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Cancer Diagnostics

Investigating the Current Harmonization Status of
Tumor Markers Using Global External Quality
Assessment Programs: A Feasibility Study

Huub H. van Rossum (), * Stefan Holdenrieder,? Bart E.P.B. Ballieux, Tony C. Badrick,® Yeo-Min Yun,f
Chuanbao Zhang,® Dina Patel,” Marc Thelen, " Junghan Song,k Nathalie Wojtalewicz,® Nick Unsworth,'
Hubert W. Vesper,™ Wei Cui," Lakshmi V. Ramanathan,® Catharine Sturgeon,I and Qing H. Meng ()P

BACKGROUND: The harmonization status of most
tumor markers (TMs) is unknown. We report a feasibil-
ity study performed to determine whether external qual-
ity assessment (EQA) programs can be used to obtain
insights into the current harmonization status of the tu-
mor markers a-fetoprotein (AFP), prostate specific anti-
gen (PSA), carcinoembryonic antigen (CEA), cancer
antigen (CA)125, CA15-3 and CA19-9.

METHODS: EQA sample results provided by 6 EQA
providers (INSTAND [Germany], Korean Association
of External Quality Assessment Service [KEQAS, South
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Korea], National Center for Clinical Laboratories
[NCCL, China], United Kingdom National External
Quality Assessment Service [UK NEQAS, United
Kingdom], Stichting Kwaliteitsbewaking Medische
Laboratoriumdiagnostick [SKML, the Netherlands],
and the Royal College of Pathologists of Australasia
Quality Assurance Programs [RCPAQAP, Australia])
between 2020 and 2021 were used. The consensus
means, calculated from the measurement procedures
present in all EQA programs (Abbott Alinity,
Beckman Coulter DxI, Roche Cobas, and Siemens
Atellica), was used as reference values. Per measure-
ment procedure, the relative difference between con-
sensus mean for each EQA sample and the mean of
all patient-pool-based EQA samples were calculated
and compared to minimum, desirable, and optimal al-
lowable bias criteria based on biological variation.

RESULTS: Between 19040 (CA15-3) and 25398 (PSA)
individual results and 56 (PSA) to 76 (AFP) unique
EQA samples were included in the final analysis. The
mean differences with the consensus mean of patient-
pool-based EQA samples for all measurement proce-
dures were within the optimum bias criterion for AFP,
the desirable bias for PSA, and the minimum bias criter-
ion for CEA. However, CEA results <8 pg/L exceeded
the minimum bias criterion. For CA125, CA15-3, and
CA19-9, the harmonization status was outside the min-
imum bias criterion, with systematic differences identified.

concLusions:  This study provides relevant informa-
tion about the current harmonization status of 6 tumor
markers. A pilot harmonization investigation for CEA,

CA125, CA15-3, and CA19-9 would be desirable.

Introduction

Circulating blood-based tumor markers (TMs) are im-
portant diagnostic tools in cancer care. For their optimal
clinical use, including application of general clinical de-
cision limits, appropriate harmonization status of the
measurement procedures is essential. Three important
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tumor markers generally used in cancer care are prostate
specific antigen (PSA), carcinoembryonic antigen
(CEA), and o-fetoprotein (AFP), for which International
Standards (ISs) International Reference Reagent (IRR) 96/
670, International Reference Preparation (IRP) 73/601,
and IS 72/225, respectively, have been available for many
years (1, 2). PSA is essential for the management of prostate
cancer, with applications including screening, diagnosis,
treatment, and follow-up (3-5). Clinical guidelines for
prostate cancer include specific PSA concentration-based
decision limits for various clinical applications. CEA is an
important tumor marker for advanced colon cancer, breast
cancer, and lung cancer. Some recent clinical guidelines for
lung and colon cancers do not mention the use of CEA,
and guidelines for lung cancer have recommended
against its use, primarily based on clinical pathways that
do not include today’s targeted and immunotherapy-based
treatments (6-8). More recent research has clearly demon-
strated relevant use of CEA in lung cancer, but current ap-
plications for targeted and immunotherapy follow-up have
not been appropriately validated (9, 10). Interestingly, the
IS available for CEA is not generally used because of con-
cerns regarding its commutability and the units in which
CEA results are reported (1, 11). AFP has a critical role
in the diagnosis, staging of, and follow-up of hepatocellular
carcinoma, and clinical decision concentrations are in-
cluded in clinical guidelines (12). Three other generally
available tumor markers for which no IS is available are
cancer antigen (CA)125, CA15-3, and CA19-9. These
TMs have clinical applications primarily in ovarian, breast,
and gastrointestinal cancers, respectively.

