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Part 1

How to Perform QC Crossover Studies

QC Crossover Studies

* What’s our current process?
« Can we simplify our crossover studies?

Your Lab

|
. e
(Based upon CLSI C24 A4 Statistical Quality Control for Na
Quantitative Measurement Procedures: Principles and Definitions; ( ; .(
Approved Guideline — 4th Edition) n




QC Crossover Studies

Values for the mean and standard deviation (SD) for a control material must be established by the lab.

New lots of control material should be analyzed in parallel with the lot of control material in current use.

Current lot in use

Current mean and SD

Crossover
20 points
20 days

New mean and SD

Determine your new Standard
Deviation (SD)
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Determine the New Standard Deviation

Our current SD calculated over an extended period of time is the best
possible estimation of our imprecision present in the measurement procedure.

It includes many events
which influence our
imprecision, for example:

Different operators
Environmental factors
g Reagent and reagent lot changes

Different calibration cycles

Preventive maintenance

7
Determine the New Standard Deviation

When the new target (mean) is close to the current target you can use
the same SD.

It's better to use the coefficient of variation CV value to fix the new
imprecision (or to calculate the new SD)

Current mean: 120 New mean: 142 New mean: 142
Current SD : 5 Copy SD: 5 Copy CV: 4.16%

CurrentCV: 4.16% Current CV: Calculated SD:
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Determine the New Standard Deviation

B J(n1—1)SD{+{nz—1)SD§+---+(nk—1jsnfc

SD =
pealed ny+ng+--+ne—k

For short shelf life QC materials you can use a pooled SD formula to combine data
from different QC lots to estimate the long-term SD (CV).
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Determine the New Standard Deviation
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If the current lot had any shift in values (for example a significant reagent or calibrator lot

change) it’s better to use a shorter time range to calculate your SD, or use a pooled SD.
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Determine the New Standard Deviation

Lot A

Mean:
SD:
CV:
Points:

Lot B

Mean:
SD:
CV:
Points:

Calculating the SD with both datasets
across both lots would get you an SD
of 1.44 (CV 8.9%)

Calculating a pooled SD will give you
a SD of 1.06 ( CV 6.5%)

Determine the New Standard Deviation

Don’t use an insert value range or any other Analytical Performance Specification

as your working SD or CV.

Insert ranges are based on a population of instrument variation and are too wide

for an individual instrument.

(They are a range in which your target or mean should be located, but not a reflection of your instruments performance)

Analytical Performance Specifications are clinical performance targets only.

They might give you a false feeling of control and good performance, but they could
be missing statistical relevant out of control conditions.




Determine the New Standard Deviation

Don’t use an
interlaboratory
comparison group
(peer group) SD.

Peer group SDs reflect the
variation of all participating
instruments combined and
include a bias component.

Lab1: 105 mg/dL, SD 5 (CV 4.7%) 20 points
Lab 2: 115 mg/dL, SD5 (CV 4.3 %) 20 points
Lab 3: 120 mg/dL, SD5 (CV4.2%) 20 points

What is the peer SD?
Mean = 113.33 mg/dL

This SD doesn't reflect the SD=7.98 or CV=7.04%
individual instrument Points =60, labs =3
performance.
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Determine Your New Mean
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Determine the Target Value (Mean)

Estimating the target or mean can be done with
10 measurements on separate days.

e Try to include calibration events during
the 10 day interval

*  Try to use same QC vial frequency
as in daily routine. If you would use
a new vial every 2 days, do the same
for your crossover

*  When your current lot QC shows out
of control conditions, always reject
the crossover data and extend the crossover
period with an additional run.
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Determine the Target Value (Mean)

Don’t use the insert target value!

These values are provided as a guideline only, each lab
needs to verify and establish their own target value

If a target value needs to be established more quickly, more
then one measurement a day can be used, but this value
should be seen as temporary and updated as soon as
sufficient data are obtained.
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Determine the Target Value (Mean)

Don’t use an interlaboratory comparison
peer group mean! ot

These values can'’t be used as an individual instrument value.

Interlaboratory means are calculated across different reagent
lots, calibrator lots, types of instruments,... and so do not e N b T
reflect the actual target in your lab. o

[ A Labs Il Vethod Group
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New Crossover Procedure

A 1. Analyze one measurement for the new QC lot
in parallel with the current QC lot for 10 days

Current Mean
and SD 2. Calculate the new QC lot Mean from the 10 points

3. Use the current QC lot CV to calculate
the new QC lot SD value

New SD = New Mean (B) x Current CV (A)
100
|

Current Lot o Target Crossover_‘_.

