Experience with an international EQAS
for a rare disease:
a clinical and analytical scheme for porphyrias

Napos



Porphyria

The greek name of the musling (murex brandaris) was porphyria. In
ancient time a strong red or dark violet color was extracted from this.
In latin the name of the color was purpurus

The diseases are called porphyria since the urine get a
red colour.
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The different porphyrias
- seven different forms -

« Acute symptoms
— Abdominal pain

— Paresis
— Psychiatric

* Photosensititivity
— Burnt skin

—Vesicles and bullae on light exposed
areas






Porphyrias are rare diseases

 Prevalence of about 100-200 per million
« Difficult diagnosis

 Specialist centres in Europe. A specialist
centre should be able to make all the
different porphyria diagnosis and to give
clinical advice



European EQAS for Porphyrias
- for specialist laboratories

Napos

* Public Health

In the same scheme:

- Pre-analytical
- Analytical

- Post-analytical Q_%

NOKLUS


http://ec.europa.eu/phea/

EQAS for porphyrias
28 specialist laboratories
— Samples from one patient are circulated
within 48 hours.

— Case history

—What analysis would have been
performed in your laboratory?

— Analytical results
— How was the results reported?
—What diagnosis?



EQAS 1/10

Female born 1962, has experienced three
"attacks" of abdominal pain with additional
complaints of muscle weakness and nausea,
the first of which occurred during her first
pregnancy. She has periodically suffered from
depression. Her GP sent urine, blood and
faecal samples for porphyrin analysis,
obtained two months after she had recovered
from the last attack.




Pre-analytical: Given the case history,

what would you analyse?

u-ALA

u-PBG

Total u-porphyrin
u-porphyrin fractionation
Total f-porphyrin
f-porphyrin fractionation
Total e-proto-porphyrin
Zinc proto-porphyrin

Metal free protoporphyrin
Total plasma porphyrin
FPlasma scan

Enzymes: PBG deaminase®
DMNA analysis: HMBS-gene*”

Your data *

(1)

1
1
1
1
1
0
1
0
0
0
1
1
1

Mo of centres that
selected this analyte

27
28
23
23
20
21
<
1

25
15

14



Material

Urine

Feces

Whaole blood

Plasma

Analyig

d-aminelevulinic acid (ALA)
Forphobilinogen (MPBG)
Cualitative/semigquantirative PEGE
Total porphyrins
Forphyrin fractions

Lroporphyrin

Heptaporphyrin

Hexaporphyrin

Eenaporphyrin

Coproporphyrin
Percentage dry weight
Total porphyrins
Forphyrin fractions

Lroporphyrin

Heptaporphyrin

Hexaporphyrin

Eenaporphyrin

Coproporphyrin

[socoproporphyrin

Protoporphyrin

Other dicarboxylated porphyrins
Erythrocyte protoporphyrin
Erythrocyte protoporphyrin fractions

Zinc protoporphyrin

Free protoporphyrin
FPorphobilinogen deamingse”
Uroporphyrinogen decarboxyvlase’
Total porphyring.

Flasma fluorescence scanning

Analytical

Total, isomers § and [1i
Total, isomers { and [1]
Total, isomers I and i

Total, isomers I and 111

Dewtero- and mesoporphyring

Wavelengths for excitation and emission peaks



Number of centres

Analytical:
Example Porphobilinogen (PBG)

10.0

20.0 30.0 40.0 50.0 60.0 70.0
Porphobilinogen 1/08 (umol/mmol creatinine)

80.0

.Bio-Rad ALA/PBG
Column Test

Ion-exchange followed

M by Ehrlich reaction (not
Bio-Rad)
Spectrophotometric
tests



Can the variation in results be
explained by different reference
limits / upper cut offs?

