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Section 1. Foreword and Introduction

Physicians need quality laboratory testing support for the accurate diagnosis and cost-effective management of
thyroid disorders. On occasion, when the clinical suspicion is strong, as in clinically overt hyperthyroidism in a
young adult or with the presence of a rapidly growing thyroid mass laboratory thyroid hormone testing simply
confirms the clinical suspicion. However in the majority of patients, thyroid disease symptoms are subtle in
presentation so that only biochemical testing or cytopathologic evaluation can detect the disorder. However
overt or obscure a patient's thyroid problem may be, an open collaboration between the physicians and clinical
laboratory scientists is essential for optimal, cost-effective management of the patient with thyroid disease.

Thyroid dysfunction, especially thyroid insufficiency caused by a deficiency in iodide, is a worldwide problem.
Iodide deficiency is not always uniform across a nation. Studies in both Europe and the United States suggest
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that iodide deficiency should be considered more as a "pocket disorder", meaning that it can be more prevalent
in some areas of a country compared with others (7/-3). The creation of this updated monograph was a
collaborative effort involving many thyroid experts from a number of professional organizations concerned with
thyroid disease: American Association of Clinical Endocrinologists (AACE), Asia & Oceania Thyroid
Association (AOTA), American Thyroid Association (ATA), British Thyroid Association (BTA), European
Thyroid Association (ETA) and the Latin American Thyroid Society (LATS). These organizations are the
authoritative bodies that spearhead thyroid research and have published standards of care for treating thyroid
disease in each region of the world. Because geographic and economic factors impact the clinical use of thyroid
tests to some extent, this monograph will focus on the technical aspects of thyroid testing and the performance
criteria needed for optimal clinical utility of thyroid tests in an increasingly cost-sensitive global environment.
Individual clinicians and laboratories around the world favour different thyroid hormone testing strategies. (4).
This monograph cannot accommodate all these variations in thought and opinion but we hope that readers of
this monograph will appreciate our efforts to consolidate some of these differences into a recommended
strategy. We believe that most of the commonly performed tests and diagnostic procedures used to diagnose and
treat thyroid disorders are included in this text. The monograph is designed to give both clinical laboratory
scientists and practicing physicians an overview regarding the current strengths and limitations of those thyroid
tests most commonly used in clinical practice. Consensus recommendations are made throughout the
monograph. The consensus level is > 95%, unless otherwise indicated. We continue to welcome constructive
comments that would improve the monograph for a future revision.

A. Additional Resources

Current clinical guidelines are published in the following references (4-117). In addition, the textbooks "Thyroid"
and "The Thyroid and Its Diseases" (www.thyroidmanager.org) are useful references (72,13). A list of
symptoms suggesting the presence of thyroid disease together with the ICD-9 codes recommended to Medicare
by the American Thyroid Association is available on the ATA website (www.thyroid.org). Clinical practice
guidelines may vary, depending on the region of the country. More information can be obtained from each of
the thyroid organizations: Asia & Oceania Thyroid Association (AOTA = www.dnm.kuhp.kyoto-
u.ac.jp/AOTA); American Thyroid Association (ATA = www.thyroid.org); European Thyroid Association
(ETA =www.eurothyroid.com) and Latin American Thyroid Society (LATS = www.lats.org).

B. Historical Perspective

Over the past forty years, improvements in the sensitivity and specificity of biochemical thyroid tests, as well as
the development of fine needle aspiration biopsy (FNA) and improved cytological techniques, have
dramatically impacted clinical strategies for detecting and treating thyroid disorders. In the 1950s, only one
serum-based thyroid test was available - an indirect estimate of the total (free + protein-bound) thyroxine (T4)
concentration, using the protein bound iodide (PBI) technique. Today, urine iodide concentrations are measured
directly by dry or wet-ash techniques and are used to estimate dietary iodide intake. The development of
competitive immunoassays in the early 1970s and more recently, non-competitive immunometric assay (IMA)
methods have progressively improved the specificity and sensitivity of thyroid hormone testing. Currently,
serum-based tests are available for measuring the concentration of both the total (TT4 and TT3) and free (FT4
and FT3) thyroid hormones in the circulation (74,15). In addition, measurements of the thyroid hormone
binding plasma proteins, Thyroxine Binding globulin (TBG), Transthyretin (TTR)/Prealbumin (TBPA) and
Albumin are available (76). Improvements in the sensitivity of assays to measure the pituitary thyroid
stimulating hormone, thyrotropin (TSH) now allow TSH to be used for detecting both hyper- and
hypothyroidism. Furthermore, measurement of the thyroid gland precursor protein, Thyroglobulin (Tg) as well
as the measurement of Calcitonin (CT) in serum have become important tumor markers for managing patients
with differentiated and medullary thyroid carcinomas, respectively. The recognition that autoimmunity is a
major cause of thyroid dysfunction has led to the development of more sensitive and specific tests for
autoantibodies to thyroid peroxidase (TPOADb), thyroglobulin (TgAb) and the TSH receptor (TRAb). Current
thyroid tests are usually performed on serum by either manual or automated methods that employ specific
antibodies (17). Methodology continues to evolve as performance standards are established and new technology
and instrumentation are developed.
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Section 2. Pre-Analytic Factors

Fortunately, most pre-analytic variables have little effect on serum TSH measurements - the most common
thyroid test used initially to assess thyroid status in ambulatory patients. Pre-analytic variables and interfering
substances present in specimens may influence the binding of thyroid hormones to plasma proteins and thus
decrease the diagnostic accuracy of total and free thyroid hormone measurements, more frequently than serum
TSH (see Table 1). As discussed in [Section-2 B2 and Section-3 B3(c)viii] both FT4 and TSH values may be
diagnostically misleading in the hospitalized setting of severe nonthyroidal illness (NTI). Indeed, euthyroid
patients frequently have abnormal serum TSH and/or total and free thyroid hormone concentrations as a result
of NTI, or secondary to medications that might interfere with hormone secretion or synthesis. When there is a
strong suspicion that one of these variables might affect test results, consulting advice from the expert physician
or clinical biochemist is frequently needed.

Table 1. Causes of FT4/TSH Discordance in the Absence of Serious Associated Illness
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In addition to basic physiologic variability, individual patient variables such as genetic abnormalities in thyroid
binding proteins or severe nonthyroidal illness (NTI) may impact the sensitivity and specificity of a thyroid test.
Also, iatrogenic factors such as thyroid and nonthyroidal medications such as glucocorticoids or beta-blockers;
and specimen variables, including autoantibodies to thyroid hormones and Tg as well as heterophilic antibodies
(HAMA) can affect the diagnostic accuracy resulting in test result misinterpretation. Table 2 lists the pre-
analytic factors to consider when interpreting thyroid tests.
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A. Physiologic Variables

For practical purposes, variables such as age, gender, race, season, phase of menstrual cycle, cigarette smoking,
exercise, fasting or phlebotomy-induced stasis have minor effects on the reference intervals for thyroid tests in
ambulatory adults (78). Since the differences in these physiological variables are less than the method-to-
method differences encountered in clinical practice they are considered inconsequential.

Table 2.

A. Physiologic Variables
» TSH/free T4 relationship
* Age
* Pregnancy
* Biologic variation

B. Pathologic Variables
* Thyroid gland dysfunction
* Hepatic or renal dysfunction
* Medications
* Systemic illnesses

C. Specimen-related Variables
* Interfering factors

Guideline 1. General Guidelines for Laboratories & Physicians

[1 Laboratories should store (at 4-8°C) all serum specimens used for thyroid testing for at least one week after
the results have been reported to allow physicians time to order additional tests when necessary.

[] Specimens from differentiated thyroid cancer patients sent for serum Thyroglobulin (Tg) measurement
should be archived (at —20°C) for a minimum of six months.

1. The Serum TSH/ FT4 Relationship

An understanding of the normal relationship between serum levels of free T4 (FT4) and TSH is essential when
interpreting thyroid tests. Needless to say, an intact hypothalamic-pituitary axis is a prerequisite if TSH
measurements are to be used to determine primary thyroid dysfunction (79). A number of clinical conditions
and pharmaceutical agents disrupt the FT4/TSH relationship. As shown in Table 1, it is more common to
encounter misleading FT4 tests than misleading serum TSH measurements.

When hypothalamic-pituitary function is normal, a log/linear inverse relationship between serum TSH and free
T4 concentrations is produced by negative feedback inhibition of pituitary TSH secretion by thyroid hormones.
Thus, thyroid function can be determined either directly, by measuring the primary thyroid gland product, T4
(preferably as free T4) or indirectly, by assessing the TSH level, which inversely reflects the thyroid hormone
concentration sensed by the pituitary. It follows that high TSH and low FT4 is characteristic of hypothyroidism
and low TSH and high FT4 is characteristic of hyperthyroidism. In fact, now that the sensitivity and specificity
of TSH assays have improved, it is recognised that the indirect approach (serum TSH measurement) offers
better sensitivity for detecting thyroid dysfunction than does FT4 testing (10).
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Fig 1. The relationship between serum TSH and FT4 concentrations in individuals with stable thyroid status
and normal hypothalamic-pituitary function. Adapted from reference (20).

There are two reasons for using a TSH-centered strategy for ambulatory patients: 1) As shown in Figure 1,
serum TSH and FT4 concentrations exhibit an inverse log/linear relationship such that small alterations in FT4
will produce a much larger response in serum TSH (20).

2) The narrow individual variations in thyroid hormone test values together with twin studies suggest that each
individual has a genetically determined FT4 set-point (27, 22). Any mild FT4 excess or deficiency will be
sensed by the pituitary, relative to that individual's FT4 set-point, and cause an amplified, inverse response in
TSH secretion. It follows that in the early stages of developing thyroid dysfunction, a serum TSH abnormality
will precede the development of an abnormal FT4 because TSH responds exponentially to subtle FT4 changes
that are within the population reference limits. This is because population reference limits are broad, reflecting
the different FT4 set-points of the individual members of the cohort of normal subjects studied.
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Fig 2. The lag in pituitary TSH reset during transition periods of unstable thyroid status following treatment for
hyper- or hypothyroidism.
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Guideline 2. Thyroid Testing for Ambulatory Patients

[l Patients with stable thyroid status: When thyroid status is stable and hypothalamic-pituitary function is
intact, serum TSH measurement is more sensitive than free T4 (FT4) for detecting mild (subclinical)
thyroid hormone excess or deficiency. The superior diagnostic sensitivity of serum TSH reflects the
log/linear relationship between TSH and FT4 and the exquisite sensitivity of the pituitary to sense free T4
abnormalities relative to the individual’s genetic free T4 set-point.

[l Patients with unstable thyroid status: Serum FT4 measurement is a more reliable indicator of thyroid status
than TSH when thyroid status is unstable, such as during the first 2-3 months of treatment for hypo- or
hyperthyroidism. Patients with chronic, severe hypothyroidism may develop pituitary thyrotroph
hyperplasia that can mimic a pituitary adenoma, but resolves after several months of L-T4 replacement
therapy. In hypothyroid patients suspected of intermittent or non-compliance with L-T4 replacement
therapy, both TSH and FT4 should be used for monitoring. Non-compliant patients may exhibit discordant
serum TSH and FT4 values (high TSH/high FT4) because of persistent disequilibrium between FT4 and
TSH.

Currently, measurement of the serum TSH concentration is the most reliable indicator of thyroid status at the
tissue level. Studies of mild (subclinical) thyroid hormone excess or deficiency (abnormal TSH/normal range
FT4 and FT3) find abnormalities in markers of thyroid hormone action in a variety of tissues (heart, brain, bone,
liver and kidney). These abnormalities typically reverse when treatment to normalize serum TSH is initiated
(23-26).

It is important to recognize the clinical situations where serum TSH or FT4 levels may be diagnostically
misleading (see Table 1). These include abnormalities in hypothalamic or pituitary function, including TSH-
producing pituitary tumors (27-29). Also, as shown in Figure 2, serum TSH values are diagnostically
misleading during transition periods of unstable thyroid status, such as occurs in the early phase of treating
hyper- or hypothyroidism or changing the dose of L-T4. Specifically, it takes 6-12 weeks for pituitary TSH
secretion to re-equilibrate to the new thyroid hormone status (30). These periods of unstable thyroid status may
also occur following an episode of thyroiditis, including post-partum thyroiditis when discordant TSH and FT4
values may also be encountered.

Drugs that influence pituitary TSH secretion (i.e. dopamine and glucocorticoids) or thyroid hormone binding to
plasma proteins, may also cause discordant TSH values [Section-3 B3(c)vi].

2. Effects of Chronological Age on Thyroid Test Reference Ranges

(a) Adults

Despite studies showing minor differences between older and younger subjects, adult age-adjusted reference
ranges for thyroid hormones and TSH are unnecessary (718,37-33). With respect to euthyroid elderly individuals,
the TSH mean value increases each decade as does the prevalence for both low and high serum TSH
concentrations compared with younger individuals (78,34,35). Despite the wider serum TSH variability seen in
older individuals, there appears to be no justification for using a widened or age-adjusted reference range
(31,32). This conservative approach is justified by reports that mildly suppressed or elevated serum TSH is
associated with increased cardiovascular morbidity and mortality (36,37).

(b) Neonates, Infants and Children

In children, the hypothalamic/pituitary/thyroid axis undergoes progressive maturation and modulation.
Specifically, there is a continuous decrease in the TSH/FT4 ratio from the time of mid-gestation until after the
completion of puberty (38-43). As a result, higher TSH concentrations are typically seen in children (44). This
maturation process dictates the use of age-specific reference limits. However, there are significant differences
between FT4 and TSH measurements made by different methods [see Sections 3B and 3 C]. Since most
manufacturers have not independently established age-specific reference intervals, these limits can be calculated
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for different assays by adjusting the upper and lower limits of the adult range by the ratio between child and
adult values, such as indicated in Table 3.

Lower serum total and FT3 levels (measured by most methods) are seen with pregnancy, during the neonatal
period, in the elderly and during caloric deprivation (75). Furthermore, higher total and free FT3 concentrations
are typically seen in euthyroid children. This suggests that the upper T3 limit for young patients (less than 20
years of age) should be established as a gradient: between 6.7 pmol/L (0.44 ng/dL) for adults, up to 8.3 pmol/L
(0.54 ng/dL) for children under three years of age (45).

Table 3*. Relative TSH and FT4 Reference Ranges during Gestation and Childhood

Age TSH Child/ TSH FT4 Child/ FT4 Ranges

Adult Ratio Ranges mIU/L Adult Ratio pmol/L (ng/dL)

Midgestation Fetus 2.41 0.7-11 0.2 2-4 (0.15-0.34)
LBW cord serum 4.49 1.3-20 0.8 8-17 (0.64-1.4)
Term infants 4.28 1.3-19 1 10-22 (0.8-1.9)

3 days 3.66 1.1-17 2.3 22-49 (1.8-4.1)

10 weeks 2.13 0.6-10 1 9-21 (0.8-1.7)

14 months 1.4 0.4-7.0 0.8 8-17 (0.6-1.4)

5 years 1.2 0.4-6.0 0.9 9-20 (0.8-1.7)

14 years 0.97 0.4-5.0 0.8 8-17 (0.6-1.4)
Adult 1 0.4-4.0 1 9-22 (0.8-1.8)

* Data taken from reference (42). FT4 measured by direct equilibrium dialysis.

Guideline 3. Thyroid Testing of Infants and Children
The hypothalamic-pituitary-thyroid axis matures throughout infancy until the end of puberty.

[1 Both TSH and FT4 concentrations are higher in children, especially in the first week of life and
throughout the first year. Failure to recognize this could lead to missing and/or under-treating cases of
congenital hypothyroidism.

[J Age-related normal reference limits should be used for all tests (see Table 3).

3. Pregnancy

During pregnancy, estrogen production increases progressively elevating the mean TBG concentration. TBG
levels plateau at 2 to 3 times the pre-pregnancy level by 20 weeks of gestation (46,47). This rise in TBG results
in a shift in the TT4 and TT3 reference range to approximately 1.5 times the non-pregnant level by 16 weeks of
gestation (48-50). These changes are associated with a fall in serum TSH during the first trimester, such that
subnormal serum TSH may be seen in approximately 20 % of normal pregnancies (46,47,51). This decrease in
TSH is attributed to the thyroid stimulating activity of human chorionic gonadotropin (hCG) that has structural
homology with pituitary TSH (52,53). The peak rise in hCG and the nadir in serum TSH occur together at about
10-12 weeks of gestation. In approximately 10 % of such cases (i.e. 2 % of all pregnancies) the increase in free
T4 reaches supranormal values and, when prolonged, may lead to a syndrome entitled "gestational transient
thyrotoxicosis" (GTT) that is characterized by more or less pronounced symptoms and signs of thyrotoxicosis
(52-54). This condition is frequently associated with hyperemesis in the first trimester of pregnancy (55,56).
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The fall in TSH during the first trimester of pregnancy is associated with a modest increase in FT4 (46,47,51).
Thereafter, in the second and third trimesters there is now consensus that serum FT4 and FT3 levels decrease to
approximately 20 to 40 percent below the normal mean, a decrease in free hormone that is further amplified
when the iodide nutrition status of the mother is restricted or deficient (46,47,51). In some patients, FT4 may
fall below the lower reference limit for non-pregnant patients (5/,57-60). The frequency of subnormal FT4
concentrations in this setting is method-dependent (57,59,60). Patients receiving L-T4 replacement therapy who
become pregnant may require an increased dose to maintain normal serum TSH levels (61,62). The thyroid
status of these patients should be checked with TSH + FT4 during each trimester. The L-T4 dose should be
adjusted to maintain normal TSH and FT4 concentrations. Serum Tg concentrations typically rise during normal
pregnancy (46). Patients with differentiated thyroid carcinomas (DTC) with thyroid tissue still present typically
show a two-fold rise in serum Tg with a return to baseline by 6 to 8 weeks postpartum.

Guideline 4. Thyroid Testing of Pregnant Patients

Mounting evidence suggests that hypothyroidism during early pregnancy has a detrimental effect on fetal
outcome (fetal wastage and lower infant 10).

[1 Pre-pregnancy or first trimester screening for thyroid dysfunction using serum TSH and TPOAb
measurements is important both for detecting mild thyroid insufficiency (TSH > 4.0 mIU/L) and for
assessing risk for post-partum thyroiditis (elevated TPOADb).

[J Initiation of levothyroxine (L-T4) therapy should be considered if the serum TSH level is >4.0mIU/L in the
first trimester of pregnancy.

[1 A high serum TPOAb concentration during the first trimester is a risk factor for post-partum thyroiditis.

[l Serum TSH should be used to assess thyroid status during each trimester when pregnant patients are taking
L-T4 therapy, with more frequent measurement if L-T4 dosage is changed.

[J Trimester-specific reference intervals should be used when reporting thyroid test values for pregnant
patients.

[J TT4 and TT3 measurements may be useful during pregnancy if reliable FT4 measurements are not
available, as long as the reference ranges are increased by 1.5-fold relative to non-pregnant ranges.

[l FT3 and FT4 reference ranges in pregnancy are method-dependent and should be established independently
for each method.

[J  Measurement of serum thyroglobulin (Tg) in DTC patients during pregnancy should be avoided. Serum Tg
rises during normal pregnancy and returns to baseline levels post-partum. This rise is also seen in pregnant
DTC patients with remnant normal thyroid or tumor tissue present and is not necessarily a cause for alarm.

Decreased availability of maternal thyroid hormone may be a critical factor impairing the neurologic
development of the fetus in the early stages of gestation, before the fetal thyroid gland becomes active. Several
recent studies report both increased fetal loss as well as IQ deficits in infants born to mothers with either
undiagnosed hypothyroidism, low range FT4 or TPOAD positivity (63-65). However, one study suggests that
early identification and treatment of mild (subclinical) hypothyroidism may prevent the long-term effects of low
thyroid hormone levels on the psychomotor and auditory systems of the neonate (66).

B. Pathologic Variables
1. Medications
Medications can cause both in vivo and in vitro effects on thyroid tests. This may lead to misinterpretation of
laboratory results and inappropriate diagnoses, unnecessary further testing and escalating health care costs
(67,68).
(a) In Vivo Effects
In general, the serum TSH level is affected less by medications than thyroid hormone concentrations (Table 1).

For example, Estrogen-induced TBG elevations raise serum TT4 levels but do not affect the serum TSH
concentration, because pituitary TSH secretion is controlled by the FT4 independent of binding-protein effects.
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Glucocorticoids in large doses can lower the serum T3 level and inhibit TSH secretion (69, 70). Dopamine also
inhibits TSH secretion and may even mask the raised TSH level of primary hypothyroidism in sick hospitalized
patients (71). Propranolol is sometimes used to treat manifestations of thyrotoxicosis and has an inhibitory
effect on T4 to T3 conversion. Propranolol given to individuals without thyroid disease can cause an elevation
in TSH as a result of the impaired T4 to T3 conversion (72).

Iodide, contained in solutions used to sterilize the skin and radioopaque dyes and contrast media used in
coronary angiography and CT-scans, can cause both hyper and hypothyroidism in susceptible individuals (73).
In addition, the iodide-containing anti-arrhythmic drug Amiodarone used to treat heart patients has complex
effects on thyroid gland function that can induce either hypothyroidism or hyperthyroidism in susceptible
patients with positive TPOAD (74-78).

Guideline 5. Patients taking Amiodarone Medication

Amiodarone therapy can induce the development of hypo- or hyperthyroidism in 14-18% of patients with
apparently normal thyroid glands or with preexisting abnormalities.

[l Pretreatment —thorough physical thyroid examination together with baseline TSH and TPOADb. FT4 and FT3
tests are only necessary if TSH is abnormal. Positive TPOAD is a risk factor for the development of thyroid
dysfunction during treatment.
[J First 6 months. Abnormal tests may occur in the first six months after initiating therapy. TSH may be
discordant with thyroid hormone levels (high TSH/highT4/low T3). TSH usually normalizes with long-term
therapy if patients remain euthyroid.
) Long-term follow-up. Montitor thyroid status every 6 months with TSH. Serum TSH is the most reliable
indicator of thyroid status during therapy.
Ul Hypothyroidism. Preexisting Hashimotos’ thyroiditis and/or TPOAb-positivity is a risk factor for developing
hypothyroidism at any time during therapy.
U Hyperthyroidism. Low serum TSH suggests hyperthyroidism. T3 (total and free) usually remains low during
therapy but may be normal. A high T3 is suspicious for hyperthyroidism.
Two types of amiodarone-induced hyperthyroidism may develop during therapy, although mixed forms are
frequently seen (20%). Distinction between two types often difficult. Decreased flow on color flow doppler and
elevated interleukin-6 suggests Type II. Direct therapy at both Type I and II if etiology is uncertain.

e Type I =lodine-induced. Recommended treatment = simultaneous administration of

thionamides and potassium perchlorate (if available). Some recommend iopanoic acid before

thyroidectomy. Most groups recommend that amiodarone be stopped. Seen more often in areas

of low iodine intake. However, in iodine-sufficient areas, radioiodine uptakes may be low

precluding radioiodine as a therapeutic option. In iodide-deficient regions, uptakes may be

normal or elevated.

- Type a: Nodular goiter. More common in iodine-deficient areas, i.e. Europe.
- Type Ib: Graves’ disease. More common in iodine-sufficient areas, i.e. United States.

e+ Type II = amiodarone-induced destructive thyroiditis — a self-limiting condition.

Recommended treatment = glucocorticoids and/or beta-blockers if cardiac status allows. When

hyperthyroidism is severe, surgery with pre-treatment with iopanoic may be considered.

Radioiodine uptake is typically low or suppressed. Type II is more commonly seen in iodine-

sufficient areas.

[J  Type I AIH appears to be induced in abnormal thyroid glands by the excess of iodide contained in the drug.
A combination of thionamide drugs and potassium perchlorate has often been used to treat such cases.

[l Type II AIH appears to result from a destructive thyroiditis that is often treated with prednisone and
thionamide drugs. Some studies report elevated IL-6 levels in Type II (79). Serum T3 (free and total) is
typically low during therapy. A paradoxically normal or high T3 is useful to support the diagnosis of
Amiodarone-induced hyperthyroidism.

Lithium can cause hypo- or hyperthyroidism in as many as 10% of lithium-treated patients, especially those
with a positive TPOAD titer (§/-83). Some therapeutic and diagnostic agents (i.e. Phenytoin, Carbamazepine or
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Furosemide/Frusemide) may competitively inhibit thyroid hormone binding to serum proteins in the specimen,
and acutely increase FT4 resulting in a reduction in serum TT4 values through a feedback mechanism [see
Section- 3 B3(c)vi].

(b) In Vitro Effects

Intravenous Heparin administration, through in-vitro stimulation of lipoprotein lipase can liberate free fatty
acids (FFA), which inhibit T4 binding to serum proteins and falsely elevates FT4 [Section-3 B3(c)vii] (84). In
certain pathologic conditions such as uremia, abnormal serum constituents such as indole acetic acid may
accumulate and interfere with thyroid hormone binding (85). Methods employing fluorescent signals may be
sensitive to the presence of fluorophore-related therapeutic or diagnostic agents in the specimen (86).

2. Nonthyroidal Illness (NTI)

Patients who are seriously ill often have abnormalities in their thyroid tests but usually do not have thyroid
dysfunction (87,88). These abnormalities are seen with both acute and chronic critical illnesses and thought to
arise from a maladjusted central inhibition of hypothalamic releasing hormones, including TRH (89,90). The
terms "nonthyroidal illness" or NTI, as well as "euthyroid sick" and “low-T4 syndrome” are often used to
describe this subset of patients (97). As shown in Figure 3, the spectrum of changes in thyroid tests relates both
to the severity and stage of illness, as well as to technical factors that affect the methods and in some cases the
medications given to these patients.

ILLNESS RECOVERY

Fig 3. Changes in thyroid tests during the course of NTI.

Most hospitalized patients have low serum TT3 and FT3 concentrations, as measured by most methods (74,97).
As the severity of the illness increases, serum TT4 typically falls because of a disruption of binding protein
affinities, possibly caused by T4-binding inhibitors in the circulation (97,98,99). It should be noted that
subnormal TT4 values only develop when the severity of illness is critical (usually sepsis). Such patients are
usually in an ICU setting. If a low TT4 is not associated with an elevated serum TSH (>20mlIU/L) and the
patient is not profoundly sick, a diagnosis of central hypothyroidism secondary to pituitary or hypothalamic
deficiency should be considered.

Guideline 6. For Testing of Hospitalized Patients with Non Thyroidal Illness (NTI)

[J  Acute or chronic NTI has complex effects on thyroid function tests. Whenever possible, diagnostic testing
should be deferred until the illness has resolved, except when the patient’s history or clinical features
suggest the presence of thyroid dysfunction.
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[1 Physicians should recognize that some thyroid tests are inherently non-interpretable in severely sick
patients, or patients receiving multiple medications.

[J TSH in the absence of dopamine or glucocorticoid administration, is the more reliable test for NTI patients.

[1 Estimates of free or total T4 in NTI should be interpreted with caution, in conjunction with a serum TSH
measurement. Both T4 + TSH measurements are the most reliable way for distinguishing true primary
thyroid dysfunction (concordant T4/TSH abnormalities) from transient abnormalities resulting from NTI
per se (discordant T4/TSH abnormalities).

[1  An abnormal FT4 test in the setting of serious somatic disease is unreliable, since the FT4 methods used by
clinical laboratories lack diagnostic specificity for evaluating sick patients.

[J  An abnormal FT4 result in a hospitalized patient should be confirmed by a reflex TT4 measurement. If both
TT4 and FT4 are abnormal (in the same direction) a thyroid condition may be present. When TT4 and FT4
are discordant, the FT4 abnormality is unlikely due to thyroid dysfunction and more likely a result of the
illness, medications or an artifact of the test.

[] TT4 abnormalities should be assessed relative to the severity of illness, since the low TT4 state of NTI is
typically only seen in severely sick patients with a high mortality rate. A low TT4 concentration in a patient
not in intensive care is suspicious for hypothyroidism.

[1 A raised total or free T3 is a useful indicator of hyperthyroidism in a hospitalized patient, but a normal or
low T3 does not rule it out.

[1 Reverse T3 testing is rarely helpful in the hospital setting, because paradoxically normal or low values can
result from impaired renal function and low binding protein concentrations. Furthermore, the test is not
readily available in most laboratories.

FT4 and FT3 estimate values are method dependent and may be either spuriously high or low, depending on the
methodologic principles underlying the test. For example, FT4 tests are unreliable if the method is sensitive to
the release of FFA generated in vitro following IV heparin infusion [see Section-3 B3(c)vii] or is sensitive to
dilutional artifacts (84,94,97,98,100,101). FT4 methods such as equilibrium dialysis and ultrafiltration that
physically separate free from protein-bound hormone usually generate normal or elevated values for critically ill
patients [see Section-2 B2 and Section-3 B3(c)viii] (94,102). These elevated values often represent 1.V. heparin
effects (101).

Serum TSH concentrations remain within normal limits in the majority of NTI patients, provided that no
dopamine or glucocorticoid therapy is administered (87,93). However, in acute NTI there may be a mild,
transient fall in serum TSH into the 0.02-0.3 mIU/L range, followed by a rebound to mildly elevated values
during recovery (103). In the hospitalized setting, it is critical to use a TSH assay with a functional sensitivity
<0.02 mIU/L. Without this level of sensitivity, sick hyperthyroid patients with profoundly low serum TSH
values (<0.02 mIU/L) cannot be reliably discriminated from patients with merely a transient mild TSH
suppression caused by NTI (0.02-0.3 mIU/L). Minor elevations in TSH are less diagnostic for hypothyroidism
in the hospitalized setting. Sick hypothyroid patients typically exhibit the combination of a low T4 and elevated
TSH (>20 mIU/L) (92).

It is clear that the diagnosis and treatment of thyroid dysfunction in the presence of a severe NTI is not simple,
and is best done with the help of an endocrine specialist. Empiric treatment of the low TT4 state of NTI has not
improved outcome and is still considered experimental (/04-106). Serum TT4 measurements may be more
diagnostically helpful than using current FT4 immunoassay tests with variable diagnostic accuracy for assessing
sick patients, provided that TT4 values are interpreted in relation to the severity of illness. For example, the low
T4 state of NTI is primarily seen in severely sick patients, usually in an intensive care setting (7). Low TT4
values for hospitalized patients who are not severely sick should prompt an evaluation for hypothyroidism.
Although the diagnostic specificity of TSH is reduced in the presence of somatic illnesses, a detectable serum
TSH value in the 0.02-20 mIU/L range, when measured by an assay with a functional sensitivity <0.02 mIU/L,
usually rules out significant thyroid dysfunction, provided that hypothalamic-pituitary function is intact and the
patient is not receiving medications that affect pituitary TSH secretion. However, in general it is best to avoid
routine thyroid testing in hospitalized patients if at all possible.

C. Specimen Variables
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1. Stability

A few studies have examined the effects of storing blood samples on serum concentrations of total and free
thyroid hormones, TSH and Tg (707). In general, these studies suggest that thyroid hormones are relatively
stable whether stored at room temperature, refrigerated or frozen. Some studies have reported that T4 in serum
is stable for months when stored at -4°C or years when frozen at -10°C (108,109). TSH and TT4 in dried whole
blood spots used to screen for neonatal hypothyroidism are also stable for months when stored with a desiccant.
TSH in serum has been reported to be slightly more stable than T4 (710). It is important to note however, as
discussed above, that non-frozen specimens from patients receiving heparin are prone to in-vitro generation of
FFA that can spuriously elevate FT4 when measured by some methods (84).

2. Serum Constituents

Hemolysis, lipemia, and hyperbilirubinemia do not produce significant interference in immunoassays, in
general. However, free fatty acids can displace T4 from serum binding proteins, which may partly explain the
low TT4 values often seen in NTI (7100).

3. Heterophilic Antibodies (HAMA)

Heterophilic antibodies may be encountered in patient sera. HAMA fall into two classes (7/1). They are either
relatively weak multispecific, polyreactive antibodies that are frequently IgM rheumatoid factor or may be
broadly reactive antibodies induced by infections or exposure to therapies containing monoclonal antibodies
(112-114). These are sometimes called human anti-mouse antibodies (HAMA). Alternatively, they can be
specific human anti-animal immunoglobulins (HAAA) that are produced against well-defined specific antigens
following exposure to a therapeutic agent containing animal antigens (i.e. murine antibody) or by coincidental
immunization through workplace exposure (i.e. animal handlers) (7//5). Either HAMA or HAAA affect IMA
methodology more than competitive immunoassays by forming a bridge between the capture and signal
antibodies, thereby creating a false signal, resulting in an inappropriately high value (77/6,117). The
inappropriate result may not necessarily be abnormal, but merely inappropriately normal. Manufacturers are
currently employing various approaches to deal with the HAMA issue with varying degrees of success,
including the use of chimeric antibody combinations and blocking agents to neutralize the effects of HAMA on
their methods (178).

4. Sample Collection and Processing

Most manufacturers recommend serum as the preferred specimen, rather than EDTA- or heparinized-plasma.
For optimal results and maximum serum yield, it is recommended that whole blood samples be allowed to clot
for at least 30 minutes before centrifugation and separation. Serum can be stored at 4-8°C for up to one week.
Storage at -20°C is recommended if the assay is to be delayed for more than one week. Collection of serum in
barrier gel tubes does not affect the results of most TSH and thyroid hormone tests.

Guideline 7. Investigation of Discordant Thyroid Test Results
Discordant thyroid test results can result from technical interference or rare clinical conditions:

[l Technical Interference: Technical interference can sometimes be detected by measuring the specimen with
a different manufacturer’s method, since the magnitude of most interferences is method-dependent.
Alternatively, non-linearity in dilutions of the specimen may indicate a technical interference with TT4,
TT3 or TSH measurements. Note: a 100-fold dilution of a “normal” serum theoretically causes insignificant
reduction (<2%) in the FT4 concentration. It is not recommended to dilute the FT4 and FT3 tests used by
clinical laboratories because such tests are binding protein dependent and do not give linear dilution
responses.

[l Rare Clinical Conditions: Unexpectedly abnormal or discordant thyroid test values may be seen with some
rare, but clinically significant conditions such as central hypothyroidism, TSH-secreting pituitary tumors,
thyroid hormone resistance, or the presence of heterophilic antibodies (HAMA) or thyroid hormone (T4
and/or T3) autoantibodies.
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5. Thyroid Test Performance Standards

(a) Biologic Variation

The serum levels of the thyroid hormones as well as their precursor protein, thyroglobulin (Tg) are quite stable
within individuals over a 1 to 4 year period (Table 4) (22,119). All thyroid analytes display a greater inter-
individual variability compared to intra-individual variability (Table 4) (33,119,120). The stability of intra-
individual serum T4 concentrations reflects the long half-life (7 days) of thyroxine and the genetically imposed
free T4 setpoint (27). The stability of intra-individual T3 concentrations reflects autoregulation of the rate of T4
to T3 conversion (721). Inter-individual variability is especially high for serum Tg concentrations, because
individuals have differences in thyroid mass, TSH status and may have conditions associated with thyroid injury
(i.e. thyroiditis) - all conditions that influence serum Tg concentrations (/22). Serum TSH levels also display
high variability, both within and between individuals (22). This primarily reflects the short half-life of TSH
(~60 minutes) together with its circadian and diurnal variations, the levels peak during the night and reach a
nadir sometime between 1000 to 1600 hrs (723,124). The amplitude of the diurnal TSH variability across a 24-
hour period is approximately 2-fold (123,124). However, since this magnitude of change lies within the normal
TSH reference interval for the population as a whole (~0.4 to 4.0 mIU/L) it does not compromise the utility of a
single TSH value for diagnosing thyroid dysfunction. Furthermore, TSH is typically measured during the day in
the outpatient setting when the magnitude of TSH variability is the least.

The performance of a laboratory test can be evaluated both biologically and analytically. Table 4 shows the
biological variation of various thyroid serum analytes, expressed as inter-individual variability and intra-
individual variability, across different periods of time (22,33,119,120,125). Analytical performance is typically
assessed in the laboratory by parameters such as:

(1 Within and between-run precision assessed at different analyte concentrations

Minimum detection limit (analytical sensitivity) (126,127)

Functional Sensitivity (defined by % CV, relative to the analyte-specific biologic and methodologic
variation)

Linearity of measurements made across the reportable range of values

Recovery of analyte added to the standard matrix

Normal reference interval (mean +/- 2 standard deviation of values) for a cohort of subjects without disease
Correlation with a reference method

OO

[ R

Although analytical performance parameters are the foundation of most laboratory quality control and quality
assurance programs, it is widely accepted that analytical performance goals should be established on biological
principles (within- and between-individual variation) as well as clinical need (33). It has been proposed that
total analytical error should ideally be less than half the within-subject biological coefficient of variation (%CV)
(33,125,128-130).

