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Abstract

Background: Performance of thyroid function assays can vary significantly. To address this
issue, the CDC Clinical Standardization Programs (CSP) conducted an interlaboratory comparison
of FT4 immunoassays (1As) and laboratory-developed tests (LDTs). This assessment aimed

to determine the current performance characteristics of these assays as a first step towards
measurement standardization. TSH IAs were also evaluated.

Methods: Participants received 41 blinded individual-donor sera, including a sample from a
pregnhant woman (for FT4 analysis only) and 3 serum pools, with 11.3-32.1 pmol/L (0.881-2.49
ng/dL) FT4 and 0.337-21.6 mIU/L TSH. Participants measured FT4 samples in duplicate over
2 days. Participants also measured TSH when available. Passing-Bablok regression analysis
performed pre-recalibration compared participant performance to the CDC FT4 reference
measurement procedure (RMP) or TSH all-lab mean (ALM). Additionally, the impact of linear
regression-based recalibration of assays to the CDC FT4 RMP or TSH ALM was estimated.
Inter-assay agreement of sample classification according to the assay-specific reference interval
was assessed pre- and post-recalibration.

Results: A total of 21 FT4 and 17 TSH assays participated. Pre-recalibration, median biases
of TSH measurements to the ALM were —1.2% (95% CI: —1.8—0.4%), and good classification
agreement among TSH assays was observed. FT4 assays all showed a negative median bias to
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the RMP, with higher bias among IAs (median: —20.3, 95% CI: —21.5 to —19.4%) than LDTs
(median: —4.5, 95% CI: —6.1 to —3.2). Of the individual-donor sera, only 21 of 40 samples
were classified uniformly by all FT4 participants, indicating poor inter-assay agreement. Post-
recalibration, agreement improved to 33 of 40 individual-donor sera correctly classified by all
participating 1As and LDTs. Similar improvement in post-recalibration median percent bias was
observed for FT4 1As (median: -0.2, 95% CI: -1.2 to 0.6%) and LDTs (median: —0.3, 95% CI:
-2.5 t0 1.4%).

Conclusions: The comparison among FT4 assays emphasizes the need for measurement
standardization to improve accuracy and comparability. This and previous studies demonstrate
possibility to develop common FT4 reference intervals via standardization, enabling the use of
evidence-based clinical guidelines universally in patient care. Recalibration can effectively address
high variability in FT4 assays, ensuring consistent patient classification.

Keywords

Free thyroxine; thyroxine standardization; thyroid stimulating hormone (TSH); immuno assays;
laboratory developed tests; interlaboratory comparison study

Introduction

Thyroid stimulating hormone (TSH) and free thyroxine (FT4) are the two hormones initially
measured in blood to assess hypo- and hyperthyroidism and guide treatment decisions. 1-3
Some guidelines and recommendations suggest specific concentrations for these hormones
to guide decision making.* Therefore, accurate and reliable TSH and FT4 tests are needed to
ensure correct patient care, making the standardization of thyroid function tests to asses both
thyroid gland function and therapeutic drug monitoring a priority.>6

Poor accuracy and comparability of TSH and FT4 tests have been described 7 and
reference systems enabling consistent assay calibration and improving other analytical
factors affecting inaccurate results have been established by the International Federation
for Clinical Chemistry and Laboratory Medicine (IFCC) Committee on Standardization of
Thyroid Function Tests in collaboration with the CDC Clinical Standardization Programs
(CSP). 79 Studies assessing the analytical performance of TSH and FT4 assays after

these reference systems became available are very limited. As part of CDC’s CSP for
thyroid hormones, a study was conducted to obtain information about the current analytical
performance of TSH and FT4 assays to assess potential improvements and to guide further
standardization activities.

Materials and Methods

Materials

Forty individual-donor sera (PS), three serum pools (Pool1-3), and one sample from a
pregnant woman (PN) from the third trimester used in this study were collected using
protocols described in the supplemental materials. 10:11 Use of blood by CDC is consistent
with the IRB approval and donor consent. No personal identifiers were provided to CDC.
The blood samples used in this project were from commercial sources. This activity was
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reviewed by CDC, deemed research not involving human subjects, and was conducted
consistent with applicable federal law and CDC policy.

Concentrations for the PS were 11.3-32.1 pmol/L (0.881-2.49 ng/dL) for FT4 and 0.337-

21.5 mIU/L for TSH. Pool1-3 concentrations were 15.0, 16.5, and 16.9 pmol/L FT4 (1.17,
1.28, and 1.31 ng/dL) and 1.09, 2.26, and 1.65 mIU/L (TSH). The FT4 concentration of PN
was 11.4 pmol/L (0.885 ng/dL), but due to volume limitations TSH was not measured.

Procedures for material shipment, storage, and analysis by participants are described in the
supplementary materials. The FT4 reference values were assigned to all samples using the
CDC FT4 reference measurement procedure (RMP) described previously, and details can be
found in the supplementary materials.12

Assays participating in the study

A total of twenty-one FT4 assays, four LDTs based on equilibrium dialysis (ED) liquid
chromatography tandem mass spectrometry and seventeen 1As were included in the study.
Among the FT4 IAs, eight (comprising fifteen different platforms) were operated by the
independent assay manufacturer and two by clinical laboratories. Eight A manufacturers
(comprising sixteen different platforms) and one clinical laboratory measured TSH.
Several independent manufacturers were represented by more than one platform. Further
information about the assays used in the study is summarized in Supplemental Table S2.

Data Analysis

The study design was based on the Clinical and Laboratory Standards Institute (CLSI)
document EP-09-A2.13 Agreement among LDT and IA manufacturers was assessed using
the 40 PS. The concentration of one PS was outside the reportable range for most assays
and therefore excluded from TSH analysis. Percent bias of sample replicate means to either
the FT4 reference value or the all-lab mean (ALM) for TSH, median bias, 95% confidence
interval of the median bias, and the percent coefficient of variation (CV) for replicate
measurements were calculated for each participant. Outliers detected among replicate FT4
or TSH data were removed using the guidelines described in CLSI document EP9-A2.13
Suspected transcription errors (with biases to the all lab mean of 585-609%) for replicate
TSH measurements of the same study sample by participant “O” were removed prior

to analysis. Analysis of Pool1-3 or PN sera assessing the impact of serum pooling and
pregnhancy on FT4 measurement was performed independently of the analysis of the forty
PS.

