Human anti-animal antibodies (HAAA)

® Response to parenteral administration of animal MoAb

# Following radioimaging, cancer therapy, transplant
immunotherapy

™ High concentration, high avidity, epitope specific




~— Anti-animal antibodies

Mouse, goat, horse, cow, sheep, pig, rabbit, rat

* Can be of different .
classes (IgG,IgM, IgA, rarely IgE)
* They can have anti-
isotype and anti-idiotype
specificity
* Their magnitude and |
duration show great > >
variability
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TABLE 2 Pharmaceutical and Experimental Drug Agents
Derived from Ammal Sources

Animal Source Agent

Chicken Hyaluranic acid
Cow Insulin
Horse Anti-thymocyte globulin, Premarin

Malayan pit viper Ancrod

Mouse Manoclonal antibody therapeutic and
INaging agents

Pig Factor VIIL, insulin, heparin

Rat Monoclonal antibody therapeutic agents

Salmon Calcitonin

Sheep Digibind™

Sources of HAAAs:
*Diagnostic and
pharmaceutical agents
derived from animal source
= Affinity purified (with
mouse monoclonals)
recombinant proteins

=Vaccination (some Vaccliné

have residuals from chick

TABLE 3

Antibody (Brand
Name)

Therapeutic Monocional Antibadies

Treatment Indication (Target)

S

Murince antibodics (suffix—omab)

Ibritumomab tuxetan
(Zevalin)
Muromonab-CID3
(Orthoclone OKT3)

Tositumomab (Bexxar)

Chimeric Mouse/human (suffixes.

Abciximab (RecoPro)

Cletuximab (Erbitux)

Infliximab (Remicade)

Rituximab (Rituxan,
Mabdhera)

Basiliximab (Simulcct)

Non-Hodgkin lymphoma (CD20)

Transplant rejection (T ccll CID3
Receptar)

Non-Hodgkin lymphoma (CD20)
ximab)

Cardiovascular discasc (glhycoprotcin

TTh/111a)

Colorectal cancer, head and neck
cancer (cpu‘lcrln;\l grnvfth factor
rcceptar)

Auvwimmune disorders (TNF-a

signaling)

Non-Hodgkin lymphoma (CD20)

Transplant rejection (CD25)

Humanized antibodics from mousc (suffix—zwsnab)

Bevacizumab (Avastin)

Certolizumab pegol
(Cimzia)
Daclizumab (Zenapax)

Eculizumab (Solins)

Efalizumab (Raptiva)
Gemtuzumab (Mylotarg)

Natalizamab (T'ysabri)

Omalizumab (Xolair)

Palivizumab (Synagis)

Trastuzumab (IHerceptin)

Ranibizumab (Lucenus)

Colorectal cancer, age-related macular
degeneration {(vascular endothelial
growth factor)

Crohn’s disease (TINF-a signaling)

1 r.\nsplanf rejection

Paroxysmal nocturnal hemoglobinuria
(C25)

Psoriasis (CD11a)

Acute myelogenous leukemia (CID3 3)
Muluple sclerosis and Crohn's disease
(alpha-4 integrin)

Mainly allergy-related asthina (IgE)
Respiratory syneytial virus (RSV F
protein)

Breast cancer

Macular degeneration {vascular
endothelial growth factor A)

Humanized antibodies from rat

Alemturzumab (€ ].nnp;ilh)

S Rat—murine hybrid
Ertumaxomab (Rexomun)

Chronic lymphocytic leukenia (CI1D52)

Breast cancers (CD3E)
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wo-site “sandwich” enzyme
Immunoassay
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HAMA blocking interference
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- Heterophil antibodies
" Endogenous antibodies produced against poorly defined antigens

® Can react with several animal species (mouse is most common)

# Usually react with Fc

# IgG or IgM but can be IgA, IgE

® Frequency : up to 40% (0.05% may present clinical significance)

® Produced by enviromental contact, transplacental passage or viral
infection



Heterophile antibody and RF
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True Positive

False Positive from

Heferophilic Antibody

/ No >
Anal)’re
Label
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NATURE OFINTERFERENCES=

1. Interferences that alter the measurable
analyte concentration in the sample

 Hormone binding proteins

* Pre-analytical factors, e.g., anticoagulants,
sample storage

« Autoanalyte antibodies

2. Interferences that alter antibody binding
* Heterophile antibodies

 Human anti-animal antibodies

* High-dose hook effect




Y Capture antibody
Y Endogenous antibody

Y Detection antibody

—r— G P

True Positive |  False Positive | False Negative




Rheumatoid Factor, RF

® An IgM that act to IgG Fc

" 70% RA patients

® May bind to rabbait, sheep, goat and mouse Ig
™ Special technical problem for IgM quantitation

# False positivity 1s common, but competitive inhibitor may
cause false negative
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The label in an enzyme conjugate can also be a
target for circulating antibodies

= Anti-HRP maleimide

= Anti-ruthenium label HRP._ e

= Anti-streptavidin s P
-~

,.' - ' y /A ' )‘ ‘l {
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Normal blood components in excess

Elevated levels of lipides, hemoglubin, and bilirubin
have been shown to cause interference in certain
immunoassays.