Table 4. Intra-individual and Inter-individual Variability in Serum Thyroid Tests

Serum Analyte Time span %CV* %CV**
TT4 /FT4 1 week 3.5 10.8

6 weeks 53 13.0

lyear 9.2 17.1
TT3 /FT3 1 week 8.7 18.0

6 weeks 5.6 14.8

lyear 12.0 16.8
Thyrotropin (TSH) 1 week 19.3 19.7

6 weeks 20.6 533

1 year 22.4 37.8
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Thyroglobulin (Tg) 1 week 4.4 12.6
6 weeks 8.7 66.6
4 months 14.0 35.0

*intra-individual **inter-individual

Data taken from references (22,33,119,120,125).

For diagnostic testing, thyroid test results are reported together with a "normal" reference interval that reflects
inter-individual variability. This reference range provides for a benchmark for case finding. Reference ranges,
however, cannot be used to determine whether differences exist between two consecutive test results made
during the monitoring of a patient's treatment constitute a clinically significant change, or merely reflect the
technical (between-run imprecision) and biologic (intra-individual variance) variability of the measurement
(131). The "normal" reference interval is usually irrelevant during the post-operative clinical management when
using tumor markers such as Tg (132). Clearly, method bias and precision goals need not be as stringent when a
measurement is used for diagnostic testing compared with using serial measurements for patient monitoring.
While the "normal" reference interval stated on the typical laboratory report helps the physician to make a
primary diagnosis, it does not give relevant information to help the physician assess the significance of changes
resulting from treatment.

Table S. Bias and Precision Targets for Thyroid Tests

Test TT4 FT4 TT3 FT3 TSH Tg

Normal nmol/L(pg/dL) |pmol/L(ng/dL)| nmol/L(ng/dL) | pmol/L(ng/L) | mIU/L | pg/L(ng/mL)
Reference Range |58-160/4.5-12.6] 9-23/0.7-1.8 | 1.2-2.7/80-180| 3.5-7.7/23-50 | 0.4-4.0 3.0-40.0

Within person %CV 6.0 9.5 5.6 7.9 19.7 8.7

Between person %CV 12.1 12.1 14.8 22.5 27.2 66.6

W 3.5 3.8 4.0 6.0 14.3 16.8

X 1.3 2.4 1.4 2.0 52 22

Y 7.0 7.7 7.9 11.9 28.6 33.6

z 2.7 4.8 2.8 4.0 10.3 4.4

W= Suggested percentage goal for maximum bias in diagnostic testing

X= Suggested percentage goal for maximum bias in monitoring an individual

Y= Suggested percentage goal for maximum imprecision in diagnostic testing

Z= Suggested percentage goal for maximum imprecision for monitoring an individual

Table 5 shows bias and precision goals for the principal thyroid tests for both diagnostic testing and monitoring.
The values shown are calculated from studies of within- and inter-individual precision estimates from various
studies and are based on well-established concepts (22,33,119,120,130,133,134).

Table 5 and Guideline 8 show the magnitude of change in consecutive results (approximating mean normal
analyte concentrations) that constitute a clinically significant difference in each test (22,120). These
benchmarks should help the physician gauge the clinical significance of changes seen during serial monitoring
the treatment of patients with thyroid disorders.

Guideline 8. Guidelines for Interpreting Thyroid Test Results

[J For diagnostic testing (case-finding) thyroid test results are typically reported together with a "normal"
reference interval that reflects between-person variability.

[1 The "normal" reference interval does not indicate the magnitude of difference between test results that
constitutes a clinically significant change.
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Analytical variability together with between-person and within-person estimates of biological variability
suggests that the magnitude of difference in thyroid test values that would be clinically significant when
monitoring a patient's response to therapy are:

TT4 = 28 (2.2) nmol/L (pg/dL)
FT4 = 6 (0.5) pmol/L (ng/dL)
TT3 = 0.55 (35) nmol/L (ng/dL)
FT3 = 1.5 (0.1) pmol/L (ng/dL)
TSH = 0.75 mIU/L

Tg= 1.5 pg/L (ng/mL)
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Section 3: Thyroid Tests for the Clinical Biochemist and Physician

A. Total Thyroxine (TT4) and Total Triiodothyronine (TT3) Methods

Thyroxine (T4) is the principal hormone secreted by the thyroid gland. All the T4 in the circulation is derived
from thyroidal secretion. In contrast, only about 20% of circulating triiodothyronine (T3) is of thyroidal origin.
Most of the T3 in blood is produced enzymatically in nonthyroidal tissues by 5’-monodeiodination of T4 (121).
In fact, T4 appears to function as a pro-hormone for the production of the more biologically active form of
thyroid hormone, T3. In the circulation, most (~99.98%) T4 is bound to specific plasma proteins, thyroxine-
binding globulin (TBG) (60-75%), TTR/TBPA (prealbumin/transthyretin) (15-30%) and albumin (~10%)
(12,16). Approximately 99.7% of T3 in the circulation is bound to plasma proteins, specifically TBG. This
represents a 10-fold weaker protein-binding than seen for T4 (12). Protein-bound thyroid hormones do not enter
cells and are thus considered to be biologically inert and function as storage reservoirs for circulating thyroid
hormone. In contrast, the minute free hormone fractions readily enter cells by specific membrane transport
mechanisms to exert their biological effects. In the pituitary, the negative feedback of thyroid hormone on TSH
secretion is mediated primarily by T3 that is produced at the site from the free T4 entering the thyrotroph cells.

Technically, it has been easier to develop methods to measure the total (free + protein-bound) thyroid hormone
concentrations, as compared with tests that estimate the minute free hormone concentrations. This is because
total hormone concentrations (TT4 and TT3) are measured at nanomolar levels whereas free hormone
concentrations (FT4 and FT3) are measured in the picomole range and to be valid, must be free from
interference by the much higher total hormone concentration.

1. Methods for measuring Total Thyroid Hormones

Serum total T4 and total T3 methods (TT4 and TT3) have evolved through a variety of technologies over the
past four decades. The PBI tests of the 1950s that estimated the TT4 concentration as “protein-bound iodide”
were replaced in the 1960s first by competitive protein binding methods and later in the 1970s by
radioimmunoassay (RIA) methods. Currently, serum TT4 and TT3 concentrations are measured by competitive
immunoassay methods that are now mostly non-isotopic and use enzymes, fluorescence or chemiluminescence
molecules as signals (135). Total hormone assays necessitate the inclusion of an inhibitor (displacing or
blocking agent) such as 8-anilino-1-napthalene-sulphonic acid (ANS), or salicylate to release the hormone from
binding proteins (736). The displacement of hormone binding from serum proteins by such agents, together
with the large sample dilution employed in modern assays, facilitates the binding of hormone to the antibody
reagent. The ten-fold lower TT3 concentration, as compared with TT4 in blood, presents both a technical
sensitivity and precision challenge despite the use of a higher specimen volume (737). Although reliable high-
range TT3 measurement is critical for diagnosing hyperthyroidism, reliable normal-range measurement is also
important for adjusting antithyroid drug dosage and detecting hyperthyroidism in sick hospitalized patients, in
whom a paradoxically normal T3 value may indicate hyperthyroidism.

Despite the availability of highly purified preparations of crystalline L-thyroxine and L-triiodothyronine (i.e.
from the United States Pharmacopoeia (16201 Twinbrook Parkway, Rockville, MD 20852) no TT4 or TT3
reference methods have yet been established (738,139). Further, the hygroscopic nature of the crystalline
preparations can affect the accuracy of gravimetric weighing (740). Secondly, the diluents used to reconstitute
L-T4 and L-T3 preparations for use as calibrators are either modified protein matrices or human serum pools
that have been stripped of hormone by various means. In either case, the protein composition of the matrix used
for the calibrators is not identical to patient sera. This can result in the protein binding inhibitor reagent (e.g.
ANS) releasing different quantities of hormone from calibrator matrix proteins than from the TBG in patient
specimens. This may impact the diagnostic accuracy of testing when the binding proteins are abnormal, such as
in NTL
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Guideline 9. For Manufacturers Developing TT4 and TT3 Methods
Method biases should be reduced by:

[J The development of L-T4 and L-T3 reference preparations and establishing international reference
methods.

[1  Ensuring that instruments are not sensitive to differences between human serum and the calibrator matrix.

[1  Ensuring that during the test process, the amount of thyroid hormone released from serum binding proteins
is the same as that released in the presence of the calibrator diluent.

2. Diagnostic Accuracy of Total Hormone Measurements

The diagnostic accuracy of total thyroid hormone measurements would equal that of free hormone if all patients
had identical levels of binding proteins (TBG, TTR/TBPA and albumin) with similar affinities for thyroid
hormones. Unfortunately, abnormal serum TT4 and TT3 concentrations are more commonly encountered as a
result of binding protein abnormalities than result from true thyroid dysfunction. Patients with serum TBG
abnormalities secondary to pregnancy or estrogen therapy, as well as genetic abnormalities in binding proteins,
are frequently encountered in clinical practice (/41). Abnormal TBG concentrations and/or affinity for thyroid
hormone can distort the relationship between total and free hormone measurements (742). Additionally, some
patient sera contain other abnormal binding proteins such as autoantibodies to thyroid hormones that render
total hormone measurements diagnostically unreliable (743-145). These binding protein abnormalities
compromise the use of TT4 and TT3 measurements as stand-alone thyroid tests. Instead, serum TT4 and TT3
measurements are typically made as part of a two-test panel that includes an assessment of binding protein
status, made either directly by TBG immunoassay or by an “uptake” test [Section-3 B2(b)]. Specifically, a
mathematical relationship between the total hormone concentration and the “uptake” result is used as a free
hormone “index” (146). Free hormone indices (FT4I and FT3I) have been used as free hormone estimate tests
for three decades but are rapidly being replaced by one-test free hormone estimate immunoassays [Section-3
B3].

3. Serum TT4 and TT3 Normal Reference Intervals

Serum TT4 values vary between methods to some extent. Typical reference ranges approximate 58 - 160
nmol/L (4.5-12.6 pg/dL). Likewise, serum TT3 values are method dependent, with reference ranges
approximating 1.2 - 2.7 nmol/L (80 —180 ng/dL).

Guideline 10. Serum Total T4 (TT4) and Total T3 (TT3) Measurements

Abnormal serum TT4 and TT3 concentrations are more commonly encountered as a result of binding protein
abnormalities and not thyroid dysfunction.

[1 Free T4 estimate tests (FT4) are preferred over TT4 measurement when TBG concentration is abnormal.
However, FT4 tests but may be diagnostically inaccurate when the affinity of TBG is altered or abnormal
T4-binding proteins are present.

[1 Total hormone assays (TT4 and TT3) should remain readily available to evaluate discordant free hormone
tests.
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B. Free Thyroxine (FT4) and Free Triiodothyronine (FT3) Estimate Tests

Thyroxine in blood is more tightly bound to serum proteins than is T3, consequently the free T4 (FT4)
bioavailable fraction is less than free T3 (0.02% versus 0.2%, FT4 versus FT3, respectively). Unfortunately, the
physical techniques used for separating the minute free hormone fractions from the predominant protein-bound
moieties are technically demanding, inconvenient to use and relatively expensive for routine clinical laboratory
use. Those methods that employ physical separation of free from bound hormone (i.e. equilibrium dialysis,
ultrafiltration and gel filtration) are typically only available in reference laboratories. Routine clinical
laboratories typically use a variety of free hormone tests that estimate the free hormone concentration in the
presence of protein-bound hormone. These free hormone estimate tests employ either a two-test strategy to
calculate a free hormone “index” [see Section-3 B2] or a variety of ligand assay approaches (14,145,147). In
reality, despite manufacturers claims, most if not all FT4 and FT3 estimate tests are binding-protein dependent
to some extent (/48,149). This binding protein dependence negatively impacts the diagnostic accuracy of the
free hormone methods that are subject to a variety of interference’s that can cause misinterpretation or
inappropriate abnormal results (Table 1). Such interferences include sensitivity to abnormal binding proteins,
in-vivo or in-vitro effects of various drugs [Section-3 B3(c)vi], high FFA levels and endogenous or exogenous
inhibitors of hormone binding to proteins that are present in certain pathological conditions (60).

1. Nomenclature of Free T4 (FT4) and Free T3 (FT3) Estimate Methods

Considerable confusion encompasses the nomenclature of free thyroid hormone tests. Controversy continues
regarding the technical validity of the measurements themselves and their clinical utility in conditions
associated with binding protein abnormalities (745,147,148,150,151). Free hormone testing in clinical
laboratories are made using either index methods that require two separate tests, test ligand assays or physical
separation methods that isolate free from protein-bound hormone prior to direct measurement of hormone in the
free fraction. Ligand assays are standardized either with solutions containing gravimetrically established
concentrations of hormone, or use calibrators with values assigned by a physical separation method (i.e.
equilibrium dialysis and/or ultrafiltration). Physical separation methods typically are manual, technically
demanding and quite expensive for routine clinical use. Index and ligand assay tests are more commonly used in
the clinical laboratory setting, where they are typically performed on automated immunoassay analyzer
platforms (17).

Guideline 11. Free Hormone Test Nomenclature

e The free hormone methods used by most clinical laboratories (indexes and immunoassays) do not employ
physical separation of bound from free hormone and do not measure free hormone concentrations directly!
These tests are typically binding protein dependent to some extent and should more appropriately be called
“Free Hormone Estimate” tests, abbreviated FT4E and FT3E.

e In general, Free Hormone Estimate tests overestimate the FT4 level at high protein concentrations and
underestimate FT4 at low protein concentrations.

Unfortunately, a confusing plethora of terms have been used to distinguish the different free hormone methods
and the literature is filled with inconsistencies in the nomenclature of these tests. Currently, there is no clear
methodologic distinction between terms such as “T7”, “effective thyroxine ratio”, "one-step", "analog", “two
step”, "backtitration", "sequential”, “immunoextraction” or “immunosequestration”, “ligand assay” because
manufacturers have modified the original techniques or adapted them for automation (7/47). Following the
launch of the original one-step “analog” tests in the 1970s, the term “analog” became mired in confusion (747).
This first generation of hormone-analog tests were shown to be severely binding-protein dependent and have
since been replaced by a new generation of labeled-antibody “analog” tests which are more resistant to the
presence of abnormal binding proteins (7147,152). Unfortunately, manufacturers rarely disclose all assay
constituents or the number of steps involved in an automated procedure so that it is not possible to use the
method’s nomenclature (two-step, analog etc) to predict its diagnostic accuracy for assessing patients with
binding protein abnormalities (752).
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2. Index Methods: FT4I and FT3I

Index methods are free hormone estimate tests that require two separate measurements (/46). One test is a total
hormone measurement (TT4 or TT3) the other is an assessment of thyroid binding protein concentration using
either an immunoassay for TBG or a T4 or T3 “uptake” test called Thyroid Hormone Binding Ratio (THBR).
Alternatively, indexes may be calculated from a TT4 measurement paired with an estimate of the free T4
fraction determined by isotopic dialysis. In this case, the quality and purity of the tracer employed critically
impacts the accuracy of the index (749,153,154).

(a) Indexes using TBG Measurement

Calculation of a FT4I using TBG only improves diagnostic accuracy compared with TT4 when the TT4
abnormality results from an abnormal concentration of TBG. In addition, the TT4/TBG index approach is not
fully TBG independent, nor does it correct for non TBG-related binding protein abnormalities or for TBG
molecules which have abnormal affinity (141,155-158). Thus, despite the theoretical advantages of using a
direct TBG measurement, TT4/TBG indexes are rarely used because TBG binding capacity can be altered
independent of changes in the concentration of TBG protein, especially in patients with NTI (99). In addition,
TBG binding reflects 60 — 75% of the binding capacity thus relying on TBG alone excludes hormone binding to
transthyretin and albumin.

(b) Indexes using a Thyroid Hormone Binding Ratio (THBR) or “Uptake” Test

“Uptake” tests have been used to estimate protein binding of thyroid hormones since the 1950s. Two different
types of “uptake tests ” have been used. “Classical” uptake tests add a trace amount of radiolabeled T3 or T4 to
the specimen and allow the labeled hormone to distribute across the thyroxine binding proteins in exactly the
same way as endogenous hormone (746,154). Since only a trace amount of labeled T3 or T4 is used, the
original equilibrium is barely disturbed. The distribution of the tracer is dependent upon the saturation of the
binding proteins. Addition of a secondary binder or adsorbent (anion exchange resin, talc, polyurethane sponge,
charcoal, or antibody-coated bead, etc.) results in a redistribution of the T3 or T4 tracer into a new equilibrium,
that now includes the binder. The tracer counts sequestered by the adsorbent are dependent on the saturation of
the binding proteins: the higher the saturation of the binding proteins, the greater the amount of tracer in the
adsorbent. The uptake of added tracer into the absorbant results in an indirect measure of TBG. When the TBG
concentration is low, TBG binding sites are highly saturated with T4 so that a smaller amount of added T3
tracer binding will bind to TBG and more will be being taken up by the adsorbent. Conversely, when the TBG
concentration is high, TBG saturation with T4 is low, more tracer binds unoccupied TBG binding sites and less
becomes bound to the adsorbent. Unfortunately the relationship between THBR and TBG concentration is non-
linear, such that index testing usually does not correct TT4 abnormalities resulting from grossly abnormal TBG
concentrations (158).

It has been recommended that a normal serum sample standard be used to normalize the response of the assays
and allow for the reporting of the result as a ratio to normal i.e. a “Thyroid Hormone Binding Ratio (THBR)”
(154). “Classic” uptake assays used T3 tracer because the lower T3-TBG binding affinity relative to T4-TBG
resulted in a higher isotopic uptake by adsorbant and thus shorter counting times. However, since the validity of
using a T3-uptake test to correct a TT4 value is questionable, some current non-isotopic assays use a “T4-
uptake”. Many manufacturers still use the “classical” approach to produce T3 uptake assays in which the mean
normal percent uptake can vary from 25% to 40% (bound counts/total counts). Traditionally, the free thyroxine
index, sometimes called a “T7” is derived from the product of a T3-uptake test and a TT4 measurement, often
expressed as a % uptake (adsorbent bound counts divided by total counts).
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Guideline 12. Thyroid Hormone Binding Ratio (THBR) or “Uptake” Tests

e “Uptake” tests should be called “Thyroid Hormone Binding Ratio” tests, abbreviated THBR and include an
indication of which hormone is used, i.e. THBR (T4) or THBR (T3).

e A T4 signal is preferred over T3 for THBR measurements, to better reflect T4 binding protein
abnormalities.

e THBR values should be reported as a ratio with normal serum, the latter having an assigned value of 1.00.

e THBR calculations should be based on the ratio between absorbent counts divided by the total minus
absorbent counts, rather than the ratio between absorbent counts and total counts.

e The THBR result should be reported in addition to the total hormone and free hormone index value.

e THBR tests should not be used as an independent measurement of thyroid status, but should be interpreted
in association with a TT4 and/or TT3 measurement and used to produce free hormone estimates (FT4 or
FT3 indexes).

“Classic” T3-uptake or THBR tests are typically influenced by the endogenous T4 concentration of the
specimen. This limitation can be circumvented by using a very large excess of a non-isotopically labeled T4
tracer with an affinity for thyroid binding proteins comparable to that of T4. Current THBR tests usually
produce normal FT4I and FT3I values when TBG abnormalities are mild (i.e. pregnancy). However, some of
these tests may produce inappropriately abnormal index values when patients have grossly abnormal binding
proteins (congenital TBG high or low, familial dysalbuminemic hyperthyroxinemia (FDH), thyroid hormone
autoantibodies and NTI) and in the presence of some medications that influence thyroid hormone protein
binding [Section-3 B3(c)vi].

(c) Indexes using a Free Hormone Fraction Determination

The first free hormone tests developed in the 1960s were indexes, calculated from the product of the free
hormone fraction from a dialysate multiplied by the TT4 measurement (made by PBI and later RIA) (7159,160).
The free fraction index approach was later extended to measure the rate of transfer of isotopically-labeled
hormone across a membrane separating two chambers containing the same undiluted specimen. The free
hormone indexes calculated with isotopic free fractions are not completely independent of TBG concentration
and furthermore are influenced by radiochemical purity, the buffer matrix and the dilution factor employed
(161,162).

3. Ligand Assays for FT4 and FT3 Estimation

These methods employ either a “two-step” or “one-step” approach. Specifically, two-step assays use a physical
separation of free from protein-bound hormone before free hormone is measured by a sensitive immunoassay,
or alternatively, an antibody is used to immunoextract a proportion of ligand out of the specimen before
quantitation. In contrast, one-step ligand assays attempt to quantify free hormone in the presence of binding
proteins. Two-step methods are less prone to non-specific artifacts. One-step methods may become invalid
when the specimen and the standards differ in their affinity for the assay tracer (60,145,150).

(a) Ligand Assays employing Physical Separation

FT4 methods that physically isolate free from protein-bound hormone before employing a sensitive
immunoassay to measure the free hormone concentration are standardized using solutions containing
gravimetrically prepared standard preparations of T4. The physical isolation of free from protein-bound
hormone is accomplished with either a semi-permeable membrane using a dialysis chamber, an ultrafiltration
technique, or a Sephadex LH-20 resin adsorption column (16/-165). An exceedingly sensitive T4 RIA method
is needed to measure the picomole concentrations of FT4 in dialysates or free fraction isolates, as compared
with total hormone measurements in the nanomole range. Although there are no officially acknowledged "gold
standard" free hormone methods, it is generally considered that methods that employ physical separation are
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least influenced by binding proteins, and by inference, provide free hormone values that best reflect the
circulating free hormone level (94,166). However, dialysis methods employing a dilution step may
underestimate FT4 when binding inhibitors are present in the specimen and adsorption of T4 to membrane
materials may be an issue (94,166). In contrast, such methods may overestimate FT4 in sera from heparin-
treated patients as a result of in-vitro generation of FFA [see Section-3 B3(c)vii] (84,97,98,100,101,167-170).
This in-vitro heparin effect is the primary cause of spuriously high FT4 values in NTI patients (/07). Physical
separation methods are too labor intensive and expensive for routine use by clinical laboratories and are usually
only available in reference laboratories. FT3 methods employing physical separation are only available in some
specialized research laboratories (102).

(b) Ligand Assays without Physical Separation

Most of the free hormone immunoassays in current use employ a specific, high affinity hormone antibody to
sequester a small amount of total hormone from the specimen. The antibody unoccupied antibody-binding sites
that are usually inversely proportional to the free hormone concentration and are quantified using the hormone
labeled with radioactivity, fluorescence- or chemiluminescence. The signal output is then converted to a free
hormone concentration using calibrators with free hormone values assigned by a method employing physical
separation. The actual proportion of total thyroid hormone sequestered varies with the method design, but
greatly exceeds the actual free hormone concentration and should be <1-2% in order to minimize perturbation
of the free-bound equilibrium. The active sequestering of hormone by the anti-thyroid hormone antibody
reagent in the assay results in a continuous stripping of hormone from binding proteins and perturbation of the
bound to free equilibrium. The key to the validity of these methods is twofold. First, it is necessary to use
conditions that maintain the free to protein-bound hormone equilibrium, and to minimize dilution effects that
weaken the influence of any endogenous inhibitors present in the specimen. Secondly, it is important to use
serum calibrators containing known free hormone concentrations that behave in the assay in an identical manner
to the patient specimens. Three general approaches have been used to develop comparable FT4 and FT3
immunoassay methods: (i) two-step labeled-hormone; (ii) one-step labeled-analog; and (iii) labeled antibody.

Guideline 13. For Manufacturers Developing Free Hormone Estimate Tests

[J  Methods that do not physically separate bound from free hormone should extract no more than 1-2% of the
total hormone concentration off the binding proteins, so that the thermodynamic equilibrium is maintained
as much as possible.

[J  Minimize dilution effects that weaken the influence of any endogenous inhibitors present in the specimen.

[l Use serum calibrators containing known free hormone concentrations that behave in the assay in an
identical manner to the patient specimens.

[1  Perform the test procedure at 37°C.

(i) Two-Step, Labeled-Hormone/Back-Titration Methods

Two-step methods were first developed for research purposes in the late 1970s and were subsequently adapted
to produce commercial FT4 and FT3 methods. During a first incubation step, these methods used a high affinity
(>1x10"" L/mol) anti-hormone antibody bound to a solid support (ultrafine Sephadex, antibody-coated tube or
particles) to sequester a small proportion of total hormone from a diluted serum specimen. After a short
incubation period, unbound assay constituents are washed away before the second step is performed in which
sufficient labeled hormone is added to bind to all the unoccupied antibody-binding sites. After washing, the
amount of labeled hormone bound to the solid-phase antibody is quantified relative to gravimetric standards or
calibrators that have free hormone values assigned by a reference method. One-step labeled hormone-analog
methods were introduced in the late 1970s. These new tests were less labor-intensive than two-step techniques.
As a result, two-step methods lost popularity despite comparative studies showing that they were less affected
by albumin concentration and binding protein abnormalities that negatively impact the diagnostic accuracy of
the one-step analog tests (147,171-173).
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(ii) One-Step, Labeled Hormone-Analog Methods

The physicochemical validity of the one-step labeled hormone-analog tests were dependent upon the
development of a hormone analog with a molecular structure that was totally non-reactive with serum proteins,
but could react with unoccupied hormone antibody sites. When these conditions are met, the hormone-analog,
which is chemically coupled to a signal molecule such as an isotope or enzyme, can compete with free hormone
for a limited number of antibody-binding sites in a classical competitive immunoassay format. Though
conceptually attractive, this approach is technically difficult to achieve in practice, despite early claims of
success. The hormone-analog methods were principally engineered to give normal FT4 values in high TBG
states (i.e. pregnancy). However, they were found to have poor diagnostic accuracy in the presence of abnormal
albumin concentrations, FDH, NTI, high FFA levels or with thyroid hormone autoantibodies. Considerable
efforts were made during the 1980s to correct these problems by the addition of proprietary chemicals to block
analog binding to albumin or by empirically adjusting calibrator values to correct for protein-dependent biases.
However, after a decade of criticism, most hormone-analog methods have been abandoned because these
problems could not be resolved (747).

(iii) Labeled Antibody Methods

Labeled antibody methods also measure free hormone as a function of the fractional occupancy of hormone-
antibody binding sites. This competitive approach uses specific immunoabsorbents to assess the unoccupied
antibody binding sites in the reaction mixture. A related approach has been the use of solid-phase unlabeled
hormone/protein complexes (sometimes referred to as “analogs”) that do not react significantly with serum
proteins, to quantify unoccupied binding sites on the anti-hormone antibody in the liquid-phase. The
physiochemical basis of these labeled-antibody methods suggests that they may be as susceptible to the same
errors as the older labeled-hormone analog methods. However, physicochemical differences arising from the
binding of analog to the solid support confer kinetic differences that results in decreased analog affinity for
endogenous binding proteins and a more reliable free hormone measurement. The labeled antibody approach is
currently the favored free hormone testing approach on most automated platforms.

(c) Performance of FT4 and FT3 Tests in Different Clinical Situations

The only reason to select a free thyroid hormone method (FT4 or FT3) in preference to a total thyroid hormone
test (TT4 or TT3) is to improve the diagnostic accuracy for detecting hypo- and hyperthyroidism in patients
with thyroid hormone binding abnormalities that compromise the diagnostic accuracy of total hormone
measurements (60). Unfortunately, the diagnostic accuracy of current free hormone methods cannot be
predicted from either their method classification (one-step, two-step, labeled antibody etc) or by in-vitro tests of
their technical validity, such as a specimen dilution test. The index tests (FT4I and FT3I) as well as current
ligand assay methods, are all protein dependent to some extent, and may give unreliable values when binding
proteins are significantly abnormal (748). Free hormone tests should be performed at 37°C since tests
performed at ambient temperature falsely increase values when specimens have a very low TBG concentration
(174,175).

The impetus for developing free hormone tests has been the high frequency of binding-protein abnormalities
that cause discordance between total and free thyroid hormone concentrations. Unfortunately, no current FT4
method is universally valid in all clinical conditions. When the concentration of TBG is abnormal, most FT4
methods give results that are more diagnostically useful than TT4 measurement. However, pre-analytical or
analytical assay artifacts arise in many situations associated with binding protein abnormalities: when the
binding of the assay tracer to albumin is abnormal; in the presence of medications that displace T4 from TBG;
during critical phases of NTI; and in pregnancy (see Table 1). The frequency of these FT4 assay artifacts
suggests that TSH or the TSH/FT4 relationship is a more reliable thyroid parameter to use than an estimate of
FT4 alone.
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When it is suspected that a FT4 result is discrepant, FT4 should be checked using a different manufacturer’s
method (usually measured in a different laboratory). Additionally, or alternatively the FT4/ TT4 relationship
can be checked for discordance since interference seldom affects both measurements to the same degree and in
the same direction.

Guideline 14. Clinical Utility of Serum Free T3 Estimate Tests

Serum T3 measurement has little specificity or sensitivity for diagnosing hypothyroidism, since enhanced T4 to
T3 conversion maintains normal T3 concentrations until hypothyroidism becomes severe. Patients with NTI or
caloric deprivation typically have low total and free T3 values. Serum T3 measurements, interpreted together
with FT4, and are useful to diagnose complex or unusual presentations of hyperthyroidism and certain rare
conditions:

[1 A high serum T3 is often an early sign of recurrence of Graves' hyperthyroidism.

[J The TT3/TT4 ratio can be used to investigate Graves’ versus non-Graves’ hyperthyroidism. Specifically, a
high TT3/TT4 ratio (>20 ng/ug metric or >0.024 molar) suggests thyroidal stimulation characteristic of
Graves' disease.

[J  Serum T3 measurement can be used to monitor the acute response to treatment for Graves' thyrotoxicosis.

[1 A high or paradoxically normal serum T3 may indicate hyperthyroidism in an NTI patient with suppressed
TSH (< 0.01 mIU/L).

[J A high or paradoxically normal serum T3 may indicate amiodarone-induced hyperthyroidism.

[J Patients with goiter living in areas of iodide deficiency should have FT3 measured in addition to TSH to
detect T3 thyrotoxicosis caused by focal or multifocal autonomy.

[1 A high serum T3 is frequently found with congenital goiter, due to defective organification of iodide (TPO
defect) or defective synthesis of thyroglobulin.

[J A high serum T3 usually precedes iodide-induced thyrotoxicosis when patients have multinodular long-
standing goiter.

[J A high serum T3 is often seen with TSH-secreting pituitary tumors.

[1 A high serum T3 is often seen in thyroid hormone resistance syndromes that usually present without
clinical hyperthyroidism.

) Serum T3 measurement is useful for monitoring compliance with L-T3 suppression therapy prior to "*'I
scan for DTC.

[J  Serum T3 measurement is useful for distinguishing mild (subclinical) hyperthyroidism (low TSH/ normal
FT4) from T3-toxicosis, sometimes caused by T3-containing health-foods.

[1  Serum T3 measurement is useful for investigating iodide deficiency (characterized by low T4/high T3).

[1  Serum T3 measurement can be useful during antithyroid drug therapy to identify persistent T3 excess,
despite normal or low serum T4.

[J  Serum T3 measurement can be used to detect early recurrence of thyrotoxicosis after cessation of
antithyroid drug therapy

[1  Serum T3 measurement can be used to establish the extent of T3 excess during suppressive L-T4 therapy or
after an intentional T4 overdose.

(i) Pregnancy

The increase in serum TBG and the low albumin concentrations associated with pregnancy results in wide
method-dependent variations in FT4 measurements [see Section-2 A3] (47,59). Albumin-dependent methods
can produce low FT4 values in up to 50 percent of patients and are unsuitable for assessing thyroid status during
pregnancy because of the marked negative bias attributable to the progressive decline in the serum albumin
concentration by the third trimester (59). Conversely, methods such as tracer dialysis tend to show a positive
bias in relation to standards, possibly due to tracer impurities (60). The use of method- and trimester-specific
reference ranges might improve the diagnostic accuracy of free hormone testing in pregnancy. However, few if
any manufacturers have developed such information for their methods.
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(ii) Premature Infants

A low thyroxine level without an elevated TSH is commonly encountered in premature infants of less than 28
weeks gestation (39,176). There is some clinical evidence to suggest that L-T4 treatment may improve
neurological outcome (176). However, as described above, method differences in FT4 methods are likely to
compromise the reliability of detecting hypothyroxinemia of prematurity.

Guideline 15. Abnormal Thyroid Hormone Binding Proteins Effects on FT4 Tests

Binding protein abnormalities cause pre-analytical or analytical FT4 assay artifacts. Thyroid function should
be assessed from the TSH-TT4 relationship when:

[1 The binding of assay tracer to albumin is abnormal (i.e. FDH).

[1  The patient is taking medications that displace T4 from TBG, i.e. Phenytoin, Carbamazepine or Furosemide
(Frusemide).

[1 The patient has a critical or severe non-thyroidal Illness.

(iii) Genetic Abnormalities in Binding Proteins

Heredity and acquired variations in albumin, and TBG with altered affinity for either T4 or T3 can cause
abnormal total hormone concentrations in euthyroid subjects with normal free hormone concentrations (741).
The albumin variant responsible for familial dysalbuminemic hyperthyroxinemia (FDH) has a markedly
increased affinity for T4 and numerous T4-analog tracers, resulting in spuriously high serum free T4 estimates
with these tracers (145,177). In FDH, serum TT4 and FT4I values, as well as some FT4 ligand assays, give
supra-normal values, whereas serum TT3, FT3, TSH and FT4 measured by other methods, including
equilibrium dialysis, are normal (777). Failure to recognize the presence of the FDH albumin variant that can
occur with a prevalence of up to 1:1000 in some Latin-American populations can result in inappropriate thyroid
test result interpretation leading to thyroid gland ablation (178).

(iv) Autoantibodies

Some patient sera contain autoantibodies to thyroid hormone that result in methodologic artifacts in total or free
hormone measurements (143,145). Such antibody interferences are method-dependent. Tracer T4 or T3 bound
to the endogenous antibody is falsely classified as bound by adsorption methods, or free by double antibody
methods, leading to falsely low or falsely high serum TT4 or TT3 values, respectively (144,145). The T4 tracer
analogs used in some FT4 tests may bind to these autoantibodies, leading to spuriously high serum FT4 results.
There have even been reports of anti-solid phase antibodies interfering in labeled-antibody assays for free
thyroid hormones (779).

(v) Thyrotoxicosis and Hypothyroidism

The relationship between free and total T4 and T3 in thyrotoxicosis is non-linear. In severe thyrotoxicosis, the
elevations in TT4 and FT4 are disproportionate. This non-linearity reflects both a decrease in TBG levels and an
overwhelming of the TBG binding capacity despite increased binding to TTR and albumin (780). Similarly,
FT3 concentrations may be underestimated as a result of high T4-TBG binding. The converse situation exists in
severe hypothyroidism, in which there is reduced occupancy of all binding proteins (/80). In this situation, an
excess of unoccupied binding sites may blunt the FT4 response to treatment. This suggests that an initial L-T4
loading dose is the most rapid approach for restoring a therapeutic FT4 level in a hypothyroid patient.

(vi) Drugs that Compete for Thyroid Hormone Binding

Some therapeutic and diagnostic agents such as Phenytoin, Carbamazepine or Furosemide/Frusemide may
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competitively inhibit thyroid hormone binding to serum proteins in the specimen. The reduced binding-protein
availability results in an acute increase in FT4 and in some instances increased hormone action as evidenced by
a reduction in TSH (781). The increased FT4 measurements are influenced by the serum dilution used by the
method and are also seen with dialysis methods (782,183). During the chronic administration of such
competitor drugs, there is enhanced clearance of hormone. However, eventually the system re-establishes a
"normal" equilibrium and FT4 levels normalize at the expense of a low TT4 concentration. The withdrawal of
drug at this point would cause an initial fall in FT4 as more carrier protein becomes available, with re-
normalization of FT4 as the equilibrium is re-established through an increased release of hormone from the
thyroid gland. The time-scale and magnitude of these competitor effects differ with the half-life of the
competitor agent.

A number of medications and factors compete with the binding of T4 and T3 to TBG causing an acute increase
in the availability of FT4 or FT3. Many of these competing agents of thyroid hormone binding are frequently
prescribed therapeutic agents that differ in their affinity for TBG relative to T4 (96,184). Furosemide, for
example binds to TBG but with an affinity that is about three-fold less than T4 whereas aspirin binds seven-fold
less than T4 (170,185). The competition in vivo observed with such agents relates to their affinity for TBG
rather than their therapeutic levels, the free fraction or their affinity for non-TBG proteins, especially albumin
(170,186).

Current FT4 assays that employ a dilution factor may fail to detect an elevation in FT4 secondary to the
presence of binding-protein competitors. For example, a specimen containing both T4 (free fraction 1:4000) and
a competitive inhibitor (free fraction 1:100) subjected to stepwise dilution will sustain the FT4 concentration up
to a 1:100 dilution, secondary to progressive dissociation of T4 from binding proteins. In contrast, the free drug
concentration would decrease markedly only after a 1:10 dilution. Thus the hormone-displacing effect of drugs
competing for T4 binding will be underestimated in FT4 assays employing high specimen dilution. The use of
symmetric equilibrium dialysis and ultrafiltration of undiluted serum can minimize this artifact
(94,165,187,188).