=10 points.
| =10days

Re-evaluate the Mean
and SD periodically over
the following months

New Mean
and previous
lot CV
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Multiple Instruments

If you use a group mean as target for several instruments combined, then a
minimum of 10 points across the instruments would still be sufficient to
estimate the target.

Example: 1 QC a day on 4 instruments for 3 days would give you 12 data points.

Measure at least 2 QC points per instrument
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Using Unity Real Time X

The duplicate lot option allows you to create a new lot number
based upon the tests and settings of an existing lot number, This
option is used for the routine switch to a new |ot of control.

Current lot number:
45790

New lot number:

|45820 52

Duplicatelot for selected labs:
[] 999901: Chemistry Lab 2

M| 999913: Chemistry lab 1
["] 999988: Siemens: Floating Means & SDs

When duplicating the current lot, we can

select to copy over the fixed SD

Select All Clear All

Select the items you want to duplicate to the new lot number.

[~ Fixed means
¥ Fixed SDs
[~ Targetvalues for Analytical Goals

oK I Cancel

20

10



Using Unity Real Time

Lab I Panel I Instrument I

B 999913: Chemistry lab 1

' 45790: Multiqual 1,2,3 3/31/2020
45320: Multiqual 1,2,3 7/31/2021
33950: Diabetes 6/30/2019

= 29870: Cardiac Markers Plus 4/30/2020

Now both current lot and new lot are available for data entry

Using Unity Real Time

Fixed mean and 5D | Float mean and 5D | Expected Response |

Level 1 | Level 3
! Mean SD |V ¥ Mean SD o L1
AST (ASAT/GOT), UfL, 37° C 300 |l 321 []
Calcium, mg/dL, No Temperature 152 | 0.12 O
Chloride, mEq/L, No Temperature 087 | 0.60 O

New lot has fixed CV or SD available




Using Unity Real Time

Fixed mean and 5D | Float mean and SD'l Expected Response |

| Level 1| | Level3| | ]
[ W |Mean ] sb o |1 ¥ Mean [ |sD |ov |
| AST (ASAT/GOT), U/L,37°C W 3720 [0 |11z (300 |0 |M (2020 (O [s2t (128 OO

‘You can use your current floating statistics to set your fixed mean and 5D,

V¥ Use floating statistics to set new fixed mean and SD:

ICumulaﬁve j

From; | 1/28/2010 'rl
To: | 1/28/2010 'rl 0K Cancel Apply

After collecting 10 accepted QC results the lab can review and fix the mean and start the
evaluation of the new lot
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Using Unity Real Time

Dedated
36, Foed Mean/SD/V: [1] 7.00/(-41)/30, [3] 3650324/(1.38)
dyston Hesn/SE, Mesn/SD/CV: [1] T700/(1.10/300, [3] 23630321/(1.36)
T3 Woan —o—

el L A ol
a2 HMXﬂ\//W
'
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Lab: 933565, Chemistry sb {
Lok 45820, Hulbual 123, Bo-tad Laborstories

AST (ASAT/GOT), UV wih PSP, Siemens Dimension Vists,  Dad
Gun Wm0l (] 29075212 ) SUAL/07. el NS (1] -/ 2/300 ) 02120
Grush sqanst You sbostory, Carrent nstument Bl /SO, MesnSD/C1: (1] 320/(2:12/300 1) 2003.21/(1.26)
TR Te M Taals v e o

Crossover A s - ma m

24



Using Unity Real Time

Period: 12/18/2017 - 3/19/2018

Levey-Jennings Chart

A
V

A\

3
218 n uis

Labs 999913, Chemistrylab 1

Lok: 45790, Mubiqusl .23, Bio-Red Laborstories

AST (ASAT/GOT), UV with PSP, Siemens Dimension Vita, Dedicated Reagent, U/L

Cum Mean/SDICV: [1] 3.5/059267, [3] 29652/3.21/1.36, Fixed Mean/SD/CV: [1] T7.00/{1.11)/3.00, [3] T3650/3.21/(1.36)

Graph against: Your lsborstory, Current instrument; Evaluation Mean/SD, Mean/SD/CV: [1] 37.00/(1.11)/3.00, [3] 236.80/321/(1.36)
Tevell + Tovdlilesn—0— levl? -~ Level3Wean——