Participating assay manufacturers (LDT and 1A) and clinical laboratories were compared
to the CDC FT4 RMP (or the TSH ALM) using Passing-Bablok regression, chosen to
account for the measurement error in the participant and CDC RMP data without making
assumptions about the distribution of residuals. The mean biases of replicate measurements
of the forty PS samples among participants were compared to the criteria for acceptable
performance, the greater of 0.3 ng/dL or = 15% for FT4 and 0.2 mIU/L or + 20 %

for TSH, set by the Centers for Medicare & Medicaid Services (CMS) to assess method
performance pre- and post-recalibration.14 Methods for estimating the impact of pregnancy,
sample pooling, and T4 supplementation on measurement accuracy are described in the
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supplemental materials. Data were analyzed using Microsoft Excel® with the Analyse-it®
(version 5.90) add-in and the R statistical environment in R Studio® (version 4.1.2).

FT4 and TSH in-silico recalibration

Linear regression-based assay recalibration was performed in-silico using participant PS
results and the reference value (or TSH ALM) for that sample. Pooled and PN samples
were not included in linear regression models. In-silico recalibration was conducted by
subtracting the intercept from the original submitted data and dividing by the slope.
Classification of serum samples was performed post-recalibration by comparing the
recalibrated results to a unified RI, which was calculated according to the principles of
transference discussed in CLSI document EP28-A3c.1® Prospective transferred reference
intervals (RI) were chosen from the Rls of participants (Figure 1) with linear regression
slopes closest to 1 and intercepts closest to 0.

Results

Comparison of FT4 measurements to the CDC RMP

Based on the data as received from study participants, the all-sample median percent bias
and 95% confidence interval (95% CI) to the CDC RMP observed for the forty PS among
all participants was —=17.1% (-18.1 — —=15.7%). LDTs had better accuracy, with median bias
(95% CI) of -4.5% (—6.1--3.2), compared to —20.3% (-21.5--19.4) for 1As (Figure 2 and
Table 1). Pre-recalibration, three of the twenty-one FT4 assays met the CMS criteria for

all PS, with five to forty of the forty PS meeting the bias requirement among FT4 assays
(Table 3). The mean percent of samples meeting the CMS requirements (+ 95% CI) for
individual FT4 measurements was higher (99.0 £ 1.8%) among FT4 LDTs than 1As (58.9

+ 12.9%), which improved to 99.5 + 1.6% for FT4 LDTs and 97.0 + 1.9% for FT4 IAs post-
recalibration. The bias distributions were narrow with an average interquartile range (IQR)
across all participants of 9.0% (Figure 2) for FT4. The FT4 bias becomes more negative with
increasing FT4 concentrations for IA while LDT bias remains constant (Figure S2). Most
assays were well correlated with the CDC RMP with correlation coefficients >0.8 (Figure
S1). The Passing-Bablok regression parameters among LDTSs indicate well-calibrated assays
with slope and intercept 95% Cls encompassing 1 and 0, respectively. Only one of the
seventeen Passing-Bablok regression parameters among the 1As met the same criteria for
slope and intercept (Table 1 and Figure S3). Mean precision (range of mean CV) was

3.8% (1.7-8.0) for all FT4 assays pre-recalibration and 4.3% (1.9-10.3) post-recalibration
(Table 1). Comparing the FT4 replicate mean biases among the four PS from donors taking
levothyroxine to the FT4 mean biases of the remaining 36 PS by two sample t-test suggest

a significant difference in biases between these two groups for 1As (p-value < 0.05) but not
for LDTs (p-value > 0.05) at the 5% significance level. No significant difference between the
two groups was observed among TSH participants (p-values > 0.05).

Comparison of TSH measurements to the ALM

The seventeen participating TSH 1As were in better agreement compared to FT4 assays with
a median percent bias (Figure 3 and Table 2) to the ALM of —1.2% (95% CI: -1.8—-0.4%).
The sample replicate mean bias distribution among all TSH assays showed a narrow 5.4%
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mean IQR. Of the seventeen TSH participants, ten met the CMS measurement criteria for
all PS, with thirty-one to thirty-nine of the thirty-nine PS meeting the bias requirement
among TSH assays (Table 3). Results of Passing-Bablok regression analysis indicate five

of the seventeen TSH assays are well-harmonized to the ALM, with slope and intercept
95% Cls including 1 and 0, respectively (Table 2 and Figure S6). Mean precision (range of
mean CV) was 2.6% (1.0-5.6) for all TSH assays pre-recalibration and 2.2% (0.9-5.4) after
recalibration (Table 2).

Comparison of end-user and manufacturer data for FT4 and TSH

Agreement between manufacturer and end-user results varied. For IA manufacturer “P”,
Passing-Bablok regression analysis of FT4 data indicated no significant difference between
manufacturer “P” and end-user (“G”) with 95% Cls of slope and intercept including 1 and
0, respectively (Figure 4). This contrasts with the comparison of manufacturer “P” to the
clinical lab (*G”) for TSH measurement (Figure 4) and the comparison of FT4 manufacturer
“C” to clinical lab “U” (Figure 4), where the 95% CI of the slope parameter is > 1. Use

of the same lots of calibrators and reagents were confirmed for FT4 measurement between
assays “P” and “G”, however, different calibrator and reagent lots were used in TSH assays
“P” and “G.” Reagent and calibrator lot numbers could not be determined for FT4 assays
“U” and “C”.