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Bilirubin: negative interference in cTnl concentration.
Hemoglobin and RBC proteases: negative interference in ACTH,
Gastrin, insulin, PTH, and cTnT.

Lipemia: negative interference in ECL testosterone measurement.



~— Blood collection tubes

A blood collection tube is a
complex device that is
fabricated from multiple
components made of different
materials that can interact
with the components of a
specimen or shed interfering
material into the specimen.

- Siliconization
- Separator gel
- Other surfactants




ross-reacting substances
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Table 2.

MOST COMMON INTERFERENCES AND OTHER SOURCE OF VARTATION IN IMMUNOASSAYS

Analyte

Fossible interference and other sources of variation

Increased result value

Decreased result value

Increased or decreased
value

a-1-fetoprotein

Benign disease (alcohol hepatitis, cholestasis),

Long-term sample

HAMA and heterophile

AFF pregnancy). preservation. antibodies.
Carcinoembryonic | Benign disease (chronic hepatitis, renal disease, Long-term sample HAMA and heterophile
antigen gastrointestinal diseases), smoking, presenvation. antibodies.

CEA Li and Na-heparin plasma.

Carbohydrate Benign disease (chronic hepatitis, autoimmune disease, High-dose hook effect. HAMA and heterophile
Antigen 15-3 gynecologic diseases), other cancer diseases. antibodies.

CA15-3

Carbohydrate Benign disease (endometriosis, ovanum cysts, liver Long-term sample HAMA and heterophile
Antigen 125 diseases, pregnancy, hart failure), other cancer diseases, preservation. antibodies.

CA125 menstruation penod.

Carbohydrate Menstruation period, pregnancy, contaminafion of sample | Patients with blood group | HAMA and heterophile
Antigen19-9 with secretion (saliva, etc.), benign disease (chronic Levis(a) and Levis(b). antibodies.

CA18-9 hepatfitis, cholestasis, gynecologic diseases).

Human epididymis | Menopause, Fregnancy,

protein 4 renal disease High BMI

HE4

Total specific Hormonal therapy, prostate manipulation and ultrasound Prolonged time to sample | HAMA and heterophile

prostate antigen
tPSA

examination, ejaculation, other cancer disease (breast
cancer, salivary gland neoplasms).

spin, thermal sample
manipulation.

antibodies.

Human chorionic

Heterophile antibodies, non-specific protein binders, Renal

Hook effect, thermal

gonadotropin disease, menopause, cannahis consummation. sample manipulation.

total hCG

Thyroid AntimTPO, HAMA and auto antibodies

Stimulating Fregnancy,

Hormone Cardio vascular risk

TSH

Thyroxine T4 autoantibodies, HAMA Mon-esterified fatty acids,
T4 and free form Hashimoto's thyroiditis, Graves’ disease thyroid hinding globulin
T4 {TBG)

Triiodothyronine T3 autoantibodies. HAMA Non-esterified fatty acids,
T3 and free form Hashimoto's thyroiditis, Graves' disease thyroid binding globulin
T3 (TBG)
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Table 2 Examples of analytes for which the analytical specificity of the immunoassay method used is likely to affect clinical interpretation

