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TB diagnostics evaluation



The importance of using the correct tests , and 
using them correctly

2/3 malpractice claims against GPs 
in UK

40,000-80,000 US hospital deaths 
from misdiagnosis per year

Diagnosis uses <5% of hospital 
costs, but influences 60% of decision 
making  

Consequences of missed, wrong or 
delayed diagnosis



On the menu this morning

Study phases, nomenclature, and 
regulatory landscape

Biases in diagnostic studies

Evaluation goes beyond accuracy

Policy review 

Study design principles



Study phases, nomenclature, and 
regulatory landscape
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Studies are a centerpiece throughout diagnostics 
value chain

Access Evaluation

Scaling up & 
continued adoption 
into national policy

DemonstrationDiscovery  
and  research Development DemonstrationEvaluationDevelopment

Feasibility 
studies

Evaluation 
studies

Demonstration 
studies

Development 
studies

Adoption 
into global 
policyRegistration

Proof of principle Analytical &

Operational &

Ballpark clinical 
performance

Fine tuning

Clinical performance Impact

(Cost-) Effectiveness

Requirements for 
implementation

Awareness

Comparative validation 
for product selection to 
assess best fit

Algorithms

Operational issues

Economic & health 
system impact

Operational 
research studies

Assess against Target Product Profile 



Measuring performance against Target Product 
Profiles

http://apps.who.int/iris/bitstream/10665/135617/1/WHO_HTM_TB_2014.18_eng.pdf?ua=1

• POC, non-sputum based test
• POC triage test
• POC sputum based test for 

microscopy replacement
• POC drug susceptibility tests 

(microscopy center)



Is there an equivalent in IVD or Pharma industry?

*At least partially based on reference materials

Development Evaluation DemonstrationFeasibility

Phase III: 
Does it work?

Phase IV: 
Postmarketing
Monitor effectiveness

Phase II: 
Dose? Safe?Phase I: Safe?
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Phase

Participants 100 - 400 200 – 600 1,000 – 2,000 5,000 – 20,000

Sites 1 - 3 1 - 3 3 - 6 4 - 20

Assay stage Breadboard Advanced 
prototype

Design-locked 
manufacturable

Registered Product

Study design Laboratory-
based*

Cross-
sectional*

Longitudinal
with FU 2 – 6 m

Embedded in routine 
service provision



Terminology non-standardized

Early
Development

Late
Development

Registration Post-Registration

IVD-
Industry

Alpha-
Studies
(Clinical
feasibility)

Beta-studies
(Clinical
validation)

Clinical evaluation trial Postmarket
surveillance
studies

EU - - Analytic and clinical validity leading
to CE-marking

Clinical Utility

US-FDA - Validation for:
RUO 
ASR (Analyte-
specific
reagents)

Clinical investigations leading to: a) 
510K (pre-market notification)
b) De novo 510K
c) PMA (pre market approval)

Postmarket
surveillance 
studies; 
Extended clinical
validation 

WHO Clinical
feasibility

Clinical
validation

Evaluation / Demonstration for TB 
and ND leading to STAG
endorsement; 
Clinical assessments for 
Malaria/HIV leading to 
Prequalification

In country 
validation; 
Intervention 
projects;



IVD: Diverse Regulatory Landscape

 EU Commission Directorate-General: Scaled Process based on Risk of Disease
oCE-MARK : Manufacturer’s confirmation of conformity for market access throughout EU

•Self-declared based on manufacturer’s internal quality assessment
•Notified Body review required for approval of higher risk diseases
•Additional Clinical Performance Assessment often required by affiliated National 
Regulatory Agencies

 US-FDA: Multi-Tiered Process based on Risk of Disease and Novelty of Technology
o510(k): Pre-market Notification is required to obtain clearance to market IVD that is
substantially equivalent to marketed IVD (assay and/or instrument) for most Class II and some
Class I designations
oPMA: Pre-Market Approval must first be obtained to market most Class III (high risk) and some
Class II diseases, OR for unproven technologies
oDe Novo 510(k): Petition to market an IVD for high-risk Class III without meeting full 
requirements of PMA process

 WHO: Prequalification based on Internal Review Process
oFocus is placed on diagnostics for high burden diseases and their suitability for use in 
resource-limited settings 
oExtensive Product Dossier review (TF), Product Evaluation, Manufacturer Inspections
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And in India specifically…..

