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Prolactin immunoassay: does the high-dose hook effect still exist?
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Abstract

Purpose Measurement of prolactin in clinical laboratories is an important component in the management of patients with
pituitary adenoma. Prolactin measurement is known to be sensitive to the high-dose hook effect, in the presence of extremely
high prolactin concentrations. This interference is referred to in most recent articles discussing prolactin assays and the man-
agement of prolactin-secreting pituitary adenomas. The objective of our study was to evaluate if the high-dose hook effect
remains relevant in current practice, when using currently available assays.

Methods Serum from a patient with a giant macroprolactinoma was assayed using all of the available prolactin assays in
France in 2020, using native serum and after dilution. Technical inserts from assays were reviewed to assess the information
on analytical principles, numbers of steps, and any reference to high dose hook effect.

Results Fourteen assay kits were studied by 16 laboratories; all were two-site immunometric assays, mostly using one step
(11/14). Results obtained after dilution varied from 17,900 pg/L to 86,900 pg/L depending on the assay used. One tested
assay was sensitive to the high-dose hook effect leading to a falsely lower prolactin concentration when measuring native
serum (150 pg/L compared to 17,900 ug/L after dilution).

Conclusion The high-dose hook effect still exists in a very small minority of prolactin assays. The evolution of assay meth-
ods may lead to new assays that remain sensitive to this effect in the future. We therefore advise that the hook effect should
still be mentioned in prolactin assay recommendations.
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Introduction adenomas. Prolactin is known to be sensitive to various
forms of analytical interference, such as macroprolactin [1],
Measurement of prolactin in clinical laboratories is an  but also to the high-dose hook effect, similar to other bio-
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in concentration. In the presence of extremely high concen-
trations of prolactin, assay antibodies can be saturated and
fail to form a sandwich, leading to a lower than expected
result for prolactin [2]. This uncommon analytical pitfall,
which was not present in older competitive assays, has
been described in sandwich assays, also known as two-site
immunometric assays, when they are carried out in one step
[3, 4]. This known phenomenon can be avoided by using
sandwich assays that are run in two steps (including a wash
step before the addition of the second antibody), or by dilut-
ing the serum samples when using sandwich assays that are
run in a single step [2, 5].

The high-dose hook effect is referred to in most recent
papers and book chapters that discuss prolactin assays and
the management of prolactin-secreting pituitary adenomas
[5-8]. However, articles describing case reports or series of
high-dose hook effects in the prolactin assay are mostly old
or poorly-documented [6, 9—15]. Although there have been
few changes in the principles of immunoassays since these
cases, most assays have evolved. The objective of our study
was to evaluate if reference to the high dose hook effect
is still relevant in current practice. In this study we aim to
describe the different assay reagents currently available for
the measurement of prolactin, examine the manufacturers’
recommendations concerning the high-dose hook effect, and
test these reagents in order to establish whether the high-
dose hook effect in the measurement of prolactin still exists.

Fig. 1 Proportion of users of
the different techniques (results
extracted from Probioqual data,
December 2020). Names in
square frames are techniques
involving 2 actual steps (includ-
ing a washing step); underlined
name, TRACE technique

ABBOTT Architect/Alinity
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ROCHE Elecsys Cobas 601/801

Methods

Assays and protocol: A selection of French laboratories
representative of the different assay techniques listed in the
Probioqual (French association for the promotion of quality
control in medical biology) survey report of December 2020
was made thanks to help from the specialized biochemistry
working group of the French Society of Nuclear Medicine
and Probioqual, in order to include an exhaustive list of pro-
lactin assays used in France at the end of 2020. These labo-
ratories agreed to provide the technical data sheets of the
assay suppliers and to perform prolactin measurements on
a sample that we provided, firstly on native serum and then
after 1:10 (or greater) dilution as necessary, as practiced in
their laboratory. Analyses were carried out in duplicates for
the manual assays and in singulate on the analyzers.

Blood sample preparation A single patient, diagnosed with
a giant macroprolactinoma (80 x 50 x 40 mm) gave informed
consent and agreement to participate in the study. Serum
samples were aliquoted and stored at -20 °C until analysis.
The volume of sample provided to participating laboratories
was large enough (500 pL) to allow measurement on native
serum and after dilution on all of the systems tested.

Data collected: Prolactin values obtained on native
serum and after serum dilution were collected. The tech-
nical data sheets were reviewed to assess the information
provided on analytical principles: competitive or two-site
immunometric assays; number of steps for the two-site
immunometric assays: either one step or two steps (with a
washing step); linearity range; reference to a high dose hook
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effect if present; and the concentration above which the high
dose hook effect could likely occur.

