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Abstract

Objective: Thyroglobulin (Tg) measurements assess recurrence in post-thyroidectomy thyroid cancer patients. Tg
measurements by enzyme immunoassays (EIA) can be falsely elevated by interference from Tg autoantibodies (TgAb).
Radioimmunoassay (RIA) is less susceptible to TgAb interference and has been the standard-of-care test for [gAb
positive patients. Recently developed liquid chromatography tandem mass spectrometry (LC-MS/MS) methods may
eliminate TgAb interference. We assessed the performance of Tg measurements by EIA, RIA and LC-MS/MS to evaluate

TgAb interference differences.

Results: We measured TgAb and Tg in 50 plasma samples from 40 patients in whom Tg measurement was part

of their routine follow-up and 10 healthy volunteers. Discrepancy between EIA and both LC-MS/MS and RIA was
observed at low Tg concentrations (< 7.55 ng/mL) in TgAb positive specimens (LC-MS/MS = 1.9 * EIA — 0.03,

r = 0.68). RIA and LC-MS/MS Tg measurements in TgAb positive specimens with low Tg concentrations had improved
correlation but demonstrated bias (LC MS/MS = 0.6 * RIA — 1.4, r = 0.90). Disagreement between methods may be
attributed to LC-MS/MS reported Tg concentrations as undetectable compared to RIA. It seems likely that most dis-
crepant cases are falsely elevated in RIA due to TgAb interference, however, some cases appear below the detection
limit of LC-MS/MS; implementation of LC-MS/MS by clinicians will require lower detection limits.
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Introduction

The American Cancer Society estimates 56,870 individu-
als will be diagnosed with thyroid cancer in 2017 alone
[1]. Differentiated thyroid cancer (DTC) accounts for
most thyroid cancers and despite high survival rates with
DTC, recurrence is very common (20-30% of patients
will recur in their lifetime) [2, 3]. Standard of care follow-
ing diagnosis with DTC is total thyroidectomy followed
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by radio iodine ablation to remove remnants and thyroid
hormone replacement therapy [4]. Cancer recurrence is
assessed annually by ultrasound imaging and thyroglobu-
lin measurements [5-7].

Tg autoantibodies (TgAb) occur in approximately 25%
of DTC patients [8], and common enzyme immunomet-
ric Tg assays (EIA) are susceptible to TgAb interference
[9-13]. Tg radioimmunoassay methods are less suscep-
tible to TgAb interference due to the competitive nature
of the RIA and the use of polyclonal antibodies [10].
Recently, LC MS/MS Tg methods that may not be sus-
ceptible to TgAb interference are available [14—16].
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Tg testing practices in our clinical laboratory consist
of determination of the TgAb status. Specimens that are
TgAb positive are sent to a reference laboratory for Tg
analysis via RIA methodology while negative specimens
are tested in-house for Tg via EIA. Analytical sensitiv-
ity is clinically necessary for early recurrence detection
in patients followed for DTC. Ongoing evaluation of
available Tg methods is important to provide improved
standard of care to patients and we performed a multi-
instrument method comparison study of EIA, RIA and
LC MS/MS to consider altering our current testing algo-
rithm. Using patient and healthy volunteer samples, we
examined Tg measurements in both TgAb negative and
positive specimens among the three methods. Specifi-
cally, TgAb positive specimens with low Tg concentra-
tions (< 7.55 ng/mL) exhibited reduced correlation and
increased bias among the EIA, RIA and LC MS/MS com-
pared to correlation of all Tg concentrations.

Main text

Materials and methods

Specimens and study design

We used residual plasma from 40 patient specimens who
had Tg testing as part of their routine clinical care at Uni-
versity of Pittsburgh Medical Center (UPMC) hospitals
from June 2012 through May 2013. Samples were stored
at — 80 °C until analysis. Specimens had the following
in-house EIA Tg concentrations: < 0.1 ng/mL, N = 15;
0.1 and 2.0 ng/mL, N = 5; and Tg > 2.0 ng/mL, N = 20
(Additional file 1: Table S1, Additional file 2: Table S2).