(vii) Heparin Treatment Artifacts

It is well known that in the presence of a normal albumin concentration, non-esterified fatty acid (FFA)
concentrations > 3mmol/L will increase FT4 by displacing the hormone from TBG (84,97,98,100,101,167-170).
Serum from patients treated with heparin, including low-molecular weight heparin preparations, may exhibit
spuriously high FT4 values secondary to in vitro heparin-induced lipase activity that increases FFA. This
problem is seen even with heparin doses as low as 10 units and is exacerbated with storage of the specimen.
Increased serum triglyceride levels, low serum albumin concentrations or prolonged assay incubation at 37°C
can accentuate this problem.

(viii) Critical Nonthyroidal Illlness

There is a large body of evidence collected over more than two decades, that report on the specificity of various
FT4 methods in hospitalized patients with NTI [Section-2 B2]. This literature can be confusing, and is
complicated by the heterogeneity of the patient populations studied and the method-dependence of the results.
Manufacturers have progressively modified their methods over time, in an attempt to improve their specificity
in this setting and other situations when binding proteins are abnormal. However, the exact composition of
current methods remains proprietary and it is difficult for manufacturers to obtain pedigreed specimens from
such patients to rigorously test their methods. In one recent FT4 method comparison study, a marked method-
dependent difference was seen on the seventh day following bone marrow transplantation in euthyroid subjects
receiving multiple drug therapies that included heparin and glucocorticoids (707). In this study, the TT4
concentrations were normal in most of the subjects (95%) and the serum TSH was < 0.1 mIU/L in
approximately half of the subjects. sThis was consistent with the glucocorticoid therapy the patients were
receiving. In contrast, both elevated and subnormal values were reported by different FT4 methods. It appeared
that the supranormal FT4 estimates reported by some methods in 20 to 40% of patients, probably reflected the
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I.V. heparin effect discussed above [Section-3 B3(c)vii]. In contrast, analog tracer methods that are subject to
the influence of tracer binding to albumin, gave subnormal FT4 estimates in 20-30% of patients (70/). Such
FT4 measurement artifacts, giving rise to a discordance between FT4 and TSH results, increase the risk of an
erroneous diagnosis of either thyrotoxicosis or secondary hypothyroidism and suggest that TT4 measurements
may be more reliable in the setting of a critical illness.

(d) FT4 Method Validation

Unfortunately, most free hormone estimate methods receive inadequate evaluation prior to their introduction for
clinical use. Manufacturers rarely extend the validation of their methods beyond the study of ambulatory hypo-
and hyperthyroid patients, pregnant patients and a catchall category of “NTI/hospitalized patients”. However,
there is currently no consensus as to the best criteria to use for evaluating these free T4 estimate methods. It is
insufficient to merely demonstrate that a new method can distinguish between hypothyroid, normal and
hyperthyroid values, and to show comparability with existing methods - any free hormone estimate method will
satisfy these criteria without necessarily giving information about the true physiologic free hormone
concentration.

Guideline 16. For Manufacturers: Assessment of FT4 Estimate Test Diagnostic Accuracy

* The diagnostic accuracy of the method should be tested using pedigreed specimens from ambulatory patients
with the following binding protein disturbances:

* TBG abnormalities (high estrogen & congenital TBG excess and deficiency)

¢ Familial Dysalbuminemic Hyperthyroxinemia (FDH)

* Increased Transthyretin (TTR) affinity

* T4 and T3 Autoantibodies

* Rheumatoid Factor
* Test the method for interference with normal serum specimens spiked with relevant concentrations of common
inhibitors at concentrations that cause displacement of hormone from binding proteins in undiluted serum,
effects which are lost after dilution i.e.:

* Furosemide (Frusemide) 30 pM

* Disalicylic acid 300 pM

* Phenytoin 75 uM

* Carbamazepine 8 pM
e List all known interferences with the magnitude and direction of resulting errors
e Document in-vitro heparin effects on NEFA generation during the assay incubation

New methods should either be tested with pedigreed clinical samples, especially those that may challenge the
assay validity, or alternatively, by manipulating the constituents of a normal serum sample to test a particular
criterion (148). Whichever approach is adopted, the key questions relate to the similarity between samples and
standards, because all assays are generally comparable. Other approaches include testing the quantitative
recovery of added L-T4, or determining the effects of serum dilution, since a 100-fold dilution of a “normal”
serum theoretically causes an insignificant reduction (less than 2%) in the FT4 concentration (94,152) (58,189).
These approaches however, just test the “protein dependence” of the method, i.e. the degree to which free T4 is
dependent on the dissociation of free from bound hormone (748). These approaches will predictably give an
unfavorable assessment of methods that involve a high degree of sample dilution compared to those methods
that minimize sample dilution. There is no evidence however, to document whether these approaches truly
reflect diagnostic accuracy of the method when used to evaluate difficult clinical specimens. Ultimately, as
with any diagnostic method, the specificity of a free T4 method will only become evident after testing a full
spectrum of specimens from individuals with and without thyroid dysfunction associated with binding protein
abnormalities or medications known to affect thyroid hormone binding to plasma proteins. An unexpected
interference may only be noted after methods have been in use for some time, as in the effects of rheumatoid
factor that can produce spuriously high serum free T4 estimates (7/2). Non-specific fluorescence due to the
presence in the blood of substances such as organic acids in patients with uremia can be another cause of non-
specific interference (790).
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The preferred approach is to pay particular attention to specimens that are likely to cause non-specific
interference in the assay result (98). Ideally, in the ambulatory patient setting these would include samples that
have: a) TBG abnormalities (pregnancy, oral contraceptive therapy, and congenital TBG excess and
deficiency); b) Familial Dysalbuminemic Hyperthyroxinemia (FDH); c¢) T4 and T3 autoantibodies; d)
interfering substances such as rheumatoid factor and and e) a wide spectrum of drug therapies. In the hospital
setting, three classes of patients should be tested: a) patients without thyroid dysfunction but with low or high
TT4 due to NTI; b) patients with documented hypothyroidism associated with severe NTI and, ¢) patients with
documented hyperthyroidism associated with NTI. However, it is prohibitively difficult for manufacturers to
obtain pedigreed specimens from such patients. Since no manufacturers have tested their methods adequately in
critically sick patients, it is difficult for physicians to have confidence that abnormal FT4 results in such patients
reflects true thyroid dysfunction rather than NTI. Thus in hospitalized patients with suspected thyroid
dysfunction, a combination of serum TSH and TT4 measurements may provide more information than only a
FT4 test, provided that the TT4 value is interpreted relative to the degree of severity of the illness. Specifically,
the low TT4 state of NTI is usually restricted to severely sick patients in an intensive care setting. A low TT4
value in a patient not critically ill should prompt a consideration of pituitary dysfunction. In ambulatory
patients, serum FT4 measurements are often more diagnostically accurate than a TT4 measurement. However,
when an abnormal FT4 result does not fit the clinical picture, or there is an unexplained discordance in the TSH
to FT4 relationship, it may be necessary to order a TT4 test as confirmation. Alternatively, the laboratory could
either send the specimen to a different laboratory that uses a different manufacturer’s FT4 method, or to a
reference laboratory that can perform a FT4 measurement using a physical separation method, such as
equilibrium dialysis or ultrafiltration.

(e) Interferences with Thyroid Tests

Ideally, a thyroid hormone test should display zero interference with any compound, drug or endogenous
substance (i.e. bilirubin) in any specimen, at any concentration. Studies available from manufacturers vary
widely in the number of compounds studied and in the concentrations tested. Usually the laboratory can only
proactively detect interference from a “sanity check” of the relationship between the FT4 and TSH result. If
only one test is measured, interference is usually first suspected by the physician who observes an inconsistency
between the reported value and the clinical status of the patient. Classic laboratory checks of verifying the
specimen identity and performing dilution, may not always detect interference. Interferences with either TT4 or
FT4 measurements typically elicit inappropriately abnormal values in the face of a normal serum TSH level
(Table 1). Interferences with competitive or non-competitive immunoassays fall into three classes: (i) cross-
reactivity problems, (ii) endogenous analyte antibodies and (iii) drug interactions (191).

(i) Cross-reactivity

Cross-reactivity problems result from the inability of the antibody reagent to discriminate selectively between
analyte and a structurally related molecule (7/92). Thyroid hormone assays are less susceptible to this type of
interference than TSH, because iodothyronine antibody reagents are selected for specificity by screening with
purified preparations. The availability of monoclonal and affinity-purified polyclonal antibodies has reduced the
cross-reactivity of current T4 and T3 tests to less than 0.1% for all studied iodinated precursors and metabolites
of L-T4. However, there have been reports of 3-3°,5-triiodothyroacetic acid (TRIAC) interfering in FT3 assays
and D-T4 interference in FT4 assays (14,135).

(ii) Endogenous Autoantibodies

Endogenous autoantibodies to both T4 and T3 have been frequently found in the serum of patients with
autoimmune thyroid as well as non-thyroidal disorders. Despite their high prevalence, interference caused by
such autoantibodies is relatively rare. Such interferences are characterized by either falsely low or falsely high

values, depending on the type and composition of the assay used (793).

(iii) Drug Interferences
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Drug Interferences can result from the in-vitro presence of therapeutic or diagnostic agents in the serum
specimen in sufficient quantities to interfere with thyroid tests (67,68). Thyroid test methods employing
fluorescent signals may be sensitive to the presence of fluorophor-related therapeutic or diagnostic agents in the
specimen (790). In the case of I.V. heparin administration, the in vitro activation of lipoprotein lipases results in
the generation of FFA in vitro that may falsely elevate FT4 values [see Section-3 B3(c)vii]
(84,97,98,100,101,167-170).

(f) Serum FT4 and FT3 Normal Reference Intervals

Physical separation methods are used to assign values to the calibrators employed for most FT4 estimate tests.
There is closer agreement between the reference intervals of the various ligand assays used by clinical
laboratories than there is between the various methods that employ physical separation. Reference intervals for
FT4 immunoassay methods approximate 9-23 pmol/L (0.7 —1.8 ng/dL). In contrast, the upper FT4 limit for
methods such as equilibrium dialysis that employ physical separation extends above 30 pmol/L (2.5 ng/dL).
Reference intervals for FT3 immunoassay methods approximate 3.5-7.7 pmol/L (0.2 — 0.5 ng/dL). FT3 methods
that employ physical separation are currently only available as research assays (102).

(2) Standardization or Calibration

There are no internationally developed standard materials or methods for free hormone measurements.
Although candidate reference methods have been suggested for TT4 measurements, it will be difficult to adapt
such methods for free hormones (7/39). Each method and manufacturer approaches the problem of
standardization from its own unique perspective.

FT4 estimate methods that require two independent assays (tracer equilibrium dialysis and ultrafiltration as well
as index methods) use a total hormone measurement and a measurement of the free fraction of the hormone.
Total hormone assays are standardized with gravimetrically prepared calibrators from high purity hormone
materials, which are commercially available. The free fraction is determined as radioactive counts in a dialysate
or ultrafiltrate. Alternatively, in the case of the index methods, the saturation or binding capacity of the binding
protein(s) is measured using a thyroid hormone binding ratio (THBR) test, sometimes referred to as an “uptake”
test. THBR tests are standardized against sera with normal binding proteins and assigned a value of 1.00
[Section-3 B2(b)].

The more complicated situation occurs with the ligand free hormone estimate assays. In general these tests are
provided with standards that have known or assigned free hormone values determined by a reference method
(usually equilibrium dialysis with RIA of the FT4 concentration of the dialysate). This is typically performed by
the manufacturer for the purpose of establishing free hormone values for the human serum based calibrators
containing the hormone and its binding protein(s) for inclusion in the kit. Alternatively, in the case of highly
bound hormones, such as thyroxine, the Law of Mass Action can be used to calculate the free hormone
concentration (794). The total hormone concentration, a measurement of the total binding capacity for the
hormone in that serum sample, and the equilibrium constant provide the necessary information to calculate the
free hormone concentration. This approach is valid for calibrators and controls manufactured in human serum
that contains a normal TBG binding capacity. This allows the manufacturer to make calibrators and controls at
fixed levels.

The use of calibrators, prepared as described above, also compensates for the over-extraction of hormone from
their binding proteins. Specifically, in the case of thyroxine and triiodothyroninine, the antibody in the kit may
bind the free hormone and extract a significant amount (~1-2%) of the bound hormone. If assayed directly, the
concentration of free hormone would be elevated due to the over extraction. However, the use of calibrators
with known free hormone levels and in human serum permits the assignment of the specific signal levels from
the assay readout system (whether, isotopic, enzymatic, fluorescence, or chemiluminescence) to specific known
concentrations of free hormone in a proportional relationship. However, this will only be valid if the percent of
hormone extracted from the calibrator is identical to that from the patient specimen. This is often not the case
for specimens containing binding protein abnormalities (i.e. congenital high and low TBG, FDH, NTI etc).
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4. Free Hormone Measurement — the Future

The era of immunoassay methods for the quantification of thyroid and steroid hormones in biological fluids
began in the 1970's. That era is now drawing to a close. The era of advanced mass spectrometry for quantifying
hormones in biological fluids is now emerging (738). There is no reason to doubt that mass spectrometry will
provide better quantification because of greater analytical specificity and less analytical interference than
immunoassays. So far such techniques have only being applied to TT4 determination (739). However, for total
hormone assays, the requirement for complete hormone release from protein-hormone complexes will remain.
For free hormone assays, the requirement for a physical separation of free hormone and protein bound hormone,
prior to quantification will also remain. In order to accomplish the later, new separation technology will be
needed, before any method can be regarded as a gold standard. The implicit dilution of small molecules is a
limitation of equilibrium dialysis that needs to be overcome. Ultrafiltration shows promise, but current methods
are either too leaky or too impractical for this task. Mass spectrometry measurements of hormones that form
complexes with serum proteins will only be as good as the specimen preparation steps associated with the
quantification. However, the ideal free hormone reference method would be a technique that employs
ultrafiltration at 37°C, to avoid dilution effects and the direct measurement of free hormone in the ultrafiltrate
by mass spectrometry.

Guideline 17. For Laboratories Performing FT4 and FT3 testing

[1 Physicians should have ready access to information on the effects of drugs and the diagnostic accuracy of
the test used for assessing the thyroid status of patients with various binding protein abnormalities and
severe illnesses.

[J  When requested by the physician, the laboratory should be prepared to confirm a questionable result by
performing a total hormone measurement or by re-measuring FT4 by a reference method that physically
separates free from bound hormone, such as direct equilibrium dialysis or ultrafiltration.

[1  Questionable results on specimens should be checked for interference by re-measurement made with a
different manufacturer’s method. (Send out to a different laboratory if necessary.)
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C. Thyrotropin/Thyroid Stimulating Hormone (TSH)

For more than twenty-five years, TSH methods have been able to detect the TSH elevations that are
characteristic of primary hypothyroidism. Modern-day TSH methods however, with their enhanced sensitivity
are also capable of detecting the low TSH values typical of hyperthyroidism. These new methods are often
based on non-isotopic immunometric assay (IMA) principles and are available on a variety of automated
immunoassay analyzer platforms. Most of the current methods are capable of achieving a functional sensitivity
of 0.02mIU/L or less, which is a necessary detection limit for the full range of TSH values observed between
hypo- and hyperthyroidism. With this level of sensitivity, it is possible to distinguish the profound TSH
suppression typical of severe Graves’ thyrotoxicosis (TSH < 0.01 mIU/L) from the TSH suppression (0.01 — 0.1
mlIU/L) observed with mild (subclinical) hyperthyroidism and in some patients with a non-thyroidal illness
(NTD).

In the last decade the diagnostic strategy for using TSH measurements has changed as a result of the sensitivity
improvements in these assays. It is now recognized that the TSH measurement is a more sensitive test than FT4
for detecting both hypo- and hyperthyroidism. As a result, some countries now promote a TSH-first strategy for
diagnosing thyroid dysfunction in ambulatory patients (provided that the TSH method has a functional
sensitivity < 0.02 mIU/L). Other countries still favor the TSH + FT4 panel approach, because the TSH-first
strategy can miss patients with central hypothyroidism [Section-3 C4(f)] or TSH-secreting pituitary tumors
[Section-3 C4(g)i] (19,195-197). An additional disadvantage of the TSH-centered strategy is that the TSH-FT4
relationship cannot be used as a “sanity check” for interferences or detection of unusual conditions
characterized by discordance in the ratio of TSH/FT4 (Table 1).

1. Specificity

(a) TSH Heterogeneity

TSH is a heterogeneous molecule and different TSH isoforms circulate in the blood and are present in the
pituitary extracts used for assay standardization (Medical Research Council (MRC) 80/558). In the future,
recombinant human TSH (thTSH) preparations might be used as primary standards for standardizing TSH
immunoassays (7198). Current TSH IMA methods use TSH monoclonal antibodies that virtually eliminate cross-
reactivity with other glycoprotein hormones. These methods however, may detect different epitopes of
abnormal TSH isoforms secreted by some euthyroid individuals, as well as some patients with abnormal
pituitary conditions. For example, patients with central hypothyroidism caused by pituitary or hypothalamic
dysfunction, secrete TSH isoforms with abnormal amounts of glycosylation and reduced biological activity.
These isoforms are measured as paradoxically normal or even elevated serum TSH concentrations by most
methods (795,197,199). Likewise, paradoxically normal serum TSH levels may be seen in patients with
hyperthyroidism due to a TSH-secreting pituitary tumor, that appears to secrete TSH isoforms with enhanced
biologic activity (196,200,201).

(b) Technical Problems

Technical problems, especially with the washing step, may result in falsely high TSH values (202).
Additionally, any interfering substance in the specimen (eg heterophilic antibodies, HAMA) that produces a
high background or a false bridge between the capture and signal antibodies will create a high signal on the
solid support that will be read out as a falsely high result [see Section-2C3] (203,202).

(c) Methods for Detecting Interference with a TSH Result

The conventional laboratory approach to verifying an analyte concentration such as dilution may not always
detect an interference problem. Since methods vary in their susceptibility to most interfering substances, the
most practical way to test for interference is to measure the TSH concentration in the specimen using a different
manufacturer’s method, and to check for a significant discordance between the TSH values. When the
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variability of TSH measurements made on the same specimen with different methods exceeds expectations
(>50% difference), interference may be present. Biologic checks may also be useful to verify an unexpected
result. Inappropriately low TSH values could be checked by a TRH-stimulation test, which is expected to
elevate TSH more than 2-fold (>4.0 mIU/L increment) in normal individuals (204). In cases where TSH appears
inappropriately elevated, a thyroid hormone suppression test (1mg L-T4 or 200ug L-T3, po) would be expected
to suppress serum TSH more than 90 % by 48 hours in normal individuals.

Guideline 18. Investigation of Discordant Serum TSH Values in Ambulatory Patients

A discordant TSH result in an ambulatory patient with stable thyroid status may be a technical error. Specificity
loss can result from laboratory error, interfering substances (i.e. heterophilic antibodies), or the presence of an
unusual TSH isoform (see Guideline 7 and Table 1). Physicians can request that their laboratory perform the
following checks:

[] Confirm specimen identity (i.e. have laboratory check for a switched specimen in the run).

[J When TSH is unexpectedly high, ask the laboratory to re-measure the specimen diluted, preferably in
thyrotoxic serum, to check for parallelism.

[1 Request that the laboratory analyze the specimen by a different manufacturer’s method (send to a different
laboratory if necessary). If the between-method variability for a sample is > 50%, an interfering substance
may be present.

[1  Once a technical problem has been excluded, biologic checks may be useful:

- Use a TRH stimulation test for investigating a discordant low TSH result, expect a 2-fold
(4.0 mIU/L increment) response in TSH in normal individuals.

- Use a thyroid hormone suppression test to verify a discordant high TSH level. Normal
response to 1mg of L-T4 or 200pug L-T3 administered p.o. is a suppressed serum TSH of
more than 90 % by 48 hours.

2. Sensitivity

Historically, the "quality" of a serum TSH method has been determined from a clinical benchmark - the assay's
ability to discriminate euthyroid levels (~ 0.4 to 4.0 mIU/L) from the profoundly low (<0.01 mIU/L) TSH
concentration typical of overt Graves' thyrotoxicosis. Most TSH methods now claim a detection limit of 0.02
mlU/L or less (“third generation” assays) (202).

Guideline 19. Definition of Functional Sensitivity
Functional Sensitivity should be used to determine the Lowest Detection Limit of the assay.

e TSH assay functional sensitivity is defined as a 20 % between-run coefficient of variation (CV) determined
by the recommended protocol (see Guideline 20).

TSH assay functional sensitivity is defined by the 20 % between-run coefficient of variation (CV) determined
by the recommended protocol (see Guideline 20).
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Guideline 20. Protocol for TSH Functional Sensitivity & Between—Run Precision

Measure human serum pools covering the assay range in at least 10 different runs. The lowest pool value
should be 10% above the detection limit and the highest pool value should be 90% of the upper assay limit.

Carry-over should be assessed by analyzing the highest pool followed by the lowest pool.

Use the same test mode as for patient specimens (i.e. singlicate or duplicate).

The instrument operator should be blinded to the presence of test pools in the run.

Runs should be spaced over a clinically representative interval (i.e. 6 to 8 weeks for TSH in an outpatient
setting).

Use at least two different lots of reagents and two different instrument calibrations during the testing
period.

[l When running the same assay on two similar instruments, blind duplicates should be run on each
instrument periodically to verify correlation.

I A

O

Manufacturers have largely abandoned the use of the “analytical sensitivity” parameter for determining the
sensitivity of a TSH assay because it is calculated from the within-run precision of the zero calibrator which
does not reflect the sensitivity of the test in clinical practice (7126,127). Instead, a “functional sensitivity”
parameter has been adopted (202). Functional sensitivity is calculated from the 20% between-run coefficient of
variation (CV) for the method and is used to establish the lowest reportable limit for the test (202).

Functional sensitivity should be determined by strictly adhering to the recommended protocol (Guideline 20)
that is designed to assess the minimum detection limit of the assay in clinical practice and ensure that the
parameter realistically represents the lowest detection limit of the assay. The protocol is designed to take into
account a variety of factors that can influence TSH method imprecision in clinical practice. These include:
Matrix differences between patient serum and the standard diluent

Erosion of precision over time

Lot-to-lot variability in the reagents supplied by the manufacturer

Differences between instrument calibration and technical operators

Carry-over from high to low specimens (205)

I O B

The use of the functional sensitivity limit as the lowest detection limit is a conservative approach to ensure that
any TSH result reported is not merely assay “noise”. Further, the 20% between-run CV approximates the
maximum imprecision required for diagnostic testing (Table 5).

Guideline 21. For Laboratories Performing TSH Testing

Functional sensitivity is the most important performance criterion that should influence the selection of a TSH
method. Practical factors such as instrumentation, incubation time, cost, and technical support though
important, should be secondary considerations. Laboratories should use calibration intervals that optimize
functional sensitivity, even if re-calibration needs to be more frequent than recommended by the manufacturer:

[1  Select a TSH method that has a functional sensitivity < 0.02 mIU/L

[] Establish functional sensitivity independent of the manufacturer by using Guideline 20

[] There is no scientific justification to reflex from a less sensitive to a more sensitive test. (Insensitivity
causes falsely high, not falsely low, values that are missed by reflex testing!)

3. TSH Reference Intervals

Despite some gender, age and ethnicity-related differences in TSH levels revealed by the recently published
NHANES III US survey, it is not considered necessary to adjust the reference interval for these factors in
clinical practice (18). Serum TSH levels exhibit a diurnal variation with the peak occurring during the night and
the nadir, which approximates to 50% of the peak value, occurring between 1000 and 1600 hours (123,124).
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This biologic variation does not influence the diagnostic interpretation of the test result since most clinical TSH
measurements are performed on ambulatory patients between 0800 and 1800 hours and TSH reference intervals
are more commonly established from specimens collected during this time period. Serum TSH reference
intervals should be established using specimens from TPOAb-negative, ambulatory, euthyroid subjects who
have no personal or family history of thyroid dysfunction and no visible goiter. The variation in the reference
intervals for different methods reflects differences in antibody epitope recognition by the different kit reagents
and the rigor applied to the selection of appropriate normal subjects.

Serum TSH concentrations determined in normal euthyroid subjects are skewed with a relatively long "tail"
towards the higher values of the distribution. The values become more normally distributed when log-
transformed. For reference range calculations, it is customary to log-transform the TSH results to calculate the
95% reference interval (typical population mean value ~1.5 mIU/L, range 0.4 to 4.0 mIU/L in iodide-sufficient
populations) (202,206). However, given the high prevalence of mild (subclinical) hypothyroidism in the general
population, it is likely that the current upper limit of the population reference range is skewed by the inclusion
of persons with occult thyroid dysfunction (18).

Guideline 22. TSH Reference Intervals

TSH reference intervals should be established from the 95 % confidence limits of the log-transformed values
of at least 120 rigorously screened normal euthyroid volunteers who have:

No detectable thyroid autoantibodies, TPOAD or TgAb (measured by sensitive immunoassay)
No personal or family history of thyroid dysfunction

No visible or palpable goiter

No medications (except estrogen).

I A

(a) TSH Upper Reference Limits

Over the last two decades, the upper reference limit for TSH has steadily declined from ~10 to approximately
~4.0-4.5 mIU/L. This decrease reflects a number of factors including the improved sensitivity and specificity of
current monoclonal antibody based immunometric assays, the recognition that normal TSH values are log-
distributed and importantly, improvements in the sensitivity and specificity of the thyroid antibody tests that are
used to pre-screen subjects. The recent follow-up study of the Whickham cohort has found that individuals with
a serum TSH >2.0 mIU/L at their primary evaluation had an increased odds ratio of developing hypothyroidism
over the next 20 years, especially if thyroid antibodies were elevated (35). An increased odds-ratio for
hypothyroidism was even seen in antibody-negative subjects. It is likely that such subjects had low levels of
thyroid antibodies that could not be detected by the insensitive microsomal antibody agglutination tests used in
the initial study (207). Even the current sensitive TPOAb immunoassays may not identify all individuals with
occult thyroid insufficiency. In the future, it is likely that the upper limit of the serum TSH euthyroid reference
range will be reduced to 2.5 mIU/L because >95% of rigorously screened normal euthyroid volunteers have
serum TSH values between 0.4 and 2.5 mIU/L.

(b) TSH Lower Reference Limits

Before the immunometric assay era, TSH methods were too insensitive to detect values in the lower end of the
reference range (209). Current methods however, are capable of measuring TSH at the lower end and now cite
lower limits between 0.2 and 0.4 mIU/L (202). As the sensitivity of the methods has improved, there has been
an increased interest in defining the true lower limit of normal to better determine the presence of mild
(subclinical) hyperthyroidism. Current studies suggest that TSH values in the 0.1 to 0.4 mIU/L range may
represent thyroid hormone excess and in elderly patients might be associated with an increased risk of atrial
fibrillation, and cardiovascular mortality (36,37). It is therefore important to carefully exclude subjects with a
goiter and any illness or stress in the normal cohort selected for reference range study.
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4. Clinical Use of Serum TSH Measurements

(a) Screening for Thyroid Dysfunction in Ambulatory Patients

Most professional societies recommend that TSH be used for case finding or screening for thyroid dysfunction
in ambulatory patients, provided that the TSH assay used has a functional sensitivity at or below 0.02 mIU/L
(4,10,210). The TSH assay sensitivity stipulation is critical for the reliable detection of subnormal values, since
less sensitive TSH assays are prone to produce false negative (normal range) results on specimens with
subnormal TSH concentrations (202). The log/linear relationship between TSH and FT4 dictates that serum
TSH is the preferred test, since only TSH can detect mild (subclinical) degrees of thyroid hormone excess or
deficiency (Figure 1) [Section-2 A1]. Mild (subclinical) thyroid dysfunction, characterized by an abnormal TSH
associated with a normal range FT4 have reported prevalences in population surveys of ~10% and 2%, for
subclinical hypo- and hyperthyroidism, respectively (10,18,25,211). Despite the clinical sensitivity of TSH, a
TSH-centered strategy has inherently two primary limitations. First, it assumes that hypothalamic-pituitary
function is intact and normal. Second, it assumes that the patients thyroid status is stable, i.e. the patient has had
no recent therapy for hypo-or hyperthyroidism [Section-2 A1 and Figure 2] (79). If either of these criteria is not
met, serum TSH results can be diagnostically misleading (Table 1).

When investigating the cause of an abnormal serum TSH in the presence of normal FT4 and FT3, it is important
to recognize that TSH is a labile hormone and subject to nonthyroidal pituitary influences (glucocorticoids,
somatostatin, dopamine etc) that can disrupt the TSH/FT4 relationship (69,70,71,212). 1t is important to confirm
any TSH abnormality in a fresh specimen drawn after ~3 weeks before assigning a diagnosis of mild
(subclinical) thyroid dysfunction as the cause of an isolated TSH abnormality. After confirming a high TSH
abnormality, a TPOAb measurement is a useful test for establishing the presence of thyroid autoimmunity as the
cause of mild (subclinical) hypothyroidism. The higher the TPOAb concentration, the more rapid the
development of thyroid failure. After confirming a low TSH abnormality it can be difficult to unequivocally
establish a diagnosis of mild (subclinical) hyperthyroidism, especially if the patient is elderly and not receiving
L-T4 therapy (34). If a multinodular goiter is present, thyroid autonomy is the likely cause of mild (subclinical)
hyperthyroidism (213).

There is no consensus regarding the optimal age to begin the screening process. The American Thyroid
Association guidelines recommend screening at age 35 and every 5 years thereafter (70). Decision analysis
appears to support the cost-effectiveness of this strategy, especially for women (215). The strategy for using
TSH to screen for mild (subclinical) hypo- and hyperthyroidism will remain in dispute until there is more
agreement on the clinical consequences and outcome of having a chronically abnormal TSH. Also there needs
to be agreement as to the level of the TSH abnormality that should indicate the need for treatment (276,217).

There is mounting evidence to suggest that patients with a persistent TSH abnormality may be exposed to
greater risk if left untreated. Specifically, a recent study reported a higher cardiovascular mortality rate when
patients had a chronically low serum TSH (37). Further, there are an increasing number of reports that indicate
that mild hypothyroidism in early pregnancy increases fetal wastage and impairs the 1Q of the offspring (63-
65)). Such studies support the efficacy of early thyroid function screening, especially in women during their
childbearing years.

(b) Elderly Patients

Most studies support screening for thyroid dysfunction in the elderly (10,35,214). The prevalence of both a low
and high TSH (associated with normal FT4) is increased in the elderly compared with younger patients.
Hashimotos’ thyroiditis, associated with a high TSH and detectable TPOADb, is encountered with increasing
prevalence as we get older. (35). The incidence of a low TSH is also increased in the elderly (35). A low TSH
may be transient but is a persistent finding in approximately 2 % of elderly individuals, with no other apparent
evidence of thyroid dysfunction (36,214). This could be due to a change in the FT4/TSH set-point, a change in
TSH bioactivity or mild thyroid hormone excess (2/8). A recent study by Parle et al showed a higher
cardiovascular mortality rate in such patients (37). This suggests that the cause of a persistently low TSH level
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should be actively investigated (37). Multinodular goiter should be ruled out as the cause especially in areas of
iodide deficiency (2/3). Medication history should be thoroughly reviewed (including over-the-counter
preparations, some of which contain T3). If a goiter is absent and the medication history negative, a serum TSH
should be rechecked together with TPOAb measurements after 4 to 6 weeks. If the TSH is still low and TPOAb
is positive, the possibility of autoimmune thyroid dysfunction should be considered. Treatment of low TSH
should be made on a case-by-case basis.

(c) L-T4 Replacement Therapy

It is now well documented that hypothyroid patients have serum FT4 values in the upper third of the reference
interval when the L-T4 replacement dose is titered to bring the serum TSH into the therapeutic target range
(0.5-2.0 mIU/L) (219,220).

Levothyroxine (L-T4) and not dessiccated thyroid, is the preferred long-term replacement medication for
hypothyroidism.

A euthyroid state is usually achieved in adults with a L-T4 dose averaging 1.6 ng/kg body weight/day. Children
require higher doses (up to 4.0pg/kg bw/day) and older individuals require lower doses (1.0 pg/kg bw/day)
(221,222). The initial dose and the optimal time needed to establish the full replacement dose should be
individualized relative to age, weight and cardiac status. The requirements for an increase in thyroxine during
pregnancy [Section-2 A3] and in post-menopausal women just starting hormone replacement therapy (223) may
also be increased.

A serum TSH result between 0.5 and 2.0 mIU/L is generally considered the therapeutic target for a standard L-
T4 replacement dose for primary hypothyroidism.

A serum FT4 concentration in the upper third of the reference interval is the therapeutic target for L-T4
replacement therapy when patients have central hypothyroidism due to pituitary and/or hypothalamic
dysfunction.

A typical schedule for gradually titrating to a full replacement dose involves giving L-T4 in 25 ng increments
each 6 —8 weeks until the full replacement dose is achieved (serum TSH 0.5-2.0 mIU/L). As shown in figure 2,
TSH is slow to re-equilibrate to a new thyroxine level. Patients with chronic, severe hypothyroidism may
develop pituitary thyrotroph hyperplasia which can mimic a pituitary adenoma, but which resolves after several
months of L-T4 replacement therapy (224). Patients taking Rifampin and anticonvulsants that influence the
metabolism of L-T4 may also need an increase in their dose of L-T4 to maintain the TSH within the therapeutic
target range.

Both free T4 and TSH should be used for monitoring hypothyroid patients suspected of intermittent or non-
compliance with their L-T4 therapy. The paradoxical association of a high FT4 + high TSH is often an
indication that compliance may be an issue. Specifically, acute ingestion of missed L-T4 doses before a clinic
visit will raise the FT4 but fail to normalize the serum TSH because of the “lag effect” (Figure 2). In essence,
the serum TSH is analogous to the hemoglobin Alc as a long-term free T4 sensor! At least 6 weeks is needed
before retesting TSH following a change in the dose of L-T4 or brand of thyroid medication. Annual TSH
testing of patients receiving a stable dose of L-T4 is recommended. The optimal time for TSH testing is not
influenced by the time of day the L-T4 dose is ingested (/33). However, the daily dose should be withheld
when FT4 is used as the therapeutic endpoint, since serum FT4 is significantly increased (~13%) above baseline
for 9 hours after ingesting the last dose (225).

Ideally L-T4 should be taken before eating; at the same time of day and at least 4 hours apart from any other
medications or vitamins. Many medications can influence T4 absorption/metabolism (especially
Cholestyramine, Ferrous Sulfate, Soy Protein, Sucralfate, antacids containing Aluminum Hydroxide,
anticonvulsants or Rifampin) (4,226).
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(d) L-T4 Suppression Therapy

L-T4 administration designed to suppress serum TSH levels to subnormal values is typically reserved for
patients with well-differentiated thyroid carcinoma for which thyrotropin is considered a trophic factor (227).
The efficacy of L-T4 suppression therapy has been determined from uncontrolled retrospective studies that have
yielded conflicting results (228,229).

It is important to individualize the degree of TSH suppression by weighing patient factors such as age, clinical
status including cardiac factors and DTC recurrence risk against the potentially deleterious effects of iatrogenic
mild (subclinical) hyperthyroidism on the heart and bone (36). Many physicians use a serum TSH target of
0.05-0.1 mIU/L for low-risk patients and a TSH of <0.01 mIU/L for high-risk patients. Some physicians reduce
the L-T4 dose to give low-normal TSH values when patients have undetectable serum thyroglobulin (Tg) levels
and no recurrences 5-10 years after thyroidectomy. Suppression therapy for non-endemic goiters is generally
considered ineffective (230). Furthermore, patients with nodular goiters often already have suppressed TSH
concentrations as a result of thyroid gland autonomy (2173).

Guideline 23. Levothyroxine (L-T4) Replacement Therapy for Primary Hypothyroidism

[J L-T4, not desiccated thyroid, is the preferred medication for long-term replacement therapy for
hypothyroidism.

[1 A euthyroid state is usually achieved with an average L-T4 dose of 1.6 pg/kg body weight/day. The initial
dose and time to achieve full replacement should be individualized relative to age, weight and cardiac
status. An initial L-T4 dose is normally 50-100 pg daily. Serum TSH measurement after six weeks will
indicate the need for dose adjustment by 25-50 pg increments.

[J  Children require higher doses of L-T4, up to 4.0ng/kg bw/day, due to rapid metabolism. Serum TSH and
FT4 values should be assessed using age-specific and method-specific reference ranges (Table 3).

[1 A serum TSH level between 0.5 and 2.0 mIU/L is generally considered the optimal therapeutic target for
the L-T4 replacement dose for primary hypothyroidism.

[J TSH is slow to re-equilibrate to a new thyroxine status (Guideline 2). Six to 8 weeks is needed before
retesting TSH after changing the L-T4 dose or brand of thyroid medication.

