270 
additional channels if the data to be collected in support of an application are generated on 271 
those channels.  For instance, when a 4-color instrument is cleared for use with a 3-color 272 
reagent cocktail, the clearance applies only to the 3 channels that are established with the 273 
particular laser-filter-PMT configuration and the specified formulation of the cocktail.  The 274 
clearance of the remaining channel could be achieved with a separate analytical and clinical 275 
validation of a unique reagent (e.g., new analyte).  However, the stepwise migration of a 276 
previously cleared reagent may provide a more direct path toward clearance of the channel if 277 
it is used and marketed only for that use.  For example, you may demonstrate equivalence of 278 
each of the new channels to a previously cleared channel by selecting reagents that have been 279 
previously been cleared (e.g., CD3-FITC, CD56-FITC) for comparison to a similar (e.g., 280 
isoclonal CD3 and CD56) antibody conjugated to the new fluorochrome that you will submit 281 
for clearance (e.g., CD3-PE-Cy5) in the new channel.  In this process, the performance of 282 
CD3-FITC in channel 1 is directly compared to that of CD3-Pe-CY5 in channel 4.  By testing 283 
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several antibodies that are directed against cell surface antigens known to have antigenic 284 
densities across the range of detection, equivalence can be demonstrated.  285 
 286 
If the instrument contains both IVD and Research Use Only (RUO) or Investigational Use 287 
Only (IUO) functionalities, the RUO component should be isolated so as to not interfere with 288 
the IVD testing.  For more information on RUO and IUO devices, see the guidance entitled 289 
“Distribution of In Vitro Diagnostic Products Labeled for Research Use Only or 290 
Investigational Use Only” 291 
(http://www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm2292 
53307.htm). Neither the IVD software, the IVD labeling, nor your IVD marketing materials 293 
should make reference to the research parameters.  Prior to beginning any studies, the 294 
instruments should be standardized according the manufacturer’s specifications.  If your 295 
device involves alternate instrument standardization, you should provide detailed methods in 296 
your instructions for use in your labeling that demonstrates how to standardize (e.g., establish 297 
optimal voltage and compensation settings) and verify proper functioning of the instrument. 298 
 299 
If you are seeking clearance for use of your device on more than one instrument make and 300 
model, you should provide data to demonstrate equivalence across the instruments.  Once an 301 
instrument has been fully validated, additional instruments may be directly compared to that 302 
instrument.  303 
 304 
FDA recommends that manufacturers who wish to use 3rd party “Off-The-Shelf” (OTS) 305 
software with their devices refer to the guidance entitled “Guidance for Industry, FDA 306 
Reviewers and Compliance on Off-The-Shelf Software Use in Medical Devices” at 307 
http://www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm07308 
3778.htm.  Manufacturers who choose to use OTS software should ensure that their use of 309 
the software complies with the quality system regulations. 310 
 311 
Please refer to the guidance entitled “Guidance for the Content of Premarket Submissions for 312 
Software contained in Medical Devices” at 313 
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/uc314 
m089543.htm.  315 
 316 

C. Analytical Performance Studies  317 

We recommend that you participate in the pre-Submission program through the Office of In 318 
Vitro Diagnostics and Radiological Health (OIR) prior to performing your studies so that you 319 
can gain feedback from the agency regarding the appropriateness of your plan.   320 
 321 
For each analyte (e.g., clinically valid reported phenotype), you should plan to select and 322 
validate each parameter for the stated intended use.  Parameters reported from a flow 323 
cytometric device might include percentage of a population, an absolute count, or a measure 324 
of antigen density.  Measures of antigen density can be expressed in the following ways:  1) 325 

http://www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm253307.htm
http://www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm253307.htm
http://www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm073778.htm
http://www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm073778.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089543.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089543.htm
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qualitative: positive/negative; 2) semiquantitative: dim/ bright or median fluorescence 326 
intensity; or 3) quantitative: antibodies bound per cell, molecules per cell, molecules of 327 
equivalent soluble fluorophore (MESF), or mean (or median) fluorescence intensity (MFI).  328 
Your application should be directed to those indications for which you provide supporting 329 
documentation.  The application should present the device (a single reagent cocktail or panels 330 
including multiple cocktails) as it will be marketed.  331 
 332 
Analytical performance may be conducted at one site.  For comparison studies using clinical 333 
specimens and reproducibility studies, FDA recommends that you evaluate your assay 334 
performance at a minimum of three sites; one site may be in-house, and one should be in the 335 
US. 336 
 337 