Ten healthy adult volunteers were recruited from our
clinical laboratory, provided written consent to donate a
plasma specimen (age > 18 years; 9 females and 1 male),
and received monetary compensation for time and speci-
men donation. Exclusion criteria for the healthy volun-
teers included pregnancy, diabetes, hospitalization in
the past 30 days, current or history of thyroid disease
(Graves or Hashimoto’s) or thyroid cancer, any cancers,
known circulating autoantibodies, rheumatoid arthritis,
or chronic medical complications.

Our study cohort (N = 50 specimens) was predomi-
nantly female (66%), Caucasian (72%) and 50% of the
patients had papillary thyroid cancer (Additional file 1:
Table S1). This study was approved by the UPMC Quality
Improvement Review Committee.

Thyroglobulin antibody analysis

All 40 specimens were initially analyzed for TgAb con-
centrations using a solid phase enzyme labeled chemi-
luminescent sequential immunometric assay (Siemens
Immulite 2000 XPi, Erlangen Germany; L2TGG12,
L2TGA2) in-house (UPMC Presbyterian Hospi-
tal, Clinical Immunopathology, Pittsburgh, PA). The
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manufacturer has reported that TgAb > 20 IU/mL result
in Tg assay interference. Patient specimens were divided
into 2 groups and categorized as either: TgAb positive
(N =20; > 20 IU/mL) or TgAb negative (N = 20; < 20 [U/
mL).

Following TgAb status determination specimens were
shipped to two separate reference laboratories for Tg
measurements.

Thyroglobulin analysis

Tg concentrations were measured on all 50 specimens
by in-house EIA, and by EIA and LC MS/MS at a refer-
ence laboratory (Additional file 2: Table S2). The LC MS/
MS method was developed to detect Tg and overcome
TgAb interference by trypsinization of the sera followed
by enrichment of Tg peptides by immunoprecipitation
before LC MS/MS [15].

Tg analysis by RIA was performed in only TgAb posi-
tive specimens (N = 20) at a reference laboratory [8, 17—
19] as a part of our standard testing algorithm for TgAb
positive patient specimens (Additional file 2: Table S2).

Statistical methods

Deming regression analysis was performed for method
comparison studies per the standards of laboratory
medicine. Low Tg is defined as less than or equal to the
median Tg concentration of the 50 patient specimen
cohort measured in-house. Statistical methods were per-
formed using EP Evaluator® version 11, Data Innovations
LLC (South Burlington, Vermont). Results below the
instrument functional sensitivity were handled by using
the functional sensitivity divided by the square root of 2.
This method has been demonstrated to provide accurate
inference [20].

Results

Prolonged storage at — 80 °C does not affect Tg stability

We assessed the impact of storage at — 80 °C for an aver-
age of 10.9 months (range: 3.4—15.5 months) on Tg meas-
urement stability [11]. Tg measurements were performed
by the EIA DxI 800 analyzers in-house (fresh specimen)
and at a reference laboratory (frozen specimen). Within
the analytical range of the instruments there was high
correlation and no significant sample degradation (Addi-
tional file 3: Fig. S1).

EIA and LC MS/MS correlation was dependent upon TgAb
status and the Tg concentration range

Method comparison between the in-house Tg EIA and
LC MS/MS methods in TgAb negative specimens cor-
related well (Fig. la). Two specimens were excluded
because the reported results were outside the analyti-
cal range of the EIA analyzer (837 and 1938 ng/mL). We
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Fig. 1 Comparison of Tg measurements by EIA and LC MS/MS methods. a TgAb negative samples (N = 28). Tg concentrations (0.07-346.4 ng/mL),
(LCMS/MS =095 *EIA+29,r=0.99, Syx =8.5). b TgAb negative samples (N = 17). Tg concentrations (0.07-6.68 ng/mL), (LC MS/MS = 1.43 * EIA
—0.23,r=092, Syx = 1.5). ¢ TgAb positive specimens (N = 20). Tg concentrations (0.07-107.9 ng/mL), LC MS/MS = 1.26 * EIA + 045, r = 0.99, Syx=
5.5.d TgAb positive specimens (N = 12). Tg concentrations (0.07-7.55 ng/mL), (LC MS/MS = 1.9 * EIA — 0.03, r = 0.68, 5, = 3.3)
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noted one Tg concentration was significantly higher than
the remaining 27 TgAb negative specimens, excluding the
potential outlier yielded similar correlation with nota-
ble slope bias (LC MS/MS = 1.27 * EIA — 0.80, r = 0.99,
S,x = 4.71, N = 27, Additional file 4: Fig. S2). Slope bias
was increased in the clinically relevant low Tg concentra-
tions in TgAb negative specimens (Fig. 1b).