[] Intermittent or non-compliance with levothyroxine (L-T4) replacement therapy will result in discordant
serum TSH and FT4 values (high TSH/high FT4) because of a persistently unstable thyroid state (Guideline
2). Both TSH and FT4 should be used for monitoring such patients.

[J  Thyroxine requirements decline with age. Older individuals may require less than 1.0 pg/kg bw/day and
may need to be titrated slowly. Some physicians prefer to gradually titrate such patients. An initial dose of
25 pg is recommended for patients with evidence of ischemic heart disease followed by dose increments of
25 pg every 3-4 weeks until the full replacement dose is achieved. Some believe that a higher target TSH
(0.5-3.0 mIU/L) value may be appropriate for the elderly patient.

[1 In severe hypothyroidism an initial L-T4 loading dose is the most rapid means for restoring a therapeutic
FT4 level because the excess of unoccupied binding sites may blunt the FT4 response to treatment.

[] Thyroxine requirements increase during pregnancy. Thyroid status should be checked with TSH + FT4
during each trimester of pregnancy. The L-T4 dose should be increased (usually by 50 pg/day) to maintain
a serum TSH between 0.5 and 2.0 mIU/L and a serum FT4 in the upper third of the normal reference
interval.

[1 Post-menopausal women starting hormone replacement therapy may need an increase in their L-T4 dose to
keep the serum TSH within the therapeutic target.

[J TSH testing of patients receiving a stable L-T4 dose is recommended on an annual basis. The ideal time for
TSH testing is not influenced by the time of day the L-T4 dose is ingested.

[1 Ideally L-T4 should be taken before eating, at the same time of day, and at least 4 hours apart from any
other medications or vitamins. Bedtime dosing should be 2 hours after the last meal.

[1 Patients beginning chronic therapy with cholestyramine, ferrous sulfate, calcium carbonate, soy protein,
sucralfate and antacids containing aluminum hydroxide that influence L-T4 absorption may require a larger
L-T4 dose to maintain TSH within the therapeutic target range.

[1 Patients taking Rifampin and anticonvulsants that influence the metabolism of L-T4 may also need an
increased L-T4 dose to maintain the TSH within the therapeutic target range.
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Guideline 24. Levothyroxine (L-T4) Suppression Therapy

O

O

Serum TSH is considered a growth factor for differentiated thyroid cancer (DTC). The typical L-T4 dose
used to suppress serum TSH in DTC patients is 2.1pg/kg body weight/day.

The target serum TSH level for L-T4 suppression therapy for DTC should be individualized relative to the
patient’s age and clinical status including cardiac factors and DTC recurrence risk.

Many physicians use a serum TSH target value of 0.05-0.1 mIU/L for low-risk patients and a TSH of <0.01
mlIU/L for high-risk patients.

Some physicians use a low-normal range therapeutic target for TSH when patients have undetectable serum
Tg levels and have had no recurrence 5-10 years after thyroidectomy.

If iodide intake is sufficient, L-T4 suppression therapy is rarely an effective treatment strategy for reducing
the size of goiters.

Over time, multi-nodular goiters typically develop autonomy that is characterized by a subnormal serum
TSH level. Serum TSH should be checked before initiating L-T4 suppression therapy in such patients.
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Fig 4. The serum TSH/FT4 relationship typical of different clinical conditions

(e) Serum TSH Measurement in Hospitalized Patients with NTI
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Although most hospitalized patients with NTI have normal serum TSH concentrations, transient TSH
abnormalities in the 0.02 — 20 mIU/L range are commonly encountered in the absence of thyroid dysfunction
(20,87,92,93). 1t has been suggested that the use of a wider reference range (0.02 —10 mIU/L) would improve
the positive predictive value of TSH measurements for evaluating the sick hospitalized patient (20,92,93,231).
TSH should be used in conjunction with a FT4 estimate (or TT4) test for evaluating hospitalized patients with
clinical symptoms or patients with a history of thyroid dysfunction (Guidelines 6 and 25).

Sometimes the cause of the TSH abnormality in a hospitalized patient is obvious, such as in the case of
dopamine or glucocorticoid-therapy (87,92). In other cases the TSH abnormality is transient and appears to be
caused by NTI per se, and resolves with recovery from the illness. It is common to see a transient minor
suppression of TSH into the 0.02-0.2 mIU/L range during the acute phase of an illness, followed by a rebound
to mildly elevated values during recovery (703). It is important to use a TSH assay with a functional sensitivity
< 0.02 mIU/L in the hospital setting in order to be able to reliably determine the degree of TSH suppression.
Specifically, the extent of TSH suppression can be used to discriminate sick hyperthyroid patients with
profoundly low serum TSH values (< 0.02 mIU/L) from patients with a mild transient suppression of NTI (20).

Guideline 25. TSH Measurement in Hospitalized Patients

[l TSH + T4 (FT4 or TT4) is the most useful test combination to detect thyroid dysfunction in a sick
hospitalized patient.

[1 It is more appropriate to use a widened TSH reference interval (0.05 to 10.0 mIU/L) in the hospitalized
setting. Serum TSH levels may become subnormal transiently in the acute phase and become elevated in
the recovery phase of an illness.

[1 A serum TSH value between 0.05 and 10.0 mIU/L is usually consistent with a euthyroid state, or only a
minor thyroid abnormality that can be evaluated by retesting after the illness subsides. (This only applies to
patients not receiving medications such as dopamine that directly inhibit pituitary TSH secretion.)

[1 A low-normal TSH level in the presence of a low TT4 and low TT3 may reflect central hypothyroidism as
a result of a prolonged illness; whether or not this condition requires immediate treatment remains
uncertain and is currently controversial.

[J  When thyroid dysfunction is suspected, a thyroid peroxidase antibody (TPOADb) test may be useful to
differentiate autoimmune thyroid disease from NTI.

Diagnosing hyperthyroidism in NTI patients can be a challenge because current FT4 methods can give both
inappropriately low and high values in euthyroid NTI patients (/01,232). Serum TT4 and TT3 measurements
may be useful for confirming a diagnosis of hyperthyroidism if assessed relative to the severity of the illness
(Guideline 6). A suppressed serum TSH below 0.02mIU/L is less specific for hyperthyroidism in hospitalized
individuals, compared with ambulatory patients. One study found that 14% of hospitalized patients with TSH <
0.005 mIU/L were euthyroid. However, such patients had a detectable TRH-stimulated TSH response whereas
patients who were truly hyperthyroid with NTI did not (20).

Mild (subclinical) hypothyroidism cannot be easily diagnosed during a hospitalization, because of the frequency
of high TSH abnormalities associated with NTI. Provided that the thyroid hormone (FT4 or TT4) concentration
is within normal limits, any minor abnormality in serum TSH (0.02-20.0 mIU/L) arising from a mild
(subclinical) thyroid condition is unlikely to affect the outcome of the hospitalization, and can be deferred for
evaluation 2-3 months after discharge. In contrast, sick hypothyroid patients typically exhibit the combination
of low FT4 and elevated TSH (>20 mIU/L) (92).

(f) Central Hypothyroidism

The log/linear relationship between TSH and FT4 dictates that patients with primary hypothyroidism and a
subnormal FT4 should have a serum TSH value > 10mIU/L (Figure 1) [Section-2 A1]. When the degree of TSH
elevation in response to a low thyroid hormone level appears inappropriately low, pituitary insufficiency should
be excluded. A diagnosis of central hypothyroidism will usually be missed using a “TSH first” strategy (19).
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Guideline 26. Levothyroxine (L-T4) Replacement Therapy for Central Hypothyroidism

[J A serum FT4 level in the upper third of the reference interval is the therapeutic target for the L-T4
replacement dose used to treat central hypothyroidism due to pituitary or hypothalamic dysfunction.

[J When using FT4 as the therapeutic endpoint for central hypothyroidism, the daily dose of L-T4 should be
withheld on the day of the FT4 measurement. (Serum FT4 is increased (~13 %) above baseline for 9 hours
after ingesting L-T4).

Central hypothyroid conditions are characterized by paradoxically normal or slightly elevated serum TSH in the
majority of cases (29). In one study of central hypothyroid patients, 35% had subnormal TSH values but 41%
and 25% had inappropriately normal and elevated TSH values, respectively (233). It is now well documented
that the paradoxically elevated serum TSH levels seen in central hypothyroid conditions is caused by the
measurement of biologically inert TSH isoforms that are secreted when the pituitary is damaged or when
hypothalamic TRH stimulation is deficient (7/97). The inappropriate TSH values arise because the monoclonal
antibodies used in current TSH assays cannot distinguish between TSH isoforms of different biological activity,
since TSH biological activity is determined not by the protein backbone but by the degree of glycosylation,
specifically the sialylation of the TSH molecule. It appears that normal TRH secretion is essential for producing
normal TSH sialylation and association of the TSH subunits to form mature, biologically active TSH molecules
(29,197,234). The biological activity of TSH in central hypothyroid conditions appears to be inversely related to
the degree of TSH sialylation as well as the FT4 level in the circulation (29). TRH-stimulation testing may be
useful for specifically diagnosing central hypothyroidism (235). Typical TSH-responses in such conditions are
blunted (<2-fold rise/ <4.0 mIU/L increment) and may be delayed (197,204,235,236). In addition, the T3-
responses to TRH-stimulated TSH are blunted and correlate with TSH biological activity (197,237,238).

Guideline 27. Clinical Utility of TSH Assays (Functional Sensitivity < 0.02 mIU/L)

[J  Serum TSH measurement is the most diagnostically sensitive test for detecting mild (subclinical), as well
as overt, primary hypo- or hyperthyroidism in ambulatory patients.

[1 The majority (>95%) of healthy euthyroid subjects have a serum TSH concentration below 2.5 mIU/L.
Ambulatory patients with a serum TSH above 2.5 mIU/L when confirmed by a repeat TSH measurement
made after 3-4 weeks, may be in the early stages of thyroid failure, especially if TPOAD is detected.

[J A serum TSH measurement is the therapeutic endpoint for titrating the L-T4 replacement dose for primary
hypothyroidism (see Guideline 23) and for monitoring L-T4 suppression therapy for differentiated thyroid
carcinoma (see Guideline 24).

[1  Serum TSH measurements are more reliable than FT4 in hospitalized patients with non-thyroidal illness not
receiving dopamine. Serum TSH should be used in conjunction with T4 (TT4 or FT4) testing for
hospitalized patients (Guidelines 6 and 26).

[J  TSH cannot be used to diagnose central hypothyroidism because current TSH assays measure biologically
inactive TSH isoforms.

[1  Central hypothyroidism is characterized by an inappropriately normal or slightly elevated serum TSH level
and a blunted (<2-fold rise/ <4.0 mIU/L increment) TRH response.

[1  When the serum FT4 is low and yet the serum TSH is only minimally elevated (<10 mIU/L), a diagnosis of
central hypothyroidism should be considered.

[J  Serum TSH measurements are an important pre-natal and first trimester screening test to detect mild
(subclinical) hypothyroidism in the mother (see Guideline 4).

[l A low TSH in the setting of a multinodular goiter suggests the presence of mild (subclinical)
hyperthyroidism due to thyroid autonomy.

[J A serum TSH measurement is required for confirming that an elevated thyroid hormone level is due to
hyperthyroidism and not a thyroid hormone binding protein abnormality (such as FDH).

[J A serum TSH measurement is the primary test for detecting amiodarone — induced thyroid dysfunction (see
Guideline 5).

(2) Inappropriate TSH Secretion Syndromes
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As shown in Table 1, binding protein abnormalities or assay technical problems are the most common causes
for a discordant FT4/TSH relationship. The apparent paradoxical dissociation between high levels of thyroid
hormone and a non-suppressed serum TSH has led to the widespread use of the term “inappropriate TSH
secretion syndromes” to describe these conditions. Specimens that display a discordant TSH/FT4 relationship
are increasingly being identified now that sensitive TSH assays that can reliably detect subnormal TSH
concentrations are available and in widespread use [Section-3 C2]. As shown in Table 1, it is critical to first
exclude likely causes of a discordant TSH/FT4 ratio, i.e technical interference and/or binding protein
abnormality. This confirmatory testing should be performed on a fresh specimen by measuring TSH together
with free and total thyroid hormone with a different manufacturer’s method. Only after the more common
causes of discordance have been eliminated should rare conditions such as a TSH-secreting pituitary tumor or
thyroid hormone resistance be considered.

When the abnormal biochemical profile has been confirmed, the possibility that a TSH-secreting pituitary tumor
is the cause of the paradoxical TSH should first be eliminated before assigning the diagnosis of thyroid
hormone resistance (THR). It should be noted that both conditions can coexist (247). TSH-secreting pituitary
tumors have similar biochemical profiles to THR but can be distinguished from THR by TSH-alpha subunit
testing and radiographic imaging. Additionally, TRH-stimulation testing may occasionally be useful in
developing the differential diagnosis. Specifically, a blunted TRH-stimulation test and T3-suppression test is
characteristic of most TSH-secreting pituitary tumors whereas a normal response is seen in most cases of THR
(245).

(i) TSH-Secreting Pituitary Tumors

Pituitary tumors that hypersecrete TSH are rare, representing <1% of cases of inappropriate TSH secretion
(27,28). These tumors often present as a macroadenoma with symptoms of hyperthyroidism associated with a
non-suppressed serum TSH and MRI evidence of a pituitary mass (28).

After excluding a technical reason for the paradoxically elevated TSH level (i.e. HAMA), the diagnosis of TSH-
secreting pituitary tumor is usually made on the basis of:

e A lack of TSH response to TRH stimulation

e An elevated serum TSH alpha subunit

e A high alpha subunit/TSH ratio

e  The demonstration of a pituitary mass on MRI

Guideline 28. For Manufacturers of TSH Tests

[1  Manufacturers that market TSH tests with differing sensitivities are urged to discontinue marketing the less
sensitive product.
1 There is no justification for the pricing of TSH assays to be based on sensitivity!
[1  There is no scientific justification for reflexing from a less sensitive to a more sensitive TSH test.
[1  Manufacturers should help laboratories independently establish functional sensitivity by providing
appropriately low TSH human serum pools when requested.
[J  Manufacturers should indicate the use of calibration factors, especially if calibration factors are country-
dependent.
[J  Manufacturers should quote the recovery of the TSH Reference Preparation at the claimed functional
sensitivity.
[1  Kit Package Inserts should:
- Document the realistic functional sensitivity of the method using the Guideline 20 protocol
- Cite the functional sensitivity that can be achieved across a range of clinical laboratories
- Display the typical between-run precision profile expected for a clinical laboratory
- Recommend the use of functional sensitivity not analytical sensitivity to determine the
lowest reporting limit. (Analytical sensitivity prompts laboratories to adopt an unrealistic
detection limit.)
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(ii) Thyroid Hormone Resistance

Thyroid hormone resistance (THR) is usually caused by a mutation of the thyroid hormone (TR), TR-beta
receptor gene that occurs in 1: 50,000 live births (239-242). Although the clinical presentation can be variable,
patients have a similar biochemical profile. Specifically, serum FT4 and FT3 are typically elevated (from a
minimal degree to a 2-3-fold elevation above the upper normal limit) and associated with a normal or slightly
elevated serum TSH that responds to TRH stimulation (242,243). However, it should be recognized that TSH
secretion is not inappropriate given the fact that the tissue response to thyroid hormone is reduced, requiring
higher thyroid hormone levels to maintain a normal metabolic state. THR patients typically have a goiter as a
result of chronic hypersecretion of a hybrid TSH isoform that has increased increased biologic potency
(199,244). The clinical manifestation of thyroid hormone excess covers a wide spectrum. Some patients appear
to have a normal metabolism with a near-normal serum TSH and whose receptor defect appears to be
compensated for by high levels of thyroid hormone (Generalized THR). Other patients appear to be
hypermetabolic and to have a defect that selectively affects the pituitary (Pituitary THR).

The distinctive features of THR are the presence of a non-suppressed TSH, together with an appropriate
response to TRH despite elevated thyroid hormone levels (242,245). Although rare, it is important to consider
the diagnosis of THR when encountering a patient with elevated thyroid hormone levels associated with a
paradoxically normal or elevated TSH (242,246). Such patients have often been misdiagnosed as having
hyperthyroidism and have been subjected to inappropriate thyroid surgery or radioiodide gland ablation (242).
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D. Thyroid Autoantibodies (TPOAb, TgAb and TRAb)

Autoimmune thyroid disease (AITD) causes cellular damage and alters thyroid gland function by humoral and
cell-mediated mechanisms. Cellular damage occurs when sensitized T-lymphocytes and/or autoantibodies bind
to thyroid cell membranes causing cell lysis and inflammatory reactions. Alterations in thyroid gland function
result from the action of stimulating or blocking autoantibodies on cell membrane receptors. Three principal
thyroid autoantigens are involved in AITD. These are thyroperoxidase (TPO), thyroglobulin (Tg) and the TSH
receptor. Other autoantigens, such as the Sodium Iodide Symporter (NIS) have also been described, but as yet
no diagnostic role in thyroid autoimmunity has been established (248). TSH receptor autoantibodies (TRAD) are
heterogeneous and may either mimic the action of TSH and cause hyperthyroidism as observed in Graves’
disease or alternatively, antagonize the action of TSH and cause hypothyroidism. The latter occurs most notably
in the neonate as a result of a mother with antibodies due to AITD. TPO antibodies (TPOADb) have been
involved in the tissue destructive processes associated with the hypothyroidism observed in Hashimoto’s and
atrophic thyroiditis. The appearance of TPOAb usually precedes the development of thyroid dysfunction. Some
studies suggest that TPOADb may be cytotoxic to the thyroid (249,250). The pathologic role of TgAb remains
unclear. In iodide sufficient areas, TgAb is primarily determined as an adjunct test to serum Tg measurement,
because the presence of TgAb can interfere with the methods that quantitate Tg [Section-3 E6]. In iodide
deficient areas, serum TgAb measurements may be useful for detecting autoimmune thyroid disease in patients
with a nodular goiter and for monitoring iodide therapy for endemic goiter.

Laboratory tests that determine the cell-mediated aspects of the autoimmune process are not currently available.
However, tests of the humoral response, i.e. thyroid autoantibodies, can be assessed in most clinical
laboratories. Unfortunately, the diagnostic and prognostic use of thyroid autoantibody measurements is
hampered by technical problems as discussed below. Although autoantibody tests have inherent clinical utility
in a number of clinical situations, these tests should be selectively employed.

1. Clinical Significance of Thyroid Autoantibodies

TPOAD and/or TgAb are frequently present in the sera of patients with AITD (257). However, occasionally
patients with AITD have negative thyroid autoantibody test results. TRAb are present in most patients with a
history of or who currently have Graves’ disease. During pregnancy, the presence of TRAD is a risk factor for
fetal or neonatal dysfunction as a result of the transplacental passage of maternal TRAb (252,253). The
prevalence of thyroid autoantibodies is increased when patients have non-thyroid autoimmune diseases such as
type 1 diabetes and pernicious anemia (254). Aging is also associated with the appearance of thyroid
autoantibodies (255). The clinical significance of low levels of thyroid autoantibodies in euthyroid subjects is
still unknown (256). However, longitudinal studies suggest that TPOAb may be a risk factor for future thyroid
dysfunction, including post-partum thyroiditis (PPT) as well as the development of autoimmune complications
from treatment by a number of therapeutic agents (50,257,258). These include amiodarone therapy for heart
disease, interferon-alpha therapy for chronic hepatitis C and lithium therapy for psychiatric disorders (75,259-
262). The use of thyroid autoantibody measurements for monitoring the treatment for AITD is generally not
recommended (263). This is not surprising since treatment of AITD addresses the consequence (thyroid
dysfunction) and not the cause (autoimmunity) of the disease. However, changes in autoantibody concentrations
often reflect a change in disease activity.

2. Nomenclature of Thyroid Antibody Tests

The nomenclature used for thyroid autoantibodies has proliferated, particularly in the case of TSH receptor
antibodies (LATS, TSI, TBII, TSH-R and TRAb). The terms used in this monograph, TgAb, TPOAb and TRAb
are those recommended internationally. These terms correspond to the molecular entities (immunoglobulins)
which react with the specified autoantigens recognized by the laboratory test. Method differences may bias the
measurement of these molecular entities, e.g.: methods may detect only IgG or IgG plus IgM; TPOAb or Ab
directed to TPO and other membrane autoantigens; TSH inhibiting and/or TSH stimulating TRAb.
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3. Specificity of Thyroid Antibody Tests

The use of thyroid autoantibody measurements has been hampered by specificity problems. Studies show that
results vary widely depending on the method used. This is due to differences in both the sensitivity and
specificity of the methods and the absence of adequate standardization. In the past few years, studies at the
molecular level have shown that autoantibodies react with their target autoantigens, by binding to
“ conformational ” domains or epitopes. The term “conformational” refers to the requirement for a specific
three- dimensional structure for each of the epitopes recognized by the autoantibodies. Accordingly, assay
results critically depend on the molecular structure of the antigen used in the test. Small changes in the structure
of a given epitope may result in a decrease or a loss in autoantigen recognition by the antibodies targeted to this
epitope. Recently, dual specificity TGPO antibodies, that recognize both Tg and TPO, have been demonstrated
in the blood of patients with AITD (264).

Guideline 29. Thyroid Antibody Method Sensitivity & Specificity Differences

[J  Recognize and understand that the results of thyroid antibody tests are method-dependent.

[J  Thyroid antibody methods recognize different epitopes in the heterogeneous antibody populations present
in serum.

[l Thyroid antibody assay differences reflect different receptor preparations (receptor assays) or cells
(bioassays) used in the assay.

[J Assay differences can result from contamination of the antigen reagent with other autoantigens.

[] Assay differences can result from the inherent assay design (i.e. competitive versus non-competitive
immunoassay) as well as the signal used.

*  Assay differences can result from the use of different secondary standards.

It has been known for years that autoantibodies are directed against few epitopes as compared to heterologous
antibodies. Current methods differ widely in epitope recognition. Specificity differences can result from
misrecognition of an epitope that leads to a bias regarding the autoantibody population tested. This results in
vastly different reference intervals, even when methods are standardized to the same international reference
preparation. Whatever the targeted autoantigen, thyroid autoantibodies are clearly not unique molecular entities
but, rather, mixtures of immunoglobulins that only have in common their ability to interact with Tg, TPO or the
TSH receptor.

Differences in the sensitivity of autoantibody tests may arise from the design of the assay (e.g. competitive RIA
versus two-site IMA) as well as the physical method used for the signal (e.g. radioisotope versus
chemiluminiscence). Differences in specificity may occur as a result of contamination of the autoantigen
preparation by other autoantigens (e.g. thyroid microsomes versus purified TPO). Further, misrecognition of an
epitope may lead to an underestimation of the total amount of circulating autoantibody present, resulting in
decreased sensitivity.

Guideline 30. Functional Sensitivity of Thyroid Antibody Tests
Functional sensitivity assessment of thyroid autoantibody tests should.

[J  Be determined with human serum pools containing a low autoantibody concentration

[1 Be determined using the same protocol as described for TSH (Guideline 20) but with the between-run
precision assessment made over a 6 to 12 month time-period to represent the appropriate clinical
assessment interval.

Functional sensitivity should be determined with human serum pools containing a low autoantibody
concentration. The protocol for functional sensitivity should be the same protocol as described for TSH
(Guideline 20). The between-run precision for TgAb tests used for monitoring TgAb-positive DTC patients
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should be assessed across a longer time-period (6 to 12 months) consistent with the interval used for serial
monitoring in clinical practice.

4. Standardization of Thyroid Antibody Tests

Standardization of thyroid autoantibody tests is currently suboptimal. International Reference Preparations,
MRC 65/93 for TgAb, MRC 66/387 for TPOADb are available from the National Council for Biological
Standards and Control in London, UK (www.mrc.ac.uk). These preparations were made from a pool of serum
from patients with autoimmune thyroid disease and were prepared and lyophilized 35 years ago!

Guideline 31. For Manufacturers Standardizing Thyroid Antibody Assays

[1  Assays should be standardized against MRC International Reference Preparations:-
MRC 65/93 for TgAb, MRC 66/387 for TPOAb and MRC 90/672 for TRAb
[1 New International Reference Preparations should be prepared for TgAb and TPOAb.
[1 Secondary standards should be fully characterized to avoid bias between different methods.
[1 Reference preparations or recombinant antigen preparations should be used when available.

It is well known that lyophilized antibodies are prone to degradation over time. Degradation of the antibodies
may have introduced a bias in the binding activity of these reference preparations towards more stable
antibodies of unknown clinical relevance. Due to the scarcity of these preparations, they are only used as
primary standards for calibrating assay methods. Commercial kits contain secondary standards that differ for
each method. Currently, assay calibrations vary with the experimental conditions as well as the antigen
preparation used by the manufacturer. This may introduce another bias in detecting the heterogeneous
antibodies present in patient specimens. In the case of TRAD, the reference preparation MRC 90/672 is more
recent (1990) but currently used by few manufacturers.

5. TPOAb Measurements

Thyroid Peroxidase (TPO) is a 110 kD membrane bound hemo-glycoprotein with a large extracellular domain,
and a short transmembrane and intracellular domain. TPO is involved in thyroid hormone synthesis at the apical
pole of the follicular cell. Several isoforms related to differential splicing of TPO RNA have been described.
TPO molecules may also differ with respect to their three-dimensional structure, extent of glycosylation and
heme binding. Most of the TPO molecules do not reach the apical membrane and are degraded intracellularly.

Guideline 32. Preferred TPOAb Methodology

[1 Sensitive, specific TPOAb immunoassays, using suitable preparations of highly purified native or
recombinant human TPO as the antigen, should replace the older insensitive, semi-quantitative anti-
microsomal antibody (AMA) agglutination tests.

(Consensus Level 90%)

[1  The clinical significance of a low TPOAD concentration requires more study.

TPO autoantibodies were initially described as anti-microsomal autoantibodies (AMA) since they were found to
react with crude preparations of thyroid cell membranes. The microsomal antigen was later identified as TPO
(265). Older AMA immunofluorescence assays as well as passive tanned red cell agglutination tests are still
currently in use in addition to the newer, more sensitive competitive and non-competitive TPOADb
immunoassays. These new immunoassay methods are currently replacing the older AMA agglutination tests
because they are quantitative, more sensitive and can easily be automated. However, there is wide variability in
the sensitivity and specificity of these new TPOAb methods. Some of this variability stems from differences in
the TPO preparations used in the various assay kits. When extracted from human thyroid tissue, TPO may be
used as a crude membrane preparation or may be purified by different methods. The assay specificity may also
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differ because of contamination by other thyroid antigens — notably Tg and/or variations in the three-
dimensional structure of TPO. The use of recombinant human TPO (thTPO) eliminates the risk of
contamination but does not solve the problem of the differences in TPO structure that depend upon the
technique used to isolate TPO. Most current TPOAD assays are quantitated in international units using the
reference preparation MRC 66/387. Unfortunately, the use of this primary standard does not alleviate between-
method variations as is evident from the broad variability in sensitivity limits claimed by the different kit
manufacturers (range <0.3 to <20 kIU/L) and the differences in normal reference intervals.

(a) TPOAD Prevalence & Reference Intervals

The estimate of TPOAD prevalence depends on the sensitivity and specificity of the method employed. The
recent NHANES III United States survey of ~17,000 subjects without apparent thyroid disease, reported
detectable TPOAD levels in 12 % of subjects using a competitive immunoassay method (78). Whether low
levels of TPOAD detected in healthy individuals and/or patients with non-thyroid autoimmune diseases reflect
normal physiology, the prodrome of AITD, or an assay specificity problem, remains unclear.

Normal reference values for TPOAD assays are highly variable and often arbitrarily established, so that a large
majority of patients with AITD test positive, and most subjects without clinical evidence of AITD test negative.
The lower normal limit appears to relate to technical factors. Specifically, assays citing a low detection limit
(<10 kIU/L) typically report undetectable TPOADb levels in meticulously selected normal subjects. Such
methods suggest that the presence of TPOAb is a pathologic finding. In contrast, TPOAb assays reporting
higher detection limits (>10kIU/L) typically cite a TPOAb “normal reference range”. Since such methods
appear to have no enhanced sensitivity for detecting AITD, these “normal range” values may represent non-
specific assay “noise” and may not be pathologically meaningful.

The recent 20-year follow-up study of the Whickham cohort reported that detectable TPOAD titers (measured as
AMA) was not only a risk factor for hypothyroidism but that a detectable AMA preceded the development of an
elevated TSH (Figure 5) (35). This suggests that a detectable TPOAD is a risk factor for AITD (Guideline 34).
However, individuals with low TPOADb levels would have had undetectable AMA by the older methods used in
this study (35). The clinical significance of low TPOADb levels that are not detectable by AMA agglutination
methods remains to be established through longitudinal studies. Thus, whether individuals with low levels of
TPOADb and/or TgAb should be considered normal remains in question until long-term follow-up studies on
such individuals show that they do not have an increased risk for developing thyroid dysfunction.

Guideline 33. Reference Intervals for Thyroid Antibody Tests

Reference intervals for thyroid antibody tests should be established from 120 "Normal" subjects free from any
history of thyroid disease: Subject selection should minimize the inclusion of persons with a predisposition for
autoimmune thyroid disease. Normal subjects should be:

Male

Young (< 30 years of age)

Have serum TSH levels between 0.5 and 2.0 mIU/L

No goiter

No personal or family history of thyroid disease

No non-thyroid autoimmune diseases (e.g. lupus or diabetes)

I

The criteria employed for selecting subjects for the normal cohort used to establish an autoantibody normal
reference range, is critical. Such a cohort should be comprised of young, biochemically euthyroid (TSH 0.5 to
2.0 mIU/L) male subjects with no goiter and no family history of AITD. This rigorous selection process would
be least likely to include subjects with a predisposition to AITD.
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(b) Clinical Uses of TPOAb Measurements

TPOAD is the most sensitive test for detecting autoimmune thyroid disease (266). As shown schematically in
Figure 5, TPOAD is typically the first abnormality to appear in the course of developing hypothyroidism
secondary to Hashimotos’ thyroiditis. In fact, when TPOADb is measured by a sensitive immunoassay, >95% of
subjects with Hashimotos thyroiditis have detectable levels of TPOAb. Such methods also detect TPOADb in
most (~85%) patients with Graves’ disease (254). Patients with TPOADb detected in early pregnancy are at risk
for developing post-partum thyroiditis (50). Patients with Down’s syndrome have an increased risk of thyroid
dysfunction due to autoimmune thyroid disease and annual screening with TSH and TPOADb is important
(267,268).
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Fig 5. TPOAb Changes with Developing Autoimmune Thyroid Disease

Recent reports have suggested that the IQ of children born to mothers with increased TSH and/or detectable
TPOAD during pregnancy may be compromised (63-65). This has prompted recommendations that all pregnant
women should have TSH and TPOAD levels measured in the first trimester of their pregnancy [Section-2 A3
and Guideline 4]. Further, TPOAb measurements may have a role in infertility, since high TPOAb levels are
associated with a high risk of miscarriage and failure to conceive with in-vitro fertilization (269).

Guideline 34. Recommended Uses for TPOAb Measurement

Diagnosis of Autoimmune Thyroid Disease

Risk factor for Autoimmune Thyroid Disease

Risk factor for hypothyroidism during Interferon alpha, Interleukin-2 or Lithium therapy
Risk factor for thyroid dysfunction during amiodarone therapy (see Guideline 5)

Risk factor for hypothyroidism in Down’s Syndrome patients

Risk factor for thyroid dysfunction during pregnancy and for post-partum thyroiditis
Risk factor for miscarriage and in-vitro fertilization failure

Oooooood
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The presence of TPOAD is well established as a risk factor for thyroid dysfunction when patients are being
treated with lithium, amiodarone, interleukin-2 or interferon-alpha (75,259,260,261,270). During interferon-
alpha treatment, a preexisting thyroid autoimmune disorder or positive TPOAD titer are predisposing factors for
the development of thyroid disease during therapy (262). There appears however, to be no increased frequency
of thyroid dysfunction during interferon-beta therapy (271). The presence of TPOADb before therapy shows a
sensitivity of 20%, a specificity of 95% and a predictive value of 66.6% for the development of thyroid
dysfunction (272).

6. Thyroglobulin Autoantibody (TgAb) Measurements

Thyroglobulin (Tg), the prothyroid globulin, is a high molecular weight (660 kDa) soluble glycoprotein made
up of two identical subunits. Tg is present with a high degree of heterogeneity due to differences in post-
translational modifications (glycosylation, iodination, sulfation etc). During the process of thyroid hormone
synthesis and release, Tg is polymerized and degraded. Consequently, the immunologic structure of Tg is
extremely complex. The characteristics of Tg preparations may vary widely depending on the starting human
thyroid tissue and the purification process used. This is the first clue to explain why TgAb assays, as well as Tg
assays [Section-3 E2] are so difficult to standardize.

(a) TeAb Methodology

As with TPOAb methods, the design of TgAb assays has evolved from immunofluorescence of thyroid tissue
sections, to passive tanned red cell agglutination methods and to the more current, competitive and non-
competitive immunoassays. This technical evolution has improved both the sensitivity and specificity of serum
TgAb measurements. However, because the older and newer methods are still being used concurrently in
clinical laboratories, the sensitivity and specificity of available methods can vary widely depending on the
laboratory. Assays are calibrated with purified or crude preparations of TgAb by pooling patient sera or blood
donor material. These various secondary standards are often, but not always, calibrated against the primary
standard (MRC 65/93). However, standardization with MRC 65/93 does not ensure that different methods are
quantitatively or qualitatively similar. Other reasons for method differences relate to the heterogeneity of the
TgAb itself. The heterogeneity of TgAb is restricted in patients with AITD compared with other thyroid
disorders such as differentiated thyroid carcinomas (DTC) in which the heterogeneity of TgAb appears less
restricted (273). This reflects differences in the expression of the different autoantibodies that may be normally
expressed at very low levels in healthy individuals (274). The inter-method variability of serum TgAb values
may also reflect qualitative differences in TgAb affinity and epitope specificity in different serum samples from
patients with different underlying thyroid and immunological conditions. Another reason for inter-method
differences is that assay designs are prone to interference by high levels of circulating antigen (Tg), as is
commonly the case with Graves’ disease and metastatic DTC (275).

Guideline 35. For Manufacturers Developing TgAb Methods

[J The epitope specificity of TgAb methods should be broad not restricted, since TgAb epitope specificity may
be wider for TgAb-positive patients with DTC compared to patients with autoimmune thyroid disease.

(b) TgAb Prevalence & Reference Intervals

As with TPO antibodies, the prevalence and normal cut-off values for thyroglobulin antibodies depends on the
sensitivity and specificity of the assay method (276). The NHANES III survey reported a TgAb prevalence of
~10% for the general population, measured by competitive immunoassay (7/8). The TgAb prevalence appears to
be two-fold higher than normal for patients diagnosed with DTC (~20 %) (276). As with TPOADb, the clinical
significance of low TgAb levels, that would be undetectable by the older agglutination methods, remains
unclear. It has been suggested that low levels may represent “ natural ” antibody in normal individuals or a
“scavenger ” antibody response to antigen release following thyroid surgery or radioactive iodide therapy.
Alternatively, low levels might represent underlying silent AITD (256). Different TgAb methods report

- 48 -




NACB: Laboratory Support for the Diagnosis and Monitoring of Thyroid Disease
Laurence M. Demers, Ph.D., F.A.C.B.and Carole A. Spencer Ph.D., F.A.C.B.

different normal threshold values, as discussed for TPOAD [Section-3 D5(a)]. Specifically, some TgAb methods
report that normal subjects should have values below the assay detection level, other methods report a “normal
range”. When TgAb measurements are used as an adjunct test to serum Tg measurements, the significance of
low TgAb levels relates less to the pathophysiology of its presence but more to the potential for low TgAb
levels to interfere with the serum Tg method.

Guideline 36. TgAb Measurement in Non-Neoplastic Conditions

[J Iniodide sufficient areas, it is not usually necessary or cost-effective to order both TPOADb and TgAb,
because TPOAb-negative patients with detectable TgAb rarely display thyroid dysfunction.

[J Iniodide deficient areas, serum TgAb measurements may be useful for detecting autoimmune thyroid
disease when patients have a nodular goiter.

[1  Monitoring iodide therapy for endemic goiter.

(c) Sensitivity and Precision of TgAb Measurement

Sensitive quantitative TgAb measurements are a critical adjunct test for serum Tg measurement. Qualitative
agglutination tests are not sufficiently sensitive to detect the low TgAb concentrations that can interfere with
serum Tg measurements (276). As with TPOAb assays [Section-3 D5(a)], the absolute values reported by
different TgAb immunoassays are highly variable which precludes the use of different manufacturers tests for
serial monitoring of DTC patients. There appear to be two classes of TgAb immunoassays. One class is
characterized by low detection limits (<10 kIU/L) and an undetectable normal reference limit. Such methods
suggest that the presence of T TgAb is a pathologic finding. The other class of assay reports higher detection
limits (>10kIU/L) and cites a TgAb “normal reference range”. The likelihood is that these detectable “normal
range” values merely represent non-specific assay “noise” caused by assay insensitivity or problems with
specificity since these low “normal range” values do not show evidence of interfering with serum Tg
measurements [Section-3 E6].

