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Abstract

Introduction: Calcitonin measurement is important for the diagnosis and monitoring of medullary thyroid carcino-
ma. Unfortunately, in clinical practice, different detection systems assays are used in the follow-up of the patients,
which can be misleading. Objective: To identify the correction factor for calcitonin measurement on two different
immunoanalysers: DiaSorin-LiaisonXL (immunochemiluminescence) and CobasE601 (electro-immunochemilumi-
nescence). Methods: We selected 89 registered CT samples (28-from men; 61-from women), that were analysed on
CobasE601 with reported values between 0.5 pg/ml and 2812 pg/ml (128.5£513.98). These CT samples were se-
lected randomly to cover as wide a range of values as possible, and represented either basal CT (n=38) or selected
from CT stimulation tests (n=51). Samples were evaluated subsequently on DiaSorin-LiaisonXL. All patients gave
their informed consent. Results: Between the two assays a segmented linear correlation was noted. We identified
the following general linear regression equation: 1.108x+19.337 (p<0.05). The bias increased at high calcitonin
values. Therefore, for a better accuracy we analysed the regression equation segmentally. A statistic difference
(p<0.05) was noted for CT values ranged between 350-2600 pg/ml (n=31) on DiaSorin-LiaisonXL, for which the
linear regression equation for CobasE601 becomes 1.009x+169.796. Conclusions: Calcitonin correction factors
are highly important in the dynamic follow up of a patient suffering from medullary thyroid carcinoma when dif-
ferent detection systems assays are used to determine calcitonin. We identified the correction factors for calcitonin
determination between two different frequently used chemiluminescence immunoanalysers: DiaSorin-LiaisonXL
and CobasE601. However; it is strongly advisable to use the same analyser in order to establish biochemical evo-
lution of calcitonin.
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Introduction

Calcitonin (CT) is a hormone produced by the
parafollicular C-cells of the thyroid gland (1).
CT levels tend to be raised under the age of 3
years (2) the timing of which is based on the
mutation-associated risk and the calcitonin (CT,
mainly in the first 6 months of life (3), after
which they decline rapidly and are relatively sta-
ble from childhood through adult life (4). These
values are higher in men compared with women,
probably due to the presence of a larger C-cell
mass (3).

The physiological role of CT is still in question
in humans, but it has proven efficiency being
used as treatment in osteoporosis or hypercal-
cemia (1). The main reason why CT has clini-
cal interest is by virtue of its role as a tumour
marker in the diagnosis and dynamic follow-up
of medullary thyroid carcinoma (MTC) (5). CT
stimulation tests with calcium could increase the
sensitivity of CT analysis (3,06).

Increased CT values can also be found in various
other thyroid or non-thyroid related conditions
such as: autoimmune thyroiditis, hyperparathy-
roidism, hypercalcemia, hypergastrinemia, acute
pulmonary inflammatory conditions, chronic
inflammatory disease, mastocytosis, neuroendo-
crine tumours, small and large cell pulmonary
carcinoma, breast cancer, prostate cancer, leu-
kemic and myeloproliferative disorders (3,7-9)
supplemented with additional published materi-
als, and then created evidence-based recommen-
dations, which were set in categories using cri-
teria adapted from the United States Preventive
Services Task Force Agency for Healthcare Re-
search and Quality. The original guidelines pro-
vided abundant source material and an excellent
organizational structure that served as the basis
for the current revised document. Results: The
revised guidelines are focused primarily on the
diagnosis and treatment of patients with sporadic
medullary thyroid carcinoma (MTC. Treatment
with proton pump inhibitors, beta-blockers or

glucocorticoids can also raise serum CT (3). CT
is metabolized by the kidney and liver, therefore
conditions such as chronic kidney disease can
result in elevated CT values (3).

The progression disease and aggressiveness of an
MTC can be predicted by measuring serum CT
and carcinoembryonic antigen (CEA) at differ-
ent moments over a period of time to determine
their doubling time (10). The amount of time at
which CT value doubles (CT doubling time) can
also be a sensitive indicator of a right moment
to initiate tyrosine-kinase inhibitors (11). There-
fore, it becomes utterly important to monitor CT
on the same detection system. Current guidelines
recommend evaluating the patient with the same
assay throughout the entire monitoring period,
before and after the surgery, due to variability
in CT determination in different commercial as-
says that have various normal reference values
reported (3). Unfortunately, in clinical practice,
throughout one patient follow-up, different de-
tection system assays are used, which can be
misleading and makes the monitoring difficult.

Objective

We aimed to establish the correction factor for
CT measurement on two different frequently
used automatic immunoanalysers: DiaSorin Li-
aisonXL (immunochemiluminescence) and Co-
bas E601 (electro-immunochemiluminescence).

