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Testing Patient Samples in a Clinical Lab

Kits (Device) LDT/Ps (Test/Procedure)

Kits are sold to end-users Test is performed in the lab that developed and
validated it.

MiSeqDx Cystic Fibrosis 139-Variant Assay



Steps in developing an LDT/P

• Physician/Client Request (genetic test for a specific 
gene/genes/disorder)

• Knowledge of market need

• Evaluation of clinical validity
• how well the genetic variant being analyzed is related to the presence, 

absence, or risk of a specific disease.
• Peer-reviewed published papers, public databases, professional society 

guidelines, etc.

• Compared to analytical validity
• how well the test predicts the presence or absence of a particular gene or 

genetic change.



Developing an LDT

• Determine the most appropriate method for addressing the clinical 
question
• Specific variant analysis

• Full single gene sequencing

• Sequencing of a panel of relevant genes

• Sequencing of a whole exome (WES)

• Sequencing of a whole genome (WGS)

• Sequencing of the mitochondrial genome

• Sequencing of RNA

• Etc.



• Assess clinical validity: Justify the choice of genes to 

be included on a panel. Gather the information about 

mutation spectrum, gene-phenotype relationship, 

evaluate test sensitivity using the literature

• Write report templates (pos, neg, inconclusive), 

Information sheets, web info, test requisition

• Perform technical validation

• Define required performance characteristics

• Determine Chemistry and BioInformatic Pipeline

• Select appropriate control samples (pos and neg)

• Run-to-run; day-to-day; tech-to-tech 

reproducibility

• Evaluate test sensitivity (PPV, NPV of technical 

approach)

• Write/edit applicable Standard Operating Procedures 

for bench and analysis

• Develop proficiency testing plan

Test Readiness Binders

Approval process for an LDT







Test Transfer and Validation…
And again…
And yet again

R&D and TT&V Labs

• R&D Develops the test

• TT&V tries to “productionize” 
and break it

• Validation analyzed. If issues, 
“tweaks” are made to SOPs

• Validation analyzed. Passes!

Clinical Lab

• Clinical lab runs the validation

• Clinical lab runs the validation

• Clinical lab starts patient testing

• Clinicians decide to add a gene 
to the panel





Regulatory 

• Submit the validation, SOPs, full documentation to:
• CLIA (Administered by CMS)

• CAP (College of American Pathologists)

• NYSDOH (NY State Dept of Health) 



Components of CLIA regulation

• Level of complexity of tests performed (most LDTs are moderate or 
high complexity, particularly the genetic/molecular tests)

• Standards for laboratory personnel (education and certification; 
training and documentation of competency)

• QC

• QA and patient test management

• PROFICIENCY TESTING



Proficiency Testing

• Each “analyte” must undergo a proficiency test 3 times annually, with 5 
samples per testing event

• End to end test
• Blinded sample from accessions to reporting 
• If an approved proficiency testing program exists for an analyte, the lab must enroll 

(CAP has many; there are international and other independent programs available). If 
none is available, the Compliance dept of the lab selects blinded samples from the 
inventory and send through for end-to-end testing. All results of PT must be 
documented and available for review upon inspection by CLIA (and other certifying 
agencies)

• CMS has authority to impose sanctions for lab’s failure to enroll or poor 
performance.

• At any given time, likely 50 or more PT samples are in our lab



What actually happens in the 
lab?

A little tour of the highlights

























Costs incurred in validation of each LDT

• R&D
• TT&V
• End-to-end validations
• Compliance personnel
• Documentation management (training, competency, SOPs, validation 

documents)
• Proficiency Testing
• Maintaining multiple certifications (CLIA, CAP, NYSDOH, MD, MA, FL, CT, 

PA)
• Multiple regular inspections from the different agencies
• Documentation and reporting



Economic Impact on additional LDT regulation

• Current Process (CLIA,CAP, NYSDOH)
• Time to develop, validate, bring to market – 4-6 months, faster if needed

• Cost to develop, validate, bring to market – $50K- $100K (GeneDx)

• PMA Submission (FDA) (estimates)
• Time to develop, validate, bring to market – 2.5-4 years

• Cost to develop, validate, bring to market - $2.5M - $5M per test

• 510K Submission (FDA)(estimates)
• Time to develop, validate, bring to market – 1 – 1.5 year

• Cost to develop, validate, bring to market - $50K - $250K per test



Economic Impact, Cont.

