Overview of Newborn Screening
Laboratory Processes and
Quality Management

Michele Caggana, Sc.D., FACMG



Newborn Screening is a “System”
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CLSI -Clinical and
Laboratory Standards
Institute:

LA04-A5 - Blood Collection
on Filter Paper for Newborn
Screening Programs;
Approved Standard - Fifth
Edition

LA04-A5-DVD - Making a
Difference Through
Newborn Screening: Blood
Collection on Filter Paper

LA4-AS

Vol 27 No. 20
Replaces LA4 A4
Vol. 23 No.21

Blood Collection on Filter Paper for
Newborn Screening Programs; Approved
Standard—Fifth Edition

This document addresses the 1ssnes associated with specimen collection, the filter paper
collection device, and the apphication of blood to filter paper, and prowides uniform
technigues for collecting the best possible specimen for nse in newborm screening
Programs.

A standard for global application developed through the Climical and Laboratory
Standards Institute consensns process.
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Ensuring Quality

= Newborn Screening

Quality Assurance Program

INTRODUCTION
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Critical Steps Leading to the
Implementation of a New Condition

Stage Description

Initial Development To show proof of concept, to develop or to evaluate a biological marker, to
determine optimal test conditions, test interferences or assess other
performance.

Feasibility Assessment To make modifications an existing (often published) research method to
develop a robust, automated method with sufficient performance characteristics
that would be appropriate for high-throughput screening in a public health
environment. Question addressed is “Can | screen?”

Analytical Validation Establishment of performance specifications of a new method as per CLIA/CAP
requirements. E.g. Accuracy, precision, analytical sensitivity, reportable range,
reference intervals

Clinical Performance To determine whether the test is able to effectively screen for the specific
condition. E.g. Clinical sensitivity and specificity; positive and negative
predictive values; clinical utility. Question addressed is “Should | screen?”

Implementation There is evidence that the test has met the threshold requirements from
analytical validation and clinical performance studies. State-wide screening can
be initiated.

Program Monitoring To assess all components of the Newborn Screening system and provide
: information to ensure that program is achieving goals. To identify opportunities
and Surveillance for quality improvement.




Establishing a New Test

FDA-approved assay — Must
establish assay’s:

~ Accuracy

~ Precision

~ Reportable range
~ Reference intervals

Lab Developed Test — Must
establish assay'’s:

A

» Accuracy

A

~ Precision

A

- Analytical sensitivity

A

- Analytical specificity

» Reportable range

» Reference intervals

» Other performance characteristics






Systematic Investigation to Determine
Whether or Not to Screen for a Condition

Test Development

Intent of These Activities:

Feasibility
Assessment Collect sufficient evidence to
determine whether or not to
screen for a certain condition

Analytical
Validation

Clinical Performance Note: Program can decide at any point not to
Population-based Pilot study continue the process if analytical or clinical

performance is not adequate.
AAAA

Implementation This would be an early adopting state engaged in a
pilot study ... e.g. SCID pilot in WI or MA ~ 2008-9

—
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Program Monitoring
for Quality Improvement
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Implementation of a Screening Test with
Well-Documented Clinical Performance

Test Development

Feasibility

Assessment

Analytical
Validation

AAAA

Implementation

Program

Monitoring for
Quality Improvement

Intent of These Activities

Implement a test that has been
shown to have appropriate analytical
and clinical performance
characteristics.

Note: In this case, pilot studies have already
documented the clinical sensitivities/specificities;
predictive values and clinical utility of the test.

This is where we currently are with SCID.



Implementation of a Mandated Screening Test
Without Well-Documented Clinical Performance

Test Development

Feasibility
Assessment
Analytical
Validation

Implementation

Clinical

Performance
Part of ongoing monitoring

Program

Monitoring for
Quality Improvement

Intent of These Activities

Comply with a time-limited mandate
of a legislative authority and
Implement a test with appropriate
analytical performance
characteristics.

