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ABSTRACT
The prevalence of circulating thyroid autoantibodies (TgAb or

antithyroid peroxidase) was increased nearly 3-fold in patients
with differentiated thyroid cancers (DTC) compared with the gen-
eral population (40% vs. 14%, respectively). Serum TgAb (with or
without antithyroid peroxidase) was present in 25% of DTC pa-
tients and 10% of the general population. Serial postsurgical serum
TgAb and serum Tg patterns correlated with the presence or ab-
sence of disease. Measurements of serum Tg were made in 87
TgAb-positive sera by a RIA and two immunometric assay (IMA)
methods to study TgAb interference. TgAb interference, defined as
a significant intermethod discordance (.41.7% coefficient of vari-
ation) between the Tg RIA and Tg IMA values relative to TgAb-
negative sera, was found in 69% of the TgAb-positive sera. TgAb
interference was characterized by higher Tg RIA vs. IMA values
and was, in general, more frequent and severe in sera containing
high TgAb concentrations. However, some sera displayed marked
interference when serum TgAb was low (1–2 IU/mL), whereas other
sera with very high TgAb values (.1000 IU/mL) displayed no
interference. An agglutination method was found to be too insen-
sitive to detect low TgAb concentrations (1–10 IU/mL) causing
interference. Exogenous Tg recovery tests were an unreliable

means for detecting TgAb interference. Specifically, the exogenous
Tg recovered varied with the type and amount of Tg added and the
duration of incubation employed. Further, recoveries of more than
80% were found for some sera displaying gross serum RIA/IMA
discordances.

The measurement of serum Tg in DTC patients with circulating
TgAb is currently problematic. It is important to use a Tg method
that provides measurements that are concordant with tumor sta-
tus. IMA methods are prone to underestimate serum when TgAb
is present, increasing the risk that persistent or metastatic DTC
will be missed. The RIA method used in this study provided more
clinically appropriate serum Tg values in the group of TgAb-pos-
itive patients with metastatic DTC. Furthermore, as serial serum
TgAb measurements paralleled serial serum Tg RIA measure-
ments, TgAb concentrations may be an additional clinically useful
tumor marker parameter for following TgAb-positive patients. Dis-
parities between serial serum Tg and TgAb measurements might
alert the physician to the possibility of TgAb interference with the
serum Tg measurement and prompt a more cautious use of such
data for clinical decision-making. (J Clin Endocrinol Metab 83:
1121–1127, 1998)

SERUM thyroglobulin (Tg) is an established tumor marker
used in the management of patients with a diagnosis of

differentiated thyroid carcinoma (DTC) (1, 2). However, a
number of technical problems impair the clinical utility of
this test. These problems include a lack of method standard-
ization, inadequate sensitivity, lack of interassay reproduc-
ibility, “hook” effects when measuring high concentrations,
and Tg autoantibody (TgAb) interference (3). Recently,
progress has been made in overcoming some of these limi-
tations. For example, a collaborative effort has now produced
an international Tg standard (CRM 457, BCR Brussels) (4, 5).

RIAs are being replaced by more sensitive immunometric
assay (IMA) methods with faster turn-around times, and
recommendations for improving interassay precision and
detecting hook effects have recently been published (3). Un-
fortunately, less progress has been made in detecting, quan-
tifying, and eliminating the problem of TgAb interference,
which may produce either under- or overestimation of serum
Tg concentrations depending on the Tg method used (3,
6–8).

The present study investigated the prevalence of TgAb in
a normal and DTC patient population and the influence of
TgAb on serum Tg measurement. Two specific questions
addressed were whether a threshold TgAb concentration
existed that would predictably produce Tg assay interference
and whether Tg recovery testing could be used to detect such
interference. Attempts were also made to assess the clinical
impact of TgAb interference on patient management by com-
paring different methods for measuring serum Tg and TgAb
in TgAb-positive patients.
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Materials and Methods
Assays

All serum Tg and TgAb measurements were performed in duplicate.
Results were reported as the average value.

Four different serum Tg assays methods, 1) RIA, 2) immunoradio-
metric assay 1 (IRMA-1); 3) IRMA-2, and 4) immunochemiluminometric
assay (ICMA), were employed to measure serum Tg concentrations.

The Tg RIA was an in-house assay developed by the authors (Uni-
versity of Southern California Endocrine Services Laboratory, Los An-
geles, CA). This method uses extensive 125I-labeled Tg tracer (9, 10)
together with a species-specific second antibody and a high affinity
(1.16 3 1010 L/mol) rabbit polyclonal Tg antibody (11). This RIA has
been reported to give clinically useful results in TgAb-positive patients
(2, 11–14). Intraassay precision was 3.0% at 8.2 ng/mL. Interassay pre-
cisions across a 2-month period were 18.8%, 9.8%, and 4.7% at 1.5, 7.4,
and 21.2 ng/mL, respectively.