Improvements in sample classification after in-silico recalibration

After recalibration of the FT4 assays, classification was repeated using the recalibrated PS
sera results and the RI transferred from participant “H” (9.75-25.1 pmol/L or 0.758-1.95
ng/dL). Classification of TSH results post-recalibration was performed in a similar way, by
first performing transference testing using the ALM for comparison, and then re-classifying
assay results using the transferred RI from TSH assay “M” (0.606—4.32 mIU/L).

Agreement among FT4 assays on sample classification was poor before recalibration;
twenty-one of the forty PS were classified uniformly by all assays (Table 4). FT4
classification agreement improved upon recalibration to thirty-three of the forty PS
uniformly classified by all assays. TSH classification agreement was consistent pre-
recalibration (thirty-three of thirty-nine PS) and post-recalibration (thirty-two of thirty-nine
PS) (Table 5). Post-recalibration FT4 participant median percent biases (95% CI) improved
to -0.2% (-1.1 - 0.5) overall, —-0.2% (-1. 2 — 0.6) for IA, and —0.3% (-2.5 - 1.4) for LDT
(Figure 2). Median percent bias (95% CI) among TSH assays improved to 0.5% (0.0- 0.8)
post-recalibration (Table 2).

Agreement between high-quality individual donor and pooled materials for FT4 and TSH

assays

Pool1-3 sera were found to be comparable to individual donor units among all 1As; median
percent biases (-21.0% for FT4 and 0.5% for TSH assays) of these samples were similar
to the —20.3% median percent bias for FT4 and —1.2% median percent bias for TSH 1As
measuring the 40 PS (Table 6).
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IA participants generally reported higher values (—1.9% median percent bias to the RMP,
range of —27.8-19.8) for the PN compared to the —20.3% median bias (95% CI of -21.5
——19.4) of PS materials (Table 6). This increase occurred despite assay-specific Rl being
lower in general during pregnancy than the adult RI. 16
Discussion

To assess the need for standardization and monitor improvements in FT4 measurement, it
was imperative to collect updated information on the status of FT4 measurements by IAs
and LDTs to support the IFCC efforts. The conducted interlaboratory comparison study
demonstrated high variability among commercial FT4 immunoassays. The large negative
median assay biases of up to —34.1% to the FT4 RMP observed in this study can lead

to patient misclassification as indicated by only twenty-one of forty samples used in the
study being classified uniformly. The observation of negative bias for 1As is consistent with
the results of the College of American Pathologists (CAP) Harmonized Thyroid (ABTH)
survey that uses high-quality pooled serum materials with FT4 reference values assigned

by CDC FT4 RMP. Recent ABTH 2022-B and 2023-A surveys reported sample-specific
and calibration measurement inconsistencies among IAs measuring six pooled samples,
with |As underestimating FT4 concentrations and LDTSs being in better agreement with the
RMP. 17.18 The results of ABTH surveys are consistent with our findings despite differences
in the number of samples measured and the evaluation of multiple assay's measurement
results in peer groups in the CAP surveys.17:18 The results of a previous FT4 interlaboratory
comparison study conducted by IFCC and performed at Ghent University in 2017 were
compared to the present study to determine what potential improvements in accuracy have
been made, although some of the participants in both studies differed.” Comparing the
median percent bias for FT4 measurements of samples in the 10-25 pmol/L (0.8-1.9 ng/dL)
range among all assays that participated in the 2017 study and all assays included in the
present study showed an improvement in median percent bias (which is calibration-related)
from —37.7% in 2017 to —16.8% in 2022.

In many situations, while assay-specific RIs are assumed to overcome issues with data
interpretation, their use did not prevent misclassification, especially for samples near
cutoff values. In the example provided (Table 4), two samples with FT4 concentrations

of 11.3 pmol/L and 26.5 pmol/L (0.881 and 2.06 ng/dL), were classified as euthyroid

and hyperthyroid by the FT4 RMP, respectively. Most of the twenty-one participants
misclassified these samples with challenging FT4 concentrations (fifteen misclassified the
11.3 pmol/L and fourteen misclassified the 26.5 pmol/L sample).

The in-silico recalibration increased the number of samples classified uniformly by all
participants from twenty-one to thirty-three of the forty PS, suggesting that while some
sample-specific bias exists, significant improvement in overall consistency of sample
classification can be achieved upon re-calibration. While some sample-specific scatter
existed for most of the assays (Supplementary Table S3), recalibration improved both
classification agreement among assays and bias to the CDC RMP. After recalibration

is complete, manufacturers can focus on improving sample specific bias. The study
demonstrated that recalibration significantly improved accuracy of assays and consistency of
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classifications. Stakeholders should be aware that assay values may change by as much as
34% or more following standardization. However, the IFCC study suggests that this shift in
assay values due to recalibration is viewed as a positive change and is not expected to pose a
problem to stakeholders. 919

While the study results revealed problems with accuracy of many IAs, some promising

data were observed. The improved median percent bias from the 2017 study to the present
study suggests that some of the A manufacturers already initiated standardization activities,
successfully decreasing calibration bias. The significant FT4 median bias of the present
study indicates further improvement is needed, with individual assays demonstrating median
biases up to —34.1%. The majority of TSH assays were in overall good agreement with

the ALM pre-recalibration; thirteen of the seventeen median bias 95% Cls were within

the desirable bias limits based on biological variation (+10.1%) 20 and thirty-three of the
thirty-nine PS samples were classified in the same way by all seventeen participants using
their assay-specific TSH RI, demonstrating success in harmonization of TSH 1As.8 By
contrast, pre-recalibration Passing-Bablok regression parameters among TSH participants
indicated most assays were significantly different from the ALM. These differences may

be the result of the influence of the single high concentration TSH sample included in the
study, and further studies with additional samples in this concentration range are needed

to assess the bias on the full concentration range. The low TSH median bias and narrow
bias distributions are likely the result of ongoing TSH harmonization efforts by the IFCC.