Unfortunately, most TMs are not standardized and
their current harmonization status is unknown (1, 13).
Harmonization of circulating TMs is challenging for
several reasons, including their heterogeneity and the
lack of knowledge about which isoform is most clinically
relevant, differences in immunoassay design and anti-
body epitope recognition in the measurement proce-
dures available, and lack of accurate calibration against
an appropriate, universal, and commutable international
standard (1, 14). The lack of TM harmonization limits
interpretation of clinical validation studies, as between
measurement procedure differences are often not taken
into account. Several TMs lack clinical validation studies
that provide a high level of evidence for their clinical use.
Such studies are essential to allow any recommendation
in evidence-based clinical guidelines. This has led to the
removal of TMs from clinical guidelines, such as those
for advanced lung cancer and breast cancer (8, 15). In
clinical oncology, there is an increasing need for TM
measurements e.g., for treatment follow-up and detec-
tion of response/nonresponse to treatment. This trend
is driven by the increasing availability of new and effect-
ive systemic treatments.
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To enable comparison of analytical results using
different measurement procedures both in clinical re-
search studies and in patient care, appropriate harmon-
ization is essential. Therefore, the purpose of this study
was to investigate the feasibility of using global external
quality assessment programs (EQA) to investigate the
current harmonization status of AFP, CAIl5-3,
CA19-9, CA125, CEA, and PSA.

Materials and Methods

EQA PROVIDERS AND DATA

Data from 6 EQA providers: INSTAND (Germany),
Korean Association of External Quality Assessment
Service (KEQAS, South Korea), National Center for
Clinical Laboratories (NCCL, China), United
Kingdom National External Quality Assessment
Service (UK NEQAS, United Kingdom), Stichting
Kwaliteitsbewaking Medische Laboratoriumdiagnostiek
(SKML, the Netherlands), and the Royal College of
Pathologists of Australasia Quality Assurance Programs
(RCPAQAP, Australia) were included in this study.
The PSA, CEA, AFP, CA125, CA15-3, and CA19-9
EQA results for specimens issued during 2020 and
2021 were requested from each EQA provider. Data
either included the median (preferred) or mean of TM
results for each specified measurement procedure for
every individual EQA sample. In addition, the number
of laboratories participating with a specified measure-
ment procedure was included for every TM and also a
brief description of the characteristics of the EQA mate-
rials. Table 1 provides an overview of the characteristics

of the included EQA samples for each TM.

STATISTICAL PLAN AND DATA ANALYSIS

To enable comparisons between the EQA programs for
each TM, only measurement procedures that were avail-
able in all EQA programs were included in the analysis.
Since the categorizations and definitions of the measure-
ment procedures in the EQA programs differed, one
representative measurement procedure from each manu-
facturer was selected to reflect current product lines or
having the highest number of participating laboratories.
Measurement procedures separated in the EQA program
that might reasonably be expected to be similar were not
merged and only a single measurement procedure as de-
fined by the EQA program was used. A consensus mean
was used as reference measure; therefore, the mean of the
included individual measurement procedure median (or
mean) values, per EQA sample, was calculated. This was
done using a non-weighted simple mean calculation to
ensure a consistent basis for the consensus mean value
and to make sure it is not affected by the relative meas-
urement procedure composition within an EQA pro-
gram. For the individual measurement procedures, the
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Table 2. Desirable performance
specifications.?

Total allowable bias

Minimum Desirable Optimal
PSA 16.0% 10.6% 5.3%
CEA 22.4% 14.9% 7.5%
AFP 20.8% 13.8% 6.9%
CA125 10.1% 6.7% 3.4%
CA15-3 13.9% 9.3% 4.6%
CA19-9 21.6% 14.4% 7.2%

*Performance specifications were based on biological variation
data extracted from the EFLM Biological Variation Database
and CA19-9 for a recent study performed by an EFLM working
group (16, 17).

mean or median value of every EQA sample was then ex-
pressed as a percentage (%) of the consensus mean value.
These values were plotted and color-coded for each EQA
program. In addition, the mean of all individual EQA
samples was calculated for every measurement procedure
using patient-pool EQA samples only. Finally, the mean
difference compared with the consensus mean value was
calculated. It was assumed that the EQA samples, based
on patient-pool materials, best reflected the behavior of
individual patient samples.