1) Specimen Types and Matrices 338 
The analytical performance of your device should be demonstrated using specimen types that 339 
accurately reflect the intended use population.  Depending on the target analyte, different 340 
approaches may be utilized in order to demonstrate performance.  When the analyte is known 341 
to be expressed in both normal and pathologic states, specimens from peripheral blood of 342 
healthy individuals may be used to demonstrate some of the analytical performance 343 
characteristics.  For example, CD19 binding curves might be initially performed on normal 344 
peripheral blood specimens but later confirmed with specimens from B cell lymphoma, if that 345 
is the intended use population and the binding characteristics (e.g., affinity and antigen 346 
density) are not expected to differ from and can be demonstrated to be representative of the 347 
intended use population.  Other antigens may be expressed with different densities in the 348 
disease state or may only be expressed on pathologic specimens.  In this case, the 349 
performance of the respective antibody cannot be completely demonstrated with specimens 350 
from healthy individuals.  Depending on the prevalence of the condition and the specimen 351 
type, access to specimens may be limited.  In this setting, alternative specimen types such as 352 
manipulated specimens (e.g., enriched, stimulated, etc.), cell lines, or lyophilized/stabilized 353 
control materials may be considered.  However, great care should be taken when substituting 354 
specimen types for your validation studies, as differences in the density of antigen expression, 355 
post-translational processing of the target epitope, or lineage infidelity may yield results that 356 
do not accurately reflect the performance of your device in the intended use population.   357 
 358 
Further, differences in specimen processing across different specimen types should be 359 
adequately assessed to demonstrate that those differences do not confound interpretation of 360 
the data.  It should be noted that the use of specimen types other than those for which the 361 
device is intended (e.g., purified, cryopreserved or chemically stabilized) will require 362 
additional studies to demonstrate that the processing does not affect the scatter characteristics 363 
or antibody binding characteristics for each analyte under consideration, as some cell types or 364 
epitopes may be differentially affected by the processing.  365 
 366 
For most analytes, your analytical studies should be performed with patient specimens from 367 
the intended use population, followed in decreasing preference, by specimens from healthy 368 
individuals, stabilized control cells, lyophilized control cells, cell cultures, and stimulated or 369 
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transformed cells.  Any substitutions from the intended use population should be fully 370 
documented to describe the reason for substitution and the scientific validity for the 371 
substitution.  Manipulated specimens or cell lines should not be used in your method 372 
comparison or analytical performance studies.  Once chosen, one specimen matrix (specimen 373 
type, anticoagulant, or processing method) should be used for all studies.  Additional 374 
matrices may be added for validation of different specimen or processing variables.  In such 375 
case, a matrix comparison study should be performed to demonstrate substantial equivalence 376 
in assay performance. 377 
 378 
You should describe how samples are selected with inclusion/exclusion criteria, and include 379 
a summary of the subject demographics.  Include the number of samples tested, the number 380 
of measurements per sample and number of individuals represented.  Provide an explanation 381 
if multiple measurements are tested per individual (e.g., duplicate draws, over time or 382 
multiple tests/readouts of the same draw).  Specimens should be selected so that the sample 383 
distribution spans the measurement range of the assay and brackets important decision points, 384 
such as a cut-off.  385 
 386 
Although the methods initially developed for processing blood may be demonstrated to be 387 
applicable to the study of bone marrow, cord blood, apheresis, or other types of samples, 388 
special care is often necessary to ensure that the cell concentration is appropriate for the 389 
amounts of antibody used, and methods for RBC lysis do not impact on the viability of cells 390 
of interest [Ref. 5].  You should describe the range of cellular concentrations with which your 391 
device will perform adequately and provide instructions regarding the appropriate steps to 392 
take when the cell concentrations are outside of this range.  393 
 394 

2) Specimen Collection and Handling 395 
Accurate flow cytometric analyses depend upon the proper preparation of specimens in order 396 
to preserve optimal ligand binding by the fluorochrome labeled antibodies.  You should 397 
include in your validation protocol and product labeling all relevant process variables, 398 
including reagents, lysing protocol, fixation protocol, and wash steps that were used to 399 
demonstrate the operating characteristics of the device.  If you intend to market these devices 400 
for use with alternative processing reagents, (e.g., different lysing solution), you should 401 
provide data to support their use with each reagent cocktail. 402 
 403 
Anticoagulated whole blood is the recommended specimen type for immunophenotyping of 404 
peripheral blood lymphocytes as automated methods of cell preparation have been developed 405 
that permit reliable specimen staining and lysis with high precision.  Alternative methods of 406 
cell preparation such as density centrifugation should be used with caution as cell subsets 407 
may be recovered to variable degrees and lead to erroneous phenotypic evaluation [Ref. 5, 6].  408 
You should specify which anticoagulant(s) the device is to be used with, as this choice may 409 
affect device performance or specimen stability [Ref. 3, 6-8,15].  Anticoagulants used for 410 
specimen collection of whole blood for lymphocyte immunophenotyping include 411 
ethylenediaminetetraacetic acid (EDTA), sodium heparin, and acid citrate dextrose (ACD) 412 
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[Ref. 3, 5, 8].  Clinical performance characteristics should be determined with all specimen 413 
types or matrices for which your device is intended.  414 
 415 
All validations submitted to the FDA in support of clearance or approval of a flow cytometric 416 
device should demonstrate the operating characteristics of the device with the chosen 417 
anticoagulant(s). Preanalytical variables, such as collection methods, matrix specific 418 
specimen stability, storage conditions, etc., should be described in detail for the device. 419 
 420 

3) Analytical Specificity  421 
Analytical specificity of a flow cytometric device is dependant upon the following variables: 422 
 423 