8 It is also worth noting that all TSH and FT4 participants had good precision pre-and
post-recalibration.

The utility of FT4 measurements of pooled materials was also explored. Using pooled
materials can be beneficial when large volumes of the same material are needed, i.e. for
preparation of trueness or quality controls. However, combining individual units of different
binding proteins concentrations may result in non-commutable pooled material. When
analyzed by each of the participating 1As, the high-quality Pool1-3 materials (prepared in
accordance with the updated CLSI C-37A procedure) and PS samples provided comparable
results when results for each set of samples analyzed were compared to the FT4 RMP.10
This suggested that high-quality pooled materials may be used in a similar manner as
individual donor samples for calibration and performance evaluation. However, additional

I A-specific studies of the commutability of pooled materials are needed.

In addition, study participants were asked to measure one sample from a pregnant (third
trimester) woman. The results were consistent with the recently published study comparing
pregnant women to controls and demonstrated that the majority of the 1As measured lower
FT4 in healthy controls compared to PNs.16:21 The previously published study did not look
at differences in FT4 measurements based on trimester and the reported mean gestational
age of the study participants was 24.8 weeks. Based on the limited information from just
one sample, 1As overestimated FT4 concentration in the PN sample while the difference
was not as consistent among LDTSs. The extent of the overestimation varied depending

on the 1A used and is most likely due to interferences present in pregnancy samples with
methodologies used.
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Another important aspect of standardization is ensuring that clinical laboratories using the
same IAs receive comparable results to manufacturers. One IA manufacturer and clinical
laboratory pair using identical assays (Labs “G” and “P”) to measure both FT4 and TSH

for the study were compared. For FT4 measurement the pair used identical calibrators

and reagents and reported results with no significant differences. For TSH measurement,
significant differences in the performance of manufacturer ‘P’ to its paired end-user (‘G”)
were observed, which could be explained using different lots of reagents and calibrators
reported by the two laboratories. It is important to highlight the importance of monitoring
overtime performance of assays performed in different laboratories; changes associated with
calibrators and/or reagent lots among other factors may cause inconsistencies in results.

Conclusions

The CDC CSP interlaboratory comparison among FT4 assays demonstrated that despite
previous efforts, no notable improvements have been achieved. The current variability
among FT4 assays can affect consistency of diagnosis. This variability can be easily
addressed through recalibration which is being offered with the CDC CSP FT4 HoSt. The
study also demonstrated that there was better agreement among TSH assays, confirming
success of TSH harmonization efforts conducted by IFCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Assay-specific referenceintervals among participating FT4 assays.
Assay-specific reference intervals for participating assays are shown for FT4 (A) and TSH

(B). Assay specific reference intervals in pmol/L for FT4 and mIU/L for TSH for adults
are shown as dark grey bands for each of the participating assays. RI that could not be
confirmed by the participant were excluded.
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Figure 2. FT4 distribution of biases observed among FT4 assays from the 40 single-donor study
samples (PS) tothe FT4 RMP.

Percent biases of each participant’s individual replicate FT4 measurements to the CDC RMP
were calculated for all 40 PS pre- (A) and post- (B) recalibration, excluding pooled samples
and samples from pregnant women. Boxplots are arranged in order of increasing median
bias, indicated as the horizontal black bars, and zero bias is represented by a horizontal
dashed line. Maximum and minimum bias are indicated by the upper and lower whiskers,
with results beyond + 1.5 times the interquartile range shown as black dots. Darker grey
boxplots indicate LDT results. Post-recalibration, a surrogate CDC FT4 RMP RI was created
following the procedures recommended in CLSI document EP28-A3c.1% In brief, linear
pairwise regression analysis of each participating assay to the CDC RMP was determined
(Figure S1). Participant “H” was selected for transference of the RI because the slope and
intercept of the linear regression was closest to 1 and 0, respectively. This surrogate RI is
only intended to estimate the impact of recalibration on patient classification.
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Figure 3. Distribution of TSH biasesto the all-lab mean.
Percent biases of individual replicate measurements of each 1A participant’s TSH

measurements to the mean of biases reported for all labs were calculated for all 39

study samples pre- (A) and post- (B) recalibration. Boxplots are arranged in order of
increasing median bias, indicated as the horizontal black bars, and zero bias is represented
by a horizontal dashed line. Maximum and minimum bias are indicated by the upper

and lower whiskers, with results beyond + 1.5 times the interquartile range shown as
black dots. Post-recalibration, a unified TSH RI was estimated following the procedures
recommended in CLSI document EP28-A3c.1° In brief, linear pairwise regression analysis
of each participating assay to the all-lab mean was determined (Figure S4). Participant
“M” was selected for transference of the RI because the slope and intercept of the linear
regression was closest to 1 and 0O, respectively. This unified RI is only intended to estimate
the impact of recalibration on patient classification.
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Figure 4. Comparison of biasto the RMP for manufacturersand their corresponding clinical
labs.

Mean percent biases of end-user and manufacturer lab pairs measuring FT4 or TSH with

the same method. Passing-Bablok regression analysis of manufacturer P and clinical lab G
paired labs are shown in plot A (FT4) and plot B (TSH). Passing-Bablok regression analysis
of FT4 manufacturer C and clinical lab U paired labs are shown in plot C. The y=x identity
line is indicated by the dashed horizontal line, and Passing-Bablok regression with 95%
confidence interval is indicated by the solid lines and grey bands. The 95% of the slope and
intercept parameters are 0.938-1.12 (slope) and —1.30-1.24 (intercept) for plot A, 1.03-1.08
(slope) and —0.031-0.070 (intercept) for plot B, and 1.04-1.11 (slope) and —0.282-0.720
(intercept) for plot C.
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Table 1. A comparison of participant FT4 values to CDC FT4 reference measurement procedure.
Median bias and 95% confidence interval (CI) of bias, Passing-Bablok regression equation, and average

coefficient of variation (CV) was determined with forty individual donor sera for FT4, pre- (A) and post-

recalibration (B) among immunoassay (I1A) and lab-developed test (LDT) participants.