Correlation between EIA and LC MS/MS in TgAb
positive specimens demonstrated increased slope bias
compared to TgAb negative specimens (Fig. 1c). The clin-
ically important lower Tg concentrations in TgAb posi-
tive specimens had the lowest correlation coefficient and
highest slope bias (Fig. 1d).

Tg concentrations in the healthy volunteer specimens
(N = 10) were similar by both the EIA (mean: 19.2,
median: 10.6, range: 1.92-94.22 ng/mL) and LC MS/MS
(mean: 25.6, median: 11.9, range: 2.4-127.2 ng/mL, LC
MS/MS = 1.37 * EIA — 0.57, r = 0.98, S,,_ 5.55, Addi-
tional file 5 Fig. S3).

yx=

Reduced correlation of Tg measurements in TgAb positive
specimens compared to TgAb negative specimens by EIA

and RIA

TgAb can interfere with measurement of Tg by EIA
and we refer TgAb positive specimens to a special-
ized laboratory for Tg analysis by RIA. As expected, we
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observed reduced correlation between Tg measurements
in TgAb positive samples by the Tg EIA and RIA meth-
ods (Fig. 2a). Moreover, the correlation was even more
reduced at low Tg concentrations (Fig. 2b). Forty percent
of the TgAb positive specimens (8 of 20 specimens) had
Tg results that were detectable by RIA but undetectable
by EIA (Fig. 2).

Correlation of Tg measurements in TgAb positive specimens
by RIA and LC MS/MS

Comparison of Tg measurements in TgAb positive sam-
ples by RIA and LC MS/MS exhibited similar correlation
to EIA and RIA (Fig. 2c). At low Tg concentrations the
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slope of correlation deviated significantly from 1.0 but
the correlation coefficient did not (Fig. 2d). Forty percent
of the TgAb positive specimens (8 of 20 specimens) had
Tg results that were detectable by RIA but undetectable
by LC MS/MS (Fig. 2c, d).

Analysis of discordant results by chart review

Ten specimens were reported as undetectable or very low
by EIA and LC MS/MS but detectable by RIA and we fur-
ther investigated if the Tg status for these patients agreed
with the clinical findings. Tg measurements by the three
different methods and clinical follow-up information for
these ten patients (average follow-up was 17.4 months)
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Fig. 2 Comparison of Tg measurements in TgAb positive specimens by EIA, RIA, and LC MS/MS methods. a TgAb positive specimens (N = 20), EIA
Tg concentrations (0.07-107.9 ng/mL), RIA = 1.5 * EIA + 4.6,r = 0.87, Syx = 19.4. b TgAb positive samples (N = 12), EIA Tg concentrations (0.07-
7.55ng/mL), RIA=39*EIA 4+ 1.72,1r=0.60, S,, = 7.2. ¢ TgAb positive specimens, N = 20. For EIA Tg concentrations (2.0-112.0 ng/mL), LC MS/

MS =0.89 *RIA — 4.2, r=0.89, SyX = 14.7.d TgAb positive specimens, N = 12. EIA Tg concentrations (2.0-18.2 ng/mL), LCMS/MS = 0.6 * RIA — 14,
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are listed in Table 1. Tg measurements in these patients
were performed on samples obtained either at the same
time imaging was performed or after. Chart review of
these patients suggested that 7 of the 10 specimens would
be expected to have had no detectable Tg.