• Reagent component (antibody and processing); 424 
• Instrument component (cytometer configuration and standardization); 425 
• Analytical component (gating software and cytometrist input); and  426 
• Other specimen related characteristics (e.g., interfering therapeutic agents, auto-427 

antibodies, or other endogenous factors). 428 
 429 

a. Analytical Specificity: Reagents 430 
Individual antibody specificity may be supported with literature citing the assignment of a 431 
particular antibody clone to a cluster of differentiation (CD) by the World Health 432 
Organizations' International Workshops on Human Leukocyte Differentiation Antigens.  If 433 
the monoclonal antibody has not been characterized as such, you should provide details 434 
regarding how it has been characterized.   435 
 436 
If the monoclonal antibody has not been characterized by the Workshop on Human 437 
Leukocyte Differentiation Antigens, the specificity of the individual components in the 438 
cocktail should be demonstrated by verifying that the binding of the antigen molecule with 439 
the antibody is as it is expected, based upon existing scientific evidence.  The verification of 440 
non-CD classified antibodies may include demonstration of their binding to Western Blots of 441 
the target antigen, competitive inhibition of their binding to cells with recombinant target 442 
protein, and the lack of binding to other related proteins.  Verification should also include a 443 
demonstration that the proper lineage or cell marker is identified using your flow cytometric 444 
method.  In addition, specificity should be demonstrated by showing that the binding of each 445 
antibody in the multi-color reagent cocktail (single parameter analysis) is equal to that of the 446 
individual antibody-conjugates when used to stain the antigen expressing cells at the same 447 
concentration as in the final cocktail.  If the patterns of expression or the numeric 448 
determinations of percent positive or fluorescence intensity differ significantly between the 449 
individual reagent and the final cocktail, interference between the components would be 450 
indicated.  You should provide the protocol description, histograms, and dot plots of the 451 
analyses as well as the numeric data in tabular form to demonstrate that the combination of 452 
the reagent components in the cocktail does not alter the binding characteristics of the 453 
individual antibody.  454 
 455 
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b. Analytical Specificity:  Instrumentation 456 
Flow cytometry instrument components include, but are not limited to, fluidics, optics, laser 457 
source, signal amplification, and acquisition and analysis software.  You should specify the 458 
instrumentation that was used for validation with your device.  You should include in your 459 
description the instrument manufacturer, model, and software version.  You should specify 460 
the instrument standardization process if it differs from the manufacturer’s recommended 461 
procedure (e.g., voltages adjusted for washed specimens).  If your device was validated on an 462 
instrument previously cleared for use, you should describe any modifications made to the 463 
instrument components or standardization process to accommodate your device.  464 
 465 

c. Analytical Specificity:  Specimen and Data Analysis 466 
The analytical protocol and software components are considered part of the device.  You 467 
should provide standardized protocols (Instructions for Use) that permit consistent 468 
performance across sites and across time for each analyte and intended use.      469 
 470 
The Instructions for Use should describe the gating strategy used in the software for each 471 
reagent cocktail.  Gating strategies may differ based on the reagents and intended use.  For 472 
instance, you may intend to report that a population is positive/negative for a marker, that it 473 
falls within a defined fluorescence range with bins defining dim, moderate, and bright, or to 474 
quantify the antigen expression with fluorescence intensity standards, percent of population, 475 
numeric cellular concentration, etc.  The labeling should provide detailed instructions for use 476 
that define how positive events are objectively distinguished from negative events.  477 
Optimally, the discrimination of positive events will be automated utilizing software 478 
algorithms that can identify populations based on their distribution or based on the use of 479 
paired isotype matched control antibodies.  When such automated methods are not practical 480 
or possible, FDA recommends that the device be supplied with a software template for each 481 
antibody cocktail, which includes a standardized analysis strategy to manually identify the 482 
populations of interest and to objectively place cursors and perform compensation.  The 483 
Instructions for Use will optimally include an atlas of representative analyses and common 484 
artifacts to permit the identification of relevant patterns of expression.  Your Instructions for 485 
Use should provide a protocol for responding to such artifacts and instructions for 486 
interpretation and reporting of results. 487 
 488 

d. Interfering Substances  489 
You should evaluate the effects of potential interferents on your assay.  Potential interferents 490 
include endogenous and exogenous sources, which may include autoantibodies and 491 
therapeutic reagents (e.g., rituxan, OKT3, etc).  If interference is claimed to be minimized 492 
due to a wash step, then it should be demonstrated that potential interferents do not bind to 493 
cells with sufficient affinity that they resist elution with a wash step.  Demonstrate that the 494 
potential interferents and remediation protocols do not alter the binding of your antibodies. 495 
 496 

e. Carryover 497 
An assessment should be made of the degree of carryover from one tube to the next during 498 
acquisition to demonstrate that neither stained cells nor unbound reagent is passed to the 499 
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subsequent tube. Testing for carryover is typically performed by running several specimens 500 
with high concentration of analyte followed by low concentration of analyte [Ref. 15].  While 501 
this method may be adequate for demonstrating cell carryover, additional studies may be 502 
warranted to demonstrate that no unbound reagent is carried over from stained specimens to 503 
tubes that have not been treated with fluorescent labels.  These latter studies may be 504 
particularly relevant when the assay includes stained no-wash procedures, or utilizes nucleic 505 
acid binding or other novel dyes. 506 
 507 