Effect of presence of
cross-reactant on analytical

Analyte Potential cross-reactants result obtained Clinical implications References
Chorionic hCG beta-subunit (hCGpg) Potentially higher hCG results Use of an immunoassay recognizing 9
gonadotrophin obtained in immunoassays hCG + hCGg essential for oncology
(hCG) recognizing hCGB3 applications as some testicular
cancers may produce only hCGg and
not intact hCG
Digoxin Aldosterone antagonists — e.g. Falsely elevated or lowered digoxin  Not possible to assume 70,71
spironolactone, canrenoate concentrations interchangeability of immunoassays.
Analytical interferences in digoxin
immunoassays (both from
digoxin-like immunoreactive
substances and drug metabolites) are
a real problem, likely to become even
more important as lower therapeutic
ranges are recommended.
Confirmation in a physicochemical
method such as HPLC is highly
desirable
Growth hormone GH receptor antagonist — e.g. Falsely elevated or lowered GH Only certain immunoassays can be 72
(GH) Pegvisomant (Somavert®) concentrations used to measure GH in the presence
of Pegvisomant
Insulin Novel insulin analogues - e.g. Differences in cross-reactivity of Knowledge of such differences may be 73
Insulin Lispro (Humalog™), novel insulin analogues are critical for adequate assessment, e.g.
Insulin Detemir (Levemir™) reflected in discordant insulin of factitious hypoglycaemia
concentrations as measured in
different methods
Luteinising hCG Apparently measurable LH in early Failure to appreciate this when using an 74
hormone pregnancy, when LH and FSH are LH assay which cross-reacts with
both suppressed hCG may delay pregnancy diagnosis
in an amenorrhoeic patient
Parathyroid N-truncated fragments — e.g. Different results for patients with Not possible to assume 75
hormone (PTH) 7-84 PTH chronic renal failure depending on interchangeability of immunoassays.
the assay used Establishment of appropriate
method-specific reference intervals
or cut-off values essential for clinically
effective application of clinical
guidelines
Prostate specific PSA complexed to Measurement of ‘total’ PSA Not possible to assume 26,76
antigen (PSA) aq-antichymotrypsin inhibitor influenced by relative recognition interchangeability of immunoassays.
of free and complexed forms of For non-equimolar assays,
PSA establishment of appropriate
method-specific decision points
essential for screening applications
Testosterone Other stercids — e.g. Potentially higher testosterone Inappropriate clinical referral and 77,78

dehydroepiandrosterone
sulphate

results in immunoassays cross-

reacting with other steroids.
Most likely to be a problem in direct

non-extraction methods

unnecessary further investigations
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— Anti-analyte antibodies & macrocomplexes

Macroprolactinemia is a heterogeneous condition
with different etiologies; 87% of macroprolactin
was PRL-IgG complex and 67% of macroprolactin
was autoantibody-bound PRL

Macroprolactinemia

PRL-IgG complex

Anti-PRL autoantibodies



Anti-analyte antibodies

* Anti-insulin |
= Anti-thyroglobulin y E’“g . é}

Th lobuli
roglobulin
igdir?e!ion I 1

_Tight
junctio

pump T3 T4
Secretion Blood

O ®

T hyroglobulin Colloid FRibosomes Lysosomes
precursers in droplets

secretory

vesicles




Anti-analyte antibodies

A
Antiprolactin
detection antibody

Macroprolactin

g complex

Antiprolactin
capture antibody

Antiprolactin
detection antibody

M Macroprolactin

complex

Antiprolactin
capture antibody
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Protocol 2. Procedure for screening for macroprolactin
using PEG precipitation.*®

Reagents

(1)

(2)

(3)

Prepare 200 mL of phosphate-butfered saline (PPBS;
137 mmol/L sodium chloride, 10 mmol /L sodium phos-
phate, pH 7.4);

Prepare 100 mL of 25% w /v PEG by dissolving 25 g of
PEG 6000 in 80 mL of PBS. When dissolved, make the
volume up to 100 mL with PBS and store at 4°C (IN.B.
solid PEG should be less than 5 years old and PEG sol-
utions should be used within 2 weeks of preparation);
Equilibrate the PEG solution at room temperature prior
to use.

Procedure

(1)

(2)
(3)

(4)

Add 250 p of PEG solution (25% w/v) to 250 uwl. of
each specimen in appropriately labelled tubes, vortex
thoroughly and incubate at room temperature for 10 min;
Centrifuge the tubes (14,000g; 5 min);

Decant each supernatant into a second appropriately
labelled tube and measure the prolactin concentrations
within 24 h. (For some immunoassays [e.g. the
Beckman Access and Siemens Immulite methods],
dilution of the supernatant 1 in 5 with PBS is also rec-
ommended.) If the prolactin result is over range or if

there is insufficient sample to analyse without dilution,
the specimen can be diluted with PBS;

Multiply the prolactin concentrations by 2 to correct for
the dilution with PEG. Additional multiplication will be
required for diluted specimens.




The PEG-precipitable PRL
(%), which represents the
amount of [
macroprolactin, is N
calculated as follows:

(total PRL-free PRL)/total PRL x 100.
PEG-precipitation ratio greater than
60% (recovery less than 40%) is used
as the cut-off value for the diagnosis of
macroprolactinaemia.