Patients and methods

We selected 89 registered CT samples (28 from
men, 61 from women) that were analysed on Co-
bas E601 with reported values between 0.5 pg/
ml and 2812 pg/ml (128.5 £ 513.98). These 89
values were selected randomly to cover as wide
a range of values as possible, and represented
either basal CT (n=38) or selected from vari-
ous CT stimulation tests (n=51) (not all samples
from a singular stimulation test could be selected
due to economic reasons). The 89 serum samples
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were collected between 8-10 AM after overnight
fasting. The stimulated CT samples belonged to
patients with high basal CT values to whom we
performed a calcium stimulation test to investi-
gate hypercalcitoninemia. Briefly, after cardio-
logical assessment, patients were intravenously
injected within 3-5 min 2.47 mg/KgBW (kilo-
gram of body weight) of elemental calcium, ad-
justed to the patient’s ideal weight, using calci-
um gluconate. The stimulated CT samples were
collected after Ca administration at 2, 5, and 10
minutes.

These samples were obtained from patients
evaluated in Thyroid II Department and Re-
search Laboratory of C.I. Parhon National In-
stitute of Endocrinology, Bucharest, Romania,
between June and July 2018. An informed con-
sent was obtained according to current ethical
standards. Study approval was provided by the
Ethics Committee of Carol Davila University of
Medicine and Pharmacy, Bucharest, No. 161/
PO-35-F-03/14.06.2018. All procedures were
in agreement with the Helsinki declaration con-
cerning ethical principles for medical research
involving human subjects.

On the initial analysis on Cobas E601, the 2 sam-
ples that were above the assay measuring range
(2000 pg/ml) were diluted 1/100 and recalcu-
lated. Afterwards, all samples were aliquoted
and stored at -20°C. At the time of the second
analysis (not later than 3 months from the initial
sample), we thawed these samples and subse-
quently analysed them on DiaSorin LiaisonXL
assay. Also, the 2 samples that were above the
DiaSorin LiaisonXL CT assay measuring range
(2000 pg/ml) were measured after dilution 1/100
and recalculated.

Furthermore, a statistical analysis was performed
using IBM SPSS Statistics version 20.

Calcitonin immunoassays
In this study, for the quantitative determination
of CT in human serum we used two immunoche-

miluminescence assays on two automated analy-
sers: DiaSorin LiaisonXL and Cobas E601.

The DiaSorin LiaisonXL CT assay represents
a direct, two-site, one-step sandwich chemilu-
minescence immunoassay (CLIA). Affinity-pu-
rified mouse antibody to the synthetic human
CT, coated to the solid phase, and the second
affinity-purified mouse antibody conjugated to
an isoluminol derivative are incubated. After the
incubation, the unbound material is removed, the
starter reagents are added and a flash chemilu-
minescent reaction is initiated. The light signal
is measured by a photomultiplier and is propor-
tional to the concentration of CT present in cal-
ibrators, controls, and samples. The measuring
range of the assay is between 1 pg/ml and 2000
pg/ml; limit of detection is <0.1 pg/ml, limit of
quantitation is <3.0 pg/ml. Any samples higher
than 2000 pg/ml should be manually diluted in
the specific diluent (recommended dilution ra-
tio 1/100). The reference values are: 1-4.8 pg/
ml for women, and 1-11.8 pg/ml for men. In our
hands, for normal and pathological control lev-
els, CV% was 7.79%, and 7.30%, respectively.
It is also mentioned that the cross-reactivity for
CGRP (CT gene-related peptide) and procalci-
tonin is <0.01% (12).

Cobas E601 CT assay represents an electroche-
miluminescence immunoassay (ECLIA) based
on two-steps sandwich principle that engag-
es monoclonal antibodies specifically directed
against human CT, labelled with ruthenium com-
plex and biotin, respectively. In the measuring
cell, the microparticles of the aspirated mixture
are magnetically captured onto the surface of the
electrode, and the unbound substances are re-
moved. Application of a voltage to the electrode
induces the chemiluminescent emission which
is measured by a photomultiplier and the results
are determined on a calibration curve. Limit of
detection is 0.5 pg/ml and limit of quantitation
is 1.0 pg/ml. The measuring range of the assay is
between 0.5 pg/ml and 2000 pg/ml. Any samples
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higher than 2000 pg/ml should be automated or
manually diluted in the specific diluent (recom-
mended dilution ratio 1/100). The reported ref-
erence values are: 5.17-9.82 pg/ml for women,
and 8.31-14.3 pg/ml for men. In our hands, for
normal and pathological control levels, CV%
was 4.46%, and 4.24%, respectively. The report-
ed cross-reactivity for CGRP is of 0.002% (13).
Both assays are referenced to the World Health
Organization CT International Standard (WHO
89/620) (12,13).