The results were interpreted with respect to analyt-
ical performance specifications (APS) based on biologic-
al variation, as previously described and documented in
the European Federation of Laboratory Medicine
(EFLM) Biological Variation database (16, 17), using
the minimum, desirable and optimal specifications for
bias. An overview of the criteria used, per TM, is pre-
sented in Table 2.

Results

SELECTION OF MEASUREMENT PROCEDURES AND DEFINITION
OF THE CONSENSUS MEAN
As results measurement procedures for the Abbott
(Alinity), Beckman (DxI), Roche (Cobas), and
Siemens (Atellica) were available from all included
EQA programs, these measurement procedures were se-
lected and used to calculate the consensus mean to en-
able comparisons between EQA programs. For some
TMs, only the abovementioned manufacturer names
were available in EQA program results. In these cases,
measurement procedures were referred to as Abbott
Alinity/Architect, Beckman Access/DxI, Roche Cobas,
and Siemens Atellica/Centaur.

For each TM, from 19040 (CA15-3) to 25398 (PSA)

individual laboratory results were included and used in the

4 Clinical Chemistry 00:0 (2024)

final analyses. Three EQA programs INSTAND, NCCL,
and RCPAQAP) used serum/plasma spiked with exogen-
ous materials to obtain sufficient EQA volumes and rele-
vant TM concentrations. Two EQA programs (SKML
and UK NEQAS) only used pooled patient sera to obtain
elevated TM concentration, and one EQA program used
both pooled patient sera as well as commercial internal
quality control (iQC) materials depending on the tumor
marker (KEQAS). An overview of the EQA program and
sample characteristics is presented in Table 1. The number
of EQA samples (including patient-pool-based EQA sam-
ples) included per tumor marker were: PSA 56 (34), CEA
74 (52), AFP 76 (54), CA125 64 (30), CA15-3 60 (30),
and CA19-9 58 (24). An overview of the obtained measure-
ment procedure mean expressed as percentage of the con-
sensus mean for each individual EQA program is
presented in Table 3.

PSA

Results of the PSA harmonization study are presented in
Fig. 1 for the measurement procedures included in the
consensus mean calculation. For Beckman Coulter, the
calibration (WHO or Hybritech) was only specified by
the UK NEQAS scheme, which used the WHO calibra-
tion. Only 5 EQA samples from the UK NEQAS pro-
gram were outside the minimum bias criterion. The
average patient-pool-based EQA difference with the
consensus mean was —0.3% for Abbott Alinity,
—2.7% for Beckman Coulter DxI, 10.0% for Roche
Cobas, and —7.9% for Siemens Atellica, all within the
desirable allowable bias criterion. Furthermore, for
Siemens Atellica a trend towards a negative bias at the
low concentration range was observed. The spiked
serum/plasma-based EQA samples and patient-pool—
based EQA samples appeared to behave rather similarly.

CEA

The CEA harmonization investigation is presented in
Fig. 2 for measurement procedures included in the con-
sensus mean calculation. The average difference with
the consensus mean was 7.4% for Abbott Alinity, 8.2%
for Beckman Access/Dxl, 3.7% for Roche Cobas, and
—19.4% for Siemens Atellica. Although all these mean re-
coveries were within the minimum allowable bias criter-
ion of +22.4%, several individual EQA results were
outside this criterion. Particularly at the concentration
range below 8 pg/L, all patient-pool-based EQA samples
showed a trend towards an increasing negative difference,
with the consensus mean exceeding the minimum bias
criterion for the Siemens Atellica method.