Discussion

Our current Tg testing algorithm requires determination
of TgAb status of specimens with positive TgAb reflexing
to an alternate method. Sensitivity is clinically necessary
for early recurrence detection in patients followed for
DTC. We performed a multi-instrument method com-
parison study of EIA, RIA and LC MS/MS. Using patient
and healthy volunteer samples, we examined Tg meas-
urements in both TgAb negative and positive specimens
among the three methods. We found correlation between
the in-house EIA and LC MS/MS for Tg measurements
in the healthy volunteer specimens. This finding sug-
gests that these methods are likely sensitive enough to
distinguish between euthyroid and post-thyroidectomy
patients.

TgAb positive specimens with low concentrations of Tg
(< 7.55 ng/mL) exhibited reduced correlation among the
EIA, RIA and LC MS/MS compared to correlation of all
TgAb positive Tg measurements together (Fig. 1c, d). A
similar trend was noted for TgAb negative specimen cor-
relation between EIA and LC MS/MS (Fig. 1a, b). This
suggests that samples categorized as TgAb negative using
a TgAb < 20 IU/mL cutoff may still have appreciable
TgAb interference in EIA which is exacerbated at low Tg
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concentrations. This highlights well-documented issues,
by Spencer et al. and others such as the lack of standardi-
zation among TgAb methods and the appropriate cutoffs
established to ensure TgAb interference is eliminated [8,
10, 11, 13, 21, 22]. The TgAb method used in the study
was standardized to the WHO first international refer-
ence preparation 65/93 material but TgAb heterogeneity
among patients may account for the variability in meas-
urement [8, 10].

In TgAb positive specimens tested by EIA and RIA, due
to TgAb interference, we saw discrepancy in Tg meas-
urements (Fig. 2). Correlation between RIA and LC MS/
MS Tg measurements demonstrated some discrepancies
which appeared to be due to Tg measured by LC MS/MS
that was undetectable or low for 10 of 20 specimens but
detectable at appreciable concentrations by RIA (Fig. 2;
Table 1). Seven of the individuals with discrepant LC
MS/MS and RIA Tg concentrations had no evidence of
disease for approximately 1 year after this specimen was
analyzed. This finding is not without precedence [16,
19, 23-25]. It is unclear if this discrepancy is due to Tg
overestimation by RIA due to TgAb interference which
has been well demonstrated previously [16, 19, 24, 25]
or failure of the LC MS/MS method to detect the Tg due
to a polymorphism [23]. These data demonstrate that it
is vital that Tg measurements be performed by the same
method during clinical follow-up. Separate analysis of
low and high Tg concentrations may be appropriate for
method validations. Understanding of the correlations
at low concentrations was important for our clinicians’

Table 1 Clinical Follow-up of Tg concentrations detected by RIA but undetected/low by EIA or LC MS/MS

Sample# EIA RIA LCMS/MS  Thyroid cancer Subsequent pro-  SubsequentTg Months moni- Imaging
(ng/mL) (ng/mL) (ng/mL) gression measurements tored

26 0 28 <04 PTC No detectable No change 24 Negative
disease

27 0 4.1 <04 PTC (meta- No progression No change 24 Negative—neck only

static) since 2007

28 0 2.1 <04 PTC No detectable No change 18 Negative
disease

29 0 24 <04 PTC No detectable No change 14 Negative
disease

30 0 23 <04 PTC (meta- No detectable No change 13 Negative

static) disease

31 0 3 <04 PTC No detectable No change 17 Negative
disease

32 0 32 <04 PTC Recurrence No change 1 No progression

33 0 2 <04 PTC No detectable No change 18 Negative
disease

34 039 38 0.8 PTC No detectable No change 18 Remnant
disease

50 1.68 15 3.28 Graves disease  No follow-up for NA NA NA

disease
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evaluation of this testing as the majority of Tg testing in
our patient population is follow-up of post thyroidec-
tomy DTC patients.

Clinicians involved in the care of DTC patients have
noted that once TgAb are detected in the specimen they
interpret the Tg result as unreliable. Despite this distrust
of the Tg measurements, this test was ordered on each of
these patients at every visit. Within our system clinicians
are not yet prepared to change from RIA to LC-MS/MS
despite the known TgAb interference issues with RIA.
While 7 of the 10 discrepant cases indicated no disease
progression there was concern that early recurrence may
be missed by LC-MS/MS and follow-up of falsely ele-
vated Tg is preferable to delays in recurrence detection.