4) Analytical Sensitivity  508 
Analytical sensitivity in flow cytometry encompasses two different concepts: 509 
 510 

a. Signal Detection Sensitivity  511 
The first definition of analytical sensitivity refers to the ability of the fluorochrome labeled 512 
antibody and appropriately standardized instrumentation, to permit the distinction between 513 
cells not expressing the antigen and those cells that express the antigen.  This parameter is 514 
dependent upon the fluorescence intensity of the positively stained cells (specific staining 515 
plus nonspecific binding plus autofluorescence) relative to the cells that are negative 516 
(nonspecific binding plus autofluorescence).  The specific fluorescence intensity is in turn 517 
dependant upon the antigen density of the analyte on the population of interest, the affinity of 518 
the monoclonal antibody, the concentration of antibody added to the cells, the spectral 519 
characteristics of the fluorochrome that is attached to the specific antibody (e.g., maximal 520 
absorption wavelength, stokes shift /excitation wavelength, emission wavelength, and energy 521 
transfer efficiency of tandem dyes), fluorochrome to protein (F:P) ratio, the flow cytometric 522 
device’s detection sensitivity (lenses, mirrors, filters, PMT’s, voltage, compensation, etc.), 523 
and the potential effect of other fluorochrome labeled antibodies in multi-color assays.  This 524 
ability to discern a positive population from a negative one using your system should be 525 
demonstrated on antigen expressing specimens for each analyte in each reagent combination 526 
by utilizing specimens having antigen expression across the range of possibilities for the 527 
intended use population.  The data can be drawn from the specimens performed in the 528 
comparison study.  Data collected on each specimen should include the MFI of the negative 529 
population, MFI of the positive population, the ratio of positive MFI to negative MFI, and the 530 
effective delta (ED) for the populations.  For most populations that appear to be normally 531 
distributed, the ED can be calculated as: ED = (Positive MFI – 2x SDp) – (Negative MFI + 2 532 
x SDn) where SDp and SDn equal the standard deviation values for the positive and negative 533 
populations, respectively.  Statistical summaries should be provided that describe each of the 534 
above parameters.  Matched representative histograms should also be included for both the 535 
test reagents and the isotype controls (if used).   536 
 537 
When the positive (or bright) population is not clearly separated from the negative (or 538 
moderate) population, a nonspecific binding curve may be useful to define the level of 539 
nonspecific binding of the fluorochrome labeled antibody at each tested concentration.  This 540 
curve can be generated by pre-blocking the cells with saturating concentrations of unlabeled 541 
analyte-specific antibody, followed by incubation of pre-blocked cells with different 542 
concentrations of fluorochrome labeled antibody.  Because all of the antigenic sites for the 543 
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antibody are pre-blocked with unlabeled antibody, the only fluorescence increase associated 544 
with the cell should be due to nonspecific adherence of the labeled antibody to the cell.  545 
Knowing the concentration of labeled antibody that was added, a curve of nonspecific 546 
binding can be generated and the data points used to subtract the non-specific fluorescence 547 
values from the Total Fluorescence Curve (generated from the non-blocked binding curve) to 548 
yield a Net or Specific Binding curve (see Figure 1, below).  549 
 550 
An example of this approach would involve the following steps which are performed 551 
iteratively as needed: 552 
 553 
1. Selection of the candidate fluorochrome labeled antibody 554 
2. Acquisition of an un-conjugated isoclonal antibody or different monoclonal antibody 555 

that has high affinity for the same antigen of interest and which is capable of 556 
competitively blocking the candidate reagent (fluorochrome labeled antibody).  This 557 
unconjugated antibody should be available at high enough concentrations to permit 558 
complete blocking of all available antigens on test samples.  559 

3. Testing and selection of fresh specimens (within 6 hours of draw) that have been 560 
demonstrated to have cell numbers and antigen expression at the upper limits of the 561 
expected range.  Note: failure to select the appropriate specimens may result in sub-562 
optimal device performance and will limit the range over which you can demonstrate the 563 
performance of your device. 564 

4. Select the appropriate blocking conditions:  565 
(a) Prepare a series of samples of the selected specimen(s) and pre-incubate them with 566 

serial dilutions of the unconjugated isoclonal antibody across a range of 567 
concentrations, including 0.  Following incubation (optimal times and temperatures 568 
may vary for each antibody), the specimens are resuspended in the volume of the 569 
appropriate matrix intended for testing in your device (e.g., 100 uL;  plasma if using 570 
whole blood).  571 

(b) To the resuspended specimens, a volume of labeled antibody is added and incubated 572 
for the time and temperature recommended for your device.  Once completed, the 573 
specimen processing is completed according to the protocol for your device and the 574 
specimens are analyzed to demonstrate the concentration of unlabeled antibody 575 
required to maximally block the labeled antibody.  Note: failure to completely block 576 
binding may indicate insufficient blocking by the unconjugated antibody (due to 577 
low concentrations or insufficient incubation time) or excessive nonspecific binding 578 
of the conjugated antibody and may indicate that additional testing is required. 579 
Repeat studies with higher concentrations of unconjugated antibody, lower 580 
concentrations of conjugated antibody, or other clones may be involved as 581 
appropriate.  582 

5. Prepare Specimens for assessment of total and nonspecific binding:  583 
(a) Prepare two series of specimen tubes (e.g., one series labeled blocked and the other 584 

labeled stained; there should be 12 specimen tubes of each series) and aliquot 585 
samples of specimen known to express high antigen levels to each tube.  To each 586 
tube of one series, add the unconjugated antibody at the optimal concentration 587 
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demonstrated in the preceding step and incubate to permit blocking of all available 588 
sites.  589 