The Tg IRMA-1 was DYNOtest TgS (Henning, Berlin, Germany).
Intra- and interassay precisions for this method were 7.5% and 14% at
3.4 and 3.8 ng/mL, respectively.

The Tg IRMA-2 was OptiQuant Tg (Kronus, San Clemente, CA).
Intra- and interassay precisions for this method were 2.7% and 9.9% at
5.5 and 5.8 ng/mL, respectively.

The Tg ICMA was a chemiluminescent ICMA (Nichols Institute Di-
agnostics, San Juan Capistrano, CA). Intraassay precision was 2.7% at 5.5
ng/mL. Interassay precisions were 8.9% and 6.3% at 2.0 and 20.6 ng/mL,
respectively. The commercial Tg methods (IRMA-1, IRMA-2, and
ICMA) were performed according to the manufacturer’s instructions.
Each assay included the CRM reference preparation diluted in the ap-
propriate assay matrix so that intermethod variability could be mini-
mized by reporting CRM-standardized serum Tg values (4, 5). Assay
sensitivities, as determined from the 20% interassay coefficient of vari-
ation (CV; RIA) or as recommended by the manufacturer (IRMA-1,
IRMA-2, and ICMA methods), were 0.5, 0.3, 0.3, and 0.5 ng/mL, re-
spectively, when using CRM standardization.

The recovery of serum Tg (;10 ng/mL) from a TgAb-negative pool
of DTC patient sera was made with the RIA, IRMA-1, and IRMA-2
methods. Other recovery studies with the IRMA-1 and IRMA-2 methods
employed either the recovery preparation provided by the manufacturer
(IRMA-1) or the assay standard diluted in the zero matrix (IRMA-2). In
addition, recoveries were made with IRMA-1 and IRMA-2 and a low
iodide Tg extract of an endemic goiter diluted in the appropriate zero
standard.

Serum thyroid autoantibody assays

Three different commercial TgAb methods were tested: 1) aggluti-
nation (Sera-Tek, Miles, Elkhart, IN), 2) chemiluminescent immunoassay
(Chemiluminescent ICMA, Nichols Institute Diagnostics; method 1),
and 3) RIA (Kronus, San Clemente, CA; method 2). The intra- and
interassay precisions were 8.7% and 5.9% at 2.0 and 40 IU/mL for
method 1 and 8.7% and 14.2% at 3.1 and 1.9 IU/mL for method 2,
respectively. Both methods 1 and 2 were calibrated against the WHO
First International Reference Preparation (IRP) 65/93 and had an ana-
lytical detection limit of 1.0 IU/mL. Antithyroid peroxidase (anti-TPO)
autoantibodies were measured using a commercial RIA method cali-
brated against the WHO First IRP 66/387, which had an analytical
detection limit of 0.5 IU/mL (Kronus). All thyroid autoantibody mea-
surements were made according to the manufacturer’s recommended
procedure.

Statistical methods

Student’s t tests were used to analyze the data from the recovery
studies. TgAb concentrations were analyzed by Wilcoxon scores, and
relative risks were assessed by the Fisher exact test.

Study population and design

Prevalence of serum TgAb. The prevalence of thyroid autoantibodies in the
general population was established using TgAb (method 2) and anti-
TPO measurements of 4453 sera from ambulatory healthy subjects
(mean age, 45.3 yr; range, 12–99 yr; male/female ratio, 0.69) undergoing

routine multiphasic health examinations. The thyroid autoantibody
prevalence in this population was compared with that of a group of 213
sera from patients with an established diagnosis of DTC in whom serial
serum Tg measurements had been performed by our laboratory (mean
age, 51 yr; range, 1–84 yr; male/female ratio, 0.29).

Serum Tg measurements in TgAb-negative and TgAb-positive sera. Serum Tg
and TgAb concentrations were measured in 15 TgAb-negative sera using
four Tg methods (RIA, IRMA-1, IRMA-2, and ICMA) and three TgAb
methods (agglutination, method 1, and method 2). Serum TgAb was
measured by these same methods in 97 TgAb-positive sera, of which a
subset of 87 TgAb-positive sera with sufficient volume had serum Tg
measured by the RIA, IRMA-2, and ICMA methods.