AFP
The AFP harmonization investigation is presented in
Fig. 3. The average patient-pool EQA difference from

y20z Aenige4 zz uo 1senb Aq | #SZ19//SO00SBAY/WSYIUIR/SE0 L 0 | /I0P/3|o1B-00UBAPE/WSYDUI0/WOo9 dno olwepeae//:sdiy Wol) papeojumMo(]



Tumor Marker Harmonization Investigation Using EQA

Downloaded from https://academic.oup.com/clinchem/advance-article/doi/10.1093/clinchem/hvae005/7612541 by guest on 22 February 2024

"an|eA ueaW pale|ndjed 8yl Jo | %G6 Y1 wesaidal sessyiuaied uiyim senjep ‘suonendjed 3 |ood
1usned uesw syl Ul PapN|DUl 8.8 Sp|al) PadJew P|og "UBaW SNSUasSUOD 8yl JO % se passaldxa si weiboid Y3 ue uiyim sejduies \yDJ || JO uesw ainpadoid Juswainseaw ay]

(€°L6-1'V8) L06

(2¥9-5'6€) 6°LS

(L'58-0'VL) 8°6L
(1'002-1°SSL) 9°LLL

(0'zLL-L°LOL) 6601

(8°LL1-S"LOL) L'60L
(zvL-€L9) L'0OL

(6°€1L1-9°S0L) 8°601L

(5'501-6"96) Z°LOL
(9°€6-2°58) 1°68
(0's6-1°58) L°06

(eLei-voineell

(8'¥OL-v'€0L) L'vOL

(S'voL-6'20lL) L°€0L
(9°96-9°76) 9°S6
(¢°£6-2°96) L96

(r'e8-8°£L) 9°08
(L'zoL-€00lL) £°€0L
(s'0LL-0"901) Z'80L
(zoLL-2vol) v'LoL

(r'v6-v°L6) 626
(z:oLL-g60L) O'OLL
(S"00L-L"P6) £°L6
(L'2oL-¥'L6) L'66

vO3 |ood jusned uespy

(6°€01-6'08) ¥'26
(z'L8-L2v) 0°S9
(5'L6-6'98) 2°26

(6°£81-6'CLL) ¥°0SL

(6°LLL-0'80L) 6°601
(6°€LL-vZLL) 2 ELL
(6°9£-9°LL) EVL
(zvoL-1°L0L) 9°20L

(0°06-5°£8) 8'88

(8'96-0°£8) 6'L6
(9°901L-L"00L) ¥°€0L
(r'8LL-SELL) 6'SLL

(¢’901-£20L) S'¥OL
(z’voL-€-o0l) €20l
(S'001-6°€6) T°L6

(5°26-9'76) L'96

(9°'s8-0°2L) €718
(L'oLL-g'zolL) L'901L
(2's01-8°L0L) S°€0L
(roLL-LL0L) L'60L

(6'26-17°88) L°06
(L'60L-2°£0L) Z2°80L
(9°601-5°£6) S'E0L

(r'201-6°26) 9°L6

TAIS

(L'LLvL9) €L

(€'6€-€'£€) €8€

(L'2r=1°6€) 9°0F
(8°'2SC-6'7¥2) 882

(L'6€1-0°£LL) L'8ZL
(0'98-0'%S) 0°0L
(€°89-L°LY) L6V

(1'891-5'9¢1L) €251

(6'1Z1-S9LL) T6LL
(€'56-G'€8) ¥'68
(L'€L-9°€9) L°89

(8'szl-8'6L1) 8°CZL

(S°£01-€'S0L) ¥'901
(686=9°76) L'96
(£°€0L-¥"£6) G001
(€7201-5"06) 196

(096-6'16) 0'V6

(v'L6-L'28) 106

(€'€6-5'88) 6°06
(L'0€L-0'0ZL) 0'SZL

(1'£6=6'€6) G°G6
(0'901-0"001) 0'€0L
(9°1L11=£901) 2'60L

(£'56-6'88) €26

dvOvdIy

(2'96-6°18) 068

(£ev-€-€€) 8°8¢€

(¢0L-L¥9) VL9
(6'8L2-9°061) 8'v0C

(e'eLL-€901) 8'60L

(r'oLL-LvolL) 2°LOL
(5'€£-6'29) 289

(£'0z1-6'80L) 8'VLL

(L'ELL-6'S0L) S'601
(0v6-9°1L8) 8°L8
(8'98-5'92) 2°1L8

(LezL-z6LL) SLEL

(0'soL-Leol) L'vOL

(6'v0L-L20L) 8°€0L
(6°96-7'16) 9°S6
(2°£6-0°96) 9796

(£'S8-1°9£) 6°08
(z°601-1"L6) €'€0L
(L'eLi-z90l) 9°'60L