Limitations

For the Tg method comparison study between the RIA
and LC MS/MS method, we only examined TgAb posi-
tive specimens for logistical reasons. Since we did not
compare Tg measurements in TgAb negative specimens
between RIA and LC MS/MS, we are unable to deter-
mine if the positive bias exhibited by the RIA compared
to the LC MS/MS is due to TgAb interference, calibra-
tion, or reagent differences. Our 11-24 month follow-up
of 10 discrepant Tg concentrations suggested that 7 of the
10 RIA Tg concentrations are not associated with disease
recurrence. However, follow-up that ranges over a longer
time period, 5 years or more, will be more definitive.

Our study is indicative of the studies performed by
individual clinical laboratories to verify and investigate
potential new methodologies and is therefore a small
cohort study.

Additional files

Additional file 1: Table S1. Subject socio-demographics and clinical
characteristics.

Additional file 2: Table S2. Thyroglobulin and thyroglobulin antibody
methodologies.

Additional file 3: Figure S1. Short term freezer storage does not affect
Tg stability.

Additional file 4: Figure S2. Comparison of Tg measurements by EIA
and LC MS/MS methods for low TgAb excluding potential outlier at 346.4
ng/mL.

Additional file 5: Figure S3.Tg measurements in healthy volunteers.

Abbreviations

Tg: thyroglobulin; TgAb: thyroglobulin antibody; EIA: enzyme immunoassay;
RIA: radioimmunoassay; LC-MS/MS: liquid chromatography tandem mass
spectrometry; DTC: differentiated thyroid cancer; PTC: papillary thyroid cancer;
FTC: follicular thyroid cancer.

Authors’ contributions

SW—data analysis, writing, study conception. LL—data analysis, writing. HB—
study conception, manuscript revision. RS, NL, JT, KM—specimen sourcing,
data generation, testing coordination, preliminary data analysis. OPP—study

Page 6 of 7

conception, data analysis, manuscript revision. All authors read and approved
the final manuscript.

Author details

! Department of Pathology, University of Pittsburgh School of Medicine, S723
Scaife Hall, 3550 Terrace St, Pittsburgh, PA 15261, USA. 2 University of Pitts-
burgh Medical Center (UPMC), Clinical Laboratory Building, 3477 Euler Way,
Room 3014, Pittsburgh, PA 15213, USA. 3 Department of Critical Care Medicine,
University of Pittsburgh School of Medicine, Pittsburgh, PA 15213, USA.

“ Department of Clinical and Translational Sciences, University of Pittsburgh
School of Medicine, Pittsburgh, PA 15213, USA.

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study was approved by the UPMC Quality Improvement Review Commit-
tee and written consent obtained from healthy volunteers.

Funding

OPP has recieved funding from University of Pittsburgh School of Medicine
Dean'’s Faculty Advancement Award and KL2 RR02415. All other authors
declare that they have no funding for this research.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 26 September 2017 Accepted: 30 November 2017
Published online: 08 December 2017

References

1. Key Statistics for thyroid cancer. https://www.cancer.org/cancer/thyroid-
cancer/about/key-statistics.html. Accessed 9 Aug 2017.

2. Mazzaferri EL, Jhiang SM. Long-term impact of initial surgical and
medical therapy on papillary and follicular thyroid cancer. Am J Med.
1994,97:418-28.

3. Samaan NA, Schultz PN, Hickey RC, Goepfert H, Haynie TP, Johnston DA,
et al. The results of various modalities of treatment of well differentiated
thyroid carcinomas: a retrospective review of 1599 patients. J Clin Endo-
crinol Metab. 1992;75:714-20.

4. Cooper DS, Doherty GM, Haugen BR, Hauger BR, Kloos RT, Lee SL, et al.
Revised American thyroid association management guidelines for
patients with thyroid nodules and differentiated thyroid cancer. Thyroid.
2009;19:1167-214.

5. Pacini F, Castagna MG. Approach to and treatment of differentiated
thyroid carcinoma. Med Clin North Am. 2012;96:369-83. https://doi.
org/10.1016/j.mcna.2012.01.002.