Exogenous Tg recovery studies. Ten TgAb-negative (all methods) sera
from clinically disease-free DTC patients and 11 sera from TgAb-
positive patients with documented recurrent or metastatic DTC were
used for recovery studies employing the RIA, IRMA-1, and IRMA-2
methods. Serum Tg recoveries were made by preincubating (18 h at
ambient temperature to allow the Tg and Tg-TgAb serum complexes
to equilibrate before assay) an equal quantity (1:1 mixture) of test
serum with either a TgAb-negative DTC serum pool containing about
10 ng/mL Tg or the zero matrix. Tg recoveries were calculated from
the observed/expected Tg concentrations. In other experiments,
IRMA-1 and IRMA-2 recoveries were made without preincubation
using the procedure recommended for IRMA-1 and employing dif-
ferent quantities of different Tg preparations. IRMA-1 was evaluated
with the manufacturer’s recovery preparation (47 ng/mL), the in-
ternal standard (93 ng/mL), and a low iodine Tg preparation at two
doses (7 and 66 ng/mL). IRMA-2 was evaluated with two different
doses of its internal standard (10 and 96 ng/mL) and the low iodine
preparation (7 and 66 ng/mL). These various Tg preparations were
diluted in the appropriate zero standard, as needed. The normal
range of Tg recovery was determined from the 95% confidence limits
established from the 10 TgAb-negative sera.

Assessment of long term serial serum TgAb measurements. A retrospective
review of laboratory records was used to identify 15 patients (3 men
and 12 women) who met 3 criteria: 1) TgAb positive before or shortly
after the initial surgical treatment for DTC, 2) 3 or more serial serum
specimens covering follow-up periods averaging 59 months (range,
10 –161) available in 220 C storage for batchwise reanalysis of TgAb
(method 2), and 3) sufficient information from morphological testing
(computed tomography and/or magnetic resonance imaging),
imaging studies (radioiodine and/or thallium-201) and physician
examination taken at the most recent follow-up visit for a clinical
classification as either disease free or persistent/recurrent disease.

Results
Prevalence of TgAb in DTC and gender differences

The prevalence of detectable TgAb was higher in DTC
patients than in the general population (24.9% and 10.1%,
respectively), whether TgAb was present alone (8.0% vs.
3.1%, respectively) or in combination with anti-TPO
(16.9% vs. 7.0%, respectively), as shown in Fig. 1. The
prevalence of anti-TPO alone was also increased in the
DTC patient group (15.0% vs. 4.0%, respectively). When
gender was considered, the prevalence of TgAb was in-
creased in both women (2-fold) and men (3.3-fold) com-
pared with that in the general population. Anti-TPO prev-
alence was similarly increased in DTC female (2.4-fold)
and male (3.7-fold) patients.

Comparison of TgAb methods

Figure 2 displays correlations between the serum TgAb
concentrations of 97 sera measured by 3 different methods.
Panels a and b show correlations between each of the im-
munoassay methods (methods 1 and 2) and agglutination,
respectively, and panel c shows the correlation between
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immunoassay methods 1 and 2. Both methods 1 and 2 cor-
related with the agglutination titers (r 5 0.91 vs. 0.88, re-
spectively); however, the lowest agglutination titers (1:100
and 1:400) correlated with method 1, but not method 2.
Overall, there was a weaker correlation between the two
immunoassay methods (panel c; r 5 0.67; P , 0.001) than
between either immunoassay and agglutination. In addition,
6 sera had TgAb detected by method 1, but not by method
2. In 48 sera (49.5%), serum TgAb was detected by both
immunoassay methods 1 and 2, but not by agglutination. In
fact, most sera with TgAb below 10 IU/mL by immunoassay
were agglutination negative (93.8% and 79.2% for methods
1 and 2, respectively). Furthermore, despite the use of the
same IRP standard, method 1 produced systematically
higher values than method 2, as shown in c.

Comparison of Tg methods for measuring TgAb-negative
and TgAb-positive sera

The mean 6 sd intermethod (RIA, IRMA-1, IRMA-2, and
ICMA) CV of 15 TgAb-negative sera was 29.0 6 8.8 (range,
13.9–47.8% (Fig. 3). Eighty-seven of the 97 TgAb-positive
sera shown in Fig. 2 had serum Tg measured by the RIA,
IRMA-2, and ICMA methods. Intermethod discordance was
judged to be present when the intermethod CV of a TgAb-
positive serum exceeded the 97.5% confidence limit of the
TgAb-negative group (41.7%). Sixty of the 87 (69%) TgAb-
positive sera displayed such a discordance (CV 5 120.2 6
35.2; range, 52.9–168.8%), whereas 26 TgAb-positive sera did
not (CV, 25.7 62.0; range, 8.2–41.4%). Discordance was al-
ways characterized by higher serum Tg RIA compared with
one or more Tg IMA values.

TgAb interference and serum TgAb concentration

The 60 TgAb-positive sera displaying discordance had
higher serum TgAb concentrations [method 1; median, 35.3
(range, 1.3–239,000) vs. 3.5 (range, 1.0–12,200 IU/mL), dis-
cordant vs. concordant, respectively], as shown in Fig. 4.
However, in some cases discordance was seen in sera with
very low (1–2 IU/mL) serum TgAb concentrations, whereas

discordance was absent in other sera with very high TgAb
(.1,000 IU/mL).