Normalization by dividing the result on the
upper reference limit

* If your result is PBG=10mmol/creatinine

« Upper reference limit/cut off =
1.2mmol/creatinine

e “Normalized” result would be 10/1.2=8



RATIO BETWEEN MEASURED VALUE
AND REPORTED UPPER REFERENCE
LIMIT

Your ratio” Median  Range Mean

u-ALA 1.9 1.5 0.7-4.9 1.7
u-PBG 6.9 42 03-11.8 5.1
Total u-porphyrin 1.4 1.3 0.6-2.7 1.5
Total f-porphyrin 0.6 0.4 0.0-11 0.4
Total e-protoporphyrin 1.2 0.6 0.1-1.5 0.7

Total plasma porphyrin 0.6 0.5 0.0-11 0.4



“Normalization” did not decrease
the inter-laboratory variation and
can therefore not explain the
variation seen



Analytical quality specifications



[/ 1 THINK SETTING GOALS |
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Courtesy: Per Hyltoft Petersen




Per Hyltoft Petersen



WITHOUT A GOAL, HOW WOULD |
COoU KNOW WHEN ‘-’OQ._.FNLEF‘?.
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u-PBG [pmol/mmol creatini

f — QS for PBG
) Minimum = + 46%

- Desirable =+ 31%
Optimum =+ 15%
L

10 30 50 7o a0

All results
Your method group: 1
o Your value: 49.2

Aarand et al, Clin Chem 2006:2:650-6



Fractions of participants (n=23)
within desirable quality specifications

QS AIP EPP PCT VP AIP

U-ALA 20 % 83 50 70 90 86
U-PBG 30 % 76 37 o6 75 45
U-tot-porf 50% 100 68 86 95 100
F-tot-porf 50 % 47 67 70 71 62

E-protoporphyrin 30 % 64 47 25 74 53

P-tot-porf 50 % 25 63 43 42




Units

Mg, mmol, ug, umol

 Per litre, per 24 hours, per mmol/creatinine



Can everyone report in same units

Results given in grams were transformed to moles using the factors given in the table below. Total porphyrin values were cal
converting each porphyrin from grams to moles and then added up to a total value.

Component Molcular weight [g/mol] Factor of conversion
multiply by factor to convert from to
Creatinine 113.12 8.840 mmol

ALA 13113 7.626 “ \ umol
PBG 226.23 4.420 (b’b Mg umol
Uroporphyrin LI B30.76 A 66‘ ug nmaol

Heptacarboxylporphyrin | 7B86.75 \- ug nmol
Hexacarboxylporphyrin | 742.74 0% ug nmaol
Fentacarboxylporphyrin | 698.73 GO 1 ug nmaol
Coproporphyrin /111 654.72 6, 1.527 Hg nmaol
FProtoporphyrin |X 562.66 ‘q 6 1.777 ug nmol
Zinc protoporphyrin 62F &0 1.597 Hg nmal
|socoproporphyrin . &Q 1.527 ug nmol

1.959 Hg nmol

Deuteroporfyrin X \,
Qo

Mesoporfyrin 1X b p 1.765 Hg nmol
If only total porphyrins - b.\s & following factors of conversion from gram to moles are used:

Total u-porphyrins 1.356 Hg nmaol
Total f-porphyrins 1.540 ug nmaol
Total e-protoporphyrins 1.687 Hg nmaol

Total plasma porphyrins 1.652 Hg nmaol



Post-analytical

Gathering all the written reports on this
case.

—Was the diagnosis correct?

—Was the correct
Information/interpretation given to
the physician?




Diagnostic Concluson

19 out of 28 participating laboratories
would have made the correct diagnosis of
Acute Intermittent porphyria.

 Five laboratories stated that some form of
acute porphyria was a possible diagnosis,
but would have asked for a new sample.

 Four laboratories ruled out porphyria or
gave no suggestion of a diagnosis



1)
2)

3)
4)

S)

6)

Reporting
- what should 1t include -

Laboratory name

Laboratory contact
details

Date of report

Name of referring
Derson

Patient name/date of
nirth

Date of sampling

7) Date of arrival

8) Material tested

9) Analysis performed
10) Results given

11) Units and reference
Intervals

12) Interpretation

13) Advice on further
testing if approp

14) Signature of lab



Reporting results

80% of labs scored 13 or more (out of 14)

85% of labs provided an interpretation of the
results

50% included clinical advice

Quality of Interpretation (except for
diagnosis) and clinical advice have not been
studied



Post - post

» How are the results and comments
Interpreted by the person(s) who gets the
report and what actions are taken?