Note: Program does not have a choice about
whether or not to implement screening. Both
analytical and clinical performance metrics will be
collected after implementation to inform the program
about its performance.



Quality Terms

> Quality Assurance (QA) - all the planned and systematic
activities implemented within the quality system, and demonstrated
as needed, to provide adequate confidence that an entity will fulfill
requirements for quality. NOTE: May be internal or external. Quality
assurance is interrelated with quality control.

» Quality Control (QC) —the operational techniques and activities
that are used to fulfill requirements for quality.

> Quality Indicators (Ql) - a metric that gives an indication of
process or output quality and can be used to make comparisons
across different Programs



Analytic Quality

¢ Material ¢ Frequency
Dried blood spots = 2 control materials per assay
In-house
Commercial vendor & Acceptance Criteria
Kit Westgard rules
Non-kit Patients
CDC NSQAP
¢ Levels ¢ Monitor
Decision points Plate to plate
UL Instrument to Instrument
Abnormal TErgE

¢ Establishing laboratory range Sl

Replicates = 20 observations

Instrument to Instrument



Laboratories Must Ensure
Quality Throughout the System

Pre-analytic

Test selection and
ordering

Specimen collection,
handling, and
delivery

Specimen receipt
and accessioning

Analytic

Specimen
preparation

Test performance

Monitoring and
verification of test
accuracy and results

Documenting test
findings

Post-analytic

Reporting test results

Turn around time

Verifying electronic
data transfers

Records and
specimen retention
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Pre-Analytic Quality

Time from collection to receipt
Notification to hospital after receipt
Time from receipt to accessioning
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2015 Quarter 1, specimens received 1/1/2015 - 3/31/2015

Newborn screening coordinator. , Nurse Manager
CEO: ¢ - Chief Executive Officer

Nursery manager: Nurse Manager

NICU manager:,

QA contact: Nurse Manager

This report contains information regarding your hospital’s performance in timely submission of appropriately collectec
newborn screening specimens to the state lab in Albany for quarter 1, 2015 (1/1/2015 - 3/31/2015). The report outline
your facility’s performance for unsuitable specimens and specimen turnaround time, and is being sent to your hospital
CEO, Newborn Screening Coordinator, Nurse Managers of the Nursery and NICU and the NBS Quality Assurance Cont

Proper specimen collection and timely submission saves lives!

Turnaround Time (TAT) Report: Turnaround time is the amount of time it takes for a specimen to reach the newborr
screening lab after collection. TAT is calculated as the number of days between specimen collection and specimen rece

New York State Public Health Law, Section 2500-a, Subpart 69-1.3 g specifies that all specimens shall be forwarded to
testing laboratory within twenty-four (24) hours of collection using the testing laboratory’s delivery service or an
equivalent arrangement designed to ensure delivery of specimens to the testing laboratory within no later than forty-¢
(48) hours after collection.
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Galactosemia — fluorometric assay

Amino Acids
Biotinidase Deficiency — colorimetric Fatty Acid Oxidation
assay Organic Acids
Krabbe
ALD

P : Hemoglobinopathies
Cystic Fibrosis

* IRT
Congenital Adrenal
Hyperplasia
« 170HP
Congenital Hypothyroidism
T4
* TSH

Severe Combined
Immunodeficiency




Quality Control Data: Daily Mean Activity

Live Daily Mean Activity

(o))

Screening

O

N=156,816

w

Mean: 4.36umol/L/hr

Mean Activity (umol/L/hr)

o B DN

Expected

Actionable
Results: Date

N =54 beg an at Daily Mean Activity as Function of Assay Lot

<10%
N =142 at

<12%

Activity

n=19 <8%

n =35 <10% X
= 8 8 < 12% 1 19 37 55 73 91 109 127 145 163 181 199 217 235 253 271 289 307 325 343 361

Number




Krabbe Controls

Krabbe Positive & Carriers
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1 12 23 34 45 56 67 78 89 100 111 122 133 144 155 166 177
Number