Labs 999953, Chemistry b 1
Lot: 45820, Mubiqual 123, Bi-Red Laborstories

AST (ASAT/GOT), UV with PSP, Siemens Dimension Vists, Dedicated Resgant, /L

Cum Mesn/SDICV: [1] 7.20/079/212, [3] 25020/193/0.77,  Ficed Mean/SDICV: [1] ~/(L12)/300, [3] ~/321/(1.28)

Graph ogainst: Your lsborstory, Current instrument, Evalustion Mean/SD, Mean/SDICV: [1] 37.20/(1.12)/30, [3] 250.20/321/{1.26)

Level L Tevelilesn 0 lovell ©  Level3Mesn —o— ]

Crossover
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- Part 2

Reagent Crossover Studies

13



Why Reagent Crossover Studies?

INNEWS

Health executive sacked after prostate cancer
blunder gives patients wrong diagnosis

By Wendy Glamocak, staff
Updated Sun 3 Apr 2016, 2:47am
About 100 patients in South Australia were given false positive

results for prostate cancer in a bungle that has now led to the
sacking of a key health executive.

Health Minister Jack Snelling demanded an independent inquiry when he
found out from the media about the blunder.

27
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* Test method reagent systems are a critical component
to many clinical diagnostics.

+ Alot of reagent stored per manufacturer instructions
is usually stable until the expiration of the lot, but new
lot numbers of reagent must be evaluated to determine
if there are any issues or changes with respect
to evaluating patients or QC materials.

* A Reagent Crossover is a study to evaluate a possible

change in either patient or QC testing from the introduction
of a new reagent lot number.

28
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'I?I;e Matrix Effect

+  Sometimes, a reagent lot specific change takes place
in QC results while the patient results are not affected.

+ Sometimes a reagent lot specific change takes place
in patient results while QC results are not affected.

+ The differences in the behavior between patient
specimens and QC specimens with respect to a reagent : f

lot are called “matrix effects”. .: )\
+  Both patient and QC specimens must be evaluated g

1
on reagent lot changes to ensure the continued /

production of QC patient results.

29
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CLSI EP26A - Reagent Crossover Studies

The CLSI EP26A
User Evaluation of E P26_A
Between-Reagent Lot
Variation Guideline
describes in detail

User Evaluation of Between-Reagent Lot
how to do a Reagent Variation; Approved Guideline
Crossover Study.

30

30
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Overview of Reagent Crossover Study

A Reagent Crossover study must be designed.

*  The specified number of patient and QC samples at the
required concentrations are evaluated on the current
reagent lot.

+ The new reagent lot is loaded.

+  The patient and QC samples are evaluated on the new
reagent lot.

« If the difference between samples
on the current and new lots are below the study thresholds,
the new lot passes.

* If not, the new lot requires further investigation.

31
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* New shipments of a reagent lot that has
already passed a Reagent Crossover
Study do not need to be re-examined
beyond normal QC evaluation.

* Reagent lots that have passed
a Reagent Crossover Study with
an affiliated laboratory using the same
test methods do not need
to be re-examined beyond normal QC
evaluation.

32

32
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Determining Critical Difference (CD) (1/3)

*  The Critical Difference (CD) value for a test
method is how much change can
be tolerated in a result before it would influence
a clinical decision.

« This is very similar to the quality specification for
a test method or the TE,.

« CD values may come from
— Clinician’s Expert Opinion,
— Biological Variation Studies,
— State of the Art, etc.

33
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* Designing a Reagent Crossover Study requires
the within-laboratory imprecision (SD,,, from EP5)
which is referred to as SD\yg, and repeatability
(SDg from EP5).

— SDyg. stands for Within Reagent Lot SD

+  SDygr and SDg may come from a laboratories’
precision studies or from the manufacturer’s
instructions for use.

+ SDygr.and SDg should be concentration specific.

34

34
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Dc—atermining Critical Difference (CD) (3/3)

Using the Biological Variation approach,
we would compute a CD based on the test
method RCV computed with the SDyyr,
expressed as a CV in place of the CV,

in the RCV equation.

RCV =212*Z *[(CV, )? + (CV,,)4]"2

CD=212*Z* [(CVyg )? * (CV,,)?]"2

For CV,y of 6, CVyg_ of 1.6:

CD =1.41*1.96%(1.62%6.0%)"2=17.2

35

35

The Rejection Limit should be
based on the clinical utility of the

test (like Severity of Harm) where

the most critical tests use a low factor
(0.6 or 5.5) and least critical tests

use a high factor (0.9 or 0.8).