(b) Prepare a dilution series (n=12) of conjugated candidate antibody across a range of 590 
concentrations from undiluted (neet) to zero, with sufficient volume of each dilution 591 
to stain two samples.  Add one volume of each dilution to the respective tube of the 592 
blocked series and add one volume of each dilution to the respective tube of the 593 
“stained” series.  Incubate and complete processing according to your device 594 
protocol. 595 

6. Analyze specimens.  596 
(a) Create an analysis protocol that will permit you to set a gate on the population of 597 

interest (e.g., lymphocytes) and assess the percent and median fluorescence intensity 598 
of the negative and positive staining populations for each tube.  599 

(b) Analyze each tube for each series 600 
(c) Collect the median fluorescence intensity (MFI) of the positive peak for each tube of 601 

the stained series and plot on a graph the MFI on the y axis vs. the concentration of 602 
conjugated antibody added to each tube on the x-axis. This graph represents the 603 
“Total Binding” of the antibody. 604 

(d)  Collect the MFI for each tube of the blocked series and plot on a graph as an overlay 605 
to the preceding graph, the median fluorescence intensity on the y axis vs. the 606 
concentration of conjugated antibody added to each tube on the x-axis. This graph 607 
represents the “Non-specific Binding” of the antibody. 608 

(e) For each concentration, calculate the net-MFI by subtracting the MFI of the blocked 609 
sample from the MFI of the stained sample for each concentration.  Plot the net-MFI 610 
on the preceding graph.  This graph represents the “Specific Binding Curve” for the 611 
antibody.  612 

(f) Select a concentration of antibody that has an appropriate level of specific binding 613 
relative to non-specific binding for your Intended Use.  Label the graph to indicate 614 
the selected concentration.  Note: failure to demonstrate a concentration that has 615 
both a high level of specific staining and low non-specific binding may indicate that 616 
the monoclonal antibody is of low affinity and inadequate quality for your intended 617 
use.  618 

 619 
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 620 
 621 
Figure 1. Representative binding curves. Circled triangle indicates concentrations selected for 622 
use in the device. 623 
 624 
 625 

b. Enumeration of Rare Events 626 
The second definition of analytical sensitivity refers to the lowest percentage of positively 627 
stained cells that can be quantified.  The 2006 Bethesda International Consensus 628 
Recommendations on the Immunophenotypic Analysis of Hematolymphoid Neoplasia by 629 
Flow Cytometry [Ref. 9] suggests the following targeted sensitivities be permissible with the 630 
test system: B cell, 0.1%; T cell, 1%; Myelomonocytic, 0.5%; and Plasma cell, 0.1%.  These 631 
parameters can be validated by spiking cell suspensions that are negative for the marker of 632 
interest with serially diluted aliquots of a specimen (or cell line) that expresses the analyte of 633 
interest. In many flow cytometric assays, the number of acquired events must be robust 634 
enough for clinically relevant precision.  Verification that your system can detect the analyte 635 
of interest down to the claimed concentration can be demonstrated by determining the Limit 636 
of Blank (LOB), Limit of Detection (LOD), and Limit of Quantitation (LOQ) for your device.  637 
See CLSI EP17-A Protocols for Determination of Limits of Detection and Limits of 638 
Quantitation [Ref. 10].  CLSI EP17-A defines the LoB as “the highest value we expect to see 639 
in a series of results on a sample that contains no analyte.”  For a flow cytometric device, this 640 
would be the number of false positive events that may occur due to potential factors such as 641 
inaccuracies in cursor placement, distribution in fluorescence intensity of negative cells, non-642 
specific binding, doublets, debris, etc. 643 
 644 
Whether one or both of the above definitions of sensitivity are applied to the validation of a 645 
new device will depend upon the intended use of the device and the expected intensity of the 646 
analyte of interest.  An intended use of detecting minimal residual disease using a marker 647 
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with dim expression would involve the demonstration of both signal detection sensitivity and 648 
enumeration of rare events. 649 
 650 

5) Linear range 651 
The linear range, or analytical measuring range, should be determined for all numerically 652 
reported parameters.  Appropriate variables to consider include potential cell concentrations 653 
and potential antigen density.  See CLSI EP06-A Evaluation of the Linearity of Quantitative 654 
Measurement [Ref. 11].  Note that the direct dilution (with buffer or plasma) of a specimen 655 
that contains a high concentration of cells with a particular phenotype may be adequate to 656 
demonstrate the linearity of the absolute count for a single platform method (e.g., cells/µL).  657 
However, this approach will not provide data on the linear range with respect to the 658 
percentage values since the relative proportions of cellular subsets should remain unchanged 659 
over the dilution scheme.  In order to demonstrate linearity of the percentage of values, a 660 
sample with a high concentration of the phenotype of interest can be diluted with a specimen 661 
that lacks that phenotype. 662 
 663 