• In-Vitro Diagnostic kits/reagents regulated under the provisions of the Drugs & Cosmetic Act 
1940 & Rules 1945

• Regulatory authority: 
Drugs Controller General (India)
Central Drugs Standard Control Organization (CDSCO)
Directorate General of Health Services , Ministry of Health and Family Welfare, Gvmt. of India
 Registration/import of Medical Devices: Medical Device & Diagnostics Division

• Diagnostics in India are classified under “Drugs” as notified or critical (IVD devices for HIV, HCV, 
HBsAg, Blood Grouping) and  non-notified or non-critical (all the rest incl. TB)

• For non-notified: Registration is not required and only Import License in Form 10 is required
for import. Any person/firm/enterprise, etc. holding a valid wholesale license and/or 
manufacturing license issued under Drugs and Cosmetics Act, 1940 and Rules 1945 (by State 
Licensing Authority/ import license from Drugs Controller General) is necessary for sales in 
India

• Validation of performance as declared by the manufacturer (Instructions for Use, Certificate of 
Analysis and Product Insert) is required for imports. Authorized laboratories  should conduct 
evaluation to establish/demonstrate claims on sensitivity and specificity of the kits/reagents 
in the Indian population and submit Performance Evaluation Report.
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Biases in diagnostic studies
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ICH/GCP 
Guidelines 1997

Guidelines on Good Clinical 
Practice (GCP) established 
by International Committee 
on Harmonization (ICH)

IVD Directive 
98/79/EC

Directive of the European 
Parliament and of the 
Council of 27 October 1998 
on IVD medical devices

EU standard EN 
13612 (2000)

Performance Evaluation of 
IVD Medical Devices

DIN EN ISO  14155
Clinical investigation of 
medical devices for human 
subjects

FDA Guidance 

Guidance on Informed 
Consent for In Vitro
Diagnostic Device Studies 
Using Leftover Human 
Specimens that are Not 
Individually Identifiable

STARD Guidelines 
Clinical Chemistry 
2003;49:1-6

Standards for Reporting of 
Diagnostic Accuracy

DEEP Guidelines
Nature 
Microbiology 
Reviews

Diagnostic Evaluation 
Expert Panel

Call for more rigor in trials of new diagnostic 
agents 

The tightening of governmental regulatory 
requirements for drugs in developing 
countries has done much to improve 
standardization and quality of drug trials.

More rigour needed in trials of new diagnostic agents for 
tuberculosis . THE LANCET • Vol 356 • 2000, P . Small , M . Perkins

Tuberculosis diagnostics trials: do they lack    methodological 
rigor? Expert Rev. Mol. Diagn. • 6(4) • 2006, M . Pai , R. O’Brien

Only 13% of 191 WHO member 
states report a regulation of TB 
diagnostics trials



Evidence of design-related bias in diagnostic 
studies  

Lijmer, Jama, 1999, Empirical evidence of 
design-related bias

Most significant over estimation of test accuracy.



Appropriate spectrum of patients? 

Ideally, test should be performed on group of 
patients in whom it will be applied in the real world

• Healthy vs. sick individuals

• Level of care (1°, 2° or 3°)

• Geographical setting (disease prevalence, mutation 
frequency, sputum variability) 

• Consecutive vs. Random

Sample several sites to obtain a generalizable result, 
due to other sources of variation for diagnostics:

• Use skills 

• Equipments

• Temperature, humidity



Avoiding bias – what is most important for 
diagnostic studies? 