(o'zLi-v00lL) z'90L

(5'86-6°€6) 2°96
(L'LLi-z60l) L'OLL

(0’c6-€°58) L'68
(9°20L-S"L0L) 9'vOL

SVO3IN 3N

(¢v9-5'8¥) €95
(1°08-€"L4) L'SL
(L'e0z-L'6L1) ¥L6L
(68L-€VL) 9°9L

(7°LL1—8'80L) L'OLL
(€9L1-860L) L'ELL

(9°€v—97€) L'6€
(¢avl—€0¢ElL) L LEL

(£'S0L=£'101) £'€0L
(Legl—v9zl) L'oEL
(v'sv—zzy) 8'ey
(YA WA R 44}

(S'60L-7'901) 0°'80L

(£°50L-L°€0L) v'¥OL
(L'v6-926) £'€6
(€'S6-17'€6) €6

(€°501-1"66) €201
(1'88-1°18) 9'¥8
(L'€6-0'26) 626

(L'szL-€'SL1) 2’0zl

(£'001-C L6) 686
(6°501—€°G0L) 9°S0L
)

)

(cvol-Lzol) z'eol
(8'76-8'68) €26
100N

(¢'501=£"96) 0'LOL
(8°06=9'98) £'88
(€'ZL1-£'901) S'60L
(8'701L-8'96) 8001

(G°0ZL-9°LLL) 0'9LL
(9°LLL=Z'SLL) ¥'9LL
(0°69-€'vS) £'6S
(L'LLL=£%0L) 6'£0L

(0'£6-0°88) G'¢6

(P'eL~1'89) 6°0L
(¢’sel-v9zl) 8°0€L
(9°£01-L"¥0L) 6'S0L

(e'solL-veol) 8’0l

(£'soL-L°€ol) 8'vOL
(L'vé—T'e6) 6°€6
(€°86-£96) S°L6

(0'z8-L'94) €'6L
('s01L70°66) 2201
(9°€1L1-6'S0L) 8601
(€'zL1-Z'S0L) £'801L

(€°26-0°68) L°06
(r'eLi-g'60L) L'LLL
(8'voL-£00L) £'2OL

(€°86-9°26) S'S6

SVODI

(9'86-L€8) L'L6

(L'9v-9'€€) Zz OV

(9°0£-G°€S) 029
(6°£22-5"S81) L'90C

(8'621-0°02L) 6'¥72L
(8°0LL-¥'¥0OL) 9°£0L
(S'v9-€€9) 6'8S
(8'€L1-€'€0L) 9°80L

(e'ezL-SLLL) v'ozlL
(9°6.-82L) T9L
(L'€8-8'€9) L'€L

(8'SEL-¥'€2L) 9°62L

(£'911-9'%0L) L°OLL
(8'86-2°16) 0'S6
(£°66=0'C6) 8'S6

(¢'101-8°G6) 586

(9°£01-9°€6) 9001
(9'68-98/) 128
(€'66=G96) 6'L6

(SveL-zvLL) €6LL

(8'S6-6'06) €€6
(8°£0L-£20L) €'S0L
(9'901L-Z°001L) ¥°€0L

(6°001-1"G6) 0°'86

ANV.LSNI

suswalg
aydoy
uewsag
Hoqav

6761 VD
suswalg

ayooy
uewnag
Hoqqy

€-Gl VO
suawalg

ayo0y
uewspag
Hoqqv

§CLVD
suswalg

sydoy

uewndag

Hoqqy
ddv

suswialg
ayooy
uewag
Hoqav

v3ad
suswalg

aydoy
uewndag
Hoqqy
VSd

o"}nsaJ uonebiisaaul uoneziuowey |A] dyidads weiboid YO °g 9|qel

5

Clinical Chemistry 00:0 (2024)



Abbott Alinity

QAS (UK]
@ NCCL (China)

30
@
5 20
@
=
@
2 110
8 A
£ A :
o
S rereli@egeeeendhe B e TS, Tl Reec e -
e A t . . 0
3 50 : o o°
S @
©
2 80

70

05 1 2 4 8 16 32 64 128
Consensus mean PSA (ug/L)
Roche Cobas
A S The Netherlands)

RCPAQAP(Australia

P A i

L I

80

% Recovery from concensus

05 1 2 4 8 16 32 84

Consensus mean PSA (ug/L)

5
&

Beckman Access/Dxl|
NEQAS (UK]

05 1 2 4 8 16 32 64 128

Consensus mean PSA (ug/L)

Siemens Atellica

@ 120

@ 120

@

£

@

o

c 110

S

S

E 8
»

> A et o ”

G senveeenpeeeeshenergrin e Bl

o - L

g ol 3

1

£ ! i

=2 80

a

05 1 2 4 8 16 32 64 128

Consensus mean PSA (ugiL)

respectively.