Guideline 37. TgAb Measurement in Differentiated Thyroid Carcinomas (DTC)

The TgAb concentration should be measured in ALL patient sera prior to Tg analysis because low levels of
TgAb can interfere with serum Tg measurements causing either falsely low or undetectable or high values
depending on the Tg method used.

[1 TgAb should be measured in every serum specimen sent to the laboratory for Tg testing.

[1  Serial TgAb measurements should be made on all TgAb-positive DTC patients using the same
manufacturer’s method because serial TgAb values have prognostic significance for monitoring response to
DTC treatment.

[1  TgAb methods should be immunoassay not agglutination, because low levels of TgAb can interfere with
serum Tg measurements made by most methods, and serial measurements must be quantitative not
qualitative.

[1  Serum Tg recovery tests do not reliably detect the presence of TgAb and should be discouraged as a
method for detecting TgAb (Guideline 46).

[J Before changing the TgAb method, the laboratory should inform physician users and evaluate the
relationship between the old and proposed new method values. Patients should be re-baselined if the
difference between the methods is >10% CV.

(d) Clinical Uses of TgAb Measurement

There is some debate over the clinical utility of serum TgAb measurement for assessing the presence of thyroid
autoimmunity. The United States NHANES III study reported that 3 % of subjects with no risk factors for
thyroid disease had detectable TgAb without associated presence of TPOAb (18). Since this cohort had no
associated TSH elevation, TgAb measurements do not appear to be a useful diagnostic test for AITD in areas of
iodide sufficiency (256,279). In iodide deficient areas however, TgAb is believed to be useful for detecting

- 49 .




NACB: Laboratory Support for the Diagnosis and Monitoring of Thyroid Disease
Laurence M. Demers, Ph.D., F.A.C.B.and Carole A. Spencer Ph.D., F.A.C.B.

AITD, especially for patients with a nodular goiter. TgAb measurements are also useful for monitoring iodide
therapy for endemic goiter, since iodinated Tg molecules are more immunogenic.

Serum TgAb testing is primarily used as an adjunct test when serum Tg measurements are requested. The
clinical utility of TgAb measurements in sera from DTC patients is two-fold. First, sensitive and specific TgAb
screening of sera in these cancer patients is necessary, because even low antibody concentrations can interfere
with the Tg measurements made by most Tg methods [see Section-3 E6] (275,276). Second, serial TgAb
measurements themselves may serve as a surrgogate tumor marker test for TgAb-positive patients in whom Tg
testing may be unreliable (276). Specifically, TgAb-positive patients who are rendered disease-free typically
become TgAb-negative within 1-4 years (276,277,278). In contrast, patients who have persistent disease after
treatment retain detectable TgAb concentrations. In fact, a rise in the TgAb level is often the first indication of
recurrence in such patients (276).

7. TSH Receptor Autoantibodies (TRAb)

The TSH receptor is a member of the superfamily of receptors with seven transmembrane domains linked to G
proteins. The 60kb TSH receptor gene located on the long arm of chromosome /4¢g31 has been cloned and
sequenced (272). Exons 1-9 code for the extracellular domain of the receptor (397 amino acids) and exon 10
codes for the transmembrane region (206 amino acids). Activation of G proteins by the hormone receptor
complex results in stimulation of cAMP production by adenylate cyclase and inositol phosphate turnover by
phospholipases (280). Site-directed mutagenesis has shown that the 3-dimensional receptor structure is
important for the interaction with TSH and/or TRADbs. There are three broad types of TRAb measured by either
bioassay or receptor assay (Table 6). Receptor, or TSH Binding Inhibitory Immunoglobulin (TBII) assays do
not measure biologic activity directly but assess whether the specimen contains immunoglobulins that can block
the binding of TSH to an in vitro receptor preparation. TSH stimulating antibodies (TSAb) appear to bind the
N-terminal portion of the extracellular domain and mimic the actions of TSH by inducing post-receptor signal
transduction and cell stimulation. In contrast, the C-terminal region is more important for TSH receptor
blocking antibodies (abbreviated TBAb or TSBAb) which block stimulation by either TSAb or TSH, causing
hypothyroidism (281). Thyroid growth-stimulating immunoglobulins (TGI) are less well characterized in this
regard.

It has now been shown that the lack of correlation between TRAb levels and the clinical status of patients is
largely because of circulating TRAb’s that are heterogeneous. The fact that TRAb heterogeneity can coexist
within an individual patient and change over time is one reason why it has been difficult to develop
diagnostically accurate TRAD tests (282,283). Indeed, the clinical presentation of Graves’ patients who exhibit
both TSAb and TBAb/TSBAD will likely depend on the relative concentration and affinity of the predominant
antibody. A shift from stimulating to blocking TRAb may explain the spontaneous remission of Graves’ disease
during pregnancy as well as radioiodide induction of transient hypothyroidism (281,284). It is important to note
that bioassays that use cell preparations to measure the biologic effects of TRADb (stimulation, inhibition of TSH
activity or growth) can detect functional changes in TRAb heterogeneity. In contrast, the receptor, or TSH
Binding Inhibitory Immunoglobulin (TBII) type of assays, which are used by many clinical laboratories, merely
measure the ability of a serum or IgG preparation to block the binding of a TSH preparation and do not measure
the biological response (Table 6). This fundamental difference in assay design explains why bioassays and
receptor assays usually display a weak correlation (r = 0.31-0.65) (283,285).

(a) TRAb Methodology

The first report that there was a thyroid stimulator that differed from TSH with respect to its longer half-life
(Long Acting Thyroid Stimulator or LATS) was published in 1956 using an in vivo bioassay (286). LATS was
later identified as an immunoglobulin. Like TSH, TRAbs stimulate both cAMP and the inositol phosphate
pathways of the thyroid follicular cell, and thus both stimulate and block both thyroid hormone synthesis and
the growth of the gland (283).

The types of methods developed for TRAb measurements are classified relative to their functional activity, as
shown in Table 6. Studies in mice and FRTL-5 cell lines as well as humans, show that a high concentration of
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human chorionic gonadotropin (hCQG) is also a weak TRAb agonist and can stimulate cAMP, iodide transport,
and cell growth (56). The marked hCG elevations secondary to choriocarcinoma can in rare cases cause a false
positive TRAD result. However, the increase in hCG typically seen with normal pregnancy or in patients treated
for a hydatiform mole are usually not high enough to elicit a false positive result.

(b) Bioassays (TSAb, TBAb/TSBADb and TGI)

Most current bioassays are based on TSH receptor activation of second messenger (cAMP) production from a
cell preparation (FRTL-5/ CHO TSH-R) exposed to a serum specimen or IgG preparation (287-289). The recent
cloning of the TSH receptor has benefited bioassays by facilitating the development of TSH receptor transfected
cell lines (290,291). Although these bioassays are available in several commercial laboratories in the United
States and Asia, they are less available in Europe because of regulations that affect the use of genetically altered
organisms. Unfortunately, the correlation between TRADb assay results and clinical presentation is still poor. For
example, the diagnostic sensitivity for Graves’ disease using TRAD bioassays ranges from 62.5 to 81% (283).
New approaches employing chimeric assays may be able to target the loci of TRAbD epitopes and TSH binding
sites and thus provide a better correlation between assay response and clinical outcome (281,284,292-294).

Table 6. TSH Receptor Antibody (TRAb) Methods

Antibody Function Detection Method
TSAb Stimulates cAMP production, cell bioassay (FRTL-5/ CHO TSH-R)
iodide uptake, thyroglobulin % stimulation of TSH-induced cAMP
synthesis compared to normal pooled serum
TBAb/ Inhibits TSH-induced cAMP cell bioassay (same as above)
TSBADb production, iodide uptake, % inhibition of TSH-induced cAMP
thyroglobulin synthesis compared to normal pooled serum
TGI Stimulates thyroid cell growth FRTL-5-cells,
*H thymidine uptake/ mitotic arrest assay
TBII Inhibits I TSH binding to Receptor assay soluble porcine TSH-R or
receptor recombinant human TSH-R

TSAb: Thyroid stimulating antibodies
TBAb/TSBAb: TSH receptor blocking antibodies
TGI: Thyroid growth stimulating antibodies
TSH-R: TSH receptor

TBII: Thyroid binding inhibiting immunoglobulins

(c) Receptor (TBII) Assays

Thyroid binding inhibiting immunoglobulin (TBII) assays are commercially available and are used by many
clinical laboratories. These methods quantify the inhibition of the binding of '*I-labeled TSH to either
solubilized porcine receptors, or more recently, recombinant human TSH receptors (295-297). This type of
method does not distinguish between stimulating and blocking TRAbs. TBII activity is typically quantified
against a TRAb-positive serum calibrated against a reference calibrator serum. The most frequently used
calibrator serum has been the MRC reference serum, LATS-B. A WHO standard (MRC 90/672) has recently
become available. The inherent heterogeneity of TRAb in patient serum and the source of receptors used
(porcine versus recombinant human) are likely causes for the wide variability observed between TBII methods,
despite the use of the same standard (283,298). Although TBII methods based on recombinant human TSH
receptor are now available and may have a higher diagnostic sensitivity for Graves’ disease, they do not appear
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to offer improved specificity or sensitivity for predicting response to anti-thyroid drug (ATD) therapy
(297,299).

Guideline 38. TSH Receptor Antibody (TRAb) Tests
Clinical laboratory TRAD assays are either:

[l Receptor or TSH binding inhibition tests (TBII) do not measure stimulatory activity directly but detect
factors in the serum specimen that block the binding of a labeled TSH preparation to an in-vitro TSH
receptor preparation. These tests are the more commonly used TRAbD assays in clinical laboratories.

[1 TSH receptor bioassays (TSAb) use cells (FRTL-5 cells, or more recently CHO transfected with human
TSH receptor) to detect thyroid stimulating immunoglobulins (TSADb) that either stimulate cAMP or iodide
uptake. These tests are not routinely available in all countries.

[J In general, there is a poor correlation between TSAb and TBII results (60-75%). TSADb assays claim to be
positive in 80-100% and TBII assays positive in 70 to 90% of untreated Graves’ hyperthyroid patients.
Neither test has high specificity or sensitivity for predicting remission from Graves’ hyperthyroidism.

(1 Normal hCG as well as abnormal hCG production in choriocarcinoma are known to interact with the TSH
receptor which could lead to false positive results. This might be observed in rare cases of choriocarcinoma
but not in normal pregnancy or treated hydatiform mole in which the level of hCG is not high enough to
cause a false positive result.

(d) TRAD Reference Intervals

Despite the adoption of a new international reference preparation MRC 90/672, TRAD values are still method-
dependent and reference intervals vary depending on the selection of the “normal” population used to determine
the cut-off level for a positive result. This cut-off is generally defined as two standard deviations from the mean
of normal subjects.

8. Clinical Uses of TRAb Measurement

The clinical use of TRAb measurements for the diagnosis and follow-up of AITD remains a matter of
controversy and differs geographically. The differential diagnosis of hyperthyroidism can be resolved in most
patients without resorting to TRAD testing. Nevertheless, the presence of TRAb may distinguish Graves’
disease from factitious thyrotoxicosis and other manifestations of hyperthyroidism such as subacute or post-
partum thyroiditis and toxic nodular goiter.

TRAb measurements have also been proposed as a means for predicting the course of Graves’ disease. A
declining TRAD level is often seen in hyperthyroid patients in clinical remission after treatment with antithyroid
drugs (ATD). After ATD withdrawal, very high levels of TRAD correlate quite well with prompt relapse, but
this situation involves very few patients. Conversely, a significant number of patients with undetectable or low
TRAD levels will relapse. A meta-analysis of the relationship between TRAbD levels and the risk of relapse has
shown that 25% of patients are misclassified by TRAb assays (263). This suggests that after ATD therapy, a
follow-up of the patients is necessary whatever the TRAD level at the time of ATD withdrawal and that TRAb
measurement is not cost effective for this purpose (263).

There is general agreement that TRAb measurements can be used to predict fetal and/or neonatal thyroid
dysfunction in pregnant women with a previous history of AITD (8,252). High levels of TRAD in the mother
during the third trimester of pregnancy suggest a risk of thyroid dysfunction in the offspring (8,282). Two to
10% of pregnant women with very elevated TRAb deliver newborns with hyperthyroidism (8). The risk for
neonatal hyperthyroidism is negligible following successful treatment of hyperthyroidism with antithyroid
drugs, but can develop after radioiodide treatment if TRAb levels remain elevated (§). Euthyroid pregnant
women (+/- L-T4 treatment) who have had prior radioiodide therapy for Graves’ disease should have TRAb
levels measured both in early pregnancy, when an elevated value is a significant risk factor for fetal
hyperthyroidism, and during the third trimester, to evaluate for the risk of neonatal hyperthyroidism (§).
Pregnant women who take antithyroid drugs (ATD) for Graves’ disease should have TRAb measured in the
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third trimester. High TRAb levels in such patients should prompt a thorough clinical and biochemical
evaluation of the neonate for hyperthyroidism, both at birth (cord blood) and at 4 — 7 days, after the effects of
the transplacental passage of ATD have disappeared (300). It is worth noting that the TBII receptor assays are
often used for this purpose since they detect both stimulating (TSAb) and in rare cases, blocking antibodies
(TBAb/TSBADb) which cause transient hypothyroidism in 1:180,000 of newborns (301). It is also advisable to
test for both stimulating and blocking antibodies because the expression of thyroid dysfunction may be different
in the mother and the infant (253).

Guideline 39. Clinical Uses of TRAb Measurement

[1 To investigate the etiology of hyperthyroidism when the diagnosis is not clinically obvious.

[J A declining TRADb concentration during long-term antithyroid drug therapy is suggestive of remission.
However TRAb measurements can be misleading in 25% of such patients.

[J TRAb measurements are useful to diagnose Graves’ disease patients and for relating TRAb values to a
treatment algorithm.

[J To evaluate patients suspected of "euthyroid Graves’ opthalmopathy". Undetectable TRAb however, does
not exclude the condition.

[J  Although TSAD assays have theoretical advantages, some believe that TBII tests which detect both
stimulating (TSAb) and the rare cases of blocking (TBAb/TSBADb) antibodies are equally useful.

[l For pregnant women with a past or present history of Graves’ disease. Note: Pregnant women who are
euthyroid after receiving prior antithyroid drug treatment for Graves’ disease have a negligible risk for fetal
or neonatal hyperthyroidism.

[1  Euthyroid pregnant women (+ L-T4 treatment) who have had prior radioiodide treatment for Graves’
disease should have TRAb measured both early in pregnancy when a high value is a risk factor for fetal
hyperthyroidism (2-10%), and during the third trimester to evaluate the risk of neonatal hyperthyroidism.

[1 Pregnant women who take antithyroid drugs (ATD) for Graves’ disease to maintain a euthyroid state during
pregnancy should have TRAb measured in the third trimester. A high TBII value should prompt a clinical
and biochemical evaluation of the neonate for hyperthyroidism, both at birth (cord blood) and at 4 — 7 days
after the effects of transplacental passage of ATD have been lost.

[1 The assessment of the risk of fetal and neonatal thyroid dysfunction necessitates the detection of either
blocking or stimulating TRAb when mothers have no intact thyroid following past therapy for Graves’
hyperthyroidism.

[J To identify neonates with transient hypothyroidism due to the presence of TSH receptor blocking
antibodies.

Guideline 40. Improvements Needed in Thyroid Antibody Tests

[1 Current thyroid autoantibody assays should be submitted to a comparative study of their analytical and
clinical performances.

[J A comparison study of the antigen preparations currently in use would facilitate the identification of the
method(s) best suited for clinical thyroid autoantibody testing.

[1  The characteristics of the antigen preparations used in the test should be stated for all thyroid autoantibody
assays.

[1 Reference preparations of antigens should be made available.

The role of TRAD in thyroid-associated opthalmopathy (TAO) is uncertain (302). TAO appears to be
exacerbated by radioiodide therapy (303). Furthermore, TRAb and other thyroid antibody levels increase
significantly after radioiodide therapy (304-306). This suggests that TRAb measurements prior to radioiodide
therapy may be useful to predict the risk of TAO but as yet there are no prospective studies to document this
observation.

-53 -




NACB: Laboratory Support for the Diagnosis and Monitoring of Thyroid Disease
Laurence M. Demers, Ph.D., F.A.C.B.and Carole A. Spencer Ph.D., F.A.C.B.

9. Future Directions

It is important that a well-structured comparative study of the commercially available thyroid autoantibody
assays be performed. This would provide irrefutable evidence that differences exist in the performance of
current assay methods (296). It would also help to convince clinical laboratory scientists to avoid using
assays that have poor clinical performance and encourage manufacturers to improve their products or drop
them from the market.

Guideline 41. For Manufacturers Developing Thyroid Antibody Tests

[1  Absolute or "gold standard" methods remain a target for the future.

[J The kit package insert should document the methods used to produce the antigen reagents, the assay design
and all experimental conditions affecting the antigen-antibody interactions.

[1 The specificity of the secondary standards should be selected relative to the interactions between the
autoantibodies in patient sera and their specific antigen.

[l TPOAD and TgAb IMAs should be checked for hook effects using ~20 specimens with antibody
concentrations >1,000 kIU/L and ~20 specimens with values above 10,000 kIU/L.

[J TgAb methods should be checked for high antigen (Tg) effects by spiking a range of sera containing low
TgAb concentration to Tg levels >10,000 pg/L (ng/ml) and >100,000 pg/L (ng/ml).
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E. Thyroglobulin (Tg)

Thyroglobulin (Tg), the precursor protein for thyroid hormone synthesis is detectable in the serum of most
normal individuals when a sensitive method is used. The serum Tg level integrates three major factors: (i) the
mass of differentiated thyroid tissue present; (ii) any inflammation or injury to the thyroid gland which causes
the release of Tg; and (iii) the amount of stimulation of the TSH receptor (by TSH, hCG or TRAb). An elevated
serum Tg concentration is a non-specific indicator of thyroid dysfunction. Most patients with elevated serum Tg
have benign thyroid conditions. The primary use of serum Tg measurements is as a tumor marker for patients
carrying a diagnosis of differentiated thyroid cancer (DTC). Approximately two thirds of these patients have an
elevated pre-operative serum Tg level that confirms the tumor’s ability to secrete Tg, and validates the use of
serum Tg measurements as a post-operative tumor marker (307). In contrast, when the pre-operative serum Tg
concentration is not elevated above normal, there is no evidence that the tumor is capable of Tg secretion, and
the value of an undetectable post-operative serum Tg value is less reassuring. In such patients a detectable post-
operative serum Tg could represent a large amount of tumor. In general, changes in serum Tg post-operatively
represent changes in tumor mass, provided that a constant TSH level is maintained with L-T4 therapy.
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Fig 6. Serum Tg responses after rhTSH administration or T3 withdrawal. Data from ref. 308.

A serum Tg measured during TSH stimulation [endogenous TSH or recombinant human TSH (thTSH)] is more
sensitive for detecting residual or metastatic DTC than a basal Tg measurement made during L-T4 treatment
(Figure 6) (308). The magnitude of the serum Tg increase in response to TSH provides a gauge of the TSH
sensitivity of the tumor. Well-differentiated tumors typically display a ~10-fold stimulation of serum Tg in
response to a high TSH (309). Poorly differentiated tumors that do not concentrate iodide may display a blunted
response to TSH stimulation (370).

1. Current Status of Tg Methods

Thyroglobulin is usually measured in serum, but measurements can also been made in thyroid cyst fluids and
material obtained by fine needle biopsy of thyroid nodules (37//). The measurement of Tg in serum is
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technically challenging. Currently, immunometric assays (IMA) are gaining in popularity over
radioimmunoassay (RIA) methods. This is because IMA methods offer the practical advantage of a shorter
incubation time, an extended dynamic range for the assay and a more stable labeled antibody reagent that is less
prone to labeling damage than RIA (37/2). Laboratories can now choose from a range of both isotopic
(immunoradiometric, IRMAs) and nonisotopic, (primarily chemiluminescence, ICMA) IMA methods.
However, IMA methods are more prone to interference by thyroglobulin autoantibodies (TgAb), which cause an
underestimation of serum Tg levels. This has prompted some laboratories to choose RIA methods for measuring
serum Tg in TgAb-positive patients and to restrict the use of IMA methods to TgAb-negative patients only.
However, no method can claim to be totally unaffected by TgAb interference that can cause either an over- or
underestimation of Tg RIA measurements. Apart from the problems with TgAb interference, current Tg IMA
methods are also compromised by differences in standardardization and specificity and generally show poor
sensitivity, sub-optimal between-run precision and the potential for high dose "hook" effects (312).

(a) Standardization

Serum Tg concentrations measured by either RIA or IMA methods, vary widely (3/2,313). A recent
collaborative effort sponsored by the Community Bureau of Reference of the Commission of the European
Communities has developed a new international Tg reference preparation, CRM-457 (298,314). This material
can be obtained from Dr. Christos Profilis, BCR, Rue de la Loi 200, B 1049 Brussels, Belgium.

Guideline 42. For Manufacturers Developing Tg Methods

[J The diluent used for standards should ideally be Tg-free/TgAb-free human serum. Non-serum matrices
should be selected to produce a signal (radioactive counts, relative light units etc) that is identical to Tg-
free/TgAb-free human serum to avoid matrix-related biases.

The bias between different Tg methods may result from differences between the Tg-free matrix used to dilute
standards and patient serum, or differences in the epitope recognition by the different Tg antibodies used by
individual manufacturers. Ideally, the diluent used for standards should be Tg-free/TgAb-free human serum or
alternatively, a non-serum matrix that has been selected to produce a signal (radioactive counts, relative light
units etc) that is identical to Tg-free/TgAb-free human serum. It is critical that physicians be informed before
the laboratory changes its Tg method to allow for a re-baselining of DTC patients.

The widespread adoption of the CRM-457 standard was projected to reduce, but not eliminate the significant
method-to-method variability that exists with this procedure. It was hoped that worldwide standardization
would facilitate better agreement in the literature from different studies as well as improve the clinical use of
serial Tg monitoring of DTC patients who sometimes have serum Tg measurements determined by different
laboratories. Unfortunately, the use of the new CRM-457 standard has not eliminated the problems of between-
method variability as much as initially thought. Currently, serum Tg levels determined by methods that use
CRM-457 standards can differ by as much as four-fold (Figure 7). These method-to-method differences are
greater than the goal for maximum imprecision required for monitoring individual patients (Table 5) and
precludes the interchangeable use of different Tg methods for long-term follow-up of thyroid cancer patients.
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Fig 7. Mean + 2sd values for measuring 20 TgAb-negative normal sera by 10 different Tg methods. Method #1=
Diagnostic Systems Laboratories, Webster, TX, USA; Method #2=University of Southern California RIA, Los
Angeles, CA, USA; RIA #3= Kronus RIA, Boise ID, USA; Method #4= Endocrine Sciences RIA, Calabasas, CA,
USA; Method #5=Nichols Institute Diagnostics ICMA, San Juan Capistrano, CA, USA; Method #6= Endocrine
Sciences ICMA, Calabasas, CA, USA; Method #7=Sanofi Pasteur IRMA, Marnes-La-Coquette, France; Method
#8=Kronus OptiQuant IRMA, Boise ID, USA; Method #9=Brahms DynoTest 1gS IRMA, Berlin, Germany,
Method #10=Diagnostic Products Immulite ICMA, Los Angeles, CA, USA. An asterisk denotes assays claiming
CRM-457 standardization.

Guideline 43. For Laboratories Considering Changing their Tg Method

Select a Tg method on the basis of its performance characteristics not cost or expediency. Before changing the
Tg method the laboratory should consult with physician users and compare results between the old and
proposed new method using specimens from both TgAb-negative and TgAb-positive patients.

[l TgAb-negative patients: If the bias between the old and new method results is > 10%, physicians should be
informed and given sufficient time to re-baseline critical patients.

[l TgAb-positive patients: The laboratory should warn physicians about the likely direction of interference in
the presence of TgAb.

[J If serum Tg values are to be reported for TgAb-positive specimens, an appropriate cautionary comment
should be displayed on each laboratory report:

[l FOR IMA METHODS:

IMA methods may give inappropriately low or underestimate serum Tg levels when TgAb is present.
Undetectable serum Tg results cannot be used to indicate the absence of tumor in a TgAb-positive patient. A
detectable Tg level indicates that Tg is present, but concentrations may be underestimated.

[l FOR RIA METHODS:

RIA methods may give inappropriately higher- or underestimated serum Tg values when TgAb is present
(depending on the method). Detectable serum Tg results should not be used as the sole factor for determining
the presence of residual thyroid tissue or tumor.
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(b) Sensitivity

Some Tg methods are too insensitive to detect the lower euthyroid reference limit that approximates 1-3 pg/L
(ng/mL) (depending on the assay). Methods that are unable to detect Tg in normal sera are usually too
insensitive for monitoring DTC patients for recurrence. As with TSH, Tg assay functional sensitivity is
determined by the 20% CV between-run precision [Section-3 C2]. The protocol used to determine Tg assay
functional sensitivity is the same as described for TSH (Guideline 20) with the three stipulations described in
Guideline 44.

(c) Precision

Both within-run and between-run precision, expressed as percent coefficient of variation (% CV) are important
parameters for validating the performance of a Tg assay. Precision should be established using TgAb-negative
serum pools with target Tg values at three different levels (see Guideline 44).

The within-run precision for immunoassay methods is better than between-run precision as would be expected.
This is because measurements made within a single run are not subject to the variability introduced by using
batches of reagents and different instrument calibrations. Within-run precision may be the more relevant
parameter when assessing the serum Tg response to thTSH stimulation (308). In this setting, a basal and
rhTSH-stimulated specimen are drawn 3 to 5 days apart and usually measured in the same run (Figure 6)
(308,309). In contrast, when using Tg measurement for serial monitoring, the longer the interval between runs
the greater the variability and the worse the between-run precision. Non-human matrices used to determine low-
range precision may produce unrealistic functional sensitivity limits compared with measurements made in
TgAb-free human serum. It is important to establish functional sensitivity and between-run precision from data
spanning a 6 to 12 month period, since this is the typical clinical interval used for monitoring DTC patients.

The suggested goal for maximum imprecision of serum Tg measurements for monitoring patients should be
<5% (Table 5). It is unlikely that current Tg assays can maintain such tight precision over the typical 6 to 12
month time-span used for monitoring DTC patients. This precision problem can be overcome by measuring
archived, stored samples from the patient in the same run as the current specimen (9).

Guideline 44. Tg Assay Functional Sensitivity & Between —Run Precision

Functional sensitivity and between-run precision should be established using the same protocol as for TSH
(Guideline 20) with three important stipulations:

[1  Use human serum pools that contain no TgAb, determined by a sensitive TgAb immunoassay.
[1 Target values are recommended for low, medium and high pools:
Low Pool (used to determine functional sensitivity) should have a serum Tg value that
is 30 to 50 % higher than the expected functional sensitivity (FS) limit.
[If FS = 1.0 pg/L (ng/ml) the low pool target should be 1.3 to 1.5 pg/L (ng/ml)]
Medium Pool target = ~10 pg/L (ng/ml) i.e. close to the mid-normal range.
High Pool target = ~90% of the upper reportable limit suggested by manufacturer.
[1 The test period used for assessing between-run precision should be at least 6 months. This is more
representative of the clinical interval used for monitoring DTC patients than the 6-8 week interval
recommended for TSH in Guideline 20.

(d) High Dose Hook Effect

A high dose hook effect affects primarily IMA methods. Falsely low values due to a “hook effect” are
especially problematic for tumor-marker tests like Tg, because it is not unusual to encounter very high values
when patients have advanced metastatic disease (307,310,315). A hook effect occurs when an excessive amount
of antigen overwhelms the binding capacity of the capture antibody. This results in an inappropriately low
signal that translates into an inappropriately low or paradoxically normal range result for a patient with an
excessively elevated serum Tg concentration (>1000 ug/L (ng/mL)) (312).
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Manufacturers of IMA methods attempt to overcome the hook effect problem by one of two approaches:

» Two-step assay design. The serum specimen is first reacted with the capture antibody before unbound
constituents are washed away and the labeled antibody is introduced, followed by a second incubation.

* Two dilutions (usually undiluted and 1/10) are made for each specimen To detect any “hook”.

A ‘hook” is suspected when the dilution tube has a higher result than the undiluted specimen. Further dilutions
are made until the result in the dilution tube decreases and the serum Tg concentrations of the two dilutions are
in agreement.

Guideline 45. Testing for “Hook” Effects

[J A two-step design is recommended to minimize hook problems. "One-step" assays that are more prone to
hook effects should measure every specimen at two dilutions (undiluted and 1:10) to check for a
discrepancy in the two results.

[J  All assays (two-step or one-step) should be validated for a hook effect before manufacturer release.

[J  To check for a hook effect, measure serial 10-fold dilutions of ~ 20 different TgAb-negative specimens
with serum Tg concentrations above 10,000 ng/L (ng/ml) and ~ 20 different TgAb-negative specimens with
serum Tg values above 100,000 pg/L until parallelism is demonstrated.

(e) Thyroglobulin Autoantibody (TgAb) Interference

Thyroglobulin autoantibodies (TgAb) are detected in a higher percentage of DTC patients than the general
population (~20 versus ~10 %, respectively) (276). Serial serum TgAb measurements may be an independent
prognostic indicator of the efficacy of treatment for, or recurrence of, DTC in TgAb-positive patients (276-
278,316). Any TgAb present in the specimen has the potential to interfere with any Tg method (3/7,318).
Because TgAb is heterogeneous, neither the measured TgAb concentration nor an exogenous Tg recovery test is
100% reliable for predicting whether the TgAb in a specimen will cause interference (276,317,318)). Probably
the most reliable hallmark of TgAb interference is the presence of RIA/IMA discordance. Specifically, Tg
measured by RIA is typically higher than Tg measured by IMA if the specimen contains interfering TgAb
(276,309). There is now consensus that Tg recovery tests are an unreliable approach for detecting TgAb and
should be eliminated (276,318). Early studies that reported low recoveries in the absence of TgAb in some sera
were flawed by the insensitivity of early TgAb methods. When a sensitive immunoassay is used, TgAb is
always detected when recovery is low.

Non-competitive immunometric assay (IMA) methods appear to be more prone to TgAb interference than RIA
methods, as evidenced by the finding of undetectable Tg values in Graves disease subjects (3/9,318). It appears
that IMAs fail to quantify the Tg that is complexed with TgAb in some cases, and this can result in an
underestimation of the total Tg concentration. In contrast, RIA methods appear capable of quantifying both the
free and TgAb-bound Tg moieties in the specimen, and typically produce higher values than IMA methods
when TgAb is present (276,309). The sensitivity and specificity of different TgAb tests is highly variable
[Section-3 D6(b)]. It is essential that the TgAb measurement be made by the laboratory performing the Tg
testing because that laboratory is responsible for selecting the TgAb method most suited for detecting TgAb
interference with the Tg methods it uses.

When serum containing TgAb are measured by both an RIA and IMA method, an RIA:IMA discordance [Tg
RIA = >2 pg/L (ng/mL): Tg IMA = undetectable] is frequently observed. This discordance appears to
characterize TgAb interference with one or both classes of method. Since the current threshold for a positive
rhTSH-stimulated Tg response is 2 pg/L (ng/mL), this degree of discordance has the potential to influence
clinical decision-making (308). Some believe that RIA measurements produce more clinically valid serum Tg
results for TgAb-positive patients than IMA measurements, as judged by correlations with clinical status and
parallellism with serial TgAb measurements (276,320). However, it should be stressed that no RIA method is
immune to TgAb interference in all TgAb-positive sera and the influence of TgAb on different RIA methods is
quite variable and relates to the assay components and incubation conditions. Specifically, the quality of the
'_Tg tracer, together with the specificity of the Tg polyclonal antibody reagent, determines the propensity of
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the method for TgAb interference (275,321,322).

Guideline 46. TgAb Interference and Recovery Tests

[1 Recovery tests do not reliably detect TgAb and should be discouraged and eliminated. Previous studies
have shown that low recoveries are sometimes seen in the absence of TgAb were flawed by the
insensitivity of early TgAb methods. When sensitive immunoassays are used, TgAb can always be detected
when recovery is low.

[J Discordance between IMA and RIA Tg measurements for TgAb-positive specimens suggests TgAb
interference (if values are typically concordant for TgAb-negative specimens).

[J Laboratories should not report undetectable serum Tg values for TgAb-positive patients if the method
produces inappropriately low or undetectable serum Tg values for TgAb-positive DTC patients with
documented disease.

Although no current Tg method is guaranteed free from interference by TgAb, the underestimation of serum Tg
concentrations typical of TgAb interference with IMA methodology is the most serious direction of
interference, since underestimation has the potential to mask metastatic disease. It follows that laboratories
should not report undetectable serum Tg values for TgAb-positive patients if that method produces
inappropriately low or undetectable serum Tg values for TgAb-positive DTC patients with documented disease.

Guideline 47. For Manufacturers and Laboratories

Tg method package inserts should cite realistic performance characteristics for the method (i.e. performance
that can be reproduced across a range of clinical laboratories).

[] Assays should be standardized against the CRM-457 reference preparation. Assays not standardized against
CRM-457 should provide a correction factor.

[J The mean Tg level and the 2sd limits of the reference range for TgAb-negative normal euthyroid subjects
(established using Guideline 48) should be cited in all publications to allow comparison of absolute values.

[J  Assays that cannot detect Tg in all normal sera have suboptimal sensitivity for monitoring DTC patients.

[J The matrix used to dilute the standards should be checked for bias (Guideline 42).

[1 Functional sensitivity and within and between-run precision should be established using the protocols
described in Guideline 44.

[1 TgAb interference should be assessed by checking for RIA:IMA discordances in TgAb-positive sera [TgAb
levels 100 to >1000 kIU/L (IU/ml)].

[] TgAb immunoassay measurements and not exogenous Tg recovery studies should be used to detect TgAb
interference (see Guideline 46).

[J  Serum Tg values for TgAb-positive specimens should not be reported if the method gives inappropriately
undetectable values in TgAb-positive DTC patients with documented disease.

2. Tg Messenger RNA (mRNA) Testing

The clinical value of Tg mRNA measurements in peripheral blood has yet to be established. Before Tg mRNA
testing can be used to facilitate the therapeutic decision-making for DTC, questions regarding the sensitivity and
tissue specificity of Tg mRNA in peripheral blood need to be resolved (323-325).

Reverse transcriptase-polymerase chain reaction (RT-PCR) amplification of tissue specific mRNA has been
used to detect circulating cancer cells in the peripheral blood of patients with melanoma, prostate and breast
malignancies (326-328). The availability of Tg-specific primers now allows the application of this technique to
the detection of Tg mRNA transcripts in blood. The use of RT-PCR to detect recurrent thyroid cancer was first
reported in 1996 (329). Subsequently, the technique has been applied to cervical lymph node metastases and has
been found to be more sensitive than the measurement of Tg in the aspirate (330).

A number of groups have now developed quantitative RT-PCR methods to detect Tg mRNA transcripts in
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blood (323-325,331-333)). These studies generally find detectable Tg mRNA in all normal subjects but with a
poor correlation with serum Tg as measured by immunoassay (33/,332). The correlation between Tg mRNA
and tumor burden also differs. Some studies have reported that the amount of Tg mRNA correlates with the
presence or absence of metastases while others report no such correlation (324,331,333). These discrepancies
likely reflect differences in the sensitivity and specificity of the Tg primers and RT-PCR systems used,
differences in the sensitivity of the imaging techniques and Tg immunoassays used as well as differences in the
TSH status of the patient. Specificity problems (false positives) are a recognized limitation of RT-PCR
methodology (328,334). Further studies are needed to determine whether the detectable Tg mRNA levels
reported for athyreotic patients without known metastases reflect clinically occult disease, assay artifact or
illegitimate transcription.

The correlation between Tg mRNA test results and clinical recurrence, especially in patients with positive Tg
mRNA and undetectable serum Tg levels, would need to be shown before the Tg mRNA test becomes widely
used in clinical practice. Since the Tg mRNA test is more expensive than a serum Tg measurement, it is likely
that if Tg mRNA measurements are shown to be clinically useful, these tests will be reserved for high-risk or
TgAb-positive patients in whom serum Tg measurements are diagnostically unreliable.