A
Assay | Measurement Median Bias, % Regression equation, y = a (95% CI)x + b (95% Mean
Principle (95% CI) Cl) CV (%)
A 1A -34.1 (-35.3--33.2) y = 0.569(0.502-0.638)x + 1.48(0.406—2.53)
B 1A -4.1(-5.8--3.2) y = 0.908(0.817-1.05)x + 0.793(-1.58-2.14)
c 1A -17.2 (-18.1--15.8) y = 0.686(0.630-0.788)x + 2.27(0.762-3.20)
D 1A -21.0 (-22.5--19.3) y = 0.690(0.622-0.783)x + 1.70(0.222-2.84)
E 1A -24.0 (-25.7—23.0) | y=0.709(0.636-0.793)x + 0.675(-0.584—1.88)
F 1A -20.8 (-21.5--19.7) | y=0.764(0.699-0.827)x + 0.496(~0.601-1.63)
G 1A -9.9 (-11.5--8.2) y = 0.677(0.533-0.771)x + 3.67(2.23-5.67)
H LDT -3.8 (-6.8--2.4) y =0.971(0.839-1.11)x -0.372(-2.50-1.87)
1 LDT -5.9 (-7.2--3.9) y = 0.921(0.825-1.01)x + 0.389(~1.08-1.89)
J LDT -9.0 (-10.6—6.4) y = 0.965(0.766-1.09)x —1.33(~3.16-2.05)
K LDT -2.0(-3.1-0.2) y = 1.01(0.912-1.10)x —0.350(~1.77-1.19)
L 1A -28.6 (-30.3--27.2) | y=0.624(0.550-0.723)x + 1.45(~0.0400-2.76)
M 1A -31.0 (-31.7--29.2) y = 0.567(0.512-0.625)x + 2.07(1.20-2.91)
N 1A -28.5 (-30.0--27.5) y = 0.432(0.391-0.483)x + 4.75(3.77-5.38)
o] 1A -6.8 (-10.5--5.1) y = 0.492(0.435-0.597)x + 6.91(5.34-7.87)
P 1A -12.1 (-14.6--10.8) y = 0.652(0.545-0.774)x + 3.52(1.57-5.24)
Q 1A -13.4 (-16.3—-11.8) y = 0.619(0.474-0.767)x + 3.54(1.39-6.04)
R 1A -19.8 (-22.5--18.2) y = 0.569(0.502-0.656)x + 3.70(2.29-4.96)
S 1A -23.3 (-24.2--22.4) y = 0.590(0.485-0.703)x + 2.91(1.13-4.57)
T 1A -21.8 (-22.9--20.2) y = 0.620(0.536-0.720) + 2.73(0.977-4.11)
U 1A -9.0 (-12.1--7.5) y = 0.762(0.680-0.846)x + 2.33(1.17-3.42)
All Assays -17.1 (-18.1--15.7) nfa 3.8
1A -20.3 (-21.5—-19.4) nla 33
LDT -45(-6.1--3.2) n/a 6.0
B
Assay | Measurement Median Bias, % Regression equation, y = a (95% CI)x + b (95% Mean
Principle (95% ClI) Cl) CV (%)
A 1A -0.4 (-2.8-1.1) y = 0.968(0.847-1.09)x + 0.580(~1.38-2.46) 37
B 1A -1.6 (-3.2-0.8) y = 1.05(0.944-1.19)x —0.725(~3.22-0.852) 55
C 7 -1.8(-2.1—0.5) y = 1.05(0.952-1.19)x —0.876(~3.07-0.614) 2.0
) 1A 0.2 (-1.3-1.7) y = 1.07(0.960-1.21)x —1.15(-3.31-0.613) 5.2
E 7 -2.0 (-2.7--0.5) y = 1.01(0.905-1.13)x —0.403(-2.12-1.42) 38
F 1A 0.4 (-1.1-1.1) y = 1.02(0.932-1.11)x —0.394(~1.83-1.22) 2.9
G 7 -0.7 (-2.7-2.2) y = 1.18(0.929-1.36)x —2.77(~5.58-0.808) 2.9
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H LDT 0.0 (-3.0-1.8) y = 0.976(0.843-1.13)x + 0.120(~2.32-2.26) 5.0
| LDT -0.3 (-1.9-1.6) y = 0.989(0.882-1.08)x + 0.233(~1.37-1.83) 4.2
J LDT -0.6 (-3.2-1.1) y = 0.984(0.788-1.11)x ~0.212(~2.10-3.19) 7.0
K LDT 0.1(-1.7-1.8) y = 1.03(0.942-1.13)x —0.442(-1.94-1.03) 5.3
L 1A 0.6 (-2.6-2.2) y = 1.07(0.939-1.24)x —1.21(~3.58-1.06) 2.2
M 1A -0.8 (-1.4-0.7) y = 1.05(0.937-1.16)x —0.701(~2.44-0.950) 2.1
N 1A 0.3 (-1.6-1.6) y = 1.03(0.933-1.14)x —0.496(~2.60-0.908) 26
o] 1A 0.5 (-1.8-2.5) y = 1.12(0.970-1.38)x —2.42(~5.99-0.254) 9.2
P 1A -0.7 (-2.6-1.5) y = 1.05(0.883-1.30)x —0.813(~4.54-1.75) 2.7
Q 1A 2.7 (-0.5-5.4) y = 1.33(1.02-1.64)x -5.78(~10.2——0.483) 10.3
R 1A -1.8 (-4.2-0.4) y = 1.08(0.945-1.23)x —1.63(~4.04-0.911) 6.8
S 1A 0.2 (-2.7-2.2) y = 1.10(0.937-1.29)x —1.61(~4.61-1.09) 1.9
T 1A -0.4 (-3.0-1.1) y = 1.11(0.966-1.30)x —1.65(~4.78-0.630) 24
U 1A -0.7 (-2.8-0.7) y = 1.07(0.951-1.19)x —1.13(~3.05-0.400) 2.7
All Assays -0.2 (-1.1-0.5) nla 43
1A -0.2 (-1.2-0.6) n/a 41
LDT -0.3 (-2.5-1.4) n/a 5.4
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Table 2. Comparison of participant TSH values to all-lab mean.
Mean bias and 95% confidence interval (Cl) of bias, Passing-Bablok regression equation, and average

coefficient of variation (CV) was determined with thirty-eight individual donor sera for TSH, pre- (A) and
post-recalibration (B).
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A