6. Bachelot A, Leboulleux S, Baudin E, Hartl DM, Caillou B, Travagli JP, et al.
Neck recurrence from thyroid carcinoma: serum thyroglobulin and high-
dose total body scan are not reliable criteria for cure after radioiodine
treatment. Clin Endocrinol (Oxf). 2005;62:376-9.

7. Westbury C, Vini L, Fisher C, Harmer C. Recurrent differentiated thyroid
cancer without elevation of serum thyroglobulin. Thyroid. 2000;10:171-6.

8. Spencer CA, Takeuchi M, Kazarosyan M, Wang CC, Guttler RB, Singer
PA, et al. Serum thyroglobulin autoantibodies: prevalence, influence
on serum thyroglobulin measurement, and prognostic significance in


https://doi.org/10.1186/s13104-017-3050-6
https://doi.org/10.1186/s13104-017-3050-6
https://doi.org/10.1186/s13104-017-3050-6
https://doi.org/10.1186/s13104-017-3050-6
https://doi.org/10.1186/s13104-017-3050-6
https://www.cancer.org/cancer/thyroid-cancer/about/key-statistics.html
https://www.cancer.org/cancer/thyroid-cancer/about/key-statistics.html
https://doi.org/10.1016/j.mcna.2012.01.002
https://doi.org/10.1016/j.mcna.2012.01.002

Wheeler et al. BMC Res Notes (2017) 10:725

patients with differentiated thyroid carcinoma. J Clin Endocrinol Metab.
1998,83:1121-7.

Baloch Z, Carayon P, Conte-Devolx B, Demers LM, Feldt-Rasmussen U,
Henry J-F, et al. Laboratory medicine practice guidelines: laboratory sup-
port for the diagnosis and monitoring of thyroid disease. Clin Endocrinol
(Oxf). 2003;58:138-40. https://doi.org/10.1046/j.1365-2265.2003.01681 x.
Spencer CA, Bergoglio LM, Kazarosyan M, Fatemi S, LoPresti JS. Clinical
impact of thyroglobulin (Tg) and Tg autoantibody method differences
on the management of patients with differentiated thyroid carcinomas. J
Clin Endocrinol Metab. 2005;90:5566-75.

Spencer C, Fatemi S. Thyroglobulin antibody (TgAb) methods—strengths,

pitfalls and clinical utility for monitoring TgAb-positive patients with
differentiated thyroid cancer. Best Pract Res Clin Endocrinol Metab.
2013;27:701-12.

Spencer CA. Clinical utility of thyroglobulin antibody (TgAb) measure-
ments for patients with differentiated thyroid cancers (DTC). J Clin
Endocrinol Metab. 2011;96:3615-27.

Spencer CA. Challenges of serum thyroglobulin (Tg) measurement in the
presence of Tg autoantibodies. J Clin Endocrinol Metab. 2004;89:3702-4.
https://doi.org/10.1210/jc.2004-0986.

Hoofnagle AN, Becker JO, Wener MH, Heinecke JW. Quantification

of thyroglobulin, a low-abundance serum protein, by immunoaffin-

ity peptide enrichment and tandem mass spectrometry. Clin Chem.
2008;54:1796-804.

Clarke NJ, Zhang Y, Reitz RE. A novel mass spectrometry-based assay for
the accurate measurement of thyroglobulin from patient samples con-
taining antithyroglobulin autoantibodies. J Investig Med. 2012;60:1157—
63. https://doi.org/10.2310/JIM.0b013e318276deb4.

Netzel BC, Grebe SKG, Leon BGC, Castro MR, Clark PM, Hoofnagle AN,

et al. Thyroglobulin (Tg) testing revisited: Tg Assays, TgAb assays, and
correlation of results with clinical outcomes. J Clin Endocrinol Metab.
2015;100(8):E1074-83.

Black EG, Sheppard MC. Serum thyroglobulin measurements in thyroid
cancer: evaluation of “false” positive results. Clin Endocrinol (Oxf).
1991,;35:519-20. http://www.ncbi.nlm.nih.gov/pubmed/1769134.
Accessed 19 Jul 2017.

18.