L
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Tolactin: multin

=-Fed—

Solid-phase Macroprolactin
capture
antibody
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Solid-phase Tumor-derived Labeled
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Solid-phase Heterophilic Labeled
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Figure 4 Mechanism of high-dose hook effect in two-site immunometric
assay. As analyte concentrations increase to very high concentrations, both




" Hook effect

® Unexpected fall in the amount of analyte resulting in the gross
under-estimation of the analyte

@ Particularly in sandwich immunoassays when sample contain
extremely high level

® Upon further dilution, the result will be out of range

® Most commonly occurred in measurement of IgE, hCG, Ferittin,
tumor marker, infectious Ag-Ab



How to deal with Hook effect

. Run all samples in duplicate dilution

2. Ensure for adequate washings

Know the level of Hook phenomenon according to
manufacturer suggestion

L. Good communication with clinicians



equivalence zone
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absorbance

% bound antigen

“Hooked” result concentration

Figure 2. The hook effect - An excessive amount of analyte over-
whelms the binding capacity of the capture antibody. This re-
sults in an inappropriately low signal that causes erroneous low
or normal result (“hooked” result) for a patient with an exces-
sively elevated serum analyte concentration (5).

| 11



The steps to minimize Interferences

|. The use of chimeric Abs (animal Fab + human Fc)

2. Using other methods based upon different MoAb

3. Removal of unusual Ab by PEG

4. Making dilutions usually produce non linear results

5. Commercial mixture of animal proteins for pre-analysis
incubation
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Investigating suspected antibody interference

K(Zonfirmation of results by other immunoassay methods\

* Dilution and recovery studies

* Treatment with heterophilic blocking reagents

» Addition of non-immune animal serum

» Polyethylene glycol precipitation

* Confirmation of serum results by testing in the urine (HCG)

= Sample extraction

* Confirmation by mass spectrometry

= Gel filtration chromatography

* Immunoadsorption chromatography on immobilized IgG
binding proteins (protein A, Protein G)

KAssessment in a “non-sence” assay /




Clinical suspicion or serendipitous evidence that a result is not correct,

v

Check specimen identity and confirm result on same specimen. If confirmed,
alert clinicians that result is suspect and request a repeat specimen.

Jv

Original result unequivocally confirmed. Undertake preliminary investigations,
keep clinical staff informed and contact relevant manufacturer for advice.

Result not confirmed,
Evidence of some kind of
error identified for original

result (e.g. error of

specimen identity, mis-sample

on analyzer, etc).

Report result if there is
unequivocal evidence that it is
5 correct. If not, inform clinician,
remove all relevant results from

laboratory computer and

request further specimen,

.

Y

Y

Y

. Y

Y

)

Send aliquot of

Assess linearity

Assess recovery

Assay specimen

Add heterophilic

¥

Gel filtration chromatography,

Consider whether more complex investigations should be
undertaken and if so undertake some or all of those below.

— e

Immunoadsorption on immobilized
Protein A or other IgG binding proteins.

Re-assay the Arrange
specimen for on dilution, using by adding known after sequential blocking solution specimen after analyte-specific
confirmation the diluent amounts treatment or non-immune polyethylene glycol procedures where

by one or more supplied by of assay standard with one or more mouse or rabbit (PEG) precipitation, available
different methods. the manufacturer. to the suspect heterophilic serum at suitable including (e.g. re-assaying
specimen blocking tubes, dilution and appropriate following organic
and re-assaying. re-assaying. controls, solvent extraction
[steroid analytes]
or urinary testing
[hCG])
\ ¥ > ¥ Y < ¥ < ¥ /
¥ Y ¥
Results differing Results that are non-linear or differ significantly from the original Different results
more than following any of the above suggest a high probability of provide reliable
expected suggest interference. Results that are linear or remain the same evidence of
interference. post-treatment do not necessarily exclude interference. interference,

Assessment in an interference or
non-sense immunoassay (or in an
unprotected immunoassay if available).