3. Serum Tg Reference Values

(a) Normal Euthyroid Subjects

Serum Tg concentrations are log-normally distributed in euthyroid individuals. Values tend to be slightly higher
in women, but gender-related reference ranges are unnecessary (335). Cigarette smoking is a factor associated
with goiter and higher serum Tg values (336). Tg reference ranges are geographically sensitive, since serum Tg
is influenced by iodide availability and intake (337,338). Subject selection for the normal cohort for Tg
reference range evaluation should have the following exclusion criteria:

Goiter

Cigarette smoking

Personal or family history of thyroid disease

Presence of thyroid autoantibodies (TgAb and/or TPOADb)
Serum TSH < 0.5 mU/L or >2.0 mU/L

I B A |

(b) Serum Tg Values following Thyroid Surgery

As indicated by Guideline 48, the Tg reference interval cited on laboratory reports does not apply to patients
who have had thyroid surgery! In the first few weeks after surgery, the serum Tg will be determined by the
completeness of the surgery, the degree of leakage of Tg from the surgical margins, and most importantly
whether thyroid hormone has been given to prevent the expected rise in TSH. In fact, the serum TSH
concentration is such a powerful modulator of the serum Tg level that it is usually necessary to know the TSH
status of the patient before assessing the significance of any serum Tg measurement.

In the early weeks following thyroidectomy, serum Tg concentrations typically fall with a half-life
approximating 2-4 days, when thyroid hormone administration prevents TSH from rising (340,341). In this
setting, the relationship between the pre-operative and 6-8 week post-operative serum Tg values can provide
information that could influence the treatment plan. During long-term monitoring, serum Tg concentrations
measured on and off L-T4 treatment (low or high TSH, respectively) provide different information. The pattern
of change in serum Tg values (on L-T4 treatment) is a better indicator of a change in tumor burden than any
single serum Tg value (122). The serum Tg concentration during L-T4 treatment is a more stable indicator of
tumor mass than a serum Tg measured when the TSH is high (L-T4 withdrawal or rhTSH administration) prior
to a radioiodine (RAI) scan. This is because the magnitude of the TSH-stimulated serum Tg elevation is
influenced by the extent and chronicity of the TSH elevation, which can vary from scan to scan. However, as
shown in Figure 6, because TSH usually stimulates serum Tg more than five-fold, TSH-stimulated serum Tg
measurements are more sensitive for detecting disease confined to the neck, than serum Tg levels measured
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during TSH suppression (308,309). The magnitude of the TSH-stimulated serum Tg response provides a gauge
of the TSH sensitivity of the tumor. Poorly differentiated metastatic tumors that are RAI-scan negative have
blunted (less than three-fold) TSH-stimulated serum Tg responses (310).

Guideline 48. Serum Tg Normal Reference Intervals

[J Tg reference ranges should be determined locally because serum Tg concentrations are influenced by
iodide intake:

Countries with adequate iodide intake: The serum Tg reference interval for a TgAb-negative euthyroid

population using CRM-457-standards approximates 3 to 40 ug/L (ng/ml).

Countries manifesting iodide deficiency: The population mean Tg value and the upper Tg reference limit may

be elevated relative to the degree of iodide deficiency.

[1 Laboratories should validate their Tg normal reference interval independent of the manufacturer.

[l Tg reference ranges should be established from the log transformed values of 120 normal, non-smoking,
euthyroid (TSH 0.5 to 2.0 mIU/L) subjects less than 40 years of age with no personal or family history of
thyroid disease and with no evidence of TgAb or TPOAD.

[J It is misleading to cite the normal euthyroid reference range when reporting serum Tg values for
thyroidectomized DTC patients. Reference values should be related to the euthyroid reference limits for the
method, the thyroid mass and TSH status.

For example, the reference ranges below would be appropriate for a Tg method with a euthyroid reference
range of 3-40 ug/L (ng/ml):

Tg ng/L (ng/ml) Condition
3-40 Normal thyroid gland reference (TSH 0.4-4.0 mIU/L)
1.5-20 Normal thyroid gland reference (TSH <0.1 mIU/L)
<10 Thyroid lobectomy (TSH < 0.1 mIU/L)
<2 Near-total thyroidectomy (TSH < 0.1 mIU/L)

4. Clinical Uses of Serum Tg Measurement

The serum Tg concentration reflects thyroid mass, thyroid injury and TSH receptor stimulation (722). It follows
that an elevated serum Tg is a non-specific finding associated with virtually any thyroid pathology.

(a) Non-Neoplastic Conditions

Serum Tg is elevated when patients have a goiter or in most hyperthyroid conditions. A low serum Tg
concentration can be a useful parameter for confirming the diagnosis of thyrotoxicosis factitia and/or
investigating the etiology of congenital hypothyroidism (342,343).

Guideline 49. Serum Tg Measurement for Non-Neoplastic Conditions

Abnormally high serum Tg concentrations result from abnormalities in thyroid mass, excessive thyroidal
stimulation, or physical damage to the thyroid secondary to surgery, FNA or thyroiditis.. Serum Tg
measurements are useful:

[1  For diagnosing thyrotoxicosis factitia which is characterized by a non-elevated serum Tg.

[J To investigate the etiology of congenital hypothyroidism in infants detected by neonatal screening.

[J To assess the activity of inflammatory thyroiditis, eg subacute thyroiditis, or amiodarone-induced
thyroiditis.

Serum Tg measurements are also sometimes useful to confirm a past history of thyroiditis, in which the serum
Tg concentration is typically the last biochemical parameter to normalize (up to 2 years) (344). Recent studies
propose the use of serum Tg measurement as a parameter to reflect the iodide status in a given population
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(337.338).

(b) Differentiated Thyroid Carcinomas (DTC)

In the setting of DTC, the serum Tg concentration reflects thyroid mass (tumor or normal remnant), thyroid
injury (surgery or FNA) and TSH receptor stimulation (endogenous or thTSH) (/22). Since the TSH level is a
major regulator of serum Tg concentrations, it is difficult to interpret serum Tg values without knowing the
TSH status of the patient. Although there is no “normal Tg reference range” for treated DTC patients, the
normal relationship between thyroid mass and serum Tg provides an important reference point. Specifically,
one gram of normal thyroid tissue releases ~1 pg/L (ng/mL) Tg into the circulation when the serum TSH is
normal and ~0.5 pg/L (ng/mL) when the serum TSH is suppressed below 0.1 mU/L.

Guideline 50. Serum Tg Measurements for Differentiated Thyroid Carcinoma (DTC)
TgAb-Negative patients:

[l Pre-operative serum values (drawn before or >2 weeks after FNA) are useful for determining the Tg-
secretion capacity of the tumor.

[] The acute post-operative decline in serum Tg reflects the completeness of surgery with the serum Tg half-
life of 3-4 days. (If thyroid hormone is given to prevent a rise in TSH).

[J There is no “normal range” for a thyroidectomized patient! Completely athyreotic patients should have no
Tg detectable in their serum, even if the TSH is elevated.

[1 Useful reference point: one gram of normal thyroid tissue releases ~ 1 pg/L (ng/ml) Tg into the serum
when TSH is normal, and ~0.5 ug/L (ng/ml) when TSH is suppressed < 0.1 mU/L.

[J When serum Tg is detectable during L-T4 treatment (stable TSH), changes in tumor burden can be
monitored by serial serum Tg measurements without thyroid hormone withdrawal or thTSH.

[J When serum Tg is undetectable during L-T4 treatment (and TgAb is absent) a TSH-stimulated serum Tg is
more sensitive for detecting disease localized to the neck than serum Tg measured during TSH suppression.

[1 There is typically a >5-fold increase in serum Tg above basal L-T4 Rx. values following TSH stimulation
(endogenous or thTSH). Paired studies show that rhTSH-stimulated Tg responses are approximately half
those seen with endogenous TSH following thyroid hormone withdrawal.

TgAb-Positive Patients:

[1  Typically display blunted or absent TSH-stimulated serum Tg responses.
[1  Serial TgAb measurements (by immunoassay) are valuable as a surrogate tumor marker test

(i) Pre-operative Serum Tg

Some thyroid tumors lack the ability to secrete thyroglobulin. An elevated pre-operative serum Tg level is seen
in 2/3 of patients with DTC indicating that their tumors have the capacity for Tg secretion and by inference,
post-operative serum Tg monitoring can be used clinically in these patients (307). This information is key to the
interpretation of post-operative serum Tg results. If the pre-operative serum Tg level is within normal limits, an
undetectable post-operative serum Tg value is less reassuring because it is unclear whether the tumor originally
secreted Tg. The sensitivity of post-operative serum Tg monitoring for detecting recurrence will be highest
when the tumor is relatively small (<2cm diameter) and the pre-operative serum Tg value is high. (Note: pre-
operative specimens should be drawn before FNA, and held to await the cytologic diagnosis, or can be drawn
>2 weeks following FNA.)

(ii) Serum Tg Measurement 1-2 months after Thyroid Surgery
Following thyroid surgery, serum Tg concentrations fall rapidly with a half-life of ~2-4 days (340). Any Tg
released from surgical margins should largely resolve within the first two-month period after surgery. During

this time TSH will be the dominant influence on the serum Tg level. If thyroid hormone therapy is initiated
immediately after surgery to prevent the rise in TSH, the serum Tg concentration will decline to a level that
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reflects the size of the normal thyroid remnant plus any residual or metastatic tumor. Since the thyroid remnant
left after near-total thyroidectomy typically approximates 2 grams of tissue, a serum Tg concentration < 2 pg/L
(ng/mL) is expected when the patient has undergone successful near-total thyroidectomy and has serum TSH
maintained below 0.1 mU/L.

(iii) Serum Tg Measurement during Long-term Monitoring on L-T4 Rx.

When the TSH level is stable during L-T4 therapy, any change in the serum Tg level will reflect a change in
tumor mass. Clinical recurrence in tumors judged to be “poor Tg secretors” (normal range pre-operative Tg
value) may be associated with low or undetectable post-operative serum Tg values. In contrast, recurrence of
tumors considered as “good Tg secretors” (elevated pre-operative Tg values) is usually associated with a
progressive rise in serum Tg (122). The pattern of serial serum Tg measurements, made when the patient has a
stable TSH, is more clinically useful than an isolated Tg value. However, it is possible to interpret the
significance of an isolated Tg value by knowing the normal reference range of the Tg assay, the extent of
thyroid surgery and the serum TSH level (at steady state), as shown in Figure 8.

Serum Tg NORMAL SUBJECTS DTC PATIENTS
- T
(ng/fmL) ]
401 - 40
MNormal ]
Mean —»]135 20
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] -4—<10
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Fig 8. Expected serum Tg values relative to thyroid mass and TSH status. (For methods with a different normal
reference range than shown in Figure 8, adjust the absolute values by applying a correction factor based on the
mean normal value of the method. (i.e. for methods with a mean normal value of 6.2 ug/L (ng/mL) correct the
values shown by 50%).

Assumptions:

No recent thyroid injury (surgery or FNA )

Using Guideline 48, euthyroid normal control mean Tg = 13.5, range 3-40 (2sd) ug/L (ng/mL)

Mass of normal thyroid tissue = 10-15 grams

One gram of normal thyroid tissue produces ~1ug/L (ng/mL) Tg in serum @normal TSH

One gram of normal thyroid tissue produces ~0.5ug/L (ng/mL) Tg @ TSH < 0.1 mIU/L

Oooood

(iv) Serum Tg Responses to TSH Stimulation

The magnitude of the rise in serum Tg in response to either endogenous TSH (thyroid hormone withdrawal) or
recombinant human TSH (thTSH) administration, provides a gauge of the TSH sensitivity of the tumor
(308,309). Typically, TSH stimulation of normal thyroid remnants or a well-differentiated tumor produces a >3-
fold increase in serum Tg above basal (TSH-suppressed) levels, in TgAb-negative patients (Figure 6). The
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serum Tg response to an endogenous TSH rise is typically greater than for thTSH (308,345). Moreover, poorly
differentiated tumors, display a blunted (< 3-fold) increase in serum Tg in response to TSH stimulation (3/0). It
should be noted that TgAb-positive patients typically show a blunted or absent thTSH-stimulated Tg response
by most assays, even when the basal serum Tg concentration is detectable.
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F. Calcitonin (CT) and RET Proto-oncogene

Medullary carcinoma of the thyroid (MTC) arises from a malignant transformation of the parafollicular C cells
of the thyroid and accounts for ~5-8% of all cases of thyroid cancer. Approximately 75% are sporadic in
presentation and 25% are hereditary (9,11,347). In a study of thyroid nodules, the prevalence of MTC is
reported as 0.57% (348). The behavior and management of MTC differs from that of well-differentiated
follicular-derived thyroid carcinomas (346). The inherited forms of MTC come under the heading of multiple
endocrine neoplasia (MEN) types 2A and 2B. These are autosomal dominant inherited multiglandular
syndromes with age-related penetrance and variable expression. Familial MTC (FMTC) is characterized by the
occurrence of MTC without any associated endocrinopathy. In 1993, genetic mutations in the RET proto-
oncogene were discovered (349,350). The gene responsible for these diseases is known to be located on the
chromosome sub-band 10q11.2. The phenotypic expressions of inherited MEN are summarized in Table 7.

1. Detection of MTC by Measuring Serum Calcitonin (CT)

(a) Calcitonin Biosynthesis

The CALC-1 gene encoding human CT is located on the tip of the short arm of chromosome 11 (11p15.3-15.5).
Although the parafollicular C cells of the thyroid gland are the dominant source of circulating mature CT,
several other categories of neuroendocrine cells besides the thyroid normally contain and secrete CT.

Mature CT is a 32-amino-acid polypeptide with a disulfide bridge and a carboxyterminal proline amide that
play functionally important roles in mature CT (350). As shown in Figure 9, mature CT results from the post-
translational modification of a larger 141 amino-acid precursor (preprocalcitonin) within the parafollicular C
cells. Preprocalcitonin first undergoes cleavage of a signal peptide to form procalcitonin (proCT), a prohormone
consisting of 116 amino-acid residues. At the proCT amino-terminus there is a 57-amino-acid peptide, called
aminoproCT (or PAS-57), and at the carboxyl terminus, there is a 21 amino-acid peptide called calcitonin
carboxyterminal peptide-1 (CCP-1 or Katacalcin). The immature CT peptide consisting of 33 aminoacids is
located centrally within the ProCT molecule. The mature, active, 32 aminoacid CT (which includes an amidated
proline at its carboxyterminus) is produced from immature CT by the enzyme peptidylglycine-amidating mono-
oxidase (PAM).

(b) Calcitonin (CT) Methods

Until 1988, CT assay methods were primarily based on radioimmunoassay involving the use of polyclonal
antibodies that recognised both the mature CT monomer and other circulating forms (precursors and
degradation products). These earlier assays lacked specificity and sensitivity. Since 1988, improvements with
new immunometric techniques based on the use of monoclonal antibodies (one of which recognises the N-
terminal region and the other the C-terminal region) has allowed for the development of more specific and
sensitive assays that detect the mature-32 amino-acid monomer of CT. Currently two-site immunometric assays
detect CT in fasting plasma samples in 83% of healthy men and 46% of healthy women (357/-353). The CT
values produced by different methods can differ, however leading to difficulties in the interpretation of CT
results. It is important for physicians to recognize that inter-method differences do exist and can play a role in
the proper interpretation and use of CT for the diagnosis and management of MCT.

(c) Basal Calcitonin (CT) Values

Basal CT values were found to be a diagnostically useful marker for MTC in 1968 (354). Currently two-site
IMAs, specific to mature CT, typically report CT levels below 10 ng/L (pg/ml) for all normal healthy controls
and 90 % of patients with thyroid abnormalities, other than MTC (348,355-357).
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Table 7. MEN Disease Phenotypes

|PHENDTTPE CLINICAL FEATURES
Llechall ary thyroid Carcinorma (WTC) 100%:
FPheochrornocytorma a-fAl%,
MEM2A o ;
Hotalzia =5
LITC 100%:
Pheochroraocytorna S0%
MENZE Mlarfannic Habitus 100%
(5%) Iucosal newrornas and ganghonne wromatoms 100%
of the gut
FMTC LITC 100%:
(35%4)

PEEFROCALCITONIN (141 anuno acids)
‘ PROCALCITONIN (110 amino acids) %

- I K R | G —K—K—R{___}CO0H
Rl

Signal AminaproCT immature CT

Sequenre / ; \

NHy [ —R NHo Y 6 KK R { |-COCH

AmmopoCT CCR
(57 amino acids) 2] amino acads)
O H O
él |
—MN—CHL —OH
mmature CT
(33 amino acuds)
\j # 0 A
NHo- [I]-COoH NHp d NHp- [ ].COOH
AmmopmCT mahue CT matre CCP-1

(37 amino acuds)

Fig 9. Post Transcriptional Calcitonin Maturation
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Guideline 51. Calcitonin (CT) Assays

[l Mature (32 amino acid) CT is the principal tumor marker for MTC.

[1  CT measurements used for the diagnosis of MTC and for monitoring purposes should be performed using
two-site immunometric assays that are specific for the mature 32 amino acid monomer of CT.

[1 Currently, the lower normal threshold for CT is generally accepted as being under 10 pg/ml (ng/L).

[]  Asnew, more sensitive CT kits become available, the lower CT threshold should be redefined.

Patients with micro or macro forms of MTC (sporadic or familial form) have elevated CT levels that correlate
with the tumor mass (358). Hyperplasia of the C cells (HCC) is the earliest histologic finding prior to the
development of a microcarcinoma, when patients present with MEN2. HCC appears soon after birth, and at this
stage in the disease, the basal CT levels can be normal. A normal CT result therefore cannot rule out C-cell
pathology at its earliest stages.

(d) Provocative Calcitonin-Stimulation Tests Used for Diagnosing MTC

Provocative stimuli, such as calcium and pentagastrin (Pg) and when Pg is unavailable, omeprazole, have been
used to expose C-cell abnormalities, since they induce an increase in the CT level at all stages of MTC (359-
364)). One advantage of these tests is that they are able to detect HCC before MTC appears in earnest. In
countries like the United States where genetic testing is readily available, surgery for gene carriers is based on
genetic testing alone and provocative tests are rarely used. In some countries Pg has become difficult to obtain
and the majority of surgeries are now performed based on genetic testing alone. Provocative tests are usually

employed:
[l To confirm the diagnosis of MTC preoperatively when basal CT levels are only mildly elevated (less than
100 pg/ml).

[J  To detect C-cell disease in RET-positive gene carriers

[J  For pre-surgical monitoring of RET-positive children

[J  For post-operative monitoring for tumor recurrence
When genetic testing is not readily available

Guideline 52. Clinical Utility of Serum CT Measurements for Diagnosing MTC

[1 Calcitonin (CT) measurements are method-dependent. This can impact the interpretation of CT results.

[] Increased levels of calcitonin in the serum can be seen for patients with autoimmune thyroid diseases
(Hashimoto’s thyroiditis or Graves’ disease).

[l Hyperplasia of the C cells (HCC) is the earliest histological finding prior to the development of a
microcarcinoma. A non-elevated CT may be seen with HCC in the earliest stages of developing MTC.

[J  Arise in serum CT levels above 10 pg/ml (ng/L) suggests early MTC at the microcarcinoma stage

[1 There is a positive correlation between CT levels and tumor mass.

(i) Pentagastrin (Pg) Stimulation Test

The Pg stimulation test has been widely used for the diagnosis of MTC but is not readily available in many
countries (359,365). The Pg test consists of an I.V. infusion of Pg (0.5ug/kg/body weight) over 5 seconds. Slow
administration of Pg reduces transient side effects (nausea, vomiting, substernal tightness, flushing, and tingling
of the extremities) and improves patient tolerance of the test. Blood samples are drawn at baseline and 1, 2, 5
and sometimes 10 minutes after starting the infusion.

The results and interpretation of Pg-stimulated CT values are tabulated in Table 8. The Pg-stimulated peak in
CT is typically less than 10 ng/L (pg/ml) in 80% of healthy adult volunteers, and under 30 ng/L (pg/ml) for 95%
of the general population. Normal men exhibit higher values than women. A positive test [CT peak response
greater than 100 ng/L (pg/ml)] suggests the presence of MTC. When patients have the familial mutation
responsible for MEN 2, a peak between 30 and 100 ng/L (pg/ml) is typically seen and suggests HCC or a
microcarcinoma. Although a Pg-induced increase in CT of less than 100 ng/L (pg/ml) is known to occur in
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adults with thyroid abnormalities other than MTC (see Table 9) no such results have ever been obtained in
children under 12 years of age not bearing the RET mutation (366). The absence of an increase in CT in a young
individual bearing the RET mutation does not rule out the possibility that MTC can occur at an older age.

Table 8. Interpretation of the Pentagastrin (Pg) Test

# CT ng/L (pg/mL) Interpretation

1 CT Peak <10 Normal (80% of adults)

3 CT Peak >30 <50 5% of normal adults

4 CT Peak >50 <100 Possible CMT or other thyroid pathologies

5 CT Peak >100 Probable CMT

6 Basal or post Pg CT value > 10 pg/ml C-cell pathology or residual tissue in MEN 2
patients and MTC after surgery

The best age to test for a C cell pathology in children bearing the RET mutation for MEN 2 with the Pg
stimulation test has not yet been established. It varies with the type of mutation and the type of MEN 2 present
in these families (367,368). Hence, young carriers of the mutation with normal basal levels of CT should have
genetic or stimulation testing performed as early as possible post-natally for MEN 2B, and at 2 years of age for
MEN 2A. However, it should be stressed that high CT levels are normally found in neonates followed by an
age-related decline from birth to about one year of age; no data is yet available on this age-group as far as
stimulation testing is concerned (369). This test should be repeated at least once a year until it becomes
positive, at which time a total thyroidectomy should be performed. Given the prognosis of MTC, the low
tolerance to a Pg test, and the psychological implications for the family, some physicians prefer not to repeat the
Pg test until it becomes positive and opt to perform a thyroidectomy on all 4 to 5 year old carriers of the RET
mutation.

(ii) Calcium Stimulation Test

This test consists of administering 2.5 mg/kg of calcium gluconate intravenously over 30 seconds. Blood
samples are drawn at baseline and again at 1, 2 and 5 minutes after the calcium infusion. C-cell hyperplasia is
suspected if the plasma CT level rises above 100 ng/L. No important adverse effects have been observed with
this test, with the exception of a mild and transient generalized sensation of warmth. Calcium infusions have
been reported to be less sensitive than the Pg test for the diagnosis of MTC (370-372). Furthermore, this test has
not been evaluated using a CT assay specific for the mature CT monomer, and thus needs to be re-evaluated. It
has been reported that calcium infusion combined with Pg test enhances the sensitivity of the Pg test (359).

(e) Basal and Post-Stimulated CT Levels in the Follow-Up of Surgery Patients

After a thyroidectomy, serum CT measurements are the accepted tumor marker for detecting residual thyroid
tissue or metastases. A detectable basal or post Pg stimulated CT level constitutes proof that there is some
residual tumor tissue present (373,374).

Guideline 53. Postoperative Follow-up of MTC

(1 Serum CT and CEA should be measured just prior to, and 6 months after, surgery for MTC. Serum CT
levels fall slowly in some patients. The first post-operative CT measurement should not be made until 2
weeks after surgery.

[1 The presence of residual tissue or a recurrence of MTC can only be ruled out if both basal and post
pentagastrin or calcium-stimulated CT levels are undetectable.
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In view of the variations in the rate of disappearance of serum calcitonin, the first post-operative control sample should
be taken at least 2 weeks after surgery (375). It should be noted that carcino-embryonic antigen (CEA) is also
measured along with CT to detect the recurrence of MTC. In addition, CEA appears to be a useful marker of MTC de-
differentiation, and is indicative of a poor prognosis.

(f) Elevated Calcitonin Levels in Conditions other than MTC

As shown in Table 9, elevated calcitonin levels have also been observed in other pathologies besides MTC and
neuroendocrine tumors. Increased serum calcitonin release occurs with autoimmune thyroid diseases
(Hashimoto’s thyroiditis or Graves’ disease) (376-378). Non-thyroid conditions where elevated CT has been
noted include severe renal insufficiency, hypercalcemia and hypergastrinemia, acute pulmonary inflammatory
conditions and other local or general forms of sepsis (Biermer’s disease, iatrogenic disorders, etc.) (379-381).

Since, in some cases the elevated CT levels were detected by polyclonal RIA, these reports require confirmation
using the current monoclonal antibody based assays that are more specific for mature CT. Studies using
specific antiserum raised against ProCT, CT and CCP-1, in conjunction with HPLC and gel filtration, have
shown that patients with an elevated calcitonin associated with a non-thyroid condition have markedly increased
serum levels of intact ProCT, and to a lesser extent the un-cleaved form, CT-CCP-1. These patients usually
have normal or only minimally elevated levels of mature CT. Using epitope-specific antiserum and isolation
techniques, it has been shown that tumors other than MTC can secrete large amounts of mature CT and various
CT precursors (382). This can be seen with various neuroendocrine tumors, especially small cell lung cancer
and bronchial carcinoid. However, only a slight increase in the CT level, if any, is observed after the Pg test
when patients with these neuroendocrine tumors are tested (383). C-cell hyperplasia occurs in lymphocytic
thyroiditis and some patients with differentiated thyroid cancer (384-386). This HCC may be responsible for a
slightly elevated mature CT level and for the increased CT response observed with the Pg test.

Table 9. Conditions with Elevated Calcitonin other than MTC

Neuroendocrine tumors Lung small cell carcinoma, bronchial and
intestinal carcinoid, all neuroendocrine
tumors

Benign C-cell Hyperplasia (HCC) Autoimmune thyroid diseases
Differentiated thyroid cancer

Other diseases Kidney disease
Hypergastrinemia
Hypercalcemia

2. Detection of MTC by Measuring the RET Proto-oncogene

Until 1987, the only method available for detecting subjects at risk for MTC was to perform repeated stimulated
CT measurements on family members of MTC patients. The subsequent identification of the locus 10q11.2
responsible for MEN 2 on chromosome 10 then made it possible to detect at-risk subjects by genetic screening
(378). It has now been established that several types of mutations on chromosome 10 can activate the proto-
oncogene RET, that is responsible for MEN 2 (349,350). This now allows physicians to screen for the condition
before the first biological signs appear. Currently in many developed countries, genetic studies are the first line
approach for this diagnosis. For accurate disease prediction however, it is necessary that positive genetic
screening results be followed with an exhaustive survey of both the healthy and affected members of the family.

The RET gene is a 21 exon gene that encodes a membrane tyrosine kinase receptor. This membrane-associated
receptor is characterized by a cadherin-like region in the extra-cellular domain, a cysteine-rich region
immediately external to the membrane and an intracellular tyrosine kinase domain. As shown in Figure 10, the
mutations described so far in MEN2 are located in exons 8, 10, 11, 13, 14, 15 and 16 (368,387-391).

(a) Genetic Screening for MEN 2 Diagnosis
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MEN?2 is an autosomal, dominant familial disease, caused by the activation of missense mutations in the RET
proto-oncogene (349). Approximately 75% of all MTCs are sporadic and solitary in origin. In 44% of such
tumors, a somatic mutation at codon 918 is present (392). Screening must be performed on all collateral family
members, ancestors and descendants of the index case, and then all of the descendants of members known to be
affected. The screening is based on the identification of a proto-oncogene RET genomic mutation using
genomic DNA sequence analysis of the index case and on a systematic search for this mutation in all the
potentially affected members of the family (Figure 11) (393,394).

609 630 768 504
Dagic 6ll 631 7N 844 B
532 6I8 791
620
MEN 2A
Duplic
634
sa 635 804
636
611 MEN 2B
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620 7N F04 9I8
791 /806 883 922
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Fig 10. Most common RET proto-oncogene mutations

To date, five mutations of the RET gene are present in 97% of all cases of MEN2 (Figure 10). Mutations responsible for
MEN 2A mainly affect the cysteine-rich extracellular domain, each converting a cysteine into another amino acid.
Mutations also occur in the cysteine codons 609, 611, 618 and 620 of exon 10 and cysteine codon 634 (368,378). Familial
Medullary Thyroid Carcinoma (FMTC) is most frequently associated with mutations in the cysteine codons in exon 10 as
well as codons 768 and 804 in exons 13 and 14 (368). Most (87 %) of the mutations in codon 634 in exon 11 are associated
with the multiple organ manifestations of MEN 2A (MTC, pheochromocytoma, and hyperparathyroidism) (9,378).

MEN 2B-associated tumors are caused by mutations in the intracellular TK2 domain. Most (97%) MEN 2B
cases involve amino acid 918 in exon 16 with a methionine converted into a threonine. These often occur as
new (de novo) germline mutations (395). A minority (5%) of MEN2B mutations affect amino acid 883 in exon
15 or 922 (378,394). A correlation between phenotype and genotype suggests that in FMTC patients with non-
cysteine RET mutations, the onset of C-cell disease is delayed to later in life compared to patients with classical
RET mutations in exon 10 (368,396).

Guideline 54. Genetic Risk of MTC

[l In MEN 2 kindred 50% of the family members are potentially affected by the disease.

[1  Almost all patients bearing RET mutations will develop MTC. (Note: inactivating mutations of the ret gene
also cause Hirschsprung’s disease).

(1 5-10% of sporadic MTC have been found to carry germline RET mutations. Therefore RET analysis is
justified in all patients with apparently sporadic MTC.
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Figure 11. Diagnosis/Treatment Algorithm for MTC

When a mutation has been identified in a family, one can be certain that family members and their descendants not bearing
the mutation are free of the pathology. Conversely, the subjects bearing the mutation have the pathology and will require
surgical treatment to manage, or prevent the development of disease (Figure 11). If no genomic mutation is identified in the
index case, as is the case in less than 3% of MEN 2A and 5% of FMTC, linkage analysis can be used to predict the risk
level for the family members. If no predictions of this kind are possible because of the genealogy of the family, the
detection of disease will have to be carried out by repeated clinical studies and specific biological tests at appropriate
intervals.
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G. Urinary lodine Measurement

An adequate dietary intake of iodine is required for normal thyroid gland hormone production and to maintain a
euthyroid state. It follows therefore that the measurement of iodine intake from foodstuffs or medications has
clinical relevance. In the clinical laboratory, iodine measurements are used primarily for epidemiological
studies or for research (3). To date, the major application of iodine analysis is to assess the dietary iodine intake
of a given population (3,397,398). This is an issue of considerable importance, since it has been estimated that
iodine deficiency disorders (IDD) potentially affect 2.2 billion people throughout the world. Even in developed
countries such as the USA and Australia, a decline in dietary iodine intake has been demonstrated, while
borderline dietary intake has long been characteristic in much of Europe (398,399).

As the majority of ingested iodine is excreted in the urine, the measurement of urinary iodine excretion (UI)
provides an accurate approximation of dietary iodine intake (399). In most circumstances the determination of
UI provides little useful information on the long-term iodine status of an individual, since the results obtained
merely reflect recent dietary iodine intake. However, measuring Ul in a representative cohort of individuals
from a specific population provides a useful index of the iodine level endemic to that region (399,400). Besides
estimating the Ul concentration in people, other applications of iodine measurements include determining
iodine in milk, food products and drinking water (401,402). lodine measurement in thyroid or breast tissue has
been performed as part of research studies (403). Since low inorganic iodine concentrations in serum (~ 1pg/dL)
are associated with relatively abundant hormonal iodine, the measurement of plasma inorganic iodine (PII) has
been restricted to research studies in pregnancy (404).

1. Urinary Iodine (UI) excretion

The Ul-excretion level from a population study can provide a relatively accurate estimate of the dietary iodine
status of that population (399,400). Iodine intake is best determined from a 24-hour urine sample, but logistics
make it impractical to use such measurements for epidemiological studies. Differences in the dilution of spot
urine specimens can be compensated for by expressing results normalized to urine creatinine as pg of iodine
excreted/gram of creatinine (405). The diurnal and seasonal cycles of iodine and creatinine urinary excretion are
different. Therefore the ratio of iodine/creatinine can vary during the day or the time of year. In addition, there
is no ideal substitute for the accuracy of a 24-hour urine collection, which can be difficult to obtain. However,
the UI estimation of iodine intake is most important in developing countries where the iodine/creatinine index
may be less satisfactory and where there is a lower creatinine excretion rate secondary to varying degrees of
malnourishment (406). It has also been shown that urinary iodine excretion can be variable even in healthy,
well-nourished subjects. For these reasons, and to avoid errors introduced in the performance of different
creatinine assays, the World Health Organization (WHO) has recommended that for epidemiological studies,
the excretion of Ul may be expressed as pg of iodine per volume (pg/dL or pg/l) of urine. Differences in urine
dilution states inherent in obtaining a spot urine sample can be partially compensated for by using a large
number (~50) of subjects in each study population. Recent reports suggest that the use of age and sex adjusted
(UI/Cr) ratios in a fasting morning specimen comes close to the true (24 hour) iodine excretion if nutrition is
generally adequate (400,407). Although seasonal variations may not be as important in warmer climates, they
do affect the results in Northern Europe where dairy milk is a major source of dietary iodine. In such
populations, the practice of indoor feeding of cattle with mineral rich supplements results in higher Ul excretion
during the winter months. More recently it has been suggested that Ul has a diurnal variation, with values
reaching a median in early morning or 8-12 hours after the last meal suggesting that samples should be collected
at these times (408).

2. Dietary Iodine

In many countries, adequate dietary iodine intake is achieved through the iodization of salt but the availability
of iodized salt is only mandatory in some developed countries and voluntary in many others. There is also
evidence of a decline in iodine consumption in some industrial countries (399). Diminished iodine intake can
occur with vegetarian diets, particularly in areas where the fruits and vegetables are grown in iodine deficient
soil (409).
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3. Units of UI Measurement

For epidemiological studies, iodine excretion is normally expressed as pg of iodine excreted. Conversion to
equivalent ST units:

e ng/dL=0.07874 uM/L
e 1.0pM/L=12.7 pg/dL.

4. Applications of Iodine Measurement

(a) Epidimiologic Surveys

The major application of iodine measurements is for epidemiological surveys. The recommended daily iodine
intake is: - 90 pg/day for children, 150 pg/day for adults and 200 pg/day for pregnant or lactating mothers. The
suggested norms for Ul excretion as an index of the severity of iodine deficiency are shown in Table 10 (398).

Table 10. Urinary Iodine Excretion and Iodine Deficiency

*Todine Deficiency None Mild Moderate Severe
Ul pg/L >100 50-99 20-49 <20
Goiter prevalence <5% 5.0-19.9% 2~29.9% >30%

*IDD Newsletter Aug 1999 15: 33-48

(b) Pregnancy and the Neonate

Fortunately, the occurrence of severe iodine deficiency that leads to endemic cretinism has been reduced as a
result of dietary iodine supplementation programs. However, iodine deficiency still persists in large areas of the
globe. The situation where dietary iodine deficiency may have more serious consequences is in the pregnant
woman, where maternal iodine deficiency can compromise the thyroid status of the fetus and newborn child
(2,410). Reports on the variation in Ul excretion during pregnancy differ. Some studies have reported a decline
or no change, while others have shown an increase (47,411-413). These differences may reflect variations in the
dietary iodine supply (4/4). However, the use of urinary iodine to estimate iodine sufficiency during pregnancy
can be misleading, since pregnancy causes an increase in the iodine excretion rate. This results in a relative
increase in the urinary iodine concentration, thus giving a false sense of adequacy of iodine nutrition (475). It
has been shown when dietary iodine intake is inadequate during pregnancy, that there is evidence of thyroidal
stress, an increase in both thyroid volume and serum Tg and a relative decrease in FT4 (47). Administration of
iodine to pregnant mothers results in increased Ul excretion and a reversal of the observed iodine deficient
thyroidal changes. The importance in avoiding any compromise in thyroid function during pregnancy was
recently emphasized by the report that children of even mildly hypothyroid mothers can develop defects in
neuropsychological development (64,65). This finding is consistent with earlier reports that plasma inorganic
iodine (PII) declines during pregnancy. Early methods of measuring (PII) were based on the administration of a
tracer dose of "*!-I to patients and measuring the specific activity of the radioisotope in serum and urine (405).
Other methods depended on the ratio of iodine to creatinine in serum and urine (405,416). A recent study using
perchlorate digestion and the formula PII = Total Serum lodine - Protein Bound lodine concluded that, at least
in iodine sufficient areas, there was no trend for PII values to be depressed during pregnancy (404).

(c) Excessive Iodine Intake

It is well known that excessive iodine intake may, in susceptible individuals, lead to the inhibition of thyroid
hormone synthesis (the Wolff Chaikhoff effect) and can be of iatrogenic origin (4/7,418). A similar excess of
iodine intake by previously iodine-deficient individuals with thyroid autonomy may result in hyperthyroidism
(the Jod Basedow effect) (398,420). Population based dietary iodine intake programs can influence the form of
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thyroid disease that occurs. This is particularly true for hyperthyroidism, with toxic nodular goiter being more
prominent when iodine intake is low, and Graves' disease more prominent when iodine intake is high. However,
it has been shown that a program of controlled dietary iodine intake can, after a transient increase in
hyperthyroidism in the first year, cause a decrease in both toxic nodular goiter and Graves Disease if followed
over a period of time (421). Differences in disease presentation can also alter the epidemiological profile of
thyroid cancer with a relative increase in papillary thyroid carcinoma together with an improved prognosis
when the iodine supply is increased (422).