20.

22.

23.

24.

25.

Page 7 of 7

Spencer CA, Platler BW, Nicoloff JT. The effect of [125/1thyroglobulin
tracer heterogeneity on serum Tg RIA measurement. Clin Chim Acta.
1985;153:105-15.

Spencer CA, Petrovic |, Fatemi S, LoPresti J. Serum thyroglobulin (Tg)
monitoring of patients with differentiated thyroid cancer using sensitive
(second-generation) immunometric assays can be disrupted by false-
negative and false-positive serum thyroglobulin autoantibody misclas-
sifications. J Clin Endocrinol Metab. 2014;99:4589-99.

Croghan C, Egeghy PP. Methods of dealing with values below the limit
of detection using SAS. Presented at Southeastern SAS User Group, St.
Petersburg, FL, 22-24 September 2003. https://cfpub.epa.gov/si/si_pub-
lic_record_report.cfm?dirEntryld=64046.

. Spencer C, Petrovic |, Fatemi S. Current thyroglobulin autoantibody

(TgAb) assays often fail to detect interfering TgAb that can result in the
reporting of falsely low/undetectable serum Tg IMA values for patients
with differentiated thyroid cancer. J Clin Endocrinol Metab. 2011;96:1283—
91. https://doi.org/10.1210/jc.2010-2762.

Spencer CA, Lopresti JS. Measuring thyroglobulin and thyroglobu-

lin autoantibody in patients with differentiated thyroid cancer. Nat

Clin Pract Endocrinol Metab. 2008;4:223-33. https://doi.org/10.1038/
ncpendmet0757.

Hoofnagle AN, Roth MY. Clinical review: improving the measurement of
serum thyroglobulin with mass spectrometry. J Clin Endocrinol Metab.
2013;98:1343-52. https://doi.org/10.1210/jc.2012-4172.

Schneider AB, Favus MJ, Stachura ME, Armold J, Arnold MJ, Frohman LA.
Incidence, prevalence and characteristics of radiation-induced thyroid
tumors. Am J Med. 1978;64:243-52. http://www.ncbi.nlm.nih.gov/pub-
med/629274. Accessed 19 July 2017.

Feldt-Rasmussen U, Rasmussen AK. Serum thyroglobulin (Tg) in presence
of thyroglobulin autoantibodies (TgAb). Clinical and methodological
relevance of the interaction between Tg and TgAb in vitro and in vivo.

J Endocrinol Invest. 1985;8:571-6. http://www.ncbi.nlm.nih.gov/pub-
med/3914505. Accessed 19 July 2017.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



https://doi.org/10.1046/j.1365-2265.2003.01681.x
https://doi.org/10.1210/jc.2004-0986
https://doi.org/10.2310/JIM.0b013e318276deb4
http://www.ncbi.nlm.nih.gov/pubmed/1769134
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=64046
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=64046
https://doi.org/10.1210/jc.2010-2762
https://doi.org/10.1038/ncpendmet0757
https://doi.org/10.1038/ncpendmet0757
https://doi.org/10.1210/jc.2012-4172
http://www.ncbi.nlm.nih.gov/pubmed/629274
http://www.ncbi.nlm.nih.gov/pubmed/629274
http://www.ncbi.nlm.nih.gov/pubmed/3914505
http://www.ncbi.nlm.nih.gov/pubmed/3914505

	Clinical laboratory verification of thyroglobulin concentrations in the presence of autoantibodies to thyroglobulin: comparison of EIA, radioimmunoassay and LC MSMS measurements in an Urban Hospital
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Materials and methods
	Specimens and study design
	Thyroglobulin antibody analysis
	Thyroglobulin analysis
	Statistical methods

	Results
	Prolonged storage at − 80 °C does not affect Tg stability
	EIA and LC MSMS correlation was dependent upon TgAb status and the Tg concentration range
	Reduced correlation of Tg measurements in TgAb positive specimens compared to TgAb negative specimens by EIA and RIA
	Correlation of Tg measurements in TgAb positive specimens by RIA and LC MSMS
	Analysis of discordant results by chart review

	Discussion

	Limitations
	Authors’ contributions
	References