Results

In a survey of data from December 2020, Probioqual
received 464 results for prolactin measurements. The assay
reagents used came from 11 manufacturers. Two manufac-
turers used the same assay reagents on different analyzers:
Architect and Alinity from Abbott were combined in one
analyzer; this was also the case for Cobas e601 and e801
from Roche. Probioqual combined the results from these
different analyzers that used the same assay reagents (Fig. 1;
Table 1) and thus produced a total of 14 different analyti-
cal systems. Samples with elevated prolactin concentration
were sent to 16 French laboratories to test the 14 different
assays (i.e. including testing the different analyzers from
Abbott and Roche).

Careful analysis of the assay technical notices allowed an
updated evaluation of the status of prolactin assay reagents
in 2020:

e All assays consisted of two-site immunometric assays
with various labels (radioactivity, chemiluminescent,
electrochemiluminescent etc.).

e The reactions consisted of one step (78.6% = 11
reagents/14) or two step (21.4% = 3 reagents/14)
reactions.

e The linearity range varied from 190 to 470 pg/L depend-
ing on the manufacturer.

e All of the one step assays referred to the high dose hook
effect in their manufacturer’s notices for use (100%).

e The theoretical concentration below which the high-
dose hook-effect is not observed varied from 9,520 pg/L
to 50,000 pg/L depending on the manufacturer.

Prolactin measurement: When performed on native serum,
only one reagent was sensitive to the high dose hook effect
and gave a result 150 pg/L below the linearity range of the
assay, while all other assays reported the result as “above
the upper limit of the assay”. Results obtained after dilution
varied from 17,900 ug/L to 86,900 pg/L depending on the
assay used (Table 1). The assay which was sensitive to the
high dose hook effect gave a result of 17,900 pg/L after dilu-
tion, compared to 150 pg/L on native serum. This reagent
is a two-site radio-immunometric assay performed in one
step, manufactured by Beckman and used in France in only
two laboratories (two results out of 464 in the Probioqual
survey).

Aside from the value obtained with the Vista reagent,
all results obtained after dilution were above the prolactin
value indicated by the manufacturer as not being sensitive
to the high dose hook effect. These results validated the
absence of a high dose hook effect with the various assays.
The result obtained using Vista (Siemens) was 30,800 pg/L,
and the limit for sensitivity to the hook effect was indicated
as 50,000 pg/L by the manufacturer.

Discussion

To our knowledge, this is the first study aimed at determin-
ing whether the high-dose hook effect still exists with current
assays for measuring prolactin. In the guidelines covering
the management of prolactinomas, this potential analyti-
cal interference is always mentioned since it could lead to

Table 1 Details of technical inserts of the assays used; in bold the assay which was sensitive to the hook effect at the tested concentration

Manufacturer Analyzers or assay ~ Distribution of Lin- One- or Concentration Results obtained Results

use (%) earity two- step  not sensitive on native sample obtained on

Probioqual range method? to hook effect (ng/L) diluted sample

n=454 (ng/L) (ng/L) (ng/L)
ABBOTT Architect / Alinity 234 200 2 / >200 45,946 / 45,481
BECKMAN DxI 11.9 200 1 30,000 >208 51,010
BECKMAN “IRMA" 0.4 190 1 15,000 150 17,900
BIOMERIEUX Vidas/MiniVidas 53 200 1 20,000 >200 86,880
DIASORIN Liaison 0.9 377 1 33,018 >377.4 41,179
DIASource “IRMA” 0.4 202 1 18,000 >202 27,820
Fujirebio Lumipulse 0.2 400 2 / >400 55,294
ORTHO CLINICAL  Vitros 2.2 329 1 20,680 >329 36,317
ROCHE Cobas ¢ 601 / 801 37.8 470 1 12,690 >470 53,330
SIEMENS Advia Centaur 6.2 200 1 30,000 >200 36,592
SIEMENS Atellica 5.9 200 1 30,000 >200 37,806
SIEMENS Dimension Vista 2.9 250 1 50,000 >250 30,800
THERMO FISHER  Kryptor 1.1 219 1 (TRACE) 9,524 >219 37,800
TOSOH AIA 1.3 200 1 20,000 >200 38,295
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misdiagnosis and subsequently to inadequate treatment [6],
however this assertion is based on quite old publications.