6) Precision: Repeatability 664 
Repeatability should be determined for each reported analyte and parameter for your device.  665 
As indicated above, the reported parameters, as determined by the intended use define the 666 
extent and type of studies that are required.  For instance, if the medically significant value is 667 
a percentage, precision studies should be performed to demonstrate the precision for 668 
generating a percentage.  If the measure is a cellular concentration (cells/µL), the precision 669 
should be determined relative to the number of events collected for the population of interest. 670 
 671 
Repeatability should be demonstrated using clinical specimens that are prepared 20 times and 672 
analyzed in batch fashion.  Specimen types may include whole blood, bone marrow, lymph 673 
nodes, or other specimen types as defined in the intended use.  Effort should be made to 674 
utilize specimen types for which the device is intended.  Because lyophilized mononuclear 675 
cells or cell lines may differ from the intended clinical specimens in matrices, antigen 676 
expression, or stability, the data generated using alternative specimen types may not reflect 677 
the actual level of precision that can be expected for your device using the intended clinical 678 
specimens.   679 
 680 
You should define the repeatability of the device using specimens at the cutoff as defined for 681 
the intended use.  If a clinical cutoff is not defined, provide measures of repeatability at 3 682 
levels that span the reportable range from low, medium and high and across the expected 683 
range for the intended use population.  These measures should be provided for each 684 
parameter of each analyte that is reported in the labeling.  For instance, if CD38 is to be 685 
reported as percent positive, number of cells/µL, and fluorescence intensity, then precision 686 
should be determined for each of these parameters.  If CD3 and CD3+CD4+ are reported, 687 
then precision for both analytes should be provided.  Summary tables should be provided 688 
with references to files containing line data and representative histograms, etc.  For statistical 689 
methods and additional considerations regarding protocol design, see CLSI EP5-A2 690 
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Evaluation of Precision Performance of Quantitative Measurement Methods; Approved 691 
Guideline-Second Edition [Ref. 12].  692 
 693 

7) Precision: Reproducibility 694 
Reproducibility is calculated similarly to repeatability, see section 11. “Precision: 695 
Repeatability” above, using test results assayed between users/instruments/sites, and over 696 
time (e.g., day to day) when those variables have the potential to contribute significantly to 697 
the total error in the system (site-to-site reliability should be calculated).  FDA prefers that 698 
reproducibility be assessed in at least three testing sites, with at least one in the U.S.  699 
 700 
We recommend that you design the reproducibility study to assess overall analytical 701 
performance (e.g., including sample preparation and analysis).  You should characterize the 702 
reproducibility of the reagent/analytical systems for your clinical flow cytometric device 703 
using a set of well-characterized, positive samples.  You should include specimens at the 704 
cutoff as defined for the intended use.  If a clinical cutoff is not defined, provide measures of 705 
reproducibility that span the reportable range from low, medium and high and across the 706 
expected range for the intended use population.  You should include two or more operators at 707 
each site and three or more instruments in the study, ensure that samples are masked and 708 
expected results are unknown to operators.  Where specimen availability and stability permit, 709 
you should include at least 20 days and at least 2 replicates per day.  See Section 6 for further 710 
discussion on specimen selection. Reagent lot-to-lot studies, using three different lots, may be 711 
conducted in-house.  For monoclonal antibodies, these three lots should be unique in 712 
formulation in that the monoclonal source material should be distinct for each of the three 713 
lots, and conjugated with different fluorochrome lots if applicable.  714 
 715 
You should demonstrate reproducible performance for each reported analyte in the assay, and 716 
provide the protocol (including statistical methods), results, and analysis for between-assay, 717 
between-instrument, between-operator, or other evaluations, as appropriate.  You should 718 
perform separate calculations for each specimen tested for within-run and total precision for 719 
each instrument or method used.  For qualitative assays, provide the percentage of results that 720 
are negative, borderline/equivocal (if appropriate), or positive for each test procedure in a 721 
frequency table.  For quantitative/semi-quantitative or numeric results, you should present the 722 
coefficient of variation (CV) for each set of values for with-in run and total precision.  If 723 
applicable, we recommend that you report the coefficients of variation (CV) with confidence 724 
intervals, for between- instruments, operators, device lots, and intra- and inter-assay, as 725 
appropriate; pair-wise correlation coefficients; scatter plots; and ANOVA analysis of data 726 
from all relevant elements of the reproducibility study.  You should also report any additional 727 
metrics, as appropriate, and provide the data collected in tabular form.  Identify any bias that 728 
you observe during your reproducibility studies, and provide an explanation to account for 729 
the bias.   730 
 731 
Your protocol should stress the device to an appropriate degree, i.e., you should not use an 732 
assay system that is so robust as to obscure changes in sample integrity that may occur during 733 
preparation or assay steps.  For statistical methods and additional considerations regarding 734 
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protocol design, see CLSI EP5-A2 Evaluation of Precision Performance of Quantitative 735 
Measurement Methods; Approved Guideline-Second Edition [Ref. 12]. 736 
 737 