Exogenous Tg recovery studies

Table 1 shows mean recoveries for a serum Tg source (Tg,
;10 ng/mL) added to each of 10 TgAb-negative and 11
TgAb-positive (TgAb concentration mean, 220; range, 2–1720
IU/mL; by method 2) sera, as measured by 3 Tg assays (RIA,
IRMA-1, and IRMA-2). The expected recovery, calculated
from the 95% confidence limits of the TgAb-negative sera,
was 99 6 8% (6sd; range, 84–114%) for the RIA, 95 6 8%
(range, 82–108%) for IRMA-1, and 95 6 6% (range, 82–107%)
for IRMA-2. Although all of the Tg methods produced lower
mean recoveries with TgAb-positive sera, the recoveries
were systematically higher using the RIA method (81.1 6
19.7%; range, 48–106%) than using the IMA methods [73.1 6
30.3% (range, 44–106%) vs. 73.3 6 37.7% (range, 0–100%);
IRMA-1 vs. IRMA-2, respectively]. The mean recovery for the
TgAb-positive group was lower for all methods compared
with the corresponding mean recovery for the TgAb-nega-
tive group (P , 0.001). More importantly, 4 of 11 (36%) of the
TgAb-positive sera with Tg recoveries in excess of 80% (in all
Tg methods) had grossly discordant serum Tg values (15, 17,
35, and 92 ng/mL by RIA vs. undetectable using both
IRMA-1 and IRMA-2).

Influence of Tg source and recovery procedure

As shown in Table 2, the Tg source and the amount of Tg
added as well as the recovery procedure used influenced the
efficiency of Tg recoveries from TgAb-positive sera. Specif-
ically, recoveries varied up to 20% according to the Tg source
used. Also, the addition of the larger amounts of Tg pro-
duced up to about 10% lower recoveries compared with
smaller amounts of the same Tg source. Further, when the
added Tg was allowed to equilibrate with the test serum
before assay (18 h at ambient temperature), recoveries were
about 10% lower using both the IRMA-1 and IRMA-2 meth-
ods compared with recoveries made without prior equili-
bration of the exogenous Tg with the serum (P , 0.04).

Long-term serial serum TgAb and Tg measurements in
DTC

Serial serum TgAb (method 2) and Tg RIA measurements
were performed in a selected group of 15 TgAb-positive DTC
patients, as shown in Fig. 5. Six patients were considered to
be clinically free of cancer after an average follow-up of 37.2
months (range, 10–75), whereas 9 patients had clinical or
radiographic evidence of persistent or recurrent disease after
follow-up averaging 68.9 months (range, 26–161). The serum
Tg RIA was selected for this comparison because it produces
clinically concordant values in the presence of TgAb (2, 11–
14). Serum TgAb and Tg concentrations declined to low or
undetectable levels on or before the second postoperative
year in the disease-free group. In contrast, all patients with
persistent or recurrent disease retained detectable serum
TgAb and Tg concentrations throughout the follow-up pe-
riod. Serum TgAb and Tg RIA values tended, in general, to
parallel each other. Further, serum TgAb measurements ap-

FIG. 1. Prevalence of thyroid autoantibodies (anti-TPO or TgAb alone
or in combination) in the general population (multiphasic health
evaluations) compared with that in patients with DTC. The percent-
age of total antibody-positive patients includes all patients with either
antibody (anti-TPO or TgAb) detected.
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peared to produce more consistent and reproducible results
than the serum Tg RIA in this group of patients. Decreases
in both serum TgAb and serum Tg concentrations were noted
in 2 patients who underwent additional surgeries (1 patient

twice) to remove metastatic or recurrent tumor, as shown by
the arrows in Fig. 5.

Discussion

The present study confirmed other reports showing an
increased prevalence (40% vs. 14%) of thyroid autoantibodies
(TgAb and/or anti-TPO) in patients with DTC compared
with the general population, respectively (15, 16). In partic-
ular, TgAb (with or without anti-TPO) was detected in 25%
of DTC patients compared with 10% of the general popula-
tion. Thus, the relative risk of TgAb positivity in the DTC
compared to the control group was 2.5, with a 95% confi-
dence interval of 2.0–3.2. This high prevalence of autoanti-
bodies is consistent with both the use of more sensitive im-
munoassay TgAb methods in preference to agglutination as
well as the 2-fold greater female representation in the DTC
group vs. the control population (15–18). However, even after
accounting for gender differences, the increased autoanti-
body prevalence in DTC was still increased 2-fold relative to
that in the controls. The increased prevalence of thyroid
antibodies in DTC might reflect enhanced presentation of
thyroid tumor antigens to the immune system, although
contrary to this viewpoint are studies suggesting that tumor
Tg has reduced antigenicity as a result of lower iodine con-
tent (19).