A review of current manufacturers’ package inserts
showed that the current methodologies are based on two-
site immunometric assays, which are suitable for prolactin
determination. These assays, which have developed with
the widespread use of monoclonal antibodies, are more
sensitive and specific than previous competitive assays, but
are subject to interference that was not present with com-
petitive techniques, high-dose hook effect for example. This
interference can be avoided by using sandwich assays that
are performed in two steps or by diluting the samples when
using sandwich assays that are carried out in a single step
[2, 5]. Two-site immunometric assays are supposed to offer
wide linearity range compared to competitive assays. It is
not understandable why for prolactin measurement the mea-
surement range is so narrow not in accordance with con-
centrations observed in some pituitary adenoma. Dilution of
samples with a suspected elevated concentration is not easy
to handle under routine conditions. Communication between
clinicians and biochemistry laboratories are very important;
clinicians must be aware that the prolactin result may be
affected by analytical interference. Some manufacturers
have developed two-site immunometric assays performed
in one step with no washing step, termed homogenous phase
assays (for example TRACE® (Time-Resolved Amplified
Cryptate Emission). These technologies are assumed to not
be sensitive to the high-dose hook effect since the signal
is measured several times during the reaction, however the
supplier still mentions in the assay insert that the hook effect
is not observed until an indicated prolactin concentration.

Our study is the first to test all of the currently available
prolactin assays in France. It is reassuring to find that no
hook effect occurred with modern assays. The Beckman
assay, which was sensitive to high-dose hook effects, is an
old immunoradiometric assay (IRMA) which is no longer
recommended, since IRMA has been not found to improve
the performance of prolactin measurement.

Several case reports have previously reported that IRMA
assays are sensitive to the high-dose hook effect [9, 12, 15,
16]. However, we observed in this study that not all IRMA
assays are sensitive to the hook effect. Indeed, among the
assays which were tested in this study, two were based on
IRMA methodology and one (Diasource) was not sensi-
tive to the hook effect on the sample tested. Several other
case reports using chemiluminescent technologies have also
been reported [11, 13, 14].

Published case reports regarding hook effects often lack
pertinent information. Indeed, the vast majority do not men-
tion the assay used [10, 11, 14], and many cases concern old
assays that are no longer available. These studies reported
that high dose hook effects are more frequent in male

@ Springer

subjects, due to the larger size of the adenoma at the time of
diagnosis, and the larger amount of prolactin produced. In
future publications describing the high dose hook effect, or
other forms of analytical interference, specifying the assay
used must be mandatory to allow better understanding of the
current assay systems used.

This study allowed us to verify that analytical interfer-
ence did not occur with assays that have a two-step protocol
thanks to the washing step before the addition of the second
antibody [15]. Although this is theoretically the easiest way
to avoid the hook effect [2, 5], two-step reaction protocols
are used in less than 25% of laboratories in France at the
time of the survey. A major hindrance in this case is that
the assay and analyzer are generally combined and it is not
possible to run a two-step assay on an analyzer that is not
suitable for this protocol.

A major strength of this study is the confirmation that
the concentration of the studied sample was higher than the
concentration indicated by the manufacturer as the limit
below which there was no hook effect; except in the case of
one assay (Vista, Siemens). This validates our study design
which was to use a sample concentration that exceeded
the concentration indicated in the manufacturer’s product
inserts. Consequently, all manufacturer product data sheets
could be modified to take into account this higher prolactin
threshold, with the exception of the Vista assay.

A limitation of our work is that the Probioqual data
reflects assays used in France at the time of the survey but
not the proportion of data obtained using these assays in
clinical activities. Laboratories working with clinicians
from pituitary centers may have selected an assay that is
not sensitive to the high-dose hook effect. In addition, this
data reflects the present situation and we cannot predict the
future in terms of new assays that may appear, and thus
checking for analytical interference should continue [3].

An unexpected finding of our study was the diversity in
results obtained for the same sample. Indeed, concentrations
which varied from 17,900 to 86,880 pg/L were measured
on a single sample despite adoption of the World Health
Organization’s third international standard (IS) for prolac-
tin 84/500, which has been recently replaced with the 4th
IS 83/573 [17]. This lack of consistency between methods
has already been reported [7]: it might come from a lack
of commutability of the IS; and also different diluent used
or variable specificity of assay antibodies; those causes are
common in all immunoassays. This confirms the importance
of following patient prolactin levels as they decrease dur-
ing medical treatment using the same assay (in order not to
misinterpret variations). Lastly, standardization of prolac-
tin measurement is urgently needed and we must hope that
manufacturers will follow these recommendations. Regard-
less of these difficulties, it is essential that the laboratory
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provides an absolute prolactin value by using as many
dilutions as necessary to help in the management of these
adenomas.

Conclusions

Although extremely rare, the high-dose hook effect should
still be referred to in prolactin measurement, in order to
remind clinicians and biochemists that it may be present.
The risk is that if the effect is no longer mentioned in prod-
uct inserts then it may no longer be taught to clinicians and
biochemists. Given the development of new biochemistry
technical platforms and the use of new assays and reagents
(not tested here), inexperienced biochemists/clinicians run
the risk of misdiagnosis and inappropriate treatment due
to the high-dose hook effect, and it thus still needs to be
considered.
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