Fig. 1. PSA harmonization investigation. Patient-pool-based EQA samples are plotted as triangles and
spiked samples as circles. Mean recovery is calculated using patient-pool-based EQA samples only.
Green, yellow, and red lines represent the optimum, desirable, and minimum allowable bias criteria,

the consensus mean was —3.3% for Abbott Alinity,
—4.4% for Beckman DxI, 3.7% for Roche Cobas, and
4.1% for Siemens Atellica, all within the optimal bias
criterion of +6.9%. All EQA samples were within the
minimum bias criterion of +20.8% and all but 3 were
within the desirable bias criterion of +13.8%.

CA125, CA15-3, AND CA19-9

The results for CA125, CA15-3, and CA19-9 are pre-
sented in online Supplemental data 1-3. For each of
these TMs, the samples from the individual EQA pro-
grams seem to behave rather differently and often pro-
vided discrepant and contrary results between
measurement procedures. When focusing on the
patient-pool-based EQA, this suggested that for
CA15-3 the Beckman Access/DxI measurement proce-
dures provide significantly lower concentrations than
the consensus values with a mean difference of —29%
from the consensus mean, while the other 3 had a similar
mean differences from the consensus mean of approxi-
mately 10%.

6 Clinical Chemistry 00:0 (2024)

For CA125, the Abbott Alinity/Architect measure-
ment procedures seemed to have a positive bias with re-
spect to the consensus mean of 19%. For the other 3
CA125 measurement procedures, individual patient-
pool EQA results had differences higher and lower
than the minimum allowable bias criterion.

For CA19-9, the Abbott Alinity/Architect measure-
ment procedures produced significantly higher results
with a mean difference of 77% from the consensus
mean, while Roche Cobas seemed to produce signifi-
cantly lower results with a mean difference of —48%
when compared to the consensus mean.

For the investigated measurement procedures of CA
15-3, CA125, and CA19-9, the minimum bias criterion
of +£13.9%, +10.1%, and +21.6% respectively, were
exceeded.

Discussion

This study investigated the feasibility of using several
global EQA programs to examine the harmonization
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Fig. 2. CEA harmonization investigation. Patient-pool-based EQA samples are plotted as triangles and
spiked samples as circles. Mean recovery is calculated using patient-pool-based EQA samples only.
Green, yellow, and red lines represent the optimum, desirable, and minimum allowable bias criteria,

status of 6 widely used TMs. Results of this study may
help to prioritize the need to harmonize the different
TMs. Based on the patient-pool-based EQA samples,
AFP seems to be harmonized within the optimal bias cri-
terion (+£6.9%), PSA within the desirable bias criterion
(£10.6%), and CEA within the minimum bias criterion
(22.4%). The current harmonization status of CA125,
CA15-3, and CA19-9 is outside the minimum bias cri-
teria of +10.1%, + 13.9%, and +21.6%, respectively.

Investigating the harmonization of in vitro diagnos-
tics using data from EQA programs has recently gained
interest as a tool to provide insights into between meas-
urement procedure relationships and correlations
(18-21). A major advantage of using EQA data is that,
in general, a large number of measurements are performed
per measurement procedure and the median (or mean)
of each EQA sample thereby reflects true operational
performance. A key and essential requirement is that
the EQA materials are commutable (19, 22). This is
likely to vary and may not have been formally demon-
strated by all EQA programs, including those for

TMs. Results of the present study suggest that lack of
commutability may be particularly problematic for
CA125 and CA19-9. Unless commutability of the
EQA samples can be demonstrated, the discrepant
EQA data should, therefore, not be blindly used for as-
sessment of between measurement procedure agreement
as the results will be highly dependent on the EQA pro-
gram used (23, 24). Having results from multiple EQA
programs, including those that use residual patient ma-
terial as included in the present study, allows for a more
complete evaluation. It is relevant for the laboratory
community to have this data available and to use it to
gain insights into the effect of using EQA materials
with limited or, at best, undocumented commutability.
In this study, however, we have only included data from
the patient-pool-based EQA programs when assessing
harmonization status as these samples were thought
the most likely to share the characteristics of individual
patient samples.