The clinical significance of TgAb positivity in DTC de-
pends on the stage of disease. It is unclear whether the

FIG. 2. Correlations between different TgAb methods. a, Serum TgAb concentrations measured by method 1 (Nichols Institute ICMA) vs. TgAb
titers by agglutination (SeraTek). b, Serum TgAb concentrations measured by method 2 (Kronus RIA) vs. agglutination. c, Correlation between
method 1 and method 2 values. *, Titers: 0 5 negative; 1 5 1:100; 2 5 1:400; 3 5 1:1,600; 4 5 1:6,400; 5 5 1:25,000; 6 5 1:102,000; and 7 5
638,000. The shaded area represents undetectable values.

FIG. 3. Serum Tg values in 15 TgAb-
negative (all TgAb methods) patients
using RIA (University of California En-
docrine Services Laboratory), IRMA-1
(DYNOtest Tg, Henning, 1995 formu-
lation), IRMA-2 (OptiQuant Tg, Kro-
nus), and ICMA Tg (Nichols Institute
Diagnostics).

FIG. 4. Percentage of TgAb-positive sera displaying an RIA/IMA dis-
cordance vs. TgAb concentration measured by TgAb method 1 (open
symbols) and TgAb method 2 (closed symbols). The numbers in pa-
rentheses indicate the number of determinations included in each
group.
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finding of thyroid antibodies at the time of DTC diagnosis
and initial surgery has any clinical significance (17). One
study reports a correlation among lymphocytic infiltra-
tion, serum thyroid autoantibodies, and a favorable long
term outcome (18). Our data are in accord with those of
other reports showing that the retention of TgAb positivity
during long term follow-up indicates persistent disease,
whereas the loss of TgAb positivity suggests a surgical
cure (16, 20 –22).

The three TgAb methods used in this study differed in
sensitivity and specificity, as shown in Fig. 2. These differ-
ences were seen despite the use of the same IRP standard,

suggesting that TgAbs with different epitope specificities
were being recognized. The TgAb immunoassays had supe-
rior sensitivity compared with the agglutination test, as pre-
viously reported (15–18). Specifically, nearly 50% of sera with
TgAb detected by immunoassay had no TgAb detected by
agglutination. As most sera with TgAb below 10 IU/mL were
agglutination negative, and 35% of these sera had evidence
of TgAb interference as judged from an intermethod discor-
dance, agglutination was judged to be too insensitive a screen
for TgAb interference. Indeed, as two of the three sera with
TgAb detected by method 1 but not method 2 displayed a Tg
intermethod discordance, it appears critical that only the

TABLE 1. Recoveries of serum Tg (;10 ng/mL) from TgAb-negative and TgAb-positive sera

Tg
method

Tg conc., mean 6 SD

(range) Antibody status (n)
% Mean 6 SD

recovery of
serum Tga

Range

RIA 6.6 6 1.3 (2.0–12.7) TgAb-negative (10) 99 6 8 89–109
15.6 6 3.7 (2.8–45.0) TgAb-negative (11) 81 6 19 48–106

IRMA-1 6.4 6 1.2 (2.5–14.5) TgAb-negative (10) 95 6 8 82–108
,0.3 (,0.3 to 1.1) TgAb-positive (11) 73 6 30 44–106

IRMA-2 5.8 6 1.1 (2.1–13.1) TgAb-negative (10) 95 6 6 89–109
,0.5 (,0.5 to 0.9) TgAb-positive (11) 73 6 38 0–100

a Using a 1:1 mixture with a TgAb-negative DTC serum pool containing about 10 ng/mL Tg.

TABLE 2. Analysis of exogenous Tg recovered from TgAb-positive sera (n 5 11)

Tg method Tg source (dose) % Recovery, mean 6 SE

(range)
*18-h

preincubation
Different Tg

sources/comparable doses

Comparable Tg
sources/different

doses

IRMA-1 Recovery standard (47 ng/mL)* 80.9 6 10.5 (10–131)
P , 0.04Recovery standard (47 ng/mL) 89.3 6 8.2 (30–123) P , 0.0001

Recovery standard (93 ng/mL) 75.1 6 8.5 (17–117)
P , 0.05Low iodine Tg (7 ng/mL) 86.8 6 9.9 (18–117) NSLow iodine Tg (66 ng/mL) 82.0 6 10.0 (10–131)

IRMA-2 Kit standard (10 ng/mL)* 54.8 6 10.8 (0–101)
P , 0.04Kit standard (10 ng/mL) 64.8 6 10.9 (0–101)

P , 0.005 P , 0.04
Kit standard (96 ng/mL) 58.5 6 9.8 (0–97)
Low iodine Tg (9 ng/mL) 84.5 6 13.6 (0–117)

P,0.005 P , 0.04Low iodine Tg (99 ng/mL) 73.5 6 11.6 (0–113)

‹‹

‹‹

‹‹‹‹
‹‹‹‹

‹
‹
‹
‹ ‹

‹

FIG. 5. Serial serum TgAb (panel a; method 2) and Tg RIA (panel b) measurements after initial thyroid surgery (month 0) for DTC. Patients
were classified at their most recent follow-up visit as having persistent or recurrent disease (open symbols) or were judged to be disease free
(closed symbols). The shaded area represents undetectable serum TgAb levels. Arrows indicate additional surgeries.
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most sensitive immunoassay methods should be used to
screen for TgAb interference.