\‘f/

=

We don’t know

(but be careful to say in your report something like
“porphyria can not be completely excluded”)



Mew diagnoses per 100 000 inhabitants

E-pp vs diagnosis of erythropoletic
protoporphyria In centres covering a
whole country
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Clinical Chemistry 57:11 Evidence-based Medicine and Test Utilization
000—-000 (2011)

European Specialist Porphyria Laboratories:
Diagnostic Strategies, Analytical Quality, Clinical
Interpretation, and Reporting as Assessed by an External
Quality Assurance Program

Aasne K. Aarsand,” Jarild H. Villanger, Egil 5tale,’ Jean-Charles Deybach,? Joanne Marsden,?
Jordi To-Figueras,” Mike Badminton,® George H. Elder,” and Sverre Sandberg'-®



thank you

Napos



EUROPEAN SPECIALIST PORPHYRIA LABORATORIES:
DIAGNOSTIC STRATEGIES, ANALYTICAL QUALITY,
CLINICAL INTERPRETATION AND REPORTING
AS ASSESSED BY AN
EXTERNAL QUALITY ASSURANCE PROGRAMME

. AASNE K. AARSAND?!, J@RILD H. VILLANGER!, EGIL
. ST@LE!, JEAN-CHARLES DEYBACH?, JOANNE MARSDEN?,
JORDI TO-FIGUERAS* MIKE BADMINTON>, GEORGE H.
ELDER>, aND SVERRE SANDBERG!®

Clin Chem 2011, in press



Norwegian Porphyria Centre (NAPOS)

Prof. Sverre Sandberg Participant:
Survey: 2/ 1 []

Laboratory of Clinical Biochemistry Sent: 15.11.2010

Haukeland University Hospital
NO-5021 Bergen

NORWAY Bergen, 26.02.2011

Report: Porphyria External Quality Assessment Scheme 2/10 (sent 15.11.2010)

In this EQAS distribution, a patient with porphyria cutanea tarda donated quality control material. The material was
sent to 28 laboratories, all of which responded.

Materials

The laboratories received & ml urine, 5 g faeces, 3 ¥ 1 ml plasma and 3 ml whole blood sent on ice and were
instructed to freeze all samples upon arrival. The samples were sent by express service and delivered within the
next day to all the laboratories except two, in which they arrived one and two days later.
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Pre-analytical —analytical — post-analytical



The time glass model of
laboratory errors

Pre pre

60%
pre

10%  Analytical

Post
30%

Post post




Case history

« A 5 years old boy was referred to a paediatric

C

P
S

Inic after having presented to the family
nysician on several occasions, after crying

nells of unknown cause. According to the

boys’ parents the crying spells always
occurred when outdoors. The family doctor
referred the patient to a paediatric clinic. After
extensive investigations over a 6 months
period, blood, urine and faeces samples were
sent for porphyrin analysis.



Anaytical performance
-Interlaboratory CV - Total and by Method

Const CV; CVy
J-ALA 17-28 08-28
UJ-PBG 30-64 16-60
J-porf 26-60 16-38
~-porf 47-60 40-70

E-pp 30-66  33-66



CONSENSUS STATEMENT*®*

The main outcome of the Conference was
agreement that the following hicrarchy of
models should be applied to set analytical
quality specifications.

I. Evaluation of the effect of analytical perfor-
mance on clinical outcomes in specific
clinical scttings

2. Evaluation of the effect of analytical perfor-
mance on clinical decisions in general:

a. Data based on components c{ biclogical

variation ;
h. Data based on analysis of clinicians’
opinions

Seamd T Chin Lab Invest 1999 50 585

Consensus agreement

D OKENNY *C G FRASER+ P HYLTOFT PETERSEN.} & A KALLNERS
*Department of Clinictl Bloctiemisery, Onir Lady's Hospital for Sick Children, Dublin, 1refand;
Directiete of Biochenteal Medicine, Ninewolls Hoapital and Medical Schiool, Dundee,
Seotbind: *Pepariment of Clinical Chemistry, Oxlense Univeraity Hogpatal, Odense, Drevimiaek;
il §Depariment of Clinical Chemistry, Karelinska Hospital, Stoeckhoim, Swiddcn