Data from the individual EQA programs based on
patient-pool samples suggest that, for CEA, AFPD,
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Fig. 3. AFP harmonization investigation. Patient-pool-based EQA samples are plotted as triangles and
spiked samples as circles. Mean recovery is calculated using patient-pool-based EQA samples only. Green,
yellow, and red lines represent the optimum, desirable, and minimum allowable bias criteria, respectively.

CA15-3, and CA19-9, the EQA samples from the differ-
ent EQA programs seem to behave rather similarly. For
CA125, however, individual EQA samples within or be-
tween EQA programs seem to behave differently—these
EQA samples gave results which were either higher or
lower than the upper and lower criterion for the minimum
bias criterion, respectively (online Supplemental 1). These
results suggest that spiked or modified materials and pa-
tient pools might not provide an adequate EQA material
in this case and, preferably, individual patient samples
should be used. Alternatively, this might also indicate
that CA125 harmonization for the investigated measure-
ment procedures is compromised by the heterogeneity of
CA125 in patients, in combination with the differences
in immunoassay design. Similarly, for CA19-9, the low
SKML EQA samples seem to have different characteristics
to the other patient-pool-based EQA samples, also indicat-
ing and illustrating differences in immunoassay design and
antibody epitope recognition locations of the measurement
procedures and potential differences between cancer-
derived CA 19-9 and low-level CA 19-9 in healthy persons.

However, despite these limitations, the current

8 Clinical Chemistry 00:0 (2024)

harmonization for CA125, CA15-3, and CA 19-9 still
seems to be outside the minimum allowable bias criterion.

When investigating TM harmonization status using
the patient-pool-based EQA only, our results indicate
and confirm an adequate harmonization status within
the optimum bias criterion (+6.9%) for AFP for the in-
cluded measurement procedures (13, 25).

For PSA, our results can be compared to a recent
harmonization verification study performed by Ferraro
et al. for exactly the same measurement procedures
and a slightly different consensus value (median instead
of mean) (14). Their conclusion was that harmonization
amongst PSA measurement procedures was within the
minimum allowable bias criterion (+16.0%), but not
within the desirable bias criterion (+10.6%). When
comparing the mean bias per measurement procedure,
the biases for Roche Cobas (11.3% vs 10%) and
Siemens Atellica (—=7.1% vs —7.1%) from Ferraro
et al. and our study, respectively, are highly comparable.
However, these are different for Abbott Alinity (6.3%
vs —0.3%) and Beckman DxI (=10.3% and —2.7%)
as the 95% ClIs provided do not overlap. A relevant
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complicating factor here is the unknown calibration ba-
sis of the Beckman DxI measurement procedures in-
cluded. Others have already demonstrated lower PSA
results with the WHO-calibrated Beckman-Coulter
Access-1I assay in comparison to Roche (Cobas) and
Siemens (Centaur) (26). The Beckman DxI EQA results
included were probably a mix of both calibrations
(WHO and Hybritech), thereby complicating the analysis,
but this situation does reflect clinical practice and the true
operational harmonization status. Another reason for the
differences in harmonization results compared with
Ferraro et al. could be the calibration bias when a verifica-
tion is performed in a single or limited number of analytical
runs and reagent lots (14). The use of multiple EQA pro-
grams and laboratories within EQA programs would aver-
age out any individual calibration bias. This is a major
advantage of using EQA programs for method comparison
studies.