TgAb interference can produce either under- or overesti-
mation of serum Tg depending on the method (7, 8, 23). Tg
IMAs typically underestimate serum Tg when sera contain
TgAb, presumably because the endogenous Tg complexed
with TgAb cannot participate in the reaction (8, 26). Typical
double antibody RIA methods may either under- or over-
estimate serum Tg. The magnitude and direction of the in-
terference are determined by the affinity of the first antibody,
the species specificity of the second antibody, the volume of
serum used, and the characteristics of the TgAb present (7).
These factors influence the partitioning of the serum and
tracer Tg moieties between the endogenous (human) and
exogenous (animal) antibody-bound fractions during the
separation step (7). The Tg RIA employed in this study was
used as the reference method because it appears minimally
affected by TgAb, as judged by studies showing concordance
of Tg values with tumor status (2, 11–14). In this study, the
serum Tg RIA measurements made in the TgAb-positive
patients with metastatic or recurrent disease were all appro-
priately detectable (range, 1.2–90 ng/mL). In contrast, the Tg
IMA values (IRMA-1 or IRMA-2) were all undetectable in
these same patients. This RIA/IMA discordance was char-
acteristic of many TgAb-positive sera and most likely rep-
resented TgAb interference (3, 8). There appeared to be no
threshold TgAb level below which discordance did not oc-
cur. Some sera with very low (1–2 IU/mL) TgAb displayed
a RIA/IMA discordance, whereas other sera with very high
TgAb concentrations (.1000 IU/mL) did not. The weak cor-
relation between the presence of discordance and the TgAb
concentration is in accord with the results of other studies,
suggesting that TgAb interference cannot be predicted from
the TgAb concentration with any degree of certainty (17, 27).

Typically, the recovery of exogenous Tg from a TgAb-
positive serum has been used to detect TgAb interference (7,
8, 25, 28–31). Table 1 contrasts the recoveries of serum Tg
(;10 ng/mL) from TgAb-positive and TgAb-negative sera
using the RIA, IRMA-1, and IRMA-2 methods. All of these
TgAb-positive sera had a RIA/IMA discordance despite ap-
propriate (.80%) recoveries in 73%, 54%, and 64% of the
sera, measured by the RIA, IRMA-1, and IRMA-2 methods,
respectively. Importantly, there was an RIA/IMA discor-
dance (Tg RIA, 15, 35, 92, and 17 ng/mL vs. undetectable
serum Tg IRMA-1 and IRMA-2 values) in four sera with
recoveries that exceeded 80% by each method. The fact that
TgAb-positive sera can exhibit appropriate recoveries and
yet have grossly discordant serum Tg values depending on
the Tg method is evidence that a recovery test cannot be used
to validate a Tg measurement in serum containing TgAb (32).
Any immunological difference between exogenous Tg and
endogenous Tg would invalidate the recovery approach.
Recoveries were shown to be influenced by the amount and
type of exogenous Tg. This might reflect inherent Tg heter-
ogeneity, as multiple Tg isoforms with differing epitope
specificities have been found in both serum and the tissue-
derived Tg preparations typically used for recovery (33). The
heterogeneity inherent in serum TgAb is an additional factor
that impacts and may explain the dissociation between the
TgAb concentration and recovery (7, 27).

Currently, there is no reliable method for detecting and
overcoming the problem of TgAb interference with serum Tg
measurements. The strategy of using monoclonal capture
antibodies with specificities for Tg epitopes not involved in
the autoimmune response is conceptually attractive, but may
be flawed by the broader based epitope specificity encoun-
tered in DTC vs. autoimmune thyroid disease (35). Such
epitope selection approaches have not been successful in
practice, as evidenced by the finding of undetectable serum
Tg IMA values in patients with metastatic disease (8, 34). It
is important to consider the clinical impact of the direction
of TgAb interference. Underestimation of serum Tg in a
TgAb-positive patient is more problematic for both the pa-
tient and physician than interference causing overestimation
and concomitant unnecessary imaging studies. Specifically,
this and other studies show that patients with persistent
TgAb are more likely to have residual disease, such that a
false negative result may cause a delay in detecting and
treating recurrent or metastatic DTC. In this study the Tg RIA
appeared less prone to producing false negatives and ap-
peared to provide a more clinically conservative serum Tg
estimate. It is important for physicians to know the direction
of TgAb interference expected with their Tg assay and factor
this into clinical decision-making.