The Editors of this special issie of the Scemdfivian Jourod of Clincol ond Ladwratioy fuvestial i
and the Oreunising Committee of the Conference. Stmiegles fo sor Gilabal Qulity Specifications in
Labeiragury Midfeine, Stockholm, 24 26 Apsl 1999, are pleased o ropon thai ihis recent
Clonforence was mos ful. Over 100 participants from 27 countries actively contributed 1o the
Giscussons ob the 22 forma) presntations. Our primiary dim o ongsniing the Conforence was 10
provide a vehicke For réaching consentus on the seting of global quality spexilications in [aboratory
imedicine. This objcctive was achicved and Jively constructive debate after e presentalions were

ey —  — ==

CONSENSUS STATEMENT®

The main omcome of the Conference wis

wgrecment  that the following  bicrarchy  of

miodels should be opplicd o st analyiival
quality sporficatiuns,

I, Evaluation of the cffect of analytical perfor-
mance  on  chinieal  onlcomes i specifie
chnkcl] setlings

2 Evidwitron of the cifcct of analstical perfor-
manee op clinical decksions in penerdl
. Dxata bassd an components of biologicil

vanatn $
b Emtn based on anabps of clinkians

SICLAY S0 £0y 4758 SH6 {10900 N0 IS5SNO0T6 44813

i

a From national and internabionel cxpert
bodica
b From expert local groups o individuals
4. Perdormance goals sof by
. Regubitory bodics
b Organieers of Exwmal Oy Asseis.
et (EQAT schenies

£ Goak based on the current state of the an

a. As demonstrted by data from EQA or
Praficeeney Testing scheme

B As found o corrent publications on
melhodalogy.

Where available, and when appropeite for

complete led 10 agrecment-on the principhes liid down in the foliowing Consensis Statensenl.

the intended purpose, models higher in the

hicrarchy sre 1o be prefermed fo those at fower

kevel. The concepr of soch a heorarchy s

described i @ recent Ediloriel in Chinical

Chemistry in which the relutive meritx of ihe

above models anc discusad (Chin Chem 1995

45 331.3) This hicearchy i also boen

proposad By the ISOMTC 2XWG 3 subproup

on “Analytical Performanee Goals Bused on

Medical Mesdls” as the basis for the opgoing

revisan - of  ISORCD 15196 The  Tollowing

matiers were also discussed and agrond.

# The above hicranchy inchudes cusrently avail-
able models; however. new uscful condepis
will updoubtedly cvolve, Implementition of
atty wf the model should ase well-defined asd
describoed procidurncs.

» To frcilitite the future debate on the wiling
of imalyncal quality speciications, there 1% a
newd Tor agrecment on conctpls, definktions
ard terms.

& There 18 a need [or conlinsous Improvemcnt
in the eichange of information on qualiy
paues: between clinical laboratory  profes-
monals and the dingnostics imdustey. i
between chncsl - laboratory  professonats
and the wsers of the liboratory service.
IFCC, 1UPAC and WHO kindly sponsdred

the Conferenos bul it moat be noled that the

Conseras Slnement reflects the views of the

preseniters and repiiteint: who parsicipaled in

the Conference and docs not necessarily repres
senit those of the sponsoring bodies.
525

Kenny et al. SICLI 1999; 59:585



Total allowable error

TE =0.375% CV2 +CV2 +1.65%0.75*CV

bs WS

0.125 = optimal 0.25 = optimal
0.250 = desirable 0.50 = desirable

0.375 = minimum 0.75 = minimum

Libeer et al. Eur J Clin Chem Clin Biochem. 1996:34:665-78.



Anamnesis
Clinical
Finldings

Pre-pre
(test requesting)

: I

Pre-analytical Post-analytical phase

phase
| / (report)
- Analytical phase

Post-post (interpretation)



Medical laboratories —
Particular requirements for quality and
competence (1SO 15189:2003):

5.6.4.

External quality assessment programmes should, as far as

possible, provide clinically relevant challenges that mimic
patient samples and have the effect of checking the entire

examination process, including pre- and post-examination
procedures