Reagent Cross Over Study
rejection limits are computed as a
fraction of the CD.

CLSI Reagent Cross Over Study
Design tables are based on
0.9*CD, 0.8*CD, 0.7*CD, 0.6*CD
and 0.55*CD.

36

36
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Determining Sample Concentr@ns

Ideally, Reagent Cross Over Study samples should be

at concentrations that match clinical decision points.

*  The number of sample concentrations should match
the number of clinical decision points.

+ Reagent Cross Over Study design guidance from
CLSI is provided for 1, 2, or 3 sample concentrations.

* Matching patient samples with concentrations near
QC levels is also desirable.

37
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I:;etermining Number of Samplgy(1l3)

* The Appendix Tables A1, A2, and A3 of EP26 should be used to determine
the number of samples at each concentration.

« Table A1 is for a single concentration, A2 for 2 concentrations, and A3 for 3
concentrations.

* These tables determine how many samples are required for a given
Rejection Limit, and what the false positive rate and power of detection are.

38

38
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Table A2. Sample Size to Detect a CD Between Reagent Lots for Two Decision Limits (With False
Rejection Rate <2.5% for Each Comparison)
Number of Samples to Compute Mean Difference
(False Rejection Rate, Power if True Difference=CD)
Rejection Limit for Mean Difference
CDISyr, S/Swrr 0.90-CD 0.80-CD 0.70-CD 0.60-CD 0.55-CD
1.0 1.00 13(0.022,0.601) | 16(0.024,0.714) 21 (0.023, 0.835) 28(0.025, 0.933) 34(0.023, 0.968)
1.0 0.95 — — — — —
15 1.00 6(0.019,0.602) | 7(0.025,0.713) 10 (0.019, 0.843) 13 (0.022,0.937) 15 (0.024, 0.968)
1.5 0.95 11(0.024,0.599) | 20(0.025,0.713) 74 (0.025, 0.832) — —
1.5 0.90 — — — — —
20 1.00 4(0.011,0611) | 4(0.024,0.714) 6 (0.015, 0.851) 7(0.025, 0.933) 9(0.020,0.972)
2.0 0.95 5(0.016, 0.606) | 6 (0.023,0.715) 10 (0.022, 0.836) 20 (0.025, 0.933) 40 (0025, 0.967)
2.0 0.90 7(0.021,0.601) | 13(0.024,0.713) 160 (0.025, 0.832) — —
2.0 085 17 (0.024, 0.599) — — — —
2.0 0.80 — — =— — —
25 1.00 2(0.024,0599) | 3 (0.014,0.730) 4(0.013, 0.856) 5 (0.018, 0.943) 6(0.017,0.974) CLSI. User Evaluation of Between-Reagent
25 0.95 3(0.012,0.610) | 4(0.013,0.733) 5(0.019, 0.843) 8 (0.021, 0.938) 10 (0.025, 0.967) Lot Variation; Approved Guideline. CLSI
document EP26-A. Wayne, PA: Clinical and
25 0.90 0.019, 0.603 4(0.024, 0.714 8(0.022, 0.83 24 (0.025,0.933 — "
3 4 ) { T14) ( 830 ( 50053 Laboratory Standards Institute; 2013.
5= Ao TnnTe nRn | RS aai EERGYRINTEC
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SRI SWRL

To use the CLSI table,
you need to compute 2 ratios:

CD/Syr.

+ CD/Syg, is the ratio of the critical
change to the analytical precision —
the higher this is, the lower the
number of samples is required.

*  Sgr/Syreis the ratio of repeatability
to analytical precision. The smaller
Sg is compared to Sy, the higher
the number of samples is required.

40

40
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Determining Number of Samples (3/3)

+ First locate the section of the table that matches your CD/S,,g, ratio.
For values in between, choose the next lowest value.

* Next choose the row that matches your Sg/S,yg, and your CD/Sg, ratio.
* Use the column that corresponds to your Rejection Limit.

» The number outside the parenthesis is the number of samples required.
The first number inside the parenthesis is the probability of a false
positive result, the second number is the probability of error detection.