No current Tg method (whether IMA or RIA) can claim
freedom from TgAb interference in every patient. Even if the
technical problems surrounding the measurement of total
(free and TgAb-bound) Tg are solved, it is uncertain how a
total Tg result in a TgAb-positive patient should be inter-
preted. It is likely that total Tg is influenced not only by the
rate of secretion of Tg from the tumor and by the capacity and
affinity of the TgAbs present, but also by changes in the rate
of clearance of Tg bound to immune complexes (36). This
study shows that it is imperative that sera sent for Tg mea-
surement be screened for TgAb by sensitive immunoassays
and not insensitive agglutination tests. As there is currently
no reliable way to identify which TgAb-positive sera suffer
from interference, all serum Tg measurements of TgAb-pos-
itive sera should be interpreted with caution. This study
suggests that serial TgAb measurements have independent
clinical value for following TgAb-positive DTC patients. A
concordant serial Tg and TgAb pattern suggests fairly ac-
curate tumor marker data. In contrast, the development of a
disparity between these two parameters suggests that TgAb
interference may be compromising the accuracy of the serum
Tg measurement for clinical decision-making.

Acknowledgments

The authors express their appreciation to Ms. Denise Walters for
manuscript preparation, to Colleen Azen and George Quan for statistical
review, and to Dr. Alvin Taurog, Southwestern Medical Center (Dallas,
TX), for supplying the low iodine Tg preparation. We also appreciate the
help of Drs. Becker and Hurley, who provided additional information
for some of the patients included in this study.

References

1. Van Herle AJ, Uller RP. 1975 Elevated serum thyroglobulin: a marker of
metastases in differentiated thyroid carcinomas. J Clin Invest. 56:272–277.

2. Spencer CA, Wang CC. 1995 Thyroglobulin measurement: techniques, clinical
benefits and pitfalls. Endocrinol Metab Clin North Am. 24:841–863.

3. Spencer CA, Takeuchi M, Kazarosyan M. 1996 Current status and perfor-
mance goals for serum thyroglobulin assays. Clin Chem. 42:164–173.

1126 SPENCER ET AL. JCE & M • 1998
Vol 83 • No 4

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/83/4/1121/2865187 by guest on 20 August 2022



4. Feldt-Rasmussen U, Profilis C, Colinet E, Schlumberger M, Black E. 1994
Purification and assessment of stability and homogeneity of human thyro-
globulin reference material (CRM 457). Exp Clin Endocrinol. 102:87–91.

5. Feldt-Rasmussen U, Profilis C, Colinet E, et al. 1996 Human thyroglobulin
reference material (CRM 457) 1st part: assessment of homogeneity, stability
and immunoreactivity. Ann Biol Clin. 54:337–342.

6. Roitt IM, Torrigiani G. 1967 Identification and estimation of undegraded
thyroglobulin in human serum. Endocrinology. 81:421–429.

7. Schneider AB, Pervos R. 1978 Radioimmunoassay of human thyroglobulin:
effect of antithyroglobulin autoantibodies. J Clin Endocrinol Metab.
47:126–137.

8. Mariotti S, Barbesino G, Caturegli P, et al. 1995 Assay of thyroglobulin in
serum with thyroglobulin autoantibodies: an unobtainable goal? J Clin En-
docrinol Metab. 80:468–472.

9. Spencer CA, Platler B, Guttler RB, Nicoloff JT. 1985 Heterogeneity of 125-I
labelled thyroglobulin preparations. Clin Chim Acta. 151:121–132.

10. Spencer CA, Platler BW, Nicoloff JT. 1985 The effect of 125-I thyroglobulin
tracer heterogeneity on serum Tg RIA measurement. Clin Chim Acta.
153:105–115.

11. Black EG, Hoffenberg R. 1983 Should one measure serum thyroglobulin in the
presence of anti-thyroglobulin antibodies? Clin Endocrinol (Oxf). 19:597–601.

12. Black EG, Cassoni A, Gimlette TMD, et al. 1981 Serum thyroglobulin in
thyroid cancer. Lancet. 2:443–445.

13. Black EG, Sheppard MC, Hoffenberg R. 1987 Serial serum thyroglobulin
measurements in the management of differentiated thyroid carcinoma. Clin
Endocrinol (Oxf). 27:115–120.

14. Black EG, Sheppard MC. 1991 Serum thyroglobulin measurements in thyroid
cancer: evaluation of ‘false’ positive results. Clin Endocrinol (Oxf). 35:519–520.

15. Ericsson UB, Christensen SB, Thorell JI. 1985 A high prevalence of thyro-
globulin autoantibodies in adults with and without thyroid disease as mea-
sured with a sensitive solid-phase immunosorbent radioassay. Clin Immunol
Immunopathol. 37:154–162.

16. Kumar A, Shah Dh, Shrihari U, Dandekar SR, Vijayan U, Sharma SM. 1994
Significance of antithyroglobulin autoantibodies in differentiated thyroid car-
cinoma. Thyroid. 4:199–202.