Assay Median BICBS, % (95% Regression equation,y =a(95% Cl)x+b (95% Cl) | M e(%?)cv

(]

A 2.2(1.1-3.2) y = 1.03(0.997-1.07)x —0.00992(-0.0571-0.0324) 2.7

B -7.7 (-8.8--6.0) y =0.972(0.922-1.01)x -0.0662(-0.119—-0.00720) 19

c 7.9 (6.7-9.3) y = 1.13(1.08-1.15)x —0.0528(-0.109—-0.00728) 13

D 16.0 (14.5-17.1) y = 1.16(1.12-1.19)x + 0.0131(-0.0486-0.0584) 2.4

E -3.3(-4.5—-1.9) y = 0.966(0.923-0.995)x + 0.0114(-0.0571-0.0500) 2.6

F -6.1 (-6.9—-5.4) y = 0.887(0.856-0.907)x + 0.0873(0.0506-0.144) 1.4

G -1.8 (-2.2—1.1) y = 1.00(0.991-1.02)x —0.0292(-0.0519--0.0135) 2.1

L 6.5 (5.6-7.4) y = 1.06(1.03-1.09)x + 0.00489(-0.0243-0.0529) 1.7

M 1.8 (1.2-2.2) y = 1.02(0.995-1.03)x + 0.00190(-0.0162-0.0299) 1.0

N -11.7 (-12.3—10.9) y = 0.879(0.859-0.898)x + 0.00286(-0.0299-0.0411) 2.0

o] 9.9 (8.8-11.3) y = 1.06(1.02-1.10)x + 0.0632(~0.0101-0.106) 5.2

P -7.7(-8.3—7.2) y = 0.936(0.923-0.949)x -0.0182(-0.0428——0.000331) 17

Q -5.8 (-6.2--5.2) y = 0.958(0.945-0.969)x —0.0262(-0.0421—-0.00294) 2.2

R 10.5 (9.3-12.5) y = 1.09(1.02-1.16)x + 0.0164(-0.0768-0.100) 5.6

S -3.2(-3.8-—-2.5) y = 0.982(0.967-1.00)x —0.0148(-0.0443-0.00765) 2.7

T -7.2 (-8.6—-6.4) y =0.946(0.919-0.974)x —0.0275(—0.0680-0.00429) 3.6

\% 0.6 (-0.3-2.1) y = 1.03(0.986-1.08)x —0.0239(-0.101-0.0282) 3.8

All Assays -1.2(-1.8—-0.4) nfa 2.6

IA Only -1.2(-1.8—-0.4) nla 2.6

B

Assay Median B(I:ag, % (95% Regression equation,y = a (95% Cl)x + b (95% CI) M e(%?)cv

(]

A 0.8 (-0.3-1.8) y = 0.932(0.900-0.968)x + 0.118(0.0746-0.160) 2.1

B 1.1 (0.0-2.8) y = 0.995(0.943-1.04)x + 0.0220(~0.0342-0.0855) 16

c -2.7 (-6.9--0.7) y = 1.17(1.12-1.20)x —0.294(~0.355--0.254) 15

D -1.3(-2.2-0.0) y = 1.05(1.01-1.07)x -0.0771(~0.133——0.0381) 25

E -15 (-3.9-1.5) y = 1.13(1.08-1.16)x -0.187(~0.260—-0.147) 2.7

F 0.9 (-0.1-1.3) y = 1.06(1.01-1.08)x —0.0855(~0.127--0.0171) 15

G 0.8 (0.1-1.9) y = 0.974(0.961-0.989)x + 0.0579(0.0360-0.0735) 16

L -0.8 (-1.9--0.5) y = 1.03(1.00-1.05)x —0.0610(—0.0888—-0.0146) 15

M 0.6 (0.1-0.9) y = 0.988(0.965-1.00)x + 0.0224(0.00512-0.0539) 0.9

N 0.6 (-0.5-1.6) y = 1.03(1.00-1.05)x —0.0406(—0.0779-0.00358) 17

o] 1.6 (1.1-2.5) y = 0.998(0.954-1.04)x + 0.0183(-0.0446-0.0596) 3.7

P 0.9 (0.2-1.9) y = 0.959(0.944-0.972)x + 0.0751(0.0496-0.0950) 1.4
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Q 0.7 (0.3-1.5) y = 0.980(0.966-0.990)x + 0.0419(0.0257-0.0643) 16

R -1.2 (-3.3-1.5) y = 1.07(1.01-1.14)x -0.127(-0.217--0.0523) 5.4

S -0.2 (-0.7-0.6) y = 0.951(0.937-0.972)x + 0.0916(0.0620-0.113) 2.2

T 0.6 (-0.8-1.8) y = 0.928(0.900-0.956)x + 0.137(0.0987-0.169) 2.6

Y 1.9 (-0.7-3.3) y = 0.927(0.890-0.975)x + 0.156(0.0880-0.203) 26

All Assays 0.5 (0.0-0.8) n/a 2.2
IA Only 0.5 (0.0-0.8) nfa 2.2
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Table 3. Percent of sample replicate mean biases meeting Center for Medicare Services (CMS)
acceptable bias criteria for FT4 and TSH assays for each participant.

Absolute biases of the participants’ replicate measurements to the CDC RMP (or all-lab mean for TSH) we
calculated among all non-pregnant, single donor samples and compared to the CMS criteria for acceptable
assay performance among immunoassay (IA) and lab-developed test (LDT) participants. 14 The percent of the
forty (thirty-nine for TSH) samples meeting these criteria for each lab are shown pre- and post-recalibration. A
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value of “n/a” indicates a lack of reported data for that assay and analyte.