Obligate carriers
Krabbe controls, from older patients
Light blue: Specimen from cord blood
Same newborn as cord blood, seven days old

Mean: 5.15% of the daily mean, 0.225mmol/L/hr



SCID Cutoff Adjustment

Example from NJ NBS

>37 weeks BORD PRE Total Abnormal

June 30, 2014 to
Oct 7, 2014
26,835 specimens

89 14 103
(0.33%) (0.05%) (0.38%)

Oct 8, 2014 to
Jan 31, 2015
32,082 specimens

13 3 16
(0.04%) (0.009%) (0.05%)




Why Do We Need Residual DBS?

Frequency of condition (SCID ~1 in 50,000)
Quality control material — matrix considerations
Operational considerations

Unsuitability of samples from transplanted
patients

Population based variation not detected in small
scale studies; populations within populations

Governance by Institutional Review Boards



Frequency of Condition

Need to Find a Positive!
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Why Do We Need Newborn DBS??

Hematocrit (volume of RBCs) varies; NBS based on
‘average’

White blood cell count is higher in babies

Need to use the same matrix as the test matrix; i.e.
DBS from capillaries, not liquid blood in
anticoagulants; FDA requirement — off label use

Need to have positive controls to ensure the test
works

Need to avoid increased family anxiety — calling
carriers as positive; need to study carriers also



Why Do We Need Newborn DBS??

Example of patient / matrix difference

Krabbe Enzyme Activities

12
*
g 10 5 By
) Children with .o .
= 3 Krabbe ¢ * =
Q 2 Adults No 5
> 6 + Enzyme Activity (%
¢ ¢ . ¢ Newborns  Krabbe M
al ean)
e B with Krabbe
* *
2
0 . : | |
0) 5 10 15 20

Premature Infants?

Transfused Infants?



Why Do We Need Newborn DBS??

Child’s Immune System
Replaced By Donor

(can’t use blood sample)



Population Based Variability

9000

8000

7000

6000

....m

o
S
o
<
j0

10[0[0)

so|dwes

3000

2000

1000

T00S<
000S-TO6Y
0061-108Y
0081-TOLY
00.v-T09Y
009¥-T0SY
00Sv-TOvY
00vv-T0EY
00€V-T0CY
00Zv-T0TY
00T¥-TOOV
000t-TO6E
006€-T08E
008¢-TOLE
00.€-TO9E
009€-T0SE
00GE-TOvE
00vE-TOEE
00€€e-TOCE
00cZE-TOTE
00TE-T00E
000€-T06¢C
006¢-1T08¢
008¢-T0.¢C
004¢-T09¢
009¢-10S¢
00G¢-TovC
00v¢-TOEC
00€¢-T0CC
00c¢-T0T¢C
00T¢-T00¢
000c-T06T
006T-T08T
008T-T0.LT
004T-T09T
009T-TOST
00ST-TOVT
00vT-TOET
00€T-TOCT
00ZT-T0TT
00TT-TOOT
000T-T06
006-T08
008-T0Z
002-T09
009-T0S
00S-TO¥
00v-10€
00€-T0C
00¢-16T
0ST-T0T
00T-1S
0S-0

TRECs per microliter of whole blood



Why Do We Need Newborn DBS??
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Why Do We Need Newborn DBS??

Institutional Review Boards

» Expedited, but need to get consent to pull ‘by name’, thus
need to write a new protocol and consent form for any
new condition

> Need to work through physicians to identify patients in
their practices; reliance on the messenger

»> Need to limit to patients born in years specimens are
saved and for those babies you can find

> Need to book keep for samples, consents etc.

> In New York, need review of protocol execution after IRB
approval; occurs when consent is received, but prior to
pulling sample from the repository

Routine validation samples need IRB also; de-identified



Special Thanks to Dr. Scott Shone — NJ NBS for some slides