• Appropriate spectrum of patients selected? (spectrum bias)

• Is the same reference test performed on all patients, 
regardless of the result of the index test?  How objective is 
the reference test? (verification bias)

• Was the index test performed on all patients? (work-up bias)

• Were the index and reference tests compared independently, 
blinded? (review bias due to lack of blinding)

• Were missing or indeterminate results reported? (bias due to 
exclusion of uniterpretable and intermediate test results from 
the analyses)



Beyond accuracy
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Evaluating new diagnostic tests
Going beyond accuracy

Frameworks for evaluating diagnostic tests (reviewed in 
Lijmer Med Decis Making 2009)

1. Technical accuracy 
“Can it work?”

2.  Place in the clinical pathway
“Where does the test fit in the existing 
clinical pathway?”

3.  Ability of the test to diagnose or exclude 
the target condition 
“Does it work in patients?”

4.  The effect of the test on patient outcomes
“Are patients better off?”

5. Cost-effectiveness 
“Is it worth the cost”?



Information 
type 

Question Output Study designs  

Technical 
accuracy 

Is the test 
reliable under 
standardised, 
artificial 
conditions? 

Analytical 
sensitivity and 
specificity. 
Reproducibility, 
i.e., accuracy, 
precision and 
observer variation 

Accuracy studies 
using 
standardised 
material, such as 
bloodbank 
samples 

Place in 
clinical 
pathway 

Where does 
the new test fit 
in existing 
clinical 
pathways? 

Identification of 
current diagnostic 
pathway for a 
condition. 
Problems with 
current pathway 
(e.g time, costs, 
side effects of 
tests) 
Opportunities for 
new test to 
improve clinical 
outcomes 

Reviews of 
existing 
diagnostic 
pathways. 
Descriptions of 
attributes of new 
tests. 

    
Diagnostic 
accuracy 

How good is 
this test at 
confirming or 
excluding a 
target 
condition? 

Sensitivity and 
specificity 
Likelihood ratios 
Odds ratio 
Area under the 
curve 

Diagnostic 
accuracy studies 
including real 
patients, 
comparing the 
new test to a 
reference 
standard. 

Impact on 
patient 
outcome 

After 
introducing this 
test to the 
clinical 
pathway, do 
patients fare 
better? 

Mortality 
Morbidity 
Functional status 
Quality of life 

Randomised 
controlled trials 
Clinical non-
randomised trials  
Before-after 
studies 

Cost-
effectiveness 

Is this test 
good value for 
money? 

Cost per life year 
gained 
Cost per QALY 

Economic 
modelling 
 

 

Evaluating new 
diagnostic tests

What are the key 
steps? 



Roles of 
diagnostic 
tests in 
health care

Role of the 
new 
diagnostic 
test in 
health care

Role Description Examples 
Confirming or 
excluding a 
diagnosis 

Used to confirm (“rule in”) or 
exclude (“rule out”) particular 
diagnoses. Most tests will be 
better at one than the other. 
May vary between different 
clinical settings / different 
spectrum of disease 

Normal blood pressure 
measurement to exclude 
hypertension.  
Raised cardiac troponins 
to confirm cardiac 
ischaemia 

Triage An initial test in a clinical 
pathway, which usually 
directs the need (or not) for 
further (usually more 
invasive) testing. Ideal triage 
test is usually fairly rapid, 
and should not miss any 
patients (i.e. minimise false 
negatives) 

Blood pressure and heart 
rate in initial triage of 
patients with multiple 
trauma to identify those 
with possible shock.  
D-dimer to screen for 
presence of pulmonary 
embolism in patients who 
have shortness of breath 

Monitoring Tests that are repeated at 
periodic intervals in patients 
with chronic conditions, or in 
those receiving certain 
treatments, in order to 
assess efficacy of 
interventions, disease 
progression, or need for 
changes in treatment 

Haemoglobin A1c to 
monitor glucose control in 
patients with diabetes. 
Anticoagulation tests for 
patients taking oral 
anticoagulants (warfarin). 
HIV viral load and CD4 
count 

Prognosis Provides information on 
disease course or 
progression, and individual 
response to treatment 

CT scanning in patients 
with known ovarian 
cancer to determine the 
stage  

Screening Detecting conditions or risk 
factors for conditions in 
people who are apparently 
asymptomatic. 