FT4 (%) TSH (%)
Assay M easurement Pre-recalibration Post- Pre- Post-
Principle recalibration | recalibration | recalibration

A 1A 12 100 100 100

B 1A 100 98 97 97

Cc 1A 75 98 100 97

D 1A 55 100 79 100

E 1A 45 100 97 97

F 1A 60 100 97 97

G 1A 82 95 100 100

H LDT 98 98 nla nla

| LDT 100 100 nla nla

J LDT 98 100 nla nla

K LDT 100 100 nla nla

L 1A 32 100 100 100

M 1A 25 100 100 100

N 1A 30 98 95 100

o} 1A 85 95 100 100

P 1A 78 92 100 100

Q 1A 70 88 100 100

R 1A 58 98 92 100

S 1A 48 92 100 100

T 1A 55 95 100 100

u 1A 92 100 nla nla

\ 1A nla n/a 97 97

Mean of all 1As + 95% CI 58.9+12.9 97.0+19 97.3+2.7 99.1+0.7

Mean of all LDTs + 95% ClI 99.0+1.8 99.5+1.6 nla nla
Mean of all Assays + 95% CI 66.6 + 12.5 975+1.6 97.3+2.7 99.1+0.7
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Table 4. FT4 classification agreement among participating immunoassay (IA) and LC-MS/MS-based
(LDT) assays.

The percent of the twenty-one participating 1A and LDT reporting FT4 concentrations below, within, or above
the assay-specific reference interval (RI) for each sample is shown before in-silico recalibration. Post-
recalibration, a unified TSH RI was estimated following the procedures recommended in CLSI document
EP28-A3c.15 In brief, linear pairwise regression analysis of each participating assay to the all-lab mean was
determined (Figure S1). Participant “H” was selected for transference of the RI because the slope and intercept
of the linear regression was closest to 1 and 0, respectively. This unified RI (9.75-25.1 pmol/L or 0.758-1.95
ng/dL) is only intended to estimate the impact of recalibration on patient classification. Classification
agreement after in-silico recalibration is indicated in parentheses. The percent of assays in which the
participant classification matched the classification determined by the CDC FT4 RMP RI are shown in bold.

Sample [FT4], Participants Participants Participants | Not reported
number | pmol/L (ng/dL) reporting reporting reporting (%)
below RI (%) | within Rl (%) | aboveRI (%)
PS 1 11.3 (0.881) 71 (5) 29 (95) 0 (0) 0(0)
PS 2 12.0 (0.932) 52 (5) 48 (95) 0 (0) 0(0)
PS3 13.2 (1.03) 48 (0) 52 (100) 0(0) 0(0)
PS4 12.3 (0.952) 67 (0) 33 (100) 0 (0) 0(0)
PS5 12.4 (0.967) 57 (0) 43 (100) 0(0) 0(0)
PS6 12.7 (0.988) 38 (0) 62 (100) 0 (0) 0(0)
PS7 13.0 (1.01) 19 (0) 81 (100) 0(0) 0(0)
PS8 13.2 (1.02) 33(0) 67 (100) 0 (0) 0(0)
PS9 13.9 (1.08) 5(0) 95 (100) 0(0) 0(0)
PS 10 12.6 (0.98) 14 (0) 86 (100) 0 (0) 0(0)
PS11 14.2 (1.11) 43 (5) 57 (95) 0(0) 0(0)
PS 12 14.4 (1.12) 14 (0) 86 (100) 0 (0) 0(0)
PS 13 15.3 (1.19) 10 (0) 90 (100) 0(0) 0(0)
PS 14 15.7 (1.22) 0(0) 100 (100) 0 (0) 0(0)
PS 15 16.4 (1.27) 0(0) 100 (100) 0(0) 0(0)
PS 16 15.0 (1.16) 0(0) 100 (100) 0 (0) 0(0)
PS 17 17.6 (1.37) 0(0) 100 (100) 0(0) 0(0)
PS 18 16.8 (1.3) 0(0) 100 (100) 0 (0) 0(0)
PS 19 16.0 (1.24) 5(0) 95 (100) 0(0) 0(0)
PS 20 16.4 (1.27) 0(0) 100 (100) 0 (0) 0(0)
PS 21 16.3 (1.27) 0(0) 100 (100) 0(0) 0(0)
PS 22 16.3 (1.27) 0(0) 100 (100) 0 (0) 0(0)
PS 23 17.4 (1.35) 5(0) 95 (100) 0(0) 0(0)
PS 24 17.6 (1.37) 0(0) 100 (100) 0 (0) 0(0)
PS 25 18.4 (1.43) 0(0) 100 (100) 0(0) 0(0)
PS 26 18.9 (1.46) 0(0) 100 (100) 0 (0) 0(0)
PS 27 18.7 (1.45) 0(0) 100 (100) 0(0) 0(0)
PS 28 18.9 (1.47) 0(0) 100 (100) 0 (0) 0(0)
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Sample [FT4], Participants Participants Participants | Not reported
number | pmol/L (ng/dL) reporting reporting reporting (%)
below RI (%) | within Rl (%) | aboveRI (%)

PS 29 18.3 (1.42) 0(0) 100 (100) 0(0) 0(0)
PS 30 19.2 (1.49) 0(0) 100 (100) 0 (0) 0(0)
PS 31 18.2 (1.41) 0(0) 100 (100) 0(0) 0(0)
PS 32 18.8 (1.46) 0(0) 100 (100) 0 (0) 0(0)
PS 33 19.8 (1.54) 0(0) 100 (100) 0 (0) 0(0)
PS 34 21.2 (1.65) 0(0) 100 (100) 0 (0) 0(0)
PS 35 22.4 (1.74) 0(0) 95 (95) 5 (5) 0(0)
PS 36 19.9 (1.54) 0(0) 100 (100) 0 (0) 0(0)
PS 37 23.4(1.82) 0(0) 100 (95) 0(5) 0(0)
PS 38 24.0 (1.86) 0(0) 90 (52) 10 (48) 0(0)
PS 39 26.5 (2.06) 0(0) 67 (0) 33 (100) 0(0)
PS 40 32.1 (2.49) 0(0) 24 (5) 71 (90) 5 (5)

Thyroid. Author manuscript; available in PMC 2026 April 29.