Results

The 89 registered CT samples that were initial-
ly analysed on Cobas E601 had reported values
between 0.5 pg/ml and 2812 pg/ml (128.5 =+
513.98). After CT samples were analysed on Di-
aSorin Liaison, the reported values were between
<1 and 2600 pg/ml. We found a strong Spearman
correlation coefficient of 0.992 between DiaSo-
rin LiaisonXL and Cobas E601. Between the
two assays, a segmented linear correlation was
noted. We identified the following general linear
regression equation: 1.108x + 19.337 (p<0.05).

pg/ml

When CT on DiaSorin LiaisonXL increases by
1 unit, CT on Cobas E601 increases by 1.108 +
19.337. We observed the bias increased at high
CT values. Therefore, for a better accuracy, we
analysed the regression equation segmentally. A
statistical difference (p<0.05) was noted for CT
values ranged between 350 - 2600 pg/ml (n=31)
on DiaSorin LiaisonXL, for which the linear
regression equation for Cobas E601 becomes
1.009x + 169.796 (Figure 1).

Discussion

Over time, laboratory methods for determining
CT have greatly evolved, from radioimmuno-
assays (RIA) to enzyme immunometric assays
(EIA) and fluorescence immunoassays (FIA).
The newest assays are based on CLIA (14). They
are highly sensitive and specific for monomeric
CT and they eliminate the cross-reactivity with
other CT related peptides such as procalcitonin,
which is of great importance in general inflam-
matory conditions such as sepsis (3,15,16) sup-
plemented with additional published materials,
and then created evidence-based recommenda-

2500 A

2000 A

1500 ~

LiaisonXL

1000 A

500

T T
0 500 1000

T T T
1500 2000 2500  pg/ml

Cobase601

Fig. 1 Regression line (CobasE601-LiaisonXL)



Revista Romdna de Medicina de Laborator Vol. 29, Nr. 3, Iulie, 2021 275

tions, which were set in categories using crite-
ria adapted from the United States Preventive
Services Task Force Agency for Healthcare Re-
search and Quality. The original guidelines pro-
vided abundant source material and an excellent
organizational structure that served as the basis
for the current revised document. Results: The
revised guidelines are focused primarily on the
diagnosis and treatment of patients with sporadic
medullary thyroid carcinoma (MTC. Also, CLIAs
decrease the chance of the “hook effect” (3). The
“hook effect” may occur when the analysed se-
rum contains very high levels of CT that saturate
the binding capacity of the antibody, resulting in
misleading, falsely lower reported values (3,17).
There are controversies regarding the dosing of
CT in the screening of thyroid nodules. Even
though the American Thyroid Association (ATA)
has not taken a position for or against CT screen-
ing, some reports have outlined the importance
of CT measurement for thyroid nodules for ear-
ly diagnosis of MTC (3,18). Whether basal or
stimulated, the measurement of CT is essential
not only for the diagnosis of MTC, but also for
its dynamic follow-up. Over the past years, the
demand for CT dosage has been on an ascend-
ing trend in National Institute of Endocrinology
C.I Parhon. We agree with ATA that the usage of
different commercial assays for CT determina-
tion can be misleading in monitoring a patient.
That is why we found it utterly necessary to es-
tablish a correction factor between two different
frequently used CLIAs: DiaSorin LiaisonXL and
Cobas E601.

We propose the following conversion formula
from DiaSorin LiaisonXL to Cobas E601:

e for conversion of DiaSorin LiaisonXL

CT values >350 pg/ml:

Cobas E601 value= LiaisonXL value + 170

Reversely, from Cobas E601 to DiaSorin Liai-
sonXL, the proposed formula becomes:

e for conversion of Cobas E601 CT values
>520 pg/ml:

DiaSorin LiaisonXLvalue=Cobasvalue-170

A limitation to our study is that the results could
be altered by the fact that the DiaSorin Liai-
sonXL analysis was performed on previously
stored samples. Repeated freeze-thaw cycles
may affect the test results (12). CT samples are
stable for 19-24 hours at 2-8°C, while at room
temperature the stability time decreases within
only 2-4 hours. This is the reason why the sam-
ples should be stored frozen (-20°C or below),
in glass or plastic vials. After thawing, the sam-
ples should be mixed well before (re)testing, but
manufacturers recommend avoiding repeated
freeze-thaw cycles (12,13). Another limitation
is represented by the small number of samples,
determined by economic restrictions, which can
bring bias to the correction factor. Carrying on
the analysis on larger batches of freshly drawn
samples will ensure an increased accuracy of
these correction factors. Also, the measurement
uncertainty determined in the laboratory for both
methods was not taken into account. However,
even if the value of the correction factor would
undergo discrete changes, this would not influ-
ence the main aspect that we want to emphasize,
namely the importance of taking the correction
factors into account when evaluating a patient
with different methods.

Conclusions

CT correlation factors are highly important in
the dynamic follow-up of a patient suffering
from MTC when different detection system as-
says are used to determine CT. To the best of
our knowledge, this is the first study in litera-
ture that identifies the correction factors for CT
determination between two different frequently
used CLIAs: DiaSorin LiaisonXL CT assay and
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Cobas E601 CT assay. However, it is strongly
advisable to use the same analyser in order to
establish biochemical evolution of this tumour
marker of MTC.
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