• GeneDx, some 500 individual tests
• FDA regulation would add an addition ~$300M to validation costs

• Smaller labs will not have the resources (personnel or financial)

• Many smaller, concierge, and academic labs are likely to close

• Lack of sites for training of lab geneticists

• Results in loss of innovation, options for patients/physicians

• Slow down in development of new tests

• Consolidation of the largest labs, likely only 4 or so remaining
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LDTs in Oncology

Patient
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those at risk
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disease 
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LDTs in Oncology
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1. Colorectal Cancer

2. Melanoma



LDTs Fill Gaps in FDA Approved/Cleared 
Oncology Tests

• IVDs:

– Unable to add newly discovered genetic changes, i.e., mutations, 
to tests 

– May not be comprehensive and test for all known genetic changes 

– Technology chosen may be limited and unable to detect all types 
of mutations of interest

 In many oncology cases, LDTs are standard of care



RAS Mutation Testing in Colon Cancer

RAS mutation testing is essential for determining resistance to EGFR inhibitor therapies 
used for the treatment of metastatic colon cancer.

• The National Comprehensive Cancer 
Network (NCCN) evidence-based 
guidelines recommend genetic 
testing of colon tumors

• If a patient’s tumor tissue is positive 
for specific RAS mutations, then the 
patient will not respond to specific 
therapies. 

• RAS testing ensures that patients are 
not treated with ineffective, 
expensive, and potentially dangerous 
drugs. 

• The preferred testing uses next 
generation sequencing, which can 
detect all therapeutically significant 
RAS mutations in a single test, in 
addition to assessing for mutations in 
other relevant genes. 

Bardelli A, Siena S.J Clin Oncol 2010;28:1254-1261



Oncology Practice Guidelines Urge 
Comprehensive Testing of RAS Mutations 

KRAS exons 2, 3 and 4  

NRAS exons 2, 3 and 4



BRAF Mutations in Melanoma

BRAF p.V600 mutation 

Study of Vemurafenib in Previously Untreated Patients with 
Metastatic Melanoma



BRAF Mutations in Melanoma 

• Melanoma tumors are tested for mutations in the BRAF gene and if present, patients 
are eligible for new precision medicine therapies 

• Unfortunately, the FDA approved tests do not identify all of clinically relevant 
mutations. Hence, labs prefer LDTs using different technologies. 



Expertise that advances patient care through education, innovation, and advocacy.
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LDTs and Infectious Diseases

• LDTs have been used to diagnose and manage a variety of 

infectious diseases (ID) since the mid 1990s

• We have a great deal of experience with these tests, they are 

well designed and validated for reliable use in patient care

• For many infections, LDTs – are the diagnostic standard of care

• They also provide local, rapid testing for patients

• In ID patient care time is of the essence; without local testing, sending 

samples out for testing may take several days

• We often develop LDTs because there are no commercial tests 

available

• Labs often switch once several commercial tests become available

• Many examples of LDTs improving clinical care



• Serious infection of the brain
• High morbidity if not diagnosed and 

treated quickly

• We have known since 1996 that 
testing the spinal fluid for HSV 
DNA is just as good as a brain 
biopsy
• Spinal fluid is less invasive and much 

easier to collect, with lower risk of 
complications to the patient

• Molecular tests (PCR) for HSV DNA are 
much faster and less expensive

• Molecular HSV LDTs were first 
developed and used clinically

Herpes Simplex Virus (HSV) Encephalitis



Herpes Simplex Virus (HSV) Encephalitis

• Two commercial tests have been cleared by the FDA, in 
2014 and 2015

• Without LDTs we would have performed unnecessary 
brain biopsies for ~20 years!

• While it is a rare disease, without LDTs we would have 
also been forced to treat all patients suspected for this 
infection

• The availability of this LDT improved the management of 
this infection and prevented thousands of patients from 
having a brain biopsy



Cytomegalovirus (CMV) 
• CMV is a very common viral infection in 

patients receiving organ and bone 
marrow transplants

• Diagnosis historically relied on culturing 
the virus from blood
• Not very sensitive: more than 50% of cases 

were missed

• Led to serious infections involving the brain, 
colon, esophagus, liver, eye.

• 20 years of research has shown that 
molecular tests are superior
• More sensitive, much more rapid, and can 

measure the amount of virus in the blood 
(viral load testing)



Cytomegalovirus (CMV) 

• US transplant centers have been using viral load testing 
LDTs  for CMV and other transplant associated viruses 
(BK virus) for years.

• These tests have improved our ability to diagnose 
infections, and to monitor response to therapy.  