Mammography screening 
for breast cancer. 
Cholesterol testing to 
detect persons at greater 
risk of cardiovascular 
disease. 

 



How should new test be used

Replacement – new replaces old
• E.g., Xpert as smear replacement

Add-on – new combined with old
• LAM in urine

Triage – new determines need for old
• 2nd line LPA  to rule in XDR

Bossuyt et al BMJ 2006;332:1089–92

Confirmatory test (e.g. Xpert)



Finding the niche: Where should new tests be used
(setting, operational issues, algorithm) 

Courtesy of K. Weyer, C. Gilpin
(WHO Global TB Programme) 21



Assessment of desirable vs undesirable 
consequences

↑ QA ↑ Training

↑ Biosafety↑ Resources

↓ Death

↓ Morbidity↑ Accuracy

For Against

↑ Robustness



Policy Review Process (TB Dx)
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• Implementation in routine 
TB services 

• Systematic evaluation: 
algorithms, workload, 
operational issues, CE

• Lessons learnt by early 
implementers used for 
country adaptation 

Evidence required for WHO review

24

Courtesy of K. Weyer, C. Gilpin
(WHO Global TB Programme)

• Upstream R&D to define and 
validate a prototype

• Lab validation under international 
standards, design-locked product 

• WHO interact with developers to 
discuss end-user requirements

• Controlled trials at 3-5 trial sites in 
high-burden TB / HIV countries

• Product registration with global and/or 
national regulatory authorities 

• Specifications, performance validated 
in field trials in 5-10 sites of intended 
use

• New technologies/indications: Dossier with Phase 1&2 data   
• Generic technologies: ISO13:485 standards; equivalence shown

in 2-3 SRLs
• WHO is not a regulatory authority & does not recommend

technologies for individual country use

• Scale-up, with 
subsequent data to 
inform and refine
WHO policy guidance 

Phase 1 R&D

Phase 2: Evaluation 
and Demonstration

Phase 3
WHO evidence

assessment (GRADE) 

Phase 4 
Phased uptake and 

collection of evidence
for scale-up

Phase 5 
Scale-up and policy

refinement



Clinical pathway to WHO for TB

WHO endorsement is key to public sector uptake
Solid evidence base required for WHO expert review

Continued adoption 
into national policy

Clinical performance Patient important 
outcomes
(Cost-) Effectiveness
Requirements for 
implementation

Product 
registration

1y 1 – 1.5y

New
technologies

Follower 
technologies

6 m

Algorithm of use

Clinical performance

Evaluation studies
2000 subjects, 3-5 sites

Demonstration
studies

4-6000 subjects, 
5-10 sites

In-country 
validation

Non-inferiority studies
800-3000 subjects, 

2-3 SNRLs

In-country 
validation
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WHO TB Dx policy formulation process

Identifying the need
for policy change

Reviewing the evidence

Convening an Expert Group

Assessing policy proposal
and recommendations

Formulating and
disseminating policy

• WHO strategic monitoring of country needs
• Partners (researchers, industry, etc)
• Body of evidence available

• Commissioning of systematic reviews
• QUADAS or other diagnostic accuracy tool
• Meta-analyses (where feasible)

• Experts, methodologists, end-users 
• Guidelines Review Committee
• GRADE process for evidence synthesis

• Strategic and Technical Advisory Group - TB
• Endorsement/revision/addition
• Advise WHO to proceed/not with policy

• WHO Guidelines Review Committee 
• Dissemination to Member States
• Promotion with stakeholders & funders
• Phased implementation & scale-up plan

WHO (K. Weyer, C. Gilpin) 26



GRADE
Grades of Recommendation Assessment, Development and Evaluation

Clear separation:

Recommendation
strong or conditional for or against
- Benefits and downsides, values and preferences, impact, resource use

Quality of evidence

- Methodological quality of evidence
- Likelihood of bias
- By outcome and across outcomes

WHO GRC review cycle 3-5 years

27
Courtesy of K. Weyer, C. Gilpin
(WHO Global TB Programme)



Study Design Principles
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Tips for effective trialing

Fully understand the TRIAL LIFE CYCLE and know which tasks 
can be done in parallel 

Love the PROCESS, not the test under study
• Tests come and go, the process is here to stay
• But: understand the test well

Apply the KISS strategy: Keep It Simple Stupid! 