8) Stability 738 
Specimen stability: You should demonstrate that the anticoagulant, holding temperature, and 739 
preparation method maintain specimen integrity similar to freshly processed material.  Your 740 
specimen stability study should include normal and abnormal specimens with analyte levels 741 
across the measuring range, and challenge the full range of the claimed specimen age.  Until 742 
specimen stability studies are completed to demonstrate the maximum stability, you should 743 
maintain blood samples at 18-22°C and process within 6 hours of collection.  You should 744 
state specimen stability and storage and shipping conditions (for unprocessed and processed 745 
specimens) in the Instructions for Use and provide data or appropriate literature references in 746 
the submission to substantiate any claims made.  Please note that some antigens show 747 
relatively greater variability than others with specimen age.  If your device uses 748 
cryopreserved cells, you should state the stability of the cryopreserved cells and provide data 749 
to demonstrate cell stability regarding the assayed parameters by your device.  750 
 751 
Processed specimen stability: You should state the stability and storage condition of the 752 
processed/stained specimens and recommend how soon the processed samples need to be 753 
acquired on the instrument.  You should provide data to support any claim made.  754 
 755 
Reagent stability: In addition to the stability studies described for specimen stability, you 756 
should provide protocol descriptions and data to demonstrate the stability of your device and 757 
reagents (real-time, open-vial, freeze-thaw, shipping, etc).  If you instruct the user to prepare 758 
antibody cocktails within the laboratory, you should state storage condition of the cocktails 759 
and how soon the cocktails should be used to stain the specimens.  760 

D. Performance Studies Using Clinical Specimens 761 

 762 
1) Study Population 763 

For all studies using clinical specimens you should provide the following information: 764 
• Inclusion/exclusion criteria (including a description of the sample collection protocol 765 

for stored samples); 766 
• Clinical status (diagnosis, stage of illness, and signs/symptoms);  767 
• Indicate how the diagnosis was made (criteria, laboratory tests, and physical 768 

examination); 769 
• Indicate who made the diagnosis (i.e., specialist, generalist);  770 
• Demographic information and the prevalence of disease, condition, signs/symptoms; 771 
• A description of the samples matrix.  The matrix should be consistent with intended 772 

population; 773 
• Indicate if specimens will be collected fresh or if they were archived.  If archived, 774 

indicate how they are stored and how their integrity is assessed; and  775 
• A sound statistical basis for the determination of adequate sample size (N). 776 
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 777 
2) Expected Phenotypes 778 

You should provide a clear description of the expected expression of each analyte for each 779 
intended specimen type, so as to permit the interpretation of results and appropriate lineage 780 
assignment.  In addition to the expected expression in the targeted conditions, the expected 781 
expression should be provided for normal individuals (including all specimen types in the 782 
intended use) and for other conditions (common infections, disease states, or co-morbidities) 783 
that may be encountered clinically. 784 
 785 

3) Normal and Abnormal Ranges 786 
For each intended use, you should define a clinical decision point in order to permit the 787 
distinction between the normal and the abnormal state.  You should demonstrate your assays 788 
ability to distinguish between healthy and diseased states by evaluating samples from each 789 
population.  790 
 791 

a. Normal /Reference Range 792 
FDA recommends that a normal reference range be established with analysis of 793 
anticoagulated whole blood samples from a minimum of 50 normal donors from each of three 794 
geographically diverse sites, which may include the manufacturer's own site.  These donors 795 
should include all ethnic groups, genders, and ages encompassed by the intended use.  You 796 
should test each cell isolation protocol claimed in the intended use with the 50 samples and 797 
establish a normal range of CDx positive lymphocytes using the new test with samples from a 798 
minimum of 50 normal persons (a healthy, asymptomatic population and/or in a population 799 
with similar signs or symptoms as the target population for the device).  You should 800 
characterize the population study according to age, sex, geographic location, and symptoms 801 
of disease.  You should state the population demographics and statistical method used in the 802 
package insert.  All sample type(s)/matrices should be considered in the studies.  A 803 
manufacturer may reference literature for a normal or expected value if the referenced studies 804 
used the same methods and materials and reported the same metrics.  If using published 805 
reference values, the values should be independently validated with your device using 806 
specimens from the population(s) for which the device is intended.  Line data and statistical 807 
summaries should be provided for relevant parameters, including percentage positive for 808 
individual markers and composite phenotypes and fluorescence intensity measures for each 809 
antibody.    810 
 811 

b. Abnormal Ranges 812 
Any claims or references to disease states should be supported with data utilizing a minimum 813 
of 50 specimens from the intended use population.  The patient population/ patient conditions 814 
should span those that are expected to be tested with the device.  A minimum of 10 samples 815 
should be tested for each disease or condition unless collection of such samples is impractical 816 
due to the rarity of the disease.  The sampling for these disease states should be as diverse as 817 
possible and span the range of expected results.  Determine the range of results for each 818 
reported analytical parameter for each specific claimed disease state.  Line data and statistical 819 
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summaries should be provided for relevant parameters, including percentage positive for 820 
individual markers and composite phenotypes and fluorescence intensity measures for each 821 
antibody.    822 
 823 