• This leads to better outcomes from CMV disease and 
reduced cases of BK renal infection in kidney transplants.

• There are no FDA approved/cleared BK viral load tests, 
there are two CMV tests that were only approved in the 
past two years.
• Without LDTs this testing would not be possible! 



Emerging Infectious Diseases 

• Emerging Pathogens are occurring with increasing 

frequency 

• Zika virus this year 

• The Ebola virus disease outbreak of 2014-2015

• Enterovirus D68 reemergence in 2014

• The 2009 influenza pandemic 



Emerging Infectious Diseases 

• LDTs are a critical mechanism for public health 

laboratories to rapidly respond to the need for 

new diagnostics.

• In outbreaks, speed is necessary to contain an outbreak

• LDTs can be developed and deployed rapidly in 

outbreaks, sometimes more rapidly than commercial 

tests.  

• During the 2009 H1N1 outbreak many local hospitals 

relied on LDTs to diagnose and guide treatment of 

patients



Summary

• LDTs are essential for the practice of infectious diseases

• They have a long history of safe and effective use in clinical 

care

• Lack of LDTs could limit access to high quality testing, that 

have led to improved management and outcomes of infectious 

diseases.

https://www.idsociety.org/Diagnostics/

Maintaining Life-Saving Testing for Patients with Infectious Diseases: 

Recommendations on the Regulation of Laboratory Developed Tests

https://www.idsociety.org/Diagnostics/
http://cid.oxfordjournals.org/content/early/2016/04/26/cid.ciw260
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HISTORY OF LDT REGULATION

 The 1976 Medical Device Amendments to the 
Federal Food, Drug, and Cosmetic Act (FD&CA) 
authorized the FDA to regulate medical devices 
such as in vitro diagnostic devices (IVDs)

 Safety, efficacy, intended use, manufacturing 

 Laboratory developed tests (LDTs) are regulated 
under the 1988 Clinical Laboratory Improvement 
Amendments (CLIA)

 Enables clinical laboratories to modify IVDs and 
develop their own tests

 Validation to ensure tests meet performance 
standards

 In 2014, the FDA announced its intention to 
begin regulating all LDTs as medical devices.



PROPOSALS FOR REGULATING LDTS



FDA FRAMEWORK FOR REGULATORY

OVERSIGHT OF LDTS

 Draft Guidances released in Fall 2014 to regulate all 

LDTs 

 LDTs will be subject to premarket review requirements like 

IVDs 

 Oversight will be phased in over a 9 year period, first 

for high risk LDTs, followed by moderate risk LDTs

 Low risk LDTs will not require premarket review 

 Regulatory carve outs for “traditional LDTs”, LDTs for 

rare diseases, and LDTs for unmet medical needs

 FDA staff have indicated intent to release final 

guidance by end of this year 



HOUSE ENERGY AND COMMERCE

DISCUSSION DRAFTS

 Adapted from a 2015 proposal from the 

Diagnostic Test Working Group (DTWG), a 

consortium of mostly commercial laboratories 

and IVD manufacturers.

 LDTs and IVDs regulated identically via a risk 

based approach under a new center at the FDA.  

 Tests undergo premarket review by the FDA, and 

then fall under a strengthened CLIA would 

oversee laboratory operations.  

 Special pathways for tests for rare diseases, 

emergency use, and unmet needs

 Grandfathering provision for current tests 



CLIA MODERNIZATION PROPOSALS

 Proposals (ACMG, AMP, and others) based 

primarily on strengthening CLIA oversight

 While details differ in each proposal, each 

proposal: 

 Establishes standards for clinical validity and 

strengthen established standards related to quality 

control, quality assurance, personnel standards, and 

regular proficiency testing. 

 Preserves patient access to care 

 Ensures quality of high complexity testing services 

and procedures based on risk 

 Streamlined, cost-effective approach

 Limited, well-defined role for FDA



THE CURRENT STATE OF PLAY

 FDA Final Guidance

 Is the most likely of the three alternatives 

 Final guidance is under review within the Federal 
Government, and release could be imminent 

 House E&C proposal

 House E&C has released 2 discussion drafts subject to 
significant stakeholder concerns

 A third draft is under development but unclear if and 
when it will be marked up for consideration

 CLIA-based proposals 

 Senate HELP said to be working on an oversight 
proposal that may include a CLIA modernization 
approach

 September 20 HELP Hearing



QUESTIONS? 

Jonathan Nurse: jnurse@idsociety.org

www.idsociety.org/diagnostics
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