Figure 3 Flow chart showing sequence of investigations that might be undertaken to investigated suspected immunoassay interference
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How Blocking Reagents Prevent False Results
— ’ ’

A. Effective Blocking Abs B. No Interference to
Receive Acurrate Results

Blﬂl:l'li!!l'ﬁ
Int-rﬂrln A
* Dntac.tfun J Detection
Blockers | \.Ah
I=. ..1 Analyte/ ..-!.. I='
E;ptureﬁlb% 7 Antigen N ‘:*/)f:;pture Ab

A. Blocking Abs neutralize the interfering Abs.

B. With neutralized interfering Abs, an accurate result is achieved through carrect
binding of the analyte/antigen between the capture and detection Abs.



eterophilic blocking tube

- Contains
Passive Heter ilic Active Heterophilic
;o,::;: Antibody Blockers Blocking Recgents (HBR)
Assay Antbodies Assay Antibodies
é I e }l HeR
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DTABLE: Testing for Interfering Antibodies in Suspected Samples

Method | Rationale Detail J Limitation

Sample dilutions will change ~ When the interfering antibody is present,

m the relative ratios of reagent  values from an immunoassay do not Unearitcyecoa:\i;t;l;ogcur;;smetshe
and interforing antibodies  usually exhibita near dilction pattem P N
Altemative  Interference may be method  Use a different immunoassay format prefer- ;;g;or:;mez: ::::‘l;: tree:ue?tzgu;:ga
methods dependent ably with antibodies from a different species difeent assay plafom
These agents generally consist of
Blocking To saturate interfering f\on-tmmune gmmal senfm. TR No single blocking reagent can guarantee
reagents antibody’ STHKAOONNI, OF R R HAgTWES eliminating all types of interfering antibodies
preferably from the same species used
in the assay reagents
Incubation with protein A/G-Sepharose to : .
Toremove theinterering  selectivey absorb o Pociptaion with 1o v-Sepharose has low affity t
Pre-treatment antbodies oolythylene glycol PEG 600) to remove lgM*; PEGBO00 cannot be used if the analyte
: itself is an immunoglobulin®

Immunoglobuling




Box 1 Minimizing risk of interference - key points

1.

Substances such as immunoglobulins, other proteins, lipids and
bilirubin present in some blood serum samples can interfere in some
immunoassays to give falsely high or low results.

Immunoassays can be designed by careful selection of reagents,
addition of blocking agents and reaction kinetics to minimize, but
probably not eliminate, the effects of such interferents.

Falsely high or falsely low results due to interferences endogenous to
the specimen present a particular risk to patient care because they (a)
are not detectable by normal laboratory quality control procedures,
(b) are reproducible within the test system, (c) are often clinically

plausible and (d) are relatively rare.

4.

5.

The diagnostics industry has done much to design assays that are
robust to endogenous interferents and laboratories should include

_____test robusiness in their selection criteria for assay platforms

As with all investigative procedures, both laboratory and clinical staff
should maintain a high index of suspicion in inspecting test results,
especially where major clinical interventions are based on test results
alone. Good laboratory-clinical liaison will assist this.

Procedures (e.g. use of blocking reagents) are available for the
laboratory to check whether a suspicious result might be due to
endogenous interferents.




/7 s

Case story 1

The laboratory director was consulted by a
gynecologist about discrepant CA-125 results on a
patient being monitored for recurrence of a
surgically removed ovarian tumor. CA-125 results
from a private laboratory had been consistently
high and increasing, while results from the hospital
laboratory were within normal limits.
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CA-125

A large glycoprotein expressed by tissues originating
from the mullerian ducts
Useful for detecting and monitoring ovarian tumors

e Also elevated in endometrial, pancreatic, breast, colorectal, lung
and GI carcinomas

Lacks sensitivity and specificity as a screening test for
ovarian cancer

e Normal in 50% of stage I ovarian cancers

e PV, = 5%
Very sensitive indicator of recurrence following surgical
resection

e Failure to return to normal after chemotherapy is indicative of
drug-resistant disease
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“Conclusion

HAMA can cause clinically significant elevations in
CA-125 assays

Different immunoassays may not respond equally to
the presence of HAMA

The population frequency of HAMA is not known, but
is likely to increase

Interference may occur at modest concentrations of
HAMA



Follow-up studies

HAMA quantitation (IRMA)*
e Result =196 ng/mL (0 - 188)

CA-125 with heterophilic blocking reagent*
e Without blocking reagent: 211.5 U/mL
e With blocking reagent: 11.0 U/mL



* CONCLUSION interference of immunoassay

Interference in immunoassays is a serious problem which
can have important clinical consequences and may lead to
unnecessary clinical investigation as well as inappropriate
treatment with potentially unfavorable outcome for the
patient.

There is no single procedure that can rule out all
interferences. It is important to recognize the potential for
interference in immunoassay and to put procedures in place
to identify them wherever possible. Process need to be in
place in order

to make both laboratories and physicians aware of the
potential for immunoassay interference, which can lead to

clinical misinterpretation. In table 2. are shown some of the
most common interferen
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