For CEA, the mean recoveries of the patient-based
EQA for Abbott Alinity and Roche Cobas were within
the minimum (£22.4%) and those for Beckman
Access/DxI within the desirable (+11.9%) bias criterion.
However, a scatter of the EQA samples was observed.
For Siemens Atellica at lower CEA concentrations
(<8 pg/L), a negative bias with respect to the consensus
mean was observed. Others have investigated the har-
monization status of CEA and Zhang et al. found dis-
crepant results when performing method comparison
studies based on patient populations, IRP 73/601, and
EQA samples indicating non-commutability of the non-
patient derived materials (11). Park et al. have per-
formed a thorough method comparison study of similar
measurement procedures by the same manufacturers in-
cluded in our study (27). Although both the included
patient-based method comparison studies were analyzed
by between measurement procedure comparisons, both
showed that on average (assessing the slope from regres-
sion analysis) the Siemens Atellica measurement proced-
ure provided the lowest results and Abbott Alinity the
highest CEA results. This is in line with our observation
that the average recovery from Siemens Alinity was low-
est with an average systematic difference of —19.7%.
Since, in our analysis, EQA samples including patient-
pool samples exceeded the minimum desirable bias
criterion (+22.4%), this together with the 2 method
comparison studies provides a strong indication that
the included CEA measurement procedures are insuffi-
ciently harmonized throughout the measurement range.

For CA125, CA15-3, and CA19-9, the patient-pool
EQA indicated a harmonization status exceeding the min-
imum bias criterion. The next step would be to initiate a
harmonization pilot study for CEA, CA125, CA15-3,
and CA19-9 TMs, ideally based on individual patient sam-
ples. However, based on our results the use of patient-pool—

based EQA samples might also be a potential approach.

Recently, new procedures for harmonization and standard-
ization were published by the International Organization
for Standardization (ISO) and the International
Federation of Clinical Chemistry and Laboratory medicine
(IFCC) (28).1SO 21151:2020 IS, designed to enable har-
monization for measurands when no fit-for-purpose certi-
fied reference materials or reference measurement
procedures are available, might provide the necessary
protocol and methodology. Such a harmonization proced-
ure would require several essential steps including demon-
stration of the commutability of the materials used,
appropriate calibration procedures, and result validation
using an independent validation cohort.

Several limitations of our study need to be consid-
ered. First, as mentioned previously, non-commutability
is the most likely explanation for the fact that non-
human EQA materials showed different results to
human-sample-based EQA materials for some TMs.
This does not prove these samples non-commutable,
neither does it prove the commutability of the human-
based samples. However, based on their comparable be-
tween method behavior, the commutability of the latter
is more likely. Another limitation is that only measure-
ment procedures of 4 in vitro diagnostic companies
were included in the analysis for all TMs, while more
measurement procedures from other in vitro diagnostic
companies are available. The 4 measurement procedures
included for each TM were the only ones available in all
participating EQA programs. By including these in the
consensus value for all EQA samples, between measure-
ment procedure and between EQA program compari-
sons were possible; otherwise, the consensus value
would not be applicable. In addition, the categorization
of the measurement procedures in the different EQA
programs was different and could affect the results.
For example, some smaller EQA programs only listed
the manufacturer name, while others separated the
many individual measurement procedures of one sup-
plier (for example, separating measurement procedures
for Roche E411, E601, and E801 systems). In the lacter
case, one representative procedure, based on the largest
number of participants, was selected. Siemens, in par-
ticular, is known to have measurement procedures of
different origin (Dimension series, Centaur series, and
Immulite series) that can have significant differences in
assay design for the same TM. In addition, actual differ-
ences between measurement procedures may have ex-
ceeded the observed mean recovery values and minimum
bias criterion (e.g., for the measurement procedures with
the highest and lowest observed mean recovery percentages,
such as for the Roche vs Siemens PSA results). Finally, the
relevance of the APS criteria used to determine the har-
monization status can be questioned in terms of clinical
relevance (29). Although they are based on a methodology
commonly used in the field of laboratory medicine and are
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evidence-based, the minimum bias criteria for CA125 and
CA 15-3 in particular (10.1% and 13.9%) seem rather
stringent (16, 17, 29).

In conclusion, although true commutability of the
materials used was not demonstrated, this study pro-
vided relevant insights into the actual harmonization sta-
tus of PSA, AFP, CEA, CA125, CA15-3, and CA19-9.
Our results suggest that AFP is harmonized sufficiently
within the optimal bias criterion and that PSA harmon-
ization status is, on average, within the desirable bias cri-
terion. The average CEA harmonization status is within
the minimum bias criterion; however, at the lower con-
centration range (<8 pg/L) CEA harmonization status is
outside the minimum bias criterion. We recommend a
follow-up study that investigates the possibility of har-
monizing CEA, CA125, CA15-3, and CA19-9 accord-

ing to ISO recommendations.
Supplemental Material

Supplemental material is available at Clinical Chemistry
online.
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