17. Preissner CM, Klee GG, Krco CJ. 1988 Nonisotopic “sandwich” immunoassay
of thyroglobulin in serum by the biotin-streptavidin technique: evaluation and
comparison with an immunoradiometric assay. Clin Chem. 34:1794–1798.

18. Matsubayashi S, Kawai K, Matsumoto Y, et al. 1995 The correlation between
papillary thyroid carcinoma and lymphocytic infiltration in the thyroid gland.
J Clin Endocrinol Metab. 80:3421–3424.

19. Schneider A, Ikekubo K, Kuma K. 1983 Iodine content of serum thyroglobulin
in normal individuals and patients with thyroid cancer. J Clin Endocrinol
Metab. 57:1251–1256.

20. Pacini F, Mariotti S, Formica N, Elisei R. 1988 Thyroid autoantibodies in
thyroid cancer: Incidence and relationship with tumor outcome. Acta Endo-
crinol (Copenh). 119:373–380.

21. Rubello D, Girelli ME, Casara D, Piccolo M, Perin A, Busnardo B. 1990
Usefulness of the combined antithyroglobulin antibodies and thyroglobulin
assay in the follow-up of patients with differentiated thyroid cancer. J Endo-
crinol Invest. 13:737–742.

22. Rubello D, Casara D, Girelli ME, Piccolo M, Busnardo B. 1992 Clinical
meaning of circulating antithyroglobulin antibodies in differentiated thyroid
cancer: a prospective study. J Nucl Med. 33:1478–1480.

23. Feldt-Rasmussen U, Schlumberger M. 1988 European interlaboratory com-
parison of serum thyroglobulin measurement. J Endocrinol Invest. 11:175–181.

24. Zucchelli GC, Pilo A, Masini S, Prontera C, Ferdeghini M. 1996 Large be-
tween-laboratory variability of thyroglobulin immunoassays: data collected in
a collaborative study. J Clin Ligand Assay. 19:234–238.

25. Ligabue A, Poggioli MC, Zacchini A. 1993 Interference of specific autoanti-
bodies in the assessment of serum thyroglobulin. J Nucl Biol Med. 37:273–279.

26. Bayer M, Kriss JP. 1979 A solid phase, sandwich-type radioimmunoassay for
antithyroglobulin: elimination of false positive results and semiquantitative
measurement of antithyroglobulin in the presence of elevated thyroglobulin.
J Clin Endocrinol Metab. 49:565–571.

27. Erali M, Bigelow Rb, Meikle AW. 1996 ELISA for thyroglobulin in serum:
recovery studies to evaluate autoantibody interference and reliability of thy-
roglobulin values. Clin Chem. 42:766–770.

28. Rodbard D. 1977 “Specific” interference (parallel displacement) in radioligand
assays by extraneous binding proteins. Endocrinology. 101:1180–1183.

29. Mariotti S, Cupini C, Giani C, et al. 1982 Evaluation of a solid-phase immu-
noradiometric assay (IRMA) for serum thyroglobulin: effect of anti-thyroglob-
ulin autoantibody. Clin Chim Acta. 123:347–355.

30. Schlumberger M, Tubiana M, De Vathaire F, et al. 1986 Long-term results of
treatment of 283 patients with lung and bone metastases from differentiated
thyroid carcinoma. J Clin Endocrinol Metab. 63:960–967.

31. Schaadt B, Feldt-Rasmussen U, Rasmussen B, et al. 1995 Assessment of the
influence of thyroglobulin (Tg) autoantibodies and other interfering factors on
the use of serum Tg as tumor marker in differentiated thyroid carcinoma.
Thyroid. 5:165–170.

32. Spencer CA. 1996 Recoveries cannot be used to authenticate thyroglobulin (Tg)
measurements when sera contain Tg autoantibodies. Clin Chem. 42:661–663.

33. Schulz R, Bethauser H, Stempka L, Heilig B, Moll A, Hufner M. 1989
Evidence for immunological differences between circulating and tissue-de-
rived thyroglobulin in men. Eur J Clin Invest. 19:459–463.

34. Piechaczyk M, Baldet L, Pau B, Bastide JM. 1989 Novel immunoradiometric
assay of thyroglobulin in serum with use of monoclonal antibodies selected for
lack of cross-reactivity with autoantibodies. Clin Chem. 35:422–424.

35. Ruf J, Carayon P, Lissitzky S. 1985 Various expressions of a unique anti-
human thyroglobulin antibody repertoire in normal state and autoimmune
disease. Eur J Immunol. 15:268–272.

36. Weigle WO, High GJ. 1967 The behaviour of autologous thyroglobulin in the
circulation of rabbits immunized with either heterologous or altered homol-
ogous thyroglobulin. J Immunol. 98:1105–1114.

CLINICAL RESEARCH CENTER STUDY 1127

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/83/4/1121/2865187 by guest on 20 August 2022