41 BIORAD
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AST Example with 2 Sample Concentrations

Target Rejectlon
40 IU/L 0.7*CD 7.7 0.62
200 IU/L 20 41 1.3 0.7*CD 4.9 0.32
42 BIO-RAD
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AST Example with 2

For 40 IU/L, CD/Syg, = 7.7, Sg/Syr. = 0.62

Number of Samples to Compute Mean Difference
(False Rejection Rate, Power if True Difference=CD)
Rejection Limit for Mean Difference
CD/Syr1 S/SwrL 0.90-CD 0.80-CD 0.70-CD 0.60-CD 0.55-CD
6 1.00 1 (0.000, 0.664) 1(0.001, 0.802) 1(0.003, 0.898) 1(0.011, 0.955) 1(0.020, 0.972)
6 0.95 1 (0.000, 0.664) 1(0.001, 0.802) 1(0.003, 0.898) 1(0.011, 0.955) 1(0.020, 0.972)
6 0.90 1(0.000, 0.664) 1(0.001, 0.802) 1(0.003, 0.898) 1(0.011, 0.955) 1(0.020,0.972)
6 0.85 1(0.000, 0.664) | 1 (0.001, 0.802) 1(0.003, 0.898) T(0.011, 0.955) T(0.020, 0.972)
6 0.80 1(0.000, 0.664) 1(0.001, 0.802) 1(0.003, 0.898) 1(0.011, 0.955) 1(0.020,0.972)
6 0.75 1(0.000, 0.664) 1(0.001, 0.802) 1(0.003, 0.898) 1(0.011, 0.955) 1(0.020, 0.972)
6 0.70 1 (0.000, 0.664) 1 (0.001, 0.802) 1(0.011, 0.955) 1(0.020, 0.972)
o
6 0.60 1 (0.000, 0.664 1 (0.001, 0.802 1(0.003, 0.898 1(0.011,0.955 1(0.020, 0.972
(0.000,0.664) | 1 L1« ) D1 ) ( 72)
6 0.50 1 (0.000, 0.664) 1 (0.001, 0.802) 1(0.003, 0.898) 1(0.011,0.955) 1(0.020,0.972)

Use 1 sample
near 40 IU/L

CLSI. User Evaluation of Between-Reagent Lot Variation; Approved Guideline. CLSI document EP26-A. Wayne, PA: Clinical and Laboratory Standards Institute; 2013.
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For 200 IU/L, CD/Sy, = 4.9, Sp/Syr, = 0.32

Number of Samples to Compute Mean Difference
(False Rejection Rate, Power if True Difference=CD)
Rejection Limit for Mean Difference
CD/Syri SJSwri 0.90-CD 0.80-CD 0.70-CD 0.60-CD 0.55-CD
45 0.60 1(0.004, 0.625) | 1(0.0LL, 0.738) 2(0.014, 0.854) 5 (0.024, 0.934) =
45 0.50 1(0.004,0.625) | 1(0.01L,0.738) 2(0.017, 0.846) — —
45 0.40 1(0.004,0.625) | 1(0.011,0.738) 2 (0.020. 0.840) — —
45 0.30 1(0.004,0.625) | T(00I10738)C |  2(0.023,0836) — —
- —

3 1.00 1(0.001, 0.638) | 1(0.003,0.760) T{0.013, 0.856) 2(0.003, 0.977) 2 (0.006, 0.988)

5 0.95 1(0.001,0.638) | 1(0.005,0.760) 1(0.013, 0.856) 2 (0.004,0.972) 2 (0.009, 0.984)

5 0.90 1(0.001,0.638) | 1 (0.005,0.760) 1(0.013, 0.856) 2 (0.006, 0.967) 2 (0.012, 0.980)

Use 2 samples near 200 1U

CLSI. User Evaluation of Between-Reagent Lot Variation; Approved Guideline. CLSI document EP26-A. Wayne, PA: Clinical and Laboratory Standards Institute; 2013.
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AST Example with 2 Sample C!:entrations

Candidate
Target Current Lot Lot Average
Analyte Concentration Result Result Difference | Difference
AST 30-50 IU/L 62 62.6 0.6 0.6
200-400 TU/L 285.7 2843 —-1.4
361.8 350.7 —11.0 —6.25
Absolute Value of
the Average
Analyte Decision Concentration Difference Rejection Limit | Acceptable?
AST 40 TU/L 0.6 7 Yes
200 IU/L 6.25 14 Yes
CLSI. User Evaluation of Between-Reagent Lot Variation; Approved Guideline. CLSI document EP26-A. Wayne, PA: Clinical and Laboratory Standards Institute; 2013.
45 BIORAD
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Thank You

BIdRAD -

23