Page 21



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ribera et al. Page 22

Table 5. TSH classification agreement among participating immunoassays (IAs).
The percent of the seventeen participating IA reporting TSH concentrations below, within, or above the assay-

specific reference interval (RI) for each sample is shown before in-silico recalibration. Post-recalibration, a
unified TSH RI was estimated following the procedures recommended in CLSI document EP28-A3c.1 In
brief, linear pairwise regression analysis of each participating assay to the all-lab mean was determined
(Figure S4). Participant “M” was selected for transference of the RI because the slope and intercept of the
linear regression was closest to 1 and 0, respectively. This unified RI (0.606—4.32 mIU/L) is only intended to
estimate the impact of recalibration on patient classification. Classification agreement after recalibration is
indicated in parentheses. The percent of assays in which the participant classification matched the
classification determined by the surrogate TSH RI are shown in bold.

Sample | [TSH], Participants Participants Participants Not reported
number | mIU/L | reporting below | reportingwithin | reporting above (%)
RI (%) RI (%) RI (%)
PS 1 215 0 (0) 0 (0) 100 (100) 0(0)
PS 2 3.11 0(0) 100 (100) 0(0) 0(0)
PS3 2.35 0 (0) 100 (100) 0 (0) 0(0)
PS4 2.40 0(0) 100 (100) 0(0) 0(0)
PS5 2.31 0 (0) 100 (100) 0 (0) 0(0)
PS 6 1.79 0(0) 100 (100) 0(0) 0(0)
PS7 0.696 0(12) 100 (88) 0 (0) 0(0)
PS8 2.23 0(0) 100 (100) 0(0) 0(0)
PS9 2.13 0(0) 100 (100) 0 (0) 0(0)
PS 10 4.01 0(0) 71(82) 29 (18) 0(0)
PS 11 1.25 0(0) 100 (100) 0 (0) 0(0)
PS 12 3.16 0(0) 100 (100) 0(0) 0(0)
PS 13 413 0(0) 59 (82) 41 (18) 0(0)
PS 14 1.79 0(0) 100 (100) 0(0) 0(0)
PS 15 1.28 0(0) 100 (100) 0 (0) 0(0)
PS16 | 0.644 0(35) 100 (65) 0(0) 0(0)
PS 17 0.337 82 (100) 18 (0) 0 (0) 0(0)
PS 18 1.44 0(0) 100 (100) 0(0) 0(0)
PS 19 0.855 0 (0) 100 (100) 0 (0) 0(0)
PS 20 1.40 0(0) 100 (100) 0(0) 0(0)
PS 21 3.29 0 (0) 100 (100) 0 (0) 0(0)
Ps22 | 0.801 0(0) 100 (100) 0(0) 0(0)
PS 23 1.61 0 (0) 100 (100) 0 (0) 0(0)
PS 24 2.28 0(0) 100 (100) 0(0) 0(0)
PS 25 1.56 0 (0) 100 (100) 0 (0) 0(0)
PS 26 1.22 0(0) 100 (100) 0(0) 0(0)
PS 27 2.48 0 (0) 100 (100) 0 (0) 0(0)
PS 28 4.07 0(0) 65 (94) 35 (6) 0(0)
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Sample | [TSH], Participants Participants Participants Not reported
number | mIU/L | reporting below | reportingwithin | reporting above (%)
RI (%) RI (%) RI (%)

PS 29 1.62 0 (0) 100 (100) 0 (0) 0(0)
PS 30 1.20 0 (0) 100 (100) 0(0) 0(0)
PS 31 2.57 0 (0) 100 (100) 0 (0) 0(0)
PS 32 3.43 0 (0) 100 (100) 0(0) 0(0)
PS 33 1.27 0 (0) 100 (100) 0 (0) 0(0)
PS 34 1.86 0 (0) 100 (100) 0(0) 0(0)
PS35 | 0.811 0 (0) 100 (100) 0 (0) 0(0)
PS36 | 0.465 47 (94) 53 (6) 0 (0) 0(0)
PS 37 0.969 0(0) 100 (200) 0(0) 0(0)
PS 39 1.28 0 (0) 100 (100) 0(0) 0(0)
PS40 | 0.983 6 (6) 94 (94) 0 (0) 0(0)
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Table 6. Summary of median percent biases among immunoassays (IA) and MS-based assays (LDT)
measuring FT4 and TSH to the CDC RMP (all-lab mean for TSH) for pooled (Pool1-3) and pregnancy
(PN) samples.

Median percent biases and the minimum and maximum biases among IA and LDT measuring FT4 (A) or TSH
(B) were calculated for all pooled and PN samples. FT4 assay “U” did not report results for these materials.
Only TSH 1As are shown because no TSH LDTSs participated in this study, and TSH assays did not measure
the PN sample. TSH assays “G” and “O” did not provide data for pooled samples.

A FT4 A Bias (%) FT4LDT Bias (%)
Sample N | Median | Min. | Max. | N | Median | Min. | Max.
Name

Pooll 16 -26.1 -436 | -21 | 4 9.7 4.3 21.9
Pool2 16 -17.4 =331 | -22 | 4 25 -1.8 27.8
Pool3 16 -18.1 -318 | -38 | 4 0.6 -2.7 16.4
All Pools | 16 -21.0 -436 | -21 | 4 3.7 -2.7 27.8
PN 16 -1.9 -278 | 19.8 4 1.8 -8.7 52.5
B TSH IA Bias (%)

Sample N Median | Min. Max.

Name

Pooll 15 0.5 -12.7 | 165

Pool2 15 -2.1 -95 13.6

Pool3 15 0.6 -9.2 12.9

All Pools | 15 0.5 -12.7 | 165
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