Fear of the side effects of excess iodine has impeded the introduction of programs of iodine prophylaxis or even
the possibility of administering iodine following accidental release of radioactive iodine. There is however,
general agreement that the benefits of iodine administration far exceed the risks from excessive iodine exposure
(398). Thus the requirement for iodine measurements in the assessment of iodine excess states may exceed that
for iodine deficiency. lodine excess can result from the use of iodine rich medications such as the commonly
prescribed cardiac antiarrythymic drug amiodarone or antiseptics containing iodine (Guideline 5)
(75,418,419,421,423). The thyroidal consequences of amiodarone therapy may depend on the underlying
dietary iodine status of the area where the patient resides. Hypothyroidism is more frequent where dietary
iodine intake is high, such as in the USA, and hyperthyroidism is more frequent where the intake is low, such as
in parts of Europe (424).

Excess dietary iodine intake has also been implicated in the increased prevalence of autoimmune thyroiditis or
increase in thyroglobulin antibody positivity following iodine prophylaxis. This may be due to increased
antigenicity of more highly iodinated forms of thyroglobulin (425,426). The assessment of iodine excess is
usually made with a 24hr urine collection. It should be understood that organic iodine present in radiological
contrast material can be taken up into body fat. The slow release of iodine from body fat stores has been
associated with a high UI excretion rate that can persist for several months following the administration of this
contrast material. (427).

5. Iodine Methodology

Methods that measure iodine content in biological specimenshave traditionally relied on the conversion of
organic iodinated compounds to inorganic iodine and the removal of potential interfering substances (eg.
thiocyanate) that can interfere with the colorimetric measurement of the inorganic iodine (428). The procedure
involves a preliminary digestion step followed by the colorimetric estimation of iodine through its catalytic
action in the Sandell-Kolthoff (SK) reaction. In this reaction, Ce*" (ceric ions) are reduced to Ce’" (cerous ions)
in the presence of As®* (arsenious ions) that are then oxidized to As”" (arsenic ions) producing a change in color
from yellow to colorless. Following a short incubation period, this color change can be determined
colorimetrically. As this reaction is time dependent, some reports suggest stopping the reaction with the
addition of ferrous ammonium sulfate and performing the colorimetric readings at a later time. Further
modifications of the SK reaction can produce a kinetic assay by altering the ratio of Ce/As ions. This kinetic
method approach can increase the sensitivity of the assay (429). The problems associated with the removal of
interfering substances such as thiocyanate in the SK reaction have been previously mentioned, and a report
comparing 6 methods for iodine analysis attributed much of these interferences with the SK reaction to
inadequate digestion procedures (428). Two major methods of sample digestion, dry ashing and wet ashing are
routinely employed.

(a) Dry Ashing

The dry-ashing technique was first introduced in 1944 and subsequently modified. The method involves the
preliminary drying of specimens in an oven at 100°C. The dried residue is then incinerated in the presence of
strong alkali (KOH/K,COs) for approximately 3 hours at 600°C. The ash is then reconstituted in distilled H,0
and the iodine content measured colorimetrically as described above. This is a somewhat time consuming and
expensive method requiring thick-walled pyrex test tubes to withstand the high temperatures and a muffle
furnace, ideally equipped with microchip temperature control. However, it does yield excellent results not only
in urine samples but is also suitable for measuring the iodine content of foodstuffs and tissue samples that
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require complete digestion. Strict temperature control is particularly useful in preventing iodine loss should the
temperature drift above 600°C or if the time of incineration is extended (429,430). It is also important that the
iodine standards be subjected to incineration, as the added KOH is known to reduce the sensitivity of the SK
reaction based assay. These methods were developed for the determination of protein bound iodine (PBI) used
to measure thyroid hormones before the advent of specific radioimmunoassays for T4 and T3. As samples are
incinerated together in a muffle furnace, the dry-ashing procedure is particularly susceptible to cross-
contamination by a high iodine-containing specimen. To overcome this possibility some investigators have
suggested prior screening of samples to detect such specimens. The problem of cross-contamination is
particularly problematical with the dry-ashing procedure but has the potential to affect all iodine quantitation
methods. It is therefore desirable that the iodine measurement area be isolated and kept as far away from other
laboratory activities, particularly those that might involve use of iodine-containing reagents. The aesthetics of
handling and volatilizing large volumes of urine for epidemiological studies also makes the isolated laboratory
desirable.

(b) Wet Ashing

The most widely used method of digestion is the wet-ashing technique first proposed in 1951, although this
approach is controversial. In this method the urine specimens are digested using perchloric acid. This method
has been automated. While the autoanalyser method has found widespread use, it does depend on the use of acid
digestion and a dialysis module. The latter has been shown to be prone to significant interference by substances
such as thiocyanate (428). Several variations of the wet ashing method for iodine measurements have been
developed. These are primarily aimed at simplifying the methods, reducing the labor cost and rendering the
method more suitable for on site epidemiological studies. Various methods have been described which yield
similar results to established methods (437). In one such method, the authors indicate that a single technician
can perform 150 tests per day at a cost of less than $0.50 each (437). More recently, even simpler methods
using either acid digestion or UV irradiation of samples have been described (432). The wet-ashing technique
has drawbacks in that perchloric acid and potassium chlorate are potentially explosive and their use requires the
use of a dedicated and expensive fume hood. For this reason a less hazardous method of digesting urine samples
using ammonium persulfate as the oxidizing agent was proposed. However, the use of ammonium persulfate
was shown not to be a very efficient means for mineralizing iodinated compounds such as T3, T4, amiodarone
etc. A further modification involving the incorporation of the digestion and reaction process into a microplate
technology has been reported (433). More recently an assay was developed in kit form that allows for a more
rapid quantitative measurement of UI after charcoal purification. (Urojod, Merck KGaA, Darmstadt, Germany).
This method appears simple to perform and has the potential to be used in the field for epidemiological studies
or for occasional use in the assessment of excess iodine ingestion (434).

(c) Sensitivity and Specificity of Iodine Methods

Assays using the SK reaction yield sensitivities between 10 and 40 mg/L that is more than adequate for Ul
measurement. Greater sensitivity has been reported using the kinetic assay (0.01pg/L) (429). Reported
sensitivities using inductively coupled plasma mass spectrometry (ICP-MS) technique is in the area of 2pg/L
(413,434). Providing the initial digestion is complete, the SK assay is very specific for iodine. However
incomplete digestion can lead to interference by substances such as iodine-containing medications,
thiocyanates, ascorbic acid or heavy metals such as Hg or Ag (429). In expert hands the SK reaction yields
excellent intra- and inter-assay precision with CV’s < 5% routinely achieved. This is provided the digestion is
adequately controlled so that the recovery of the iodine standard is 90 to 100% (429,430,432).

(d) Non Incineration Assays

In addition to methods based on alkaline and acid digestion, other published methods for iodine determination
include the use of bromine in acid conditions as a digesting agent or the use of ultraviolet radiation (430,435).
Iodine selective electrodes and mass spectrometry have been used to measure iodine in various fluids including
urine (436,437). In this case the iodine activity that is measured approximates the iodine concentration. A
drawback to this method is that the electrodes become coated and require frequent polishing and other ions such
as sulphite interfere. This approach is therefore not ideally suited for measurements in urine but can be used to
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measure iodine in other fluids and extracts of foodstuffs. Although not suitable for routine Ul measurement, the
technique can be applied to the assessment of iodine overload in urine in patients treated with amiodarone or
other iodine rich compounds (437). As the electrode only responds to iodine and not to iodinated compounds, it
can be a useful means of specifically measuring iodine in the presence of other iodinated compounds. Many
other techniques that are clearly unsuitable for routine clinical use include nuclear activation analysis, or HPLC.
One method that has been widely reported is the use of (ICP-MS) (432,438). This method has been shown to
have good agreement with conventional digestion techniques using SK quantitation (432,433). However, the
required equipment is expensive and not readily available. Isotope dilution analysis has been applied to the
analysis of both urine and drinking water (402). In vivo measurement of intrathyroidal iodine content has been
achieved using X-ray fluorescencethat can have relevance to the assessment of patients with amiodarone
induced hyperthyroidism (419).

Guideline 55. Urinary Iodine Measurement

e The Technicon Autoanalyser is generally no longer commercially available, with the result that laboratories
seeking to commence iodide measurement will need to develop manual in-house methods.

e Mass spectrometry is a simple and reproducible method which can be recommended if such equipment is
already on site.

Many simplified digestion methods incorporating SK colorimetry have been described.

Wet-ashing reagents perchloric acid and potassium chlorate are potentially explosive and their use requires
availability of an expensive fume hood. A less hazardous system using ammonium persulfate may be
preferable

e Measurement of iodide in samples other than urine (eg tissues, foodstuffs) may still require the more
conventional dry or wet-ashing techniques.

e Inter and intra assay CV should be < 10% and recovery of added iodide should be between 90 and 100%.

e In industrialized countries, clinical laboratories are most frequently requested to perform urinary iodide
measurements to investigate iodide overload. One of the simplified methods outlined above, or a semi-
quantitative kit is the method of choice.

e To facilitate uniformity in concentration units used to report urinary iodide excretion, Ul should be
expressed as pug lodide /L of urine (ug/L).

6. Summary

Measurement of iodine in tissues and biological fluids is unlikely to play a key role in routine clinical
biochemistry laboratories in the immediate future. However in view of the large number of individuals with
IDD worldwide (2.2 billion affected) and recent reports that dietary iodine intake is declining in the United
States and Australia, the assessment of Ul as part of epidemiological studies will continue to be of considerable
interest and importance. Reference laboratories will no doubt continue to use dry- or wet-ashing techniques,
depending on availability of equipment and space. Recent recommendations that laboratories " have several
different methods available to allow the user to select the one best suited to specific needs" would seem a
prudent course for centers specializing in iodine measurements.
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H. Thyroid Fine Needle Aspiration (FNA) and Cytology

The prevalence of palpable thyroid nodules in adults increases with age (average 4 -7% for the United States
population) with thyroid nodules being more common in women than men (439-441). In adults, 95% of these
nodules are benign. In contrast, although rare (0.22% to 1.8%) patients with thyroid nodules who are under 21
years of age have a higher incidence of malignancy (33% versus 5%, children versus adults, respectively) (442-
445). The methods currently used for assessing thyroid nodules include, fine needle aspiration (FNA), thyroid
scan and ultrasound. Practice guidelines suggest that an initial FNA is more diagnostically useful and cost
effective than other forms of investigation (446). Despite such guidelines, a recent United States study reported
that in 1996, FNA was only used as the initial procedure in 53% of thyroid nodule cases (447). Despite the fact
that isotopically “cold” thyroid nodules are considered suspicious for carcinoma, most benign thyroid nodules
(cysts, colloid nodules, benign follicular lesions, hyperplastic nodules and nodules of Hashimoto’s thyroiditis)
also present as “cold” nodules. In addition, “warm” or iso-functioning nodules that do not result in a completely
suppressed TSH and thus surrounding normal thyroid tissue is not suppressed, can be malignant. Logistic
regression analysis indicates that adequate cytologic material significantly increases with the size of the nodule
(448). Although ultrasound can be used to detect non-palpable nodules, ultrasound cannot differentiate between
benign and malignant lesions. In general, ultrasound is typically used for evaluating complex cystic masses and
nodules that are difficult to palpate (449). Ultrasound is also used to determine the size of nodules and to
monitor nodule growth, as well as verify the presence of non-palpable nodules that have been incidentally
detected by other imaging procedures. Ultrasound-guided FNA should be used for hypoechoic nodules and
when aspiration cytology fails to yield adequate cellular material (450,451).

1. Indications for FNA

All solitary or dominant nodules > 1cm in diameter should be evaluated by FNA. FNA is preferred to thyroid
scanning or ultrasonography as the initial diagnostic test for evaluating patients with thyroid nodules (452).
Since FNA became popular in the 1970s, the number of thyroid surgical procedures has decreased by 50%
whereas the percent yield of cancers for patients undergoing surgery for thyroid nodules has increased from 10-
15% to 20-50% (453). The frequency of false negative FNA reports is related to the skill of the operator and the
experience of the cytopathologist (454). False negative rates appear to be less than 2 % (455).

Guideline 56. Use of Fine Needle Aspiration (FNA) of the Thyroid

FNA is recommended for all palpable solitary or dominant nodules, independent of size.
FNA is preferred over thyroid scan or ultrasonography as the initial diagnostic test for thyroid nodules.
However, a previous ultrasound may aid the physician performing the aspiration.

e  When TSH is suppressed or the patient is thyrotoxic, a nuclear scan maybe indicated before FNA.
However, the result of the scan should not exclude the necessity for FNA.

e “Hot” nodules detected by nuclear scan are less likely to be malignant than “cold” nodules.

2. Factors Suggesting a Higher Risk for Thyroid Cancer

A number of factors are associated with an increased risk for thyroid carcinoma (456-458). These are:
* Age, <20 or > 40 years
* Nodule size > 2cm diameter
* Regional adenopathy
* Presence of distant metastases
* Prior head or neck irradiation
* Rapidly growing lesion
* Development of hoarseness, progressive dysphagia, or shortness of breath
* Family history of papillary thyroid cancer
* Family history of medullary cancer or MEN Type 2
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Some of these risk factors are included in tumor risk-assessment protocols. The TNM classification protocol
(tumor size, presence of lymph nodes, distant metastases) and age is the general tumor risk assessment
algorithm. A number of thyroid-specific staging protocols have been developed (72). These protocols are used
to provide objective information necessary for establishing an appropriate treatment plan for the projected
outcome. Although the TNM classification protocol is in general use, it can be misleading when applied to
thyroid tumors. Specifically, with non-thyroid cancers, the presence of lymph node metastases is a heavily
weighted factor that negatively impacts on mortality. In contrast, differentiated thyroid cancers often arise in
young patients in whom the presence of lymph node metastases may or may not have a minimal effect on
mortality, but increase the risk of recurrence.

Guideline 57. For Physicians

e [t is important that the endocrinologist, surgeon, nuclear medicine physician and cytopathologist act in
concert to integrate the staging information into a long-term treatment plan and thereby ensure continuity of
care.

e Preferably, the physicians responsible for the long-term management of the patient should review the slides
with the cytopathologist and understand the cytopathologic interpretation to establish meaningful treatment
strategies for the patient.

3. Factors Suggesting a Lower Risk for Thyroid Cancer
FNA may be deferred in low-risk patients with the following characteristics:

e  Autonomous “hot” nodules (serum TSH < 0.1 mIU/L).

e Incidental nodules < 1 cm, detected by ultrasound.

e Pregnant patients presenting with a solitary nodule. FNA of nodules detected during pregnancy can be
deferred until after delivery without increasing the risk of morbidity from DTC (459). If it is necessary to
surgically remove a nodule during pregnancy, surgery during the 2" trimester minimizes the risk to the
fetus.

e Multinodular thyroid glands with nodules < 1 cm.

¢  Fluctuating or soft nodules.

e Hashimotos’ thyroiditis. Indications include firm, “rubbery” gland on physical examination without
dominent nodules and an associated elevation in TPOAb.

4. Follow-up of Patients with Deferred FNA

The follow-up frequency (i.e. every 6 to 24 months) should be appropriate for the degree of diagnostic certainty
that the nodule is benign. The efficacy of L-T4 therapy to suppress TSH can be variable. The goal of follow-up
is to identify patients with undiagnosed or subsequent malignancy and to specifically recognize any progressive
enlargement that could result in local compressive complications and cosmetic concerns by monitoring nodule
size preferably with ultrasound. If ultrasound is not available, a careful physical examination should be made.
This may be accomplished by:

e Placing a tape over the nodule and outlining the borders with a pen, then pasting the tape into the patient’s
chart.

e  Using a ruler to record the nodule diameter in two dimensions

e Palpating for enlarged adjacent lymph nodes

e Diagnosing any associated clinical or mild (subclinical) thyroid dysfunction by periodic serum TSH and
TPOAD measurements.

e Evaluating patients for signs of undiagnosed or subsequent malignancy such as:
- progressive nodule or goiter enlargement
- rising serum Tg level.
- local compression and invasive symptoms (i.e. dysphagia, dyspnea, cough, pain)
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- hoarseness
- tracheal deviation
- regional lymphadenopathy

5. Guidelines for Who Should Perform FNA

Experience with aspiration cytology is essential. If the cytologist or ultrasonographer performs the FNA, there
must be an exchange of appropriate information with the clinician (460). Physicians performing FNA should be
able to request a review of the slides with the cytopathologist and understand the cytology results in order to
recommend appropriate therapy based on the tissue diagnosis. Ideally, the physician performing the FNA
should also be the physician responsible for the long-term management of the patient in order to assure
continuity of care.

Guideline 58. Selection of Physicians to Perform FNA
Thyroid gland aspirations should be performed by physicians who:
[1  Are skilled in the technique and perform thyroid aspirations frequently.

[J Can understand the interpretation of the cytology results.
[1  Are able to recommend appropriate therapy depending on the results of the aspiration.

6. Technical Aspects of Performing FNA

It is recommended that aspirin or other agents that affect coagulation be discontinued for several days before the
procedure. FNA is typically performed using 22 to 25 gauge needles and 10 or 20 ml syringes that may, or may
not be attached to a “pistol-grip” device. Aspiration should be as minimally traumatic as possible. Some
physicians favor administering topical local anesthetic (1% lidocaine) while others do not. It is recommended
that a minimum of two passes be made into various portions of the nodule to decrease sampling error. Slides are
typically fixed in Papanicolaou’s fixative and stained. It is imperative to fix immediately and avoid drying and
drying artifacts to preserve nuclear detail. It is also useful to use a rapid stain, such as Diff-Quik and examine
the slides at the time of aspiration to assess adequacy of specimen for cytologic evaluation. Other slides may be
air-dried for alcohol fixation and subsequent staining (excellent for detecting colloid). Any additional material
can be combined with material rinsed from the needle and spun down to form a cell block which can then be
embedded in agar. Cell-blocks can provide histologic information and be used for special staining studies. It is
important to adequately protect the slides for transport to the laboratory. Slides should be submitted to the
cytopathologist with clinical details together with the nodule size, location and consistency.

Firm nodules are usually suspicious for carcinoma whereas fluctuant or soft nodules suggest a benign process.
When cyst fluid is aspirated the volume, color and presence of blood should be recorded together with a record
of any residual mass left after aspiration. If there is a residual mass after cyst aspiration it should be re-
aspirated. Clear, colorless fluid suggests a parathyroid cyst, whereas yellow fluid is more typical of a cyst of
thyroid follicular origin. After aspiration, local pressure should be applied to the site of the aspiration for 10-15
minutes to minimize the likelihood of swelling. The patient can be discharged with a small bandage over the
aspiration site with instructions to apply ice should discomfort occur later.

Often the FNA cytology information can be augmented by submitting the material for flow cytometry or
immunoperoxidase staining [Section-3 H8]. Any thyroid tissue in a lateral neck node is thyroid cancer (99%)

unless proven otherwise!

7. Cytologic Evaluation
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If a cytopathologist experienced with the thyroid is not available locally, it may be essential that the slides be
sent to an outside expert for review. In the future, electronic review of cytopathology specimens will become
increasingly available as tele-cytopathology technology develops.

Guideline 59. Selection of the Cytopathologist

[J The cytopathologist should have an interest and experience in reading thyroid cytology. If an experienced
cytopathologist is not available locally, the slides should be sent for review by a cytopathologist with
thyroid expertise outside the institution.

*  Cytopathologists should be willing to review the slides with the patient’s physician on request.

8. Special Tissue Stains
Special tissue stains can be helpful in the following situations:

[1  When there is a mass of questionable malignancy or thyroid origin - Use specific antibody stains for Tg,
TPO (MoAb 47) Galectin-3 and CEA (461-466).

[l For questionable lymphoma, use B-cell immunotyping

[l Undifferentiated/anaplastic thyroid cancer - stains for vimentin, P53, keratin

[J  Questionable medullary thyroid cancer - stains for calcitonin, neuron-specific enolase, chromogranin and/or
somatostatin.

9. Diagnostic Categories

Some cytopathologists believe that there must be at least six clusters of follicular cells of 10 to 20 cells each on
two different slides in order to accurately report a thyroid lesion as benign (466-468). A cytologic diagnosis of
malignancy can be made from fewer cells, provided that the characteristic cytologic features of malignancy are
present.

Guideline 60. Cytopathologic Characteristics

Thyroid cytology interpretation can be difficult and challenging. The amount of tissue contained on the slides
may depend on the method of aspiration (ultrasound versus manual).
The evaluation should assess:

The presence or absence of follicles (microfollicles versus variable-sized follicles)
Cell size (uniform versus variable)

Staining characteristics of the cells

Tissue polarity (cell block only)

Presence of nuclear grooves and/or nuclear clearing

Presence of nucleoli

Presence and type of colloid (watery and free versus thick and viscous)
Monotonous population of either Follicular or Hurthle cells

Presence of lymphocytes

(a) Benign Lesions (~ 70% of cases)

Clinical presentations that suggest a benign condition (but not necessarily exclude FNA)

e Sudden onset of pain or tenderness suggests hemorrhage into a benign adenoma or cyst, or subacute
granulomatous thyroiditis, respectively. (However, hemorrhage into a cancer can also present with sudden
pain).

e Symptoms suggesting hyperthyroidism or autoimmune thyroiditis (Hashimoto’s).

e Family history of benign nodular disease, Hashimoto’s thyroiditis or other autoimmune disease.
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Smooth, soft easily mobile nodule.

Multi-nodularity (no dominant nodule).

Mid-line nodule over hyoid bone that moves up and down with protrusion of tongue is likely to be a
thyroglossal duct cyst.

* Cytologic and/or laboratory analyses that suggest a benign condition include:

presence of abundant watery colloid

foamy macrophages

cyst or cyst degeneration of a solid nodule

hyperplastic nodule

abnormal serum TSH

lymphocytes and/or high TPOADb (suggests Hashimoto’s thyroiditis or rarely lymphoma)

Guideline 61. For Laboratories & Physicians

O

0

In addition to routine cytology, the laboratory should provide access to special immunoperoxidase staining
for CT, Tg, TPO or Galectin-3 for special cases. (Send out to a different laboratory if necessary).
Laboratories should archive all slides and tissue blocks “in trust” for the patient and make materials
available for a second opinion when requested.

Cytopathology laboratories should use standardized reporting of FNAs. The simplest approach uses four
diagnostic categories: (1) Benign, (2) Malignant, (3) Indeterminate/Suspicious, and (4)
Unsatisfactory/Inadequate. This should help achieve meaningful comparisons among different laboratories
regarding outcomes.

Cytopathology laboratories should share their analysis of FNA results with clinicians by citing their rates
for true and false positives and negatives

Guideline 62. Follow-up of Patients with Benign Disease

Some advocate performing a second FNA several months later to confirm the test.

Others do not recommend a repeat FNA if the first yielded adequate tissue, provided that the nodule was
less than 2 cm and has been stable in size during a year of follow up. In this case, follow-up with an annual
physical examination and measurement of the nodule size, preferably with ultrasound is recommended. If
ultrasound is not available, changes in nodule size may be detected by measurements made by a tape and/or
ruler.

It is recommended that enlarging lesions or any clinically suspicious nodules should be re-aspirated.

Benign conditions include, but are not be limited to, the following:

simple goiter

multinodular goiter

colloid nodule*

colloid cyst*

simple cyst*

degenerating colloid nodule
Hashimoto’s thyroiditis
hyperplastic nodule

OooOooOooOoo

*often have inadequate cytologic specimen due to lack of follicular cells

(b) Malignant Lesions (~ 5-10% of cases)

There are differences of opinion regarding the optimal degree of surgery for thyroid malignancies. In most
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centers in the United States, near-total or total thyroidectomy, performed by an experienced surgeon, is the
favored opinion. In Europe, other opinions exist (469). The risk of complications is lower when a surgeon is
selected who performs thyroid operations frequently.

(i) Papillary Carcinoma (~ 80% of malignancies)

This classification includes mixed papillary and follicular and variants such as the tall cell variant and the
sclerosing variant (a histological diagnosis)

Cytologic/Histologic. Two or more of the features below suggest a papillary malignancy:
* nuclear inclusions, “cleared-out”, “ground glass” or “orphan annie” nuclei.

* nuclear “grooves” (not just a few)

* overlapping nuclei

*  psammoma bodies (rare)

*  papillary projections with fibrovascular core

*  “ropey” colloid

(ii) Follicular or Hurthle Cell Neoplasms (~20% of malignancies)

Lesions in this diagnostic category display cytologic evidence that may be compatible with malignancy but are
not diagnostic (457,470). Factors suggesting malignancy include male gender, nodule size >3 cm and age >40
years (470). Definitive diagnosis requires histologic examination of the nodule to demonstrate the presence of
capsular or vascular invasion. Re-aspiration is usually discouraged as it rarely provides useful information.
There are currently no genetic, histologic or biochemical tests that are routinely used to differentiate between
benign and malignant lesions in this category. Appropriate markers would need to be shown to distinguish
between benign and malignant neoplasms in FNA specimens by multiple investigators. A number of studies
suggest that TPO expression, measured by the monoclonal antibody MoAb 47, improves the specificity of
correctly diagnosing histologically benign lesions over FNAB cytology alone (83 versus 55%, TPOADb
immunodetection versus cytology alone, respectively) (461,462). More recently, Galectin-3, a beta-galactoside
binding protein has been found to be highly and diffusely expressed in all thyroid malignancies of follicular cell
origin (including papillary, follicular, hurthle and anaplastic carcinomas) but minimally in benign conditions
(463-466,471). Most surgeons believe that an intra-operative frozen section offers minimal value in
differentiating malignant from benign lesions when patients have follicular or Hurthle cell neoplasms (472).
Sometimes a staged lobectomy is performed followed by a completion thyroidectomy within 4 to 12 weeks if
capsular or vascular invasion in the histologic specimen indicates malignancy. A recent study found that the
prognosis for patients with Hurthle cell carcinoma is predicted by well-defined histomorphologic characteristics
(473).

Cytologic/Histologic. Features suggesting a Follicular or Hurthle malignancy include:
e minimal amounts of free colloid
e high density cell population of either follicular or Hurthle cells
e microfollicles

Cytology. These lesions may be reported as:

“Hurthle cell neoplasm”
“Suspicious for follicular neoplasm”
“Follicular neoplasm/lesion”
“Indeterminate” or “non-diagnostic”

[

(iii) Medullary Carcinoma (1-5% of thyroid malignancies)
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This type of thyroid cancer should be suspected when patients have a family history of medullary cancer or
multiple endocrine neoplasia (MEN) Type 2 [Section-3 F].

Cytologic/Histologic Features suggesting this type of malignancy include:

»  spindle-type cells with eccentric nuclei
*  positive calcitonin stain

*  presence of amyloid

* intranuclear inclusions (common)

(iv) Anaplastic Carcinoma (< 1% of thyroid malignancies)

This type of thyroid cancer usually only occurs in elderly patients who present with a rapidly growing thyroid
mass. Such patients may have had a previous indolent thyroid mass present for many years. It is necessary to
differentiate between anaplastic carcinoma for which there is very limited therapy and thyroid lymphoma for
which treatments are available.

Cytologic/Histologic Features that suggest this malignancy include:

[1 extreme cellular pleomorphism
(1 multinucleated cells
[ giant cells

(v) Thyroid Lymphoma (rare)
Suggested by rapid growth of a mass in an elderly patient, often with Hashimoto’s thyroiditis.
Cytologic/Histologic Features suggesting this malignancy include:

(1 monomorphic pattern of lymphoid cells
[l positive B-cell immunotyping

10. Inadequate / Nondiagnostic FNA (~ 5 to 15 %)

A cytologic diagnosis cannot be reached if there is poor specimen handling and preparation or if inadequate
cellular material was obtained at the time of FNA. The principal reasons for insufficient material for diagnosis
may be inexperience on the part of the physician performing the procedure, insufficient number of aspirations
done during the procedure, the size of the mass, or the presence of a cystic lesion. Adequate FNA specimens are
defined as containing six groups of follicular cells of 10 to 20 cells each on two different slides(467). When
small nodules are of concern, the repeat FNA should be done with ultrasound guidance. FNA using ultrasound
guidance reduces the incidence of inadequate specimens from 15-20% down to 3-4% in such patients
(215,450,451,474,475). Ultrasound guided FNA is also indicated for nodules <1.5 cm, cystic (complex) nodules
to assure sampling of the solid component, posterior or high substernal nodules or any nodule difficult to
palpate, especially in the obese, muscular or large frame patient (215,450,451). FNA should be made on
dominant nodules within a multinodular goiter using ultrasound guidance in order to focus the procedure on the
more clinically suspicious nodule(s).

Guideline 63. Patients with Inadequate or Non-diagnostic FNA

[]  Repeat FNA for small nodules often yields adequate cellular material for a diagnosis. Preferably, the repeat
FNA should be done with ultrasound guidance. FNA using ultrasound guidance reduces the incidence of
inadequate specimens from 15-20% down to 3-4%.

[J  Ultrasound guided FNA is also indicated for nodules <1.5 cm, cystic (complex) nodules to assure sampling
of the solid component, posterior or high substernal nodules or any nodule greater than 1.0 cm that is
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difficult to palpate, especially in the obese, muscular or large frame patient. The principal (i.e dominant)
nodule(s) in a multinodular goiter should be biopsied using ultrasound guidance.
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1. Screening for Congenital Hypothyroidism

The prevalence of congenital primary hypothyroidism (CH) (approximately 1:3500 births) is greater than that of
central hypothyroidism (hypothalamic or pituitary) CH (approximately 1:100,000). The prevalence is higher in
some ethnic groups and increased in iodine deficient regions of the world (476,477). Over the last 25 years,
screening for CH has been performed on whole blood spotted on filter paper, using either TT4 or TSH as the
primary screening test. Such testing has become established practice in the developed world as part of screening
programs for a variety of genetic conditions. In order to maximize efficiency, screening programs are frequently
centralized or regionalized and operated according to strict guidelines and licensure requirements. Guidelines
for CH screening have been published by the American Academy of Pediatrics in 1993, by the European
Society for Pediatric Endocrinology in 1993, and updated in 1999 (478-480).

Participating testing laboratories may be from the private sector or run by State governments, but must have in
place an acceptable quality assurance program and participate in proficiency testing.

Thyroid dysgenesis resulting from aplasia, hypoplasia or an ectopic thyroid gland is the most common cause of
congenital hypothyroidism and accounts for approximately 85% of presenting cases (12). Inactivating mutations
in the TSH receptor have been reported from a number of screening centers, but the prevalence is still unknown.
The phenotype associated with TSH resistance is variable but appears to be of two types, partial or severe.
Those with a TSH elevation due to partial TSH resistance are euthyroid, have a normal TT4 and may not
require L-T4 replacement therapy. There is some evidence for the secretion of TSH isoforms with enhanced
bioactivity in syndromes of thyroid hormone resistance [Section-3 C4(g)ii] (244). Another rare cause of CH (six
patients) is a mutation of one of the genes encoding for the thyroid transcription factors, TTF-1, TTF-2 and
PAX-8. These factors play a key role in controlling thyroid gland morphogenesis, differentiation and the normal
development of the thyroid gland in the fetus. They bind Tg and TPO promoters to regulate thyroid hormone
production.

Guideline 64. Laboratories Performing Neonatal Screening for Congenital Hypothyroidism

[1  Only laboratories with experience in automated immunoassay procedures, information technology and with
computer back-up, and appropriately trained staff, should undertake high volume screening for Congenital
Hypothyroidism.

The proper interpretation of newborn thyroid function requires some understanding of the interaction between
mother and fetus. lodine, thyrotropin releasing hormone, antithyroid medications and IgG antibodies readily
cross the placenta. There is no trans-placental passage of TSH or triiodothyronine. In contrast, contrary to
previous thought it is now recognized that thyroxine crosses the placenta in sufficient quantities to protect the
hypothyroid fetus from the consequences of thyroxine deficiency until detection by neonatal screening
programs after birth (481). Immediately following delivery there is a surge of TSH in the neonate during the
first 24 hours, presumably in response to cooling. In the term newborn, circulating thyroxine increases 2 to 3-
fold higher than adult levels during the first 48 hours then stabilizes and returns to cord levels by 5-6 days. The
response in the premature infant is less marked and inversely related to immaturity. Both circulating T4 and
TSH concentrations remain above adult levels throughout infancy and decrease during childhood to reach adult
concentrations after puberty (Table 3) (42).

1. Criteria needed for CH screening laboratories

Only laboratories with experience in automated immunoassay procedures, information technology and
computer back-up with appropriately trained staff should undertake screening for CH. Neonatal screening
programs rely on large numbers of samples coming from a relatively wide area. The logistics of sample
transport, i.e. postal transit time, delays in posting at maternity wards and delays in taking action after the result
is produced, are more significant time limiting factors in identifying infants at risk for CH than the speed of
analytic testing. Screening should take place on a daily basis so that the results can be immediately available
and acted upon. Treatment should begin as soon as possible, preferably within the first two weeks of life.
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The minimum number of newborns that should be screened per year is debatable and relies on the fact that
analytical proficiency is best accomplished when reasonable numbers of positive cases are encountered and cost
efficiency is realized with higher volumes of testing. The screening program should ensure that follow-up
testing is done on infants with positive screening results and that access to experienced diagnostic expertise is
available. Laboratories should follow up and tightly control the rates of false negative and false positive results.
A referral pediatric endocrinologist should be available for follow up testing to ensure that the correct diagnosis
and treatment is achieved.

2. Screening Strategies

Screening methods should have low costs and be easy to perform.

Most screening programs for congenital hypothyroidism rely on tests that elute blood from filter paper spots,
collected from infants by heel stick. The analytical reagents for measuring thyroid hormone in the filter paper
eluates usually require some modification to run on the different automated immunoassay platforms used for
this testing. Two different approaches for thyroid hormone screening of blood spot specimens have evolved —
either measuring TT4 or TSH levels. In either case results should be interpreted using age-adjusted reference
ranges (see Table 3 and Guideline 3).

Guideline 65. For Laboratories Performing Thyroid Testing of Neonates and Infants

e Thyroid test results in neonates must be reported with gestation and age-specific reference intervals,
respectively.
e Each Laboratory should establish its own cut off levels according to the method used.

(a) Primary TT4 with reflex TSH measurement

Most North American screening programs use an initial TT4 measurement, with reflex TSH testing of
specimens with low TT4 levels (usually less than the 10" percentile). Historically, this approach was adopted
because the turnaround time of the earlier TT4 assays was much shorter than for TSH, test kits for TT4 were
more reliable, the screening was performed earlier in the neonatal period (usually at 1-2 days of age) and the
cost for TT4 testing was less than that for TSH. Although the measurement of FT4 in serum is readily available,
FT4 methods are not usually employed for screening because of sensitivity limitations due to the small sample
taken from filter paper blood spots and the high dilution that results from the elution of the specimen (482). The
TT4-first screening approach has some advantages, particularly in programs where samples need to be collected
early in the neonatal period. TT4 is also less influenced by the TSH surge that follows the cutting of the
umbilical cord and lasts for the first 24 hours. Both of these factors suggest that TT4 screening will result in
fewer false-positives when early (< 24 hour) testing is necessary. Furthermore, the TT4-first approach can
detect the rare case of central hypothyroidism that would be missed with a TSH-first approach.

The disadvantages of TT4-first screening relates to the difficulties in setting the TT4 cut-off value low enough
to minimize false-positives, but high enough to detect CH in infants with ectopic thyroid glands who may have
TT4 concentrations above the 10™ percentile. In addition, a low TT4 and normal TSH can be encountered in a
number of other conditions: (a) hypothalamic-pituitary hypothyroidism (b) thyroxine binding globulin (TBG)
deficiency (c) prematurity (d) illness or (e) a delayed rise in TSH. In programs where the follow up of infants
with secondary or tertiary hypothyroidism has been carried out, only 8 of 19 cases were detected by TT4
screening, seven were diagnosed clinically before screening and four, although having low TT4 concentrations
on screening, were not followed up (483-485). TBG deficiency has no clinical consequence such that the
treatment of this condition is contraindicated. TT4 screening may also be useful in the very low birth weight
infants (< 1500g) in whom TSH is normal at the usual time of screening, and only begins to rise weeks later.
However, significantly lower TT4 values are typically seen in pre-term versus full-term infants (482).
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(b) Primary TSH Measurement

Europe and much of the rest of the world have adopted TSH as the primary CH screening assay. Primary TSH
screening has advantages over TT4 screening in areas of iodine deficiency, since neonates are more susceptible
to the effects of iodine deficiency than adults and these infants have an increased frequency of high blood spot
TSH levels. TSH screening makes it possible to monitor the iodine supply in the newborn population, especially
since many European countries are still iodine deficient (486). Additionally, there is now little difference in cost
between TSH and TT4 test reagents.