A successful study requires constant and effective project 
management from Day #1 

Manage the Clinical Trial Team which includes OVER 
COMMUNICATION with ALL of the players

Always have a BACK UP plan (only 14% of studies complete 
enrolment on time)

If you sense something is not “quite right”, don’t wait until it becomes 
a real problem to identify & fix the ROOT cause. 



Life Cycle of a Clinical Trial

 Study plan 
finalized

 Schedule of 
Activities 
finalized

 Protocol finalized

Model ICF finalized

 Sites selected

Operations Manual 
completed

 CRFs finalized

 IRB approvals obtained

 Trial registered

 Site subcontracts/ 
payment schedule in 
place

 Finalize Contracts with 
3rd parties (labs etc.)

 Build database

 Finalize Study dx 
packaging/labeling*

 Enroll subjects*
 Distribution of study drug 

to sites
 Answer Protocol/CRF 

questions
 Take incident calls
 Adverse events
Withdrawals

 Data query process
 Clean/Close database
 Transfer database to Biostatistics 

for analysis

 Perform analysis

 Submit study report (incl to 
DSMB and IRB)

 Submit manuscript

 Post-hoc analysis

Initiation
Meeting

Database Locked

CONCEPTUAL
PHASE

PLANNING 
PHASE

IMPLEMENTATION 
PHASE

ANALYSIS/ PUBLICATION 
PHASE

Grant 
Award or 
Contract 
signed



It is a team effort

Keep the entire team informed of all 
decisions. 

The team’s can be quite large depending 
on the phase of the study. 



Project Team

Central Laboratory

Monitors
Sponsor Biostatistician

Steering Committee and 
DSMB

Sites

Project Manager

Define clear roles and 
responsibilities

Supply Vendors



Create a detailed timeline

Funding

Final Protocol / model ICF & CRF

IRB approvals/subcontracts (1- 6 months to get approvals)

Reagent supply / import (sometime longer than IRB)

Study initiation mtg – (<4 weeks away from enrolment start)

Key Planning Milestones

Key Implementation Milestones
Supplies available at the site – (shipment schedule)

FPI = First Patient In; LPI = Last Patient In – (based on planned enrollment 
period); LPO = Last Patient Out

Interim analysis points; Database Lock; Analysis Completed 

Submission of Regulatory Report and Abstract/Full Manuscript



Definition of ICH-GCP and the basics of how to 
comply

• Quality Data + Ethics = GCP
• Data and Reported Results are Credible, & Accurate = Quality Data
• Rights, Integrity, & Confidentiality of Trial Subjects are Protected = Ethics

1. Write a good  protocol -Weigh risks vs. benefits
2. Obtain IRB/IEC approvals
3. Protect the subjects –

– Obtain Informed Consent, 
– Ensure safety, rights & confidentiality

4. Use qualified study team
5. Handle investigational products appropriately
6. Implement quality systems
7. Record and analyze information appropriately
8. Follow the protocol and trial SOP’s



Adhering to trial standards

Outlines responsibilities, functions and 
procedures necessary to intiate and carry 
out performance assessment studies

Conforms with ICH-GCP, regulatory
requirements of ISO 13485:2003, article 
7.3.5 (design and development validation) 
and article 7.4.2 (purchasing information)

Includes protocol development, criteria for 
site selection, study conduct and 
monitoring, data management guidelines

Lists essential study documents per study
phase
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Not to forget

There are always road blocks 
along the way, don’t be 
discouraged, just figure out how 
to go around, over, under or 
through the road block and you 
will eventually get there.

Good CRF as important as 
good protocol

SOPs for all procedural
aspects

Understanding the challenges



Knowing what is wrong with
a patient or population is
fundamental to all
efforts to improve world health.
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