c. Selecting a Predicate or Reference Method 824 
You should propose a predicate device or reference method for each analyte and Indications 825 
for Use against which you will seek clearance, and compare your device (or component 826 
analyte(s)) to the previously cleared (predicate) device.  If your device measures both novel 827 
and established analytes, comparison to a predicate should be made where possible, with 828 
additional strategies employed for the remaining analytes.  829 
 830 
Where no predicate exists, you should clearly define the methods that will be used to 831 
establish truth.  If your device is the first of a kind or contains new analytes, you may support 832 
your application by demonstrating agreement with a clinically validated, standard of care, 833 
reference method, if one exists.  For such studies, establishing truth may also require the 834 
demonstration of the performance of the assays relative to the expected phenotype of 835 
specimens with a documented diagnosis.  As the expression patterns of different antigenic 836 
markers may vary within a diagnostic entity and between specimen types, a clearly defined 837 
statistical approach should be defined, bearing in mind that different approaches may be 838 
required for different analytes or conditions within a single device.  When data are drawn 839 
from multiple sites, the analytical methods and diagnostic definitions should be consistent 840 
across the study sites (e.g., follow a single protocol) and have demonstrated reproducibility 841 
and accuracy.  If a standard of care reference method for your device is not currently utilized 842 
as the standard of care for the condition of interest, clinical studies to support a premarket 843 
approval (PMA) may be involved.    844 
 845 
When a diagnostic claim is intended for your device, comparison to a clinical diagnosis may 846 
be appropriate.  When a target antigen is not consistently expressed in or is not 847 
pathognomonic for a particular condition, comparison of your device’s result to a diagnosis 848 
may not be appropriate.  Flow cytometric devices that have a monitoring or prediction claim 849 
should demonstrate the utility of the device over the course of disease, following treatment or 850 
remission.  If a diagnosis is known to correlate with the expression of only a few markers in 851 
the panel, then a validation based on clinical diagnosis can only be applied to these markers.  852 
If additional analytes are present in the device for other purposes (e.g., staging), then 853 
additional validation criteria should be used for a full assessment of your device.  You should 854 
include in your proposal a clear plan for validating each reported result.  855 
 856 
For the method comparison study, the minimum number of specimens used should be 857 
adequate, statistically justified, and spread throughout the claimed analytical measurement 858 
range of the method or device.  The comparison samples should be the same for all 859 
instruments.  You should submit a detailed protocol describing how the samples were 860 
selected, specimens were processed, and data were collected.  Also provide a statistical 861 
summary that includes graphical representation of the linear regression and a representative 862 
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number of histograms and dot plots, for all flow cytometric devices used.  Deming regression 863 
and Bland-Altman plots should be utilized to evaluate the device’s performance. 864 
 865 

d. Statistical Analysis 866 
For each study, you should present a plan for how data will be analyzed (e.g., identify 867 
independent and dependent variables).  You should provide the reported reference range for 868 
each parameter for the candidate and reference methods.   You should describe how the cut-869 
off and reference range is determined and validated [Ref. 13, 14].  You should describe 870 
expected results and define or explain calculations.  You should determine equivocal zones 871 
(if applicable) and describe if and how discrepant results will be resolved.  You should 872 
provide the expected rate of clinical false positives and false negatives, if known.  The data 873 
and statistical evaluation should be sufficient to determine if the device is substantially 874 
equivalent and/or safe and effective for all claimed specimen type(s)/matrices. 875 
 876 
For all comparison data (e.g., versus the predicate device or instrument-to-instrument), you 877 
should provide the graphs and equations for the linear regression.  You should provide 878 
representative histograms and dot plots to illustrate the expected appearance of labeled 879 
populations in normal and abnormal specimens as would be expected from the intended use 880 
population, for all flow cytometric devices used.  You should provide analyses of median 881 
intensity measures and reported parameters for all relevant populations.  You should include 882 
the statistical summaries from the normal and disease states and include the mean, SD, and 883 
the percent coefficient of variation (CV) for measures of precision.  For each reported 884 
parameter, you should present all data, in tabular form, listed and sorted based on the 885 
submitted device.  You should present the data from the disease states as a total and listed by 886 
age, ethnic group, and sex. 887 
 888 

E. Labeling 889 

Labeling must comply with the requirements set forth in 21 CFR 801 and 21 CFR 809.10, 890 
and must include adequate directions for use.  These directions should include detailed 891 
instructions that define how gates and cursors are set for the intended use and how positive 892 
events are objectively distinguished from negative events.  Optimally, the discrimination of 893 
positive events will be automated, utilizing software algorithms that can identify populations 894 
based on their distribution or based on the use of paired isotype matched control antibodies.  895 
When such methods are not practical or possible, FDA recommends that the device be 896 
supplied with a software template for each intended use, which includes a standardized 897 
analysis strategy to manually identify the populations of interest and to objectively place 898 
cursors or identify aberrant populations.  If an electronic software template is not provided, 899 
detailed stepwise instructions should be provided to permit the recreation of the same 900 
analytical methods (population identification, gating, and cursor placement for definition of 901 
positive events) used in your submission for clearance or approval.  Where stepwise 902 
instructions are provided in lieu of an analysis template, you should provide a user study to 903 
demonstrate the accuracy of results obtained with user generated analysis protocols.  904 
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Instructions will optimally include an atlas of representative analyses and common artifacts.  905 
Your instructions should provide a protocol for responding to such artifacts, and instructions 906 
for interpretation and reporting of results.  When software algorithms for automated analysis 907 
are incorporated in your device, you should provide information regarding the identification 908 
of failures in the algorithm as well as a means to correct the analysis, if possible.  909 
 910 
In addition to instructions for the identification of cells of interest, you should include, in 911 
your study design and instructions for use, the protocol for instrument calibration and 912 
instrument setup for analysis, if they are not provided or are different from those 913 
recommended in the manufacturer’s instructions for the instrument. 914 
 915 

916 
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