The TSH cutoff level used for recall varies between programs. In one program a two-tiered approach was
adopted (487). Specifically, if the infant is more than 48 hours old and the initial blood spot TSH result is <10
mlIU/L whole blood units, no further follow up is done. If the TSH is between 10 and 20 mIU/L whole blood
units, a second blood spot is collected from the infant. TSH is normal in most of these repeat specimens.
However, if the TSH is >20 mIU/L whole blood units the infant is recalled to be evaluated by a consultant
pediatrician and other thyroid function tests are performed on the serum sample. For specimens drawn earlier
than 48 hours, appropriate cut off values should be used (482). This approach ensures that the mildest forms of
hypothyroidism characterized by only a modest increase in TSH are followed up, although it produces a higher
number of false positives that must be followed through the system. Although most results above 20 mIU/L are
due to CH, it is important to rule out maternal ingestion of antithyroid drugs or the use of iodine antiseptic
solutions at delivery as a cause of transient TSH elevations.

Guideline 66. Pre-term and Early Discharge of Neonates

The TSH surge that follows the cutting of the umbilical cord and lasts for the first 24 hours may be delayed in
pre-term infants and may lead to more false-positive TSH results when infants are tested within 24 hours of
birth

e When using TSH to screen pre-term infants, a second sample collected 2 to 4 weeks after birth is
recommended, since in some cases there is a delayed rise in TSH, perhaps due to immaturity of the
pituitary-thyroid feedback mechanism.

e The TT4 —first approach may offer advantages for very low birth weight infants or when screening can only
be performed within 24 hours of birth.

3. Blood Spot Assays for TSH

TSH measurements made on blood spot specimens are either reported in serum units, by relating the whole
blood calibrators to serum values as in North American programs, or are reported in whole blood units, as in
European programs. The absolute TSH values are significantly lower with the latter approach, because part of
the volume of the spot is occupied by red cells. This difference in reporting has created confusion in the past
and is still not resolved. It is necessary to increase the whole blood units by 30-50% to approximate the serum
units.

Guideline 67. Countries with Iodine Deficiency

(1 Primary TSH testing is recommended in preference to primary TT4 with reflex TSH in countries that have
mild or moderate iodine deficiency.

Screening assays for CH require TSH to be measured in blood spots as small as 3-4 mm in diameter. The new
“third generation” TSH IMAs with functional sensitivities down to 0.02 mIU/L are well suited for this purpose
[Section-2 C]. However, not all manufacturers have developed blood spot TSH assays since it is considered a
specialized and limited market. Microtitre-plate assays using non-isotopic signals, such as time resolved
fluorescence, are well suited for blood spot specimens and are in widespread use. An advantage of these
systems is that as elution of the blood spot is carried out in the microtitre plate well, all of the TSH in the
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sample is available for binding to the monoclonal antibody on the wall of the microtitre plate well.

Other automated systems that do not use a microtitre plate format however, can be successfully used for blood
spot TSH assays. These usually require off-line elution of the TSH from the blood spot and a sampling of the
eluate by the automated immunoassay analyser. Some of these systems have the advantage of results within 20
minutes and have a high throughput rate of 180 test results per hour. Additionally, these systems incorporate
positive identification of the sample, making the identification of an increased blood spot result from the correct
patient more secure. An automated punch of the filter paper containing the blood spot has been designed so that
bar-coded labels with a unique number, placed on the elution tubes or microtiter plates, are read before
punching. The same identification number is then printed on the patient's filter paper card. The automated
immunoassay analyzer reads the same bar-coded label on the elution tubes and results are printed or
downloaded to the laboratory host computer against the unique patient identification number and demographics
if these have been previously entered. For those laboratories without automation, TSH assays utilizing antibody
coated tube assays are still suitable, but are not amenable to high throughput automation.

Guideline 68. Performance Criteria for Blood Spot TSH Screening of Newborns

Functional sensitivity of the TSH assay should be at least 1.0 mIU/L.

Between run coefficient of variation should ideally be <10% and not more than 20%.

Internal quality control samples should cover the reportable range and must be included in every run.

At least one of the quality controls materials should be supplied by a different manufacturer from the TSH
reagent manufacturer.

Standards should be made in blood, i.e. be identical to specimens tested.

o  Use the same filter paper for the samples, standards and controls.

e Participation in National and/or International external quality control programs is essential

(see Appendix B).

4. Sample Collection

The technique for collecting blood samples by heel stick on filter-paper is of the utmost importance. Only filter-
paper that meets NCCLS standards should be used [“Blood on Filter Paper For Neonatal Screening Programs”
Approved Standard — Third Edition. LA4-A3, Vol 17 N° 16, October 1997. National Committee for Clinical
Laboratory Standards] (488). This requires a continuous training program, well-written protocols and
establishing criteria for adequacy of specimen collection.

Guideline 69. TSH Cut-off values for the Screening of Neonates > 48 hours of age

Reported values should be identified in whole blood or serum units. It is necessary to increase the whole blood
units by 30-50% to approximate serum units.

e Initial blood spot TSH < 10 mIU/L whole blood units — no further action

e Initial blood spot TSH 10-20 mIU/L whole blood units — repeat the test on a second blood spot

e Initial blood spot TSH >20 mIU/L whole blood units — recall infant for evaluation by pediatric
endocrinologist

The decision as to when to obtain the sample is determined by the requirements of other newborn screening
protocols and whether the sample is taken in the hospital or at home. In Europe, samples are usually taken
between 48 hours and 8 days after birth, depending on local practice. In many of the screening programs in the
United States, economic pressures that prompt early discharge dictate that specimens be drawn before 48 hours.
Sample collection time impacts on the TSH-first strategy more than TT4-first because a TSH surge occurs at the
time the umbilical cord is cut. In the majority of infants the increase in TSH returns to normal within 24 hr, but
in some infants, TSH can remain elevated for up to 3 days. For pre-term infants, a second sample, collected 2 to
4 weeks after the first sample, is advisable since in some cases there is a delayed rise in TSH, perhaps due to
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immaturity of the pituitary-thyroid feedback mechanism (489).
5. Confirmation Testing

Measurements performed on filter paper eluates are not diagnostic but are of screening value only and abnormal
results must be confirmed with routine quantitative methods! Confirmatory blood samples should be drawn by
venipuncture. In some countries a blood sample is also collected from the mother at the same time to check
maternal thyroid function. Specifically, TSH receptor blocking antibodies (TBAb/TSBAD) present in mothers
carrying a diagnosis of hypothyroidism (even when receiving adequate L-T4 replacement) can cause transient
hypothyroidism in the infant (in 1:180,000 neonates) (301,490).

Guideline 70. Filter Paper Eluate Measurements

[l Measurements made on filter paper eluates are not diagnostic. Values are at best only semi-quantitative and
help identify individuals likely affected by congenital hypothyroidism. Any abnormal newborn screening
result must be confirmed with quantitative serum thyroid tests.

Some programs in Europe advocate follow-up testing with serum FT4, TSH and TPOAD in the mother as well
as the infant. It is important to note that serum FT4 and TT4 levels are higher in the neonatal period so that
borderline results in infants with mild hypothyroidism should be compared with age-related reference intervals
for the particular thyroid test used (Table 3).

The aim of CH screening programs is to detect CH and expedite thyroid hormone replacement therapy as early
as possible (within 14 days). However, additional tests to determine the etiology of CH should also be carried in
order to determine whether the condition is transient, permanent or due to genetic causes (needed for genetic
counseling) (Table 11). Some of these tests need to be performed before L-T4 replacement treatment begins,
while others can be performed during therapy. In the case of transient hypothyroidism due to transplacental
passage of TBAb/TSBAD from mother to infant, treatment with L-T4 is indicated since the presence of blocking
antibody in the neonate inhibits the actions of TSH resulting in a lowered FT4 concentration (301,491). Once
the antibodies have been degraded over a period of three to six months, depending on the amount of antibody
present, then L-T4 therapy can be gradually discontinued. The mother's thyroid antibody status should be
monitored in any subsequent pregnancies as thyroid antibodies can persist for many years (492).

In many cases, at the time of the diagnosis of CH, it is impossible to determine whether the hypothyroidism is
permanent or transient. Clues that are associated with transient conditions include a TSH level below 100
mlU/L, male sex, pseudohypoparathyroidism, prematurity, iodine exposure, or dopamine administration (484).
In such instances it is best to manage the patient as if he/she has permanent hypothyroidism (493). If the
diagnosis has not become apparent by the age of 2 years, L-T4 therapy should be discontinued for one month
and the infant monitored with serial determinations of FT4 and TSH.

Guideline 71. Confirmation Testing for Abnormal Screening Tests (TT4 or TSH)

e Confirmatory blood samples from the neonate should be drawn by venipuncture.

e Some programs in Europe advocate follow-up testing of only the infant and in some cases the thyroid status
of the mother is also investigated using serum FT4, TSH and TPOAD testing.

e  Check the mother for TSH receptor blocking antibodies.

o Use method and age-specific reference intervals for TT4 and TSH testing of neonates.

6. Tests for the Etiology of Congenital Hypothyroidism

Tests that can be used to establish the diagnosis of CH and investigate its etiology are shown in Table 11. The
ordering of such tests is usually the responsibility of a pediatric endocrinologist and not the screening program.
Thyroid scintigraphy is useful to document the presence of any thyroid tissue present and its location. Serum
thyroglobulin measurements are more sensitive than scintigraphy for detecting residual functioning thyroid
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tissue and may be normal in cases where scintigraphy shows no uptake. The presence of a thyroid gland is best
determined by ultrasonography that can be performed after the start of therapy since '*’I scintigraphy is not
available everywhere. Many cases show no uptake with scintigraphy and clearly present thyroid tissue by
sonography. In these cases, testing should be directed towards determining an inborn error of T4 synthesis (~
10% of cases) or a transient cause such as acquired TSH receptor blocking antibodies derived via trans-
placental passage (301,491).

A perchlorate discharge test response of >15% suggests an inborn error of metabolism. Specialist centers offer
tests that include urinary iodine measurement, tests for a specific gene mutation such as the sodium/iodine
symporter, TPO or thyroglobulin (494). More commonly, defects in the oxidation and organification of iodine
and coupling defects resulting from mutation in TPO can occur. Mutations in the thyroglobulin gene give rise to
abnormal thyroglobulin synthesis that can result in defective proteolysis and secretion of T4. Deiodinase gene
mutations give rise to deiodinase defects as well.

Guideline 72. Detection of Transient Congenital Hypothyroidism (CH)

Since CH may be transient as a result of transplacental passage of TSH receptor blocking antibodies, it is
recommended that the diagnosis be re-evaluated in all cases at 2 years of age.

e At 2 years of age a blood specimen should be obtained for basal serum FT4/TSH measurements.
Discontinue L-T4 treatment and retest serum FT4/TSH after 2 weeks and again after 3 weeks. Almost
100% of children with true CH have elevated TSH levels after 2 weeks off of treatment.

Table 11. Diagnostic Tests in the Evaluation of Congenital Hypothyroidism (CH)

To Establish the Diagnosis:

e Infant: TSH * Mother: TSH
FT4 FT4
TPOAD
To Establish Etiology:
e Infant: * Determine size and position of thyroid by either:

-Ultrasonography (in newborn)
- Scintigraphy — either *™Tc or '*’I
* Functional studies:
- 1P uptake
- Serum thyroglobulin (Tg)
* Inborn error of T4 production is suspected:
-3 uptake and perchlorate discharge test
* If iodine exposure or deficiency is suspected:
-Urinary iodine determination

* Mother: * [f autoimmune disease present:
-TSH Receptor antibody (TRAD)
(also in infant, if present in mother)
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7. Long-term Monitoring of Congenital Hypothyroid Patients

Most CH infants and children have normal pituitary-thyroid negative feedback control although T4 and TSH
thresholds are set higher (Table 3) (43). Infants and children diagnosed with congenital hypothyroidism should
be monitored frequently in the first two years of life using serum TSH as the primary monitoring test with FT4
as the secondary parameter employing age-appropriate reference intervals (Table 3) (40). In the United States,
the L-T4 replacement dose is adjusted to bring the TSH below 20 mIU/L and produce a circulating T4 level in
the upper half of the reference range (>10 pg/dl/129 nmol/L) within the first two weeks after starting treatment.
Infants are usually maintained on a dose of 10-15 pg L-T4/kg body weight with the monitoring of TSH and T4
every 1-2 months. In Europe, a flat L-T4 dose of 50 pg/day is used with the T4 and TSH measurement made
after 2 weeks and monthly thereafter if possible. Experience has shown that with this dosage, the therapy does
not need any adjustment for the first 2 years. Frequent dose changes designed to keep a maximal dose per Kg
body weight can lead to over-treatment (493).

A minority of infants treated for CH appear to have variable pituitary-thyroid hormone resistance, with
relatively elevated serum TSH levels for their prevailing serum free T4 concentration. This resistance appears to
improve with age (43). In rare cases, transient hypothyroidism may result from the transplacental passage of
TSH-receptor blocking antibodies (282,301). 1t is recommended that the diagnosis of CH be re-evaluated in all
cases after 2 years of age. Specifically, after a basal FT4/TSH measurement is made, L-T4 treatment is
discontinued and FT4/TSH re-tested after 2 weeks and again after 3 weeks. Almost 100% of children with true
CH have clearly elevated TSH after 2 weeks off treatment.

8. Missed Cases

No biochemical test is 100% diagnostic and technically accurate. One study in which screening checks were
made after two-weeks of age revealed that 7% of cases of CH were missed using the TT4-first strategy, and 3%
were missed with the TSH-first, approach. Recommendations are needed to address the clinical, financial and
legal ramifications of false-negative screening tests and whether mandated retesting at 2 weeks such as
practiced in some programs is desirable.

Guideline 73. Treatment and Follow-up of Infants with Congenital Hypothyroidism

e In Europe, a flat L-T4 dose of 50 pg/day is used to minimize the risk of overtreatment as compared with
more frequent dose changes.

o In the USA, treatment is typically initiated with L-T4 at a dose of 10-15 pg/kg/day. The goal is to raise the
circulating T4 above 10 pg/dl by the end of the first week.

e During the first year of life, TT4 is usually maintained in the upper half of the normal reference range
(therapeutic target 10-16 ng/dl/ 127-203 nmol/L) or if FT4 is used, the therapeutic target is between 1.4 and
2.3 ng/dl (18 and 30 pmol/L) depending on the reference range (Table 3).

e Infants and children diagnosed with congenital hypothyroidism should be monitored frequently in the first
two years of life using serum TSH as the primary monitoring test with FT4 as the secondary parameter,
employing age-appropriate reference intervals.

e  Monitoring should be every 1-2 months during the first year or life, every 1-3 months during the second
and third years and every 3-6 months until growth is complete.

e If circulating T4 levels remain persistently low and the TSH remains high despite progressively larger
replacement doses of L-T4, it is important to first eliminate the possibility of poor compliance.

e The most frequent reason for failure to respond to replacement therapy has been interference with
adsorption by soy-based formulas. L-T4 should not be administered in combination with any soy-based
substances or with medications that contain iron.

9. Quality Assurance

All screening programs should have a continuous system for audit and publish an annual report of the outcome
of the audit. By this means, an appraisal can be made of each aspect of the screening procedure against

-93 -




NACB: Laboratory Support for the Diagnosis and Monitoring of Thyroid Disease
Laurence M. Demers, Ph.D., F.A.C.B.and Carole A. Spencer Ph.D., F.A.C.B.

nationally agreed upon quality standards. Although laboratories generally comply with quality standards in that
they routinely participate in quality assurance programs, the pre-analytical and post-analytical phases of

screening typically receive less attention. Quality assurance programs should address each of the following
phases:

* Preanalytical

* training for personnel conducting the sample collection

« storage and timely transport of filter papers to the laboratory

* linking the identification of the filter paper sample to the analytic result
* Analytical

* equipment maintenance and service

« internal quality control of filter paper results

* national and international external quality control participation
* Post-analytical

* co-ordination of follow-up of abnormal tests

* confirmatory testing where applicable

* appropriate storage and archiving of specimens for later testing

10. Annual Reporting

This should include items identified by audit and be a comprehensive report of CH screening over the previous
twelve months. The report should monitor the distribution of increased blood spot TSH concentrations, and
there should be a system to report all cases of true CH and record cases of transient elevations in TSH. The
system could also provide information on any missed cases. An efficient screening program depends on a close
collaboration between the screening laboratory, pediatricians, endocrinologists and all concerned in the
screening process.

Guideline 74. For Physicians

[1  Repeat tests when the clinical picture conflicts with the laboratory test results!

[1 Potential pitfalls in screening are ubiquitous and no laboratory is immune!

[1  Maintain a high degree of vigilance. Despite all safeguards and automated systems, screening programs
will occasionally miss infants with congenital hypothyroidism. Do not be lulled into a false sense of
security by a laboratory report bearing normal thyroid function values.
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Section 4. The Importance of the Laboratory — Physician Interface

Physicians need quality laboratory support for the accurate diagnosis and cost-effective management of patients
with thyroid disorders. Laboratories need to offer analytical methods that are both diagnostically accurate and
cost effective. These latter qualities are sometimes in conflict. Cost-effectiveness and quality care require that
the laboratory serve not only the needs of the majority, but also meet the needs of the minority of patients who
have unusual thyroid problems that challenge the diagnostic accuracy of the different thyroid tests available.
Most studies on “cost effectiveness” fail to take into account the human and financial costs resulting from
inappropriate management, needless duplication of effort and the unnecessary testing of patients with unusual
thyroid disease presentations. These atypical presentations account for a disproportionately large expenditure of
laboratory resources to come up with the correct diagnosis (191). Some of these unusual presentations include:
binding protein abnormalities that affect the FT4 estimate tests; the presence of Tg autoantibodies that interfere
with serum Tg measurements; medications that compromise the in vivo and in vitro metabolism of thyroid
hormones and severe forms of NTI that have a myriad of effects on thyroid test results.

Guideline 75. For Laboratories and Physicians

e [t is essential that clinical laboratory scientists develop an active collaboration with the physicians using
their laboratory services in order to select thyroid tests with the most appropriate characteristics to serve the
patient population in question.

e An active laboratory-physician interface ensures that high quality, cost-effective assays are used in a logical
sequence, to assess abnormal thyroid disease presentations and to investigate discordant thyroid test results.

It is essential that clinical laboratory scientists develop an active collaboration with physicians using their
laboratory services and to select thyroid tests with appropriate characteristics to serve the patient population in
question. For instance, the effect of nonthyroidal illness (NTI) on the FT4 method is not as important if the
laboratory serves primarily an ambulatory patient population.

In contrast, it is very important for a hospital laboratory to accurately exclude thyroid dysfunction in sick
hospitalized patients. Drugs and other interferences can affect the interpretation of more than 10% of laboratory
results in general, and thyroid testing is no exception (67,68,98). It follows that discordant thyroid results are
often encountered in clinical practice. These discordant thyroid test results need to be interpreted with
considerable care using a collaborative approach between the clinical laboratory scientist who generates the
thyroid test result and the physician who manages the patient with suspected or established thyroid disease.

A. What Physicians Should Expect from Their Clinical Laboratory

Physicians depend on the laboratory to provide accurate test results and to help investigate discordant results,
whether the tests are performed locally or by a reference laboratory. It is particularly important that the
laboratory provide readily available data on drug interactions, reference intervals, functional sensitivities and
detection limits as well as interferences that affect the methods in use. The laboratory should avoid frequent or
unannounced changes in assay methods and interact closely with physicians before a change in a thyroid
method is initiated. The laboratory should also be prepared to collaborate with physicians to develop clinical
validation data with the implementation of any new method, as well as provide data showing a favorable
relationship between the old and the proposed new test method as well as provide a conversion factor, if
required. The diagnostic value and cost-savings of reflex testing strategies (i.e. adding FT3 when FT4 is high, or
FT4 when TSH is abnormal) are usually site-specific (495). In the United States, laboratories by law can only
implement reflex-testing after consultation with the physicians using the laboratory.

Physicians should expect their clinical laboratory to establish a relationship with a reference laboratory and/or
another local laboratory that performs thyroid testing by a different manufacturer’s methods. Re-measurement
of the specimen by an alternative method is the cornerstone of investigating whether a discordant result is
caused by a technical problem, an interfering substance in the specimen or a rare clinical condition (Guideline 7
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and Table 1).

Guideline 76. Patients “Bill of Rights”

[1  Physicians should have the right to send specimens for testing to non-contracted laboratories when they can
show that the contracted laboratory thyroid test results are not diagnostically valid or relevant.

e Physicians should have the right to request their laboratory to send a specimen to another laboratory for
testing by a different manufacturer’s method if the test results are in disagreement with the clinical
presentation.

The laboratory should establish and maintain an active relationship with specialized reference laboratories to
ensure the availability of high-quality specialized thyroid tests. These specialized tests may include assays for
Tg, TPOAb and TRAD tests. In addition, a reference laboratory offering FT4 measurements using a physical
separation technique such as equilibrium dialysis should be available. The use of equilibrium dialysis for FT4
testing may be necessary under special circumstances for diagnosing thyroid disease in select patients with
thyroid hormone binding protein abnormalities that interfere with the diagnostic accuracy of the automated FT4
estimate test performed in most clinical laboratories. In rare cases, it may be necessary to collaborate with a
molecular diagnostic laboratory that has the expertise to identify genetic mutations characteristic of thyroid
hormone resistance or medullary thyroid disease.

As shown in Table 1 and Figure 11, a number of clinical conditions, medications and specimen interferences
can give rise to a diagnostically inaccurate test result that has the potential to prompt excess testing,
inappropriate treatment, or in the case of central hypothyroidism mask the need for treatment. Some of the
misinterpretations that can lead to serious errors are listed in Guideline 79.
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Fig 11. Consequences of Diagnostically Inaccurate Thyroid Tests
Manufacturers have the responsibility to thoroughly evaluate their methods and cooperate closely with

laboratories using their products. Specifically, manufacturers should immediately inform all users of reagent
problems that develop or method interferences when known and make recommendations as to how to minimize

-96 -




NACB: Laboratory Support for the Diagnosis and Monitoring of Thyroid Disease
Laurence M. Demers, Ph.D., F.A.C.B.and Carole A. Spencer Ph.D., F.A.C.B.

the clinical impact of the problem. They should refrain from changing the composition of assay kits, even if the
goal is to minimize interference, without informing customers and allowing sufficient time to perform
correlation studies with the previous method. If the procedure has to be changed this should be indicated on the
label of the kit i.e. by a version number.

Guideline 77. For Manufacturers
Manufacturers should cooperate closely with laboratories using their products. Manufacturers should:

e Rapidly inform all users of reagent problems and method interferences and recommend how to minimize
their clinical impact.

e The composition of assay kits should not be changed, even if the goal is to reduce interference, without first
informing customers. If the procedure has to be changed, the change should be indicated on the label of the
kit (i.e. by a version number).

B. What Laboratories Should Expect of Physicians

Clinical laboratory scientists should ideally expect physicians to provide relevant clinical information with the
submission of the test specimen and have a realistic understanding of the limitations of thyroid tests. For
example, in some conditions, the physician should appreciate that the immunologic and biologic activity of
TSH may be disconnected when patients have central hypothyroidism. This can result from pituitary
dysfunction in which the immunoreactive form of TSH has impaired bioactivity (197,238).

Guideline 78. For Laboratories

e Every clinical laboratory should develop a relationship with another laboratory that uses a different
manufacturer’s method. Re-measurement of specimens with discordant results by an alternative method is
the cornerstone of investigating whether a discordant result is caused by an interfering substance present in
the specimen or as a result of “true” disease (Table 1).

[1 Laboratories should be able to provide physicians with the details of the thyroid method principles
underpinning the test being used together with functional sensitivity, between-run precision, interferences
and any bias relative to the method or other methods, and whether the tests are performed locally or sent to
a reference laboratory.

Guideline 79. Misinterpretations that Can Lead to Serious Errors

When physicians or laboratorians are not aware of the limitations of test methods, serious medical errors can
result:

e Inappropriate thyroid ablation because high thyroid hormone levels were reported as a result of FDH, the
presence of thyroid hormone autoantibodies or thyroid hormone resistance.

e A missed diagnosis of T3-toxicosis in a frail elderly patient with NTI.

e Inappropriate treatment of a hospitalized patient for hypo- or hyperthyroidism on the basis of abnormal
thyroid tests caused by NTI or a drug-related interference.

e A missed diagnosis of central hypothyroidism because the immunoreactive TSH level was reported as
normal due to the measurement of biologically inactive TSH isoforms.

e Failure to recognize recurrent or metastatic disease in a thyroid cancer patient because serum Tg was
inappropriately low or undetectable due to TgAb interference or a “hook” effect with an IMA
measurement.

e Inappropriate treatment for DTC on the basis of an abnormally elevated serum Tg caused by TgAb
interference with a Tg RIA method.

e Failure to recognize that neonatal thyrotoxicosis can be masked by transplacental passage of antithyroid
drugs given to the mother for Graves' disease.
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The physician should understand that anomalous laboratory thyroid test results can occur with certain
medications and that the diagnostic accuracy of thyroid tests used for patients with NTI is method dependent.
Without clinical feedback, it is not possible for the laboratory to appreciate the consequences of a diagnostic
error (191). Misinterpretation of test results, as a consequence of a transient disequilibrium between serum TSH
and FT4 following recent therapy for hypo-or hyperthyroidism can have significant consequences.

Without a strong, collegial laboratory-physician interface, the quality of laboratory support will undoubtedly be
suboptimal. This is especially true in countries like the United States where laboratories rarely receive relevant
clinical and medication information on the paperwork that accompanies the specimen. The inability of the
laboratory to perform the final “sanity check” on the reported result(s) — i.e. relate the result to the patient’s
clinical and medication history, can lead to errors, especially when physicians are unfamiliar with the technical
limitations and interferences affecting the test.
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Appendix A: Monograph Reviewers

Robert Adler, M.D.

Medical College of Virginia, VA, USA

Gisah Amaral de Carvalho, MD, Ph.D

Hospital de Clinicas, Universidade Federal do Parana, Brazil
Nobuyuki Amino, M.D.

Osaka University Graduate School of Medicine, Japan
Claudio Aranda, M.D.

Hospital Carlos G. Durand, Buenos Aires, Argentina

Jack H. Baskin M.D., F.A.C.E

Florida Thyroid & Endocrine Clinic, Orlando, FL, USA
Graham Beastall, Ph.D

Edinburgh Royal Infirmary NHS Trust, Scotland, UK

Geoff Beckett Ph.D., F.R.C.Path

Edinburgh Royal Infirmary NHS Trust, Scotland, UK
Liliana Bergoglio, BSc.,

Hoapital N. de Clinicas, Cordoba, Argentina

Roger Bertholf, Ph.D., DABCC, FACB

University of Florida Health Science Center, Jacksonville, FL, USA
Thomas Bigos, M.D., Ph.D.

Maine Medical Center, USA

Manfred Blum, M.D.

New York University Medical Center, New York, NY, USA
Gustavo Borrajo,M.D.

Deteccion de Errores Congénitos, Fundacion Bioquimica Argentina, La Plata, Argentina
Irv Bromberg, M.D., C.M.

Mount Sinai Hospital , Toronto, Ontario, Canada

Rosalind Brown, M.D.

University of Massachusetts Medical School, Worcester, MA,USA
Bo Youn Cho

Asan Medical Center, Seoul, Korea

Nic Christofides, PhD.,

Ortho-Clinical Diagnostics, Cardiff CF14 7YT, Wales, UK.
Orlo Clark, M.D.

UCSF/ Mount Zion Medical Center, San Francisco, CA, USA
Rhonda Cobin, M.D.

Midland Park, NJ, USA

David Cooper, M.D.

Sinai Hospital of Baltimore, Baltimore, MD, USA

Gilbert Cote, M.D.

UT MD Anderson Cancer Center, Houston, TX, USA

Marek Czarkowski, M.D.

Warsaw, Poland

Gilbert Daniels, M.D.

Massachusetts General Hospital, Boston, MA, USA
Catherine De Micco, M.D.

University of the Mediterranea Medical School, Marseille, France
D.Robert.Dufour, M.D.

VA Medical Center, Washington DC, USA

John Dunn, M.D.

University of Virginia Health Sciences Center, Charlottesville, VA, USA
Joel Ehrenkranz, M.D.

Aspen, CO, USA
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David Endres, PhD,

University of Southern California, Los Angeles, USA
Carol Evans, BSc., MSc., Ph.D, MRcPath.
University Hospital of Wales, UK

Shireen Fatemi, M.D.

Kaiser Permanente of Southern California, Panorama City, CA, USA
J. Douglas Ferry, Ph.D.,

Beaumont Hospital, Southfield, MI, USA

Jayne Franklyn, M.D. Ph.D. F.R.C.P.

Queen Elizabeth Hospital, Birmingham, UK

Jeffery Garber M.D.

Harvard Vanguard Medical Associates, Boston, MA, USA
Daniel Glinoer, M.D.

University Hospital St.Pierre, Bruxelles, Belgium
Timothy Greaves, M.D., F.A.C.P.

LAC-USC Medical Center, Los Angeles, CA, USA
B.J. Green

Abbott Laboratories, Abbott Park, IL, USA

Ian Hanning, BSc., MSc., MRCPath

Hull Royal Infirmary, Hull, UK

Charles D. Hawker, Ph.D., MBA

Salt Lake City, Utah, USA

Georg Hennemann, M.D.

Erasmus University, Rotterdam, The Netherlands
Tien-Shang Huang, M.D.

College of Medicine, National Taiwan University, Taiwan
James Hurley, M.D.

New York Presbyterian Hospital, New York, NY, USA
William L Isley, MD

University of Missouri,Kansas City, MO, USA

Lois Jovanovic, MD

Sansum Medical Research Institute, Santa Barbara, CA, USA
George Kahaly M.D.

Gutenberg University Hospital, Mainz, Germany
Laurence Kaplan, Ph.D.

Bellevue Hospital, New York, USA

Elaine Kaptein, M.D.

University of Southern California, Los Angeles, USA
J. H. Keffer, M.D.

Melbourne Beach, FL, USA

Pat Kendall-Taylor, M.D.

Newcastle on Tyne, England, UK

Leonard Kohn, M.D.

Ohio University College of Osteopathic Medicine Athens, Ohio, USA
Annie Kung, M.D.

The University of Hong Kong, Hong Kong

Paul Ladenson, M.D.

Johns Hopkins Hospital, Baltimore, MD, USA

Peter Laurberg, M.D.

University of Aalborg, Aalborg, Denmark

P. Reed Larsen, M.D. FACP, FRCP

Harvard Medical School, Boston, MA, USA

John Lazarus, M.A. M.D., F.R.C.P.
University of Wales College of Medicine, Cardiff, Wales, UK
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Charles Lewis, Jr., Ph.D.

Abbott Laboratories, Abbott Park, IL, USA

Jon LoPresti, M.D., Ph.D.

University of Southern California, Los Angeles, CA, USA
Gustavo Maccallini, Ph.D.

Hospital Carlos G. Durand, Buenos Aires, Argentina

Rui Maciel, M.D., Ph.D.

Department of Medicine, Federal University of San Paulo, Sao Paulo, Brasil
Susan J. Mandel, MD, MPH

Hospital of the University of Pennsylvania, Pennsylvania, USA
Geraldo Medeiros-Neto, M.D.

Hospital das Clinicas, San Paulo, Brazil

Jorge Mestman, M.D.

University of Southeren California, Los Angeles, CA, USA
Greg Miller M.D.

Virginia Commonwealth University, Richmond, VA, USA
James J. Miller, Ph.D., DABCC, FACB

University of Louisville, Kentucky, USA

Marvin Mitchell, M.D.

University Massachusetts Medical Center, Jamaica Plain, MA, USA
John Morris, M.D.

Mayo Clinic, Rochester, MN, USA

Jerald C. Nelson, M.D.

Loma Linda University, California, USA

Hugo Niepomniszcze, M.D.

Hospital de Clinicas, University Buenos Aires, Buenos Aires, Argentina
Ernst Nystrom, M.D.

University of Goteborg, Sweden

Richard Pikner, M.D.

Charles University, Plzen, Czech Republic

Frank Quinn, Ph.D.

Abbott Laboratories, Abbott Park, IL, USA

Peter Raggatt, ML.D.

Addenbrooke's Hospital, Cambridge, UK

Robert Rude, M.D.

University of Southern California, Los Angeles, CA, USA
Jean Ruf, M.D.

Department of Biochemistry & Molecular Biology, Marseille, France
Remy Sapin, Ph.D.

Institut de Physique Biologique, Strasbourg, France

Gerardo Sartorio, M.D.

Hospital J.M. Ramos Mejia, Buenos Aires, Argentina

Steven I. Sherman, M.D.

MD Anderson Cancer Center, Houston, TX, USA

Peter A. Singer, M..D.

University of Southern California, Los Angeles, CA, USA
Stephen Spalding, M.D.

VA Medical Center, Buffalo, NY, USA

Martin I. Surks, M.D.

Montefiore Medical Center, Bronx, NY, USA

Brad Therrell, Ph.D.

National Newborn Screening and Genetics Resource Center, Austin, TX, USA
Anthony D. Toft, M.D.

Edinburgh Royal Infirmary NHS Trust, Scotland, UK

Toni Torresani M.D.
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University Children's Hospital, Ziirich , Switzerland

R. Michael Tuttle, M.D.,

Memorial Sloan Kettering Cancer Center, New York, NY, USA
Hidemasa Uchimura, M.D.

Department of Clinical Pathology, Kyorin University, Japan

Greet Van den Berghe M.D., Ph.D.

Department of Intensive Care Medicine, University of Leuven, Leuven, Belgium
Lester Van Middlesworth, M.D., Ph.D.

University of Tennesse, Memphis, TN, USA

Paul Verheecke, M.D.

Centraal Laboratorium, Hasselt, Belgium

Paul Walfish, C.M., M.D.,

University of Toronto, Ontario, Canada

John P. Walsh, F.R.A.C.P. Ph.D.,

Sir Charles Gairdner Hospital, Nedlands, WA,Australia

Barry Allen Warner, DO

University of South Alabama College of Medicine, Mobile, AL, USA
Joseph Watine PharmD,

Laboratoire de biologie polyvalente, Hopital Général, Rodez, France
Anthony P. Weetman, M.D.

Northern General Hospital, Sheffield, UK

Thomas Williams, M.D.

Methodist Hospital, Omaha, NE, USA

Ken Woeber, M.D.

UCSF, Mount Zion Medical Center, San Francisco, CA, USA
Nelson G, Wohllk MD,

Hospital del Salvador, Santiago, Chile

Appendix B. - Newborn Screening Quality Assurance Programs

) Australasia - Australasian Quality Assurance Program, National Testing Center 2™ Floor, National
Women’s Hospital, Claude Road, Epson, Auckland, New Zealand.

[J  Europe - Deutsche Gesellschaft fiir Klinische Chemie eV, Im Muhlenbach 52a, D-53127 Bonn,
Germany.

[J Latin America — Programa de Evaluaciéon Externa de Calidad para Pesquisa Neonatal (PEEC).
Fundacion Bioquimica Argentina. Calle 6 # 1344. (1900) La Plata, Argentina

(] United Kingdom External Quality Assurance Scheme, Wolfson EQA laboratory, PO Box 3909,
Birmingham, B15 2UE, UK.

[l USA- Centers for Disease Control and Prevention (CDC), 4770 Buford Highway NE, Atlanta, GA
30341-3724, USA.

(The UK NEQAS program has a charge to participants, but for the other programs there is no charge).

Appendix C — Glossary of Abbreviations

AlIH= Amiodarone-Induced Hyperthyroidism

AITD = Autoimmune Thyroid Disease

ANS = 8-Anilino-1-Napthalene-Sulphonic Acid

ATD = Anti-Thyroid Drug Treatment

CT= Calcitonin

Cv= % Coefficient of Variation

DTC = Differentiated Thyroid Carcinoma

FDH = Familial Dysalbuminemic Hyperthyroxinemia
FFA = Free Fatty Acids
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FMTC =
FNA =
FT3=
FT4 =
HCC=
HCG =
IMA =
L-T4=
MEN =
MTC =
NTI =
PBI=
Pg=
RT3=
RET =
RIA =
T4 =

T3 =
TBG =
TBPA=
TT4 =
TT3 =
TTR=
Tg =
TgAb =
TPO =
TPOAD =
TBAb/TSBADb =
TBII =
TRADb =
TSADb =
TSH =
WHO=

Familial Medullary Thyroid Carcinomas
Fine Needle Aspiration

Free T3

Free T4

C-cell Hyperplasia

Human chorionic gonadotropin
Immunometric Assay
Levothyroxine

Multiple Endocrine Neoplasia
Medullary Thyroid Carcinoma
Nonthyroidal Illness

Protein-bound lIodine

Pentagastrins

Reverse T3

RET Proto-oncogene
Radioimmunoassay

Thyroxine

Triiodothyronine

Thyroxine Binding Globulin
Thyroxine Binding Prealbumin
Total Thyroxine

Total Triiodothyronine
Transthyretin

Thyroglobulin

Thyroglobulin Autoantibody
Thyroid Peroxidase

Thyroid Peroxidase Autoantibody
TSH Receptor Blocking Antibody
TSH Binding Inhibitory Immunoglobulins
TSH Receptor Antibody

Thyroid Stimulating Antibody
Thyroid Stimulating Hormone (Thyrotropin)
World Health Organization (WHO)
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